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Minireview

Green revolution vaccines, edible vaccines
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Edible vaccines are sub-unit vaccines where the selected genes are introduced into the plants and the
transgenic plant is then induced to manufacture the encoded protein. Edible vaccines are mucosal
targeted vaccines where stimulation of both systematic and mucosal immune network takes place.
Foods under study include potatoes, bananas, lettuce, rice, wheat, soybean, corn and legumes. Edible
vaccines for various diseases such as measles, cholera, hepatitis-B, and many more are in the process
of development. Food vaccines may also help to suppress autoimmunity disorders such as Type-1

Diabetes.
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INTRODUCTION

Vaccination involves the stimulation of the immune
system to prepare it for the event of an invasion from a
particular pathogen for which the immune system has
been primed (Arntzen, 1997). The release of vaccine is
practiced so that T and B cells specific for the pathogen
vaccinated against, or specific for part of it, will be ready
to proliferate and differentiate a lot faster in the event of a
natural challenge by a pathogen. Construction of vaccine
in several cases has been hampered because of varying
strains of the pathogen, antigen drift, antigenic shift and
other unrevealed mechanisms. These phenomenons
make it hard to determine which peptide sequence to
prime the immune system since the peptide sequences of
the individual strains will all, be different. Also using live,
attenuated pathogens to prime the immune system has
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resulted in a few people actually acquiring the disease
being vaccinated against.

The process of using DNA vaccines to prevent or slow
down the spread of disease is also known as
polynucleotide immunization. DNA that is injected into the
subject undergoes the transcription and translation which
yield protein, making the specific T and B cells to
differentiate and proliferate. By vaccination, therefore, the
immune system is ready to combat invading pathogens
very quickly, before they get the chance to spread
throughout the body while causing discomfort to the host.
Though most of the above mentioned methods of
vaccination have been effective against diseases for
which vaccines can be produced, the introduction of oral
vaccines was made to ease the discomfort associated
with the mode of introduction of conventional vaccines
into the body.

Oral vaccines are more affordable and accessible to
the inhabitants of developing countries, who needlessly
die, in the thousands, from diseases, which can easily be
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prevented by vaccination. Food vaccines are like subunit
preparations in that they are engineered to contain
antigens but bear no genes that would enable whole
pathogens to form. These vaccines basically work in the
same way as the injected DNA vaccine, since a peptide
sequence similar to an infectious part of a pathogen is
synthesized, by itself, and is used to prime T and B cells
in the body. The big difference in this case is that the
protein sequences are encoded in a plant to form the
desired protein. This protein is then ingested, as the plant
or its fruit is eaten. One becomes immune against the
ingested protein, as T and B cells become stimulated to
proliferate and differentiate.

Successful expression of antigens in plants was
achieved for Rabies virus G-protein in tomato (McGarvey
et al., 1995), Norwalk virus capsid protein in tobacco and
potato (Mason et al., 1996), Hepatitis B virus surface
antigen in tobacco and potato (Thanavala et al., 1995), E.
coli heat-labile enterotoxin B subunit (LT-B) in tobacco &
potato (Hirst and Holmgren, 1987), Cholera toxin B
subunit (CT-B) in potato (Arakawa, 1997). Food vaccines
are also used to suppress autoimmune disorders like
type-1 diabetes, multiple sclerosis, rheumatoid arthritis
etc (Prakash, 1996). Foods under study include potatoes,
bananas, lettuce, rice, wheat, soybean, corn and
legumes.

Potatoes are a good system in which to test the idea of
edible vaccines (Steinberg, 1996). Bananas (Hassler,
1995) is a good candidate for edible vaccines since they
were eaten raw, appealing to children, inexpensive to
produce, native to many developing countries. But the
only limitation is the time from transformation to
evaluation of fruit is 2 years or more.

Edible vaccines reduce the need for skilled personnel
to administer injections and negate the concerns
regarding the reuse of needles (Webster et al., 2002). A
measles vaccine that can be directly consumed would
significantly increase the availability in places where
maintenance of a cold-chain during storage and transport
is difficult.

