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SUMMARY
(FEQFH)
I. Project Title

Study on optimization of plasmid DNA mucosal vaccine and molecular

epidemiology of latency state to Aujeszky's disease virus

II. Specific Purpose and Significance

Aujeszky's disease is caused by infection of Aujeszky's disease virus
(ADV) which 1is called pseudorabies virus (PrV) as other name. The
International Committee for the Taxonomy of Viruses classified PrV as a
member of the subfamily of the alphaherpesvirinae within the family of the
herpesviridae. Although pigs represent the natural host, many other animal
species can be occasionally infected. In pigs a variety of clinical picture is
possible. The clinical outcome is mainly determined by the age and
immunological status of the animals on one hand and the virulence of the
strain and doses on the orther hand. The signs are most severe in a
population during its first contact with PrV. Young piglets are most
susceptible with mortality rates reaching 100% during the first two weeks and
decreasing to 509 during the third and fourth week of age. Thus, PrV is a
significant causing agent of economic losses in the swine industry. Similar to
a human alphaherpesvirus infection, the PrV establishes a lifelong infection in
various nervous tissues of the natural hosts, which can reactivate under
various stress, pregnancy, and weaning immunity. Such reactivation of latently
infected PrV can occur to release viral particles into environment and
transmission to neighbor host. Latent infection and reactivation of PrV have
been a major hindrance in the campaign for control and eradication.
Eradication program of PrV in Korea is based on serological surveillance
testing for prevalence and location of infected herds and of implementing
movement controls and cleanup of infected herds. However, latently infected

swine, which are presumed to be free of PrV, can be left in herds if



differential ELISA dose not detect the antibody responses to the field. The
possible existence of seronegative swine latently infected with PrV has been
previously postulated. Moreover, passively acquired antibody may be able to
block the induction of a detectable differential antibody response after
exposure to low dose of virulent virus without preventing latent infection.
Such a case makes an overlooked trouble in campaign of eradication and
control of PrV. Several studies have tried to evaluate an adequate procedure
for the quick and easy diagnosis of PrV. Unfortunately there is no report to
surveillance of latent PrV infection in Korea and to in-depth study for
controling latent infection.

Swine industry in Korea occupies high proportion in livestock industry,
whose magnitude reaches 2.6 billion based on livestock. Globally many
nations believe that prophylactic vaccination is necessary to reduce outbreak of
PrV infection. Thus, several studies have tried to develope useful vaccines
which can inhibit PrV outbreak as well as establishment of latent infection in
nervous tissues. Modified live vaccine (MLV), which are attenuated by several
passages in culture or deleted inessential genes for replication, induce
long-lasting humoral and cell-mediated immunity. Such MLV shows to reduce
virus shedding and clinical signs. Moreover, MLV has been reported to inhibit
establishment of latent infection. However, MLV could induce the advent of
new virulent strains due to instability of gene. On the other hand, inactivated
vaccine made of either Kkilled antigen or subunit protein is genetically stable
and safe, but high doses and repeated injection are needed to induce enough
immunity. Subsequently inactivated vaccine show no affect to establish latent
infection. Therefore, the development of more effective and cheap vaccines for
economically important domestic animals is an important task, in order to
reduce disease outbreak and latent infection. Plasmid DNA immunization is a
new vaccination method, by which DNA constructs encoding a specific
immunogen of PrV are delivered into the host cell. It is, as compared to the

administration of either MLV or inactivated vaccine, particularly attractive for
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several reasons: active de novo synthesis of the immunogen in transfected
cells is likely to facilitate antigen expression in its native form and antigen
presentation by both MHC class I and class II molecule. It is also found to be
able to generate long-lasting humoral and cellular immune responses.
Moreover, DNA vaccination offers the potential to manipulate the induced
immune response through the co-delivery of genetic adjuvants. It also avoids
the production and purification of the immunogens. Finally a major advantage
of DNA vaccine is that it dose not require cultivation of dangerous infectious
agents and is inexpensive to produce and store. However, DNA vaccination
appear to be inferior immunogens, subsequently requiring to study on

enhancement of immunity and optimization for vaccination.

ITI. Contents and Scope

The ultimate purpose of present project is how we regulate the latent
infection of PrV to reduce economic losses caused by outbreak of Aujeszky's
disease. Thus, we have plan to survey prevalence of latent PrV infection
using diagnostic tools. Moreover, we were trying to study on the ways to
inhibit or regulate latent infection and reactivation of PrV using simple
infection model of experimental animals. As an optimization of plasmid DNA
vaccine against PrV infection, we initially have plan to elicit most effective
one of candidate antigens for DNA vaccine. Next, we have tried to optimize
DNA vaccine by using genetic adjuvant of cytokines and modification of
delivery systems and vaccination schedule. In first year (2002-2003), we have
tried to establish condition of diagnostic tools for detecting latent infection and
elicit most effective antigen gene for DNA vaccine. In second year
(2003-2004), we have performed molecular survey of latent PrV infection in
pigs and to establish simple models of latent PrV infection for studying on
regulation of latent infection. We have also tried to compare the antigenicity
of candidate antigens and search for cytokine adjuvant in order to improve

practical usefulness of DNA vaccine. Moreover, we have plan to investigate
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the systemic and mucosal immune responses after an oral vaccination with
live attenuated Salmonella typhimurium harboring the plasmid DNA vaccine. In
the last year (2004-2005), we have plan to establish reactivation model of
latent PrV infection for modulating reactivation of latent infection depending
on vaccinations. To promote the idea of using DNA vaccine as a practical
means of vaccination, we made plan to construct other vaccination vehicle
which is going to use prime-boost vaccination. In conclusion, we have plan to

search for optimal strategies to elicit most effective immunity.

IV. Results of Research, and Recommendations of Use

1. Results of Research

The prevalence and quantity of latent PrV infection in nervous tissues of
pigs exposed to field strain in Korea were investiagted by nested and
real-time PCR. Nervous tissues including trigeminal ganglion (TG), olfactory
bulb (OB), and brain stem (BS) were collected from 94 seropositive pigs.
Latent infection was detected in 95.7% of screened animals based on results.
Furthermore, the examined tissues revealed to harbor broad copy number of
latent PrV genome ranging from 10" to 10° copies per one microgram of
genomic DNA in real-time PCR analysis. We have also investigated the
prevalence and quantity of a latent PrV infection in nervous tissues from
randomly selected pigs growing in farms. Most of the nervous tissues from
the selected 40 pigs showed a positively amplified band in the nested PCR. In
particular, the nested PCR targetd to the PrV gB gene was found to positive
in all BS sample. Nested PCR for either gE or gG gene produced positive
bands in a lower number of nervous tissues (total 57.5% and 42.5%
respectively). Moreover, real-time PCR revealed that the examined tissues of
randomly selected pigs harbored copy number of latent PrV DNA ranging
from 10 to 107 copies per 1 pug of genomic DNA. When the

persistence/latency of PrV in experimentally infected pigs was investigated,
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the PrV genes (gB, gG, and gE) from PBMC were started to detect at 2-5
days post-infection and persisted to 20-26 days post-infection. PrV exhibited
the persistence/latent infection in the nervous tissues of all infected pigs.
Moreover, we have investigated the influence of vaccine type and
administration route on the latency load of PrV using simple infected model of
experimental animals. The intranasal vaccination of attenuated live PrVitki
-gal+ vaccine showed the most potent protection against virulent virus
challenge and more reduced latent infection in brain than other vaccination
protocols. Furthermore, attenuated live vaccine induced more biased immunity
to Thl-type than inactivated vaccine. Thus, these facts imply that the latent
infection could be influenced by the nature of immunity induced by vaccine
type and administration route. To further study on regulation of reactivation,
we have established reactivation model of latent PrV infection using
experimental animals with immunosuppressant dexamethasone. Such
reactivation model will be useful for studying on influence of several stress
and prophylactic vaccination to reactivation.

As an attempt for development of DNA vaccines against PrV infection, the
nature of induced immunity was evaluated following immunization with
plasmid DNA antigen (gB, gC, gD, and gE, etc.) Plasmid DNA vaccine
expressing gB of candidate antigens mounted the immunity biased to the
Thl-type patterns determined by the ratio of IgG isotype (IgG2a and IgGl)
and cytokine IFN-v and IL-4 levels produced by CD4+ T cells. The
immunization of DNA vaccine expressing gB showed stronger protective
immunity than other antigen-encoded DNA vaccines (86% survival rate).
Moreover, the cocktail vaccination mixed with all three DNA vaccines (gB,
gC, and gD) elicited the complete protection against virulent PrV challenge.
Consequently gB of PrV could become most effective candidate antigen as an
antigen of reliable DNA vaccine against PrV infection. Next, we have tried to
practically improve PrV DNA vaccine by using genetic adjuvant of cytokine

or chemokine genes. Initially we have tested the use of IFN-¥-associated
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cytokine and chemokine as immunological adjuvants, which included IL-12 and
IL-18 as a potent inducer of IFN-%, and IFN-v-inducible protein (IP-10), the
production of which is regulated by IFN-%. Surprisingly, IL-12 and IL-18
gene highly suppressed the humoral antibody responses, but not IFN-%
production from immune T cells. Such antibody suppression was closely
correlated with enhanced with susceptibility against virulent virus challenge.
Paradoxically, IP-10 showed significantly enhanced immune responses,
facilitating prolonged survival against virus challenge. Secondly, we have
evaluated the utility of GM-CSF c¢DNA as DNA vaccine adjuvant.
Co-injection of GM-CSF DNA enhanced levels of serum PrV-specific IgG
with 2- to 3-fold increase. Moreover, GM-CSF co-injection inhibited the
production of IgG2a isotype, but showed enhanced production of IgGl isotype,
resulting in humoral responses biased to Th2-type against PrV. In contrast,
GM-CSF enhanced T cell-mediated immunity biased to Thl-type as judged
by significantly increased production of cytokine IL-2 and IFN-%¥ but not IL-4.
When challenged with a lethal dose of PrV, GM-CSF enhanced resistance
against PrV infection. Thus, co-inoculation with a vector expressing GM-CSF
effectively enhanced protective immunity against PrV infection, caused by the
induction of increased humoral (Th2) and cellular (Thl) immunity in responses
to PrV antigen. Finally we have evaluated the utility of chemokine gene as a
genetic adjuvant of PrV DNA vaccine, which included RANTES, MIP-1a,
MIP-1f, and MIP-2. RANTES and MIP-2 of tested chemokine genes showed
enhanced immunity and there is no change in group co-immunized with
MIP-1a and MIP-1fE. Moreover, RANTES and MIP-2 provided more enhanced
resistance against virulent irus chalenge. In cocnlusion, GM-CSF, RANTES
and MIP-2 appeared to induce enhanced protective immunity against PrV
infection. In particular, GM-CSF appeared to be very useful genetic adjuvant
for making practical PrV DNA vaccine.

The usefulness of attenuated Salmonella typhimurium as oral carrier of

PrV DNA vaccine was evaluated. An oral transgene vaccination of PrV DNA
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vaccine by using a Salmonella carrier produced a broad spectrum of immunity
at both the systemic and mucosal sites. Interestingly, the Salmonella—mediated
oral transgene vaccintaion of DNA vaccine biased the immune responses to
the Th2-type, as determined by the IgG2a/IgGl ratio and the cytokine
production profile. However, oral vaccination mediated by Salmonella harboring
PrV DNA vaccine showed inferior protection to systemic immunization against
virulent PrV infection. Moreover, the Salmonella carrier was repeatedly fed in
order to induce a detectable humoral immune responses. These facts compel
us to explore possible strategies that can improve the immunogenicity by the
incorporation of adjuvants, CpG motif, or a heterologous prime-boost
vaccination based on the Salmonella bacteria containing a DNA vaccine and
recombinant vector expressing antigen. We have also investigated the
expression of antigen delivered by attenuated Salmonella bacteria as DNA
vaccine carrier. Indirect evidence of DNA transfer was obtained by confirming
the GFP expression of Salmonella bacteria carrying plasmid DNA encoding
GFP following flow cytometry analysis. The expression of transgene delivered
by Salmonella bacteria in APCs of both the systemic and mucosal-associated
Iymphoid tissues was identified. Furthermore, to promote the idea of PrV DNA
vaccine as a means of practical vaccination, we have tried to investigate the
utility of PrV DNA vaccine in prime-boost vaccination together with
adenovirus expressing PrV antigen. Firstly we have constructed adenovirus
expressing antigen and evaluated immune response against PrV antigen. The
adenovirus expressing gB induced strong immune responses biased to
Th2-type. When such an adenovirus expressing gB was applied to
heterologous prime-boost vaccination, the protocols which primed with PrV
DNA vaccine and boosted with adenovirus expressing gB twice showed the
most potent immune responses, subsequently resulting in providing effective
resistance against virulent virus challenge. The vaccination primed with PrV
DNA vaccine and boosted with adenovirus expressing gB also showed

effective immune responses. Thus, we have found optimal prime-boost
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vaccination schedule for inducing most effective immune response and
protection against PrV infection. In conclusion, in order to make DNA vaccine
practically useful, it is necessary to combine the genetic adjuvant of cytokine
such as GM-CSF to prime-boost vaccination. Thus, such modified
prime-boost vaccination schedule/protocol delivered with attenuated Salmonella
bacteria for mass vaccination of industrial animals could provide most useful

and effective immunity against PrV infection.

2. Recommendations of Use

1) Areas Required for Results

a. Controlling to outbreak of Aujeszky's disease

b. Providing useful information to eradication program of Aujeszky'’s disease

c. Providing information of optimization strategies and evaluation of vaccines
to Aujeszky'’s disease to related institutes

d. Providing focused results which improve the development of other vaccines.

2) Potential Plan for Development

a. To facilitate the practical vaccination through optimal oral delivery of
attenuated bacteria.

b. To maximize the usefulness of other types of vaccine such as subunit
vaccine and newly developed vaccine by applying to heterologous

prime-boost vaccination.

3) Another Developmental Area Affected by Results

a. Help to research and development of other vaccines such as protein and
recombinant viral vaccine applied to prime-boost vaccination

b. Improving the usefulness of other antigen vaccine through incorporation of
cytokines and immune enhancing additives.

c. Anticipate the contribution to the development of other vaccine and control

of other infectious disease outbreak.
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3t Q= AL = o] AA trigeminal nerve ganglia, olfactory bulb, vagus nerve,
maxillary nerve H]£3}o] spinal corde] A HE Aoz YElyt} o]t e o
Al z=7]utol el =9 & Zhde] gk dote HBuh w7 Hold PCR % 9
EHO R eAl~T|vtolg 20 i Y Aol AMEE AARES WHEoUH. 1
#4, PCR "ylel <Jate] QA 2~7|upolzxe] FH 7P Fa AL
trigeminal gangliagl o7 #™ 1 9] olfactory bulb ¥ brainsteme] ¥#¢3st= A
o7 yehytth o9} e 2HEL fFEe] oAAd|ulolH A gl tshol
A e AeRE yetua, A 24 @A e gFEo] o] Folx&=A

Ay

ol palatine tonsil¥} peripheral blood lymphocyteZ} #E 7ol #o]dhi=%]
= B9 gatt}. weF palatin tonsil® peripheral blood lymphocyteZ} 9. ~7] 8}
./] ]7(45]— 7(1—1 71—@.,4;(]4 o}L]—E}u:] 11—51_ 7]—oﬂ5] 4\1_12 .é}" =3 5

2 2
A& Aoz gAY, ey, 4 AFolA tonsilol A w®lolE]~9] DNAE

AE A7 994 e A9E dRx EdE o= EO} Q A 2=7)nfe] 2] 2 9]
ZAE S AEs7] 9 2 ow AgslA] B Ao o AT

QA 27 vfo] g o] WAl o Wy AW Al (modified live virus vaccine),
£33} A5 WAl (inactivated virus vaccine) 2 & A< WAl (gene-deleted
vaccine) ] o]-&¥o] AL Ut oF=3t oA AT|utolel e W FR{ O Hiol
H =T b QAL vpolg o] kst A Wol® FHz B vpolg X~
Foll wet trFetAl vetutth s WAFE o] &%= Bartha 2 Norden T+
T B2 Y-S Fsto] HAolA HAA o] ofstE Aol o]ef S mpoly
T 829 short unique(Us) F-io] A4 o] 9low Tk+(thymidine kinase)
5 YERdT o7]A thymidine kinase:= vfo]e] 2 Ao 420 A2 ofyu}
AA WA A mpole] o] A4 SAolu & HdS FAst=H Holsts dow
oAAA I At LA, Tk-A|=7]vpol el == UsHada 2459 vlulsto] H

A=}
s 915}. T3, WA HF Lol A ofe] wpeole kel ZHdE
AEH "marker” WA1e] sfuko] o] Fof

o oolsh e A W QWAL o gakel 9 FH 93, ¢ F wE

NI
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T ovbele Ak A % S el vk HuHgdu LA AT vko] e A9
=23 E= subunit WAS] A HE F ookelFol HAENE W wiEE =
Hpolg = 9o) Fat wjE VIbES AR van RaEfloen, HrbE WY SAA
of eate] 747 tE 54 W wgS vEhita Rausddy a9y, =23
AR WAL = subunit Al FEE WY vEES fFEtr] A WAool
B F ol 87HH ALY wolY e HE FAS e o fle Ao®
de A Ak wEbA, LA AT|Hbole 0] g Ale BdHoR owsy] 9
A Egst AFEUA Bu o3t AMAS Abgetolok st QA AT EA Ao
2 2283 AbE WAE ARgEd wbEe] Hodle fAA MY ofs3 Ay
Aol Ak AAsta vk gy, of 53t Ao A9k ofmstel] wiE WY
dge] e g FAaAe] EdtAAdel ofste] dEsts MAFHEY FHHoR b
Aotal SEF WAL S gt WS Aol g Aa v

AETA BAAE Hasteta TR HYgddS zke ile] fijtow
H e d s ddshs Fehav= DNAE o] &8 widle] gk A7 g%
Y Foloh, eAAT|vfolg] 25 did ez DNA #Ale] A7 df A IF
oA o] girh A~ wpole]=o] 3] Azl Jddt el F
a3 9IS = A7 N9 envelope glycoprotein®] E3hE o =d], 7HdE
S5l W wge sh= Ao dHA dow, 1 Tl gC, gE, gG, gl

2 gM-2 nonessential glycoprotein® & Hjolgjo] EAo] FAo] ohekuldol
ofytt. whHe] gB, gD, gH, gK % glL& nlo]g{xo Exd =&

2 oA dow gB, gC % gD7F F8 WS zte duid= ddA 9l
ok mEbA, olgt Ze AdE] 95 }9l 5ol CTL Whg %
lymphoproliferation assay 52 WHS o]&3ste] Bo] WY weS =43 Ax
433 Thl-typeel €%t wbgo] yebde] A=At 1 9f 2427 DNA M
Ale] WA 3= st GM-CSFeF 22 genetic adjuvantol] A7+7F 235
Rom, A¥kAQl DNA #Ale] kS /et Wgwtg-& F7HA17]7] 916t
alphavirus—based expression vector’} /W& ¥ 7| = 3t H XA FAs= 2

Az71gol AF, HE, racoon R OFYEZ S Fdh= oFYEfFFAAN AW Aol

ol
ol
£
of
o
ot
__)&l
N
b
o g

rlo _l

B uasl Qe F oHAele] 5% 2Ue olgae 2alzv|voldzd g
A7k Aol gk AN AE Waow WA A7 AsHS AN of
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A2 2ALTIHelH e FE Al wigt

2APEEE AT
A1dAqA

QA7 vtol ) 2~ # Aol AT Aujeszky's disease(QAl| 271 H)elal Eel=
TTFANE AolE F TR st 3 AdHY ddAelt. F ¥ Auto] e A3
(Herpesviridae)®  alphavirus®}2H(Alphaherpesvirinae)ol <3} Suid alpha
herpesvirus [2.2 Hlo]#] ~9] I 7] 150-186 nmo]™ A& 9x107 daltons 2.
2 ;2FS 150kbp A X2l double-stranded linear DNA genome 2. & A ¥ o] 9l
A AF7kA 3/4 Ao A7ILe] W xlon 55709 FAA 7 SIE AT 162
7h€] capsomer(127]2] penton, 15070 ¢] hexon)Z T+ E Aol WA capsidE 7}
A Qlyjel ZeMod A vt o] wpelg] o] KA LS doll Fste] 55-60T ol A
30-508&%F 7FE, E= 70TColA = 1023 7FEoll s3] H i, 5 % A eitell= 2413
Agsiu 1% 714 Avkel o= S2F 5= 545 7FA AL 9t 1902 @7t
2 o] Aujeszkyoll o3l &2 Bl ¥ o] AA| 9] Zt=po| A 1 A ] Aol gRlE]
A, A AAIA o ® g ARl 7HE AAIAR] S T Ao RE AR AL
Atk g utEtel A= 1980 ol A A AALE AlAbstdlaL 1987 Al Ad &
Aol A Hzx A Havk Qe &, A AFS AAskA A E5S A Eske
WG AS A ot 1989 ell= FAF, Al &<, A A elA, 1990 ol =
Aakell A Aol BalE = 5 U Ao r &Koz Ak uhgl 1994 o]
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FHEE o 4E D BN G YA AAE Bl 7
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Al
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eor

Qo] ool A3 9L, Al 2% AR Mgk 7442
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R [ele]
DNAE 1495 chol nested PORS A5 HE£AANSE ol Sakel 43 2
Ao} gz vholel~E eI, T BEG EAsH: o YH*SM zAba9 . o

FM ol A A= H}OI
] 9= whole 9] A
2 A AN R
AL debey, E3

Az
o=
ults
i
9,
%0,
rr
]
=
o,
i)
[
lo
o
=
=2
b
o,
ofo
i)
2
w
A4 o
0,
tio

A Ql PCR W HE T W= & 0]7] 9819 nested PCR *'H-& o] &35 01,
false—negative WS H4A3Fst7] 9sted Al 7HA 214 ZABS, OB 2 TG)Y
genomic DNAES M Z t& QA ~7]glycoprotein(gB, gG, gE) F4xE 232

ste] nested PCR =834 0.0, ubole] o] &3k F& 3t 27149 primer
9 TaqMan probe °|-83te] vhole] 29 & ZAFSIALE, ER, ol 2 A

S o] &3l FRR R FEE HA 9 ¥ 2Hd EA5E I g AEHE AL
St

AR o2 F= Aol Al2~7] e Wd Wil HF2 AFE7HEAsH
o AA L givf. QA A7) WMALS FHx WE AWl (modified live virus vaccine),

233} A= WAl (inactivated virus vaccine) 2 A2 A< WAl (gene-deleted
vaccine)w ol @] o] ¥ oA AL vt 53} AT blol Y As B FHe] vt
ojg] 2T 7k /T H AL, vpo]y 28] =3t A= wold FHAp F-iE vlo] 2~
Foll whet theFebAl vEbd Tk of g vgtol A A AR 2ho]al 9l Bartha %
Norden strain 8-> WY& Sato] F Aol = o] ofste defolm o] & v}
o]#] 2 genome?] short unique(Us) regiono] 2% o] glow tk'(thymidine
kinase)& Wbt o] mAw AL A o nfole 2 Adoll= A AL
obtnt, A ol A nfo]2 29| neurovirulencelt 7HT 24l G4 = =

2% 4T dt Aow nIHAY. WY,k oAz HAE o Us
1

region 24 Wol ol Wste] Welgol o Wi A8 el 994 @A 2 sk W
9ol S5eha, Guolst A AolubA gk AAE 4P T glek. ofE
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1
WAl QA ~7|blole]~ FAF(Yangsan  strain)( @G st 9=
porcine kidney cell line(PK-15 A3E)o| A &2 AlA AFE3}9 . PK-15 AlXE
E 5 %9 fetal bovine serum, penicillin-streptomycin (lug/mé)o] = 7}%
DMEM(GIBCO)ll i e¥atar, QAl27]vle]#] 2 YangsanT5 F2A17A 5% COs,
37Tl 1A12F FAA7IaL, 2-3Y A= A3 F AEZHA(CPE)] 80-90% A
g™ Aed AEE AR A FHsk 4T, 2,500 rpmell A 15
% 4C, 18,000 rpm oA 1AIZF 30+ 7+ a1
it D-PBSel|l Al F-frate] =eholofe] 2

H7betel sAGAES 33 WHESte] Al Sl HiolY s wWiE

£ A7 BALB/c(H-29¢} C57BL/6(H-2")E A3 55

= E;j
THAAGE) vmArel AL, =)ok sobe(M &, F=h)ollA T-dste] & 4
T AY FEANM BF BE AL FA wEo] KA Aol T
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St

3. LAI27] ZH AX-ZA

A ot & %Hé%xlow AAlE @434 HAHgpl antibody test kit)E
ot QAT FEFO =FE Fsto] A A&y e HAE
gpl antibody test kit(IDEXX HerdCheck anti-gpl, Laboratories Inc.,
Westbrook, Maine)& o]-&3to] diuie] FAZE S48t eAl27] A5
SAFeR BRI oAl~T) Fdo] mYHE plateo] &4 tiERT(1:2 34,
¢ dE=a(1:23]4), 29 A E A S A7 100 A E58kaL, 4T
A EERE e & Ao 7 53] ATt 7)o anti-gpl:thorseradish
peroxidase 100 wE F7}stolon, A2oA 2087 WXg & AH Aoz 53
A Astal 7 wellel TMB 71289 100 wE 7,§7}‘3}Jl Ao A 154-7F ®A| gk
5 BAY 50 wE H7ksko]l 450 nmellA FHEES 54
w2} sample/negative H|E°] 0.6°]8}21 ZS QA|A7|nlolg e EH Ao

2= #AsHsith
4, ¥ 27 genomic DNA ¥ Q2 A~7] viral DNA9 &g

7b ¥ 2 025 DNA ¥

7k MAER AAFST gdx24 BS 94 AE, OB 93 A=Y TG 94 MES
DNAzol(MRC, London, UK)& ©]-&38to] A& 0] gli= Wiiel we} total DNA
Z F%3% Fo, RNase A(200 pg/m)s #7bste] 37ColA 3087 Has &,
Z2ko] phenol:chloroform:isoamylalcohol(25:24:1) & 13 F=3F
chloroforme.2 13] FZ3}th 1/10 volume® 3 M sodium acetate 9} 2
volume®] ol&Z& H7bete] -20TColA 1AZF o4 WA %, 12,000 rpmel
A 107F A4l EElstel DNAS HAd A2 5 &7] Sol BAste] 123 5 8
mM  NaOH=Z &sfste] -20TCeol W& Hysto] AREa3ith.  GeneQuant
RNA/DNA calculator(Biochem, Cambridge, UK)E ©]-&3}%] genomic DNA ¥
= 54T 5 4 =4 DNAYS 50 ng/pt® dASA 31X ste] Aol AHEsA

ol

o
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cerebrum

cerebellum

v

.
)
.
.
S

Brain stem(BS)

