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Challenge of Developing a Herpes Simplex Virus Vaccine
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Herpes simplex virus 1 and 2 (HSV-1 and HSV-2), also known as human herpes ~ Received: 10 February, 2014

virus 1 and 2 (HHV-1 and HHV-2), are two members of the herpes virus family, ~ Revised: 28 February, 2014
.. L . Accepted: 2 March, 2014

herpes viridae, which infect humans. Both HSV-1 (which produces most cold sores)

and HSV-2 (which produces most genital herpes) are ubiquitous and contagious.

They can be spread when an infected person is producing and shedding the virus.

Herpes Simplex can be spread through contact with saliva, such as sharing drinks.

HSV-2 is one of the most prevalent sexually transmitted infections worldwide. In

addition to recurrent genital ulcers, HSV-2 causes neonatal herpes, and is associated

with a 3-fold increased risk for HIV acquisition. Many HSV-2 vaccines have been

studied in animal models, however, few have reached clinical trials, and those that

have been tested in humans were not consistently effective. Here, | review HSV-2

pathogenesis, with a focus on novel understanding of mucosal immunobiology of

HSV-2, and vaccine efforts to date, in an attempt to stimulate thinking about future

directions for development of effective prophylactic and therapeutic HSV-2

vaccines.
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N B HIV)®] e golshA & 2om AZ=a ek ulolels
o] whtel i3t Hrl= S 3| 232 (herpes genitalis) 7+
A2y Feot T =52 nlo]#] 2 (herpes simplex virus, o tjgt 24 9 =32 selgl= Aol y At 1
HSV) e AAHe) FES B T T AT P8 A F] gl A5 Hholeize] whitel ek Bkt
Az ZEelell ofate] EAYFTE HAA A 527 0] offths AR 2L itk B3k 7helE SkAfola] npole=
HSV-2 Zh4iAe} i 23008k] A2 A ST Ao o) whake] Wb wlE el Amel A A2 Avdol
2 AztEn, o|gk HSV-2 9 <t 283 o= JS Ao dActEn. A B 7R Wile] Al F3ht
A BA7A] fakshy| e st mak HSV-2 7o) S CD4 T-ME -8 F=317] 918te] AF=ar glon
Q1ZF WAy vlo]E2(human immunodeficiency virus, HSV-2 770 thal okl o 2 AJE=o)x] Ealt). AA|7HA
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Fig. 1. Herpes simplex virus (HSV)-2
vaccine development strategeis (adapted
from the article of Johnston et al. J Clin
Invest 2011;121:4600-9, with permi-
ssion of American Society for Clinical
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domain (Th2 activity, viral replication and latency
reactivation) 2] protein kinase deletionS B 2 3F herpes
simplex virus type 2 mutant (ICP10DPK) W Al-& guinea
pigsollAd o Bl A5 a3 Jlokar B askqlet. 20061
Courreges 57 BA|7} B71538 HSVE nlElo g & HSV
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A A7} A 913 FEAE BN, A
hes FUSHE e BIsd. ol o)y e
AR W, AL FAdol| AlgtAo]aL, X4 M3 (dendritic
cell9 PR o] W LAl WAlolgic, ol F B
E5o] HSVE o838t A7+ 54 8% HsV-2 5 W9
virus (d75-29)9l th3l A= o]o] AT}, 2007'd Watanabe
S d5-299] HSV-1 Zbat Zhedol thah H Aols] Fofek
o] BSTE dEo| K5 A7 A Ak RS
Balow, 7] virus7h Hof 108747 Fol=e Zs 8l
akgick. 713 Aol di5-2900 thEk ¢ Dudek 570
A3l 67 2] female-C57Bl/6 miceS 0|83t =& 213 0]
ALk, o] P HSV-2S X o= g ov) HSV-27} HIVS}
WAE A WA} Qlol, di5-297) Hivell thst o Eate e
oehS steletar 7= Set. Aol A] United State$} South
Africa®] HSV stains ol"-4 27 Ax}e} wo] Ao
Aol ol Hsvsh HIVOIH] dis208 ol g3t HlE] B
2 South Africadl] B8} United Stateollx] E3}2 Q]S H ol
ot 28y A3H 0 2 South Africa strainsol] thal W=
&+ Untied State strainsHt} o]#H o™ viruse] 74
G377} AA Yeldthoverall disease: p<0,001; viral
shedding: p=0.051; paralysis: p=0.010).
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2. Eo|gtel HHM(Subunit Vaccines)

