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In vivo fate and immune pulmonary response after nasal
administration of microspheres loaded with
phosphorylcholine-thyroglobulin
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Abstract

Phosphorylcholine is a widely occurring hapten which is present in the cell wall of many prokaryotes. It is,
therefore, an attractive candidate for the development of a vaccine against many bacterial diseases. Poly(D,L-lactide-
co-glycolide) microspheres loaded with phosphorylcholine linked to thyroglobulin (PC-Thyr) as protein carrier were
prepared. The effect of the protein concentration on antigen encapsulation and release as well as on microsphere
morphology has been investigated. When administered intranasally, PC-Thyr-loaded microspheres were taken up by
epithelial cells of the nasopharyngeal associated lymphoid tissue and induced a specific IgA and IgG response in
pulmonary secretions as well as a strong systemic immune response in BALB/c mice. © 1999 Elsevier Science B.V. All
rights reserved.
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1. Introduction

When establishing priorities for vaccine re-
search, the World Health Organization (WHO)
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it is safe, induces minimal adverse effects, and can
be administered at home (Walker, 1994). The use
of antigen delivery systems consisting of
biodegradable microspheres are designed to in-
crease antigen uptake by the M cells (Eldridge et
al., 1990), to enhance the mucosal immune re-
sponse (Eldridge et al., 1991) and to induce long
and slow antigen release (O’Hagan et al., 1991).
The use of poly(D,L-lactide-co-glycolide) (DL-
PLG) microspheres is particularly promising
(Shahin et al., 1995). We further validated this
approach by showing that intragastric immuniza-
tion of mice with phosphorylcholine (PC) coupled
to thyroglobulin and entrapped in DL-PLG mi-
crospheres afforded protection against a lethal
oral challenge by the Salmonella typhimurium
strain C5 (Allaoui-Attarki et al., 1997). We chose
PC as antigen because it is a ubiquitous hapten
present on different pathogenic micro-organisms
which colonize or invade host mucosa at different
epithelial sites (Pecquet et al., 1992; Gillepsie et
al., 1996; Kolberg et al., 1997). Parenterally ad-
ministered PC has been known to be a protective
antigen against parenteral inoculation of Strepto-
coccus pneumoniae (Wallick et al., 1983; Fisher et
al., 1995). However, whether anti-PC pulmonary
immunity also protects against pneumococcal
pneumonia is not known. Because of the compart-
mentalization of the common mucosal immune
system (Moldoveanu et al., 1995), intranasal im-
munization is the best route of administration to
induce a specific immune response in the respira-
tory system. This study investigate the possibility
of using PC-Thyr loaded microspheres by the
intranasal route to stimulate the pulmonary anti-
PC immunity.

2. Materials and methods

Phosphorylcholine (PC) was conjugated to
porcine thyroglobulin (Sigma, St. Louis, MO) and
the resulting conjugate (PC-Thyr) was entrapped
in DL-PLG (ratio 75/25; molecular size, 128 kDa;
Birmingham polymers, Birmingham, AL) micro-
spheres by multiple-solvent evaporation emulsion
(Blanco-Prieto et al., 1994). Concentrations of 40,
120 and 200 mg/ml of PC-Thyr were tested. Un-

loaded microspheres were prepared identically,
but without PC-Thyr. Fluorescent 200 mg/ml PC-
Thyr-loaded microspheres were obtained by the
addition of 100 pl/ml of perylen (Aldrich Chemi-
cal, Saint Quentin Fallavier, France) in the or-
ganic phase. Particle size distributions of
freeze-dried microspheres were determined using a
Coulter Multisizer II. A scanning electron micro-
scope (SEM) (XL-40, Philips, The Netherlands)
was used to evaluate both the morphology and
surface characteristics of the microspheres.

