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DNA vaccine approaches have been applied to generate the protective immunity against various pathogens. However,
the strength of immune responses induced by DNA vaccine is weak compared with conventional vaccines. The prime-
boost vaccination using DNA vaccine and other viral vector has been suggested as one way to circumvent this limitation.
In the present study, we used in vivo CTL activity assay to determine CD8" T cell-mediated immunity induced by
prime-boost vaccination with a DNA vaccine (gB49s.50s DNA) and recombinant vaccinia virus (VVgp4os.s05) €xpressing
gBu9g.505 epitope peptide (SSIEFARL) of herpes simplex virus type 1 (HSV-1) glycoprotein B (gB). The most potent in
vivo CTL activity was induced in mice received VVgBygg.s0s When both gBgg.505 and VVgByeg.s0s were used at priming
step and boosted with the alternative vaccine vector expressing whole antigen protein (gBw). Priming with vaccine
vector expressing gBw followed by the use of VVgBys 505 at boosting step also induced strong in vivo CTL activity.
We also examined in vivo CTL activity after immunization of mice with epitope-expressing vaccine vector at both
priming and boosting step. Curiously, in vivo CTL activity mediated by CD8" T cells was strongly elicited at memory
stage when animals were primed with VVgByes 505 and subsequently boosted with gB4og.50s DNA. Because the use of
VVgByos 505 at priming followed by boosting with gB49g.50s DNA induced most optimal immunity, these results suggest
that the order of vaccine type should be carefully considered when used vaccine type expressing only epitope for
prime-boost vaccination.
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CD4" T A|Z¢} 50| CD8" T AlZEE= 2L WS (adap-
tive immunity)2] FQ.3F Blo] W] Fo0 7 ufo|z|~ U A
) Al QR ofdgl 2 el tlete] 55 HE
gk o] we] 7ot CD8' T A& WX A
gdsl= o] IFN-y9F TNF-a5 A2kshe

=215 A, ol 2§ cytolytic
effecte]] «] 3ol TANEE Ao mH nlolg| LTt S5
WellA] #4F (dissemination) =& RS A8l|3t} (28). CD8™ T
AlZ7} bk Al 443k 7] $l8l4= MHC class 1T 24k}
peptide epitopes 12EH= CD4™ T helper AI3¥2] "help"&
Q7 3} (24,7,22,24). 3 CpGe} £ immunostimula-
tory oligodexydinucleotide (ODN)¥} H== XA S (innate
immunity)S A58k 25 84 A& (activation signal)
CD4" T helper A|EGlo] CD8" T A|X9] &S F=8 5
Qe Ao RIEAT (23,26). Tx FH oA FAste
CD8+ T /q]ﬁk_ 7LoﬂE] E?Gxﬂﬁg] F_Uﬂoﬂ tﬂ—z‘qu] MHC
class 17} peptide epitopes 1418t EAA|EE A A% ©]
o} 72 CDS" T Al|XEe] 2olsle] Q1] ]‘_ peptide epitope->
8-11 op|ist X7 2 o]Folx] lom, A7t Aol o]atd
CD8" T ME2] E9] epitopeTre o83 o HES T Al
E 5] epitopecl] Wt AT epitopeell 3t A=HE
"suppressive" regulatory T A¥7} FE%A] &e=the 914
S 2 9t} (9,15,20). “L2iuk, CD8+ T Al 5] epitope
peptideHS o] &3 o}t HEL v kel CD8" T AlE Wt
5 FEgoZN 2 WASEA (CpG 5)2 A Fo
gromx CD8' T 29 vheS S7H7IEe A77F X
g Folm, T3l CDS" T A|E 2] epitope peptides T sl=
minigene 3 EJ 2] DNA vaccine, recombinant vaccinia virus %=
+ adenovirusE A|2}5}e] epitope 5°] CDS™ T AH|E WSS
frEstel= Al=7} o] FolA $itt (1,27).