Trigeminal ganglion(TG)

Olfactory bulb(OB)

Fig. 2-1. Pictures showing nervous tissues which were selected for
detecting the latency state of pseudorabies virus. The circles of dashed
line are representing each tissue of (A) brain stem(BS), (B) trigeminal

ganglion(TG), and (C) olfactory bulb(OB).
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QA 2~7] vlol#] 29 DNA &

%% wlo]#{~E TBS(10 mM Tris-HCl, 0.15 M NaCl, pH 7.4) $t5 9]
H4 A2 F, 0.6% SDS(sodium dodecyl sulfate)®} proteinase K(400 ug/ml)
5 AHrtstel  37TCAA 2A3F wEEAIZ] ¥ %] phenolichloroform:
isoamylalcohol (25:24:1)& AFg-ate] @M AdEE #1718kl RNase A(200 ug/
ml) ¢} proteinase K(200 ug/ml)S 7}akar 37ColA 1A17F A glsle] RNA AES
AMAsaL, YAl B2l phenol:chloroform:isoamylalcohol(25:24: DZ 13] %
3lal chloroform®.2 13] F&3 ¥, 1/10 volume2] 3 M sodium acetate <}
2.5 volume?] oErSS H7}ste] -20ColA 1A1%F o4 #Xx3t). 12,000 rpm
ol A 103 94 Felste] DNAE A Al § &7] Soll 7dxste] TAE &%
N (Tris—Acetate-EDTA)o| &afste] -20Cel F-5 Hytste] ARSIt

5. RAx7] A& #AE HE

7}. Nested PCR

QA 27| bfol g 0] IFEDAMEHE RISy st YAHF ] F A
283 & 281719 DNA MZS xAW=E RS 27] @A ~7] glycoprotein

v

AR gB(gID, gE(gD ¢ gG(gX)E tdo® ato] nested PCRE 3331
t}. GeneBank® EMBL data bank® 7|4 <E ZAdte] 7]%3sl] glycoprotein
gB  f#AHaccession number M17321), gE f+#AHaccession number
AF207700)¢F gG 7374k (accession number M10986)E o2 zhzhe] f7
Aol thel primerS A ZEA 3L, 2219 primerd] W3 A7) EE Table 2-19]
¥ A8 tl. Nested PCR ®¥Hg2 PCR cycler (Perkin Elmer GeneAmp PCR
system 9600)& o]&ste] REES AASHAL, WHE ZZES nuclease-free
water 5.25 wloll 2.5 w0 10Xreaction buffer, 0.5 ©09 10 mM dNTPs, 1.5
wel 25 mM MgCly, 217} 2.5 (1 puM) sense primer®} antisense primer,
template DNA 10 ¢} Tag DNA polymerase 0.25 pl(5 U/p)E 4ol &= &
g 25 we] WEENS 96TolA 3%zt denaturation, 58CelA  30%%F

annealing, 68ColA 2& 30% &<t polymerization W55 5 cycle AAI3}HaL,

¢

o
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94CollA 121t denaturation, 58 CellA] 30%7%t annealing, 68CelAl 2% 30%
< 30 cycle AAJTh HEH o2 72ToA 1023
I2]3}e polymerization W8S F &35k, AAHE PCR AHE 5 5 ulE second
round PCR %F$9] template® AF£3FE T Second round PCR ®HS-ZAL
first round®} #ow PCR A= 1.85% agarose gel (Invitrogen, Calsbad,
CAl ©719% & %, ethidium bromide& el dMzti FAste EAe $

gel documentation (Vilber Lourmat, Torcy, France)’oll A #2319t}

%9} polymerization ¥

L}, Nested PCR AFE-¢] Eo]A #HA}
Nested PCR 4tz9] 5olAd& E21st7] 9t Agtars o] &sto] At
Ao |t} (restriction fragment length polymorphism, RFLP) #2415 433}

o}, @Al ~7]Hbolel 2] gB, gE 1@l3 gG §A%9] nested PCR HEALEL

SV gel/PCR clean system (Promega, Madison, WI, USA)E& o|&3le] F&3}
Sth. FEFslA agarose gelol Al PCR A9 A& &<2lst & gkl 9149
gel sliceZ Z&bA microcentrifuge tubed] ¥e H FAZS =Ado] 1 mg/ul

7} Al membrane binding solution® Y il, 50-65C FZFoA gel E3d&
&3] 3AFTE s &3lE gel E3FNE collection tubedlel &z SV
minicolumn®] YL, Ao A 1&3F WXk & 10,000xg oA 1&37F L4 <
3t Th. SV minicolumn o= w3 U8E2 Wil collection tubed] SV
minicolumns tA] ¥<& & membrane A|F NS 700 w0 H7FEaL 10,000Xg
oA 1wzE Al FElste] AlFHslTh 500 w0 B ovAl AlFH F, SV
minicolumns A2 tubeol] %713l nuclease-free water 50 ulE H7}gk &
Aol A 187 WA 8T 10,000<g ol A 183F 94 #2ste] dojx DNA
5 4CYH 20T B3t o)ef o] =% DNAE Asas Hae [MI(New
England Biolab Inc, Beverly, MA, USA)E o]&3}e] AttH-S 3l
T3k dHF PCR producti= pGEM-T easy vector(Promega, Madison, WI,
USA)dll 2233 & A7IAE®A S Sato] PCR AF=9] Sol4d& g<lekait
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Table 2-1. Sequences of the primers used in the nested PCRs detecting

three gycoprotein gene, gB, gE, and gG.

Target  Amplifactio Primers Sequences 5'-3' Position Length
gene n (bp)*

st sense  ATG GCC ATC TCG CGG TGC 2044-2062 334
2nd antisense ACT CGC GGT CCT CCA GCA 2361-2379

&b 1st sense  ACG GCA CGG GCG TGA TC 2159-2176 195
2nd antisense GGT TCA GGG TCA CCC GC 2337-2354
1st sense TCG TGA TGA CGT GCG TCG TCG 1306-1327 377
2nd antisense GGG TCC ATT CGT CAC TTC CGG 1664-1685

g 1st sense CCC ACG CAC GAG GAC TAC TAC 1440-1461 211
2nd antisense CGC GGA ACC AGT CGT CGA AGC 1631-1652
1st sense  ATG TTG TCG TTT GAT CCC GTC  94-114 327
2nd antisense AGC CGC GAG AGT AGT CCG TCC = 399-420

gG Lt cense géA TGT GGA CCG TAT AAA ACG 0 168
2nd antisense TGG CCG TAG CAG AGC TCC 299-316

*. Product size after amplication

th AANSFELAHNRE (real-time PCR)

Ao ¥ =AM FETA AHl s Alx7|vtele| o] A copy
S dotr7] fste] A xTvelel s gB FAe gE FHAE W ewm A
sdasddRteSs AAeGth AATFELAHTES 7700 Sequence
Detector(SDS 7700, ABI Prism, Perkin—-Elmer, USA)E A}&3}o] 2 A|&}c)
HE2Al2ko 2= TagMan PCR Master MixE A3 TagMan probe$}t
primer= A 2~7] gB F#Ae}t gE AR} oA Primer Express (Perkin-Elmer,
Applied Biosystems, USA) Z21#:& o] &35t A ztslth 2 Ao Al&3k
primer®} probed] ¥7]MEL Table 2-29 #t}. E TagMan probes= 5' &
ool reporter dye 6-carboxyfluorescein (FAM)¥} 3' @who]  quencher dye
6-carboxy—tetramethyl-rodamine (TAMRA)”7} ¥X]&o] glt}. TagMan PCR
Hk2-ol(& 50 w)S 2xTagMan PCR Master Mix 25 w0, 2z} 900 nM 9
sense®} antisense primer 10 w2 , 250 nMe] 3 EZo] FAH probe 5 ul
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¢t DNA 10 wE 4lo] Agstden, #kex7de 50ColA 2% (uracil

N-deglycosylase digest) HWHEAIZI F  95TeA  10:&(AmpliTag  Gold

preactivation), 95CoA 20% 18]a 55CA 1E o2 3o & 45 cycles

WA RS AAEFEAAANSY] SF A7 4 Sequence Detector
o

(Ver. 1.7, ABI, USA) Z=71

Table 2-2. Sequence of primers and probes used in the real-time PCR

Target Length
Name Sequence 5'-3' Position &
(bp) *
gene
Primer gB 05 ACG GCA CGG GCG TGA TC 2159-2176
220
B ACT T T A A
g 4B 03 C CGC GG cC cC GC 9361-2379
Prob B b CTC GCG CGA CCT CAT CGA GCC
robe gB probe CTG CAC
. gE 05 TCG ACT CGC GGT CCT CCA GCA 1306-1327
Primer 346
3D gE 03 CGC GGA ACC AGT CGT CGA AGC 1631-1652
Prob . b CTA CGA GGG GCC GTA CGC GAG
r s
ope 8B PIODE oor Gaa
*. Product size after amplification
6. AgH oz QA AT|nfolg 20 AHE HA| AL FEFH <}
SEEES
7}. a9 e
ol AES wlolels 749 ol we F opom wprglom, ARe

A 114?4% 2x10" pfu, Berelli= 2x10° pfu® W< F3) T3k whol
#a HE $ 0, 2,5, 7,9, 12, 15, 20, 26, 36, 47, 5644l 77t APz}
peripheral blood mononuclear cell(PBMC)¢ 848 Eystgoen, 3% &£ 9
dx 7AA 71Fee JE F il BEsle] dFAEE 71Sskal clinical
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score?} A =5 9AA7LA] 715353 Clinical score= 1) A& %7}
40-41C, 2) &7 543 A 41T ol 3) &5 A=z, 4) A", 5 WA
B FASEl 2 Ul

. PBMC % #% &4

ol 25 HEe A O 2H¥E acid citrate dextrose
solution (ACD)e] &°] 3= FAZIE ol&ste] AHd 5, 2,500 rpmelA 20
7H (A BEste] A8 AT g4 -80Te AFEE Wl 7bx] Byl
PBMCE buffy coatZ o 2H-¥ E 3t RBC lysis bufferg 1:14 v &= ¥
o gAsHA Aol 5EgF Aol WA $ 2,500 rpmoll A 10w3F A4 et
ol RBCE A7t 83 A JdE22 PBSE F W AlFste] F 7He] A
Aol vpro] -80TCe] H#Astar, b upolel s o] o] &stal, thE 3k

+ nested PCR #4]of A}-&3}% ).

N,
N
)
>,
o
ofo
)
i
lo
o
o,
=3

t}. PBMCZ5-8 DNA® |
PBMCZYE DNAQ E#+ ¥ ZFOozHE DNAEZ S £ Wi
o] DNAZol(MRC, USA)E o]&3}e] H-7]&}3it}.

N
ol

2k mpolg A e

PK-15 AZE 96-well plated] Z} welld 5x10° FZoz B35t 227

=
nkatith dAol H rEA ek DMEMS 40 wA Zh wellell 53131 841¢
QA ~7ntelE 9} A4S ST wellel]l 10 p® HEske] 37TCAA 2A12F &<

Al7ZE v & 2xXMEM 5% d3)9 2% low melting agarose(Invitrogen)=
overlay% wialodct. 72A17F 3 neutral red dyegNow JAM3to] A LA

Age selete] BAEA.
ol oAl 2T) FA =A

Aol oA ~7] Eo] &A= ELISAE o] &3t ZAAsIgth. ELISA plate

= 50 mM sodium bicarbonate buffer (pH 9.5)5 3AjNo g o]&3lo] FH|F
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oAzl Y (1 pg/welDoZ 4ToA af5d WAste] A® 83t Standard
o+ goat anti-porcine IgG(Serotec, USA) 100 ng/ml& o] &3dfo] 7S HW o
ojste] FEEIGITh F® ¥ ELISA platet™ 0.05% tween 20-PBS(PBST)E o]
g3l 33] AlA3F}aL, 3% non-fat dried milk (200 p/wel)Z 37TCeolA 2 A7+
& HESAlA ER2F ST Al PBSTE 33 Al sta, 50u) Ad d44S
2R Al s|Aste] 7} wellel wFekal 37TColA 1AZE 307 WA %
PBSTZ 33| A 3}3lth. Peroxidase-labeled anti-swine IgG conjugate(100
ng/mD& 100 wA ¥F3kar 37CoA 1A7F vk A1Z1 $ PBSTE Al 39
Al = 3}l e Flase 714 & (11 mg
2,2—azinobis—3-ethylbenzo—-thiazoline—-6-sulfonic acid in 25 ml of 0.1 M
citric acid-25 ml of 0.1 M sodium phosphate-10 gl hydrogen peroxide)<
o] galo] WAz o 1.5% potassium fluoride-PBSE o] &3] w35 A A
AR ZF well9] optical densitys= ELISA reader (Molecular Device, USA)
= A%l Softmax programel ¢Jsto] U] eAX7] A FES AR

<, g4 did s A #@s BASSI
g 9kS BCA protein assay reagent Kkit(Pierce, USA)E o] &3}e]
Ao Ao met FH43F .

7. 5% WA Fo] HR ©E QA 27)uto]g e gid HWHuk-g}

QA7) SilE S wHET] 98t PK-15 AlXolA FAE HUAd A
27)mpol 25 %3 F 0.5% Triton X-100(Sigma, USA)-PBSE # 7}t
FH| 3G th @A ke BCA Protein Assay reagent kit (Pierce Biotechnology

Inc, IL, USA)E o] &3slo] A Ajd Wol upg} SAsF3it).

o st g sl A5 A
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t}. Attenuated live virus(PrVAtkB-gal+ Yangsan strain)&

op 5} 4w
0] 4319 31, Triton X-100 A& @A &9 B3sl AlE wroz o] 8319,
oil—adjuvant gene-deleted vaccine(Porcine Aujeszky's Disease subunit

vaccine, T4 ATF4A, ) subunit WAl R o] &ty H|ZF EE 28 W A
ot AN 5 HAAd eA|z7btely 29 A¥A 57 AR AF)
of thek MAl Feje} MAFY FR wEt A Aol AHEHe Aol Aelrt
A=A, WAl myel A e AR #ATE A=A LetE gtk v AES
st Adde AEs 89S AEsH] sk avertin(2% 2,2,2-tribromoethanol,
2% 2-methyl-2- butanol) 200 wE 57 Wl FARste] d4l mtAAIL & w7

SEL TS

AFTS A, APT AE =3 AWAS 10° pfu/20 w FEE H)7
AE ola, 28+ B 83t Al HAlS 100 wg/20 W =2 vAHS s

At} Ad CE oil-adjuvant subunit vaccine2 100 pl &S HE, A3+

A
AL 10° pfu/100 w s== 29 U AEs9 1, A+ BE=

D= o3 A
B3} AbS MAS 100 1g/100 g =2 25 U HEA

AN § WHdg eA=Tvtel el 2 v FEH7] T el Qhek A
A FHe AF st eAlx7] Feo] IgGE FA] A% FHE Fvlskid
AHE NS 37CA 303 WA $ 4ToA 3013 A4 st
AES AT AEAS dojul 4T 1087 94 Easte] AZdnt o
ojufo] AMEE wi7bA] 20T oA B sgivh A o BHlE AES WA vl
H2aE HEe7] A 3Y ¢ A& &S AF ST PBS 100 wE 2 W
of Addsk H A Wl FHIES 3gete] AREslr] A 7EA] -20Coll Al Bt
QA|27] Fol IgA FAS

Sla) 4°C oAH 3087 94 Bste] 4F AL ol g
sotel g 2 W7 AES] T Aol 7t )

o}
A e B gste] AREst7] A 74A] -20TColA Baketal, eA27] 5ol
=

off
oL
32

[e)
A A AZY FAE A3 100 mg/mle] == 0.1% sodium azide”}
23 PBSE A ste] 2 412 F 94 EEstd L%"“O o]-&-3}3l .
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L QA7) 5ol IgG B IgA 573

QA7) el gk A 7= ARbA Q] ELISAWM el oate] SHA 33
ot} g A7) EBo] [gGY AL $-4 ELISA plated] 50 mM sodium
bicarbonate buffer(pH 9.5)& Moz ox~7] @A d<(inactivated
protein Ag)E 1lug/welld] HEE At ZF welld 100 w® EF3811,
standard®l &= goat anti-mouse IgG (Southern Biotechnology Associate Inc.,
Birmingham, Ala) 100 ng/well®] F=E& 100 X BEF38o] 4ATAA W v
A5kl FREATE 0.05% tween 20-PBS(PBST)E ©]&3tel 33 Al#saL,
3% GAR(200 pb/wel)Z 37TelA 2A17F vkgAIA E27 83t thA] PBST
2 33 MHsta, A4S 108 A=A 7 welldl 5 star 28] Al A 3o
37CollA 1417+ 30% WESA]Z1 5 PBSTZ 33] A|#3kth Goat anti-mouse
IgG-conjugated horse radish peroxidase(HRP)(100 ng/wel)< Z} wellell 100
A ek 37TCAA 1AE WgA171 & PBST® 33 AlH sty g4vg
& ShA V)=t el FEstke] Akl

g3 QA7) 5ol 1gGY isotype(lgG2a F IgGl) SAS $1¥ ELISAE= &
A7) Bol 1gGe WA wdebA WaASlth Standardel=  goat
anti-mouse 1gG2a %+ IgGl(Southern Biotechno logyAssociate Inc.,
Birmingham, Ala)E 100 ng/welld FX2 FIHSRI, 22 FAZE goat
anti-mouse IgG2a-conjugated HRP (IgG2a-HRP) X+= goat anti-mouse
IgG1l-conjugated HRP (IgG1-HRP)E 1A17F A8 ¥ SA 33t

T AE 2 A W BHls AlEdAY eAl~7] 5ol IgAd A4S

o

[¢]

biotinylated goat anti-mouse IgAE A #3+ T}, peroxidase-conjugated
streptavidin (Jackson Immuno Research laboratories, West Grove, PA)S ©]

g3l Z4atqh

t}. Aol EFFCl AJAF profile
A=E HEFREE Ak cytokine(L-2, 1L-4 2 IFN-y)o] 42 wj A
Mg Rol ELISAW olste] ZAstqint. 2F AdatellA 3npgy A
A4S AEsta AEE 22359 UV-light2 B3} A7 oA~y o
[e]

=
P o R 3AE Bk AFA71 A A A A E(antigen—presenting cell, APC)Z
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THlske] ek vpPEAlESt Eftste] 3YzE wigeRdith A dixdtel=
concanavalin A5 pg/mD& Aol FH|eF3ith. ELISA plate™ anti-mouse
[L-2, IL-4 3 IFN-y &A= Agstar 4ToAN shxwk WAste] a” sl
ELISA plate® PBST®Z 33 A3t 3% SAF=2 2/ A% B2 @ F
Al PBST=E 33] A&t wiF 45N standard cytokine proteine * 2|8}
L 2A17F FoF 37°ColA wjkslsltl. ELISA plateE thA] PBSTZ 33] A% &}
3l biotinylated anti-mouse IL-2, IL-4 % IFN-y @& Hgg thg 37CelA]
2A1ZF AeFgt ¥ peroxidase-conjugated streptavidin® Wil 1A © wj<Fst
T 71AEAE o]t A AT 7 well®l FFEE ELISA reader
(Molecular Device, USA)Z 405 nmollA] Z43}%13L Softmax programs ©]-8-3}

of MEzelA ABibE cytokine IL-2, IL-4 9 IFN-y¢] & AlAkstgltt.

O

g} oA A7) vlolgl A TAAE

A2 g2 A 7HA e Hals v dE B2 25 U 1F $ 14LA
BE o averting 57 Ul Fdste] AAl mpHAR & B9 Al ~7)vkel Y
2~ 10LDsoE M7 AZEstolth 29838 AAs7] 23 Hd4 A 2~7]vto] g
2-9] Jethal dose(LDsp)9] A WIA QA|~7vlo]yA2E Exd (10'-10°
pfWE v e 2 25 W AT T 72 HF 39 A7 YFARE A
T 5 11Y 7AX BZske] A48

A =
A E g8ttt 3% H 24 dFE DNAzol(MRC, London, UK)E ©]
st A AlEo] 9= who] Wl total DNAEZ F%3893  GeneQuant
RNA/DNAcalculator(Biochem, Cambridge, UK)E ©]&3}o] 100 ng/ulo= A

wste] el ALgsteih

v}, Thymidine kinase F+3AF H& AAFFaiLA s
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Mz e Al 7 dee] MAls B AF B 25 W AF skl HYs
)

A7 F 27D F WAy eAsvuel AR ggATlT 4 Agael A 2897
A gEste] de AWERY M AFse]l 48 4dHe] At BAY oAlx

Zlafolg] 29 S dolH7]  $sle] QA A7|Mlo]ElA  thymidine kinase
gene(AF 199413)& W32 = Primer Express (Applied Biosystems, USA) >~
29 o] &3t primerét probeg AZEIATH FF A= SoldS 915Hd]
A E5E9] thymidine kinase geneZ} H|u3}J(NCBI blast alignment) &5
A %v QAVNAERES ol&siglth. B ATl o] 8% primer? QUMD
sense 5' TCT GTT CGA CAC GGA CAC 3'(18 mer, 135-148), antisense 5'
GGT CAA AGA CGA CCG TCA 3'(18 mer, 323-341)¢|t}. TagMan probe$]
A7IMde 5 CCC GGA AGC AGA ACG GCA GCC TGA GCG 3'= 5" ¢t
of reporter dye 6-carboxy-—fluorescein (FAM)¥} 3' @wte]  quencher dye
6-carboxytetramethyl- rodamine (TAMRA)7} #XA ¥ o] v}, HAAMSTaA
A HE-S2 iCycler iQ Real-Time PCR Detection System(Bio—-Rad, Hercules,
CAE A}E3}e] AASEA Y. wH-gA|Fo 2= TagMan PCR Master MixE Ap&
&k, TagMan PCR ¥F&H(E 50 w)S 2XTagMan PCR Master Mix 25 ul,
sense?} antisense primer Z}Z} 10 (900 nM) ), ¥F&E#o] EAH probe
5 ub(250 nM)9F 3 DNA 10 w(1 ug)E Aol A3t w2 95TalA
10%7F pre-incubation, 95CeolA 15%%F denaturation, 60CeolA 5x7F
annealing 18]3 72Tl A 10%37F amplificationd}le] 60 cycle ®HE-3}Sic)
Z A= iCycler iQ software(Bio-Rad, Hercules, CA)E ©]&3&to] QA|2~7|n
o]2]2 thymidine kinase #F¥#7} w¥= Zgk2n= DNAE o] &3fo] W

EEFA) uIAA JFHA

r{ﬂ IOy Y

Astol] o3t A 7 4
WA QA 27 volyd2E 10° pfus PBS 100 ol 3Alste] AFFE
o] Rtte] Folz] ZHol HETaAh dFYU HHoR 33 HES F 257U F
bt ol A ANHEG dto] QA|2~7] wpoly s Ko FAE £l %

S Rt F=nEdih. FulE 93 250 pgy B x
1X107S 7+ A8z 5ulgly Aoz Folste] FEWodS AAL. UEzT

S
4
of
1)
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o
. F53 QAlA~T] vlel#@AE PK-15 AEFo] ZAAAA A
S o] 12,000 rpmellA 1A 7F EoF 15
HEed F freezing-thraw WP o® & wpolglx FFHAE 0.5% Triton
X-100(Sigma, USA)-PBSO.2 A gjste] eA|~7] @A els whEdvt. BCA
Protein Assay reagent kit (Pierce Biotechnology Inc, IL, USA)E o]&3}o]
AAE e we @ s SAske] FHlekaith. FHlE 9 gl

Complete Freund's adjuvants(CFA)E %oz Ao] &= oz 39 500ugs

o

RS =
E79 5 % 38 oy TR o FYsgith 97U A0 335 Y3
gor, shA Fq AT F A4S Folo] BAL AR AAT Do

]
© 37T incubatore] 30%7F ¥ 3 12,000 rpmo.Z 30%7F 94 Bt
g S S AT ELISAE ol §ste] &A7HE S48t

L A s g9

Rabbit polyclonal antiserum® F¢ FEo A= uwz} QA ~7] wvlolg]~
el dig Ay FEAY AES gotry] fste] dH 9 A FAE
250pg/ml 0.7 9= & A S undilute, 10 2, 1: 4, 1: 8& 28|¥ Aldt A8}
Atk HAow 250 m¥ FHE T 308 F, HMAAH eAz7] blelgzE

100LDsoE B4 Eo= 247 ZAAIH T 749 109§ 7-A #Zsaict
t}. Dexamethasonefojol] o3t A &4 f%=
H

A4 A7) wpoly2E TAAZ 289 ¥ dexamethasone 0.5mg<

=g
sesame oil 200l 24 3dlo] 3AZT AL Fdstar, AF FAL 6L Foll v
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22 3 A4ste] v A=E 3} trigeminal ganglions 35381t}

2}, 817 E19]E 2 trigeminal ganglion &g

E o] g3ty EH3AUTt. 0.25% trypsine 2l 37ColA 3087
QAR sto] AAES PBSE 23] AlF ATt

Dexamethasone Fo]& ulolg] 29 A IS #5523 & 09~ E o|4k3ter
a2 7k FAAAA WA F v7} AEED trigeminal ganglion(TG) 23]
S 3)grste] Ao AFLEQAT. B AEES nlero =2 sl el B
S AA =7 F, EvE PBS 100 W& 3+ n|7e] Fdsted g2 & v
3 TR e PBSE th 85 Stk TGS mhese 3 % 9pE R
geta FAESs Eyste] HE =2 F, TGS 358kl PBS 100 ptell ¥
an, Ha7) H}