For determining the encapsulation efficiency,
the conjugate was released from 30 mg of micro-
spheres by overnight incubation in 3 ml of 0.1 N
NaOH with stirring. The amount of encapsulated
thyroglobulin was determined by a BCA protein
assay. Encapsulation efficiency was expressed as
the ratio of the amount of thyroglobulin en-
trapped to the initial amount introduced into the
polymerization medium. For in vitro release
study, an amount of microspheres corresponding
to 0.7 mg of thyroglobulin was incubated in 4 ml
of saline phosphate buffer under stirring at 37°C.
At different time intervals, 350 pl of the suspen-
sion were removed and replaced with 350 ul of
fresh buffer to maintain sink condition. Samples
were centrifuged (4000 rpm for 10 min) and the
thyroglobulin concentration was determined in
the supernatant by a BCA protein assay.

Microsphere capture by the Nasal Associated
Lymphoid Tissue (NALT) was studied in mice.
Under light anesthesia with sodium pentobarbital
(Sanofi Santé Animale, Libourne, France),
BALB/c mice were administered intranasally with
7.5 mg of fluorescent PC-Thyr loaded micro-
spheres. Thirty-five min after inoculation, mice
were sacrificed. Sections of rhinopharynx have
been realized as described (Pereswetoff-Morath et
al., 1996). The samples were embedded in
paraffin, sectioned, stained with 2% Evans blue
(w/v) and examined by fluorescent microscopy.

Groups of BALB/c mice were immunized in-
tranasally under light anesthesia with sodium pen-
tobarbital. On 3 consecutive days, a dose
comprising 7.5 mg of either blank or PC-Thyr-
loaded microspheres, or of 15 pg of PC in free
PC-Thyr in 50 pl sterile saline, was deposited in
the nostrils. Mice were boosted with identical
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doses 29, 30 and 31 days later. The anti-PC IgA
and IgG responses were assessed by ELISA, 45
days after the first immunization dose, at the time
of peak antibody responses to PC (Allaoui-At-
tarki et al., 1997). Blood samples were collected
by retro-orbital puncture. Sera were diluted 1:40
in bicarbonate buffer. Lung washes were collected
immediately after death, as described (Guzman et
al.,, 1993). We considered that sample dilutions
were 1:10 (Guzman et al., 1993). All samples were
immediately frozen at — 80°C until ELISA was
performed as described (Allaoui-Attarki et al.,
1998). Antibodies titers, expressed as log, of the
reciprocal of the dilution, were compared by Stu-
dent’s z-test.

3. Results and discussion

The size distribution of PC-Thyr-loaded micro-
spheres was determined for three different concen-
trations of PC-Thyr conjugate: 40, 120 and 200
mg/ml. No effect of conjugate concentration on
microspheres mean diameter was found (Table 1).
However, microspheres prepared without PC-
Thyr were found to be smaller with a mean
diameter of 2.5 um (data not shown). Loading
efficiency of PC-Thyr in microspheres was studied
as a function of the PC-Thyr concentration in the
internal aqueous phase. For 40 and 120 mg/ml
concentrations values, it was found that the en-
capsulation efficiency was stable. However, the
encapsulation efficiency decreased when the initial
amount of PC-Thyr was of 200 mg/ml (Table 1).
Theoretically, during the formation of micro-
spheres by the multiple emulsion/evaporation
method, the polymer solution separates the inter-
nal aqueous phase from the external aqueous

Table 1

phase, thus preventing the diffusion of the protein
into the outer water phase. Nevertheless, an ex-
change between the two aqueous phases (external
and internal) might occur as a consequence of the
adsorption of the protein at the microsphere sur-
face. It was previously shown that the accumula-
tion of the protein on the microsphere surface and
their rapid elution formed pores or channels on
the particle surface (Blanco-Prieto et al., 1996).
Therefore, the morphological appearance of the
microspheres obtained for different PC-Thyr
amount should be modified. Indeed, with 120
mg/ml of conjugate, microspheres were smooth
with no apparent pores (Fig. la) whereas the
surface of particles prepared with 200 mg/ml of
PC-Thyr appeared highly porous (Fig. 1b). There-
fore, it is assumed that during the microencapsu-
lation process, PC-Thyr was adsorbed at the
interface of internal aqueous globules and poly-
meric phase. When the conjugate concentration
was elevated, the interface of internal globules
was saturated and proteins embedded in regions
close to the microsphere surface. The resulting
PC-Thyr elution explained the formation of pores
and might be responsible for the decreased of the
encapsulation efficiency.

