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Latent herpes virus reactivation has been demonstrated in astronauts during shuttle
(1016 days) and International Space Station (>180 days) flights. Following reactivation,
viruses are shed in the body fluids of astronauts. Typically, shedding of viral DNA
is asymptomatic in astronauts regardless of mission duration; however, in some
cases, live/infectious virus was recovered by tissue culture that was associated
with atopic-dermatitis or skin lesions during and after spaceflight. Hypothalamic-
pituitary-adrenal (HPA) and sympathetic-adrenal-medullary (SAM) axes activation during
spaceflight occurs as indicated by increased levels of stress hormones including cortisol,
dehydroepiandrosterone, epinephrine, and norepinephrine. These changes, along with
a decreased cell mediated immunity, contribute to the reactivation of latent herpes
viruses in astronauts. Currently, 47/89 (53%) astronauts from shuttle-flights and 14/23
(61%) astronauts from ISS missions shed one or more herpes viruses in saliva/urine
samples. Astronauts shed Epstein—Barr virus (EBV), varicella-zoster virus (VZV), and
herpes-simplex-1 (HSV-1) in saliva and cytomegalovirus (CMV) in urine. Larger quantities
and increased frequencies for these viruses were found during spaceflight as compared
to before or after flight samples and their matched healthy controls. The shedding did not
abate during the longer ISS missions, but rather increased in frequency and amplitude.
These findings coincided with the immune system dysregulation observed in astronauts
from shuttle and ISS missions. VZV shedding increased from 41% in space shuttle to
65% in ISS missions, EBV increased 82 to 96%, and CMV increased 47 to 61%. In
addition, VZV/CMV shed <30 days after ISS in contrast to shuttle where VZV/CMV
shed up to 5 and 3 days after flight respectively. Continued shedding of infectious-virus
post-flight may pose a potential risk for crew who may encounter newborn infants, sero-
negative adults or any immunocompromised individuals on Earth. Therefore, developing
spaceflight countermeasures to prevent viral reactivation is essential. Our spaceflight-
developed technologies for saliva collection/rapid viral detection have been extended
to include clinical applications including zoster patients, chicken pox, post-herpetic
neuralgia, multiple sclerosis, and various neurological disorders. These protocols are
employed in various clinics and hospitals including the CDC and Columbia University in
New York, as well as overseas in Switzerland and Israel.
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VZV duyusal ve motor noronlarda latent kalir.

HZ insidansi 50-59 yaslarinda 6-8 vaka/1000 kisi-yil

>70 yas 11 vaka/1000 kisi-yil

HZ'nin siddeti ve komplikasyonlari yasla birlikte artar.

T hiucre aracili bagisikhik reaktivasyonu 6nlemede dnemli

Yasa bagh olarak HB’da dusus

Asilar VZV'ye 6zgl bellek T hiicresi disuslerini onliyor.
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Herpes Zoster'a Karsi Asi Olmanin Zorlugu

Sucicegi asisi da dahil olmak lizere cogu asi, duyarli kisilere patojen tarafindan infeksiyon bulasmadan 6énce uygulanir.

Bu asllar, birincil infeksiyonu ve/veya hastaligi 6nleyen bagisikhgi indukler.

Buna karsilik, HZ'ye karsi asilama, daha dnce VZV ile infekte olmus ve VZV’e karsi bir bagisikliga sahip olan, ancak yeniden aktive olabilen ve HZ'ye
neden olabilen latent VZV'yi barindiran kisilere yoneliktir.

Zoster asisinin etkili olabilmesi icin, "terapotik bir asi" islevi gormesi ve 6nceden VZV'ye karsi bagisikligl olan ve zaten infekte olmus bir kiside latent
V/ZV'nin yeniden aktivasyonunu 6nlemek icin daha glgll bir bagisiklik tepkisi olusturmasi gerekir.
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Anamnestik bir konakgi bagisiklik tepkisi genellikle VZV replikasyonunu HZ gelisimini dnlemek igin zamaninda durdurabilir.

Yine de meydana gelen VZV replikasyonu, konagin VZV'ye 6zgi bagisikhk tepkilerini artirmak igin yeterlidir.

Bunlar sucicegine karsi bagisikhgi korur ve hiicresel immiunitedeki yasa bagli diistist geciktirerek yasa 6zel HZ insidansini azaltir.

Su cicegi veya HZ'li kisilerle temasin bir sonucu olarak VZV'ye yeniden maruz kalma sirasinda VZV'ye karsi bagisiklikta benzer artislar gézlenir.

HZ VZV’ye karsi hiicresel immunite azaldiginda ortaya ¢ikar.




ine; GlaxoSmithKline)

Z\V/L, Zostavax, Merck, 2006 yilinda 250 yas yetiskinler icin FDA tarafindan ruhsatlandiriimis ve

ACIP tarafindan 60 yas ve Ustu kisiler icin onerilen canh zayiflatilmis bir asidir.
Zostavax, 18 Kasim 2020'den beri Amerika Birlesik Devletleri'nde kullanilmamaktadir.

ture when stored at +2°C

pper arm, 2 to 6 months

Reactogenicity Low High
Overall efficacy agajpst 51.3% 972%

incidence of HZ
Overalbais R STElas.

tudied up to 10 years)

2018'de ACIP tarafindan =50 yas yetiskinler icin tercih edilmesini
2017 for adults aged =50 yoa

tavsiye etmigtir. 1 for adults >18 yoa who are or will be at increased
due to immunodeficiency or immunosuppression
known disease or therapy

2% in immunocompetent adults aged =50 yoa; (2) For
use in immunocompetent adults aged =50 yoa who previ-
ously received ZOSTAVAX; (3) Preferred over ZOSTAVAX.
Should wait at least 8 weeks if previously administered
ZOSTAVAX.

Abbreviations: ACIP Advisory Committee on Immunization Practices; FDA, US Food and Drug Administration; gE, glycoprotein E; HZ, herpes zoster; IM, intramuscular; PFU, plaque-forming
units; PHN, postherpetic neuralgia; SQ, subcutaneous; VZV, varicella-zoster virus; yoa, years of age.



Canli Zayiflatilmis Zoster Asisi (ZVL) (Oka/Merck)

Canli Zayiflatilmis vOka

Hemen hemen tim etifkinlerin sucicegine karsi bagisikligl oldugundan, zoster asisindaki vOka miktari sucicegi asisindaki miktarin 14
katindan fazlasina gikariimistir.

SPS, 60 ya§bve Uzeri 38 546 yetiskinin d

nya capinda 22 ¢alisma sahasinda tek doz subkutan yiiksek potensli canli zayiflatilmis VZV asisi (ZVL)
veya plase digi 0

u I
o almak tzere randomize edildigi cift kor, plasebo kontrolli bir calisma

Canli zoster asisi, "HZ'ye bagli hastalik ytukini" (birincil calisma bitis noktasi, zaman iginde zoster agrisinin siddeti degerlendirilerek
belirlenen klinik olarak ilgili bir hastalik siddeti ol¢lisli) %61,1 azaltmis.

‘Klinik olarak anlamli PHN insidansini’ (HZ'ye bagli agri ve rahatsizlik, 0-10 6lceginde >3 olarak puanlanan, dokiintl baslangicindan sonra >90
glin devam eden) %66,5 azaltmis.

“HZ insidansinl” %51,3 oraninda azaltmis.

HZ insidansi icin yasa 6zel ZVL etkinligi 60-69 yaslarinda %64 iken, 270 yaslarinda sadece %37.6 idi.



ZVU'nin HZ'e karsi koruyuculuk sliresi
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Note: The Shingles Prevention Study, Short-term Persistence Study, and Long-term Persistence Study followed the same study population in a
randomized control trial over time. Baxter (2015), Tseng (2016), and Izurieta (2017) are observational studies. Studies were done in different time
periods and among different study populations that had different age structures.
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Understanding the immunology of the Zostavax shingles
vaccine )
Nicole L Sullivan', Christiane S Eberhardt*®, Andreas Wieland?, S

Kalpit A Vora', Bali Pulendran® and Rafi Ahmed®

2017'de, Zostavax asilamasindan sonra transkriptomik, metabolomik, hiicre frekanslari ve immiin yanitin bitiinleyici bir analizi yapildi.

Zostavax asilamasi, MX1 ve IFI44L gibi interferon kaynakh antiviral genlerin ve TNFRSF17 ve MZB1 gibi antikor tretimine dahil olan genlerin up-
reglilasyonu ile sonuclandi.

Zostavax'in dogal immunitenin ve dendritik hiicre aktivasyonunun zayif bir uyaricisi oldugu gosterildi.

Bu gozlemlere paralel olarak Zostavax/VZV, CD80 ekspresyonu ve TNF ve IL-6 salgilanmasi ile 6l¢lildigi Gzere, bu hicrelerin 6nemli dl¢ide aktivasyonu
olmadan in vitro olarak monositleri, monosit tiirevli DC'leri (mDC'ler) ve plazmasitoid DC'leri (pDC'ler) etkili bir sekilde infekte edebildi.

pDC'ler, TLR9 agonist uyarimindan (CpG-A) sonra IFN-a Uretti, ancak Zostavax/VZV ile infeksiyondan sonra tGretmedi.
Bununla birlikte, infekte hiicrelerin 6nemli bir kisminda CXCL8 (IL-8), CCL2 (MCP-1), CXCR9 (MIG) ve CXCL10 (IP-10) gibi kemokinler tespit edildi.

zogg?(\{ax/vzv monositleri ve DC'leri in vitro olarak infekte edebilmesine ragmen, bu hiicrelerin 6nemli dogustan gelen immin aktivasyonunu
indiklemez.



Zostavax asllamasi, agilamadan sonraki yedinci glinde zirve yapan bir plazmablast yanitini (IgG ve IgA)
indukler.

VZV total glikoproteine 6zgli I1gG ve IgA titreleri hem genc¢ hem de yasli eriskinlerde dnemli 6l¢lide
artar, bagisiklamadan 2-4 hafta sonra zirveye ulasir ve baslangica yakin seviyeye diser.

Bununla birlikte, VZV'ye 6zgl IgG titrelerindeki artis, geng eriskinlerde 6nemli 6lgtide daha fazlaydi.

Genel olarak, VZV'ye 6zgli IgG titrelerindeki kat artisi ile baslangig seviyeleri arasinda negatif bir
korelasyon vardi.

Bu veriler, VZV'ye karsi 6nceden var olan yliksek antikor titrelerinin, Zostavax asisinin, muhtemelen
viral replikasyonu sinirlandirarak, bagisiklama sonrasi daha yiiksek seviyelerde antikor indiikleme
yetenegini sinirlayabilecegini distiindirmektedir.