5

olo
>
~y

v}, Nested PCRol| ¢]3t nlo]g]x~ &

Zy NAE R A3 trigeminal ganglia® DNAzol(MRC, USA)S o] &3}
AA =] e el wet total DNAE F%3H3131 RNase A(200ug/ml)= A €]
3 & F39 phenolichloroform:isoamyl alcohol(25:24:1)% 13] F=3}1
chloroforme.2 13] FZ3ith. 1/10 volume® 3M sodium acetate 9} 2
volume?] EtOHS #7Fste] -20TColA 1A17F o] A W3k 3 12,000rpmei A
1027 94 28t DNAS HAAZ1 & air dryste] 8mM NaOH= 9“5116}01
-20C Y5 H 3}01] AF83koitk. 22 DNA %2 GeneQuantz= 543 &

ZF %72 DNAYS dA3 A 3Asle] Ado ALE3F9th ADVY latent state:
nested-PCRel ¢]3s}o] 3213513 t). A8% PCR primere= gll(gB), gl(gE) gene
25 o] &35 3l ALEE primere Y3 2t}

First round:

gB(gll) gene (334 bp product)
sense : ATG GOC ATC TCG CGG TGO (18 mer)
antisense : ACT CGC GGT CCT CC4 GCA (18 mer)

gE(gD) gene (377 bp rpoduct)

sense : TCG TGA TGA CGT GOG TOG TCG (21 mer)
antisense @ GGG TCC ATT CGT CAC TTC CGG (21 mer)
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Second round:

gB(gll) gene (195 bp product)
sense | ACG GCA (GG GOG TCGA TC (17 mer)
antisense : GGT TCA GGG TCA OCC G (17 mer)

gE(gl) gene (211 bp product)
sense : OO0 ACG CAC GAG GAC TAC TAC (21 mer)
antisense @ CGC GGA ACT AGT CGT CGA AGC (21 mer)

PCR cycler(Perkin Elmer GeneAmp PCRsystem 9600)Z o]-&3}o] uh-$-S
AABFR A, 8-S 1S nuclease-free water 10.25p09]  2.540¢] 10X
reaction buffer, 0.5£09] 10mM dNTPs, 1.5¢02] 25mM MgCls, 22 2.5u0(1n
M) sense primer®} antisense primer, template DNA 549 Taq DNA
polymerase 0.25u0(5U/ul)E A1o] total volume 2509 WFEoHL 96T oA 1E
ZF denaturation, 62TCollA 13t annealing, 72ColA] 133+ polymerization
W28 5 cycle AASE, 94TCAA 187 denaturation, 62CoA 187+
annealing, 72Col4 183t polymerization W82 30 cycle A}t H 54
o2 72CoA 1087F WX 3l polymerization WSS F235l1, A% PCR
225 5uE second round PCR WHS-9] template® AF83F3iTE  Second
round PCR ¥F&Z7#& first round®t o™ PCR AHEL 1.85% agarose
gel(Invitrogen, USA)o A 7] 953 ¥, ethidium bromide &o| FMsta &
2E B FAMste] EM3 3 gel documentation (VILBER LOURMAT) Aol A

H}, Wﬂ%hﬂ QA7 AL

E3 TG explantsE PK-15 A¥ Fo] #

S 7] 998l acetylcholines 0.1 mMS #H7}3k A3 +3 A7}
k3]

ok A &4

ahA e Ay o R o] mjdstion, vk 59 $5H CPEE #EsA
om wjF 7THolF FFAH} AEE EEst] MEE PK-15 AE Fol Adist
Attt 39 blind passage & CPEE ##slo] A3= 2k&3 9t
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A3 A 23 3 uF
1. eAlz7|Hlol2 ) 2 Aol tig EAARE skzA}

7}. Nested PCR AFE9] Eo]A HAF A3}

Nested PCROl A& primer®] 5old-& HAZF3sH7] 9] PCR HFA=5
Adasrz Agd & dHs BAFozA gl 2A|2~7] glycoprotein
gB, gE9 gG FHAE o= st A4 primers ©]-&3to] HAg nested
PCR9] 7}7}e] #FAHES A|dta s Hae llI(New England Biolab Inc, Beverly,
MA, USA)ZE A &3} %“J‘J A3, gB fraate] HFAh=(195 bp)2 173 bpst
22 bp= 2709 o] RISt FrAAke] #FAHE(211 bp) 109 bp,
66 bpst 36 bp=E 37H9] #4 o] QQJE]MV—U# gG Ao HEAHE(168 bp)
112 bp%t 22 bpE 279 F4o] &I=ltt. PCR HFE AH=9 o]¢F &2 Agh
G4 AW AIFS GeneBanke 1714 4d dolE e} A= Ao B A
AFE3F primerE o] 83le] A A3 nested PCR AH&o] $-gl7} g = stz &

QA7) glycoprotein FAAE AEHoT FZAZES st (Fig.

2-2).

of\

i

. g3 A=A FE gl AL
S Al A FAS JErd A ¥ xZ o)A ulolglxo] & 7t A
= dolry] 9ste] RojdEz Rulste] AF 3 ¥ %2 DNAZ nested PCRS

[t

o] g3le] Agstion 7t 27 - ¥zr, T, AAIAE- o e Azet 7b
target &2} - PrV glycoprotein gB, gE ¢ ¢G -o w& Ay} e 3
olgr 4= A2t (Fig. 2-3 and Table 2-3-5).

QA 2~7] glycoprotein gB F#AE HREZE 3ol nested PCR & AHA|g 4
7, 94709 HzE BE FelAE 5470 AEolA 195 bp A7]9] 4bEo] <1y
o] 57.4%° ¥ =AM FEHo] Gl on, S oAE= 9379 HME
oA 587N, AR AB A A= 94 e] AE FolA 42709 AEAAA A= kil
b ah= YAl PCR AbEo] &¢luo] zhzt 62.4%9F 44.6%°] E7telo] &
AHAT 4 2AE R P &S vYehllE Aes 7, =3 ARARIAE &



A& veErth (Table 2-3). Glycoprotein gE #3422 23 & 3to] nested
PCR& AR A3, 94709 Hzt AE FolM= 22709 AZelAM 211 bp
PCR Ah&o] &l o] 23.4%, Tl = 93709 AE FolA 2571, Akl d 4
A= 94719 ME FollA 32709 AEAA HE }31 2b sh= 91l Al PCR 4F
ol gRlxo] 22t 26.9%%F 34%9] FAEido] FHAT. 74 2AERE FA
WS UEhllE e AIAE, 391, H3E sl 3lth (Table 2-4).
3k glycoprotein gG FHAE HX 2 3}9] nested PCR & A%
A3}, 947K H3E AE TollAE 69709 AZelAM 168 bpe] PCR Aol &<l
o] 73.4%, Tl 93708 AE FollA 6670, Akl ﬁﬂoﬂ’ﬂt 94749
zq]»ﬂ 22719 AEolA H=E } 2k sk A4l PCR AHE©] E9lxof
70.9%%}F 55.3%°] ZEzeleol gQlHAG. 7 AER %“é W3S UEbd
@Et w7, 9, AREAE &2 e (Table 2-5).
& glycoprotein F A4S A2 & nested PCRE
uel A2 & g AR 45 Ui x

400 WE 4H0Y A4S ol HE A4B ABL BAHAE Zasith A

ofr

2E gugg 4w

= =z

= I d

Qv ¢B FAAE FER F Aol W2
o

Zol zto]E e} -9
of Ad#glel g 7ol o A FoeAgE FdE& UYEhlE HES 949 AE
T 84/NE 89% BER AZFHSUAL, gG FHAe] A f-ell= 8579 AMZo] UA
S Vel 91.4% AER S AEAHLEE YJEhydth v gE FAAE 2
2 g Agole 45709 AEo] FAS e 47.8%004 HEE ] gB A
29}t ¢G FAAE BERE Fto] nested PCRE A3 A9-Hus B 255
t}. Glycoprotein gB, gE ¢ gG frxdztel diste] zA o ARl S e
W oAAe] i 94719 AE F 90/ME 95.7%9 i A nlolgAE AE

&4 U
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173 bp

12b
195bp\:K — — . - P
109 bp

i

168 bp <«— 66bp
«—

<«— " 36b
22b::
A BCDETFGH

Fig. 2-2. Amplified products of the nested PCR targeted to three PrV
genes (gB, gE, and gG) and the digested pattern of the PCR products for
testing the specificity of the primers. A, size marker (100 bp DNA ladder)
B, 195 bp product of gB gene C, 211 bp product of gE gene D, 168 bp
product of gG gene E, negative control; F, Hae III restriction of
gB-targeted PCR product (173 and 22 bp); G, Hae III restriction of
gE-targeted PCR product (109, 66 and 36 bp); H, Hae III restriction of
gG-targeted PCR product (112 and 22 bp). The relative positions in the

gel of predicted size are indicated by arrowheads on both sides.
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A 1 2 3 456 78 9 NP M

195bp P

B
211bp
c M NP1 23 45 6
S0
168bp>§ -

B A s

Fig. 2-3. Nested-PCR product of ADV (A) gB, (B) gE, and (C) gG gene
for molecular epidemiological survey of latent PrV infection in nervous
tissues of sero—positive pigs. M; size marker, N; negaive control, P;

positive control(PrV DNA), 1-9; observed examples.
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Table 2-3. Prevalence of latent PrV infection determined by nested-PCR

of gB gene in nervous tissues.

No. of positive

Nervous Percentage of

tissues results positive result(%)
/No. of tested pigs

BS 54/94 57.4

OB 58/93 62.4

TG 42/94 44 .6

BS; brain stem, OB; olfactory bulb, TG; trigeminal ganglion

Table 2-4. Prevalence of latent PrV infection determined by nested-PCR

of gE gene in nervous tissues.

Nervous No. of positive results Percentage of
tissues /No. of tested pigs positive result(%)
BS 22/94 23.4

OB 25/93 26.9

TG 32/94 34.0

BS; brain stem, OB; olfactory bulb, TG; trigeminal ganglion
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Table 2-5. Prevalence of latent PrV infection determined by nested-PCR

of gG gene in nervous tissues.

Nervous No. of positive results Percentage of
tissue /No. of tested pigs positive result(%)
BS 69/94 73.4

OB 66/93 70.9

TG 52/94 55.3

BS; brain stem, OB; olfactory bulb, TG; trigeminal ganglion

o AAREFFANNS B

Nested PCRA 49 Ang thehdl o 24 4% T4 2339 o)
2 yolglis vholel el F& ZAe] Aol B FAAS gB FAAE Yo

T8t gB = gE A7 229 H &

v = DNAE #+ DNAR o]&3dte] REa4S whEo] & 749w nlolglx
d ¥ DNAZ o]83F3lth (Fig. 2-4 and Fig 2-5). 2
Z3 A7 10°-10° copy WA ZZ cycle
T copy T HlETA d5S & F A} Nested PCRo|A Sz 7
=¥ A7 ¥ 2% DNAE tdo= sto] AANNFTFELAYT-ES HAE

A7 genomic DNA 1 ug 3 10" 410" copy 7HA A=)

NS
XN
Lo
|
N
)}
Z.,
>
il
= o
ox
o
il
o

2t A FAEAA Y A D LA zT Rl s A A

gB 2 tel primer®t probeE ©]&3dte] HAAZMFFEALAANTSS A
AlgE A3t BSollA = 54709 22 oA 3670(66.7%) 14 AaE IS F AN
th OBl A= 58709 24 oA 3470(58.6%)1 4, TGS Z-5-ol+=
2 oA 2170(GB0%) M HE=E 4 3= threshold line ©]3e FFE4
=3t copy FE BE T F UM (Fig. 2-6). Genomic

(reporter dye)< 7
DNA 1 pg@ A&" W= HaE 10004 AU 10°°7h4] A= 3 5 U
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e vlolel 2% AE A% A

g e 3 ANy F 9 B

gE #3AE fHoR dhof ¥ xHA
107 el A Ad) 10%°744] &0 ¢B

>

b

& vl ze] ¥ AF F & ANCH, EEFHNAE sl R APEE
&0 W e g9 @ 5 At Fig 2-7)

1) Nested PCRZ %}

(F) H9E E5AAGAA T4 AduE F 40 =FE R o
npolg] 2o - 7+l AE]lE nested PCRO| ¢Jste] xAbsQith gB fAdAE
o2 5ol nested PCRE A3 A3 BSE T =7 405 38717F FAH o=
el 95%9 FAES YeEh o OBE 37 =571 ¥4z Yehy 92.5%,
TGE 397MF 19717F o= 475% HEERE A M 22 5 71 & 7
FES UEHAY (Table 2-6). 398, gE #dAE o2 3% nested
PCRS BS9 4% F 4070%F 1670(40%), OBE 40705 1370(32.5%), TGE 4=
g 2T 2470(60%)°] HEES HAFTAT (Table 2-7). ¥HHol, oG FH
2HE dide® AHAlE nested PCRO ZA¥= BS 40% 9 (22.5%), OB
5(12.5%), TG 10(25%)°] HE=ES HAFAT (Table 2-8). wWebA, gB 4
S o2 AAE nested PCRo] 7FE 8 HAEES HoFQa giiie
HA A Bt o] A A Bo] AR AMSFQl W = A E A ~7]hte]
27 A e dE Ao® Kol Xt
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- -

Fig. 2-4. Amplification and standard curve of the real-time PCR specific
for gB gene (A) of pseudorabies virus. The left panel demonstrates the
amplification curve and the right panel is showing the standard curve. The
horizontal bars in left panel indicate the threshold line. The horizontal axis
of left panel and vertical axis of right panel represent cycle number and
the vertical axis of left panel indicates monitored fluorescence. The
horizontal axis of right panel indicates estimated copy number when the
fluorescence reached threshold line. The amplification was linear in the

range of 10°-10%(correlation coefficient = 0.995 for gB gene)
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Fig. 2-5. Amplification and standard curve of the real-time PCR specific
for gE gene (B) of pseudorabies virus. The left panel demonstrates the
amplification curve and the bottom panel is showing the standard curve.
The horizontal bars in left panel indicate the threshold line. The horizontal
axis of left panel and vertical axis of right panel represent cycle number
and the vertical axis of left panel indicates monitored fluorescence. The
horizontal axis of right panel indicates estimated copy number when the
fluorescence reached threshold line. The amplification was linear in the

range of 10°-10%correlation coefficient = 0.979 for gE gene).
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Fig. 2-6. The quantity of latent PrV DNA in nervous tissues of pigs
determined by real-time PCR. Real-time PCR was performed by using
primers and probe specific for PrV gB in BS (A), OB (B), and TG (C)
tissues. The individual bar represents the copy number of target gene per
one microgram of genomic DNA in each nervous tissue. The horizontal
bar in each graph reveals the average copy number in each of the

corresponding tissue (A: 10*°% B: 101'17, C: 109,
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Fig. 2-7. The quantity of latent PrV DNA in nervous tissues of pigs
determined by real-time PCR. Real-time PCR was performed by using
primers and probe specific for PrV gE in BS (A), OB (B), and TG (C)
tissues. The individual bar represents the copy number of target gene per
one microgram of genomic DNA in each nervous tissue. The horizontal
bar in each graph reveals the average copy number in each of the

corresponding tissue (A: 10%°!, B: 10", C: 10*1).
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Table 2-6. Prevalence of latent PrV infection determined by nested-PCR

of gB gene in nervous tissues of randomly selected pigs.

Nervous No. of positive results Percentage of
tissues /No. of tested pigs positive result(%)
BS 38/40 95.0

OB 37/40 92.5

TG 19/39 47.5

BS; brain stem, OB; olfactory bulb, TG; trigeminal ganglion

Table 2-7. Prevalence of latent PrV infection determined by nested-PCR

of gE gene in nervous tissues of randomly selected pigs.

Nervous No. of positive results Percentage of
tissues /No. of tested pigs positive result(%)
BS 16/40 40.0

OB 13/40 32.5

TG 24/40 60.0

BS; brain stem, OB; olfactory bulb, TG; trigeminal ganglion
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Table 2-8. Prevalence of latent PrV infection determined by nested-PCR

of gG gene in nervous tissues of randomly selected pigs..

Nervous  No. of positive results Percentage of
tissue /No. of tested pigs positive result(%)
BS 9/40 22.5

OB 5/40 12.5

TG 10/40 25.0

BS; brain stem, OB; olfactory bulb, TG; trigeminal ganglion

Aol EAlste 8 1 2427 ol 2o

FE& ZAer) Sa AAEFAANEE ¢B FAA) gE /A4S dgow
3 ES = ¥ %4 DNA 1 g% 10%'914 107
(1-1.58%107) copyE ®o] FUt} gB F+AAE oz AAE AAFE
g A= F 4070F BE BSOA e 7 QA ~7] vlolel 27 HEEHS
= e NEFT 27670 Hd

10*° copy, TGE 26 WE(74%)0] #AZHYom 10*° copyRo FUT (Fig.
2-8). ¢, gE FHAE tde® AAE AAEFAANS A} gB A
Ao} o] mE BS7F FH oz AEHNUT B 1077 copyE B FU} 1¥]
I OBE 377M(92%)7F A&= HiE 10" copy, TGE 35 A2 & 3070(85%)7}F
AZ=o] Bt 10°° copy®E YEFRTE (Fig. 2-9). |8} #e& ZAi}E nested
PCRe| A¥xtt AEEo] =/ HEd A= A RE A 50| A|2~7]vto]

J
oo g2 49 Ho} 92 ofvigt,
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Fig. 2-8. The quantity of latent PrV DNA in the nervous tissues of
randomly selected pigs according to real-time PCR. Real-time PCR
was performed using the primers and probes specific to the PrV gB
genes in BS (A), OB (B), and TG (C) tissues. The individual bar
represents the copy number of the target gene per one microgram of
genomic DNA in each nervous tissue. The horizontal line in each
graph denotesthe average copy number in corresponding tissue (A:
10%% B: 10%°, C: 10%%). The values in the bar charts represent the
No. of samples showing the accumulated fluorescence of the reporter
dye above threshold line /No. of total tested samples (percentage).

*Not determined.
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40/40 (100%) 37/40 (92%) ] 3035 &%)

Log;lo #copy/ug DNA
Log;lo #copy/ug DNA
Loqo #copy/ug DNA

No.of brain stem No. of aifactory bulb No. of trigerminal ganglion

Fig. 2-9. The quantity of latent PrV DNA in the nervous tissues of
randomly selected pigs according to real-time PCR. Real-time PCR
was performed using the primers and probes specific to the PrvV gE
genes in BS (A), OB (B), and TG (C) tissues. The individual bar
represents the copy number of the target gene per one microgram of
genomic DNA in each nervous tissue. The horizontal line in each
graph denotesthe average copy number in corresponding tissue (A:
10%9, B: 10*°, C: 10°Y. The values in the bar charts represent the
No. of samples showing the accumulated fluorescence of the reporter
dye above threshold line /No. of total tested samples (percentage).

*Not determined.

2. AYH o2 QAxI|vho|El 20 ZAE HANA ] FEAbr)s)
L EEN

QA 27| wpolHa7F AW o] A FHE A9 HAEE FAEH], 7@
9 ARE FH37] 98 8-95% A= vy E F o o] AT 3uhg
(A1, A2, A3)E= 2x10* pfu, B (B1, B2, B3)< 2

AIZL -, AR 7R R fdsta Al B Ve o 24 5& B skslen,

X
—
o
0o
)
=R
[
il
e
ol
lo
it
oy
2

_68_



5t

©

i

A
oz 714,

=

=

OB, TG % BS

=
K3

]

{ 1.3kt

3

AF
=

nested PCR=

=

=

=

A=y

5694 6vte] HAE A AIA ¥ 2
A}

ke
T

Fdgs:
o QA ~7]9

o KT R T o) T ofe W ~ %W OB oW N T R ok
TR W W R o T w 4%ﬂm%mz%ﬁo
=0 - —
ﬂxu.%ﬂma%ﬂ% 8o LW Q
Moﬂ%%ﬁ TR &EﬂmwﬁﬂLﬂ
o RXT =0 =T S - Ny
FiElagvEs Serazzend
TR SR Sem L e 0
ol X 7w o xR ™ s ool Mo omom s o oa
—_ ]Mﬁoﬂde M# — ggClAﬂﬁu
MQQO R oy TN nd,mﬂeEﬂHI,mLMm_»w
71ﬂu|uTE1ﬁﬂMﬂm_.ﬂ_lu lwﬂldﬂﬂﬂw%o?d
__ﬁ NS EE ‘NL H _va 1Zj| T o M ﬂAIL _5.2 O _ ﬂ }OT
et &omlﬂ ~ N R o= M T o
Lu]]JdMde. . o~ A G 3o
710%01Zr1_X1roﬂ‘o|oT WA_.E,EB,EIPﬁQﬂﬂLU
g HoE e R g e Z T ok _ M D
Muu 0?._ E.I 1; ;ot u_muu ﬂ ‘ﬂ A ndy ﬂ ﬂ” ,ﬂlxﬂ ‘I_/_/I I O7E 1_ﬁU W
LR %0 R g = B Ao ® PTG LT
_O\
GRS T S L I B
o o X o < "2 2N X oo O 1-
%ii%ﬁmowraa_% TEx T el ol 2y
- T oo o M e = B S
< © o o MF oA iy _ &% R SO
o X TPER 4 S 77u§ﬁﬂ%@wn%ﬂ
L N I Mﬂﬂ.mﬁéww z R
M LT amw AXE BT heEY
_EoEwro L ﬂBiﬂo] 0 o m
ﬂwu:;(rowmaaé Q@HPWATWZJ%E&.
pPlo =~ ~ = =r Tz . [~
™ ) WM Muﬂlmﬁ W} @MPoEﬂuﬂrLtWﬂl
B 7o o Mo gz m K & O W oo . KN oo
Wpa B s Ex® Q5P T 3 d
%ﬂﬂﬁi%% Gl I A RCE L R
DE o YT m oo E T E T Vg
< -k 22 oF T o oy = _
prool W o S Bom e oA )
ol B H T PR T XK o X o2 M o W o1 %

boi ol

2

x5 o8
_69_

AYA
-

564 A= AZ5 AT} (Table 2-9).

1

T

B2

=1
=

| 47 PBMCZY-E PK-154]

T AEHA &t} (Table 2-9).

7F Ad%lom A1, A2

A=



I R R B i i s e

e F 5694 HAS A7 HxH BS, OB 2 TGS AF ]
DNAE FE% § nested PCRE °]&3dto] A|~7]e A5 s F48 2
o, gB FAdAE e 20 HEHNeH gE FdA= A29] TG, A39] OB,
B19] OB % B39 OBE A9g vh& BE xHox gE FHa7F HEHAG
(Fig. 2-10). &, gG F4A= B19 OBE Al mE 2404 AEHon
FAE A7) vlelg == Al el A7 %4, BS, OB ¥ TGH=E S°17F 3
A9E et slow ey

JFI

2t QA 2~7] A 74

oAl~7] A F AHI PN oAxT] FqFA FES AT A, Al
Bl % B27} th& = Ad HEle e S HAFoy UwA A= A
Hkg-o] o] oFsiAl yErgth 1y, A7) whely e A 7kl Sy
GA e FHdol 9lE Aoz YEldt (Fig. 2-11)

3. %9 WA Fo] HR ©E QA 27)uto]g 2 g HHuk-g}

ARG JRBA Y

7}, @Az ukol 2] 2] 50% lethal dose (LDso) &4

QAR vl 2 FEERE Y AF L I U JEE F 74 vxd A

Ho nfg-A AEAARE HE T 11Y9 71# #BEE ] 50% lethal doseE ZAA
3l3lth (Table 2-10). MlZo= HEa 79 10° oA 10° pfurbA #HAle] o=
T EEE ggoy AFE F 11 72X AE vk 257 HAkete] AEE O
2 eI, 107 pfus HEF Aol 5vte] & 20ke7h #HAtete] 60%94
AEES YEIa, 10" pfug 253 A9-dE 6vtel 2% AES 100%9]
AEES YAt 25U HEd F9de 10° pfus ZE3 A9l 7vie
= 2vkEl7h Hatete] 71%9 AEES YeEhgRla, 10° pfus HEE Aol
kel & Sukelzh #HAbete] 14%9 AEE&S WERSITE wEkA Reed and
Muench #2lell l8lo] LDsoS A4t A3} w7 Fof= 10 "olQla, 2854}

¢

o

N
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= 1072 Yebst} (Table 2-10).

and

Table 2-9. Isolation and detection of pseudorabies virus from PBMC
plasma
Post-infection (Days)
0 2 5 7 9 12 15 20 26 36 47 56
Pig Al
virus isolation PBMC - - - - == - - - - -
from Plasma - - - - - - - - - - - -
Detection of viral &b } oo ’ ol ’
DNA in PBMC 5B .
G - + + + - - + - + + - +
Pig A2
virus isolation PBMC - - - - = - - - - - -
from Plasma - - - - - - - - - - -
. . B - +/- + - + + - + + - +
Detection of viral gE _ N _ - B B B B B B
DNA in PBMC &
G - +/- + - - - - + + - +
Pig A3
virus isolation PBMC - - - - == - - - - -
from Plasma - - - - - - - - - - - -
B - + - + + + + + + + - +
Detection of viral gE _ B - B B B B B B
DNA in PBMC &
G - - - - - + + - - - - -
Pig B1
virus isolation PBMC - - - = - - - - - - -
from Plasma - - - - - - - - - - -
. . B - + + + +/- o+ + + +/- - - +
Detection of viral EE _ . B N B B B
DNA in PBMC
G - - - - - + + - - - - -
Pig B2
virus isolation PBMC - - - - == - - - - -
from Plasma - - - - - - - - - - - -
. . B - - + + + + + + + + - -
Detection of viral gE -~ _ _ - - -
DNA in PBMC &
G - - + + + + - - + - - +
Pig B3
virus isolation PBMC - - - - - - - - - - D
from Plasma - - - - - - - - - - D
. . B - + + - + + + - + + +/- D
Detection of viral EE -~ _ - - - D
DNA in PBMC
G - - - - + - + - - - + D
D: death
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MNP123123123123123123

A A2 A3 B1 B2 B3
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| eemme— - — -
2110p b " B | M
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168bp P -

MNP 123123123123123123

Fig. 2-10. Identification of latent PrV infection in nervous tissues of

experimentally infected pigs. Six pigs(8-9 weeks old) were infected with
PrV via intranasal route. At 56 days post-infection, PrV latent infection
were identified by nested-PCR of PrV (A) gB, (B) gE, and (C) gG gene in
DNA isolated from nervous tissues. M, size marker, N; negative control,

