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Review

Genetic Vaccines: Strategies for Optimization
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Vaccination with attenuated or killed microbes, purified or recombinant subunit proteins and synthetic
peptides is often hampered by toxicity, the presence of infectious agents, weak immune responses and
prohibiting costs, especially in the developing world. Such problems may be circumvented by genetic
immunization which has recently emerged as an attractive alternative to conventional vaccines. Numerous
studies have already shown that immunization of experimental animals with plasmid DNA encoding
antigens from a wide spectrum of bacteria, viruses, protozoa and cancers leads to protective humoural
and cell-mediated immunity. This review deals with the background and progress made so far with DNA
vaccines and their theoretical and practical advantages as well as potential risks, discusses proposed
mechanisms of DNA transfection of cells and induction of immune responses to the produced vaccine
antigen, and evaluates strategies for the control and optimization of such responses.
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INTRODUCTION

Immunization against microbial infections and cancer is
an attractive alternative to chemotherapy. Thus, widespread use
of the smallpox vaccine has eradicated the pathogen globally
and other vaccines such as those against tetanus, diphtheria,
whooping cough, polio and measles prevent millions of deaths
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ABBREVIATIONS: DNA, deoxyribonucleic acid; mRNA, mes­
sanger ribonucleic acid; CMV, cytomegalovirus; RSV, Rous sarcoma
virus; ISS, immunostimulatory DNA sequences; CpG, unmethylated
cytosine adjacent to guanine; IL-2, interleukin 2; IL-4, interleukin
4; IL-5, interleukin 5; IL-6, interleukin 6; IL- 12, interleukin 12;
IFN-a, interferon a; IFN--y, interferon -y; TNF-a, tumour necrosis
factor IX; CTL response, cytotoxic T lymphocyte response; APC,
antigen presenting cells; IgGJ, immunoglobulin G,; IgG2a, immuno­
globulin G2,; IgG2b, immunoglobulin G2b; HIV-I, human immunodefi­
ciency virus type 1; SIV, simian immunodeficiency virus; LCMV,
Iymphocyte choriomeningitis virus; HBV, hepatitis B virus; HSV­
I, herpes simplex virus type I; HSV-2, herpes simplex virus type
2; HBsAg, hepatitis B surface antigen; pGL2, luciferase-encoding
DNA; pRc/CMV HBS, hepatitis B surface antigen (S region)­
encoding DNA; pRSVGH, human growth hormone-encoding DNA;
pCMV 4.65, mycobacterium leprosy protein-encoding DNA; pCMV
4.EGFP, fluorescent green protein-encoding DNA; VR 1020, Schisto­
some protein-encoding DNA; IM, intramuscularly; SC, subcutane­
ously; IV, intravenously; lP, intraperitoneally; IN, intranasally; lE,
intraepidermally; PC, egg phosphatidylcholine; DOPE, dioleoyl phos­
phatidylethanolamine; PS, phosphatidylserine; PG, phosphatidylglyc­
erol; SA, stearylamine; BisHOP, 1,2-bis (hexadecylcycloxy)-3­
trimethylaminopropane; DOTMA, N[ 1-(2,3-dioleoyloxy) propyl]­
N,N,N, triethylammonium; DC-Chol, 313-(N,N-dimethylaminoethane)
carbonyl cholesterol; DOTAP, 1,2-dioleoyl-3(trimethylammonium)­
propane; DODAP, 1,2-dioleoyl-3-dimethylammonium propane.

each year. However, vaccines consisting of attenuated organ­
isms, although efficacious in producing diverse and persistent
immune responses by mimicking natural infections usually
without the disease, can be potentially unsafe. For instance,
there is a risk of reversion during replication of live viruses or

even mutation to a more pathogenic state, and with immuno­
compromised individuals some of the attenuated viruses may
still provoke disease. On the other hand, the extracellular local­
ization of killed virus vaccines and their subsequent phagocyto­

sis by professional antigen presenting cells (APC) or antigen­
specific B cells,lead to MHC-II class restricted presentation and

to T helper cell and humoural immunity but not to significant
cytotoxic T cell (CTL) responses. Moreover, subunit vaccines
produced from biological fluids may not be entirely free of

infectious agents.
Advances in recombinant DNA and monoclonal antibody

technology and the understanding of the immunological struc­
ture of proteins and factors regulating immune responses wit­
nessed in the last two decades, have led to a new generation
of recombinant subunit and synthetic peptide vaccines (1) that
mimic small regions of microbial proteins. These are defined

at the molecular level, can elicit specific immune responses
and are therefore considered safe. Unfortunately, subunit and

peptide vaccines are weak immunogens and are often unable
to induce appropriate immune responses. A great variety of
experimental immunological adjuvants (1,2) now available go a
long way in rendering such vaccines stronger and more efficient.

However, seventy odd years after the introduction of aluminium
salts as an adjuvant, only one other adjuvant, liposomes (3),
has been approved for use in humans (3,4). Thus, inspite of

considerable progress, the road to the ideal vaccine appears as

elusive as ever, that is until recently.
A novel and exciting concept now developed, namely de

novo production of the required vaccine antigen by the host's
cells in vivo, promises to revolutionize vaccination, especially
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