Dogal VzZV infeksiyonunu takiben, glikoprotein E'ye yonelik antikor titreleri en yiiksektir, ardindan
glikoprotein B ve ardindan glikoprotein H gelir.

Zostavax ile agilamadan sonra, gk > gB > gH antikor titrelerinin bu hiyerarsisinin, agilamadan yedi giin
sonra plazmablastlardan monoklonal antikorlar Greterek tek hiicre seviyesinde de gézlemlendigini
gosterilmistir.

Gozlemlenen plazmablast yanitinin, cok sayida somatik hipermutasyon nedeniyle VZV'ye 6zgi bellek
B hiicre yanitindan kaynaklandigini varsayiimaktadir.

Figure 1
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Immune response, safety profie and durability after Zostavax immunizaton.

Schematic showing the time course of the peak responses In DNAemia, metaboltes, mnate immunity, cell-mediated mmunity, humoral immunity
(data obtained from monocional antibodkes isoiatad from human subjects that received Zostavax) after immunization with Zostavax. Additionaly,
overall safety and durabilty after immunization are isted. ‘Th' = T ke colls measured n the peripheral blood exprass CXCRS. CXCR3 and 1ICOS.
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Kinetics of adaptive immune responses to Zostavax immunization.
Schematic illustrating the kinetics of VZV-specific CD4+ T cells (blue),
CD8+ T cells (black), plasmablasts (red) and anti-VZV IgG antibody
titers (orange) after immunization with Zostavax.




* Yaslari 50-59 arasinda degisen 22 439 kiside yapilan randomize, plasebo kontrolli ZOSTAVAX Etkinlik ve

Guvenlik Calismasi (ZEST), HZ insidansi icin ZVL etkinliginin ortalama 1,3 yillik bir takip stiresinde %69,8
oldugunu gostermistir.

* Asi etkinligi HZ hastalik yiki ve PHN insidansi icin 10. yilda ve HZ insidansi icin 8. yilda devam etmistir.
e Zoster asisinin HZ hastalik yuku icin etkinligi %61,1'den %37,3’e

PHN insidansi icin etkinligi %66,5'ten %35,4’e
HZ insidansi icin etkinligi %51,3'ten %21,1'e distu.



Rekombinant Subunit Herpes Zoster Asisi
(RZV)

* Rekombinant VZV gE ve ASO,B adjuvan sistemi iceren protein bir subunit asi (RZV, HZ/su), Glaxo Smith
Kline Vaccines (Wavre, Belgika) tarafindan gelistirilmistir.

-Glycoprotein spikes

* gE, VZV viryonlarinda ve infekte olmus hiicrelerde en fazla bulunan glikoproteindir; virus replikasyonu
ve hiicreden hiicreye yayilma icin esastir ve VZV'ye 6zgi CD4*2 T-hiicre yanitlari igin ana hedeftir.

* Hem nétralize edici antikor hem de CD4 T-hiicre yanitlarini indiikler.

Lipozom bazli ASO1; adjuvan sistemi 2 immuno-uyarici igerir:

NF-kB transkripsiyonunu ve sitokin Gretimini uyaran ve antijen sunan hucreleri aktive eden bir TLR4
agonisti olan monofosforil lipid A

. . . . 2T i o . . _ The Journal of Infectious Diseases ATINC
Antijene 6zgl antikoru ve CD4*2 T-hiicre yanitlarini destekleyen dogal bir saponin olan QS-21 GIDSA (=]

Immune Responses to a Recombinant Glycoprotein E
RZV, 100 pg AS01; (50 pug MPL ve 50 ug QS-21) icinde karistiriimis 50 pg gE icerir. Herpes Zoster Vaccine in Adults Aged 50 Years or Older

Anthony L Cunningham,'” Thomas C. Heineman,** Himal Lal,>* Olivier Godeaux,"* Roman Chiibek.* Shinn-Jang Hwang,” Janet £ McElhaney®

Timo Vesikari,’ Charles Andrews,® Won Suk Choi,* Meral Esen,” Hideyuki [kematsu,"" Martina Kovac Choma," Karlis Pauksens,'” Staphanie Ravault'¢
Bruno Salaun,” Tino F. Schwarz."” Jan Smetana,* Carline Vanden Abeele.? Peter Van den Steen.? lise Vastiau,* Lily Yin Weckx'® and Myron J. Levin™;
for the ZOE-50/70 Study Group

IM, Deltoid, 2 doz
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Understanding the immunology of Shingrix,

a recombinant glycoprotein E adjuvanted

herpes zoster vaccine ,
Thomas C Heineman', Anthony Cunningham? and Myron Levin® i

Asi formulasyonunda gE, Cin hamsteri over hiicrelerinde Uretilen membran ankoru ve karboksi terminal alanlarindan silinmis bir rekombinant
proteindir (Haumont et al, 1996).

ASO01;, antijen sunan dendritik hiicrelerin toplanmasina ve aktivasyonuna yol agan dogustan gelen yanitin yerel ve gecici bir aktivasyonunu
uyarir.

ASO1; adjuvan sistemi ile birlestirilen gE'nin, gkE'ye 6zgli en glicli CD4+ T hicre yanitlarinin yani sira glicli gE'ye 6zgi antikor yanitlarini verdigini
gosterilmistir (Hlcre aracili yanitlari indiklemedeki etkinligini artirmak icin).

QS-21, gecici lokal sitokin tepkilerini ve kastaki dendritik hiicrelerin ve makrofajlarin aktivasyonunu ve hayvan modellerinde drene olan lenf

dugimlerini indikleyen bir adjuvandir. Dogustan gelen bagisiklik hiicrelerinde, drene olan lenf dugiimlerinin periferik makrofajlarinda
inflamasyonu uyarir.

Bu, NK hticrelerini ve CD8+ T hiicrelerini IFNy salmasi icin uyarir, bu da sirayla gE'yi CD4+ T hiicrelerine almak ve sunmak igin kan monosit tiirevi
ve yerlesik lenf digliimi dendritik hiicrelerinin aktivasyonu ve toplanmasini uyarir.

Ayrica, NK hiicrelerine ve CD8+ T hiicrelerine ek olarak ASO1;, CD4+ T hiicrelerinden IFNy salinimini uyarir.
IFNy genellikle viral replikasyonu inhibe eder ve ayrica T hiicre yanitlarini ve antikor izotip degisimini gelistirir.

Toll benzeri reseptor tip 4 agonisti MPL, interferon-gama (IFN-y) tGretimi yoluyla birlikte uygulanan antijene karsi bagisiklik tepkisini arttirmak
icin O)S-Zl ile sinerji olusturur. QS-21, antijenin dendritik hiicreler tarafindan emilimini ve tutulmasini arttirir (Coffman et al, 2010; Lal et al,
2013).
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The Adjuvanted Recombinant Zoster Vaccine Confers
Long-Term Protection Against Herpes Zoster: Interim
Results of an Extension Study of the Pivotal Phase 3
Clinical Trials ZOE-50 and ZOE-70

Céline Boutry,"" Andrew Hastie, Javier Diez-Domingo,” Juan Carlos Tinoco,’ Chong-Jen Yu,” Charles Andrews,” Jean Beytout,” Covadonga Caso,’
Huey-Shinn Cheng,” Hee Jin Cheong,” Eun Ju Choo," Dan Curiac,” Emmanuel DI Paolo,” Marc Dionne," Tamara Eckermann,"” Meral Esen,”

Murdo Ferguson,'’ Wayne Ghesquiere,' Shinn-Jang Hwang,"* Thiago Junqueira Avelino-Silva,”’ Pavel Kosina,” Chiu-Shong Liu,” Jukka Markkuta,*
Beate Moeckesch.” Claudia Murta de Oliveira,® Dae Won Park,”’ Karlis Pauksens,? Paola Pirrotta, ™ Georg Plassmann,” Carol Pretswell, ™ Lars Rombo,
Bruno Salaun,” Johan Sanmartin Berglund,” Isabelle Schenk ger,* Tino Schwarz, Meng Shi, Benita Ukkonen,* Toufik Zahaf,” Cristiano Zerbini,”
Anne Schuind,*" and Anthony L. Cunningham™; on behaif of the Zoster-049 Study Group

>50 yas (ZOE-50) ve 270 yas(ZOE-70) yetiskinlerde HZ ve PHN'ye karsi giivenliligini ve etkililigini belirlemek icin Kuzey Amerika,
AvrlIJpa, Asya, Avustralya ve Latin Amerika'daki 18 tilkede eszamanli olarak iki randomize, plasebo kontrolli faz Il etkinlik calismasi,
6 vI

2

Asilamadan sonra Y6'dan itibaren HZ'a karsi etkinlik ve Y5'ten sonra anti-gE antikor konsantrasyonlari ve gE'ye 62%0 CD4*2 T-hiicresi
fj qgelrlenddlrllelr\ 4 aktivasyon belirtecinden IFNy, IL2, TNF a, CD40 ligandi 22'sini eksprese eden) frekanslari igin yillik
egerlendirmeler

HZ insidansi icin rekombinant zoster asi etkinligi yetiskinlerde 250 yasinda %97.2 ve 270 yasinda eriskinlerde %89.8

Hem ZOE-50 hem de ZOE-70'te, HZ insidansi i¢in RZV etkinligi artan yasla birlikte 6nemli 6l¢lide azalmadi ve ortalama 3,7 yillik
takipten sonra yuksek kaldi.

Anti-gE antikor geometrik ortalama konsantrasyonlari ve gk'ye 6zgi CD4+2 T-hiicresi medyan frekanslari, asilama dncesi seviyelerin
yaklasik 6 kati tGizerinde bir platoya ulasti.

Yash eriskinlerde RZV'nin klinik yarari asilamadan sonra en az 7 yil devam eder.
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Infectious Diseases Society of America  hiv medicine association OXFORD

* Rekombinant zoster asisi (RZV) ile asilamadan yaklasik 10 yil sonra, ZOE-50/70
takip calismasinin ara analizi, herpes zoster'a karsi etkinligin ytksek kaldigini
gosterdi.

* Ayrica, guvenlilik profili klinik olarak kabul edilebilir kalmistir ve bu da RZV'nin 250
vasindaki hastalardaki klinik yararinin 10 yila kadar strdigtnu dastndtirmektedir.