P; positive control, 1; brain stem(BS), 2; olfactory bulb(OB), 3; trigeminal
ganglion(TGQ).
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Fig. 2-11. Serum levels of PrV-specific IgG in six experimentally infected
pigs. 1gG levels were determined by conventional ELISA, and recalculated

by adjusting the contents of plasma protein.
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Table 2-10. Summary of lethal dose via intranasal or intramuscularly infection with

virulent pseudorabies virus Yangsan strain

Survival
Foute Dose Days after challenge of PrV rate (%) D
(PFU/ml) 7
d3 d4 d5 d6 d7 d8 d9 dl1 100
107! 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 60
6/6¢
10% 5/5 5/5 5/5 4/5 3/5 3/5 3/5 3/5 3/5 0
10°  6/6 6/6 4/6 3/6 2/6 1/6 0/6 0/6 0/6 0
I.N® 107417
10*  6/6 6/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0
10°  5/5 2/5 0/5 0/50/50/5 0/5 0/5 0/5 0
10° 5/5 0/5 0/5 0/50/5 0/5 0/5 0/5 0/5 0

10%  7/7 7/7 7/7 7/7 6/7 6/T 5/7 5/7 5/7 71
LMP ’ 107237
107 7/7 77 77T 47T AT 3/7 3/ 27 27 14

BALB/c mice were infected with virulent PrV via either intranasal or
intramuscularly route. The surviving mice were counted and 11 days following
infection.

a. BALB/c mice(5 or 6 mice per group) were infected with virulent PrV
via intranasal route after general anesthesia by avertin.

b. BALB/c mice(7 mice per group) were infected with virulent PrV via
intramuscular route in both popliteal muscle.

c. No. of survived mice/No. of infected mice

o i g e el Fo] AR mE oA~ FANES

ELISA WS o] &3dle] oA~y Eo] IgG 9 IgAS A3 k=3t A
S v AES AR Ash BEs Abs wWalS A AEE AT B
7] Eo] 1gG HHA+= 244 440 ng/mF 515 ng/mlzE &5 23 2
3t C(1,018 ng/mb), D(866 ng/m)2t E(3,326 ng/ml)oll Bl3te] &A3] Wk,
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SR T AT B9 1gGe AT Hdrh v
HOlEe] oA 2T 5ol IgA FA= HIA HEe AL

ASt Belld 5 Wl AFe A3 C, D, Eoll vkl &4t (Fig. 2-12).
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c d e f a b
a : Attenuated live PrV 10PFU (LN) d : Attenuated live PrV 19PFU (1.M)

b : Inactivated PrV Ag 100ug (I.N) e : Inactivated PrV Ag 100ug (I.M)

¢ : Commercial oil-adjuvant PrV vaccine 100ul (I.M)  f: Control (PBS)

Fig 2-12. PrV-specific antibody levels of BABL/c mice immunized with
three types of vaccine via either intranasal or intra-muscular route.
Ten days following immunization, serum sample, vaginal lavage fluid and
fecal sample were collected and analyzed individually. The levels of
PrV-specific antibody were measured conventional ELISA. Vagina IgA
responses were measured by pooling samples recovered daily for 3 days.
Fecal samples were re—suspended at a concentration of 100 mg/m¢ in PBS
containing 0.1% sodium azide(A), PrV-specific I1gG in serum, PrV-specific IgA

in vagina lavage (B) and in fecal sample (C).
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t}. 34 isotype ¥4

Fgulel eA~7] 5ol 1gGe isotypes ELISAR A slo] wlile] Fejoh
F9 AR we Wgumk-go] =2 BAEE CD4T T AlE7F Thl-type A%<}
Th2-type AE=Z Wdst=A] dolr 7] flate] F418 Ay, WAls S5HE A

Z£3 Ao A v or HEI AIAFLEY [gG2a/lgGl ratio’t w4t Al
o FelZ vustA v JAFSE Agde B3 Ay A ETB)S Y
=9}

FJ3 A9l 1gG2a/lgGl ratio’} © %%
WAEAT D) FAdE Aol
ARZE 25U A=Eo], WA FHgdEa

gG2a/IgG1 ratio’} =%t} (Fig 2-13).
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a : Attenuated live Prv 10° PFU (I.N)
b : Inactivated PrV Ag 100ug (L.N)

¢ : Commercial oil-adjuvant PrV vaccine 1
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Fig 2-13. 1gG2a/IgGl ratio of PrV-specifec IgG in serum. Ratio was

calculated on the basis of IgG levels from individual mice in each group.
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v o] =qkal, L-4 &2 1 JHE yolth [FN-y &2 F 237(A ¢ B9
A B AEEHAY. S5UE HAE AFT A= oil-adjuvant subunit 2
-2 o] 7ME =dka, oF=Est ANA(EETD)S}

= 3 d
g3} AlE AEETE)E S8 297 %01913} (Fig 2-14).

a — —
b — -
c e | e |
d — -
e — —
0 1 2 3 4 5 0 0.05 0.1 0. ll5 [L; 0.25 0 10 20 30 40 50
IL-2 (ng/ml) IL-4 (ng/ml) IFN-gamma (ng/ml)

a : Attenuated live Prv 10 6pru (LN)

b : Inactivated PrV Ag 100ug (I.N)

¢ : Commercial oil-adjuvant PrV vaccine 100ul (I.M)
d : Attenuated live Prv 10 6pru (IL.M)

¢ : Inactivated PrV Ag 100ug (L.M)

Fig 2-14. Thl- or Th2-type cytokine produced from CD4+ T helper cells
stimulated with virulent PrV protein Ag inactivated by UV-irradiation.
BABL/c mice(seven mice per group) immunized with attenuated live PrV
via intranasal route (a), inactivated PrV Ag via intranasal route (b),
oil-adjuvant vaccine via intramuscular route (c), attenuated live PrV via
intramuscular route(d), inactivated PrV Ag via intramuscularly route(e)
were sacrificed on day 14 following immunization. Splenic T cells were in
vitro stimulated with synergic enriched APC that have been pulsed with
inactivated virulent PrV protein Ag and then incubated for 3 days. The
responder cells were three mice per experiment. Cytokine levels in the

culture supernatant were determined by standard ELISA.
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Attenuated live PPRFIO (LN)

80 Inactivated PrV Ag 100ug (I.N)

Commercial oil-adjuvant PrV vaccine 10(

N
<

Attenuated live PPRFIO (1.M)

Tttt

Inactivated PrV Ag 100ug (1.M)

Survival rate(%)
T 2
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0123456 78910111213141516171819202122232425262728

Post-challenge (days)

Fig 2-15. Induction of protective immunity against intranasal infection with
virulent PrV Yangsan strain. Each group of mice was challenged intranasal
route with virulent virus (10LDso) after 2 weeks the immunization. The
survived mice were counted 1 and 28 days following intranasal challenge.
In case of administration of attenuated live virus via intranasal route(l,
survival rate was 89%, inactivated protein Ag via intranasal route(@),
83%, oil-adjuvant vaccine via intramuscular route(A), 57%, attenuated live
virus via intramuscular route (1), 41% and inactivated protein Ag via

intramuscular route(Q), 0%.
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Fig 2-16. The quantity of latent PrV genome in brain tissues of survived
mice following intranasal virus challenge. The copy number of latent PrV
genome was determined by real-time PCR targeted to PrV thymidine
kinase. The individual bar represents the copy number of target gene per
one microgram of genomic DNA. The horizontal bar in each graph is

showing the average copy number in each treated group.
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Hag 49 F 289 Aol AFAE W
A

Aelst T AXE £ A9 5 A eAz7vtole =] e A 3
AERI, 53] Welst T AXE o] &ste] & Wst A7l 1FANA 4 19
g oAz ntol g 20 2 HAS A tlEy) vkl vhA UERgth wheba
QA =7 upol e 0] & RS AAEHY] flete] A7) Ho] T MXE yhgo]
TS & F A (Fig. 2-17).

b AR e w3y

Rabbit polyclonal antiserum< undilute, 1: 2, 1: 4, 1: 8% 2u]|& Al &
qake] Bom 250 MM F9E 308 T, WAY oAy wpolpas
100LDsoE ®lA3 B ow Zhzh ZAAA 29 104
A7F 250pg/mee] S 3A8kAl i 250 wH mkg-
AT 80% ol/de] AEES Ut & AF dolA e A
27F BEH A %y (Table 2-11).
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Fig. 2-17. Detection of latent PrV load following passive immunization with
either PrV-antiserum or immune T cells. Mice of three groups were passively
immunized with PrV-specific [gG 250 ug, 1X10° spleen T cells of
PrV-immunized mice and PBS for control, respectively. Next day, recipients
were challenged via intranasal with 10° PFU of the PrVAtkB-gal+ Yangsan
strain. 28 days after challenge, brain tissues were collected and detected PrV

latency load using gB—specific real-time PCR method.
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Table 2-11. Survived mice from challenged with virulence 100LDsy PrV

after injected with serial diluted rabbit polyclonal antiserum

Antiserum  Route of NO.- of Days after treatment Survival
(250/m) chall mice Rate
AEIE) - chatienge tested 4 S 6 7 g 10 (%)
LN 5 2 0 0 0 0 0 0
Undiluted
LP 5 4 4 4 4 4 4 80
I.N 5 2 0 0 0 0 0 0
1: 2
L.P 5 3 3 2 1 1 1 20
LN 5 1 0 0 0 0 0 0
1: 4
I.P 5 4 1 1 0 0 0 0
LN 5 0 0 0 0 0 0 0
1: 8
IL.P 5 4 0 0 0 0 0 0
oA 24 3 8 BujEY vleld s fE
HAAd QA ~7vtol Y25 _‘&Xﬂiﬂ FPHS o] &5t A& fHEdS FEs
T 28U A o] dexamethasone 0.5 mgS seasame oil 200 plo] 4o] 347t dsu
& F9 39

=
At E gdE oA ~7] wloly e AYHES FEISIUUY. AS
dexamethasones TY F 6dA] AHFES JAYAA vF

3k PK—lBH]E% ol%fs}@] ANEFs FEY. PK-15 A3
o

A 8HA] %‘—3— R B‘ﬂaﬂ passage sto] &A43qlth. Achs H7bsh=] a1 wjekgh
7d9-ol, dexamethasones Folat#] @2 tixat 5 HME oA 2 AMECA
CPEZ7} ##%%13(40%), dexamethasones gt A3 15 AE FollA] 771
o] MEFoA CPE7} #EFHATHATR). ¥, Achs Z7beted wjksr A g-ole

Y2 5 AE FoA 3 MZ A CPEZ} #2E31(60%), dexamethasone-
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Folgh Agat 13 AE FelA 6719 AMEZolA CPEZE #EEATHE3%).
Dexamethasones Fojol| w& txa v At 7ho] Aol #FEA] ggto
™, Achg #H7bste] widst A9 dxad A 25 o e A& CPEZF
#25] %t} (Table 2-12).

Table 2-12. Detection of CPE from nasal swabs of latently infected mice

after treatment with dexamethasone or acetylcholine.

No. of CPE observation from nasal swabs

Treatment .
animal w/o Ach w/ Ach
1 + -
2 —
Control” 3 -
4 + -
5 - +
1 —
2 + +
3 — +
4 + +
5 — —
6 Not tested
7 —
Dexamethasone 8 -
9 — —
10 - Not tested
11 + +
12 - +
13 -
14 +
15 - -

* Injected i.p sesame oil 250 @l

t}. Trigeminal ganglion explant®5-E] nvlo|z|~ A &4
PK-15 A5 2WHA| passaged §& v 5o A EHAS 7250
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]_

%oﬂﬁ CPE7} 4?‘?4013}(47% ‘?l‘?i, AchZ
ZZolA 1 AZoA CPEZF &5
15 MEFA 3719 AEZ A CPE7}
of w&

=
@A ST, AchE WAl B A5 e A0E BF O A 4

Zo|A CPEZ} ##E% a1, o] 9A] dexamethasone

St 7kol] xpol:= #EE A 9k} (Table 2-13).

1L

o
-
2
2
)
il
=
BN
=t

=|

>

2}. Nested PCR9| €3} vjlolg] A A

Head Al z7btelY 28 oA ~Y] FEAS ol&dte] A& AHE Fst
3 28¥UA e dexamethasone 0.5 mgs o83l i ¥ QA 27| ufol
o] QXS F=3 S v EH| = trigeminal gangliont] 9] 2 A 2~7]u}o]
]9l EAE nested PCRel ©dte] =RlstGith. A 27]nfole] 2] EA=
DNAE &8st gB Fdx HA=E primergs o|&3te] gRlsiqley. 1 Ay
dexamethasone S T8k 79-¢F Fo3alx] @& Aol 5] A5 viold
27V A&EHFR 2 (Fig. 2-18), T3}l trigenimal ganglion® 58 23 DNALE
dexamethasonefFolol g3gle] EF wpolgl~rt HAEFFE Aoz yelygtt
(Fig. 2-19).
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Table 2-13. Detection of CPE from TG explants of latently infected mice

after treatment with dexamethasone or acetylcholine.

No. of CPE observation from TG explants

Treatment .
animal w/o Ach w/ Ach
1 + -
2 — —
Control” 3 - -
4 + +
5 — —
1 — —
2 — —
3
4
5 —
6 — —
7 — —
Dexamethasone 8 + -
9 — —
10 - -
11 +
12 -
13 - -
14 - -
15 + -

* Injected i.p sesame oil 250 @l
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R LY |

195 bp—»

L w/o DEX | With DEx; PN

Fig. 2-18. Detection of pseudorabies virus in nasal lavage of animals after
reactivation of latent virus with dexamethasone. The existence of virus

was identified with nested PCR targeted to gB gene.

195 bp—>

PN L w/o DEX J With DEX |

Fig. 2-19. Detection of pseudorabies virus in trigeminal ganglion of

animals after reactivation of latent virus with dexamethasone. The

existence of virus was identified with nested PCR targeted to gB gene.
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A4 AT 2 H A3

s Aolth olsh g eAlxy] uhole

X4l

Aol ANE Yo N FE Erbo nAF AR A g} EAE o
o} e oA ~T|upol 2] A& AL FA Ul Al~7] Fo| Ao EA
T Byeta AP EN A AAS BAE F vk A9 w19 HE oA~
7lutele] 2o tiste] A A4 vHeS dEdE #HA o] A g% vpolz vt
I s Ag 7hedol AEToEN oA ~7] ZFHEAI Y E A FAY
wo] gkt A, B AN o9 #E AT utel# 0] A S A
= 8 = = WHOo R A nested PCRY real-time PCRS &Hsla #HE 7
A AAEE RES FHstd A8 A4S gAY A dH Sl dste] AT
k. A WA E nested PCR¥} real-time PCRoll 2j3te] d3 oA wHg& 1
o FAHE 9AFE FHse FE BAE] Ae LAzI|vtoly ] AEES
ZAbskth. -1 A7t nested PCRell jate] 95.7%7F 2+ s o] 9l HE=
98] A real-time PCRel 2l8}e] 10"'-10"° copy number?] % 7+ nlo
2l27b EA8kE 3 & 5 ATk =3, A AAE AN gL FASE
FZ29 =% 4071E 4439 nested PCR¥} real-time PCRol ¢Jsle] &5 7+
AE QAX

4
QA7) mpolH S B3 A} nested PCRAIA 95% olide] AEES
Ho] 2091, real-time PCRel ¢Jste] 19 e AEEE ¢S5 S7HE I
10"%-10"" copy number®] HE&S UehHdrh oA|27] nlolg)xo] i 7t
A BRE Lotry] flste] HAHom H Aol A|~7] wiole]xE FAAIA ut
olg o] E AS FAS A7 et A A A S fAE A

o7 Ho] At}

'/

E5, oAlzT]vbel e 20 B P wal

2 #ste] £E WAL A

A% A= % o0 Felel W el WY dge] 54 BAsm g%
wdel JFe BARGT. Wb, oFEs A% WAL WG Fol wE 2§ F
o) A% @A) @l tlste] Thi-typed] W&ol FEHT olof 2e 1
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52 QA~7] npolg o] & A st
A 2~7)vpol e 2~ thalk g8 AL o] -g-3}o]
S X% ¥ dexamethasones o]&3F A& =S Fgdgto
2ol o3t nloleixe] AFA Ao o] 8T
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S ol e =] 5 2= 1 O = -
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Al 3 LALT|vtelH et EFEpARE
DNA 9] 23}

A1Ad A A

FE Aol oA el olF AAH ANE Fol7] kel vhFE A
w7 olFolA gk @Al AW AAl % FHES meHE 2R FHt o
A2 2AWBo] F7 Folth ol Yol WA Ag] WA HFL LHA
o BAE ZA oA A BRE £ A48 FY £ A B W ok
o dlolelze) ARE FY & WHWOE o §H: Atk eAlzY el B o

B PEe 54§47 AAR
(MLV) %+ 283} 020 A8 o)

uh
Stk MLV e A& & 5 3l Wo] 19
) =2

1}

e
I
rir

gl-deleted modified live vaccine

F A5 oA BAMNE @

A AR AxFo] Dojih WHAC BE AL
o4 AT FAAL Fualx Fa Gxol LAEe do At ek Wy

olgf2e FE AS AT & e A2 YEEY olef e AETHA
B S Histeln T3 WAL S A= Al fijte 2 Holl= ¢
Hads Tdste Ed2n = DNAE o] &8 Wilo]l Ho] sjds o] o] 85
UTh wEbA LA AT Hbol el A5 o R EHep v = DNA e ol gk
A7F o] vk Al=T|npol2) 9] 9] 3] (envelope)oll = ST Al 7}
o] 23 985S &= o7 envelope glycoprotein®] E3tE o] =, 74
H sFo HARkeS fFieste FddowA Zgsta vk AA7EA 10709 FAA
S ZtE glycoproteine] & Eom, 1 FolA gC, gE, gG, gl 2 gM&
nonessential glycoprotein® @ w®lole]~2] E Ao 422l glycoproteine ©fd

Ao g Hol At} W] gB, gD, gH, gK ¥ gL uHlolg] 2o Exo] d4=7 9
glycoprotein©. 2 <te] A 9t} 3] 94 247] gB, gC9 gD:= F2 WAYA o
WAZ i vivodt in vitrool A WEHSE FEste FUoR dEF AR
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it

HE A2 st &3S S83 AToA SA~7] gB, gC % gD7}F = A
oA wWold envelope ©Wolx F3A7E,  CTL,

lymphoproliferation assay &< WHS o]&3le] 5ol WIHLSS 21 A

12
=2
e
£
QL
rie
N

F23t7] 913l GM-CSF9F 22 genetic adjuvantZ o] &3fe] W Iu-$-S 73}
AZIL, dRbE<Ql DNA #ale] b S /dstar |oawksS S441717] skl
alphavirus-based expression vectorE ©]83}¢] 4wtz 9l Zglx~u= DNA Al

3 wlaste] AXA Wele] F7hstn golue Y E Frkete] WY Rl F
ARG waHe £, @A wHae oAlsAuele st A, Ak,

racoon # SR EZE EFe= oA EFFAAM AW Aol Bt 9l &, H
A

A ele] sEREE olgste] eAlA|nlelH Lo tiF AT vF @ HAA Skt
AF A AmEAo R WA Ao ThedE AT o= of=st WAl fd
A g A Al gl DNA 9iAls A 83kl Al A7|apole| s wial Aol &gkt

BElEA] A A E o] gkt
Ato] E7EQlE W tel] tig HnteS xdet= ot Wy 2dd dd
O~

olt}. 91 #H &, tumor necrosis factor-a(TNF-a)= t}3lk nlo] &

aAQd Wo o] Ha interleukin(IL)-12, IL-7, IL-15 &< #HA<
effector 7]1%5-& {121} intracellular pathogenol T3t T AL WY W$S FE38)
i FRAAN Y o 2EAR A g a2 Wals ey 9
e el Ui W] S FEeeY 27EHE dwrse 54& Fgts)
A elsfstedof gk AAl E7HE A5ste] FEE I s e WA JdA
Ao AN W whgol 7]zste] Wl sjko] o] Fojl Zle|t} e, ZE
vpolE =~ ted, 53] AU FE Fdoly A ARS fEsh= wolE s Y
o] A= F3t FATS FEste] npolz hdel dig wWol WS 53}
71 ook giA, wpolEl s el g &dAQl Weol Wels FEHaed
CD4+ T Alxek CD8+ T AE wkgo] oA Agstal Aled W2 CD4+

T helper®] #-&o oEgttt webs, Sek=n= DNA WAlo] o35t FiH =
AAhES aaHow Festr] fate] HT ol¢t & WY =4 &

EJRQle] o]&o] FTUlE uf E AFo| A= eukaryotic mammalina vector®ll
oAl ~7] FH A F27 gB, gC, gDE 27 FdAF x7bol] ofdto] whE &
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2HE DNA W4 % o] 52 217] B3 cocktail Wale] WSS AAT A
Y wa sto] WP4 2A2suholel 2 YangsanFol ek WNIgat olwe]
of wate] mAstEOom, Lel® WAY A7 utold 2 YangsanFol e W
qW3S pAse] Selbete] ] EehavE DNA A 8 /by g
Mg e ZbAm geladsEe duiiE gAo2  A8s: A3

FER

glycoprotein®ll ta}o] ZAFeFth -1 AR glycoprotein B (gB)7F 7+
B st ZEkan= DNA WAl ofs)

2
o Ho

A 287 fskel AelEstel L AR
WHSE Febav= DNAS A% 2427 gB DNA 923 W8 §5go
24 et WY wge 54 BAsn 394 @Al27)meld s Yangsan
Fol et gol WAe mAbske] oAlz7lubold s 4ol @ DNA #AE 3
A A7l FEeA olgd F Ut AolEAE EEag

A 23 Az L Wy

1. X 2 vlo]y 2

WA pseudorabies virus(PrV) Yangsan straing porcine Kkidney cell
line(PK-15)A| 3ol 541 AlA AFE3FA T 5 %< FBS, penicillin-streptomycin(1
pg/me)el H7be DMEMe wiFstar, vpole] =g FAAIA 5% CO, 37T A 1
AP EA 7L, 2-3Y Bad F 2 55 AEEREde] 80-90% Bx= &
A¥H e AEE FSH A BEof violel =g 35439 AL, plaque assay
£ o]&sto] nlol s FRE S stk 1 99 W e A% Ved W&

of &ato] A=A

2. 485 E

B oAFe] AHge 4388 A7 BALB/c(H-299 C57BL6H-2")E A3 %
FTHAA(F) thEAel A (U A, gha)eb FobEl(A &, oAl F9)ete] &
T AY FEAAA AFE ' AN rAd wFo] fAs AP FA

[ex]
AN

re o

Oll
-
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3. fFAA 28 4 eA27] ¥ #¥ Zg2v= DNA A%

QA 2T|vtelg 2ol TR OEFY FHAE LHI=  eukaryotic expression
vector= PCR S24& o]&ste] Azstdnt. eAl~7] & F4d2 gB(glD,
gCglll) 3 gD(gp50)S F%3t7] flste] th

B 28 Z=Z primerE o] &3t

oo

gB(gIl) gene (2805bp product)
PrVgBpl: 5'-CTT CAG GTC CGT CTT CCA CTG-3’
PrvgBp2: 5'-GCA TCT TTA TTG TTT CCC GCG-3'

gC(gIll) gene (1561 bp product)
PrvgCpl: 5'-AAA TCC GTT TCC TGA TTC ACG-3’
PrvgCp2: 5'-CGT TTA TTG ATT CGA CGT GGG-3’

gD(gp50) gene (1745 bp product)
PrVgDpl: 5'-TTG AGA CCA TGC GGC CCT TTC-3'
PrCgDp2: 5'-TTA AGC GGG GCG GGA CAT CAA-3'

Taq polyermase: A &Alo] =2 proofreading 3’ to 5 exonuclease’] <
7= Platinum®™ Pfx DNA polymerase(Invitrogen, USA)E A}t wHg-&
Az Ake] AAle] whgl 10x  Pfx amplification buffer 540, 10 mM dNTP
mixture 20, 50 mM MgSO, 1pl, primer mixture(10 uM) 1.5x¢, template DNA
100, Platinum® Pfr DNA polymerase 1p0 939l 3 50004 Aldslgdon 2
23 4§ 10xPCRx enhancer solutiong AF-&3th WHE2 96ColA 373t
denaturation, 58 Col| 4 30%7%F annealing3} %} L, polymerizatione 68ClA4 PCR
AHEo] Wl gBE 38 30%, gCo gDE 28 ¢t 5 cycle AA&aL, thA] 94T
2l 1&7F denaturation, 58 C ol 4] 30% 7} annealing, 68 C 9l 4] polymerization %+-$-
S 30 cycle AAstgT. HEH o2 72CoAA 1087F polymerization ¥ 1
cycle AA13 & PCRE £53ta, PCR ¥HgS vl PCR A& 15% agarose

gel(Invitrogen)oll 7] %3+ ¥ ethidium-bromide & o] FMs1 T2+ =
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of A5t ©@M3 & gel documentation(VILBER LOURMAT)A ol A #2313
t}. dojzx PCR AHEES Wizard SV gel/PCR clean-up system kit(Promega,
USA)E ©]-&3to] agarose gel2#E A[Alol wel DNAS FEalWlth ©7] d&
sk gel’de] ¥st= #1219 DNA band F2& Zetdl & FAE 574314 gel 10
mgd 10402l membrain binding &HS 78] 65C water bathol A 43 =&
) 7} 2] WX &£t} Binding column®l] &3S A &8t 204 108 71 W
A1k #, 10,000xgel A 37 A4 #2]d & column ofel® W W E&=S ¥

& 2 2% A& Binding columnel
Y3 Ao 103 WA sk 10,000xgol Al 183F
S AMEE w7bx] 4T Rt 1719 %

3l column®] membrane wash Ao

\1

nuclease—free water 50ul &
A wEd ¥ 4 DNA 5
gelZ2FE Aoz PCR 4HE2 Zero-blunt TOPO PCR cloning kit(Invitrogen,
USA)E ol&3sle F24Y3stth TOPO cloning reaction mixture (PCR product
10, salt soln 10, TOPO vector 0.5u0, sterile water 3.5ul) 6ulS FH]&] 22T
ol 3027 Hr$AIZItk. TOPO cloning reaction mixture 3405 TOP10
competent cell(Invitrogen, USA)< ©]83}9] transformationstth. =29 H
pCR¥-Blunt I-TOPO®™e] 298 oA27] F9 fdxE A a2t F47
F7IAD ZEA e ofate] gRlste] FHAAE HFEAT Zero-blunt TOPO PCR