Our in vitro released experiments showed that
in any experimental condition, only a poor
amount of PC-Thyr was released after incubation
(Table 1). This was not the case in the presence of
proteolytic enzymes where about 20% of PC-Thyr
was released after the same time of incubation
(Allaoui-Attarki et al., 1998). These release stud-
ies suggest that the protein adsorbed on the sur-
face of microspheres is tightly bound due to
possible conformational changes. However, this
adsorption did not modify the immunogenicity of
PC-Thyr since neither the absorbance spectrum of

Effect of the PC-Thyr concentration on particle size and encapsulation efficiency and burst release®

PC-Thyr concentration (mg/ml) Average size (um) Encapsulation efficiency (%)

PC-Thyr released after 15 min (%)

40 32 86.2
120 3.4 87.6
200 32 76.5

1.6
0.7
0.9

4 Mean of three independent measurements.
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(b)

Fig. 1. Electron micrographs of microspheres formulated with 120 mg/ml (a) or 200 mg/ml (b) of the conjugate PC-Thyr.

the PC-Thyr conjugate, nor its PC-immunologic
reactivity were changed by the microencapsula-
tion process (Allaoui-Attarki et al., 1998).

We have previously shown that microspheres
prepared with 200 mg/ml of PC-Thyr, adminis-
tered intragastrically to mice, induced intestinal
anti-PC antibody responses (Allaoui-Attarki et
al., 1998). This response afforded protection
against a lethal oral challenge by the Salmonella
typhimurium strain C5 (Allaoui-Attarki et al.,

1997). In order to explore the protection provided
by the same vaccine preparation against pul-
monary PC-bearing pathogenic bacterium such as
Streptococcus pneumoniae, we explored the poten-
tial ability of PC-Thyr-loaded microspheres to
induce anti-PC antibody response in broncho-
alveolar fluids of intranasally immunized mice.
Microspheres must first be able to be capture by
the NALT. In the present study, we were able to
show that, 35 min after intranasal administration,
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Fig. 2. Uptake of fluorescent PC-Thyr loaded microspheres by
epithelial cells of nasal lymphoid follicles ( x 100).

Table 2
Anti-PC antibodies in sera and secretions of immunized mice®

fluorescent PC-Thyr-loaded microspheres were
captured by epithelial cells of nasal lymphoid
follicles (Fig. 2). Intranasal immunizations with
PC-Thyr induced significantly higher IgA and IgG
anti-PC titers than intranasal immunization with
unloaded microspheres (Table 2). High levels of
serum IgG against soluble or particulate antigens
following immunization via the respiratory tract
have been reported by several groups (Shahin et
al., 1992; Russell et al., 1996). A mechanism of
transudation may explain the high levels of anti-
PC IgG found in the lungs of the mice immunized
either subcutaneously and intranasally (Toews et
al.,, 1985). On the opposite, anti-PC IgA levels
were lower in serum than in pulmonary secretions
of immunized mice, which implies that mucosal
IgA was produced by intraepithelial local B cells.
The present results show that the anti-PC anti-
body response induced by intranasal immuniza-
tion with PC-Thyr-loaded microspheres was not
greater than that observed after intranasal vacci-
nation with free PC-Thyr. Free PC-Thyr is a
soluble antigen devoid of cell adhesion properties,
and might therefore freely penetrate the entire
nasal epithelium and reach the immune system
(Kuper et al., 1992). Thus, the main advantage of
using a particulate carrier for anti-PC nasal im-
munization might be to induce long-lasting local
immunity by interacting with mucosal surfaces
(Walker, 1994) and to generate a mucosal mem-
ory response (McGhee et al., 1993).