Long-term Protection Against Herpes
Zoster by the Adjuvanted Recombinant
Zoster Vaccine: Interim Efficacy,
Immunogenicity, and Safety Results up
to 10 Years After Initial Vaccination

Ana Strezova,' Javier Diez-Domingo,? Kamal Al Shawafi,® Juan Carlos Tinoco,*
Meng Shi.® Paola Pirrotta,® and Agnes Mwakingwe-Omari® on behalf of the Zoster-

049 Study Group?®

'6SK, Rixensart, Belgium, “FISABIO Fundacion para el Fomento Investigacion Sanitaria y
Biomédica de la Comunitat Valenciana, Valencia, Spain, *Modis, Belgium c/o GSK, Wavre,
Belgium, “Hospital General de Durango, Durango, Mexico, °GSK, Rockville, Maryland, USA,
and °GSK, Wavre, Belgium
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Hicre Aracili Bagisiklik Yaniti/ gE'ye 6zgli CD4%2 T-hiicresi frekanslari
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* Bagisiklik yaslanmasi, artan yasla birlikte bagisiklik sisteminin kapasitesini bozar ve yaslilari

infeksiyona duyarl hale getirir.

RZV etkililik tahminleri, tim yas gruplarinda ZVL tahminlerinden dnemli 6lciide daha yuksektir:

60-69 yas: 97% - 64%
70-79vyas:91% - 41%
>80 yas: 91% - 18%

Adjuvan teknolojisindeki gelismeler, 6zellikle yasli insanlar tarafindan kullanilmasi amaclanan
astlarin immunojenisitesini arttirmada yardimci olmustur.

Icerdigi adjuvan nedeniyle yasa bakilmaksizin uzun siireli ve kararh bir yanitin indiiklenmesi,
RZV'nin ZVL'ye gore acik bir avantajidir.
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RZV ile asilanan denekler, ZVL tarafindan indiklenenlerden on kat daha yliksek olan ve asilamadan 12 ay sonra

Olculebilen gE'ye 6zgl T hiicre yanitlari gelistirmekte.

gE ve IL-2'ye bellek T hiicresi yanitlari da RZV ile ZVL'den daha yuksek

Asilamadan 1 ay sonra (ZVL icin 1 doz ve RZV icin 2 dozdan sonra) IL-2'ye karsi en yuksek bellek yanitlari gozlendive T

helper yanitlarinin kaliciligi icin gerekli

Adjuvanli RZV alicilarinda, T memory yanitlari, ZVL'nin etkisinden daha verimli bir sekilde devam etti.
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* Shingrix, daha 6nce Zostavax almis olanlar da dahil olmak tzere, 50 yas ve lzerindeki bagisikhgi yeterli yetiskinlerde herpes zoster ve buna bagli
komplikasyonlarin 6nlenmesi igin onerilir.

* ACIP, Ocak 2018'de 50 yas ve uzerindeki bagisikligi yeterli yetiskinler icin zoster asilama onerilerini
yayinladi: www.cdc.gov/mmwr/volumes/67/wr/pdfs/mm6703a5-H.pdf.

* 20 Ekim 2021'de ACIP, hastalik veya tedavi nedeniyle bagisiklig| yetersiz veya bagisikligi baskilanmis olan veya olacak olan 19 yas ve Ustl
yetiskinlerde herpes zoster ve ilgili komplikasyonlarin dnlenmesi icin 2 doz RZV onerdi.

* ACIP, Ocak 2022'de bagisikligi baskilanmis olan veya olacak olan 19 yasinda veya daha blylk yetiskinlerde rekombinant zoster asisinin
kullanimina iliskin tavsiyelerini yayinladi: www.cdc.gov/mmwr/volumes/71/wr/pdfs/mm7103a2-H.pdf.

* 2ila 6 aylk aralik icinde iki doz Shingrix

* Shingrix'in ilk dozunun lizerinden 6 aydan fazla zaman gectiyse, mimkin oldugunda ikinci dozu uygulanmali, asi serisini yeniden baslatiimamali


http://www.cdc.gov/mmwr/volumes/71/wr/pdfs/mm7103a2-H.pdf

Tahle 2. Other Zoster Vaccines and Zoster Vaccine Candidates

Company Name  Country Vaccine Name Characteristics Status Reference
SK Bioscience South Korea SKY Zoster (NBP608) Live-attenuated Oka/SK strain NCT03120364 Choi WS, Choi JH, Jung DS, et al [255]
Phase 3 (completed); approved in 2017
in Korea for adults =50 yoa
Curevo/GC USA/South CRV-101 gE subunit vaccine with proprietary ad- NCT03820414 https://curevovaccine.com/2020/09/
Pharma/IDRI Korea juvant Phase 1 (completed) curevo-vaccine-announces-robust-
antibody-response-results-of-phase-i-clinical-trial-of-
investigational-vaccine-for-shingles-crv-101/
EyeGene/ South Korea/ EG-HZ Adjuvanted recombinant VZV gE protein NCT04210752 htip:/feyegene.co kr/
Novotech Australia Phase 1 (completed) eng/product_pipeline/EG_HZ/?lang = en_US
BCHT Biotech- China Zoster Vaccine, Live Live-attenuated Oka VZV vaccine NCT04334577 htips://ichgcp.net/clinical-trials-registry/
nology Phase 3 (not yet recruiting) NCT04334577
Vaccitech/ United VTP-400 (CSBO016) Adenoviral vaccine (ChAdOx1) encoding Preclinical www.vaccitech.co.uk/pipeline/
CanSino Kingdom/ VZV gE
Biolegics Hong Kong
GeneOne Life South Korea GLS-5100 plasmid containing VZV-derived gene Preclinical www.genels.com/en/sub/technology/
Science encoding a VZV protein; administered to vaccine.asp
the body using electroporation
Akshaya Bio Canada Chimigen ShingVax recombinant proteins, antigens fused to Preclinical www.akshayabio.com/technology.htmi
the Fc fragment of a murine mono-
clonal antibody through proprietary
peptide linkers.
Merck/Moderna USA VZV gE mBNA/LNP mRNA expressing truncated VZV gE pro- Nonhuman primate studies Monslow MA, Elbashir S, Sullivan NL, et al [260]
tein in lipid nanoparticles
CPL Biologicals India VZV Vaccine Based on nanoparticle technology from In development http://cplbio.com/rd/rd-pipeline/

Novavax (will target varicella and HZ)

Abbreviations: gE, glycoprotein E; HZ, herpes zoster; IDRI, Infectious Disease Research Institute; LNP lipid nanoparticle{s}; mRNA, messenger ribonucleic acid; VZV, varicella-zoster virus; yoa, years of age.
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Herpes simpleks virusu tip 1 (HSV-1) ve tip 2 (HSV-2) infeksiyonlari ve hastaliklariyla
savasmak icin 4 ana asi yaklasimi tasarlandi ve test edildi.

DNA vaccine

live vector vaccine

Canll Zaylﬂat||m|§ HSV a§||ar| live attenuated vaccine

replication defective vaccine

Inaktive edilmis HSV asilari

linear double- virus shedding

stranded DNA

recurrent episodes

icosahedral capsid

Replikasyon kusurlu HSV asilari s

Su b un |t HSV a Sl Ia Il peptide vaccine& glycoprotein
(A)

innate immune
response

Guvenlik, immunojenisite ve koruyucu etkinlik s6z konusu oldugunda, bu tir as
yaklasimlarinin her birinin artilari ve eksileri vardir.



Inaktif HSV Asilari

e 70'ler ve 80'lerde, ilk tam inaktive HSV asisi

yaklasimi, 1siya, UV isigina veya kimyasallara
maruz kaldiktan sonra tim virusu

"oldirmek" yaklasimina dayanmakta

Structure of the Herpesvirus virion

__ Glycoproteins

}// P Capsid

_Envelope
';47, DNA
e Bu asilarin antikor yanitini indukledi, ancak ‘_‘_’ ) t
. . . . . - legumen
T hicrelerini etkilemedi ve bu nedenle, s

tekrarlayan HSV-1 veya HSV-2
infeksiyonlarina ve hastaliklarina karsi
korumada basarili olmadi.




Replikasyon Kusurlu HSV Asilari

DISC (Disabled Infectious Single Cycle) virus asilari olarak da
adlandirilan bu asilar, viral genom replikasyonu veya viral
partikullerin sentezi ve montaji icin gerekli olan bir veya daha
fazla gen icin kusurludur.

Normal hiicrelerde, viral gen Urinlerini ifade ederler, ancak
viryonlari olusturmak icin cogalmazlar.

Cogaltma kusurlu HSV asilari, bagisiklik tepkilerini uyarabilir
ancak higbir viral partikal Gretmez.

Bununla birlikte, konakg¢ida ¢ogalmadiklari ve yayilmadiklari
icin, daha az immunojenik olabilirler, 6zellikle daha az T
hicresi uyarisina yol acgabilirler. Clinkl profesyonel antijen
sunan hucreleri (yani, B, makrofaj ve dendritik) aktive etmek
icin nispeten sinirh bir kapasiteye sahiptirler.

Complementary Cell Non-Complementary Cell

permissive cell

%w

o gH@
DISC virus non-permissive cell

gH gene deleted



Subunit HSV Asilari
* Proteinler, DNA ve peptit epitop bazli asilar dahil olmak lGzere cesitli subunit HSV asi yaklasimlari gelistirilmistir.

* Geleneksel protein bazh asilar, canli zayiflatilmis ve replikasyon kusurlu HSV asilarina kiyasla glvenlidir.

. Rlekombinant ¢Ozlinir HSV-2 glikoprotein D (gD), kapsamli klinik degerlendirmeye giren en umut verici alt birim asi
olmustur.

* Son 25 yilda, timu HSV-2 gD kullanan (veya bir denemede gB ile karistirilmis) bir Faz Il terapotik genital herpes
asisi ve profilaktik alt birim asilarinnin Faz Il calismalari yapilmistir.

* ilk terapotik gD/Alum asi denemesinden elde edilen hayal kirikhig yaratan sonuclar, terapétik koruma icin;
(1) Notralize edici antikorlara ek olarak CD4+ ve CD8+ T hiicre tepkilerini indliklemeli
(2) gD disindaki HSV-2 antijenlerini icermeli Fig. 12.2 A subunit vaccine against HSV

Secreted gD

(3) Alum disinda farkh adjuvanlari test etmelidir. o Coned vial gD gere. TGOl FEL

(0}~ =— (=)~

Purify &
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1997'de, Chiron asi deneyi, MF59 ile birlikte verilen gD ve gB'nin bir kombinasyonunu kullandi.

B'yk !?/gD/h(I]FStQ asisi, T hicresi tepkilerini ortaya ¢ikarmadi, HSV2'ye karsi yliksek seviyelerde notralize edici antikor Uretti, ancak yalnizca %9
etkililige sahipti.

Bu calisma sunlari 6nerdi:

(1) nbtralize edici antikorlarin yani sira koruyucu bir asi, antiviral CD4+ ve CD8+ T hiicre tepkilerini indiiklemelidir
(2) bir terapotik asi, gB ve gD disindaki HSV-2 antijenlerini icermelidir

(3) Alum ve MF59 disindaki farkli adjuvanlari test etmelidir.