DNA vaccine< 3¢l 5] CD4" T A dH-g-3ut oYz}
CD8' T AMI3E wll7RAd 2] cytotoxic T-lymphocyte (CTL) WH-S-
9= ot AEW o Wo AR So|A T
Ao 7t} E3| DNA vaccines Aulo]e]2e} o] x| A]
M3 (antigen-presenting cell; APC) oA &+ F-AxE
dAgto 2 npolel~ 74 B ZE Srell a3 Thi-type
CD4" T Al ¥k&-7} CTL HJS S
L} DNA vaccinedl 2J8}e] f=%+&=
Hlo]2{ 8 o]-g-gh WAl HE= D}% R R LR R A K
WA 2% ¢], DNA vaccine] @913%’“—% F7HA 4 9l
= Uk Wio] A%
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=, 20k, Abi G. Aleyas, Junu A. George, &80, H&E=

vaccine®] $HAS FH37] gk W 5 2 DNA vac-
cine?} T} FHEje] WAl = recombinant vaccinia virus FX
adenovirusE ©]-2-3F prime-boost Fol A L& vl A=
Aol At (3,13,18). 19} -2 recombinant viral vector
= ARG L A WS A R 5 e Qs
z¥31 )0 vaccinia, rabies virus, canarypox virus, Semliki Forest
virus 5 TFSF viral vector’} Al =E AT} (3,13,18). ©|¢} &
< viral vector & vaccinia virust 28 M¥EA WSS
EE 4 go] Ry, FHtddlE= CDS' T M9 epitope
peptide?HS W3St = 9= recombinant vaccinia virus”} |
zte]o] CTL Wk el disk Axrt whatg vl St} (3,13).

CD8" T Al Hkg-2] H=E 54317 SsiAe Wesid
AdEEolu AldesiE ed HAMES CDS' T Al
E 9] Eof epitope peptide= A8t A Ul 4] ABrks=
IFN-y =% TNF-05 S48, 5~793T epitope peptide=
A5% APCE o|83te] 3¢ 5o| CD8' T Al2E TFHA
70 o Vlor® A sk mAM el Esto s A vt
o7 fHEHECr S S © ZM ex vivo/in vitro CTL
activity”} A= AT} (3,16). F - CD8" T Al|3E 59| epitope
peptide® A 2|® FHAAMEE FFEAZ G & 24 A
A Well 593}] epitope 5©] CD8' T A|3Eol| 2]3 T4 A
Fo] Al Ars FHEgez2H CDS' T Al w714 in vivo
CTL activity S o] aLot= AT} (14,25). ©]2]3F in vivo
CTL activity 73 ©]1 9] ex vivo/in vitro CTL activity =
A= EA AAZRE 4S9 5] CD8' T Al
£ ke darl glom=z A o] 252420 CTL activity
£ HAE F vk £ AFelA = o9k 22 in vivo CTL
activity S4HE o] 83}o] epitope ¥H DNA vaccine/

recombinant vaccinia virus®} A 3 G A S WHE 5=
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DNA vaccine 3= recombinant vaccinia virusS ©]-23} hetero-
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)l Fgkol ARE-313]
A& st ?Qﬂrﬂ%@} AY sEA

Foll AHg-sk3itt
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Prime—boost &S0 2I5t0 & in vivo CTL Activity

(SSIEFARL) ¥+& recombinant vaccinia virusi= CV-1 A3
(ATCC, Manassas, VA USA)lI A T2 A1 7T} 1Fs] 7]&38
W, recombinant vaccinia virus, VVgBw (1A gB thilz ulka])
9 VVgByogsos (gB T A 2] CD8" epitope SSIEFARLRTF 2
&)E CV-1 AlXEe] 0.01 (multiplicity of infection) moi2] %2
2 ZAAI7IAL vlolel s F3E 918l AR B9F 37T, 5%
CO, #7104 v Fetqict. vlole 2~ F2 §, 2% fetal
bovine serum (FBS)S $hi-3t vA]E Y il 48~72A]7F &<t
Hjekate] wlole] o] FAS =itk v 2] 80~
90% =0 Mz W dio] YRt Mxe} wixE 3
oo, 33]9] freezing-thawingol] &J&te] Hlol ~& f-&|s}
Atk whelel 2 FHE 50,000<goll Al Al Fejste] o] Fo
Ko™, plaque assayoll ©]3to] wlolE~ & Z74g &
-80Coll B ¥3te] ARg-33lTh
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3. DNA vaccine2| =H|

