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Abstract

Biodegradable and biocompatible microspheres represent a promising alternative to conventional adjuvants for anti-tumour vaccinatipn. Focu
on glioma, we developed two polyf -lactide-co-glycolide) (PLGA)-based particulate systems presenting tumour antigens associated with plasm
membranes or with cell lysates. Glioma cell fractions were prepared for adsorption onts lysipe (PDL)-coated PLGA microspheres formulated
using a double-emulsion procedure. Adsorption was followetyradiolabelling, Western blot and confocal laser scanning microscopy. Only
a panel (34%) of the proteins isolated from both cell fractions adsorbed onto PDL-coated PLGA microspheres. The integrity of the epitopes a
loading was preserved, as shown by identification of plasma membrane and cytoplasmic markers. Finally, one of the major potential advant:
of those particulate systems resides in the fact they not only serve as injectable adjuvant matrices presenting tumour antigens to antigen prese
cells, but also as potential reservoirs for controlled delivery of active immunostimulant molecules.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction seeBenoit et al., 200p Such particles carrying antigens can
operate as artificial surface presenting antigens for lymphocyte

Anti-tumour vaccination is a promising area of research butctivation (Mescher, 1992; Curtsinger et al., 1997; Kazzaz
identification of specific tumour associated antigens is still moreet al., 2000. Alternatively, they can be taken up by antigen
a wish than a reality in many cancers. Tumour cell extracts conpresenting cells (APCs) via the phagocytic route, leading to the
taining a panel of tumour antigens are often used for cancesresentation of a pattern of antigens to specific immunological
vaccination. The immunogenic potential of these tumour celeffective cells §cheicher et al., 1995; Audran et al., 2003;
extracts may vary markedly so there is a need for the developrhiele et al., 2003; Elamanchili et al., 2004; Waeckerle-Men et
ment of improved vaccine adjuvants. al., 2003.

Biodegradable polyf.L-lactide-co-glycolide) (PLGA) Focusing on the potential for glioma vaccination, we have
microspheres particles can function as an adjuvant to stimdeveloped two PLGA-based particulate adjuvant systems pre-
ulate immune responseslohansen et al., 2000; Matzelle senting tumour antigens.
and Babensee, 20p4PLGA microspheres present the great
advantage of being well characterized biocompatible deviceg, Formulation of PLGA microspheres
(Athanasiou et al.,, 1996; Menei et al., 1993; Shive and
Anderson, 199} approved for clinical applicationsvienei et PLGA microspheres were prepared using a double-emulsion
al., 1999, allowing sustained drug release functions (for review,solvent extraction—evaporation process previously described

(Aubert-Pouessel et al., 2004In brief, a 0.12mL internal
aqueous phase (1.6 mM citrate buffer containing 5 mg human
* Corresponding author. Tel.: +33 2 41 73 58 55; fax: +33 241 7358 53.  serum albumin) was mixed with 0.18 mL PEG 400 and emulsi-
E-mail address: phmenei@chu-angers.fr (P. Menei). fied in an organic solution (3 mL methylene chloride and 1 mL
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acetone) containing 100mg PLGA 37.5/2d,,=30,000Da 3. Adsorption of glioma-antigen-containing cell

(Phusis, St. Ismier, France). Emulsification was performedractions onto PLGA microspheres and protein stability

using sonication. The resulting emulsion was subsequently

poured into an external aqueous solution of polyvinyl alco- Cell lysates and plasma membranes have already been used
hol (60mL, 5%) containing NaCl (10%) and mechanically in cancer vaccinationLemonnier et al., 1978; Heike et al.,
stirred at 1100 rpm. The resulting w/o/w emulsion was poured994; Mescher and Savelieva, 1997; Friedl et al., 2000; Herr
into a large volume of water and stirred for 40 min to com-et al., 2000; Wang et al., 2000; Schulke et al., 20@B&cause
plete the extraction of the organic solvent by evaporationof that, we adsorbed these two cell fractions onto microspheres.
Finally, the microspheres were filtered on a Qub filter,  Plasmamembranes and cell lysates, containing a panel of poten-
washed and freeze-dried. The volumetric mean particle size wdil tumour antigens derived from rat 9L gliosarcoma cells (9L,
measured using a Coulter multisi®?efCoultronics, Margency, LGC, Molsheim, France), were prepared. Plasma membranes
France). were obtained after 2 10° cell lysis by hypotonic shock in