29 WHd F24d3d A4 ~7] I FHA= EcoRI At 842 AHE s &

e

Zg~vu= DNA WAl eukaryotic expression vector pCl-neod] 24 3d}e]
pCI-PrVgB, pCI-PrVgC % pCI-PrVgDE& 2th (Fig. 3-1). 97 Zgxn=
DNA #iloz B s = &9 FH49] 92 Western blotell ¢]sto] &4l o
o] S gleknt
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PCR product of full ADV Ag gene
¢ll(gB) 2805bp
glll(gC) 1561bb

gp50(gD) 1289bp
gl(gE)

1745bp

ADYV Ag expression vector

PCR cloning
ADV Ag gene
T
£
= o pCR -Blunt (k-
2 | | h TORO
i { T b
L o
EcoRI digest
EcoRI digest
EcoRI-cut fragment

l T4 DNA ligase

ADYV Ag gene
¥

Fig. 3-1. Procedure of PCR cloning for antigen gene gB(glD),
gD(gp50), and gE(gl) of pseudorabies virus

gC(gllD),
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4. DNA B2 FH]

F24Yo] Zel" oA~7] FY glycoprotein FdH ZTAnE=E DNAE
polyethylene glycerol(PEG) sl ¢ste] Eastdth. Alet glycerol stock 50
WS LB broth(100 pg/m¢ ampicillin) 10 mloll 24A)1%F seed cultured ¥, LB
broth(100 pg/m¢ ampicillin) 1 Lol %7 16-18A17F %A A 4T, 7,000 rpmol A
727 1E5LA FEEAT ds e AASL HHAES soln. 1(50 mM glucose,
25 mM Tris-Cl, 10 mM EDTA) 20 meell €3] &3 § lysozyme(10 mg/mé in
10mM Tris-HCI pH8.0) 4 ml& H7pstar 4% 250 Aol 1023 WA 33
th. 9719 soln. 11(0.2 N NaOH, 1% SDS) 40 m¢2 %7} stal F-=HA 4o+
T A5 1083 BA e oAl soln. 1T 30 mE 7tk
4T, 7,000 rpmol Al 203 &L A FE AT FE5AEs A

o
[N Pt
o
il
2
&
N
M

S| 3 % TE buffer(50 mM
Tris-HCl, 10mM EDTA) 10 meel Hd=& HFFA71L, & 756 M
ammonium acetate® % 7}3+ & 1083 #x|8laL, 4C, 12,000 rpmeol A4 1053 11
24 Byt AEds J2E FrRA 7)1 0.6 volume? isopropanol(4C)
ShERE WA ek Th 4T, 14,000 rpmol Al 30&7F &L A4
] AASA. TE buffer 750 pioll A AES AF-H A
7131 RNase A(10mg/ml) 50 wE FH7Fste]l 4lojFa1 37TCeolA 3023F * & 8he]
RNA AES AAsGY. 5% phenol:chloroformiisoamylalcohol(25:24:1)S 3 713}
il 2500 rpmelA 203t A ZEste] AFAE gastel oAl E

Mro
AL

=

o

O

ol

_IO

o

e = °

)

ol

chloroform®. & 13 F%3 % 750 w* tubeol] &7]i PEG(13% PEG/1.6 M
NaCl) 750 wE #H7Fstal 183k vortexste] 4 o& —ﬁr 4C°ﬂ/\1 3Fs= W] 6k
ok 47T, 12,000 rpmol A 3087 nE&EANEGstar 7] Foll HAxse] A5 A

243 AAZ T nuclease-free FH50 328t}

5. 93 % AFE &4
AEs=S T T AL oer FEste] Al ARgsdth ALY

=
glycoprotein #& Fe}2~1]= DNA pCIl-PrVgB, pCI-PrVgC¢t pCI-PrVgDE 72t
100 #g/100 p03} 500 pg/100 ute] =2 FHEto] 3Tz sivey &) 50

~
£
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A F 100 e FE5W FYeAa, pCl-PrvgB, pCl-PryvgCe pCIl-PrvgD&
&3t 7t7] 100 pg® E3E cocktail MAlS A xste] HPsEe slve] 3
o] 50 wA F 100 wE <L5H FAdSAT dFd FHoR T =3 Sl
Z 33 9rE Fgstdnh AdT 1S oA ~7] Y glycoprotein ¥ Zghn]
= DNA pCI-PrV gB& 100 xg/100 o] F=x & W HEskdar, AT 2
pCI-PrVgB 500 wg/100 wxl, Ad++ 32 pCl-PrVgC 100 pg/100 wt, A3+ 4=
pCI-PrVgC 500 pg/100 w, A3 5= pCI-PrV gD 100 pg/100 S &5 W H
oo AdT 62 pCl-PrvgD 500 xg/100 w, AdT 72 pCl-PrvgB/
pCI-PrV gC/ pCI-PrVgDE 77} 100 M E3Fatel 300 1g/100 ptE KW F
FokAth 13], 23] Ag3} 33 Wsh 5 7] dFA FHol| AAER Qe
A5

=

A deole AAGAT. AAY WAL 37CAA 3087 BAF F 4TIA 0%
2y Bese AFHEL A FFAL Aoldl F 4TAA 1087 ThA
A4 Fegod 4 Belste] AT WA 20Tl masdt. 1 9
ALl E7H B ARINE o] g3 FehxuE DNA Wale] oJste] FEHE W

9 gl F

7b e A2~ =)

QA 27]vpole 2~ Kol FAE HEe7] % HAE&
Ao A wgd eAlATbtole 28 F56te] AREE) 7
kel 2 MY E ﬁ?é}oq 4, 1500 rpmoﬂ/ﬂ 10327 A4 Eefate] Alza) ol
I A AxE C Al ke ThAl 4T, 15,000 rpmell A 117 307
A4 et AHES dFetda, dAAEE Ao PBSH AdEs &
freezing—thawing= Al W ¥HE-3to] AlX U vlolg] 25 Fo] ko). A Eaf kol o A
3l wpoly 2o AMEERY ¥ wiolgl~E @ste] 05% Triton X-1004
Eg3lA 7tk thAl 4T, 15000 rpmell Al 5%3F LA i 3

=
=
S =S do] wwAd AFe & oA AT upo]Ex Eo] A AZo o] 83F

AL
ot
v}

=]
RN

!

—_
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QA 27 &gdo] W3t A7tz ELISAM Wl 9sle] A4l Ao
QA~T] Eol IgGY &AL ELISA plated] 50 mM sodium bicarbonate
buffer(pH 95)& 3| do g o]gsle] FHH 2427 & dlAS Iug/well
o] T 3Aste] E 313, standardol= goat anti-mouse-IgG  (Southern
Biotechnology Associate Inc., Birmingham, Ala) 100ng/wellS #33}o] 4Tl A
st WA|ste] R e 0.05% Tween 20-PBS(PBST)E o] &3te] 33 Al
ahal, 3% 9AF(200 pb/wel)E 37CAA 22 3F WEAIA EZF3ATE thA
PBST=® 33 Al"etar, 108) sjA4€ A& S 204 Alds]A ste] 37T oA
IAZF 308 WAzl ¥ PBST® 33 AlH3skch. Goat anti-mouse
IgG-conjugated HRP(100 ng/wel))S 1000% EF38}a 37Tl A 1A 7F w-&A1 271
F  PBSTZ ol 33 AFsdd. 22awd2 712 §99(0Img  of
2,2—azinobis—3-ethylbenzo-thiazoline—6-sulfonic acid in 25mL of 0.1M citric
acid-25ml of 0.1M sodium phosphate-10x¢ hydrogen peroxide)< ©]-&3}o] Al
A 712 1.5% potassium fluoride-PBS &g o] &3}o] ¥k3-S AXAZ . ZF well
o] F#xE ELISA reader(SPECTRAmax 340, Molecular Devices Co,
Sunnyvale, CA)E o] &€3}o] 405 nmolA =439 1 Softmax programl = A
e Al~7] Bol IgGe FE& AUt 8H 2A4x7] 5ol IgG
isotype(IgG2a 2 IgGD SA8S fsids 4 2A=7] 5o] 1gGe] B A =
AsA ATt thAl  standardelE=  goat  anti-mouse IgG2a  EE
IgG1(Southern Biotechnology Associate Inc., Birmingham, Ala) 100 ng/well& ©|
/3931, 22} FAEE goat anti-mouse IgG2a—conjugated HRP (IgG2a-HRP) &=
= goat anti-mouse IgGl-conjugated HRP(IgG1-HRP)E o] &3} it}

7. Aol EFFQ A profile® A

7h REAE 9 | ES oo
&9 glycoprotein & Fe}2~v]= DNA vaccines Az F

QA ~7] &
279 Hol| zZ+ AdTFAA 3ufz]E AE3ste] cytokine assay$t CTL assay

40

o)
H

=
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= ¢& ©¥AF3 draining ¥ Z 3 (popliteal ¥ inguinal $ZH)E E&dle] 489
ol w2t AXE wfoksldth. WA antigen presenting cell(APC)S 4| 3}H7]
sto] Ads HETHA FS AP TES I COE HAAL AlA HSHF
Afste] vgE AE5HA T MeshE o] &3ate] nAS 27| Fao] vAE
wElgk & 10% FBS7F #7Fe RPMI 1640 iAol 53] 800 rpmell Al 8&3*
A4 EFAFHT. RBC lysis soln.(NHLCIl-Tris)S ]88t HEFE A AS
10% FBS/RPMI 1640 Wil 3 meell A AT "ol Add S eA

)

e

metrizamide 2 m{°] B71 15 md tubeo] H]FAME HHFd 1 WS ZA=HA =
SFETE 900 rpmel Al 1087F 94 EAA Ex FulE JAT § FHF S 3

Fote] g el tubeR &A F2 F, thEe] 10% FBS/ RPMI 1640S ©]-8-3}¢]
metrizamide A& A Hah @H o] £FE o] JA &= RPMI 164001 A+
- Al#A UV-inactivated . #|2~7] @& 39l (cytokine assay) & 2ol &
A 2~7|vFo] 2] 2~ (CTL assay)= A=At} ojuf, gPo= =3k Axzet 2=3}
A g AER EFcta, AEE 2 A vro] 5% COz s g7lollA 1A17F 30+
B F3kal 10% FBS/RPMI 16405 2 m¢4 H7ksh & S50 443 vl 1A17F 30
B Ao A AEE ddew 453 A9 AseA @2 AS 74 T
tubeol X 231 800 rpm°ﬂ/\1 3t YAl A Y 10% FBS/RPMI 164001 A
B A7) naive AI¥EE 2 w/mle] 5%, ddoz AIFA7 MAEES 1 w/mle]
T2 mytoycin CE& H7Fstal 5% COy Wl d7]ol 783 WX|ste] THRES F4
< oA AlAT 800 rpmell Al 83 €Al A7l F 10% FBS/RPMI 164081 A
2 2-33] AlHetal npx o R HgEke] 10% FBS/RPMI 16400 -+ AIA A+
of WXtAt 2t A¥Te A4 sEE5FYH 2 Wy ¢ste] v, inguinal
d2xd 9 popliteal FEZEE HE3lo] meshs o] §3te] AlxE E2ledth
RBC lysis soln.(NH4Cl-Tris)S ©o|&3led AIAFE A|ASE 10% FBS/RPMI
1640 wiAJol F-frate] AEE FHlESATH APCS "X +5 43t APC
= 1x10° cells/m 2, PZ T 5x10° cells/m 2 34 8ko] AH&-3hlr,

™

fo

L} AFo] E7}¢1 ELISA
A= CDA” T AEREE AAAE IL-2, IL-4 2 IFN-vo] =A3& HAA*

o FZ =2 APCS ¢ wlUA 7 F 2 A=HS cytokine ELISAHHol| &6
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of ZAsh AL D HEFTE A FSF A oAl AT|vubo] A~ vy
ghdoz A= A7l APCS dA4n& (511, 251, 1.25:)2 &F ko 37C, 5%
COy vl 71el A 33t v gstidrh. ¥4 tHEwol= concanavalin A(Con A)& 5
pg/mlz2 A g)ste] Fn|3Fth. ELISA plate= anti-mouse IL-2, IL-4 % IFN-v
FAZ 4CTANA =9k A ste] st ELISA plateg PBST= 33] Al
shar, 3% A= A& 37CelA 2417 A= E2H T W FE A
standard cytokine proteing ] @dtal 1A17F 308 ¢t wiokslgdct. Al PBST
2 33] Alz3}a biotinylated anti-mouse IL-2, IL-4 ¥ IFN-v A& &3 o}
S 4TCoA =9 wx1edvt. ELISA plateE 413 3}lal peroxidase-conjugated
streptavidin® 7}tz 1A v st & 7| A gN oz dbaAzY ZF welle] &
== ELISA reader (Molecular Device, USA)& 405nmell Al &4 s}o] w] %A
o} fxo A AskE cytokine IL-2, IL-4 % IFN-v9] &S AXst4l

8. &Y So] AXSAHAH(CTL assay)

ke

7h QA7) e wd AE F A

oA =7 e So] CD8+ T AlxE whg3 #A4s8t7] 913 eAl~7] &9 wd A
T A& lentivirusE ©] 83 transduction®@ ol o] ste] Azl TE @A 2~ 7]
9 eukaryptic expression vectorE A 2Fs uwjo} o] oA~ &4
}S PCR 224 el 93ste] pCR-Blunt II-TOPO vectore] =244 %Z}
£ recombinant lentivirus #|#+g& WE  pLXSNe| EcoRI siteo] Z=Z43+$th
(PLXSN/gB, pLXSN/gC, pLXSN/gD). ©Al eA~=7] o FHARE zZe
pLXSN/gB, pLXSN/gC % pLXSN/gDE retrovirus packaging cell line,
RetroPack PT67 Aol transfectiondle®] 24-48%- recombinant retrovirus& 3
shela v wlg NS 3433t Recombinant retrovirus® Al 34 M EXZ
o] 4¥ EL-4(H-2b) T NIH-3T3(H-2d)ol £ AIA transductiong # %33
o 2ot SAl2Y] B9 FAAE BN AZFE geneticing o] &5}
2-3%e] AA Agsinh. eAlx7] dd fAAe] @de RT-PCROEs
western blotell ¢J3}e] &35} t} (Fig. 3-2).

oo R
o
o

>J
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L}, CTL assay

g Eo] AXE A4S YeldlE CD8+ T Axe &4 CTL assay WHS
o] g3te] FAtArh FHlE M E(effector cel)et 2obglE QA ~7)ufo] g2
moi) = 3AIF EQF AF=A1Z1 APCE E§sto] 37T, 5% CO, o4 543t v 433l
). T AAME(target cel)E  o]deo]  wld®E  EL-4 cell line-EL-4(H-2"),
EL-4-PrVgB, EL-4-PrVgCe¢ EL-4-PrV-gD& o] &stsith Az 94 £
atel Z47b 10% FBS/RPMI 1640 wiAoll AFf A2l F AxFE 748k
3x10° cells/100 pb o] FER AFFE T 200 uCi/mel FER Cre Wrheg
o 5 ol Al 81X 35ke] 96 well plateol] WIS effector cell®} 4731 1,200
rpmell A 33 A FEd ¥ COr wid7]el A 5A17F v Fat itk Plates €4
B3 F s FAstn FAAEZRE fd9 V'Cred ¢S v -counter
E o] g3le] =AUt Effector cell®] specific lysiss oS3 2o 2o 93}
o] &t

[effector release - spontaneous release]

Specific lysis(%) = x 100

[Total release — spontaneous release]

=
Azp wke %F/}—AU]E DNAZ 7} A3ad 454 114 %, 14
E AyT Ay FEd averting E4 W FYsFe] AA wpHAIZ]

- 101 -



PCR product of full ADV Ag gene

gll(gB) 2805bp
glll(gC) 1561bb
gp50(gD) 1289bp
gl(gE)  1745bp

PCR cloning

ADV Ag gene
Retrovirus expression vector

EcoRI digest
EcoRI digest

EcoRI-cut fragment

l T4 DNA ligase

sl

ADV Ag gene

Transfection into RetroPack PT67 cell

¢ 24-48h incubation
Replication-incompetent retrovirus

Fig. 3-2. Procedure of construction of cell line expressing pseudorabies

virus antigen(gB, gC, and gD).
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2}
A wlole] A~ %S plaque assayol o dte] =A 3¢}
A7) vpoly 2 Hd F 1294 AdsES HxAs et &
%2 1 mg/PBS 1 well 231 #3715 o] &3}
FEES AFsY. 4T, 13,000 rpmel A LAl

PK-15 %FALE ol g3te] 4F ool £t 494 nhold

»
flo
-
X,
Ll
AN
ol
Ql',
s
i

A 34 23 9 wF

1. E8t2v= DNAYAE A7 399 41 =7

7h eAl=7] FY FHA £2 31 DNA #Al A =)

QA 27| Hlo]# & Z~n = DNA #W2aS PCR

Lo
odt
rio
Ho
L
2
il
i)
ot
o
rlr
i

2y el oste] AFstATh o] A ~7|vfole o gk AT Hale
7|25 Fo] 94 ES #E Ao AAHE $H Y F3A, glycoprotein B

(gB; gIl), gC(gIll) 2 gD(gp50)E PCR cloning WXl ¢l 243t DNA
WA ME 2 o]§d pCl-neo® FRYotol TALS AT IS F4 63l
U A z7nbole 29 DNAS ##dte] &9 FdAe] primers o] &3k
proofreading 3° to 5 exonuclease”]'5< Z+= Platinum® Pfx DNA polymeraseS
o] &3le] PCRE 33ttt = Ay gB(gll) gene 2805 bp product, gC(gIll)
1561 bp product, gD(gp50) 1289 bp product % gE(gl) 1745 bp productE <4<
T AT (Fig. 3-3). &Y F3# PCR AHE2 PCRY A& S &dsty] Hst
o] sequence®} Z} PCR product® 4 7 At EA4=Z digestste] &5}
(Fig. 3-4).
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gBe] 4
Smal : 76, 14, 1656, 757, 1597, 196 bp,
Pstl : 147, 1134, 354, 75, 1095 bp
Xhol : 298, 1174, 687, 486, 102, 58 bp
Notl : 387, 1131, 1287bp
Sall : 2567, 238bp

gCel 4+
Sall : 150, 1171, 240 bp
Smal : 1007, 554 bp
NotI : 1016, 545 bp
Xhol : 1339, 222 bp

ghe| 3+
Kpnl : 349, 417, 523 bp
Nael : 431, 511, 84, 263 bp
Sall : 560, 729 bp

Zr &g FAAe] PCR A& S Zero-blunt TOPO cloning vector] PCR &2
Fsith. TOPO cloning vectorell S2d¥ &9 4= EcoRI digeststo] 2z}
FY FAAe EAE FAsATt (Fig. 3-5). TOPO vectordl9] & FdA=
t}A] cytomegalovirus promotor® %= DNA A8 WE pCl-neo® F =43
S g FAAe] B3-S western blot 2 RT-PCR ®WHell 2ste] &5t}
(Fig. 3-6 and 3-7).

ol
off

o

| o] CD8+ T A W&o F4 AX=Z olgd F U= I
FAAE A A BdHEE AEFE retrovirusE ©]&3F transductionol] &}
AZEdek. PCR 249 9ol 93 pCR-Blunt II-TOPO W] 2%

oA ~7] &Y FHAE YA retrovirus expression vector pLXSNE] EcoRI 9 X
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o

O

of 22439t (pLXSN/gB, pLXSN/gC, pLXSN/gD). pLXSN #Eo] S22y %
eAl~7) Y FAAE EcoRI digestoll ¢1&ko] &<l th(Fig. 3-8). &Y #
25 zk= pLXSN/gB, pLXSN/gC, pLXSN/gD+ retrovirus packaging cell line,

RetroPack PT67 cellel transfectiondte] 24-48A]7F F-o|| recombinant retrovirus

2

5 2%3tal A+ culture supernatantE L ATE Recombinant retrovirusi= THA|
AL o] §"d EL-4(H-2") &  NIH-3T3(H-29] #9AA transduction

oA~ FY FAAE AAHA FFsE AEE geneticin®
(400 pg/mb& o]-&3dte] 2-33] A Melsta eAl~7] Fd FAAS HHL

7
RT-PCR¥} western blotel] ¢3le] #eldtith (Fig. 3-9 and 3-10).

2805bp

N
—.
—_— — —
e —

1561bp —_—

1289bp

Fig. 3-3. PCR product of pseudorabies virus antigen gB, gC, and gD gene.
PCR was performed by using Platinum® Pfx polymerase. M; size marker,
1; gB PCR product(2805 bp), 2; gC PCR product(1561bp), 3; gD PCR
product(1289bp), 4; gE PCR product(1745bp).
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 M

— =
= -
| T— -
—-— -— -
-— - — - — _- - -
e _-_—— i -

- = )
- - — am = -
mem e o=

Fig. 3-4. Digestion map of PCR product of pseudorabies virus antigen gB,
gC, and gD gene with several restriction enzymes. M; size marker, 1;
gB-product uncut, 2; gB-product Smal cut, 3; gB-product Sall cut, 4;
gB-product Xhol cut, 5; gB-product Notl cut, 6; gB-product Pstl cut, 7;
gC-product uncut, 8; gC-product Smal cut, 9; gC-product Sall cut, 10;
gC-product Xhol cut, 11; gC-product Notl cut, 12; gD-product uncut, 13;
gD-product Kpnl cut, 14; gD-product Sall cut, 15; gE-product uncut, 16;
gE-product Smal cut, 17; gE-product Apal cut.
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M 1 2 3 4 5 6 7 8 M

— _— —— S —
] —
S St S (e Cans) WD b
= =l
o i
[ el s

Fig. 3-5. PCR cloning of pseudorabies virus antigen gB, gC, and gD gene
into pCR-Blunt II-TOPO vector. PCR products of PrV antigen gene(gB;
2805bp, gC; 1561bp, gD; 1289bp, gE; 1745bp) were PCR-cloned into
pCR-Blunt II-TOPO vector (pCRgB, pCRgC, pCRgD, pCRgE) as described
in manufacturer's manual. M; size marker, 1, pCRgB uncut, 2; pCRgB
EcoRI cut, 3; pCRgC uncut, 4; pCRgC EcoRI cut, 55 pCRgD uncut, 6;
pCRgD EcoRI cut, 7; pCRgE uncut, 8; pCRgE EcoRI cut.
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l
I

Fig. 3-6. Subcloning of candidate antigen gB, gC, and gD gene of
pseudorabies virus into mammalian expression vector, pCl-neo. EcoRI
fragments of pCRgB, pCRgC and pCRgD were subcloned into pCl-neo
vector(pClgB, pClgC, pClgD). M; size marker, 1; pClgB uncut, 2; pClgB
EcoRI cut, 3; pClgB Sall cut, 4; pClgC uncut, 5; pClgC EcoRI cut, 6;
pClgC Xhol cut, 7; pClgD uncut, 8; pClgD EcoRI cut, 9; pClgD Sall cut.
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Bgl I SgfI I-Ppol EcoRI EcoRI

v Amp’
CMV LE. \/ PrvgBgene  Oviolate

oly(A
enhancer/promoter Intron poly(A)

198 KDa wem

115 KDa mm — -
o . ——

90.5 KDa =

- 4

37.6 KDa wem
26.0 KDa == = . .

A B CDEF

Fig. 3-7. (A) Diagram of the mammalian expression vector for gB protein of
PrV. (B) Identification of the expression of gB protein. The expression of gB
protein (~100 KDa) was identified by western blot using polyclonal antiserum
against gB protein, following in vitro transfection into NIH-3T3 cells. Lanes:
A, non-transfected; B, control vector-transfected; C, PrV-infected; D,
pCI-PrVgB-transfected (24 h); E, pCI-PrVgB-transfected (48 h); F,
pCI-PrVgB-transfected (72 h). The relative positions in the gel of predicted
size are indicated on left side. CMV, cytomegalovirus; SV40, simian virus 40;

LE., immediate-early; Amp" ampicillin-resistant.
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Fig. 3-8. Cloning of pseudorabies virus antigen gB, gC, and gD gene into
retrovirus expression vector, pLXSN. EcoRI fragments of pCRgB, pCRgC
and pCRgE were subcloned into pLXSN vector(pLXSNgB, pLXSNgC,
pLXSNgD). M; size marker, 1; pLXSNgB uncut, 2; pLXSNgB EcoRI cut, 3;
pLXSNgC uncut, 4; pLXSNgC EcoRI cut, 5; pLXSNgD uncut, 6; pLXSNgD
EcoRI cut.
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100 HH 200 HH

Fig. 3-9. Photograph of EL-4(H-2b) expressing pseudorabies virus antigen
gB, ¢C, and gD.

