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KAJIAN IMUNOGENISITI VAKSIN DNA DAN VAKSIN DNA PEMBAWA
YANG MENGEKSPRES VP1 DARI ENTEROVIRUS 71 DENGAN
STRATEGI VAKSINASI ‘PRIME-BOOST’

ABSTRAK

Enterovirus 71 (EV71) ialah agen penyebab bagi penyakit tangan, kaki dan mulut pada
kanak-kanak dan boleh mendatangkan komplikasi saraf yang serius. Di Malaysia, wabak
pertama jangkitan EV71 berlaku pada tahun 1997 di Sarawak dan menyebabkan 34 kes
kematian berpunca daripada sindrom saraf. Sehingga kini masih tidak terdapat vaksin
untuk pencegahan jangkitan EV71. Vaksinasi dianggap sebagai kaedah yang paling
berkesan untuk mengawal jangkitan EV71. Oleh itu kumpulan penyelidikan kami telah
merintis untuk membangunkan calon vaksin yang melibatkan pembangunan gen sintetik
VP1 daripada EV71 yang berangkai dengan gen ubikuitin (UbGR) dan diklonkan dalam
vektor DNA vaksin yang mempunyai promoter eukariotik yang kuat iaitu pVAX1, untuk
menghasilkan calon DNA vaksin yang dinamai pVaxUbVP1. Keupayaan vaksin ini untuk
menghasilkan tindak balas imun di kaji pada mencit BALB/c dengan menggunakan dua
kaedah penyampai: sebagai vaksin DNA yang disuntik ke dalam ofot atau secara oral
melalui bakteria hidup yang dilemahkan iaitu Salmonelfa typhi Ty21a sebagai pembawa
vaksin DNA dan strain yang membawa pVaxUbVP1 dikenali sebagai StUbVP1. Kedua-
dua calon vaksin digunakan melalui pendekatan ‘homologous’ dan ‘heterologous prime-
boost: Format A (pVaxUbVP1 sahaja), Format B (StUbVP1 sahaja), Format C (StUbVP1
sebagai vaksin primer dan pVaxUbVP1 sebagai vaksin ‘booster’) dan Format D
(pVaxUbVP1 sebagai vaksin primer dan StUbVP1 sebagai vaksin ‘booster’). Keputusan
kajian menunjukkan bahawa Format A dan D menghasilkan tahap IgG serum yang
signifikan sementara asai subkelas IgG menunjukkan paras lgG2a adalah lebih tinggi
dibandingkan IgG1 dalam kedua-dua format imunisasi. Penghasilan sitokin IFN-y secara
in vitro adalah signifikan bagi Format A, Format B dan Format D sementara penghasilan

IL-4 pula secara relatiinya adalah rendah pada semua format imunisasi melainkan



Format D. Penghasilan sitokin intrasel (IFN-y, IL-2 dan IL-4) oleh sel T CD4* dan CD8"
pula menunjukkan tindakbalas tahap sederhana ke tinggi pada imunisasi Format A dan
Format D. Analisis juga menunjukkan bahawa pVaxUbVP1 dalam format ‘homologous
prime boost' (Format A) menghasilkan rangsangan imun sistem jenis Th1 sementara
penggunaan Format D (pVaxUbVP1 sebagai vaksin primer dan StUbVP1 sebagai vaksin
‘booster'’) menghasilkan rangsangan campuran Th1-Th2. Kesimpulannya, vaksin DNA
pVaxUbVP1, apabila digunakan bersendirian secara ‘homologous prime boost' atau
sebagai vaksin primer dalam kaedah ‘heterologous prime boost’ bersama StUbVP1,

menunjukkan potensi untuk dibangunkan sebagai vaksin terhadap EV71.

Xi



IMMUNOGENICITY STUDY OF DNA VACCINE AND DNA VACCINE CARRIER
EXPRESSING VP1 OF ENTEROVIRUS 71 IN THE
PRIME BOOST VACCINATION STRATEGY

