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From Traditional to New-Generation Vaccines:
Can We Overcome the Impossible?

Anan Jongkaewwattana, Ph.D

Virology and Antibody Technology Research Unit
BIOTEC, NSTDA
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Conceptual basis for traditional vaccine development

Mimic Natural || Recapitulate
Infection Natural Immunity
inoculate with moculate with
H @ Cow |Hn w Wall. 2 months w Lmﬂllptsx w
material from cowpox village boy susceptible  child recovers child does not
lesion of milkmaid to smallpox from cowpox develop smallpox

Edw;rd_Jenher (1749-1823)
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Isolate — Inactivate - Inject

ed culture of
& halera bacienvm
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_| W Chicken Injected “hicken free
wilh aged culiure from cholera
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Mermial healihy Deod due io
chicken chalera

The classic experiment of
Pasteur with chicken (fowl) cholera

Louis Pasteur (1811-1895)
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Innate and Adaptive immunity: The Concept
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Outcomes of virus infection can vary

Primary infection

Clearance of virus
and virus-infected cells

Virus replication level

Primary infection

Continued replication of viruses

l

Initial infection of
a naive host

£ Reactivation and recurrent

B infection

£ ' |

- Viral genome

£ maintenance

& _— - _ - _—— -
Time
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Type of infection

Acute

Persistent

Latent



Class | Pathogen

Infects narrow age range

Host exhibits spontaneous recovery

Host generates long lasting protective
immunity

Priming with wild-type or attenuated
pathogen induces protection

Genetically stable with limited
antigenic variation

Immune responses are directed to
multiple epitopes

Ex: Measles, mumps, rubella,
diphtheria, Canine distemper, rabies,
poliovirus
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Technological milestones

E;ﬂ‘;';:‘"c‘:e“t? Sciences | Tissue Culture — 1930s Recombinant DNA — 1980s Synthetic Biology — 2000s
- entur i : -
Inoculati‘c’m Eggs, Animal cell culture Sequencing Cloning PCR Gene Delivery] DNA and Peptide Synthesis

Vaccine types

Live viruses Protein / Subunit VLP DNA / Vectored Chimeric

b

I |

Smallpox (LV)  Rabbies (AV) 1935 Measies (AV) HPV (VLP)
1796 1885 Influenza (IV) Hepatitis B (P) 2006
1938 1986
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Each vaccine type has its pros and cons

whole virus vaccine

live virus split vaccine
) formalin surface antigen ~/1 |
flu vaccine - as .
inactivated enriched ) B
subtypes ~ N | ©
%
viability virus RNA
naive host l / {"ed host
mDCs pDCs -
key pDCs _ Innate response
cellsand RIG, no innate is not necessarily
| required

Aunuwr ayeuut

innate response
immune  ypcertain NLR '
receptors epithelial cells L TLR7

o macrophages l

key type 1 IENs type 1 IFNs
effectors proinflammatory cytokines

I~ | !

no immunity

resultant — memory 5 2

: CD8+Tcell | Pr—
adaptive —_— D4+T cel E %
immune =2 =
g o

activation cytotoxicity IFNy Thl-type IFNy
antibody
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Evolution of vaccine development during the last 30 years

1980

Discovery ) Development

\ i
\ Reverse vaccinology,
' large-scale screening,

\systematic approaches, .-~ S
\\new adjuvants - Increased size of clinical trials A
2010 | )Discovery )
r—
—
— > > q
(—— "
fem T I - i
I I -
i i - ad
: ' Innovative trial design -
| + Systems biology i
2020 :
. >
0 15

Time (years)
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Reverse Vaccinology: The Concept R

Genome sequence P””ﬁsg;:fn"s‘b'“am
\ \‘\,““”fflr, /’
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g ‘,’E._ Expressmn " I -
= All potential = ) —_— e
= antigens = purlﬁcatlon . [
%, & k 2 3
”Humt\“