Immunization group Route Anti-PC titer in indicated fluid
IgA 1gG
Serum Broncho-alveolar fluid Serum Broncho-alveolar fluid
PC-Thyr in microspheres in.b 3.6 (1.1) 5.1 (2.0) 9.1 (1.3) 8.5 (2.3)
Free PC-Thyr in. 2.5(0.9) 6.3 (4.7) 9.2 (1.2) 6.1 (0.4)
Free PC-Thyr s.c.c 0.8 (0.9) 0 8.4 (1.0) 4.8 (1.8)
Unloaded microspheres in. 0.2 (0.6) 0 0.5 (0.5) 0

2 Sera and secretions were collected 2 weeks after the last immunization. Means (S.E.M.) of the log, endpoint dilution are

reported. These data are results of two independent experiments.

® Intranasally.
¢ Subcutaneously.
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4. Conclusion

In conclusion, these results strongly suggest
that the potentiality of PC-Thyr-loaded micro-
spheres to protect against pulmonary infections
caused by PC-bearing micro-organisms as Strep-
tococcus pneumoniae and Haemophilus influenzae
(Kolberg et al., 1997) should be further explored.
This should constitute an important step forward
in the development of the concept that PC linked
to a protein carrier can be used as mucosal im-
munogen to protect against several bacterial
diseases.

References

Allaoui-Attarki, K., Pecquet, S., Fattal, E., Troll¢, S.,
Chachaty, E., Couvreur, P., Andremont, A., 1997. Protec-
tive immunity against Salmonella typhimurium elicited in
mice by oral vaccination with phosphorylcholine encapsu-
lated in poly(D,L-lactide-co-glycolide) microspheres. Infect.
Immun. 65, 853-857.

Allaoui-Attarki, K., Fattal, E., Pecquet, S., Troll¢, S.,
Chachaty, E., Couvreur, P., Andremont, A., 1998. Mu-
cosal immunogenicity elicited in mice by oral vaccination
with phosphorylcholine encapsulated in poly(D,L-lactide-
co-glycolide) microspheres. Vaccine 16, 685-691.

Blanco-Prieto, M.-J., Delie, F., Fattal, E., Tartar, A., Puisieux,
F., Gulik, A., Couvreur, P., 1994. Characterization of V3
BRU peptide-loaded small PLGA microspheres prepared
by a (wl/o)w2 emulsion solvent evaporation method. Int.
J. Pharm. 111, 137-145.

Blanco-Prieto, M.-J., Leo, E., Delie, F., Gulik, A., Couvreur,
P., Fattal, E., 1996. Study of the influence of several
stabilizing agents on the entrapment and in vitro release of
pBC 264 from poly(lactide-co-glycolide) microspheres pre-
pared by a W/O/W solvent evaporation method. Pharm.
Res. 13, 1127-1129.

Eldridge, J.H., Hammond, C.J., Meulbroek, J.A., Staats, J.K.,
Gilley, R.M., Tice, T.R., 1990. Controlled vaccine released
in the gut-associated lymphoid tissues. I. Orally adminis-
tered biodegradable microspheres target the Payer’s
patches. J. Control. Rel. 11, 205-214.

Eldridge, J.H., Staats, J.K., Eulbroek, J.A., Tice, T.R., Gilley,
R.M., 1991. Biodegradable and biocompatible poly(D,L-
lactide-co-glycolide) microspheres as an adjuvant for
staphylococccal enterotoxin B toxoid which enhances the
level of toxin-neutralizing antibodies. Infect. Immun. 59,
2978-2986.

Fisher, R.T., Longo, D.L., Kenny, J.J., 1995. A novel phos-
phocholine antigen protects both normal and X-linked
immune deficient mice against Streptococcus pneumoniae. J.
Immunol. 154, 3373-3382.

Gillepsie, S.H., Ainscough, S., Dickens, A., Lawin, J., 1996.
Phosphorylcholine-containing antigens in bacteria from the
mouth and respiratory tract. J. Med. Microbiol. 44, 35-40.