HSV-1 gB2] CD8" T A X epitope ¥ DNA vaccine (mini-
gene, gBuggsos DNA)Y A A gB whald 1F& DNA vaccine
(gBw DNA)+= o] 7ol 7]%3} polyethylene glycol (PEG) pre-
cipitation ol =3tod FH|SIITE (3,16,27). HEFE] &
s, wiFE EreHEolE e $ Alx TilAS 75 M
ammonium acetate® 3] 2] 3+ ¥ isopropanol precipitation®l] <]
3}o] plasmid DNAS AATh AR plasmld DNAE ThA|
phenol-chloroform extraction 748 71X $ absolute ethanol
precipitation®l] 2]3}¢] plasmid DNAS At HFH o=
Ao1Z plasmid DNAE 1% agarose gelollA] EFQ1&}SIT) 4]
% plasmid DNAS] W54 (endotoxin) Y- Limulus amebo-
cyte lysate testol] 9J8te] AAslaL W54l 9§k g3k o
% plasmid DNAE o]&3lo 24 ZAyE WA
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7F Aded 6~ 9] e s CSTBL6 AHE TV
3k, AA] gB vl 1hE DNA vaccine (gBw DNA), gB
epitope gBuggsos (SSIEFARL) %3 DNA vaccine (gBaos.sos
DNA), ¥+ recombinant vaccinia virus (VVgBw), VVgBaos 505
£ ol&3te] ZFUl FHTE T v AlFTS A ¢B
ould 9 oBw DNA Ei= VVgBwZ A9 85191tk DNA
vaccine= AF 9 100 pgs Y8131 3L, recombinant vaccinia
virust= 10° plaque-forming unit (pfu)S T3t} o)} 7+

o] HelH AHEL 10¢ F v v FHEf9] vaccines 2
2 Wl 9]8}ko] boosting®FA T BFA 9} boosting & 25
(acute phase) == 574 (memory phase)ol] XX A|EE =H]

3] in vivo CTL activityS =731t (Fig. 1A).
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5. In vivo CTL activity 53
In vivo CTL activity 5742 o]l WxF Wyl 3o
& GBI (14,25). 22 haplotypes Z4= W 3lE]
A %2 C57BL/6 ABFZNE HIFAEE FHlste] AlEE

ot &, 3 Fol| FFEE v T REeE

AL 7L 5 ol gBussses peptide (2 pgml)E A2 SF3ATH
453 M FT & A2 v =
fluorescein diacetate succinimidyl ester (CFSE)= 10%-7F =12
SISt CFSEE Yol Aol Y el FBSE Wol Alx
o] A& FAAIZ]AL 10% FBSE E3e RPMI viX| 2 A
W A|lZsle] m=ke] CFSEE A48l TAAE (CFSE")E
THIEIATE w2, A A ] g A2
3}7] 915ke] epitope peptide gBugssoss A EISHA] 2 B
Al 0.5 M CFSEZ 7+-8 Wl oJate] 34 ¢ Als}e]
ZAE (CFSE™)E FHlskalth 2 AlE 9 3% ¢
A FAAES} dEAEE 4o] £33 v W93t
C57BL/6 AAGE| ag] WS Zal FY3I30t) 5~7A13¢F
T Aoste A FEESE S 7de] A8+ hypo-
tonic 0.83% ammonium chloride &S ©]-83}o] A|As}aL,
TH|E 1A E= complete RPMI Bl %] ol A F-7-3F F epi-
tope peptide® 2] FAAE CFSEM®/gB,gs 5052} epitope
peptide®™ A )& #] @8-S thZAE CFSE®/No peptide?]
EE FAIE ZA7IE ol8ete] £l FlE FAA
o} A Ee] 7t FUshy] wiol, WA H sk A
e A5 E o429 in vivo CTL activity= TH-2] 2o
oJsto] AlLkstdck

=0] 6‘]— /pﬂ hva

< peptide S 5 uM carboxy-

L

The percentage of killing of target cells in non-immunized mice;
[(percentage of CFSE""-percentage of CFSE™") X 100}/
percentage of CFSE"™

ek, W

stEA e
activity S 7122 WYstd ’éfﬂ%% el A€ in vivo CTL

activitys Thx] 2ol oA ske] AlRbE .