Glycoproteins (g)& HIH O 2 3le] Q2 target?] gBt
gDE XA o2 3 A=A HSV W Al(recombinant HSV
vaccine)o| 7NE AT}, Adjuvant MF592} 34| HSV-2¢] gB
9} g5 ¥E3}s}e] Chiron (Emeryville, CA, USA)ollA 7igte
WAL =2 3| PHE sk b dedolgler o
e o 2600 EEAS B a8y 284S Bl
oellA] ol B7F o7RE Hholl R|&E|A] eh9kar, HdelA
= o 971 ¢9ith. GlaxoSmithKline (GSK)ollA] 2007'd
3 AFE, BiovexoA = 174 AFE vzl subunit #21S
ekt 3=l oA AlFs|ARRl GsKe] WAL gDE
oz MestlEt] o gb7t virus F9)oll 7 st
chil oA FAlol sAloke] Zgt AftES A8 wliE
o}, o]H GSKe] gD-2 subunit WAl HSV-19} HSV-2 25
A 9kS 24991 ool oF 73-74%2] o) E3E Bk
SEAIEE HSV-1, HSV-20]] EAukg- ¥ o, HSv-2¢] &3
HhS ool FAeAl EFHolx] gt Belshe 5
HSV-1, HSV-2 E3uhg 32421 18-30419] 8323785 tlde
2 20,1, 7§l HsV B A S5 S22l gt
AR Al WAl F3= 20%, HSV-1 genital herpess 58%,
HSV-1 Zrdel digh 2l 3= 35% 2 HSV-1 7Hdel
st Wial a3} FEER| grol WAl 2= FapHo|R] gl
o}, wizle] g gl digh 2bels S531] SIst Ho R

virus®] immune system 3|3 7] Y3l o]} L},
<ol HsV ¥izlof] thgh 374 <A77} oA el T2 XIs= L
= o= A ZF o] HuhH A (mucosal immune system)
2 T glo] FAe] By (epidermal immune
system)ell W]s] ZHede] alo] o} EzAol7] Holc
S AR Il oA della] wlsle] EatAo|R] ek o]
= g2 Wale] Hsv1e] ool 70l Altolfe Atk <83}
A Za7] Wit o2 AZbE L Qlrh, 2 Rt EE Wil
gCo} gDl thet B W 2hgof T3S FaL Jen, ghol
Hlshel T 3% WelRlom AeSh Qe (i CIbst Fa
o] 1A vi7fA M (complement-mediated immunity)S
A Aoz 7|Eta k. Awasthi 5L C3 knockout
micest o}8316] gC-10] G3bol B A& AR 1
gD-11gG8] 2717} ViEhbe, ol HSV WAlo2A] gD
SRR oG8} gD-1E o] 283k3te vl ths &34l
< Huskgint, ol gC-10] Hsve] W9 3|9 & AlstaL,
gD-19] o] A58 BHAAFE Ao Az