One restrictive condition for efficient presentation of tumour42 mM KCL, 10 mM Hepes, pH 7.4, 5mM Mggland 1 mM
antigens to lymphocytes concerns their uptake by APCs, anpghenyl-methyl-sulfonyl-fluoride (PMSF) for 15min af@ as
phagocytosis of subcutaneously injected particulate systenpeviously described){n et al., 1998 Plasma membranes and
by APCs is size dependenién et al., 1999; Walter et al., intracellular membranes were fractionated by aqueous two-
2001; Waeckerle-Men et al., 2004While it can still be a phase partition with a dextran-polyethylene glycol (PEG 8000)
matter of debate, macrophages and dendritic cells are abliphase as described elsewheteike et al., 199% Membranes
to optimally phagocyte particles of up to 30 andlfd in  were resuspended in the PEG phase and were underlaid with
diameter, respectively. For this purpose, microspheres were fothe dextran phase. The two phases were mixed and centrifuged
mulated with a mean diameter of #24.6um (Fig. 1). This  (3000g for 15 min). The material at the interphase, which was
size range would support not only uptake of antigen-loade@nriched in plasma membranes, was collected and washed twice
microparticles by dendritic cells and macrophages but alsin sucrose 0.25 M, Tris—=HCI 10 mM, pH 7.4 by ultracentrifuga-
further entrapment and size dependent long-term release tibn. Enriched plasma membrane material was finally frozen at
therapeutic moleculesPanyam et al., 2003; Siepmann et al., —80°C.

2009. The cell lysates were obtained by lysis ok2.0’ cells fol-
lowing six to eight freeze cycles (in liquid nitrogen) and thaw
cycles (37 C water bath) Bachleitner-Hofmann et al., 20p2

Using the extraction buffer Tris buffer saline (TBS), 1%
of non-ionic detergent Nonid®tP40 (NP40; Calbiochem, San
Diego, CA, USA), 1% PMSF and proteases inhibitor cocktail
(Calbiochem), the protein content of plasma membranes and
cell lysates were determined by a BioRad protein assay kit (Bio-
Rad, Marnes-la-Coquette, France). Only 132408.g plasma
membrane proteins were isolated fronx 20° 9L cells (mean
from 9 samples), while 5012 1700p.g cell lysate proteins were
obtained from 28 1P 9L cells (mean of 10 samples). Such a
difference, that represents a protein yield 32-fold greater in the
case of cell lysates, points out an important feature for clinical
perspectives since frequent difficulties arise to obtain sufficient
numbers of tumour cells in culture.

Microspheres were mixed and maintained in rotation for
15-18h at 2C with plasma membranes or cell lysates previ-
ously sonicated. In order to optimise adsorption of both cell
fractions containing proteins on PLGA microspheres, various
coating molecules (polgp-lysine (PDL), polyethyleneimine,
gelatine and polyornithine) were tested. Our data (not shown)
demonstrating a maximal adsorption with PDL, combined with
the fact it is pharmaceutically accepted, directed our choice
for this coating molecule. In order to further determine the
adsorbed protein ratios and to attempt to reach the maximum
amount of proteins that can be loaded onto PDL-coated PLGA
(B) Particle diameter (Lm) microspheres, a radiolabelling assay was used. Increasing num-

bers of microspheres were mixed with 1@ protein-equivalent

Fig. 1'. Characterisation o_f PLGA m|crospheres prepared using a doubI%e” fractions, previously labelled with the25-Bolton
emulsion-solvent evaporation process. (A) Microscopic analysis shows th

absence of fragments but a degree of polydispersity and (B) mean particle sij_elumer reagent (Perkm Elmer Life and Analyt'cal Sciences,
determination shows the mean volume diameter to hem?2 Courtaboeuf, France). In both cases (plasma membranes and