Daha sonra, iki asi denemesinde (biri 2004'te, digeri 2012'de bildirildi), farkli bir adjuvan olan 3-0-deasile edilmis monofosforil lipid A (MPL),
bir TLR4 agonisti (93) ile birlikte verilen gD proteini kullanildi.

ilk klinik calismada, uyumsuz giftlerin ayirt edici 6zelligi, infekte olmayan partnerin potansiyel olarak infekte partner tarafindan tekrar tekrar
HSV'ye maruz kaldig1 oldukca secilmis bir grup olmalariydi. Bu muhtemelen infeksiyon ve hastalik riskini artirdi, dolayisiyla terapotik asinin
onemli bir etkisinin gortlme esigini distrda.

2016-2018'de, bir asi denemesinde (Gen-003 olarak belirlenmis), Matrix M2 (MM-2) adli yeni bir adjuvan ile ICP4 ve gD2 kesilmis proteinlerin
bir kombinasyonu kullaniimistir.

Matrix M, dengeli bir B ve T hiicresi immuino-uyarici profiline sahip olan saponin bazli bir adjuvandir.
Bu deneme, tekrarlayan herpes lezyonlarinda ve genital viral sagilimda 6nemli bir azalma oldugunu bildirdi.
Bu koruma, kandan tiiretilen antiviral CD4+ ve CD8+ T hiicre yanitlariyla korele gorintyordu.

Etik ve pratik sinirlamalar nedeniyle, asi klinik deneylerinin higbiri dorsal kdk ganglionlarinda (DRG) ve vajinal mukozal dokularda yerel dokuda
yerlesik CD4+ ve CD8+ T hiicrelerini arastirmamistir.



Modifiye RNA (mRNA) Asilari

Friedman grubu glikoproteinler gC, gD ve gE'yi kodlayan lipid nanopartikiil asisindaki niikleosid
modifiye mRNA'nin farelerde akut ve latent herpes simpleks virusu tip 2 infeksiyonuna karsi glicll ve
koruyucu bagisikhg indikledigini gbstermistir.

Bir galismada:
(1) Trivalent gC2/gD2/gE saflastiriimis glikoproteinler adjuvanlar (CpG ve Alum) 19 ile

(2) lipitte formle edilmis 3 glikoproteini kodlayan modifiye mRNA nanopargaciklar (LNP)

RNA, hicresel alimi artirmak ve dogustan gelen bagisiklik sensérlerinin geviri mekanizmasini
engellemesini 6nlemek i¢in modifiye edildi.

MRNA-LPN agisinin, HSV1 ve HSV2 genital infeksiyonunu énlemede ve fareleri ve kobaylari intravajinal
HSV2 infeksiyonuna karsi korumada glikoprotein bazli asidan daha iyi performans gosteren yliksek
titrelere ve dayanikli antikor yanitlarina gevrilen etkili foliktler T helper ve germinal merkez B hiicre
yanitlarini indiikledigi gésterilmistir.

e CcD8* TRM cells

2 # CD4+
, ) ‘ Tru cells
) ) ) *

------

CcDs8* ﬂ
Trm cells ¢ € z

0 cD4+ 'ﬂ

Trm cells ® ;

g v
Y.

]

Schematic of Prime-Pull-Keep Therapeutic Vaccine (PPK Vaccing). The PPK vaccine is desigrned to boost Neutraizing IgG/)
imber and function of antiviral CD4* and CD8™ Tgyy cells within the cenvico gerital mucc-cutanecus [CGMC, (1)] and dorsal r
PPK vaccine is expected to help STOP the virus reactivaton from latently infected DRG, virus shedding and virus replication

urant genital herpes disease.

*, represent vinus



TABLE 1 | Herpes Vacdne Stratagies.

Type of Vaccine Construct Administration  Phase ofTnal Virus Subtype Results Limitations Ret.
Vaccine Route
Inactivated  HSV-1 gH deletion Subcutaneous n Clinical tial Hav-2 Unabie 1o show proecton against aout L achieve dinical {11) Akhramayava NV, Znang P, Sugyama N,
vaccine (SC16AgH) human amt:.;ngamrapeeiﬂann V‘gw not Senar 8M, Yao F Dewsopment of 2
: : Acoproten D- eopressing domirent- negatve
Doss not show improvement in Atamatve approachas ooud be gdwmmmmN
recurerces and desass ssventy. propossed 2 (HEV-2) recombirant vird vaccns aganat
Dosa not aflect onviral shedding HEV-2 infection in mice. J Wiod, 85 10), 5066~
5047 [2011).
Wm Precinicaltnd = HSV-2 Prowidss compiete protecton againet Misang reproduatity on coreiation é’))nez"a'g;d%?:nmxma
Qunsa pg I ’a':d g HV mmm“ simpiex vz 2 dS-29 vaccine canddate stran
Induces high nautrdizng antoody ters 2 encoding an HSV-1 virion hoat arutoff protein,
s (33trg Immure immune mechanisms molved N yzaene ¥
™ oxer.g‘r?_'nm ¥ e controk of recurent infaction reed " DR HICEHE v
¢ © be ducdated
Develops high poency for compists HSV
Intraspetnalid and Precimcsitnd HOV-2 (13)Bds=he 8, PA, Berrsten DI & &l
: C Reducss smotoms 3 QFEte EComDRaton ? Leons 4
IntEvagnd n ; e ’ Aok of p Efficacy Reauts of 2 Tnd of 2 Hapes Simplex
guinea pig Givee qucker symptomatc epeodes Unabe © biock the wius reactivation © Vaccre. The New England journal of
Pravants local HS/-2 repleation pravent deease requTances mecfane, 366, 34-43(2012),
The study resds moe anmal
ofiers ved HSY -
trs: protecton against o gt 5
Py T B Bt i il SV i Kl AaaS i 150 & gy, ks A
inducse DTH response Vil Btancy and reaCtVaon shOoUd D2 on mcicatie stats of the HEV-2 vacans
Prowdes protection sganst acute HSV studed inmore sutsble animd MO0H  cancdate HIVE2D inmice and guines pga.
Infection PLaS One, 10{4), s0121518 {2015).
HSV-2 ICP8 replication  Subcutarscus i Precincaltnd HEV-2 T— gproducing T- protectve immunty meda (15, 16) Oresht M, Bartke AS, Patd A
defective + B7 co- mice e T xw’we]-_“ Socl by Hrause PR, Spread of hepas ampiex was 1o
stimuation Decreases HSV reglicaton n gental the spind cord is independsnt of spread to
mucosa darsal root gangie. J W, 856), 3030-3032
Lowsrs HSV rdated gantal ard {2011). Dasgupts G, Chentoufl AA, Kdantani M
neuciogcal deeass st &, iImmunodominant *ssympomatc®
Rach . hampes smpex vinus | and 2 proten antigens
TCxtaly identfied by probing whole-ORFome
miroarays with saum antbodes fom
SSOPOITVE BYMPOMAETC VErsie
symptomatc ndviduals. J Vinol, 8608), 4358
A383 2012).
Multiple genes Deletion Subcutarscus n Precinicaltind . HEV-2 Reduces shaddng gEnstc bass  undeaing {17) Dasgupta G, Nesbum AB, Wechaler SL,
of HSV-2 mice Nl Bhor: ane vl g:mdmmmwm BerMohamed L Devdoping an asymptomatc
Suppreses wd replastion and Btency mucosal hapes vaccns: the pressnt and the
Theorotcdly provides protecton against tuare, Future Moobid, (1), 14 {2010}
double- mutant virus evan in
HSV-2 ICP10APK Subcutansous n Precimical tid HESV-2 Indunes memony T- ectzh Doss not raadily begn i2ency {18) Chantoufi AA, BanMohamead L. Futurs
deletion mioe rorg T L oik“mm:: e viralvecos o he ddivery of asymptomatic
. heper s, (1) Must show the frequency and duUEtoN  hames eptope-hased mmunotharapsutc
Iospone of vacchea, Auture virobgy, 545), 525-528
Increases IL-12 ssorstion by D0a memory T-cels {2010).
Aasess e abity 10 activae pSEMARK
n
T-ceis
HSV-2 ULS & UL29 Intramuscusr n Clincal tial Mutipe mutated olerat More mactions placsnn (19) Schffler JT, Aou-Raddad L, Mark KE et
genes deletion humans HSV-1 ard HSV-2 Sefeanc wellt - riscton site e i al. Mucosd host immuna responss prades