3. Hfo|2{ A HHA(Viral Vaccine)

vho]2]z WAL 1980t o] FHE Tils olgitt, niol
g2 WA vlolglag ST RS sk Tl
AR Fofste] virusell gk HAHS g53k= sl = o
A Jdou E 7k EAFES 7 Y dE ExE
AL AP R A WS o Wol frdgitt, A4
Biovexol| 4] 7|3l ImmunoVex#h= AW A1S HSVe] &
3|9)o} AR FHAE AAStY HAHES g5t 3
t}, ol C3bel FE HSV gC7t BHAl ) vhs 24352
AlishH, HSVollA CDs+ T-Ml229] 3l 2 4 interferon?)
W5 v @i Es 3| §th ImmunoVexs= 39
717 g5 flte] AAE RS Bahe] A3 24
83 (major histocompatibility complex, MHC)2| &
A S Adlishs FAPIAIES] 24, interferon®] ¥HE-5
AsHAIZITE, § 79 ImmunoVex (HSV1, HSV2)+&= A733h
dRlollA] 17 A7t = om, S8H % HE Holx
o, FF 717} == Aol ” ImmunoVexel FrASH
HsV2el ok Al 2 1CP10 mutant EAIE ]85 WAlo]
AuRix BiotechollA] 22 ¢15t7} 28 Zolt}” 2006 A
wlolels WS olgat maks Tl flok iz A7
(randomized multicenter placebo-controlled trial)7} 2315
AT} tldL gH geneo] gl HSV-29] EA|7} o3| E ulo]
B MAE o}gstel 4o 631 ol MHEERE genil HV-2
e Hol wWelslo] A5 AR oz Hsv-29)
A&dst = Y Aeke] FHAE 9|3t disable infectious
single cycle (DISC) & W20 2 Al=¥ AT}, EA
A= gH genes] Z40 2 RHEOIR] of WAL 317 o]
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el wlale] FAlolRldl ehdAel tieh BRI ol 27
& Holx| ghgkort, g% sl=slze] 3 ALAAAL AR,
Aol B A5, A AL F A=A TRY dhzet
Hlatste] 2ol % Molx] eksleh. o DISC WAl 7] X
=e] pETR= HSvel e HA] 95 Algtol oY =
o waes 2o $AXT 3l

il

J
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4. DNA B AM(DNA Vaccine)

Polynucleotide WAl o] ek Ao] glon, Aoz
A Hatar tpekal 39S encodingo] 7Fsdlths Ao e
L, S olelal MALe A, clof 5 e Sk
Mo} AL Folu} Aol ALE BHE we WAl gk
e} DNA WAl AT ARl Eabdel Wl wheg
ofzo] W 4 & Ao AL gle. 1Sk AEAE
2ol e Sold A Bud ABAE LT 1
A o we] W e WA A BEE )0E
Gk, ol Mo RATE F2 we SEel $44
B2 98 vectors] S0l TR BAHE] encoding®
o}g5tel DNA MAle] 5849€ Folat spick. 2000dr)

-

=7

.

Moo
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Eo]X A, interlukin-8o|1} regulated on activation, normal
T cell expressed and secreted (RANTES)S} 22 chemokine
< Aol FARRe 24 gD WAl thE Fofe} Blalste] DNA
wyel AEgS ¥+ A=A 20044 Johns
Hopkins University©] 7oA & Wdshk= 72 AlX
o) 57} BAskEle] A, Sol B B +A% AL
Vp222} 1] EE Falo] g4l Sol s TAIE H4sh
o dRE VA Qe Aow FHEAG” oli= ve2sh
B7l Qio] 24908 A AEAA E7S ekl MIC

31 E7-specific CD8+ T-A|¥E2] 55 34+
A7 ZtE gRlIaknt 200610 20060 29l AJsY
ATelld= A HHelA chemokine ¥H3- fF=E 9fsto
CpG-containing oligodeoxynucleotide®] 71533} o1& 74+
Al717] $1gk HSV-29] gDel| theh A7} miceol| X A8 =S
t}” o]= AvEe Wi gERrR= B gWo] WHHS
o Walel 2IF S7HE F S-S HoFth

—

42 B

HSV-21= ZAAA oA 71 &gt e84 AdxdahAs
o7 HhE g A7) Ald e it 3 9
Fzo s AeS s x sk, =3 HsV
el gt 84S 30 F7MITIE ZeE dEA] ot
tlere] HSV WAle]] thEl B8 el (rEo] FgiEo] ghow
A BA= kot o AT mEk Y Foll dek. 2
B = AA7EA] HSV Malo g AlgholA] Ag3 visk

A Holil A= &k HSV el dist A
A=A olsf7} FHbETHE oibz Zu g 253
ZHollA &3l HSV W2l 7kl tig £ A9E o
Qe Aoz AP},
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