A. Sapin et al. / International Journal of Pharmaceutics 309 (2006) 1-5 3

that can be loaded onto them constitute a limiting factor. How-

41 ever, despite the difference of material nature between plasma
) membranes and cell lysates the same maximum protein adsorp-
tion yield was obtained (34.7% and 33.9%, respectively). Hence,
while it is possible to reach higher yields for single protein
adsorption onto PLGA microspheres, as exemplified by the 75%
1] loading obtained with p55gadkézzaz et al., 2000it remains
: challenging to find a general coating procedure that will work for
distinct biological components which behave in different ways.

While the quantity of antigen loading must be a crucial
parameter to activate efficient immunological responses, it is
Fig. 2. 1231-Bolton Hunter analysis of the variation of protein adsorption yield also undeniable that the integrity of proteins within new adju-

related to the protein/microsphere ratio. Adsorption of cell lysate proteins (ope@ant systems is key. As shown I-Fig. 3A and B by using

square) and plasma membrane proteins (closed circle) was followed by a radiz . . . s
ollabelling assay. The quantity of proteins was fixed ap.fjCand mixed with %eStern Blottlng under denaturlng and reducmg conditions,

various amounts of microspheres. Adsorption reached a maximum of abolfOt€ins currently found, respectively, in cell lysates (Fas-L
3.4, when 1Qug proteins were incubated with>210° microspheres. and Actin) and in plasma membranes (ICAM-1, Fas-L;, 5
nucleotidase) were fully recognised as a single band at their
cell lysates) the amounts of proteins that can be adsorbed onfwecise molecular weight during the whole formulation proce-
PDL-coated PLGA microspheres reach a platdag.(2). As  dure. In addition, immunofluorescence together with confocal
microspheres, used in increasing numbers in this assay, al@&ser scanning microscopy (Zeiss LSM 510 microscope (Carl
unlikely to represent a saturable system for adsorption of plasmaeiss SAS, Le Pecq, France)a20 andx40 magnifications)
membrane or cell lysate preparations, it is hypothesized that thevealed that cell fraction-derived epitopes are detected onto
characteristics of proteins or related organelle compartmentse surface of the newly developed carrier systems as exempli-
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Fig. 3. Verification of the integrity of some marker proteins. (A) Western blot analysis of cell lysate antigens (Fas-L and Actin) and (B) plasmaenasrtideas
(Fas-L, ICAM-1, B-nucleotidase). Protein detection before the adsorption process (lane a) and after the adsorption onto microspheres (lane b). (C and E) Conf
laser scanning microscopy evidenced adsorption of ICAM-1 (marker of plasma membranes) at the surface of PLGA microspheres. (D) No staininvgevas obser
the absence of plasma membranes.
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fied by the expression of ICAM-1 on plasma membrane-loaded against medullary thyroid carcinoma using tumor lysate-pulsed dendritic
microspheresHig. 3C-E). Thus, PLGA microsphere-based sys-  cells. J. Clin. Endocrinol. Metab. 87, 1098-1104.
tems presenting glioma antigens appeared as round structur%"éw't' J.P., Faisant, N., Venier-Julienne, M.C., Menei, P., 2000. Develop-

. . . ment of microspheres for neurological disorders: from basics to clinical
with green fluorescence on their surfaéég( 3C and E). No applications. J. Controlled Rel. 65, 285-296.

staining was observed when microspheres were treated alo@@rtsinger, J., Deeths, M.J., Pease, P., Mescher, M.F., 1997. Artificial cell sur-

(Fig. 3D). All those results support preservation of the integrity  face constructs for studying receptor-ligand contributions to lymphocyte

of the adsorbed antigens. activation. J. Immunol. Methods 209, 47-57.

DiPersio, J.F., 1990. Colony-stimulating factors: enhancement of effector cell
function. Cancer Surv. 9, 81-113.