combina tons

the seventy and duraton of hapss smplax



TABLE 1 | Continuad

Type of Vaccine Construct Administration  Phase ofTrial Virus Subtype Results Uimitations Ret.
Vaccine Route
Prod.uces : . Shondd vius-2 ganitsl raat sheddng epsodsa. Proc
mmfm"'ncwgar,“;umd’h o modly vacdne DY INCreBNG e Acad Soi U S, A., 107(34), 1897316978
HEV sgonsgatve ndviduas exprassion of certan wal potens (20103,
Produces only CD4+ T-osll responses in * Should rhibs the sspression of wal
HSV saropositve ndvduas mmune evasion ganes, or adding an
adpvant
Subcutaneous, Precinicaltnd HSV-2 Decreases gental infection and Vit + S study tre roe 2 type of DG (20) Chantoufi AA, Bindsr NR, Barka N et al
and intamusadar sredding mm:edhmmnzpaggm Asympiomatc human G4+ oyitosdc T-cst
nmos . . = ntramusculr vacone dentifisd from harpes simplax virus
Prodhuces stong immune responss ghcoproten B. J Wil 82(23), 11792-11802
Gives protecton against many HEV-2 {2008).
vird strans
Shows batter potection ve
HSV S Qureshi H, Chentoedi
-2 gD (AgD-2) Intramuscusr n Precinical tnd HS/-2 ard supsin- & o 21) Derviiez X, H, Abetal
deletion mice fecton HSV-17) SRR i Voray v _ “Asymptomatic” HLA- AT2:01-Restricted
Fuly protects HS/-2 spreadng to e *  Should use guinea pIgS a3 an anmal Eppes ¥om Herpes Smplex Vins
sacrd gangia and mortaity modd D study requrent dseases Glyeoprotan B Praferantaly Recal
Snows dmast no signs of desass *  Shouid nooporae murine Poiylunctonal CD8+ T Cels fom Seropostive
psrnEcton modd N predinea Asympomate indviduas and Proect HLA
avduaion of HEV- vacare carddates Tanagenic Mes Aganat Ocuar Hapsa. J
Immuned, £2013).
Live R7017 Deletion of HSV-1  ntracersbrd n Precinicaltnd HEV-1 and HSV-2 oects apainst ections . eatablshes fow frequency offatnt (22) Danviliez X, Gottmuskda C, Kabbara KW
aftenuated thymidine kinase mice, vagnd, = - b 1 nrﬁcﬁsnﬂ?oasﬁ?&)? et g Future of an "Asymptmatic’ T-call
vaccine IrtEdermal, and HSV lssions am localzed, superfical and EpopeBasad Trerspautic Hapes Simplex
Intemuscuarin heds more rapdy *  [ItsBossmbishss Btent Recton n Vacoche. Futue virobgy, 7(4), 371-378 (2012).
Qunsa piga and rahbts R7017)
scaificaton of
comea Inrabtits
RAVS395 (Deletion of Intramusculr Precirecal ind HOV-2 Decrenses lasion development NA (23) Pope C, Kim SK, Mazo A ef al Organ-
HSV-2 y134.5 gene, infection sevenity i speafic mguiation of the CO8 T cell reeponse
ULSS and ULS6 ORF) gy 10 Letaia monooyogenss niscton. Jound of
Decrenses requarcy =activaton im 7 1 3402-3408 1
o explantad DRG rruncigy: 1001 0ot
VC2 jmutations in gK Intramuscular Preciricsitnd HO/-1 and HSW-2 ethd ntrav NA (24) Gebharcht T, Whitney FQ, Zad Aetal.
s &gmgm = . cDa ar:an«n»TcelaN b&n
-+ atve,
Presants crosa-protectve humoral and (7363), 216-219 (201 1).
calular Immunity
Ansence of wral DNA in ganglionic
1830ss
Intramuscuar Precimical trid = HOV-2 Decrensas ants vial repicaton n . Syrg e oiteda wsed fe Puman (25) Neon MH, Brd MD, Ghu CF st at
vagna, amourt of s n naural tissus, ,'rés Repid clearance of herpes simplex virus type 2
subsaquant recurent dessse, and wrd by CO8+ T cals requres high level exprassion
sreddirg of diector T osll unctions. J Reprod immunal,
8L1), 10-17 2011),
Delners protection after 6 months 1) )
HSV-2 ICPO-ANLS) Footpad inecton  Precinicsi tid = HOV-2 rificantly maucss NA (26) Bartke AS, Patd A Imal Y, Apalapaku
‘S:;m Vo shedtan K, Margols TP, Krause PR, Latancy-
associted trareaipt (LAT) exon | contols
No dstectabe infscton herpes smplex Winus speciess-apecific
phanotypes: reactvaton n the gunes pig
genital modal and nauron subtype-apeafic
latent expression of LAT. J Virol, 83(19),
10007-10015 {2009).
HSV-2 gE deletion Intramuscular, Precinicaltnd HSV-2 Bease mortalty S incompiee proecton (27) Scidier JT, Corey L Rapd host immuns
Intmvagng, and AR { ; . it ioxs response and wad dynamics n hapes smplex
Intravenous Absence of infectious waus in DRG and vius-2 nfecton. Nat Med, 1913), 280-290
recurent HSV shedding n vagna (2013).
Decrepsss racurant gantd HEV lssome
Ghves batter efficacy though

Inramusada route than subcutansous



Type of Vaccine Construct Administration  Phase ofTral Virus Subtype Results Uimitations Ref.
Vaccine Route
VC2 (gKD31-88 deletion  ntramuscuar Precinical trid = HS/-2 Shows HEV replication at the +  Notefiectve =8 3 hermpadticvacans  0) Tang VA, Rosenthal KL ntaveginal
of HSV-1) mugt:nm Infecton with harpes Smplex wus yps-2
(HEV-2) ganeratas & functonal efiector
Rardy infecta nauwral tissus memory T cdf popuiation that pessts n the
Lack of @y genil dssase mume ganitd Yact J Repod immunol, 87(1-
Reducss ssverty of acute ad recurent 2), 38944 200
HS/-2 sheddng n vagnas and quantty
of virus in DRG
Bater s8Ecton & & prophytactic vacans
Intramuscuiar Precinical trid HOV-1 Gres protacton apsingt HSV- 1- inducsd NA ‘gﬁ)’::;nw: ﬁyesM.;klodcsAG.m
pahog » virus speafic CO8+ T odls can dear
Prowdzs compiste recovery fom intid esmhishad Wt infections from skin and
conpncivts recves and can partidly limit the eardy spread
Ircreasss neutaining antbody ttars of wus after cutansous noculton. J
aiong with GG+, CO4+ and CD8+ T- Immunol, VT2 1), 332-397 {2004),
cHis
Decragses infltration of bat +
macropnacs
R2 HSV-1 mutation in Intramuscuiar, Precinical tid = HSV-2 IrersRses neutalnng odes NA {30) Rott LS, Brskin MJ, Ardrew DP, Barg
region 2of pULST) Intmdsrmal, and ity EL, Butcher EC. A fundamentd subdivision of
intavagnd Decrsases aate and requment HSV ciradating lymphocytes defined by adhesion
iatent vinus dstecton n DRG and to mucosal addressin cel adresion molsade
reaament sheddng 1. Compargon with vaacusr cell adhesion
Rardy infects naral tissus maokecule- | and consiation with bata 7
Integrins and memory difierentation. J
ms"’e"s"m Sochi i Inacienms! Immunol, 156{10), 3727-3736 {1995).
HSV-1 ICPOANLS Subcutarsous @l Pracinicsitnd HESY/-Y Shows Bss risctous vinus drg 3ate o T-cdl rsspores is only obsened & 3 {31)Msbits RE, Streetar PR, Mche S,
intmmuscuar infection in TG and branatem singe tme point fﬁm&'wf"*"m"zf
Strmhtest:r;r-uxe =sponae by encotheld vascuar addregsn expresson
inreasing diated intederon reguites ympnocyte homng pema
Y. granzyme 8 and CD107a; and CD4+ COG- ol to coloree I:r.‘ghnoma
decressing LAG-3, PD-1, and TIM-3 Proc Net Acad Scl U S A, €3120), 11019-
Gives protecton aganst oculr HSV-1 11024 (1996),
chalengs by reduwcing ooudar
reovasculareaion and suppEssng
B ) panpharal nanve virus replcation o
M:;'DNA mpm-’lgvv-: gD, pRe/  mtramuscuiar Precipical trid =~ HOV-1 Reducss s2am ant-gD artioady, o Provies low proscton agalratHSl 1 (Q)Msdcaym a?‘::’rgewu’ Baskin M,
vac - HSV-1gD ant-HSV1 reutrdeing antbody and anti- , daghn Ringer i Fhenotype, and o
gD EL1SA msponses o W migration proparties of thvee major subsets
, vaocie tissue homing T oels insheep. B J nmuno,
S:s ron- apeafic Wg’ﬁ"';aaﬂ 2610}, 2433-2439 (1998).
pDNA encoding HSV-2  Intramuscusr Clincatral HOY-1HSV-2-| Provides safe and well toierated withno  *  Prodices adveme svents hat are  B9)Abitorsbi MA Mackay CR, Jerome B4,
aD2 HSV-1+/H8V-2- doss-Imiting tovicties mosty local site reactions g):a'oo m Ere DJ. ‘ﬁ‘w
Incregses D2-speciic oyotaxe T- osll a0 om
, recrcuiatng lymphooytes sheep gut,
and ymphoprofifeati on mmans paripherd, and Lng ymph. J immanol, 15619),
responses 31113117 (1998).
:gzmmuusv-z Subcutanecus Precinical trid ~ HSV-2 Promdes fly protection aganat iend *  Shoud be studied in a greater number (:M)v?::‘dumm wm;g
Imagtel N2 Metin o , cain. N Eng! J Mad, 343(14), 1020-1034
Prockices stong HEV-2 idon- specific gurss pas (20001,
190 and reutrainng antinody responses
Reduces dl laves of recument HEV-2
sigrificantly
Recuces aoute and recurent dssese,
recument lssion days and Btent HSV-2
load
pDNA encoding HSV-2  Intramuscusr Precinicsitnid = HS/-2 ; 2 ; ; (35) Mackay LK, Wakim L, van Viet CJ et al.
D2 coupled with i conetindan i does G b i o Manterance of T call fnction inthe face of
Vaxfectin chrone artigen stmulaion and repsatad



Type of Vaccine Construct Administration  Phase ofTrial Virus Subtype Results Limitations Ref.
Vaccine Route