2.0 kb

— F —
10kb m== _—
= -
= =
0.5 Kb  —
-_— —

A B CDETF G

Fig. 3-10. RT-PCR for identifying the expression of pseudorabies virus
antigen gB, gC, and gD in constructed EL-4. A and B: size marker, B:
PCR negative control, C: EL4 cells, D: EL4/PrVgB (195 bp), E: EL4/PrvVgC
(585 bp), F: EL4/PrVgD (393 bp).
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o

glycoprotein

=)
=

A7 Fo] dAH oA A QA ] 5ol IgGY & w53 2okt oA
glycoprotein 2& Zgt2~w= DNA pCI-PrVgB& WY A7l 2

ng/mlE 220 ng/m7} AAFE cocktail DNAS F943 2Ad+S A
o $£4Z veudn. pCl-PrvgCet pCl-PrvgDE 43 4
S AEEN, T %R0 pgIt 500 pg)E= AA Aol 7F YEREA
Fath (Fig 3-11). 3zkel] WAl & &3 ] eA~7] o] IpGe 7 Ad
R 2z QAL F 2ARgE o)l wlsto] SEE A 7o) EHeham|
DNAE 100 pg¥ F43 AgdwE FollAE pCl-PrvgBe 49 802 ng/mlE
4 =A HEESAI, cocktail DNAS A9 598 ng/mE  AZFHUACH

pCI-PrVgC(15 ng/mé)¢} pCI-PrVgD(4 ng/ml)+= & F=X 2 HEH A

[> 8407
N oo
N =
N
)
to
2
[>
\y

r
i
el
=Y
2
>
s

ozi\]

N
-

i

[ﬂ FUE &3 =
o3 o

N
-

2) Al isotype +2
QA ~7] Eo] IgGY isotype ratioIgG2a/IgGl)E 413 A3 pCI-PrVgB
o] A isotype ratioIgG2a/IgGl)E= 100 pgoll Al 43.2, 500 pgoll A 58.2%2 z+ A

i

5 FolA 7+ =kt pCl-PrvgCet pCL-PrvgDe] 49 100 wg¥ 500 pgs

ATt 2% o9 vk pCl-PrvgC 100 wes Y3 A%, ratio= 2.69]
500 pgs FUI B9 ratior 0.08°]Att pCI-PrvgD 100 pgs FUFF A5
ratio= 1.10]9 500 pgs FU3 A9 ratio= 0.70]ATth cocktail DNAY 7 $-o =
742 pCIl-PrvgCe pCI-PrVgDE F943 ZA$Ht =Z=dvk (Fig 3-12). ulzhA,
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Fig 3-11. PrV-specific IgG levels in serum of C57BL/6 mice immunized with
PrV encoded plasmid DNA, pCI-PrVgB(A), pCI-PrVgC(B), pCI-PrVgD(C) and
cocktail DNA(D). Mice in each group were immunized with indicated regimens
via intramuscular route. Vaccination was performed three times at 7-days
interval. Serum IgG levels were determined by conventional ELISA at 7th day
following the second and the last immunization. Seven days following 2nd and
3rd immunization, serum sample were collected and analyzed individually. Each

IgG level was measured for individual mice (five per group).
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Fig 3-12. IgG2a/IgGl ratio of PrV-specifec IgG in serum. Mice of Groups
were immunized with indicated regimens via intramuscular route. Vaccination
was performed three times at 7-days intervals. Serum PrV-specific IgG2a and
IgGl were determined by conventional ELISA at 7th day following the last
immunization . Ratio was calculated on the basis of IgG levels from individual

mice in each group

Lk CD4+ T Alx w7 AEd Honkg &4

M

Naive CD4" T AE7F SFLAAMAEAPC)o o& AAE A= 2 3

Kl

s ¥kS-3te] F= F/F9 T helper Al¥¢ Thl-type Al¥4Y Th2-type ME=E
Estate] Aes WSS dod|=A dolr 7] fete] e odte] A=
H &3} 8 3 - (popliteal and inguinal HXZ)e] viF AZF NS 3]45}o] cytokine
ELISA W& o] &stel #Astgrh. o1 23 AUz vate BE AgT
o A cytokine?] %ol A HAEHJTH (Fig 3-13). HF A E A ArrdE [L-2%,
pCI-PrvgCs F43 Aol 1.13 ng/me(100 pg)@ 2.02 ng/ml(500 pg)o =

RE AT Fd A 7FE =Uth Cocktail DNAE F43 F9d= 1.3 ng/ml
(100 pg)e 2 pCI-PrVgB(0.632, 0.768 ng/ml)2} pCI-PrvgD(0.44, 0.815 ng/ml)
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o] A% B} gl HEZFME pCl-PrvgCE FUg Aol A 216 ng/ml
(500 pg)o& 74 Eokeh g AlEelA 9] IL-4% pCl-PrvgB 500 pgs F o
Aol A 0122 ng/mle] A3, cocktail DNAS F 3 A3 o= 0.095 ng/m(%
(100 pg)el ek 1 o ymA] Aol M= 2w (0.05 ng/ml) 7 W28k

ZF9 IL-4% pCI-PrVvgBE F4s AdaolA 718 =4H0.2 ng/ml). Cocktail
DNAE FHY3t A oA AAE cytokined] o] Hlu A =9kom E3] IFN-¥
o] ofFo] =9TH6] ng/ml) (Fig 3-13). =4 H cytokines == A& o] A [FN-y
o] ol 7H¢ wel AZFHAUh v AEo] IFN-v &2 cocktail DNAE FH 3
Aol 65 ng/m=  7FE w=ka,  pCIl-PrvgD(53.8, 426 ng/ml),
pCI-PrvgC(31.9, 24.8 ng/ml), pCI-PrVgB(30.6, 35 ng/ml)¢] <A E =A%)
HEZ T IFN-v %2 cocktail DNAE FYg APl 60 ng/m= 7Hd =
AAE A3 pCI-PrvgB(25, 47 ng/ml), pCI-PrVgC(21, 304 ng/ml), PrvgD(10.2,
28 ng/mf)e] =AM E ALRE o] v M Fol Aok wR AR cocktail DNAE 5
g AdolA 7 =dnh Aol ghds] ks F yEues 719 WA
E2E AiEE IFN-ve &g AR 23 2w (44 ng/ml)ell ¥lste] e A
Aol A o =9kt Cocktail DNAE T3 Ad oAl vl ME(61.95 ng/ml)
o} AEZF(13.75 ng/m) BFolA 2 Agatel wste] =kl (Fig 3-14).
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ol A 22%¢°] specific killing &2t7F YERaL, EL-4/PrvgBE FAAELE 3 A3
TAE 115%, EL-4/PrVvgDE EAAXYZ 3 AT = 85%< specific
killing &35 Yehdlo] EL-4/PrvgCE BHAEZR 3 AgTelA 7 =2
specific killing & 37} WeEt. Cocktail vaccination®] 74-$-9l% EL-4/PrVgCE

ol 149%, HZA AMFEoA 168%9 specific
killing &35 Yehlo] & RAAEES o & Aol wste] 7P =9k
o (Fig 3-15).
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Fig 3-13. Thl- or Th2-type cytokine produced from CD4+ T helper cells
stimulated with inactivated PrV protein Ag inactivated by UV-irradiation.
C57BL/6 mice(five mice per group) immunized with PrV-encoded plasmid
DNA via intramuscular route through both triceps muscle were sacrificed on
day 14 following the last immunization. Immunization was performed three
times at 7-days interval. Splenic T cell and LN lymphocytes (popliteal and
inguinal LN) were in vitro stimulated with irradiated synergic enriched APC
that have been pulsed with inactivated PrV protein Ag and then incubated for
3 days. The responder cells were three mice per experiment. Cytokine levels

in the culture supernatant were determined by standard ELISA.
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Fig 3-14 . IFN-% produced from memory CD4+ T helper cells stimulated with
inactivated PrV protein Ag inactivated by UV-irradiation at memory stage.
C57BL/6 (five mice per group) immunized with PrV-encoded plasmid DNA via
intramuscular route through both triceps muscle were sacrificed on day 5
weeks following the last immunization. Immunization was performed three
times at 7-days interval. Splenic T cell and LN lymphocytes (popliteal and
inguinal LN) were in vitro stimulated with irradiated synergic enriched APC
that have been pulsed with inactivated PrV protein Ag and then incubated for
3 days. The responder cells were three mice per experiment. Cytokine levels

in the culture supernatant were determined by standard ELISA
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Fig 3-15. CTL activity of CD8+ T cell following PrV Ag-encoded plasmid
DNA. C57BL/6 mice(seven per group) immunized with immunized with PrV
Ag-encoded plasmid DNA. Mice in each group were immunized via
intramuscular route. Vaccination was performed three times at 7-days interval.
Enriched splenic T cell and DLN lymphocytes (popliteal and inguinal LN)
pooled from three mice per experiment were in vitro expanded for 5 days
with live PrV pulsed synergic enriched APC. At the end of the incubation

period they were used as effectors in a 5h, °'Cr release CTL assay.
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Fig 3-16. Protective immunity induced by plasmid-expressing glycoprotein
antigen against intranasal infection of virulent Prv. Each group of mice was
intranasally challenged with virulent PrV Yangsan strain (5LDsy dose) two
weeks following the last immunization. The survived mice were counted daily

following intranasal challenge.
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AEFHE Ad APOlEFR] FHAAE o] &35t 2A]2~7] DNA #ilo] 9]ste] 1}

A s E & Abol B, IL-12, IL-18, IFN-v 3 IP-10¢] ¢]3}o] vhebu}
T 2A|27] DNA #4le] wiojely o tigh &S xAket] 9ol A3 E
eA~7) P gBE wds= DNA 2l (pCl-PrvgB)et zb Ale]E7bel &
T p4ow W3t gk 1Y
9l =™ DNA 200 pg& ol Aol &3sto]
QA 2~7] DNA WA (pCI-PrVgB)ell 2]}
“Tej7kA] oA W, F oA Fo
FH IP-102 A 27 Eo] g 22 UgUE Z2AA D, IFN-vE= off

T
=2
i
e

|
rVgB 100 ug¥} AFo]E7}
SuU FARSFA . IL-129F 1IL-182

2) 34| isotype #4
QA|2=7] DNA il efsto] frsE A=Y 5o A isotype
IgG2a%t IgGle A8ttt IgG2ax= Thl-type T A3zl ofste] AbE =
IFN-vol| 93] f5+= ¥ IgGl isotyped Th2-type T A|Eol ¢sle] A
B IL-47F 19 AAS Hv Aoz gy 1 A IL-12% [gGle S
wAsHA AABEAL IL-18S IgGle] Aahe F4AIA Futh o AgH 2 &
el A} JE71Q1S A1~ DNAHMoﬂ ol3te] ¥ IgGl AAke] Bldle] A
VA YERYA] ekkt). 1gG2a isotypedAkell o3k <l
Eiﬁﬂ% 4 A} o] E7}219] Oé%k% wA e A IL-18%ke] QA7) 5ol IgG2a
oAt h wekA, IL-12% IgGle Ak JAs e 24 IgGa/lgGl
SAIZ wde] IL-182 IgGle] AAHS S7A17]1 2 [gG2ag] Aatks o
AgFo 2 IgG2a/lgGl vl &o] HAastrh Eek e Qe E # Aol E7LS
o] A9 BF IgG2a/IgGl Hl&°] S7hste o= yestt (Fig. 3-18).

- 121 -



50000

- T —O— pCI-PrvgB
E
S 40000 J_ —@— IL12
(=)
Q —{1+— IL-18
>
g 30000 —&— P10
‘o
g —2— IFNy
9 20000 ]
E T —— pCl-neo
T

S 10000 L
[
]

0_

Prime Boost 1 Boost 2

Fig. 3-17. Serum PrV-specific IgG levels of animals administered co—injection
of pCI-PrVgB with plasmid DNA expressing IFN-¥-associated cytokines
(IL-12, IL-18, IFN-v, and IP-10). Groups of C57BL/6 (H-2") mice were
immunized im. on three occasions at 7-day intervals. At 7th day following
each immunization (Prime, Boostl, and Boost2), PrV-specific IgG levels in
sera were determined by ELISA. The graphs representthe average and
standard deviation from seven mice per group. *Significantly different from

group administered with pCI-PrVgB DNA vaccine alone (p<0.05).
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Fig. 3-18. Distribution of serum PrV-specific IgG isotype (IgGl and IgG2a) of
animals administered co-injection of pCI-PrVgB with plasmid DNA expressing
IFN-v¥-associated cytokines (IL-12, IL-18 IFN-% and IP-10). Groups of
C57BL/6 (H-2b) mice were immunized im. on three occasions at 7-day
intervals. Seven days following lastimmunization, the levels of PrV-specific
IgG isotypes in sera were determined by ELISA. The graphs representthe
average and standard deviation from seven mice per group. *Significantly
different from group administered with pCI-PrVgB DNA vaccine alone
(p<0.05).
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B2 #d AJEIIRIS 24 ~7] DNA Wl 3 HEd & vevs
AEd Wdogel EAS 2487 fdte] oAy Fddow A=E FAAAMNE
o Aed d¥eE WAAEES EHlste] EdFeRd I 5o T AEE
A=k A= QAEE Aol Rkl kS B4R A3 IL-129F TL-18
BIP-102 IFN-ve] Aibs Fo)4d Al S7hA1zl Wil IFN-v= 54 &5
HAFA Zapgieh IL-2 ko] A gl I-12¢9 IL-180] Ak S4AA F
a1, IP-103} IFN-v&= of ¢ Oéﬁc} T2 Fatgon, IL-4442 e 2 33

o
APOlEFFQl BF7F ob il WstE f xR Rkttt (Fig. 3-19).
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IL-129F IL-182 2A|27] DNA ¥W4l3 37 Fogk & yEhvdes oA 27 5ol
34 7o HEHx o] anamnestic [gGY FFo] 2A~7] DNA 9l

pCI-PrVgB Folartt 1/10 FE7-A @A AE= At 224, IP-10s 84 +
o] 8l anamnestic IgG¥r$S A2~ DNA WA Folwtl Fo0Ad AA Z715
o} YEbstal IFN-vFol 2 opf-3l Warh =5 A &gtk (Fig. 3-20).
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FA st o2 YEly (Fig. 3-21).
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Fig. 3-19. The profile of cytokine production (IFN-¥%, IL-2, and IL-4) from
splenocytes and popliteal LN cells of co-immunizaed mice after specific
restimulation with inactivated PrV Ag. Two weeks following Ilast
immunization, the responder cells (splenocytes and LN cells from immunized
mice) were mixed with irradiated syngeneic enriched APCs that had been
pulsed with UV-inactivated PrV and then incubated for 3 days. The levels of
cytokines in supernatants of stimulated T cells were determined by cytokine
ELISA. The test was done in quadruplicate wells. Each bar represents the
average and standard deviation from three independent experiments.
xSignificantly different from group administered with pCI-PrVgB DNA vaccine
alone (p<0.05).
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Fig. 3-20. Anamnestic PrV-specific IgG responses determined at 3-days
post—challenge with virulent PrV Yangsan strain. Two weeks following last
immunization, groups of mice (n=7) were challenged in. with PrV Yangsan
strain (BLDsy) and then sera were collected at 3-days post-challenge. The
levels of PrV-specific IgG in sera were determined by conventional ELISA.
Each bar represents the average and standard deviation from seven mice per
group. *Significantly different from group administered with pCI-PrVgB DNA

vaccine alone (p<0.05).
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Fig. 3-21. Susceptibility of animals co-immunized with pCI-PrVgB plus
plasmid DNA expressing IFN-¥-associated cytokines (IL-12, IL-18, IFN-, and
IP-10) against virulent PrV Yangsan strain. Two weeks following last
immunization, groups of mice (n=7) were challenged in. with PrV Yangsan
stain (BLDsp). The challenged mice were examined daily for inflammation,

illness, and death till 12-days post-challenge.

3) ¥ =AW BlolY s o

QA7) DNA WA Qe #HE #d Aol 7k F34 5 37 748 &
275 HEA eAlz7|vto] 8~ YangsanT S5LDsE BlAFol 5 1294704 &
ARRE = Ee doRdle wEe] Hdd EAsts A npold s
assay°l ©ate] &F& FAsArh 1 A IL-129 IL-185 Fod ZwolA+=
Boh B2 o A welgart ddEEe] HodA AEEden IP-102 &
A7) DNA WAl g5 Fojatrty v <ko] npolearh HEH vt 22,
IFN-vFolat2 olef 22 M ZAA wholgfLo] el oyl WtE FXEdhA]

ettt (Fig. 3-22).
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Fig. 3-22. The content of infectious virus in brain tissues of infected animals.
Brain tissues were incised from infected mice at 12-days post—challenge. The
content of infectious virus was determined by plaque assay after weighing
brain tissues and preparing tissue soaps. The open circles represent individual
virus titer of mice, and the black lines represent the average virus titer in

each group.
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A|227] DNA #2le] HALA - dste] A}
CSF#d Zgl~w = DNA

2) A isotype ¥4
GM-CSFfr#zte} 2#1227] DNA 941 pCl-PrVgBE &7 T & el
U= oA ~7] Eo] A9 isotype profiled #4359t GM-CSFd A= 2.4
227] Eo| IgG2a isotype?] AAFHFS 7HaAlZl wbHol IgGl isotypee] At 5
ZWN Ak wEbA, A Foldk GM-CSFi= 24| 227] DNA WAlo] 9&te] {1
© A isotype Hl& (IgG2a/IgGl)S AASIA FAAA Th2-types Ho] F++
o2 yeut (Fig. 3-24).
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Fig. 3-23. Serum PrV-specific IgG levels of the animals co-injected with
pCI-PrVgB and plasmid DNA expressing GM-CSF. Groups of C57BL/6 (H-2")
mice were immunized im. on three occasions at 7-day intervals. On the 7th
day after each immunization (1°, 2°, and 3°), the PrV-specific IgG levels in
sera were determined by ELISA. The spots on the graph represent the

individual serum IgG level and the bars show the average of each group.
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Fig. 3-24. Distribution of the serum PrV-specific IgG isotype (IgGl and
IgG2a) of the animals administered a co-injection of pCI-PrVgB with the
plasmid DNA expressing GM-CSF. Groups of C57BL/6 (H-2b) mice were
immunized im. on three occasions at 7-day intervals. Seven days after the
final immunization, the levels of the PrV-specific IgG isotypes, (A) IgG2a, (B)
IgGl, and (C) the ratio of IgG2a/IgGl, in sera were determined by ELISA.
The spots in graph represent the individual serum IgG level and the bars

show the average of each group.
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= Thl-typed AEA T<S FEE RAoE BAZAT (Fig. 3-25).

o},

o

AN

S
1) Anamnestic IgG ¥H3
LA 2=7] DNA #A13 GM-CSF+AdAE &7 459 Ao A | HF
Stal o] FUFo] WEA A~7] Wl YangsanTt 10LDsE B4 FoI3}e]
A FES #AAZ. 283z, #9 ¥ 394 UEvh= anamnestic
o] EAstth. 2 Ay GM-CSFE &7 Fo38 HF

oA 28f o) Aol =8 anamnestic IgG WFEol FEHES ¢ £ AT (Fig.

2) AEE 23
LA 2~7] DNA W23 GM-CSFHHAE dFd kA2 A WA HFsta

AT FA BFD 242 who mﬂ Yangsan® 10LDyE WZom 744 ¥

o]
Tgol HAET wwo] ¢ Al~7] DNA WAl Hie 1LA7A 143w A
a, T19F 2 AEELS GM-CSF HEwolA 57%=2 A5 = At
ek, GM—CSF”*X}% 9A127] DNA #alel ojgte] vpelbs wo] wdg
A ST Ao vt (Fig. 3-27).

3) x =AU vhole s e

27127 DNA W43k GM-CSFRHAAE 71 47 oz A v 4%
s WEAY 9A27] welel2 YangsanF 10LDwE 7% Z9E F 12940
bt AFEE R A HPFE Mol EAE d9Y wrole 2o

3
plaque assay°l ¢l3te] AHstAch 1 A3} 2T pCl-neo?t pCMVEH F T+
ohE 2Fel wlaste] @ o] A wpelEl vt HEHJL A2
DNA Al e HFoolA AEd wojelxe] 2 GM-CSFE 37 Fold
o2 1/254F08tE HAaHEA (Fig. 3-28).
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Fig. 3-25. The profile of cytokine production (IFN-%, IL-2, and IL-4) from the
splenocytes and popliteal LN cells of the co-immunized mice after the specific
restimulation with the inactivated PrV Ag. Two weeks after the final
immunization, the responder cells (splenocytes and LN cells from the
immunized mice) were mixed with the irradiated syngeneic enriched APCs
that had been pulsed with UV-inactivated PrV and then incubated for 3 days.
The levels of cytokines in the supernatants of the stimulated T cells were
determined by cytokine ELISA. The test was carried outin quadruplicate wells.
Each bar represents the average and standard deviation from three

independent experiments.
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Fig. 3-26. Anamnestic PrV-specific IgG responses determined at 3-days
post—challenge with the virulent PrV Yangsan strain. Two weeks after the
finalimmunization, groups of mice (n=7) were challenged in. with the PrV
Yangsan strain (10LDs;)) and the sera were then collected at 3-days
post—challenge. Conventional ELISA was used to determine the levels of the
PrV-specific IgG in the sera. The spots in graph represent the individual

serum IgG level and bars show the average of each group.
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Fig. 3-27. Susceptibility of the animals co-immunized with pCI-PrVgB plus
plasmid DNA expressing GM-CSF against the virulent PrV Yangsan strain.
Two weeks after the finalimmunization, groups of mice (n=7) were challenged
in. with the PrV Yangsan stain (10LDsp). The challenged mice were examined
daily for any signs of inflammation, illness, and death until 11-days

post—challenge.
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Fig. 3-28. The content of the infectious virus in the brain tissues of the
infected animals. The brain tissues were incised from the infected mice at
11-days post-challenge. The content of the infectious virus was determined
using a plaque assay after weighing the brain tissues and preparing the tissue
soaps. The closed spots represent the individual virus titer of the mice, and

the black lines represent the average virus titer in each group.
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1) &9 So] A H=

9A2~7] DNA w2l pCI-PrVgBet #A=7}¢1 w8 Zelan= DNA,
RANTES, MIP-1a, MIP-1f % MIP-25 U5 tAoz A ¥ HFedu. ¥
g3t FE Aol 2A2~7] DNA #2100 ARIF A 200 pgs 4L

[g
Z50 A 14 4F F ARAD FA4E 2427 DNA B2 oI5

of e 227 5ol IgGel FFdl obvd 9FE FA Hakglen, 23
HE F RANTES®F MIP-27F 914 QU 2A=7] So] A9 sa5 <7t
A7IE AL Heol FAh 2, ek 2E FUke 3% H4F F dS g
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3] YEYE oA A7) Eo] IgGe F&5
03y FEHE Al~Y] Eo] IgGe 2 A2 AA L MIP-1= off-d W3}

2 §538x 2= Aoz et (Fig. 3-29).

2) A isotype &4

QA ~7] DNA WAalo] <]l OEEl% A ~7] Eo] A9 isotype E
of ARIF fFHAe] okl Wyt FHrEEVFE ST 2A42~7] DNA
MA L AR FHAAE dFd HFez2 A ¥ HFsa v T HF F dF

d Fo] oA~T] Eo] IgG isotype, IgG2ast IgGle EXE FA}edth. MIP-1

rie

= QA 27 Eo] IgGladl AAMS A S ZAaAZ whdd g2 AR A
A5 1gG2adl Artel oy WatE feskA Xakgivh 1ea, IgGl Akl
e FFE B4 2 o] gd e AR FHAAES 24127 [gGlALTE
AAEH L, o9} e AnE wiEo R [gGa/lgGl W&S AXE Ay ALgH
e ARIRIE IgG2a/IgGle] W&S F7HA71E Thl-type HHS B oF3Ath

- 137 -



2000 15000
~ = o
< 1 o E 2
£ % 12000
2 1500 £
g % S
e o :% 9000 — 8 o)
5 1004 O O o) 3 8
153 o Q
7 7 6000 ©
> >
- z Q
~ =%}
500 — @
£ o E 3000 O E
S ®) 5] O
g = g
0- l.J e 0- S O
[72] =] (a8 72} o [<aN
s _ — 9 54 Roo@ Q@ 5
: zZ & £ & £ : Z £ Z & Z
Ay < =] =} & = =] =]
@) % % % * = S P % % + o
[=9 [="
30000
3 o

25000

20000 -

15000 8

10000

(e]e)
(0[0)

o
pCI-PrVeB —E@
o
+MIP-1 o _E 0
4 OO
pCl-neo
(l)

serum PrV-specific IgG (ng/ml)

5000

+RANTES -
+MIP-1 B
+MIP-2

Fig. 3-29. Serum PrV-specific IgG levels of the animals co-injected with
pCI-PrVgB and plasmid DNA expressing chemokines. Groups of C57BL/6
(H-2°) mice were immunized i.m. on three occasions at 7-day intervals. On
the 7th day after each immunization (1°, 2°, and 3°), the PrV-specific IgG
levels in sera were determined by ELISA. The spots on the graph represent

the individual serum IgG level and the bars show the average of each group.
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Fig. 3-30. Distribution of the serum PrV-specific IgG isotype (IgGl and
IgG2a) of the animals administered a co-injection of pCI-PrVgB with the
plasmid DNA expressing chemokines. Groups of C57BL/6 (H-2b) mice were
immunized im. on three occasions at 7-day intervals. Seven days after the
final immunization, the levels of the PrV-specific IgG isotypes, (A) IgG2a, (B)
IgGl, and (C) the ratio of IgG2a/IgGl, in sera were determined by ELISA.
The spots in graph represent the individual serum IgG level and the bars

show the average of each group.
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Fig. 3-31. The profile of cytokine production (IFN-%, IL-2, and IL-4) from the
splenocytes of the co-immunized mice after the specific restimulation with the
inactivated PrV Ag. Two weeks after the final immunization, the responder
cells (splenocytes from the immunized mice) were mixed with the irradiated
syngeneic enriched APCs that had been pulsed with UV-inactivated PrV and
then incubated for 3 days. The levels of cytokines in the supernatants of the
stimulated T cells were determined by cytokine ELISA. The test was carried
outin quadruplicate wells. Each bar represents the average and standard

deviation from three independent experiments.
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Fig. 3-32. The profile of cytokine production (IFN-¥%, IL-2, and IL-4) from

popliteal LN cells of the co-immunized mice after the specific restimulation
with the inactivated PrV Ag. Two weeks after the final immunization, the
responder cells (LN cells from the immunized mice) were mixed with the
irradiated syngeneic enriched APCs that had been pulsed with UV-inactivated
PrV and then incubated for 3 days. The levels of cytokines in the
supernatants of the stimulated T cells were determined by cytokine ELISA.
The test was carried outin quadruplicate wells. Each bar represents the

average and standard deviation from three independent experiments.
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Fig. 3-33. Anamnestic PrV-specific IgG responses determined at 3-days
post—challenge with the virulent PrV Yangsan strain. Two weeks after the
finalimmunization, groups of mice (n=7) were challenged in. with the PrV
Yangsan strain (10LDs;)) and the sera were then collected at 3-days
post—challenge. Conventional ELISA was used to determine the levels of the
PrV-specific IgG in the sera. The spots in graph represent the individual

serum IgG level and bars show the average of each group.
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2) A=8 A
QA 2=7] DNA W3} AR FHd2E o] &ate] Al W wWesish & 25
ol WEA eAlAT|nbol¥ A Yangsans 10LDsos W& Fofste] A A4
e AREES] AAES FAHS] ARIRJA FHA A 9t =
95 #As g 1 A RANTESS MIP-27F 94 Al A4~
s JEIRT SU7hE AEES 1o Fa MIP-1a$t MIP-16
=oolrd 27t AnE R FA EIAnh A wHAE dRE A A
7k 2 RANTES®F MIP-27F F7hd x5 Ho RANTESS$
MIP-27} 9 E&°] AL 73S S7HA171= o2 YEt (Table 3-1).
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Table 3-1. Protective immunity induced by genetic co-transfer of chemokines against challenge of pseudorabies virus