EDIBLE VACCINES

A concern with oral vaccines is the degradation of protein
components in the stomach (due to low pH and gastric
enzymes) and gut before they can elicit immune
responses (Daniell et al., 2001) but the rigid plant cell
walls could provide protection from intestinal degradation
(Webster et al.,, 2002). The degradation can be
compensated by repeating the exposure of the antigen
until immunological tolerance is accomplished (Mason et
al., 2002).The M cells lining the small intestine take in the
components that have entered the small intestine
(including pathogens) and pass them to other cells of the
immune system, such as antigen presenting cells and
macrophages. These cells chop up their acquisitions and

display the resulting protein fragments on the cell
surface. Helper T lymphocytes recognize the displayed
fragments as foreign, induce B lymphocytes to secrete
neutralizing antibodies and also help to initiate a broader
attack on the perceived enemy. Mucosal immune
responses represent a first line of defense against most
pathogens.

Second generation edible vaccines are also called as
multicomponent vaccines that provide protection against
several pathogens. An elegant approach to achieve this
goal, based on epitope fusion to both subunits of the
cholera toxin (CT), was recently demonstrated by Yu and
Langridge (2001). CT provides a scaffold for presentation
of protective epitopes of rotavirus and ETEC
(Enterotoxigenic E.coli), acts as a vaccine candidate by
its own right and as a mucosal adjuvant devoid of toxicity.
The ftrivalent edible vaccine elicited significant humoral
responses, as well as immune memory B cells and T-
helper cell responses, important hallmarks of successful
immunization. In the clinical trials described 100 g of raw
potato tubers expressing LT-B of ETEC in three doses
had to be consumed in order to overcome digestive
losses of the antigen and to elicit a significant immune
response (Tacket et al., 1998).

The techniques to enhance antigen accumulation in
plant tissues are being explored and include optimization
of the coding sequence of bacterial or viral genes for
expression as plant nuclear genes, and defining the sub
cellular compartment in which to accumulate the product
for optimal quantity and quality. Several laboratories are
also developing alternative expression systems to
improve accumulation. Systems involve plant viruses for
expression of foreign genes (Nemchinov et al., 2000) or
coat-protein fusions (Modelska et al., 1998) and even
viral assisted expression in transgenic plants (Mor et al.,
2002). The expression in plastids is advocated by some
(Daniell et al., 2001; Ruf et al., 2001). The other
approach is to enhance the immunogenicity of the orally
delivered antigens by using mucosal adjuvants. One such
approach is making use of bacterial entertoxins such as
CT or LT (Yu and Langridge, 2001), mammalian and viral
immunomodulators as well as plant-derived secondary
metabolites.

Enterotoxigenic Escherichia coli and Vibrio cholerae

Toxins produced by E. coli and V. cholerae can cause
acute  watery diarrhoea. Infection by these
microorganisms is common in places where there is poor
sanitation and untreated water supplies. If allowed to go
untreated, there are fatal consequences of exposure to
these microorganisms, especially in children.

The synthetic genes of E.coli heat-labile enterotoxin B
subunit (LT-B) and cholera toxin B subunit (CT-B) are
related proteins with similar structure, function and
immunochemistry to the actual toxins found in each



species (Jobling et al., 1991). The production of these
recombinant proteins in yeast or bacteria is expensive
compared to the production of a recombinant potato that
produces modified LT-B. It has been shown that mice
which eat the transgenic potato raise antibodies in
response to the potato LT-B that were effective in
inhibiting LT activity on mammalian cells.

Synthetic LT-B coding sequence (sLT-B) was modified
for cloning in plants. The potato plant cells were
transformed by leaf disc co-cultivation the transformants
were selected and are regenerated as plantlets on a
selective media. Tubers from a mature plant were used
as seed for the next production cycle. Later the mice
were fed with transformed potato and it was found that
the mice had shown resistance to the pathogen. The
transgenic potato is useful as a vaccine component or as
a booster vaccine (Mason et al., 1998).