*  Prowdss protecton aganst etrel reactivaton ¥ s igert vins nfecton. J
chdlangs s Immunol, 188(5), 2173-2178 {2012).
*  Reduces vaginal HSV load and wrat
Iatency In DRG
pDNA encoding HSV-2  intramuscusar Precinicalnd - HEV-2 . vird actd A ad inciud (35) Mackay LK, Wakim L, van Vet CJ et al.
D2 and ULA6 and ULAT W‘ oz irbu sl e g e md'“‘: cm"'"bdwm P jAstensnce of T Cell Function in the Face of
genesc d with and Pequancy of recuent dsease ’ Vaxictn® Chrone Aotigan Stmulaton and Repaated
Vaxfectin Reactvaton for 2 Latent Virus infecton. J
*  Complesly proect fom both pramary Immenol, (2012).
and recurent genial dsssse
Codon-modified Intradamal in Clincal tal HS/-2 . . {35)Mackay LK, Stock AT, Ma JZ & & Long-
Provdss sats and wal tolarated Mnmal artibodes norsass with ovesll 2
polynucleo-tide vaccine  forsam protection with no modarate or ssnous no stetetca signicance MQUTN(TW")" m“"‘y bz‘em: ssdeid ®
acherss diect memory n 2E008
, *  naufficent number of subects © parsstng iocal anfgen presentation. Poc Nat!
*  Increasss immuns caluiar actvty detsrmine & signficant placsbo efact Acad Sci U S A, 10(18), 7067-7042 (2012)
COR-1: {1) Full-length *  Presanceof CD457, CD4™, CD65™
HSV-2 envelope gD2 macrophagss and polymorphonude ar
and (2) truncated neutophis & st of immunization
o gos i *  Decrssses mean mumber of outresks
& ublquitin sequence
and wal sheddng
SLV-20: (1) pGX27 with  Intramuscuar Precinical tnd  HEV-2 «  inhbis pathoogicd progression FEr «  Doss mot show sgrificant  (37) Masopust D, Acker LJ. Hidden
tissue plasmino- gen wﬂrﬂ:;xn dfaermammwmrog;ymmw memanee: fontine memory T cdis and eaty
activator (tpa), F3L and 190! and Ig03 levss pahogenintarcepton. J immundl, 188(12),
HSV-2 gB and UL39, (2) * noreRses suwal rate 58116817 (2012).
pGX27 with gD2, ICPO *  Reduces wus tier and vird shadding
and ICP4 and (3) pGX27 .
with 1L-42- IL-21 and ::meaesmy.cmq».cmofa}a
MIP-1a expression ¥
Protein- HSV-2 gD2t with 3-0- Intramuscular Precirecsi tnd - HOV-: . . : (38) Sunt MA, Ghanetlar SA, Houde DW et al
based deacylated mono- Ao o oy W oY Mot 55 dflectve 2 replication- GHECINE  Cts) CDB{dm) T ymphocytes sxhbt
subunit phosphoryl *  Prowvidss protection aganst acuts and enharced oytokine expreasion, polisration,
vaccine requment HSV-2 infecton and cytotoxic activity in responss to HOMV
and HV-1 antigans. B J immunal, 31(8),
2512-2520 2001).
lipid A (MPL)- aluminum  Subcutaneous Preciecsitnd . HSV-2 + Providss protection aganst e s + Does pot show Sorficant reducton 0 {34) von Andrian UH, Maciay CR. Tl
hydroxide {alum) recument HSV infection and acute vieal e mean nuTber of days wih function and migraton. Two sides of e same
shedding it dbicecs coin. N Eng! J Mad, 343(14), 1020-1034
*  Reducss mcunent l=son days; sufficent » Notsﬂmmtbsxmeasesysages(
1o prevent most recurent Esion of
i viad E
*  Poducss low bavds of HEY-2
wion-speafic antbodes
HSV-2 gD with MPL- Intramuscular Clincal thal HEV-1/HSV-2-, Pregants 3 protectve &isct in thoss women v Indieche In women who are 139) Jiang X, Chentoufi AR, Haiarg C et al.
alum HOV-1*/HOv-2* who wers HSV-1 and HSV-2 saronsgative seropoatie for HEV-1 but The harpes smplex vius typs | Btancy
seronegatie for HEV-2 assocseted tramsaipt (LAT) can proect
_ - reurcnd derved C1300 and Newro2A cels
*  nsiche in men regadess from Granzyme B inducad spopioss and CD8
SEroogs sEte T-csll kiing. J Wrol, £2010).
Subcutaneous Preciicaltid HSV-1and HS-2 L gree grostcompiete protection aganst + Doss not prevent mucosd nisction {40)
pamary irfection
*  Prsgents betier protecton aganst Btant
Infection
HSV-2gDand gB Intramuscuar Precinical trid = HOV-2 *  icrepses HOV-2 atigan-speafic Co8:  NA (4 JJameson SC, Masopust D. Dheraty n T
adjuvanted with a nowel T-oelespo?x;e c=l memaory: an ambarasament of nadhes.
T- cell antigen and ! Immunity, 31(6), 858-87 1 (2009).
tegument protein UL4O . Smmm high ttars of neutralaing

*  Reducss HSV shedding n vagna, lession
soores and laent infecton



Type of Vaccine Construct Administration  Phase ofTrial Virus Subtype Results Uimitations Ref.
Vaccine Route
HSV-2 gD2and gB2 \ntrargsal and Precinical tid HOV-2 . ; (A2)Knan A4, Sivastva R, Speoosr D al
ieding Incregass neutalang antbodes lsves xmﬂw%m ek o
emulsion adjuvant Reducss acute and recurent dseass m.mwnvma s Hepes Simpex Virus Gyocopmitan B Eptope-
(NEO1- gD2/gB2) soores and sheddng of vius apeafic Efiector and Mamory CD8+ T Cels
Reducse datection of Btent wrus in DRG from Oadar Hapss Symptomate and
Asympomate indhwdual. Jounal of virclogy,
(20185).
Trvalent (gC2, gD2, Intramuscuar Precinical ind HEV-2 Prochicss anthodes that tinds 1o 902+ 002 &= notimmunoganic Wihout (43)%H,M$mA.Ammaegy
:‘?;“:;“"”:": and tlocka s 30ty 10 bind G40 for afjvant duing retusl HSV-2 infection ?Vﬁgﬂwﬁzﬁiﬁ -
alum NEETIONG: AN ;gs'""m“"s“ 2infected gunea 5104, 463-467 2012, i
Intramuscusr Precirical tid HEV-1 and HEV-2 incresses HOV glycoprotain- specific NA (1) Khan AA, Srvastsva R, Crentoufi AA &

artbodss wheh reutalzes HEV-1 and
HS/-2

Providss ramakabie duarabity of vaccns
responss fcontnues wp B 21 morths
POSt Mmunzaton)

Exhibits Itte © no vird =olication
Ansence of wal DNAInb@ins o
tngeminal gangla

Provdes protecton aganst rHSY
maemd mmunizaton promotes tanster
of neuralzing antbodss and protects
ofepring fom deseminaked desass,
mortsity)

al. Boistetng te Numbsr and furction of
HEV-1-Spacstic GDSls) Efactor Mamory T
Cels and Tesus-Residert Memory T Celia n

Dissase. J immundl, 19941), 185-203 (2017).




Cellular and Molecular Life Sciences (2020) 77:4315-4324

https://doi.org/10.1007/s00018-020-03538-3 Cellular and Molecular Life Sciences
REVIEW t')
Check for
updates

Vaccination against the Epstein—Barr virus

Julia Riihl" - Carol S. Leung? - Christian Miinz' ©

Received: 15 November 2019 / Revised: 8 January 2020 / Accepted: 21 April 2020 / Published online: 4 May 2020
© Springer Nature Switzerland AG 2020



* Epstein-Barr virusu (EBV), kesfedilen ilk insan timor virusu ve bugline
kadar in vitro olarak hicreleri dénusturebilen tek insan patojeni olmaya
devam ediyor.

* Rekombinant viral vektorler ve bunlarin heterolog prime-boost asilari,
EBV turevli virus benzeri partiklller ve viral zarf glikoprotein
formulasyonlari arastiriimistir.

Viral Genome

d j l x\ Epstein-Barr Virus (EBV)

or Human Herpesvirus 4
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FIGURE 2 | (A) Hallmarks of prophylactic EBV vaccine development using EBV glycoproteins as antigens. Clinical trials are marked in yellow box and others are
marked in gray box. (B) Current candidate platforms for EBV vaccines, including virus-based, protein-based and nucleic-acid-based vaccines




Rekombinant viral vektor asilari

Rekombinant viral vektor asilari, bagisiklik tepkilerinin istendigi ek proteinleri ifade etmek Utizere tasarlanmis canli viruslardir.

Bu asi platformlari nispeten yenidir ve geleneksel asilara gore bircok avantaji vardir.

ik olarak, viral vektér asilari, 6zellikle infekte olmus ve timér hiicrelerinin temizlenmesinde dnemli olan CD8+ sitotoksik T lenfosit
(CTL) yanitlarinda artis olmak Uizere, genis bir yelpazede bagisikhk tepkilerini indikleyebilir.

Viral vektor hedef hiicreleri infekte eder ve sitozolde antijen ekspresyonuna yol acar, burada klasik MHC sinif I-isleme yoluna kolay
erisim elde edebilir ve ardindan elde edilen peptit epitoplarinin MHC sinif | molekdlleri Gzerinde antijene 6zgu bir CD8+'y1 uyarmak
icin sunumuna yol acgar.

ikincisi, viruslar dogal olarak immiinojeniktir ve bu nedenle, bir inflamatuar yaniti baslatmak icin bir dizi patojenle iliskili molekiiler
modeli (PAMP'ler) ifade ettikleri i¢cin adjuvanlardir.

Bu adjuvan etki, koruyuculugu arttirmak icin cok dnemlidir.

Uclinciist, viral vektor asilar, yiiksek bir gen transdiiksiyon etkinligine sahiptir ve kullanilan viral vektérlerin tropizmine bagli olarak
antijenleri farkh hicre tiplerine iletebilir. Lyt BBV Infeces !
¢ ii;y) % & EBV antigen targeted to
S b dendritic cells
Latent EBV infected B cell
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Virus benzeri parcaciklar

 Virus benzeri parcaciklar (VLP'ler), herhangi bir viral niikleik asit icermeyen virus parcaciklari olarak
tanimlanir.

e 2012 yilinda Pavlova ve ark. EBNA1 ve EBNA3C gibi latent antijenleri kaynastirarak DNA icermeyen
EBV VLP'leri olusturmayi basardi.
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Heterolog prime-boost asilama

* Adenovirus asilari Gzerinde yapilan ilk calismalarda, insan adenovirus 5 (hAd5) gibi serotipler
kullanildi, ancak viral vektoru notralize edebilen 6nceden var olan bagisiklik, insan popilasyonunda
yaygindir, bu nedenle gliclnu sinirlar ve klinik kullanimini engeller.

. §empa|nze _a;g_enovirus vektorleri daha sonra bu énceden var olan nétralize edici bagisikhg dnlemek
IcIn gelistirildi.

* Ne yazik ki, bu vektorlerin immun sistem Uzerine etkisi, ek asilama sirasinda farkli viral vektoérlerin
kullanilmasini gerektiren ikincil enjeksiyonlar icin kapasitesini sinirlayan notralize edici tepkiler
olusturabilir.

* Aslinda, iki antijen formulasyonunu kullanan heterolog primeboost stratejileri, gelismis bir
bagisiklama yolu olarak kabul edilmistir.

* EBNAl'e karsl adenovirus prime ve MVA boost a%llamasmm, EBV antijeni eksprese eden lenfomalara
karsi korumaya donusebilen kapsamli CD4+ ve CD8+ T hiicre yanitlarini ortaya ¢ikarmada etkili
oldugunu gosterilmistir.
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Glikoprotein B (gB), EBV'nin konakg! hiicrelere girisi icin gerekli olan birincil flizyon proteinidir.

EBV gB'ye 6zgl notralize edici antikorlar, 3A3 ve 3A5; her ikisi de B ve epitel hicrelerinin dual-
tropik EBV infeksiyonunu etkili bir sekilde notralize etti.

Farelerde, her iki antikor da EBV'nin neden oldugu lenfoproliferatif bozukluklara karsi etkili
koruma gosterdi.

Kriyoelektron mikroskobu analizleri, yapiya dayali mutajenez, 3A3 ve 3A5'in, gB-hicre etkilegimi
ve gB aktkivaéyonu ile etkilesimi iceren farkli mekanizmalar yoluyla zar flizyonunu inhibe ettigini
ortaya cikardli.

