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Plants offer great advantages as production platforms for vac-
cines, antibodies and other biopharmaceutical proteins. Plant-
derived vaccines provide an alternative to conventionally- made 
vaccines by enabling delivery to be safe and effective through 
the oral consumption of  edible plant tissue. Since a large num-
ber of  infec-tious diseases enter the body through mucosal sur-
faces including the gut, vaccines which can be expressed within 
edible plant tissue present a select advantage. Not only do the 
plant tissues act as the delivery vehicle, they protect the antigen 
as it passes through the harsh environment of  the gastrointestinal 
tract. Another advantage lies in the fact that, in contrast to bacte-
rial expression systems, plants are capable of  producing recombi-
nant antigens that undergo post-translational modifications which 
resemble their mammalian-de-rived counterparts. Moreover, the 
cost of  producing proteins from plants is only a fraction of  the 
cost of  proteins produced from comparable mammalian cell cul-
ture systems.

Proteins derived from plant expression platforms may subtly dif-
fer from analogous mammalian cell cultures in terms of  their re-
spective glycosylation profiles. It is important to note that many 
mammalian therapeutic proteins are in fact glycoproteins and 
possess glyco-sylation motifs which are absent from plants. In ad-
dition to this, differences in glycosylation profiles be-tween plant 
and mammalian expression systems may lead to adverse effects 
such as increases in allergenic-ity. Plants can be glyco-engineered 
to more closely re-semble their mammalian counterparts; this can 
be ac-complished by altering glycosylation pathways which are 
found exclusively in plants and by incorporating in their place the 
necessary glycosylation pathways which prevail in humans. Thera-
peutic proteins targeted to ac-cumulate in the endoplasmic reticu-
lum of  plant cells have also been produced; these proteins lack 
undesir-able post-translational modifications that normally ex-ist 
in a plant cellular environment.

While plant transformation represents an original tac-tic to gener-
ate biopharmaceutical proteins, transient expression systems have 
also increased in popularity. Besides avoiding political controversy 
and lengthy time constraints involved in generating a transgenic 
plant, transient systems such as plant virus expression vec-tors 
are capable of  producing high quantities of  vac-cine and other 
therapeutic proteins within a short time period (often within a 
week, depending on the virus/ host plant system involved). Plant 
viruses have been engineered which express either a full-length 
vaccine protein or a subunit vaccine epitope which is displayed on 
the viral surface in the form of  a fusion product with the virus 
coat protein. The selection of  which plant expression platform to 
use for biopharmaceu-tical protein production can be determined 
by decid-ing which plant species is optimal, whether the system 
should involve cell culture or whole plants, and wheth-er stable 
transformation or transient expression best fits the characteris-
tics and predicted application of  the therapeutic protein under 
investigation.

A principal driving force behind the application of  plants as 
production platforms for vaccine and thera-peutic proteins is to 
quickly generate inexpensive and safe vaccines which lack refrig-
eration requirements, in an attempt to combat preventable infec-
tious dis-eases in developing countries, particularly those that 
continue to be the major cause of  infant mortality.

The first proof-of-concept for a plant-derived vaccine was devel-
oped against Hepatitis B virus; this involved transgenic potatoes 
which were consumed by human volunteers and were shown to 
generate an immune re-sponse. Other plant-made vaccines have 
followed with encouraging results. For example, enterotoxigenic 
E. coli (ETEC) and Norwalk virus or Norovirus (NV) are consid-
ered to be two of  the most devastating diarrheal diseases for chil-
dren residing in developing countries today. Initial clinical trials in-
volved the randomized, double-blind consumption of  transgenic 
potato or corn expressing either LT-B or NV by healthy adults. 
Preliminary results indicated that substantial antibody responses 
were induced and protected the volunteers against challenge with 
these pathogens. Plant-derived vaccines and monoclonal antibod-
ies directed toward other diseases considered to be significant 
challenges for developing countries, such as Human papilloma-
virus, and even Human immunodeficiency virus, have also been 
under development. Plant-derived vaccines could also be gener-
ated against largely neglected infec-tious diseases which tend to be 
poorly funded, such as Dengue fever virus and rabies virus.

While the scientific basis for the use of  plant produc-tion plat-
forms to generate biopharmaceutical proteins is now more clear 
and convincing than ever, will plant-made vaccines ever become 
a reality for developing countries and will they ever make a sig-
nificant impact on the health needs of  the world’s poorest? Can 
this technology be marshaled to produce medicines which are not 
only low in cost and easy to increase in terms of  scalability, but 
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can realistically address humanitarian needs?
Supporting data based upon initial basic research has elicited a 
general evolution toward human clinical tri-als for plant-derived 
vaccines. As encouraging results continue to accumulate, the an-
swers to the above ques-tions are under consideration more than 
ever. One piece of  information that has provided a source of  
optimism is the fact that the vast majority of  patent ap-plications 
for plant-made pharmaceuticals have been generated at academic 
and publically funded research institutes. While it is certainly ben-
eficial that the cur-rent intellectual property landscape may in fact 
pro-vide a pathway that ensures freedom-to-operate (FTO) with 
fewer barriers than may be found in the corpo-rate arena, strate-
gies by which this knowledge can be shared and made accessible 
for developing countries remain unclear. Furthermore, a more de-
tailed exami-nation as to whether and how these vaccines could 
be produced in local, rural settings needs to be established and 
the appropriate policies governing such produc-tion should also 
be set in place. The impact that these details will have on the exist-
ing pharmaceutical indus-try and new challenges which develop 

with respect to the changing relationship between multinational 
phar-maceutical companies and current healthcare suppliers for 
developing countries ought to be addressed as well.

As advances in this field remain murky at best at the moment, a 
concerted effort will be required to enable plant-derived vaccines 
to truly make their presence felt in the Third World.

While the battle is not yet over, there are plenty of  rea-sons to 
feel optimistic. The research momentum that is building toward 
plant-derived vaccine development is strong, and success stories 
continue to accumulate. The fact that the general public has pro-
vided a wider acceptance of  the technology than, for example, 
ge-netically modified foods, is also a good sign. There are already 
a number of  organizations who specialize in supplying conven-
tional vaccines for the rural poor in developing countries, and this 
provides a general road-map for success. The time is at hand for 
plant-derived vaccines to step up and take their final test, to make 
a real difference by improving global human health.