The percentage of killing of target cells in immunized mice;
Ratio = (percentage of CFSE'"/percentage of CFSE"")
Percentage specific lysis = [ 1-(ratio non-immunized/ratio

immunized) X< 100]
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Figure 1. (A) Diagram for prime-boost immunization. C57BL/6 (n=6~7) were immunized i.m. with VVgByog 505, gBaog.s0s DNA,
VVgBw, or gBw DNA, and boosted via the same route with the alternative vaccine type. Two (acute phase) and five (memory phase) weeks
later, in vivo CTL killing activity was determined. (B) In vivo CTL killing assay for determining immunity mediated by epitope-specific
CDS" T cells. Splenocytes from naive C57BL/6 mice (n=6~7) were evenly split into two populations. One was plused with gByg 505 peptide
(1 pg/ml) and then labeled with a high concentration (5.0 uM) of CFSE (CFSE™Y/gB,q5 50s). The other was incubated without epitope
peptide and labeled with with a low concentration (0.5 pM) of CFSE (CFSE"*/No peptide). An equal number of cells from each population
were mixed together and adoptively transferred into mice immunized with prime-boost protocols. Both CFSEhlgh/gB493_505 and CFSEI_"W/
No peptide cells were analyzed with the flow cytometry 5 h after adoptive transfer. The histogram shows the reduced peak of CFSE""/

gBuos.505 due to cytolysis by epitope-specific CD8" T cells.
o)ate] WlskEl CS7BL/6 AF A in vivo activitys 74
a17] $1sto] W she | naive C57BL/6Z-E] H]ZA]
H]slo] 39 epitope peptide gBuggsos (SSIEFARL)E
Aelste] 5 M CFSER F4 9% TAAEL CFSE™/
gBuogsos?t L8] THEAFER] gBuogsos®™ A 2H A %L 0.5
uM CFSEZ 943l CFSE"™/No peptide$} & A¥ 45

oro
o o

Y AR=S
=y

ol

B
wogstel AF ] e Aol FS)skar, sAIRE ol uAgA
EZ F=H|3}o] CFSE"®/gB,s 5052t CFSE™/No peptide A3
S FAE BA712 2890 2 23 CFSE"®/gBy0s50s
F A A9} CFSE™/No peptide TNZAFEE= F 719 AlE 4
@o g prold Z7be] AE Hoel EAete AXE BEE

=
A3 = QI9al, EAAME CFSE"™/gB g sos 7ol 3l

A FE A Yol EA5H= gBuos.sos epitope 5] CD8" T
A3 w784 in vivo CTL Wkl oJsle] HAEHE AX =

7} sk Ao #EHAY (Fig. 1B).

2. PrimingAl epitope &8 vaccine 0|2

HSV-19] ¢B @] immunodominant epitope peptide
2Buogs0s (SSIEFARL)E- &1 5]+= DNA vaccine (gByog.50s DNA)
W recombinant vaccinia virus (VVgBugsos)S ©]-8-84
heterologous prime-boosting &S A=} T) Priming Al
gBuossos TE VVgBugssosE ©1-83kaL boostingr] A gB
A8 3= gBw DNA £ VVgBwE ARESHe] U