Bioinformatics Vaccination in
refinement

an animal model

Complete epidemiology

performed on

Selection
of final
( , candidates for
| 4 human trials

Further animal
validation of least

protective antigens variant proteins
Conventional vaccine development X
Immunogenicity .
1 testing in Vaccine
Cultivate microorganism animal models { development

OSSN e,

Antigen comalescent
selection sera Test
r immunogenicity
Iden J
clone compognts Purify
99“93 oomponenls
5-15 years

lmn;unogenu:ty

esting in

animal "godas dm"’#’m
|

1-2 years V\

ress
mggbjmnl DNA
proteins

Computer
prediction

vaccines

f preparation

In silico vaccine candidates

Start from the
whole genomic
sequence

Reverse vaccinology




Reverse Vaccinology:

Neisseria meningitidis |

Genome sequenced
in a few months

IHT Attempts to express
proteins: a few months

=

Selection of
500,000 s vaccine targets

A total of 570 putative
secreted or surface proteins

L]

S W

Bioinformatic analyses
of protein-coding genes in hours

The Application

- Protein Expression

A total of ~350 recombinant proteins
expressed in Escherichia coli and
used to immunize mice

|

Immune sera
collected from mice
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Final candidate selection
Two proteins were found

to have no sequence
variability — clinical trials

4CMenB:

Lipopolysaccharide
2 Phospholipid & Iron-binding £ 4—Pilus
'g bilayer ..: proteins g
§ & eg, FetA
d 2
L (0]
g S NadA RmpM PorA Opa PorB  fHbp
{J Q
& ?d
r 5 '..
o
:' Polysaccharide
s (@) 7 capsule
Quter
membrane
- Transporter protein
eq, FbpA, SodC Periplasmic
space
I I I | I I Cytoplasmic
) . X . membrane

t @O '

Pilus assembly
apparatus

Inner membrane
transport complex
eg, FbpB, FbpC

fHbp

PorA

NHBA PorA1.4

(as part of OMV*)
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Accelerating Antibody Discovery by B cell cloning ="

Single B-cell Sorting Single B-cell RT-PCR & Cloning

Recruitement & selection : :
of healthy or infected donors Single B-cell FACS /9 Single B-cell RT-PCRs

@ IgH IgL (lgx or Igh.)
)( kg B : o= ]
: chain + chain
Clat —> . — ' —
—@ ~ 11POR
“ : -
C
G IVENOHE v rcR
Human B cells
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Human Ig gene expression cloning
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Antibody Production & Characterization Antibody Putication

dlgA  m-lgA IgG
Analyses Antibody Testing ;,j_—% ?J_—g*} cj?—_i; —
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rAVV-based Technology

Rep-mediated, site-
specific integration + Ad or HSV
~ g .
Rescue and lytic infection

(e cap =) R

Co-infection with
Ad or HSV Ad and AAV
particles
\_ Viral replication - :
7 g .

Vector production Cell lysis

+Ad E1, E2, Edorf6, \

b Recombinant expression vector Rep and Cap

(| =rroTei e = e -
©
‘ ©
88

rAAV particles

a Wild-type virus

I AAV integration in chromosome 19
Ea Circular rAAV episomes
o8 Randomly integrated rAAV
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Engineering rAAV to deliver Nab in vivo wnm

ITR wtAAV genome ITR

A. E: rep | cap :]

ITR Dual Promoter Vector
C. [ N o | \m
y-—
ITR FMDV-2A Vector ITR
1= o i o [~ |

Native Antibody

Nucleus
"\
Receptor J{} MM !.
Bmdlng e Y _ »
Endosome '-"'-b \‘ }: _— ._’ )’_ /—f

uclear bNAD Encodm-;

Endocytosls

Muscle Cell
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BIoTeEC

Virology and Cell Technology Laboratory

National Center for Genetic Engineering
and Biotechnology (BIOTEC), NSTDA

Email: anan.jon@biotec.or.th
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