ABSTRACT

Enterovirus 71 (EV71) is a highly infectious causative agent of hand, foot and mouth
disease (HFMD) in children and which could lead to severe neurological complications. In
Malaysia, the first epidemic occurred in 1997 in Sarawak and caused 34 deaths due to
severe neurological syndrome. There is currently no vaccine available against EV71.
Vaccination is considered the most effective means to control EV71 infection. Thus our
group have exploring the development of a candidate vaccine involving the construction of
a synthetic VP1 gene of EV71 fused to a ubiquitin (UbGR) gene and cloned into a DNA
vaccine vector with a strong eukaryotic promoter known as pVAX1, to create the
candidate DNA vaccine pVaxUbVP1. The immunogenicity of the constructed DNA vaccine
was evaluated in BALC/c mice involving two methods of delivery: as a naked DNA
vaccine delivered intramuscularly or delivered orally via the live attenuated bacteria
Salmonella typhi Ty21a, of which the recombinant strain carrying pVaxUbVP1 was
designated as StUbVP1. Both candidate vaccines were used in homologous and
heterologous prime boost approaches: Formats A (pVaxUbVP1 alone), B (StUbVP1
alone), C (StUbVP1 as primer vaccine and pVaxUbVP1 as booster), and D (pVaxUbVP1
as primer vaccine and StUbVP1 as booster). The results indicated that total IgG levels in
serum was significant in Formats A and D whereas IgG subclasses assay showed that
IgG2a levels were higher than IgG1 levels in both immunization formats. Production of in
vitro IFN-y was significant in mice vaccinated using Formats A, B and D, whereas IL-4
production was relatively low in all groups of immunization but shows a significant
increase in Format D. The percentage of intracellular cytokine (IFN-y, IL-2 and IL-4)
production by CD4* and CD8* population of T cells showed a moderate to high response

in Formats A and D. The analyses also showed that the use of pVaxUbVP1 in a

Xii



homologous prime boost format (Format A) resulted in a Th1 type of immune response
whereas using Format D (pVaxUbVP1 as primer vaccine and StUbVP1 as booster) gave
a mixed Th1-Th2 types immune response. In conclusion, pVaxUbVP1 used alone in a
homologous prime boost approach or as the primer vaccine in a heterologous prime boost
immunization format together with StUbVP1, show potential for further development as a

vaccine against EV71.
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CHAPTER 1

INTRODUCTION

1.1 Enterovirus 71

Enterovirus 71 (EV71) belongs to the human Enterovirus A species of the
Enterovirus genus within the family Picornaviridae. EV71 was first isolated and
characterized from neurological cases occured in California from 1969-1973 (Schmidt et
al., 1974). Virions of EV71 consists of a non-enveloped capsid surrounding a core of
single stranded, positive polarity RNA approximately 7.5 kb in size (Brown & Pallansch,
1993). The viral capsid is icosahedral in symmetry and composed of 60 identical units

(promoters) each consisting of four structural proteins VP1-VP4.

The single open reading frame (ORF) encodes a polyprotein of 2194 amino acids and is
flanked by untransiated regions (UTRs) at the 5’ and 3’ end. A variable length poly-A tract
is located at the terminus of the 3' UTR. The polyprotein is subdivided into three regions,
P1, P2 and P3. P1 encodes four viral structural proteins 1A-1D (VP1-VP4), whereas P2
and P3 encode seven non-structural proteins designated 2A-C and 3A-D respectively

(Brown & Pallansch, 1995). The genome structure of EV71 is shown in Figure 1.1.

The clinical manifestations caused by EV71 infection vary from mild hand, foot and mouth
disease (HFMD) or herpangina to neurological diseases such as aseptic meningitis,
encephalitis, pulmonary edema and death (McMinn, 2002). Children less than 5 years of
age are particularly susceptible to the most severe forms of EV71 associated neurological
disease. Historically, series of EV71 associated outbreak of HFMD and encephalitis have
been reported from the United States (Alexander et al., 1994), Australia (Gilbert et al.,
1988), Europe (Chumakov et al., 1979, Nagy et al, 1982 & Melnick, 1984), Japan

(Fujimoto et al., 2002), Brazil (da Silva et al., 1996) and Malaysia (AbuBakar et al., 1999a,

Cardosa et al., 1999 & Chan ef al., 2000).
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Figure 1.1: Genome structure of EV71. The single ORF is flanked by UTRs at the 5" and
3’ ends and a variable length poly-A tail is found at the 3° UTR (Adapted from Brown &
Pallansch, 1995).