Guzman, C.A., Molinari, G., Fountain, M.W., Rohde, M.,
Timmis, K.N., Walker, M.J., 1993. Antibody responses in
the serum and respiratory tract of mice following oral
vaccination with liposomes coated with filamentous
hemagglutinin and pertussis toxoid. Infect. Immun. 61,
573-579.

Kolberg, J., Hoiby, E.A., Jantzen, E., 1997. Detection of the
phosphorylcholine epitope in streptococci, Haemophilus
and pathogenic Neisseria by immunoblotting. Microb.
Pathog. 22, 321-329.

Kuper, C.F., Koornstra, P.J., Hameleers, D.M.H., Biewenga,
J., Spit, B.J., Duijvestijn, A.M., van Breda Vriesman,
P.J.C., Sminia, T., 1992. The role of nasopharyngial
lymphoid tissue. Immunol. Today 13, 219-224.

McGhee, J.R., Kiyono, H., 1993. New perspectives in vaccine
development: mucosal immunity to infections. Infect.
Agents Dis. 2, 55-73.

Moldoveanu, Z., Russell, M.W., Wu, H.Y., Huang, W.-Q.,
Compans, R.W., Mestecky, J., 1995. Compartmentaliza-
tion within the common mucosal immune system. In:
Mestecky, J., et al. (Eds.), Advances in Mucosal Immunol-
ogy. Plenum Press, New York, pp. 97-101.

O’Hagan, D.T., Jeffery, H., Roberts, M.J.J., McGhee, J.P.,
Davis, S.S., 1991. Contrilled released microparticles for
vaccine development. Vaccine 9, 768-771.

Pecquet, S., Ehrat, C., Ernst, P.B., 1992. Enhancement of
mucosal antibody responses to Salmonella typhimurium
and the microbial hapten phosphorylcholine in mice X-
linked immunodeficiency by B-cell precursors from the
peritoneal cavity. Infect. Immun. 60, 503-509.

Pereswetoff-Morath, L., Bjurstrom, S., Khan, R., Dahlin, M.,
Edman, P., 1996. Toxicological aspects of the use of dex-
tran microsphere and thermogelling ethyl(hydrox-
yethyl)cellulose (EHEC) as nasal drug delivery systems.
Int. J. Pharm. 128, 9-21.

Russell, M.W., Moldoveanu, Z., White, P.L., Sibert, G.J.,
Mestecky, J., Michalek, S.M., 1996. Salivary, nasal, genital
and systemic antibody responses in monkeys immunized
intranasally with bacterial protein antigen and the cholera
toxin B subunit. Infect. Immun. 64, 1272-1283.

Shahin, R.D., Amsbaugh, D.F., Leef, M.F., 1992. Mucosal
immunization with filamentous hemagglutinin protect-
sagainst Bordetella pertussis respiratory infection. Infect.
Immun. 60, 1482-1488.

Shahin, R., Leef, M., Eldridge, J., Hudson, M., Gilley, R.,
1995. Adjuvanticity and protective immunity elicited by
Bordetella pertussis antigens encapsulated in poly(D,L-lac-
tide-co-glycolide) microspheres. Infect. Immun. 63, 1195—
1200.

Toews, G.B., Hart, D.A., Hansen, E.J., 1985. Effect of sys-
temic immunization on pulmonary clearance of
Haemophilus influenzae type b. Infect. Immun. 48, 343—
349.



S. Trolle et al. / International Journal of Pharmaceutics 183 (1999) 73—-79 79

Walker, R.1., 1994. New strategies for using mucosal vaccina-
tion to achieve more effective immunization. Vaccine 12,
387-398.

Wallick, S., Claflin, J.L., Briles, D.E., 1983. Resistance to
Streptococcus pneumoniae is induced by a phosphocholine-
protein conjugate. J. Immunol. 130, 2871-2875.

World Health Organization, 1997. Global programme for
vaccines and immunization vaccine research and develop-
ment. Research priorities 1997, WHO/VRD/GEM 96.01.