No. survived/No. challenged at Day post-challenge (%) Avg. time of
Immunization® death+
do dl d2 d3 d4 db d6 d7 d8 d9 d10 dll SD(days)

pCI-PrVgB 7/7(100) 7/7(100) 7/7(100) 7/7(100) 7/7(100) 5/7(71.4) 3/7(42.8) 2/7(28.6) 2/7(28.6) 2/7(28.6) 1/7(14.3) 1/7(14.3) 7.3+2.7
+RANTES 7/7(100) 7/7(100) 7/7(100) 7/7(100) 7/7(100) 7/7(100) 6/7(85.7) 5/7(71.4) 5/7(71.4) 4/7(57.1) 4/7(57.1) 3/7(42.8) 10.7+3.6
+MIP-1  7/7(100) 7/7(100) 7/7(100) 7/7(100) 7/7(100) 6/7(85.7) 6/7(85.7) 4/7(57.1) 3/7(42.8) 2/7(28.6) 2/7(28.6) 1/7(14.3) 8.4+2.4
+MIP-1[  7/7(100) 7/7(100) 7/7(100) 7/7(100) 7/7(100) 4/7(57.1) 4/7(57.1) 4/7(57.1) 3/7(42.8) 3/7(42.8) 3/7(42.8) 1/7(14.3) 8.1+3.2
+MIP-2 7/7(100) 7/7(100) 7/7(100) 7/7(100) 7/7(100) 6/7(85.7) 6/7(85.7) 6/7(85.7) 4/7(57.1) 3/7(42.8) 3/7(42.8) 2/7(28.6) 10.0+3.6

pCI-neo 7/7(100) 7/7(100) 7/7(100) 6/7(85.7) 2/7(28.6) 1/7(14.3) 0/7(0.00) 0/7(0.00) 0/7(0.00) 0/7(0.00) 0/7(0.00) 0/7(0.00) 5209
“Two weeks after the final immunization, groups of mice (n=7) were challenged in. with the PrV Yangsan strain

(10LDsy). The challenged mice were examined daily for any signs of inflammation, illness, and death until 11-days

post—challenge.
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Table 3-2. Summary of genetic co-transfer of cytokines and chemokines on the nature of adaptive immunity against

pseudorabies virus

Modulators Humoral responses Cellular responses Protection
IgG  IgGe/IgGi  Th IL2 IL4 IFN-v Th

Cytokines
IL-12 \/ T Thl T - i Thl \/
IL-18 J J Th2 ) - ) Thl J
IFN-v - 1 Thl - - - Thl -
GM-CSF () \ Th2 ) l i) Thl )

Chemokines
RANTES ) 1 Thl - 1 1 Thl )
MIP-1n l 1 Thl - () 1 Th2 -
MIP- 1§ - T Thl - - T Thl -
MIP-2 ) 1 Thl - ) T Thie T
IP-10 ) 1 Thl - - ) Thl 1

4~ no effect; 1: increase; 1': marked increase; | : decrease; |: marked decrease
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TEA3A Hd FAA Peyer's patchol]l £A3
A327F Fol¥l salmonella bacterias FolbH i I=HE fFEHe Hg
DNA Wilo] &9l AAAE ol Zgdomm o W
salmonella bacteria®] Sl ¢3le] WAl WIE Fr=
DNA "W A19] salmonella delivery system< 253 DNA Al
we =W gldS ztar vl Salmonella typhimurium ol &) }‘—E
Ao 7 PAEE e SAAAAAEWAA MHC class I pathway vk o}y
2t MHC class II pathwayell ¢Jste] AAIHOoZA FHQ WARESo] FEF L
M ZFA o] & A sk= W 9S4 A) (lipopolysaccharide 5)7} toll-like receptor(TLR)
= T3 W wgol FUhE g e dES 24T F Jdve Aot & F
salmonella bacteria® EHA WiFFozH FEHES 715 AR Ao
oW} HFo] 7Hesttl. o]9F 2 salmonella bacteria®l DNA #]A ddA] A+
9} ¥ & 1 9 Shigella flexneri, Salmonella typhi 2 Listeria monocytogenes
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H W weo 548 ﬁﬁu&i S
shelth EF 0x27] DNA Wae 8% 7Fsde HS elv] slshe] oA~

39 WE replication—defective adenovirusE A #&t WIS AAHS B3y o}

=

A

e

%7 97427 DNA #4135} Zebel-F2E oy §FS Faste] e 3ol
WS BAGORA WEY eAzuteld s ggel fE Aol ol WS

A24d A5 € Uy
. %= 3 Salmonellag ©] &3 Zg2v= DNA B delivery

7h wpolel = gl A S
WA pseudorabies virus(PrV) Yangsan straing porcine Kkidney cell
line(PK-15)A| 3ol 541 AlA AFE3FA T 5 %9 FBS, penicillin-streptomycin(1
pg/me)el H7be DMEMe wiFstar, vpole] =g FAAIA 5% CO, 37T A 1
AP A7, 2-3Y Bad F 2 559 AEEREde] 80-90% Bx= &
A= AdE AxE FTHH A Rol violel~E 34819 1L, plaque assay
S 34 stk 2 9le] W2 A2 B A3 7
AlF ek Ago] A 298 A7 BALB/c(H-299
TE TuPAF) dEAtelAd (A, Far)ek sLotE (A

5

2dM 2 T8 ARG PAel B

il
s
oo
_0|L
2
=
o
o
[
off

QA7) DNA WAl A AGAZ o] &% 253} Salmonella typhimurium
2" ¥ = tste] Barry Stocker MR RE] EUH #FZ o] &3t oA
7] DNA A A3 ALGA=R o] &% Salmonella typhimurium< auxotrophic
S. typhimurium AroA- strain (SL7207) (S. typhimurium 2337-65 derivative
hisG46, DEL407[aroA:Tnl0Tc D)ol Atk o] &5 += <F=53} salmonella bacteria®™
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LB broth =+ LB agarolA #l%&g om QA ampicllin (100 gg/m)S 2o
Hlj 3k

t}. Electroporation
2 A4 2~7] DNA WAlS HF3la 91% "ZFEE} Salmonella typhimurium< A %
3t7] 9ste] AFE A ~7] DNA ® pCI-PrVgBE& electroporation® ol 2]
3to] °F=3} salmonella bacteriadll L%?iﬁ}. Electroporation§ competent bacteria
2 &48l7] 98t =3} Salmonella typhimurium SL7207F%E LB broth 3 ml
o HZF3%l%] mid-log phasedlA] 3| FstAdt. F4dE AT BTHE ice—cold
WB(WB= 10% ultra pure glycerol, 90% distilled water, v/v)E o]&3lo] F
AHetar s5E AT AFEE W 7] 70T Bastivh. Alme] F=nld
competent bacteria (1x10%)& ©.412~7] DNA ®W2A pCI-PrVgB 10 pg-0.1 pg¥}
0.2 cm cuvettedl A &E3g & A5 9o WA st} Electroporator(Bio-Rad
Pulser)& ©]&3te] 25kV, 25 gF, 200 QoA A7] 2A=& FAH. F53t Ads
cuvette L 2 H-E 3 Fsle] 2 Edd §7|2 %7|3 LB broth 1 mle %
60 #3F 37CoNA vttt vig® k53 salmonella bacteria™= ampicillin 50
we/mlel  H7td LB agardl 2Z#HYE ]  electroporation WOl  ¢]sle]
transformation®l °F=3} SL7207/pCI-PrVgBE AW atdtt. 2F=3} salmonella
bacteriat] @A 27] DNA #Ale] &A= A transformed salmonella bacteria

Z ampicillin 100 gg/mle] E3F LB brothol A 12-18A17F #] %3 & Ago 4t

Hol| F3le] Ftan= DNAE &5t £28 DNAE A3 §4F5 o] &3}
o eAl2~7] dd FHAe] EAE Sl dFEE= gy e gste] E.
coli bacteria®l transformationdt & t}A] ZE}~v]= DNAE F& o] 22 W

of 93ty 2 A~7] DNA #Hals gk ﬂ"iﬂr 3l green fluorescence protein
(GFP)& Zdst= Edk2v = DNAE °F= 3} salmonella bacteriag A 2}s}
7] 9lste] 7 wWhHo| 2]5}ho] electroporationé}oi GFP Zg~n= DNAE zt:=
F=3} Salmonella typhimurium SL7207/pEGFP.c13 SL7207/PEGFPE 4|3}
o},

rlr
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o538} Salmonella typhimuriums ©]-83Fo] A 2~7] DNA @WAle] 75 o
HEE T2 skl A= SL7207/pCI-PrVgBE ampicillin 100 pg/mle] 3
el LB brothol A 18417 St wfFstslvh. wikele] &7t 05-064 %= =
Fe oFm3t ATFE F5eted 5-10x107 cfu/100 we FEZ 5% sodium
bicarbonate-PBS & ol @A ZItt. A+ Folo] o& ot HFL 2-4A17F A
of A¥F5ES F2A7]3L flexible cannulag ©]-&3}e] Fodit}, A4 Fol= 4
A= Al Holl 2X Fdtion ojef S A Foje 16Y AL E U W
Ax o]FoHY xS Hx Z2u= pCl-neos electroporation 9 ol
3to] transformationste] A SL7207/pCl-neos 47 Fol sttt 4 F+5F
o TFFAbel 9lste] YERE WY whgol EAS AT flste] & FAL
pCI-PrVgB naked DNA 415 100 pge Slthe] 5o FAMGO =M 3 s}
o ZF A B 2 ZE&FAF & dFA o retro-orbital bleedingol] 23}

AMS Hsta, du 232 [gAE =74317] 913 vagina lavage™ 100 ¢ PBSE 9]

b

jur)

Lo

s

32

i

g3lo] s|lldon, B O HZe WM woq o= (0.1% sodium azide-PBSell
FAZE &A% T 100 mg/mloll Y1 dE3 & 10,000 rpmol A 5E7F LA EE
3 T ASAS [gASA AFEII T

95)E A Ao=m olfsto] FrjE oAl~7] I dHAS lug/welld] 2
34 3te] EF3laL, standardel & goat anti-mouse-IgG (Southern Biotechnology
Associate Inc., Birmingham, Ala) 100ng/wellS #F3}o] 4Tl 39 9% 3}
o] FRATh 0.05% Tween 20-PBS(PBST)E ©]&3te] 33 Al#sta, 3% &4
(200 pb/welDZ 37°ColAM 243k wbEA1A E2A8sith. 1Al PBSTE 33] Al
Hakar, 108] slAd| AME FAS 20 Ak A] ste] 37T oA 1417 30 wE
SAIZ1 H PBSTZ 33] Al43t9 k. Goat anti-mouse IgG-conjugated HRP(100
ng/wel)S 10002 5313 37ColA 1412 WA Z1 $ PBSTZ thA] 33] A
HatArk &29ee 713 gA(1lmg of 2,2-azinobis-3-ethylbenzo-thiazoline—6-

sulfonic acid in 25mL of 0.1M citric acid-25ml of 0.1M sodium phosphate-10u0
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Ny

hydrogen peroxide) ©]-&3fo] LA A7) 15% potassium fluoride-PBS &S
olgste] whg& AAARAT. 7 well®] F3k= ELISA reader(SPECTRAmax
340, Molecular Devices Co, Sunnyvale, CA)Z ©]-83}] 405 nmold =AH A
Softmax program®. & HAF W] oA ~7] Eo] [gGo 55 Astgh 83 <
A =7] Eo] IgG isotype(IgG2a % IgGl)9 42 A= A 2A427] 5o
IgGe WYy 593A APkt thAl standardol] £ goat anti-mouse IgG2a
T+ IgGl(Southern Biotechnology Associate Inc., Birmingham, Ala) 100 ng/well
S ol&3a, 22 A EE  goat anti-mouse IgG2a-conjugated HRP
(IgG2a-HRP) =+ goat anti-mouse IgGl-conjugated HRP(IgG1-HRP)E o] &3}
A Atz A el A ~7] Eo] IgA+ biotinylated goat—anti-mouse IgAS ¥
a0 37CeAA 2A1ZF EoF Wi = thA] PBSTE Al W AlFSAL
peroxidase-conjugated streptavidin® o] 72 Wol oslo] dHAlAl 7T}

vl A= WY T AMEFE Aol E711 A4t profile

QA 7] Bo] e whgste] THEZFE Ait= = AL EgR1e] Al <
a7] flste] kA 7l npel 2 W] ojste] QA7 Kol TA

s AT FAANAEE 2lelr) Sdete] FAe AEAA g A

2

0%,

ot
Wl o
1

M

o
&
ol
lo,
Q
Q
fet
i)
1>
>
>
>
Y
o
=
o
o
ax
rif
ol
K
z
m
Ll
MN
=
ol
4t
ui

RBC lysis soln.(NH4CI-Tris)& o]-&3le] AEF+E A A3 10% FBS/RPMI 1640
A A 3 meoll ThA] H-f Al7]13L, metrizamide 2 mlo] T 15 ml tubedl H]ZFA 3E
Fid 1 ms ZAEHA SFFoEN FAAANAEE Fvetdrt. EHo] =
o] AA ¥ RPMI 16400 FAAAMEE AF+ AlAH UV-inactivated <
A7) Gl A 39l (cytokine assay) & 3AIZF B AFAA A 2T dd I

Kol

d FAAAAEE FRleAT v MEe 7 Ada HY sEEFE 2
THE AE3Y] meshs ol&ste] AMEE Fd53

RBC lysis soln.(NH4Cl-Tris)2 ©o]&3le] AEFE A ASL 10% FBS/RPMI

1640 wiA1ol Ffrste] AEE FHISAT. APCS} Hxge] £5 F4sto] APC

= 1x10° cells/m 2, FZ = 5x10° cells/ml 2 34 3te] AL-g319 o)
THE FAAA Axe HbgE v 2 Pxd A EXE dAHE(51, 251,
1.25:1)% &3 ato] 37T, 5% CO, wik7]olA 32Uz wiekatieh. A o xaol
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+ concanavalin A(Con A)E 5 pg/mlE A @ dte] Fx|edtt A=HE oA A7)
5ol T AZERy AYits= Apol=7k9le] 2 ELISAWR oate] 43
t}. ELISA plate= anti-mouse IL-2, IL-4 2 IFN-v SA|&2 4Tl A =4 #
2)8to] A& th ELISA plate® PBSTZ 33 AlH&ta, 3% &A1 42 A3
37CAAA 2A17F A= E=ZAsEh v A=A 3 standard cytokine protein<
A st 1A 30 & Wittt thAl PBSTZ 33 Al 8kal biotinylated
anti-mouse IL-2, IL-4 % IFN-v ZA& A th3 4Tl shEw #2359
t}. ELISA plateZ Al #3}al peroxidase—conjugated streptavidin® 3 7}3}aL 14]
LFogE 1A gedor wAAAY b welle] F¥X=E= ELISA reader
(Molecular Device, USA)E 405nmoll 4] =4 3le] v AL} PZFo A AAake
cytokine IL-2, IL-4 2 IFN-v¢] 4& Aitatdoh

s

AL FAAE

D AEE 54

k=3l Salmonella typhimuirum< ©] &3] QA ~7] DNA WAlS A 4
W RATES T T HEA AT vpoly s el tig W] WMYge WEA
vtol 8] 25 YangsanT& H|Z Fol Fo=x Hsido 72 APz st
H 5 4dAd RE AYs Ay o averting H7 Wl Fste] dal whH
A7 o, HAA oA ~7)Hlo]l 8] A~ YangsanTE H| 4 HZGLDsystdch B2

_‘ixﬂ—’:?’]ﬂ}olﬁ Eags ? HALE AsE e off Mol e FE
A EAS= A vlol Y =9k plaque assayel 9ldto] FA3AT 2
A2~7] wroly 2~ 7l $ 1294 APEES] HxASs s dEE Hx
e 22 24ste Y22 1 mg/PBS 1 ol 2
FEES AXSAT. 4T, 13,000 rpmoll A 94 ®EEd T S AE 3|4 &

PK-15 45 AE5 ol&3te] 4390 EAsts 294 nelel29) ¥ plaque
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2. 458 AFLEREH EaVS DNA Hao FAANALE
o % 4

7h B A A 2] H

ok=3} Salmonella typhimurium SL72075F o] &A13t= A~ 7] DNA #WAl
o] FAAAMER o]Fst= A& ST flstel 54 ll iy AlEE o] &3Sl
o B gAAMEs AFFES 3% (v/v) thioglycollate mediums &7 5

AFSEAL 48A1ZF Fell it RPMING40 wiAE H7u Fste] mpabA] S &
WAAEE St slad 54 g2 A EE A= RPMII640H A = A &

3L 37Tl A 2417 Ft wFste] wijk &7] whdte] A 5 QA sk
upehel] RAE 2] e AXw FAATE EojdA &2 #AE ol &ate] 7 W A

Agrozn AAS By dAALE 2ueka

o

. of=3st Alit 5 e % DNA 92l o] & &4

TrlE 87 g HELE GFPE 2dsts Zetav = DNAE ZH= salmonella
bacteria, SL7207/pEGFP.c1¢} SL7207/pEGFPE  Z}ZF 20 moi(multiplicity of
infection)F+ 22 A 7121 307 ThA] wfjdetaith e E 5 tiAAE
Mz A= F oW Mgt AEe AT Fol7] fste]l 50 pg/ml
gentamycing F7lsle] 4A17F O wl <SSkt thAl 10 pg/ml tetracycling %
AW Al F2S AAleaL 30-485<t o wjdste] GFPe s #Fk=std
kS mhxl F oujer mMiAE A AL AR PBSE o] gate] A W AHE 1
M ERANA GFPY & & 3| 21 7] (flow cytometer)Z ©]
Sote]  EAEAT A A2 dHAEe W w7l anti-CD11b-PE
(Pharmingen)& ©]-&3&t3itt 3548 57 dAAEE 1A 01%3}04 LA g
% FACS buffero]l A@E 3k § anti-CD11b-PE 0505 3L 4027 A5l Al
Akt A v Sold AdS A7 #18te] Fc blocking reagent7]- Xz

stEl Aol A dAEAT. AdE AEE Al FACS bufferE o] &3te] & A
MAstaL A ARG o] &sle] LAAZ] F flow cytometerE ©]&3dlo] A|E

W GFPS @< 24 3gch.

4 ol

F
il

frt
o2
1=
e
-
Ho
>
el
r-1u:
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th AAY DNA WA e 24

o= 3} Salmonella typhimuriumel] €3 @ A]2~7] DNA W Ale] A W #
< HAeRE FHE7l  fsted GFPYd Egb~v|= DNAE %
SL7207/pEGFP.c1& ol&3tel 7 Fof F A ol GFP 23 AX=S flow
cytometrydll 2|8l F4 319t} SL7207/pEGFP.c1S 5-10%10" cfuS 5% sodium
bicarbonate’} ¥3td PBSo| &EAIZI ¥ cannulaEs o]&3te] Wy A5 E
877 3}%5} T e 29 Ao R A ¥ AA Fofaglon wpA
Fo &5 X713 ¥ ZAE Peyer's patch(PP) % lamina
propria(LP)i’J AEZE LAt g AEe oA Aad BHd w3t &
13l oL, PPE A% ## Q= =39 Peyer's patchES HA LS o] &3fo] wof
o] meshE o] &3}o] Peyer's patchZ45E a3 AEXEE #8389 Lo &
Aats AxE 722 23S dQsta 05 mM EDTAS &35t HBSSE o]

iy

rie

p

é
=
i1t
el
off
i
filo
ot

43l T W H#3 ohS collagenase’t EEE RPMI16400] 2] 37Col Al 180
rpmo 2 EEWA 2AS Bsdct EE 24 AZRE ol gste] W AR
I g Al 2-3%3F AR T R EA &S A AAS T FTAs 44
e ste] btk AEE ZEadnh o9k ol FulE MIFAIE PP % LP Al
Ee aANS olgstel 1A A7l F v EHlE AEZES 100 @ FACS

71 &4 CD11b-PE, CDllc- x
AelA FHS FAsATE AR dME A EE 9A] FACS buffers 1%6}04
T oA A g A aAH RS o]

al
9188 flow cytometerE ©]&3Fo] A3

3. 2A27] FY &F ol ulolB X A F

A7 FY wd F2 AREA ol :-nHlo] 2 ~(replication-defective
adenovirus)E A ZFsl7] 918Fe] Gateway cloning Wi ol 93t Az At A
HA Gateway cloning™Holl 2]&}e] A 23}7] 98] ©] &%= entry vector,
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pENTRI11(Invitrogen)& ©]&3te] pCR-Blunt I-TOPO®= ¥E EcoRIS = =]
sk & F2Y3to] pENTRI11/PrVgB, pENTR11/PrVgC % pENTR11/PrVgDE A
zZtstdtt. AlFE ZF entry  vectors  Gateway LR clonase  enzyme
mixture(Invitrogen)E ©]-&3}¢] destination vector pAd/CMV/V5-DESTe®| 2 A
27 Rl TAAE 7 pAd/CMV/V5-DEST/PrVgB,
pAd/CMV/V5-DEST/PrVgC % pAd/CMV/V5-DEST/PrVgDE Al #staith. A
2+€l 7247+ ¢] destination vector: inverted terminal repeat(ITR)E =%A17]7] 9
gto] Pacl A& 4w Agstar A% ottlwmntolg 25 A Astr] flste] Az
g otdlmnlol g 2~ AE AIEF 293A A3l trasnfectiondte] 8-10 ol Al E

Wyl @gol vehbE A2 obdlwutel szl 2R AZHFAL 555

ot 3ad H}O]Fﬂi\- Hj Qo & ThA] A ZE 2093AAM|ES] THAAA AEHEH A
S FES F tA] vlold ~E Fastomy dlojy o] 4GS FUMAAT 2 W
o] blind passages 3l T7F¥ wlo]¥2=E 3] 43}al plaque assayol ©|sto] 3

b
Felol Qi wele 2ot e S} (Fig. 4-1).

AZF olti=nlolg] 2o 2osle] WHE = A7 Yo WdES western
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PCR product of full ADV Ag gene i
gll(gB) 2805 bp 5
glll(gC) 1561 bp d 1
gp50(gD) 1289 bp

PCR cloning

ADV Ag gene

]

EMTR™1 |
o
EcoRI digest l EcoRI digest
EcoRI-cut fragment
l T4 DNA ligase
ADYV Ag gene

It EMTH "1
= me
— 1

l Gateway LR clonase

enzyme mix reaction

ADV Ag gene

R
[
ma=

!

Digest the purified plasmid with Pacl to expose the ITRs
and transfect the 293A producer cell line

Fig. 4-1. Procedure of construction of replication—defective adenovirus

expressing pseudorabies virus antigen (gB, gC, and gD).
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4. 2A£7) F9 L otdHxulo]E 2] WALA

GCERIFEE
AAE Az obdlevlolel s @ Axy] Eo] WAANS BT $lat]
TH ¥ ofdlmuboldnE MZF Fo] T

= 3}
th 5x10° pfu/100 = Al vpolel o] kS AT T it AFEE] vty =
W

==
% 0 7 ool 50 WA FA ST B A% pAez A Wl 3
A FAHAT W Fod @ o HEL 5<10° pfu/20 wel FEI} HES
Zolo] avertino @ U APEEL AN 2uR dlolAE WG Fold
1

& 27 [gAE =A3t7] 93 vagina lavage®= 100 ul PBSE 9]
gdow EHWE Mz WS oy olF 0.1% sodium azide-PBSY

& 10,000 rpmoll A 5E7F A EY

-
X
il
N
ol
ot
i
—
o
()
B

B
S
=
ot
K
ol
)
<
ot

t}. Alo]E 7}l AAF profile

QA 2=7] o]l T AEFE AiE= Ab]EFEQD A4 dabe] 741 koA
7l=E mpel Zol FPHIAY. A 2T Fo] T AXE AS5A]717] 9138 FdA
A A E = metrizamideE o] &3 5% Frujiel oste] F=Hlstal oAl ~7] Fdo
2 Agd vy ol &5ttt FHlE FAAANAEE Wdgstd AdPdsES] HvA
AE v "Jxd Axe dA v&2 33 £ 3¢9 7F st o v
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FeEE Aol EAR] FE oA EE W 2 el olate] A
o,

2. T4

9 A7) &9 wE opdwnpole] A €5l = Wel whge] wol &

Fomm ¥4 YL FASAT 49 PHI AT 24 B4 J1%n 9
o Fahe] AT}
5. %20 DNA B3 old=nol 28 o §3 Lg-R2E FF

©A27] G B@ oluwmrtole g o] §3 mebel-
BrE JFe 97U o A wel AR WAH FozA FaH e
A 2Alz7] DNAWA Ei Az obdpole] 2% ol g3k thAl ¥2EA
oe el WA oy gFel ol gaArh. eAlz7] DNA BAS AED G
100 e 2% FANGARL, A%F obdlmntold 28 4FF W 5210° pfud 2
%yl FAbetel Wesl sglth 2427 DNA WA 2As7] e 3@ ofd
wubol 28 o] §3 Zehel HAE HFS F 1IERC) Ws ZEEIe 44

H
stol FaET. 24 AYE Eefel-RiE PF Z2ERES b Table 4-13%

QA 7| vfol g 25 o] &3le] ELISA plateE ZH®WAL, 1 ¢ ALEdH IFAES
goat anti-mouse-IgG¢} goat anti-mouse IgG-conjugated HRPE ©]-&3}o] <

7] ol FAlo| £7E 439
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Table 4-1.

Protocols  for

prime-boost vaccination using DNA vaccine

(pCI-PrVgB) and replication-defective adenovirus (Ad/PrVgB) expressing gB

of pseudorabies virus.