Hepatitis B

The hepatitis B virus is estimated to have infected 400
million people throughout the globe, making it one of the
most common human pathogens. Since immunization is
the only known method to prevent the disease of the
Hepatitis B virus, any attempt to reduce its infection
requires the availability of large quantities of vaccine,
hepatitis B surface antigen (HbsAg). The HbsAg subtype
ayw was cloned into CaMv plasmid and the regenerated
plants from the transformed cells were shown to produce
HbsAg. Furthermore, expression of the antigen was
found to be higher in roots of the transgenic potato than
in leaf tissues (Domansky, 1995). However the
expression of HbsAg in transgenic potatoes is not
sufficient for using as oral vaccine. Further studies are
underway to increase the level of the HbsAg by using
different promoters such as the patatin promoter, and
different transcription regulating elements.

Measles

Measles is a highly contagious viral disease caused by
the Paramyxovirus spread by air and includes symptoms
such as high fever, skin rash and spots and it can lead to
many different complications which can be even more
severe than the disease itself. Each year, almost one
million children die from the measles and many of the
survivors are weakened by pneumonia or encephalitis or
become deaf. Recent studies report expression of the
Paramyxovirus surface protein hemagglutinin in tobacco,
potato, rice and lettuce with satisfying results (Webster et
al., 2002).

Serum samples from healthy experimental animals, fed
with transgenic banana, were analyzed for the presence
of anti-hemagglutinin-specific antibodies. The results are
highly significant and demonstrate that the banana plant
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can produce the antigenic hemagglutinin protein of the
measles virus and elicit immune responses in
experimental animals (Webster et al., 2002).

Stopping autoimmunity

In the past 15 years, investigators have identified several
beta cell proteins that can elicit autoimmunity in people
predisposed to Type | diabetes. The development of plant
based diabetes vaccines in potatoes and tobacco
containing insulin or GAD linked to the innocuous B
subunit of the V. cholerae toxin (to enhance uptake of the
antigens by M cells) was attempted. The developed
transgenic potato and tobacco plants when fed to non-
obese diabetic mice, showed increased levels of IgG1, an
antibody associated with cytokines that suppress harmful
immune responses. "Molecular Pharming" to produce
autoantigens in plants targeting other autoimmune
diseases such as multiple sclerosis, rheumatoid arthritis,
systemic lupus and even transplant rejection is under
way.

LIMITATIONS OF EDIBLE VACCINES

Even though edible vaccines are stable and easily
accessible there are some limitations which restricts its
development. For example, one could develop
immunotolerance to the vaccine peptide or protein. Little
research has been done on this (Richter and Kipp, 1999).
Another concern with whole fruit or vegetable vaccines is
the consistency of dosage from fruit to fruit, plant to plant,
and generation to generation. Another limitation is
storage of edible vaccines. Potatoes containing vaccine
proteins seem to store well at 40°C but tomatoes will not
last very long. Using potatoes or bananas may require
some processing such as smashing and a liquoting as in
baby food jars of bananas. Since these fruits are being
used as vectors for the vaccines in question, they have to
be properly stored to avoid infection or disease through
spoilage of these fruits (Richter and Kipp, 1999). Other
concerns are about transgene escape and identification
of "vaccine" fruit vs a normal fruit. Fruit vaccines should
be easily identifiable to avoid the misadministration of the
vaccine, which may lead to complications such as
immunotolerance.

Nevertheless, plant-based vaccines are an exciting and
novel new strategy for the development of oral vaccines.
Edible vaccine is a milestone on the road to creating
inexpensive vaccines that might be particularly useful in
immunizing people in developing countries, where high
cost and logistical issues, such as transportation and the
need for certain vaccines to be refrigerated, can thwart
effective vaccination programs. The hope is that edible
vaccines could be grown in many of the developing
countries where they would actually be used.
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