EFLb= gBuos.sos epitope 5] CD8" T Al WSS in vivo
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CTL activity S7Hell 2lato] A7stitt. 21 A3} priming
A] gBuogs0s epitopes W& 3}= recombinant vaccinia virusE
©]-8-3}3L, boostingA] A 3¢ W& DNA vaccines AH8-¢
prime-boost A& o] 7FE 723 in vivo CTL killing €4
< YEMIITE (Fig. 2A). the2 A4 &4 24¥ ¢Bw DNA
& o] &3} primingdlal VVgBw= boostingd} 1S Wl 14
AAel in vivo CTL activity®E RIS Th gByogsos DNA-
VVgBwet VVgBw-gBw DNAT H]528h =39 activityS
RHo] Ut} ShH, boosting F 55-A memory stage©l A in
vivo CTL activity’E S43I0S o ]9} 22 killing €430l
k7ol W37} YERKT) (Fig. 2B). gBaos.sos epitope & vac-
cinia virusZ primingd}3l gBw DNAZ boostingd}3lS ] o
A3 7 =4 SAHEY Y, gBw DNA-VVgBw protocol
< memory stage?l| X 7HE WA SAE AT Al gBuggssos
DNAZ primingd}l3l VVgBw=Z boostingdt A o] 7 HA 2
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in vivo CTL activityS X ©]50], primingA] epitope =&
vectorE ©]-83F= A °] memory stage®l| Al HT} =2 in vivo
CTL activity® RHoFE Aoz AR EM, 53] vaccinia
viral vectorE ©]-&3}= o] Bt} L in vivo CTL activity
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3. BoostingAl epitope &8l E4Al O]

PrimingA] %A gB ©HA-S WHASH= vaccine vectorE ©]
833 boosting?] epitope gByogsos= A= vaccine vector
£ o]&% u] YEIE in vivo CTL activityS 4 3FATH
21 A3} priming?] gB WA W& 3= DNA vaccine, gBw
DNAE AF8-3}3L boostingA] gByos.sos W& vaccinia virusE
o] 83t u 71 =2 in vivo CTL activityS RT3} (Fig.
3A). THZ prime-boost FETHES A= ¥ 79| &4

< 2531, memory stageol| A in vivo CTL activityS =

VVGB 5 505-9BW DNA
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Figure 2. In vivo CTL killing activity of C57BL/6 mice immunized with prime-boost protocols using recombinant vaccinia virus
(VVgByos s05) and DNA vaccine (gByos.505) expressing gByos sos epitope peptide at priming. C57BL/6 (n=6~7) were immunized i.m. with
VVgByog.s0s, 2Baos.s0s DNA, VVgBw, or gBw DNA and boosted via the same route with either gBw DNA or VVgBw. Two (A, acute phase)
and five (B; memory phase) weeks later, in vivo CTL killing activity was determined. The graphs show the average and standard deviation
(SD) of three to four mice per experiment.
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Figure 3. In vivo CTL killing activity of C57BL/6 mice immunized with prime-boost protocols using recombinant vaccinia virus
(VVgByos.s0s) and DNA vaccine (gByog.505) expressing gByog 505 epitope peptide at boosting. C57BL/6 (n=6~7) were immunized i.m. with
either VVgBw or gBw DNA, and boosted via the same route with VVgByos.505, 2B19ss0s DNA, VVgBw, or gBw DNA. Two (A, acute
phase) and five (B; memory phase) weeks later, in vivo CTL killing activity was determined. The graphs show the average and standard
deviation (SD) of three to four mice per experiment.
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Figure 4. In vivo CTL killing activity of C57BL/6 mice immunized with prime-boost protocols using recombinant vaccinia virus
(VVgByos.505) and DNA vaccine (gByo5.505) expressing gBog 505 epitope peptide at priming and boosting. C57BL/6 (n=6~7) were immunized
im. with VVgByo5.505, 2Bass.s0s DNA, VVgBw, or gBw DNA, and boosted via the same route with the alternative vaccine type. Two (A;
acute phase) and five (B; memory phase) weeks later, in vivo CTL killing activity was determined. The graphs show the average and

standard deviation (SD) of three to four mice per experiment.

