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ABSTRACT-A promising approach to the development of a new single-step vaccine, which would eliminate the require-
ment for multiple injections, involves the encapsulation of antigens into microspheres. Biodegradable poly(lactide-co-gly-
colide) (PLGA) microspheres gave us a bright insight for controlling antigen release in a pulsatile fashion, thereby
mimicking two or three boosting injections. However, in spite of the above merits, the level of immunization induced by
a single-shot vaccination is often lower than two doses of alum-adsorbed antigen. Therefore, optimal modification of the
microsphere is essential for the development of single-step vaccines. In this review, we discuss the stability of antigen in
microsphere, safety and non-toxic in human and encapsulation technology. Also, we attempted to outline relevant phys-
icochemical properties on the immunogenicity of microsphere vaccine and attainment of pulsatile release pattern by com-
bination of different microsphere, as well as to analyze immunological data associated with antigen delivery by microsphere.
Although a lot of variables are related to the optimized microsphere formulation, we could conclude that judicious choice
of proper polymer type, adjustment of particles size, and appropriate immunization protocol along with a suitable adjuvant
might be a crucial factor for the generation of long-lasting immune response from a single-step vaccine formulation employ-

ing PLGA microsphere.
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Table I-Comparison of Various Antigen Delivery Systems with Adjuvant Properties (Adopted from Ref. 2)

Antigen delivery system Factor apparently responsible for long-term immune response  Period of immune response obtained
Polymeric implants

Nonbiodegradable Antigen delivered in an initial pulse release followed by a  Over 10 weeks

trickle of continuous delivery
Biodegradable Long-term sustained delivery of the antigen and adjuvant Over 56 weeks

activity of the polymer used
Lipid implant Antigen delivered in an initial pulse release followed by a  Over 43 weeks

trickle of continuous delivery

Liposome
Containing Monophosphoryl lipid The adjuvant effects of the delivery system and Sole single-dose effect not studied
A and adsorbed to Al (OH); monophosphoryl lipid A
Encapsulated in microspheres Depot effect of the microsphere-encapsulated liposomes Over 21 weeks
A combination of microspheres Multiphasic pulse release of the antigen due to differences Both primary and secondary responses
of two sizes in size of the microspheres
Mw
Time
i H
“ HO——C——C—0H
HO——CH,—C———0H 50:50
' ChHy
Glycolic acid Lactic aicd

Figure 1-PLGA degradation rate according to molecular weight and glycolic acid and lactic acid ratio.
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Figure 2-Ideal antigen delivery system.

Table II-Hypothetical Impact of Relevant Physicochemical Properties on the Immunogenicity of Microparticulate Vaccine
(Adopted from Ref. 11)

Polymer(s) Mean size In vitro release profile

PLGAS5:45, 40 kDa 45 pm Not reported

PLGA 50:50, 100 kDa 9 — 55 um (various)  Initial Pulse, then continuous

L-PLA, 3kDa

PLGA 50:50, 3 and 100 kDa 6 and 60 um Pulsed with high MW polymers; initial pulse then continuous with low MW polymers
PLA, 3 and 50 kDa 9 and 60 um

PLGA 50:50, 12 kDa <15 and >20 um Pulsed release as a result of combination of formulations

PLGA 75:25, 17 kDa <15 and >15 ym

PLA, 130 kDa 32-70 um
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Figure 4-Examples to mimic multiple vaccination schedule by mixing microspheres of different particle size (Adopted from Ref. 61).
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Table III-Hypothetical Impact of Relevant Physicochemical Properties on the Immunogenicity of PLGA Microsphere(MS)
Vaccine (Adopted from Ref. 69)

MS size MS typically <10 um : Uptake by APC, which  MS typically >10 um : Ag release to extracellular
enhances stimulation of primary and MHD-  fluid for secondary Ab responses; Recruitment of
restricted responses (also cytotoxic T lymphocyte) APC for possibly direct Ag transfer into APC, or

disintegration and subsequent uptake by APC

MS surface properties Hydrophobic MS : recruit possibly more Morphology and surface coatings possibly influence

Antigen(Ag) contents in MS

Ag release kinetics from MS

phagocytosing cells than hydrophilic MS
High Ag contents may produce Th2-responses,
but poor maturation

A short initial Ag burst release, possibly followed by
timely separated pulses of additional Ag doses, may
be advantageous, if memory cells are long-lived

interaction with phagocytosing cells

Low Ag contents (high amounts of MS) may limit
the transport rate to secondary lymphatic tissue

Continuous or pulsatile Ag release may be
appropriate, if memory cells need re-stimulation
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