1.2 Diseases due to EV71

1.21 HFMD and herpangina

HFMD is the illness characterized by three to four days of fever and the
development of vesicular anathema which is an ulcer or eruption occurring on mucous
secreting surfaces such as on the buccal mucosa, tongue, gums and palate.
Papulovesicular exanthema also appears on the hands, foots and buttocks. EV71 has
been increasingly recognized as the cause of this disease (AbuBakar et al., 1999a,
Abubakar et al., 1999b, Cardosa et al., 1999, Chang et al., 1999a, Chan ef al., 2000 &
Chang et al., 2002) while Coxsackie A16 (CA16) (Chang et al., 1999b & Shah et al,,
2003) is also frequently associated with HFMD epidemics. EV71 associated HFMD is
considered clinically indistinguishable from HFMD caused by CA16. However infection

with CA16 rarely results in neurological disease or death (Mc Minn, 2002).

In addition to HFMD, EV71 was identified as a causative agent of herpangina during
epidemics in Hong Kong (Samuda ef al., 1987), Japan (Komatsu et al., 1999) and Taiwan
(Ho et al., 1999 & Wang et al., 1999). Herpangina is an iliness characterized by an abrupt
onset of fever and sore throat, which are associated with the development of raised
popular lesions on the mucosa of the anterior pillars of Fauces, soft palate and uvula.
EV71 associated herpangina was very prevalent during the 1998 Taiwanese epidemic
(Chang et al, 1999b, Ho et al, 1999 & Wang et al., 1999) and the second most

diagnosed after HFMD.

1.2.2 Neurological diseases
EV71 have been recognized as a highly neutropic virus and associated with a
diverse range of neurological diseases such as aseptic meningitis, brainstem or cerebellar

encephalitis, acute flaccid paralysis (AFP) and several post-infectious neurological

syndromes (Alexander ef al., 1994).




AFP associated with EV71 have been established by numerous studies and it appears to
be milder and associated with higher rates of complete recovery than that occuring due to
poliovirus infection (Samuda et al., 1987 & McMinn et al., 2001). It was demonstrated that
many clinically diagnosed cases of EV71 associated AFP are not due to cytopathic
damage to the anterior horn motor neurons which likely occurs in cases of poliomyelitis,
but are rather due to other neuropathological mechanisms (Ramos-Alvares et al., 1969).
In addition, clinical and magnetic resonance (MR) imaging study of EV71- associated AFP
showed the presence of transient MR changes in the anterior horns and ventral roots of
the spinal cord in six of seven cases studied (Chen et al., 2001). Nevertheless, it is clear
that EV71 may induce AFP by several mechanisms other than virus-mediated destruction
of the anterior horn motor neurons, and this is reflected in the more varied clinical

presentation of EV71 associated AFP than that seen during poliovirus infection.

EV71 infection can also cause brainstem encephalitis which is the most severe
neurological manifestation. This disease occurs most frequently as an extension of spinal
cord disease (Lum et al., 1998, Hsueh ef al., 2000 & McMinn ef al., 2001) but may occur
in isolation (Huang et al., 1999 & Wang et al., 1999). MR imaging and post mortem
studies indicated that the medulla oblongata, reticular formation, pons and midbrain
structures are those most frequently involved (Lum et al,, 1998, Huang et al, 1999 &

McMinn et al., 2001).

1.3 Epidemiology of EV71

Since the initial description of EV71 in 1974, outbreaks of EV71 infection have
occurred periodically throughout the world. In the Asia Pacific region, occurrence of EV71
associated HFMD outbreaks was first identified in Japan in 1973 and later in 1978 (Miwa
et al, 1980 & Tagaya ef al., 1981). Both epidemics showed the same characteristic

features of low prevalence of acute neurological disease.



Increased occurrence of large scale outbreaks and high level of endemic circulation of
EV71 have been reported in Sarawak in 1997 (Cardosa et al., 1999), followed by smaller
outbreaks in Japan (Komatsu et al., 1999), Peninsular Malaysia (Lum et al., 1998) and
Singapore in 1998 (Singh et al., 2000). In 1997, a cluster of paediatric death due to
encephalitis and cardiac failure was observed in Sarawak (Cardosa et al., 1999). Thirty-
four deaths from this syndrome were reported (Cardosa et al., 1999) and four fatal cases

were detected in peninsular Malaysia (Lum et al., 1998).

