
27 _

Entrapment of Plasmid DNA Vaccines
into Liposomes by Dehydration/Rehydration

Gregory Gregoriadis, Brenda McCormack, Mia Obrenovich,
and Yvonne Perrie

1. Introduction

Intramuscular injection of naked plasmid DNA is known (1-3) to elicit
humoral and cell-mediated immune responses against the encoded antigen. It

is thought (2,3) that immunity follows DNA uptake by muscle cells, leading to
the expression and extracellular release of the antigen which is then taken up
by antigen presenting cells (APC). In addition, it is feasible that some of the
injected DNA is taken up directly by APC. Disadvantages (1-3) of naked DNA
vaccination include: uptake of DNA by only a minor fraction of muscle cells,
exposure of DNA to deoxyribonuclease in the interstitial fluid thus necessitat­
ing the use of relatively large quantities of DNA, and, in some cases, injection
into regenerating muscle in order to enhance immunity. We have recently pro­
posed (1,4) that DNA immunization via liposomes (phospholipid vesicles)
could circumvent the need of muscle involvement and instead facilitate (5)
uptake of DNA by APC infiltrating the site of injection or in the lymphatics, at
the same time protecting DNA from nuclease attack (6). Moreover, transfec­
tion of APC with liposomal DNA could be promoted by the judicial choice of
vesicle surface charge, size and lipid composition, or by the co-entrapment,
together with DNA, of plasmids expressing appropriate cytokines (e.g.,
interleukin 2), or immunostimulatory sequences.

To that end, a method has been developed (6) which allows for the quantita­
tive entrapment of plasmid DNAs into neutral, anionic and cationic liposomes
that are capable of transfecting cells in vitro with varying efficiency (6). More­
over, it was shown (1,4) that immunization of Balb/c and outbred (T.O.) mice
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by a variety of routes with (cationic) liposomal DNA leads to much greater
humoral immune responses (as indicated by splenocyte IL-4 production and
circulating IgG subclasses) and cell-mediated immune responses (splenocyte
IFN-y production) than those obtained with naked DNA or DNA complexed
to similar pre-formed liposomes. We have observed (1,4,7) that a cationic
lipid is essential for the promotion of strong responses and that PE and DOPE
are equally effective in inducing immune responses in genetic vaccination.
Here we describe methodology for the incorporation of plasmid DNA into
liposomes of varying lipid composition, vesicle size and surface charge. The
dehydration-rehydration procedure is characterized by its mildness and is
thus compatible with most labile materials. It can also be applied for the
entrapment of DNA into non-phospholipid liposomes in which PC (or DSPC)
is replaced by non-ionic surfactants (8). Furthermore, as already shown (9,10)
for other entrapped solutes, DNA-containing liposomal suspensions as pre­
pared here can be freeze-dried (for storage) in the presence of a cryoprotectant
without significant loss of material from within the vesicles on reconstitution
with 0.9% NaCl.

2. Materials

1. Egg phosphatidylcholine (PC), egg phosphatidylethanolamine (PE), phosphatidic
acid (PA), phosphatidyl glycerol (PG), and phosphatidylserine (PS) (more than
99% pure) are available from Lipid Products (Nutfield, Surrey, UK), or Lipoid
GmBH (Ludwigshaten, Germany).

2. Dioleoyl phosphatidylcholine (DOPE), distearoyl phosphatidylcholine (DSPC)
and stearylamine (SA) are available from Sigma Chemical Co. (Poole, Dorset, UK).

3. 1,2-dioleyloxy-3-(trimethylamonium propane) (DOT AP) and 1,2-dioleyl-3-dim­
ethyl- ammonium propane (DO OAP) are available from Avanti Polar Lipids Inc.
(Alabaster, AL).

4. 1,2-Bis (hexadecylcycloxy)-3-trimethylamino propane (BisHOP) was a gift from
Syntex Corp. (Palo Alto, CA).

5. N[I-(2,3-dioleyloxy) propyl]-N,N,N-triethylammonium (DOTMA) was a gift
from GeneMedicine (Houston, TX).

6. 3~(N,N,-dimethylaminoethane)-carbamyl cholesterol (DC-CHOL) was a gift
from Or. C. Kirby.

7. Sepharose (CL) 4B and polyethyleneglycol 6000 are available from Pharmacia
(Hertfordshire, UK) Ltd.

8. Lipid solutions: dissolve 16 /llIloles of PC and 8 /l1Iloles of DOPE (or PE) in
-2-5 mL chloroform. For negatively charged (anionic) liposomes, add 411Jlloles
of PA, PG or PS. For positively charged (cationic) liposomes add 4 /llIloles of
SA, BisHOP, DOTMA, DOTAP, DODAB or DC-CHOL. Greater amounts of

charged lipids can be added, depending on the amount of vesicle surface charge
required.