Daha da 6nemlisi, 3A3 ve3A5 epitoplari, insanlarda dogal EBV infeksiyonu tarafindan ortaya cikan
koruyucu FB'ye 0zgu notralize edici antikorlarin ana hedefleridir ve antiviral terapiler ve asilar icin
potansiyel hedefler saglar.
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TABLE 1 | Coninued

Year PlatformV Adjuvant Anfigen Animals Results
2013 Repicgion-deechw  Rhess Lynphoaypiodns s EBNA-1-specic T cds coud be expanded by vaconaton (&5)
chirmparees-derved EBNA-1 Hamdogue, MiEBNA-T  macagues
AN Vs
2013 RAeoombinad sbunl Tancged EBNAT E1AGA, BALR/c moe Sicted CD4+ and CO8 T cait mponsas (£6)
womne dons 380-841), produced
Fam metyiotophc yesst .
pasiods
2015 Newoaste dengee ERV gpdS0/220 ectodurnen BALR/c mice Tidted neutaidng srdbady responses, bul oot befler fian solubie gelS0/220(47).
s (NDV)ius-ke
pericke
2015 Denaicodspdsd BAF1 hu-PEL- Diclled specic oeluly immunily, mpmoved Suvivg Fon S EBV-LPD (48).
with recorrbnant SC0 mos
iralp]
2015 Sd-assambing GEAS0 D -ferritin; ge330 BALS/c grls0-reopetide dicied 10- %o 100-kid higher neursizaion Sk compered ©
nropatces D123 encepsdn e, sduble G50 (43).
Cyramoigus
Macagues
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aone TierMax #0350 produced fram CHO
Oy
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TABLE 2 | Epstein-Barr virus prophylactic vaccine clinical trials: past and presants.

Vaccine Manufacturer Clinical trial/publication Outcome
Recombinant gp350 GlaxoSmithKline Biclogicals, Phase 1 and phase 2 Phase 1 {59 subjects evaluated). One severe
Rixensart, Balgium studies to evaluate safety and immunogenicity adversa event. Phase 1 and 2 studiss (79
of a recombinant gp350 EBV vaccine in healthy subjects evaluated). Cne severe adverse event.
adults
(58)
Recombinant gp350 GlaxoSmithKline Biclogicals, Recombinant gp350 vaccine for infectious A total of 178 EBV seronegative subjects wara
and ASO: adjuvant Rixansart, Balgium mononucieosis: a phase 2, randomizad, evaluated. No subject discontinued medication
sysiem double-blind, placebo-controlied trial to for reasons of safaty or reactogeniciy. Inan
evaluate the safety, immunogenicity, and intention to treat analysis, IM cases were
afficacy of an EBV vaccine in headlthy young distributed as follows: 9 cases {1 probable and
adults, 8 definite} were found in the placebo group and
(59) 2 cases (both definite) were found in the
vaccine group (o = 0.03; « = 0.05, by 1-sided
Fisher's axact tast).
CDB8+4 T-call synthetic Queansiand Institute of Phase 1 tnal of a CD8+ T-call peptida A total of 14 subjects were evaluated. No
peptide HLA Medical Resaarch, Ausiralia epitope-based vaccine for infectious serious adverse events were reported, Trial oo
B*0801 -restricted mononucleosis. small to estimate vaccine efficacy. Vaccineg
eptope and tetanus (60} immunogenic in most individuals.
toxoid vaccine
mBNA-1189 Modema TX, Inc. A phase 1, randomized, observer-biind, Main outcome is to evaluate the safety and
placebo-controlled, doss-ranging study of an reactogenicity of mMRNA-1189in 18-to
EBV candidate vaccine, mRNA-1189, in 18- {o 30-year-oid healthy adulis. Secondary outcome
30-year-old healthy adults. is to evaluate vaccine immunogenicity.
Triai ongoing. Estimated completion date June
2023. NCT05164094
EBV gp350-Ferritin National Institute of Allergy A phase 1 study of the safety and Main outcome is to evaluate the safety and
nanoparticie vaccine and infectious Diseases, immunogenicity of an EBV gp350-Ferritin reactogenicity of gp350-Ferritin nanoparticle
adjuvanted with Matrix USA nanoparticle vaccine n healthy adults with or vaccing in 18- to 20-year-old healthy adults.
M1 without EBV infection.

Trial ongoing. Estimated complation date July
2025, NCTD4645147

aNumbers in parentheses iist refevant referances,
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Table 2 - Immune response to natural HCMV infection.

2.1. Innate response a) CD57 NKG2Ct=" cells (Lilleri and Gerna, 2017).
b) ADCC (Wu et al., 2013; Chunget al., 2014)).
c) v/d T-cells and, namely, V82 y/é T-cells (Pitard et al., 2008; Fornara et al., 2011).

2.2. Antibody HCMV-specific antibodies, and namely neutralizing antibodies (NAb), were considered in the past to have a

response protective effect against vertical HCMV transmission in seronegative mothers (Fowler et al., 1992). However,
recently, vertical transmission was also shown to occur in mothers who were seropositive prior to pregnancy
(Ross et al., 2006, 2010; Novak ef al., 2009).

2.3. T-cell response.  Protective role of HCMV-specific CD4* and CD8* T-cells documented in the 90s following adoptive transfer of
in vitro expanded CD4' and CD8" T-cells (Walter ef al., 1995; Einsele et al., 2002).

ADCC, antibody-dependent cellular cvtotoxicity.
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Table 3 - HCMV major immunogenic antigens.

3.1. Antibody 1) Until 2004, the 3 known glycoprotein complexes (gCs) representing the major targets of the HCMV NAb
response response were gB (gCI, homotrimer), gH/gL (gCIII), and gM/gN (gCII).
2) In 2004-2005, the genomic trimer UL128-130-131 (referred to as UL128L) was identified as indispensable for
infection of endothelial (Hahn ef al., 2004) and epithelial (Wang & Shenk, 2005) cells. Then, it was shown to be
complexed with gH/gL to form the pentamer complex (PC) gH/gL/pUL128L (Ryckman et al., 2008).
3) In 2010, a number of potently neutralizing human mAbs were shown to be directed to the 3 components of
the trimer pUL128L (Macagno et al., 2010). Murine mAbs with the same potency and specificity were obtained
following immunization with PC (Kabanova et al., 2014).
4) Finally, early appearance of antibodies to some PC epitopes in pregnant women with primary HCMV infection
was associated with a reduced risk of vertical HCMV transmission (Lilleri et al., 2013; Gerna ef al., 2015).

3.2. T-cell 5) Primary role of T-cell immunity in protection against HCMV infection/disease has been repeatedly recognized
response with the guiding contribution of HCMV-specific CD4* T-cells and the secondary intervention of HCMV-specific
CD8* T-cells in both the immunocompetent (Revello et al., 2006; Lilleri et al., 2007, 2008; Fornara et al., 2017)
and the immunocompromised host (Sester et al., 2001; Gamadia et al., 2003; Gabanti et al., 2014, 2015).
6) The major target for both CD4*and CD8* T-cells is pp65, whose pp65,¢5.503 epitope stimulates CD8* T-cells only
in the presence of CD4* T-cell help (Reiser ef al., 2011). The T-cell response to PC has been only preliminarily
investigated (Mele ef al., 2017).

NADb, neutralizing antibodies; cCMV, congenital HCMV infection; PC, pentameric
complex; mAbs monoclonal antibodies. CMV
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Table 4 - Live HCMV vaccines.

4.1. Towne
vaccine

Developed by Plotkin ez al. (1975) following 125 passages in HELF, the Towne vaccine exhibited the following
properties in Phase I/II clinical studies:

1) no virus excretion;

2) no virus latency;

3) NAb induction;

4) generation of both HCMV-specific CD4* and CD8* T-cells;

5) partial protection against virus challenge in both the immunocompetent and the immunocompromised host;
6) The molecular basis of attenuation was later attributed to a 2-bp insertion (TT) causing an aa frameshift

mutation in 130 (Murphy ef al., 2003).

4.2. AD-169

vaccine

Developed by Elek & Stern in 1974 in London, the AD-169 vaccine was abandoned at the end of the 70s (Neff

et al., 1979). Later in 2012, the mutated PC in AD-169 was restored by serial passages in endothelial cells (Fu et
al., 2012). The revertant AD-169 virus with a restored PC was genetically modified by incorporating a synthetic
compound (Shield-1), which allows virus replication only in its presence. This disabled infectious single-cycle
(DISC) HCMV vaccine, named V160, was able to induce both humoral and T-cell responses in NHP (Wang et al.,
2016) as well as in humans in a Phase I study (Fu et al., 2018).

4.3. Towne/Toledo

chimera vaccines

Four genetic Towne/Toledo recombinant chimera vaccine candidates were constructed by substituting genomic
regions of the low-passage Toledo strain with attenuated Towne strain genomic regions (Kemble ef al., 1996). In
a Phase I study, vaccines were well tolerated and not excreted in humans (Adler et al., 2016).

4.4. Viral vectored
HCMYV vaccines

The following heterologous viral vectors were used to deliver HCMV antigens (clinical trial Phaselexperimental

animal inoculation):

1) Canarypox virus vector, delivering either gB (Adler et al., 1999) or pp65 (Berencsi et al., 2001) (Phase I).

2) Alphavirus vector, the Venezuelan Equine Encephalitis (VEE) virus delivering extracellular gB and a pp65/
IE-1 fusion protein (Reap et al., 2007a, b) (Phase I).

3) Lymphocyte choriomeningitis virus vector, delivering pp65 and gB in a bivalent vaccine (Schleiss et al., 2017a)
(Phase I).

4) Modified vaccinia Ankara virus (MVA) vector expressing: a) pp65, gB, IE-1, IE-2, PC (Wussow et al., 2013);
b) pp65, IE-1 (exon-4) and IE-2 (exon-5) in the Triplex vaccine (La Rosa et al., 2017) (Phase I); c) all five PC
subunits in HEK cells or following BAC-cloning of MVA vector (Chiuppesi ef al., 2017; Wussow et al., 2018)
(mice).

5) Adenovirus type 6 vector expressing IE-1, IE-2 and pp65 (Tang et al., 2017) (mice & NHP).

4.5. Alphavirus
replicon particles
(VRPs) vaccines

A VRP vaccine is an RNA-based vaccine consisting of an attenuated strain of VEE virus, in which the structural

VEE virus protein genes are replaced with HCMV genes encoding for gB or the pp65/IE-1 fusion protein and

VEE non-structural genes, while two helper RNAs encode for VEE structural proteins allowing replicon RNA

packaging into VRPs.

1) A bicistronic vaccine (AVX601) expressing gB and a pp65/IE-1 fusion protein was developed (Reap et al.,
2007a, b) and shown to be safe and immunogenic in humans in a Phase I trial (Bernstein et al., 2010).

2) Recently, a comparison of VRPs encoding HCMV gH/gL and PC with purified gH/gL. and PC complexes
showed that PC elicits higher NAb titers than gH/gL in mice (Wen et al., 2014).