The largest and most severe EV71 associated outbreak reported to date was in 1998
which occurred in Taiwan (Ho ef al., 1999, Hsiung and Wang, 2000 & Liu ef al., 2000). A
total of 129106 cases of HFMD and herpangina (HA) were reported over a period of 8
months (Ho, 2000). Previous virological studies have identified the cause of the HFMD/HA
epidemics as due to both EV71 and Coxsackievirus A16 (CA16) (Ho et al., 1999 & Ho,
2000), with EV71 isolated from 2/3 of the cases. Severe neurological diseases due to
EV71 were identified in 405 cases and 78 children died mainly due to the development of
neurogenic pulmonary edema (Ho et al., 1999, Hsiung and Wang, 2000 & Liao and Hung,

2001).

A large scale outbreak of HFMD was reported in Singapore and southern peninsular
Malaysia in 2000 during which several fatal encephalomyelitis were reported in both
countries (Lum ef al., 2002). The sole cause of the epidemic in Singapore was identified
as due to EV71, whereas both EV71 and echovirus 7 were isolated from cases of HFMD

and encephalomyelitis in peninsular Malaysia (Chua et al., 2001 & Lum et al., 2002).



1.4 Pathogenesis of EV71 infection

The pathogenesis of EV71 is still not completely understood. However, several
mechanisms have been proposed suggesting that central nervous system (CNS)
dysfunction and acute respiratory distress syndrorhes led to the acute fatality of EV71

infection (Lin et al., 2003 & Wang et al., 2003).

EV71 is a neutropic virus and is similar to other enteroviruses. The infection is transmitted
mainly by the fecal oral route, but oral-oral route transmission is also possible (Lin et al.,
2002). The initial replication site of EV71 probably occur in the intestine as the virus could

be detected in feces for weeks after an acute infection (Li et al., 2002).

However, it is unclear how EV71 is disseminated from the initial replication site to the
CNS. One possibility is that EV71 may spread to the CNS through the neural route (Lin et
al., 2002). Another possibility is this virus may enter the blood circulation after replication

in the gut mucosa.

Liang et al. (2004) hypothesized that endothelial cells are the extraneural sites for
replication of EV71. A study has been carried out to test the susceptibility of human
endothelium to EV71 infection using a clinical isolate of EV71 to infect a human
endothelial cell line (HMEC-1) and the results demonstrated that human HMEC-1 cells is
permissive for EV71 infection in vitro (Liang ef al, 2004). The same studies also
suggested that EV71 not only infect HMEC-1 cells but could render them to undergo
several cytopathic and pro-inflammatory changes including the secretion of Interleukin-6
(IL-6), and chemokines which are macrophage migration inhibition factor (MIF) and
macrophage chemo-attractant protein-1 (MCP-1). Collectively, local secretion of IL-6, MIF
and MCP-1 by EV71 infected endothelial cells may augment the recruitment of leukocytes
and amplify the inflammatory responses, which may play an important role in the

pathogenesis of EV71 infection.




1.5 EV71 molecular genetics of virulence

In order to identify EV71 neurovirulence determinants, several studies have been
carried out to compare genomic regions known to influence the neurovirulence of
poliovirus, which are the 5' UTR (AbuBakar ef al,, 1999a & Shih ef al., 2000) and VP1
gene (Brown et al., 1999 & Shih et al., 2000) of EV71 strains isolated from mild and
severe clinical cases. However, these studies have all failed to identify neurovirulence
determinants. The reason which has been suggested by McMinn (2001), is that
enterovirus neurovirulence is a complex phenotypic characteristic and it is likely to be
determined by more than one region of the virus genome. Other factors such as age-
related resistance to enterovirus infection, host factors, the presence of cross protective
immunity or specific major histocompatibility complex (MHC) haplotypes, are also likely to

play significant roles in limiting the severity of most EV71 infection.

151 5 UTR

The enterovirus 5° UTR contains a group of conserved secondary structural
elements that collectively form the internal ribosome entry site (IRES). The IRES regulates
enterovirus replication through the control of cap-independent translation of polyprotein
(Gromeier et al., 1999). The enterovirus IRES is composed of a variable number of stem-
loop structures that depend on the virus serotype, but is remarkably uniform in function.
IRES-like stem-loop structures have been identified within the 5' UTR of EV71 (AbuBakar

et al., 1999a).

Single nucleotide changes within the poliovirus IRES have been found to result in large
alterations in neurovirulence (Evans et al., 1985). Although it seems likely that the EV71
IRES is an important neurovirulence determinant, nucleotide variation linked to
neurovirulence in the EV71 IRES has not been identified to date, and the role of this

structure in the control of EV71 neurovirulence remains unclear (McMinn, 2002).