Elamanchili, P., Diwan, M., Cao, M., Samuel, J., 2004. Characterization
of poly(p,L-lactic-co-glycolic acid) based nanoparticulate system for

One of the major intentions for using the developed par- enhanced delivery of antigens to dendritic cells. Vaccine 22, 2406-2412.

ticulate systems resides not only in their ability to provide anfriedl, J., Stift, A., Paolini, P., Roth, E., Steger, G.G., Mader, R., Jakesz,
interesting support for tumour—antigen uptake by APCs but also R., Gnant, M.F., 2000. Tumor antigen pulsed dendritic cells enhance the

. . ) . . g cytolytic activity of tumor infiltrating lymphocytes in human hepatocel-
in their potential aptitude to release active cytokines that would |4 cancer. Cancer Biother. Radiopharm. 15, 477-486.

regulate APCs activation or/and differentiatidfupper et al.,  Golab, J., 2000. Interleukin 18-interferon gamma inducing factor-a novel
1987; Heufleretal., 1988; DiPersio, 1990; Okamotoetal., 1999  player in tumour immunotherapy? Cytokine 12, 332-338.

Thus, a double emulsion process that we have applied to entrdi§ike. M., Blachere, N.E., Wolfel, T. Meyer zum Buschenfelde, K.H.,
and release several molecules of interdsergei et al., 2000; Storkel, S., Srivastava, P.K., 1994. Membranes activate tumor- and

. . . virus-specific precursor cytotoxic T lymphocytes in vivo and stimulate
Pean et al., 2000; Aubert-Pouessel et al., 2004; Jollivet et al., tumor-specific T lymphocytes in vitro: implications for vaccination. J.

2004 was used for the PLGA microsphere formulation here.  jmmunother. Emphasis Tumor Immunol. 15, 165-174.
As a matter of fact active granulocyte macrophage-cell stimulatHerr, W., Ranieri, E., Olson, W., Zarour, H., Gesualdo, L., Storkus, W.J.,
ing factor (GM-CSF) has been loaded into PLGA microspheres 2000. Mature dendritic cells pulsed with freeze-thaw cell lysates define

; . e an effective in vitro vaccine designed to elicit EBV-specific CD4(+) and
by others Pettit et al., 1997; Mandal et al., 200dnd similar CD8(+) T lymphocyte responses. Blood 96, 18571864,

polyme_r-pased_form_ulations releasing CYtOkineS alreadyShoweIQeuﬂer, C., Koch, F., Schuler, G., 1988. Granulocyte/macrophage colony-
their efficiency in various tumour modeHi(l et al., 2002; Ma et stimulating factor and interleukin 1 mediate the maturation of murine

al., 2003; Sabel et al., 20pHence, PLGA microspheresloaded  epidermal Langerhans cells into potent immunostimulatory dendritic cells.
with interleukin-18 Golab, 2009 and conjugated with glioma  J- Exp. Med. 167, 700-705. o
extracts are under investigation in our Iaboratory. Hill, H.C., Conway Jr., T.F., Sabel, M.S., Jong, Y.S., Mathiowitz, E., Bankert,

| Usi h d | d icul bl R.B., Egimez, N.K., 2002. Cancer immunotherapy with interleukin
n conclusion, we have developed particulate systems able to 12 and granulocyte-macrophage colony-stimulating factor-encapsulated

present glioma antigens to immune cells and potentially capa- microspheres: coinduction of innate and adaptive antitumor immunity and

ble to deliver at the same time immunostimulatory molecules. cure of disseminated disease. Cancer Res. 62, 7254-7263.

Preclinical evaluation of this system in animal model of gliomaJin. Y.J., Friedman, J., Burakoff, S.J., 1998. Regulation of tyrosine phospho-

is undergoing. rylation in isolated T cell membrane by inhibition of protein tyrosine
phosphatases. J. Immunol. 161, 1743-1750.

Johansen, P., Men, Y., Merkle, H.P., Gander, B., 2000. Revisiting PLA/PLGA
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