Aels W <kzkel WzE AT = AT (Fig. 3B).
PrimingA] gBw DNAS A}8-8}3L boostingA] VVgBug sos=
olggk AFHo] oJH3] 7MY w2 ES HoFlon, v
£ U2 HAEFH F primingA] VVgBwE A3}l boosting
Al gBus.sos DNAE ARS-SH AEH o] memory stageol Al
HA R =2 S48 BTtk SHA, gBw DNA-VVEBasg o5
THE A AT VVeBygssos-gBw DNA HEH 7 1)
SFH 254 (acute phase)°l| A= gBw DNA-VVgByogs0s 7
FHol B} =7 YEFEAITE memory stagedll A= H]5gh
9] in vivo CTL activityS Rt} whe}A, primingA|
T+ boostingA] epitope gByog.sos peptideS L SH= vaccine
vectorg o83 Zo] B} & F4S Ho T o=
A7 E W, 53] vaccinia viral vectorE ©]-&3h= A o] 93t

invivo CTL activityS H.o5+ A2 AlgHTh

N Rl oY

\

4. Priming2} boostingAl epitope &8 vaccine 0|&

upx| ko 2 priming¥} boostingA] gBuossos epitope peptide
£ WH3S= vaccine vectorE ©]-8-51%1S w] YE= in vivo
CTL activityZ A =83} priming 5= boosting Al gBasg.sos
epitope U@ vectorE ©]-8-3 HFTHI vty 1 A
primingA] epitope & DNA vaccine, gBsog.sos DNAS ©]-&
3}l boostingA] VVgBagssess ©l-88 HEHo] 254 7+
% &2 in vivo CTL activitys WEMISATH (Fig. 4A). Tha2
Hhoo] HEW =, VVeBuiog sos-gBasssos DNA HEHo] -
gk in vivo activityS YERIATE o9} 22 54719 in vivo
CTL activity:= memory stage®l| 4] ®3}7} LERGTE wfefA,
primingA] VVgByos.s0s2 ©]-8-3F3L boostingA] gBagg.s0s DNA

o]-&3k HEW o] 34% A%EE] in vivo CTL activityS H.o
w3714 7P w2 @S BAFUD gBussses
DNA-VVgBys.s0s D5 H 7 HAZ 5L in vivo CTL acti-
vityE UEFNATE (Fig. 4B). A B @A & vaccine
vectorS ]88 HFTHoNAE 2~5% HE2] ofF Y2 in
vivo CTL activityS HolF o Umx] th& HFHES
10~15% A% 459 in vivo CTL activityS YJERNRACE wh
A, O]9} 2 A= gBuggsos epitope HF vaccine vector
£ 0]838}4] prime-boost FFol ©]-8-8 A9 ZF primingT}
boostingA] | epitope Y& vectorE ©]-83h= o] 53 in
vivo CTL activityZ }H.¢J5~31, vaccine vector typed] HE &
Aol we} cD8" T AIE wi7H4 in vivo CTL activity”} th2
A vebd = ASS ongith

il

i

Hx A &4dstel CD8" T Aol 23 cytotoxic acti-
vity'™= 2} wlo]#]2 2 intracellular bacteria 5ol 23k 7+
A& vt opd Tl diF o] WY FEsked &
gk Ag WA & xFA|SH} (28). DNA vaccine] =@
74 Al ek vaccine 7 Aol @ WIS e
A Ke)

FST} (6,8). DNA vaccine?] %2 shb= 3kl whal

I o ko o

[¢]

of A4 Wejo] Akl npolef 2z 7HF o] AE el A
MHC class I pathwayE 714 CD8" T 4|3£9] &44&
T Aolt} (6,8). 12u}, 71+ DNA vaccine®] 2]3}e]
HE AlEd W9 npelE =y 4% ol tiste] S
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oL

Yol Wols F5ahet vgsttke Adkso] veal, 5
ZFol o] 83k u] DNA vaccinel] &J3le] frExE HY
5ol T3] AzxsvhE AdE BAFAY (6,8). LA
DNA vaccinel] €Jsle] friew]i= WY W3] 545 ¥s}
AZ1aL F7A717] 918 B2 o] o] Fofx] §lt} (10,11).
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