PC, pentameric complex; VEE Venezuelan equine encephalitis virus; MVA, Modified Vaccinia Ankara virus; VRPs, Virus Replicon Particles; NAb, Neutralizing Antibody;
HELF, human embryonic lung fibroblasts; aa, aminoacid; HEK, human embryonic kidney; NHP, non-human primates.



Table 5 - Non-living HCMV vaccines.

5.1. gB stbunit
vaccines

1) The first gB vaccine was developed at Chiron (Gonczol ef al., 1990) and administered in Phase /1 clinical
ggl:;;;g:_&h adults and toddlers (Pass er al., 1999; Mitchell er al, 2002). However, the antibody response was
3
2} Subsequently, Novartis and then Pasteur modified the gB subunit vaccine by removing the gB
transmembrane domain. This vaccine was tested in several Phase J7 clinical trials (Pass et al, 2009;
Griffiths et al, 2011; Bemstein ez al., 2016), showing a fair degree of protection against primary infection in
seronegative and a boosting of immune response in seropositive women.

5.2. DNA-based
vaccines

Different types of plasmid-based DNA vaccines have been developed, as follows:

1) ASP0I 13 bivalent vaccine consisting of twa plasmids, one containing (VCL-6368) a modified pps5 genc,

and the other (VCL-6365) a portion of the genomic region encoding the extracellular domain of AD1A9 gB

(Sclinski et al, 2005). This vaccine has been dinically tested in Phase I (Wlock ez al., 2008) and Phase 1T

trials in HSCT recipients (Kharfan-Dabaja et al, 2012). In addition, it is being tested in a Phase 117 trial o

investigate the therapeutic effect in HSCT recipients {expected to be completed in 2022).

Trivalent DNA vaccine (VCL-CT02) encoding 1E1, gB, and ppé3 (Jacobson et al., 2009) (Phase 1) showing the

priming effect of DNA vaccine in cliciting the immune response.

SynCon (Synthetic Consensus sequence) vaccine approach sclecting the most conserved aa &t cach position

in the antigen gene sequences, followed by the insertion of the selected sequences into a DNA plasmid

(Ramanathan ef al, 2009).

4) Vaccine administration using the Flectroporation techmigue, which allows the formation of transient pores in
the cell membranes near the injection site of plasrruds lhus facilitating cntry of plasmids into the cytoplasm

2
3

-~

(Flingai ef al.. 2013) (mice & other experi I

5.3. RNA-based
vaccines

Multiple options have been developediproposed:
Iy synthetic ing mRNA expressing 2 ppé3-1E-1 construct and gB was administered o rhestes

macagues inducing bolh NAD and T<cell responses (Novartis).

2} mRNA vaccine formulated with Epid nanoparticles (LNP), encoding gB and PC, was administered 1o NHP and
induced potent NAb response (Moderna Therapeutics).

3) mRNA-based mudtigntigenic vaccine including ppé3, ¢B and PC inoculated in miice clicited potent humoral
and cell-mediated immune responses. However, T-cell responses to pp63 mRNA vaccine were inhibited by
presence of other HCMV antigens (John et al, 2018).

5.4 Virus-like
particle {(VLPs)
vaccines

VLPs are enveloped virus-like particles (eVLPs) simulating wild-type viruses, but lacking viral genome. The

following formulations have been

1} VIB Labs developed an ¢VLP vaccine cxpmssmg the extracellular sequence of gB fused with the
transmembranc and the oyvtoplasmic domains of Vescicular Stomatitis Virus (VSV) G protein (Kirchmeier ef
al, 2014) (Phase I, results expected).

2) VIB developed another eVLP vaccine by transfecting HEK-293 cells with a plasmid encoding the gag protein
of Moloney murine leukemia virus fused in frame with the HCMV ppé5 prolein and co-transfecting with &
¢B plasmid, thus cnabling VLP budding from transfected cells.

3) Redvax GmbH (Smlzcrland) using a baculovirus expression system, developed another eVLP candidate
HCMV vaccine (Vicente et al., 2014).

5.5. Dense body
(DBs) vaccine

DBs are enveloped dense bodies accumulating inside HCMV-infected cells and containing glveoproteins and
tegument proteins, but not DNA. DB inoculation in mice induced both NAb and T-cell responses (Becke et al,
2010; Cayatte er al., 2013).

5.6. Peptide

vaccines

Peptide vaccines have been mostly directed to prevention/protection against HCMV di in HSCT recipi

1) In this context, HCMV ppé3 has been found to be the maost effective viral antigen, and its CTL cpitope
HLA*201-pp65,,. oy Was identificd as a peptide provided with a high protective potential and fused toa
T-helper epitope acting as a stimulus for the immune response (La Rosa er al, 2012), This vaccine, referred
10 as PepVax, was shown in a Phase [ trial in HSCT recipients to be free of adverse effects.

2) Another peptide vaccine was developed in Australia as a chimeric vaccine encoding the extracellular domain
of gB and epitopes from 8 different HCMV antigens, both HLA class I- and class II- restricted, expressed as
a single fusion peotein. Inoculation of transgenic mice with this vaccine prodduced robast antibody and T-cell
responses (Dasan et al, 2013).

5.7. Pentameric
complex (PC)
vaccines

PC was identified in 2008, following the discovery by cur group (Hahn e al, 2004) of the UL128-130-131

locus (ULI28L) as indispensable for endothelial cell tropism, and the identification of its complex with gH/gL

(Ryckman et al., 2008) to form the peatameric gH/gLipULI28L complex or PC. PC has been shown: a) to be the

major HCMV neutralization antigen (Macagno et al., 2010), b) to be required for infection of both endothelial

and epithelial cells. Some PC vaccine applications include:

1) The repair of a frameshift mutation in the ULI31 gene of the ADI69 PC restored PC expression with improved
immunogenicity in different animal species (Fu er al, 2012). The revertant AD169 virus with restoced PC
was genetically modified by incorporating a synthetic compound (V160 vaccine). Several Phase [ trials have
shown that the V160 vaccine is safe and immunogenic inducing both NAb and T-cell responses (Wang ef al,
2016; Haet al, 2017).

2} Several additional PC-based vaccines have been developed, as follows:

a) Using an MVA virus expressing the 5 PC suburits, a soluble PC was produced in HEK-293 cells and
inoculated in mice (Chiuppesi er al, 2017).

b) A BAC-cloned MVA vector expressing the 5 PC subunits was inoculated in mice obtaining a potent NAb
response (Wussow er al, 2018).

¢} VRPs generated with the VEE vinus and expressing PC adjuvanted with MF59 produced high NAb levels in

mice (Nomvartis \'nocmcs)
d) PCvaccine produced in CHO cells (Kabanova et al., 2014} mdua:d in amice a high titer NAb response
logc!ln:rwuhablock of virus di: (GcmaaaL 2016)

H i Stem Ccll T last; PC, P plex; ULIZBL, ULI28-ULI30-ULI3! Jocus: BAC, Ba l Antificial Ch

gB, B HSCT,
VRP: \'insRnpﬁodeu:WA. Muh&de:mAnhnnm:VEF.Vmu\mEqunphdmswnxCHOcdk Chinese Harster Ovarian cedls; mAbs,

mancclonal anthodies.



Neutralizing anti-gB antibody induced by vaccination on both fibroblasts and epithelial cells
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Figure 1. Responses to Sanofi-Pasteur glycoprotain B (gB). CMV, cytomegalovirus; GMT, geometric mean titers.



Neutralizing Antibody Titers
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Figure 2. Neutralizing antibody responses to glycoprotein B with various adjuvants. GMT, geometric mean titers.
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Figure 5. Kinetics of cytomegalovirus {CMV}-specific humoral and B-cell responses to GSK glycoprotein B [gB] combined with ASO1E adjuvant. At the indicated time
points (A), anti-gB immunoglobulin {ig)G antibodies were measured by enzyme-linked immunoscrbent assay; (B) anti-CMV neutralizing antibodies {Nabs) were measured
by microneutralization test using MRCS fibroblast cells and the AD163 CMV strain; (C) anti-gB 1gG avidity indexes were measured by avidity enzyme-linked immunosorbent
assay using a3 chaotropic agent (8 M urea); and (D) g8-specific antibody-secreting B-celis were determined by enzyme-linked immunospot assay. (A} and (B) show geometric
mean titer (GMT)/geometric mean concentrations (GMC) and 95% confidence interval [CI). [C} and (D) show bexplots: the box represents the upper and lower quartiles; the
horizontal line within the box represents the median value; the whiskers represent the minimum and maximum values. Arrows represent time of vaccine dose administration.
Natural infection levels of anti-g8 igG {and avidity indexj and anti-CMV neutralizing antibodies were determined at the month O timepoint from 39 CMV-seropositive healthy

male subjects (dotted line).
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Figure 3. Hookipa HP-101 elicited significant human cytomegalovirus (HCMV)-
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Table 7 - Formudation of an ideal HCMV vaccine.

Primary endpoint

It should be the prevention of primary HCMV infection in adult seronegative subjects at risk of
infection. This scronegative population would include adult women of childbearing age and paticnts
included on the list of SOT and HSCT candidates. However, these paticnts, once scropositive after
vaccinalion, might not be protected against newly-infecting virus strains, as recently and repeatedly
documented.

Secondary long-term
endpoint

It should be the achievement of herd immunity, ideally protecting against any new contact with
different virus steains. This approach would require vaccination of the entire population, perhaps
starting in the first years of life, and administmation of booster vaccine doses in the following years/
decades. This ideal vaccine would require the acquisition of a lifelong evaluable immune response, both
humoral and T-cell mediated.

Schedule

Vaccine composition

Extended clinical trials should be conducted on the non-immune component of the adult population
{both males and females) of one or more developed countnes 1o define the kevels of immune protection
against re-activation/re-infection episodes of HCMV infection following vaccination. Presumably, levels
of protection should refer to cut-off levels (and/or protective activity) of HCMV-specific antibodies and,
particularly, NAb, as well as to cut-off levels (and/or protective activity) of HCMV-specific CD4* and
CDS* Tcells. If immune proteclion is virus strain-specific, this would make definition of protection
more intriguing. However, the follow-up of vaccinees would allow vaccne developers (o draw uscful

—————————————— e e S e e G eee—

It 15 still unclear whether vaccine components should refer 1o a single HCMV strain or to multiple
strains selected on the basis of consensus sequencing of the mapor viral antigens. Based on current
knowledge, a hypothetical vaccine should contain:

1) gB inducing both antibody and T-cell responses;

2) PC, inducing the most potent NAb response;

3) pp65, inducing the most potent T-cell response.