No. of .

protocol Prime Boost #1 Boost #2
1 pCI-PrVgB(D) pCI-PrVgB(D) No(X)
2 Ad/PrVgB(V) Ad/PrVgB(V) No(X)
3 pCI-PrvVgB(D) pCI-PrvgB(D) pCI-PrVgB(D)
4 pCI-PrVgB(D) pCI-PrVegB(D) Ad/PrVgB(V)
5 pCI-PrVegB(D) Ad/PrVgB(V) Ad/PrVgB(V)
6 Ad/PrVgB(V) pCI-PrVgB(D) pCI-PrVvgB(D)
7 Ad/PrVgB(V) Ad/PrvgB(V) pCI-PrvVgB(D)
8 pCI-PrvgB(D) Ad/PrvgB(V) No(X)
9 Ad/PrVgB(V) pCI-PrVgB(D) No(X)
10 pCI-neo(C) pCI-neo(C) pCI-neo(C)
11 Ad/LacZ(L) Ad/LacZ(L) Ad/LacZ(L)

D: pCI-PrVgB

V: Ad/PrVgB

C: pCl-neo—empty control vector

L: Ad/LacZ-recombinant adenovirus expressing [-galactosidase

X: No—- not administered

t}. A
A

A 7E

o] &7}l A4t profile
7] o] T AE=EHEH AitE = Alo]E71Qle] A
H el F=5ke] AAEATH
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=
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oo
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angsanT2 10LDsE v &

Ao HArje] ol HhE e Eepg-RrE Z2EFS R

A3d dn 2 1%
1. %¥=3} Salmonellag ©] &3 Z &7 = DNA B delivery

7h 84 2 A9 24 W 3 5ol wE

S AI~7] DNA HAlel A dDAzr oF=3} Salmonella typhimurium
SL720759] &%& #W7ksky] flste] Al%E SL7207/pCl-pRVEB,E & AL
2 A Wl AA A Folakdth olek 22 AT Fol= 16Y AR
of 24 FHHAJT. 7 AT Fol F 7dA A o eAlxT] Fol A s

-
439tk ©% FAo 9@ WYshe pCLPrVgBE sty 2%

'

D FAVE
oM #RHU BY W eA27] ol A gGE F wA Agst TR
AEH7] Azskel A Al v MANA dsk Be oAlxT] Hol FAY FE
& 7tk elu SLT207ACI-PrvgBel 4T Felol oste] fEsE #3
W oAl27] Bol IgGel $F& THFAS wmste] we £Foz PEHUT

(Fig. 4-2). B2 A9 240 £H¥ = 227 5o IgAd 55 43 2
% pCI-PrVvgBE %54 & 23t Awr 240 oA ~7] 5] IgA7t A& 4A
g+ WhHol, SL7207/pCI-PrVgBE 47 Fogt aAFdAe S5 49 24~
7] Eo] IgA7} AEHAY (Fig. 4-3). webA, =3} Salmonella typhimuirum
SL72075 ol&stel @A~7] DNA #WAls A+ Foatd 4 ] 2A=7] 5ol

IgG Wg Bk o A 24 g 242 Sol IgA WEE WA fED 5
=
T

=

ARG 28, EEFAE =8 59 83 U 2
g 4 oy Hul 2AY oA~ o] AU WY =% & gl
w3 g3 W eA~A7] Eo] IgG isotyped ®EES EAE Ay}
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SL7207/pCI-PrVgBel 727 Foli& IgGle] A4to] IgG2a A4t Bl =2 whdd
o5 FAE iR dERsth wEbs] SL7207/pCl-PrvgBell o s AT Fof
[gG2a/IgGl HI &S FraH o] vetg o, & FA= F7id ez Uew
(Fig. 4-4).

fr

i

=3} Salmonella typhimuirum SL7207S o] &3] oA ~7] DNA #WHAS
AT Folg & Uehue AlxEg A 542 oA ~Y] Sol T AXEFE &
H] &= Apo] BRI AAbS EAFozA v SL7207/pCl-PrVgBE
T Fo A HH A4 ~7] So] T MEZHE AEE= Alo]E71ele IL-29
IL-4 A5hs oA e® IFN-vET Fo] A= Ao yeutth a8y,
A 2=7] DNAW O] 5-F Aol o]ato] AibE = Aol E7FQlS A% o & IFN-v
7V =A SAEAG. webA, SL7207/pCl-PrvgBell os A4 Fo= A ~7]
Eo] whg-o] Th2-typeRt$ o2 FEsE Aog wo Xt} (Fig. 4-5).

o

o},

o
iy

A

D AEs A3
k=3l Salmonella typhimurium SL7207E o] &3}e] 9 A|~7] DNA WAl&
AT ol F UEve WY wkgo] WEA exlaTvtole s e tigh whol
aHE F487] fletel ¥EA eAz7|vteld 2 S5LDspE AP WY s $ 15
Ao v Fo] sttt A7) DNA WMAE & FAgE 4 9ol =
625%¢ AEES Hol F3a SL7207/pCl-PrVgBE 7 Fogt 7 fol &= HT}
oFgt o] §} 125%9 AEES Ho] F (Table 4-2). 19 #2

el
= g Addeeol tistol S8 Wol 23E FofshA ZedARt

Ho
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Fig. 4-2. Systemic IgG induced by the oral transgene vaccination with
Salmonella carrying the PrV DNA vaccine or an intramuscular injection (i.m.)
with the naked DNA vaccine. Groups of C57BL/6 mice (n=7) were immunized
either mucosally (oral) or systemically (im.). Seven days after each
immunization (1> 2°, 3°, and 4°), the PrV-specific serum IgG were measured
by ELISA. The each spot in the graph represents the Abs levels at 7th day

following each immunization.
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Fig. 4-3. Mucosal IgA responses induced by the oral transgene vaccination
with Salmonella carrying the PrV DNA vaccine or an intramuscular injection
(im.) with the naked DNA vaccine. Groups of C57BL/6 mice (n=7) were
immunized either mucosally (oral ) or systemically (im.). Seven days after
each immunization (1°, 2°, 3°, and 4°), mucosal IgA in both vaginal tract and
fecal samples were measured by ELISA. The each spot in the graph

represents the Abs levels at 7th day following each immunization.
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Fig. 4-4. Distribution of systemic IgG isotype induced by the oral transgene
vaccination with Salmonella carrying the PrV  DNA vaccine or an
intramuscular injection (im.) with the naked DNA vaccine. C57BL/6 mice
(seven per group) were immunized mucosally (oral) or systemically (i.m.) with
Salmonella typhimurium SL7207 harboring Prv DNA vaccine
(SL7207/pCI-PrVgB) or naked plasmid DNA vaccine (pCI-PrVgB). Seven days
following the last immunization isotype distribution of serum PrV-specific IgG
was determined by conventional ELISA. The each bar represents the average

S.D. from seven mice per group.
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Fig. 4-5. The profile of cytokine production (IFN-¥%, IL-2, and IL-4) from
splenocytes of animals orally immunized with Salmonella carrying the PrV
DNA vaccine or an intramuscular injection (i.m.) with the naked DNA vaccine.
Two weeks following last immunization, the responder cells from immunized
mice) were mixed with irradiated syngeneic enriched APCs that had been
pulsed with UV-inactivated PrV and then incubated for 3 days. The levels of
cytokines in supernatants of stimulated T cells were determined by cytokine
ELISA. The test was done in quadruplicate wells. Each bar represents the

average and standard deviation from three independent experiments.
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k= 3} Salmonella typhimurium SL7207& ©]&3fe] <2 #|~7] DNA WAl&
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pCl-neo WIZWHZ 5
2 g%e pCl-PrvgB
£3te] 94 ~7) DNA #Al Z
HE S SL7207S ©] &3} 15 (SL7207/pCl-neo) ¥} vl alsle] 7ha
d A9 wolgla TS Hol Fou BAAY A FoAHE RAFI X

Atk (Table 4-2).

e

2. F=35 AFOoZRE ZT#Au= DNA 929 FJUAANNLZ o %

A

o= §]r Salmonella typhimurium SL7207& ©]&3lo] @ A|27] DNA #AlS
AT o ¥ yeue Wy whgd o] woo] fid £ W ow ofn3t
Salmonella bacterias ©]-& 3 DNA #A1¢] A+ Fof 9o DNA #21¢f o5 4
22 42 g By S 71H A 07 green fluorescence protein (GFP) @3 Zap~
"= DNA zr'+ 9kE3} Salmonella typhimurium SL7207S A Ztsle] 1HH Aoz
FA39T A AR B gAAEE EEste]  SL7207/pEGEFP.c
SL7207/pEGFPE 4 A7l 574 o2 AlZxdelA e GFP ZdE flow
cytometry S o] &38to] 43 A3 SL7207/pCl-neoEs 727 Fo 3 A$9f vl
sto] = EHAl SL7207/pEGFP.c1¥ pEGFPAlA 3ol de] dtdo] {fEH &=
7

As &g 5 A (Fig. 4-6).

B RHAEE o &7 W

e

o AA W dE 24 ) gy 24
ek =3} Salmonella typhimurium SL7207S o] -&3Fo] @ A4]2~7] DNAMAS 7
T Fo 3 T AaA A 224 | FAAAAME HelA g FHS 7HHAHe
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2 Z9el7] f1ske] SL7207/pEGFP.clS Z7-Fols & 54 A v AxEE v
%3to] Peyer's patch(PP) % lamina propria(LP)o|l &A]sl= A A A E
CD11b+, CDllc+ A2EdelAe] Fgawade]l BdS flow cytometryol] o3t
43199 th CD1lb+ A9} CDllc+ M¥ET SL7207/pCl-neos 74+ Folsh 74$-
o wlalete] SL7207/pCl-PrVgBE A7 Foatds wl ®Boh S7Fd 3 A=E
Ho] FAr} o] 9F53l Salmonella bacteriaZ ©] &3t A4 Fojd oA~

DNA #iilo] aA 2 22 dxx2 9 FAAANMEINE FAA IS TS

T AsS 9r ¢ (Fig. 4-7 and 4-3).

3. 9427 F9 B ohelxrtold 2 A L WALY B

7h @ @d ofdwnpol 2~ Al #

o A~7] 3 WE oldxulolg A= Gateway cloning ®HS o] &3] A
25 9lth Entry vector pENTRI119] 24 2~7] &0 F%4 gB, ¢gC 2 gD
HAAE FE2Yslal o] destination vector pAd/CMV/V5-DESTO| LA ~7] 3
4 FHAA™E &A pAd/CMV/V5-DEST/PrVgB, pAd/CMV/V5-DEST/PrvgC %
pAd/CMV/V5-DEST/PrVgDE Al &3ttt (Fig. 4-9). #12t¥ destination vector
= 293AAME) transfectiondt ¥ replication—defective adenovirusE 3|43} th.
Al o wmnpol g 2ol o)ste] QA A7 Fel F FHE western blot?

RT-PCR ®Wel fsto] gtelstsivt (Fig. 4-10).

4N
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Table 4-2. Summary of virus challenge in animals immunized with attenuated Salmonella typhimurium SL7207 carrying

PrV DNA vaccine®

Route of ~No. of mice survived/No. of mice challenge (%) Avg. time of Titer of infectious virus in brain”

Immunogens ) o . L
Immunization do a3 a6 d10 di12 death+SD tissues (pfu/g brain tissue)
SL7207/pCI-neo oral 8/8(100) 8/8(100) 4/8(50.0) 1/8(12.5) 0/8(0.00) 6.8 £+ 2.5 173 £ 114
SL7207/pCI-PrVgB 8/8(100) 8/8(100) 6/8(75.0) 3/8(375) 1/8(125) 89 + 3.2° 121 + 68°
pCI-neo 1.m. 8/8(100) 8/8(100) 5/8(62.5) 0/8(0.00) 0/8(0.00) 6.1 £ 1.8 218 + 134
pCI-PrVgB 8/8(100) 8/8(100) 7/8(87.5) 5/8(62.5) 5/3(625) 12.1+ 4.9° 66 + 30

? CH7BL/6 mice (eight per group) were immunized mucosally (oral) or systemically (i.m.) with Salmonella

typhimurium SL7207 harboring PrV DNA vaccine(SL7207/pCI-PrVgB) or naked plasmid DNA vaccine. Fifteen days
after the last immunization, animals were challenged in. with virulent PrV Yangsan strain (5LDsy) and examined for
inflammation, illness, and death.

> Brain tissues were incised from challenged mice after 12-days post-challenge. The titers of infectious virus were
determined by plaque assay after weighing brain tissues and preparing tissue soaps.

¢ Not significantly different from values obtained from mice immunized orally with SL7207/pCI-neo (p=0.07).

4 Significantly different from values obtained from mice immunized i.m. with naked pCI-neo (p<0.05).

¢ Not significantly different from values obtained from mice immunized orally with SL7207/pCI-neo (p=0.16)
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Fig. 4-6. Expression of GFP in peritoneal macrophages (CD11b+ cells). Three
mice per group were inoculated intraperitoneally with 10°-10" Salmonella
typhimurium  SL7207  harboring one of the following  plasmids:
pCI-neo(SL7207/pCI-neo), pEGFP (SL7207/pEGFP) or pEGFP.cl
(SL7207/pEGFP.cl). 2 days after the inoculation cells were collected from the
peritoneal cavity and the expression of GFP was determined by flow
cytometric analysis. Characterization of the cell subset expressing GFP was
done by two-color fluorometric analysis after staining with PE-CD11b
antibody. The histograms display GFP expression by cells gated as positive
for CD11b(Mac-1). The figures in graph are averagetSD of three mice.
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Fig. 4-7. Characterization of in vivo S. typhimurium-mediated DNA gene
transfer to APCs in orally vaccinated animals. Expression of GFP in
macrophages (CD11b+ cells) was determined by flow cytometry in spleen,
Peyer's patch (PP) and lamina propria (LP) of mice receiving the S.
typhimurium SL7207 strain carrying either control vector pCl-neo or GFP
expression vector pEGF.cl. Cell subsets expressing GFP were identified by
two—color fluorcytometric analysis after staining with PE-CDI11b antibody. The
histograms display the representative GFP expression by cells gated as

positive for CD11b(Mac-1). The figures in graph are average of three mice.
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Fig. 4-8. Characterization of in vivo S. typhimurium-mediated DNA gene
transfer to APCs in orally vaccinated animals. Expression of GFP in dendritic
cells (CDllc+ cells) was determined by flow cytometry in spleen, Peyer’s
patch (PP) and lamina propria (LP) of mice receiving the S. typhimurium
SL7207 strain carrying either control vector pCl-neo or GFP expression vector
pEGF.cl. Cell subsets expressing GFP were identified by two—color
fluorcytometric analysis after staining with PE-CDIllc antibody. The
histograms display the representative GFP expression by cells gated as

positive for CD1lc. The figures in graph are average of three mice.
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Fig. 4-9. Construction of pseudorabies virus glycoprotein antigen—encoded
entry vector for recombinant adenovirus. EcoRI fragments of pCR-Blunt
[I-TOPO vector encoding PrV antigen(pCRgB, pCRgC, and pCRgE) were
subcloned into pENTR11 entry vector which could be used for Gateway
cloning technique. A and K; size marker, B; pENTR11/PrVgB uncut, C;
pENTR11/PrVgB EcoRI cut(2,805 bp, 2,321 bp), D; pENTR11/PrVgB Sall
cut(2,586 bp, 2,40 bp), E; pENTR11/PrVgC uncut, F; pENTR11/PrVgC
EcoRI cut(2,321 bp, 1,561 bp), G; pENTRI11/PrVgC Kpnl cut(1,074 bp,
2,808 bp), H; pENTR11/PrVgD uncut, I; pENTR11/PrVgD EcoRI cut(1,289
bp, 2,321 bp), J; pENTR11/PrVgD Sall cut(579 bp, 3,031 bp).
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Fig. 4-10. SDS-PAGE and western blot for identification of PrV gB protein
expressed by replication—defective adenovirus. The expression of gB (~100
KDa) was identified by western blot using polyclonal antiserum against gB
protein, following in vitro infection into NIH-3T3 cells. Lanes: A and H, size
marker; B, cell lysate control; C, Ad/LacZ-infected; D, PrV-infected; E,
Ad/PrVgB-infected (24 h); F, Ad/PrVgB-infected (48  h); G,
Ad/PrVgB-infected (72 h). The relative positions in the gel of predicted size

are indicated on left side.

AR Az Y wd obdwntolne] FAGL AT sk
5<10° pfug ZHFAG F e eAl27] 9 5] IgG e ¥4
o1z Wdgsk $ oAzFE Al b FY 2™l Ad/PrveB, Ad/PrvgC =
Ad/PrVgD 2% 949 gl A whgol dEHAt sk 2 P wge
27t 2 33 wes & @A A2 ol FA ol AFsdnt (Fig.

4-11).
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Fig. 4-11. Systemic PrV-specific IgG levels induced by immunization with

replication—-defective adenovirus expressing gB (Ad/PrVgB), gC (Ad/PrVgC),
and gD (Ad/PrVgD). Groups of C57BL/6 mice (n=7) were immunized im. with
replication—-defective adenovirus. Seven days after each immunization (1°, 2°
and 3%, serum PrV-specific IgG levels were measured by ELISA. The each
spot in the graph represents the Abs levels at 7th day following each

immunization and the each bar shows average of individual group.
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Fig. 4-12. Distribution of serum PrV-specific IgG isotypes induced by
immunization with replication-defective adenovirus expressing gB (Ad/PrVgB),
¢C (Ad/PrVgC), and gD (Ad/PrVgD). Groups of C57BL/6 mice (n=7) were
immunized 1m. with replication—-defective adenovirus. Seven days after last
immunization, serum PrV-specific IgG isotypes (IgG2a and IgGl) were
measured by ELISA. The each spot in the graph represents the Abs levels at
7th day following last immunization and the each bar shows average of

individual group.
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Fig. 4-13. The profile of cytokine production (IFN-¥%, IL-2, and IL-4) from

Ad/PrVgD
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splenocytes (ABC) and popliteal LN cells (DEF) of animals immunized with
replication—defective adenovirus expressing gB (Ad/PrVgB), ¢C (Ad/PrVgQC),
and gD (Ad/PrVgD) of PrV. Two weeks following last immunization, the
responder cells from immunized animals were mixed with irradiated syngeneic
enriched APCs that had been pulsed with UV-inactivated PrV and then
incubated for 3 days. The levels of cytokines in supernatants of stimulated T
cells were determined by cytokine ELISA. The test was done in quadruplicate

wells. Each bar represents the average and standard deviation from three

independent experiments.

- 181 -



im.

im in Lo
~ 1000 ~ 25000
E 10 8 8 20
@ o 2 200004 §
= 750 o
@ 3
S o 5 15000
E 500 E
2 2. 10000
> >
£ n‘é 5000
g
5 § oA
s N 2 N A N M N
) o o0 o on Q on o
> s > s 2z S > <
5: 5 . e E g — d
5 2 5 3 s 2 5 3
< < < <
im. in.
~ 150000
£ o) 30
eh
a
E’n 100000 -]
Q
b=
Q
7 50000 — o)
z
=}
£
2
g 0 - o—
M N m N
j“\c* 3 % 3
2 < 2 <

Fig. 4-14. Systemic PrV-specific IgG levels induced by either inramuscular or
intranasal immunization with replication-defective adenovirus expressing gB

(Ad/PrVgB). Groups of CH7BL/6 mice (n=7) were immunized im. with

[0
’

replication—-defective adenovirus. Seven days after each immunization (1°, 2
and 3°), serum PrV-specific IgG levels were measured by ELISA. The each
spot in the graph represents the Abs levels at 7th day following each

immunization and the each bar shows average of individual group.
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Fig. 4-15. Distribution of serum PrV-specific IgG isotypes induced by
immunization with replication-defective adenovirus expressing gB (Ad/PrVgB)
via intransal and intramuscular route. Groups of C57BL/6 mice (n=7) were
immunized im. with replication—defective adenovirus. Seven days after last
immunization, serum PrV-specific IgG isotypes (IgG2a and IgGl) were
measured by ELISA. The each spot in the graph represents the Abs levels at
7th day following last immunization and the each bar shows average of

individual group.
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Fig. 4-16. Comparison of mucosal IgA levels induced by either inramuscular
or intranasal immunization with replication—-defective adenovirus expressing gB
(Ad/PrVgB). Groups of C57BL/6 mice (n=7) were immunized with
replication—defective adenovirus via either intramuscular or intranasal route.
Seven days after last immunization, mucosal PrV-specific IgA levels at both
vagina tract and feces were measured by ELISA. The each spot in the graph
represents the Abs levels at 7th day following each immunization and the

each bar shows average of individual group.
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Fig. 4-17. The profile of cytokine production (IFN-¥%, IL-2, and IL-4) from

splenocytes and regional LN cells of animals immunized with
replication—defective adenovirus expressing gB of PrV via either intramuscular
or intranasal route. Two weeks following last immunization, the responder
cells from immunized animals were mixed with irradiated syngeneic enriched
APCs that had been pulsed with UV-inactivated PrV and then incubated for 3
days. The levels of cytokines in supernatants of stimulated T cells were
determined by cytokine ELISA. The test was done in quadruplicate wells.

Each bar represents the average and standard deviation from three

independent experiments.
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1) Anamnestic IgG 9%

eAl27] F9 gB WA obdlwutele 28 olgste] A WMol AA THFA
9 oEg Fol@ F WEAY eAlzvlmteles 10LD50S M FoFoEA 19
AZT. 3 % 304 dEE anamnestic IgG W83 A 2HUel [gAE
4 % A% 9A27139 B opdlwptold 28 WY Tl At THFA
@ A% wE AR Fe) 0AL] Hol Gk AEAAG. T, AT 22y

A27) Hol Igh® ZA5A opdmutel e 25 W Fold Agol nrt me

[e]
F9 [gAS Ho] FAut (Fig. 4-18)

60000 125

50000 100

40000
754 O
30000
20000

10000

serum PrV-specific IgG (ng/ml)
vaginal PrV-specific IgA (ng/ml)

in. im. Ad/LacZ in. im. Ad/LacZ

Fig. 4-18. Anamnestic PrV-specific IgG responses determined at 3-days
post—-challenge with the virulent PrV Yangsan strain. Animals were immunized
with replication-defective adenovirus expressing gB via either intranasal or
intramuscular route three times at 7-days interval. Two weeks after the final
immunization, groups of anaimals (n=7) were challenged in. with the PrV
Yangsan strain (10LDsy)) and the sera were then collected at 3-days
post-challenge. Conventional ELISA was used to determine the levels of the
PrV-specific IgG in the sera. The spots in graph represent the individual

serum IgG level and bars show the average of each group.
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Fig. 4-19. Susceptibility of the animals immunized by replication—defective
adenovirus expressing gB via either intransal or intramuscular route. Two
weeks after the final immunization, groups of mice (n=7) were challenged in.
with the PrV Yangsan stain (10LDsy). The challenged mice were examined

daily for any signs of inflammation, illness, and death until 14-days

post—challenge.
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ARE= F 339 HFol 23 TREZS AASA T (Table 4-1). A" Zg<)
-H2E HJF ZEEZ Sto] 13 23] 4 33 JFI F AFY AR o
A7) 5ol IgGel F&& 977HA FHadrh 1 A3 13 HEA A2=7] &
A gB & oldmmtol Y AE o] &3la 2389 33 HEA eAl~T] Y gB F
@ DNA ¥l o] &std 7hd 58 A 2=7] 5o] IgG ¥hgo] 2 AFt A%

2
4% %9 ¥+ AN (Fig. 4-20).

2) @A isotype &4

QA7) DNA #4l pCI-PrVgBet @A|~7] 3¢ gB wd o}uwmnfo] g~
AdPrVgBE o] &ste] Zepgl-H2E HF & yeues eAl27] 5] IgG v
9] isotypes A3t 33 EF DNA #WATHS o] &3 Ao 7MY =& 4
9 IgG2a/IgGl ¥ &S HAx, /Mg 9578 2427 5ol IgG ¥h&& B9
Ad/PrVgB(V)-pCI-PrVgB(D)-pCI-PrVgB(D) Z2EZFL Aoz &
IgG2a/1gGl W&S& ®o F} (Fig. 4-21).
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Eo] IgG &S Heol F99 Ad/PrVgB(V)-pCl-PrVgB(D)-pCI-PrVgB(D) =
EE—é—ﬂ' pCI-PrVgB(D)-Ad/PrVgB(V)-X ZT2EZo| -3 A4S Yeldot
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Fig. 4-20. Trends of systemic PrV-specific IgG levels induced by heterologous
prime-boost vaccination using both PrV DNA vaccine and replication—-defective
adenovirus expressing gB. Groups of C57BL/6 mice (n=7) were primarily
immunized with either PrV DNA vaccine or replication—-defective adenovirus
expressing gB and then boosted with alternative vaccine type. Prime-boost
vaccination was performed three times at 7-days interval. Serum PrV-specific
IgG levels were measured by ELISA till 9 weeks. The each spot in the graph
represents the average Ab levels of each group. Arrows show immunization

time for prime and boost.
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Fig. 4-21. Distribution of serum PrV-specific IgG isotypes induced by
heterologous prime-boost vaccination using both PrV DNA vaccine and
replication—defective adenovirus expressing gB. Groups of C57BL/6 mice (n=7)
were  primarily  immunized  with  either PrV  DNA  vaccine or
replication—defective adenovirus expressing gB and then boosted with
alternative vaccine type. Prime-boost vaccination was performed three times at
7-days interval. Seven days after last immunization, the levels of serum
PrV-specific IgG isotypes were measured by ELISA. The each spot in the
graph represents the levels of Ab isotypes and the each bar shows average of

individual group.
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Fig. 4-22. Trends of cytokine IFN-% production from splenocytes of animals
immunized with heterologous prime-boost protocols including PrV DNA
vaccine and replication—defective adenovirus expressing gB. Twelve to fourteen
weeks following last immunization, the responder cells from immunized
animals were mixed with irradiated syngeneic enriched APCs that had been
pulsed with UV-inactivated PrV and then incubated for 3 days. The levels of
cytokines in supernatants of stimulated T cells were determined by cytokine
ELISA. The test was done in quadruplicate wells. Each bar represents the

average and standard deviation from three independent experiments.
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Fig. 4-23. Anamnestic PrV-specific IgG responses determined at 3-days
post—challenge with the virulent PrV Yangsan strain in animals immunized
with heterologous prime-boost protocols. Two weeks after the final
immunization, groups of mice (n=7) were challenged in. with the PrV
Yangsan strain (10LDsy)) and the sera were then collected at 3-days
post—challenge. Conventional ELISA was used to determine the levels of the
PrV-specific IgG in the sera. The spots in graph represent the individual

serum IgG level and bars show the average of each group.
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Fig. 4-24. Susceptibility of the animals immunized by heteologous prime-boost
vaccination using PrV DNA vaccine and replication—-defective adenovirus
expressing gB. Four weeks after the finalimmunization, groups of mice (n=7)
were challenged in. with the PrV Yangsan stain (10LDsy). The challenged
mice were examined daily for any signs of inflammation, illness, and death

until 18-days post-challenge.
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