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Abstract

Antigenic and adjuvant activities of microspheres and ISCOMs (immunity stimulating complexes) with incorpo-
rated envelope glycoproteins of bovine herpesvirus-1 (BHV-1) were tested in long-term (31-week) experiments in
rabbits. Similar antibody responses were recorded after a single intradermal immunization with BHV-1 glycoproteins
incorporated into ISCOM nanoparticles or microspheres prepared from linear co-polymers (50/50) of DL-lactic and
glycolic acids. Stronger, longer and markedly biphasic antibody responses were observed in rabbits immunized with
BHV-1 M-DL-LA microspheres prepared from branched oligoesters of DL-lactic acid and mannitol. Indirect evidence
of the incorporation of the viral envelope proteins into any type of microspheres or ISCOMs was obtained by
immunoblotting. A set of precipitation lines was detected in rabbit blood sera collected 7 weeks after the
immunization with microsphere- or ISCOM-entrapped glycoproteins. A similar, but more numerous, set was found
in the control serum collected from cattle after natural infection by BHV-1. © 1997 Elsevier Science B.V.
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1. Introduction

The strategy of the development of vaccines,

that are still necessary for the control of infectious
diseases, has been changing rapidly during the
past 10–15 years. Advances in several branches of
science, such as immunology and genetic engi-
neering, have allowed the identification and* Tel. +24 5 41321241; fax. +42 5 41211229.
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preparation by various techniques of a broad
range of individual antigens of pathogenic agents
capable of inducing immune responses. Thus a
basis has been established for the development of
subunit vaccines which, unlike the conventional
types, contain accurately defined antigens. At the
same time, it is necessary to develop new ways of
presentation of antigens to the immune system,
owing to the low antigenicity of the subunits.
Adjuvant formulations seem to be more effective
for this purpose than the conventional adjuvants.
The principle of the formulations consists of the
co-incorporation of soluble subunit antigens and
adjuvants into common multimolecular struc-
tures. Typical examples of such structures are
immunity stimulating complexes—ISCOMs
(Morein et al., 1984) or liposomes (Gregoriadis,
1990). This group also includes biologically com-
patible and degradable microspheres (msp) pre-
pared from synthetic polymers, that have shown
good antigen-carrier properties in recent studies
(Eldridge et al., 1991; Cahill et al., 1995). Adju-
vant effects of msp, particularly those from lactic
and glycolic acid polymers, equal to those of the
conventional adjuvants, such as Freund’s adju-
vant or aluminium hydroxide (O’Hagan et al.,
1991). The selection of suitable polymers and
technology of preparation of msp allows the es-
tablishment of a controlled-release delivery system
that offers a prospective alternative of adjuvant
formulation, among other applications also for
the development of subunit vaccines (Cleland et
al., 1994).

Our recent comparative studies of adjuvant ac-
tivities of msp prepared from linear or branched
lactic or glycolic acid oligoesters with incorpo-
rated BSA, and their degradation in vitro in PBS
and blood serum (Hampl et al., 1996), have
demonstrated adverse effects of the components
of blood serum on the degradability. This paper
describes experiments with the two most readily
degraded types of msp prepared from a branched
(M-DL-LA) and a linear (DL-PLGA 50/50) oli-
goesters, respectively, using envelope glyco-
proteins of bovine herpesvirus-1 as a model
antigen.

2. Experimental

2.1. Materials

The following chemicals were used in the exper-
iments: polyvinylalcohol (PVA) Mr 85–140 kDa,
86–89%, hydrolyzed (Aldrich, USA); dichloro-
methane (DCM); DL-PLGA with the co-polymer
ratio of 50/50 (lactide/glycolide %) and Mr 50–75
kDa; gelatin Type A (300 Bloom); octylglycoside;
cholesterol; phosphatidylcholine; 3,3%,5,5%-tetra-
methylbenzidine; horseradish peroxidase; sodium
dodecyl sulfate (all by Sigma, USA); Quil A (Su-
perfos, Biosector, Denmark); lactalbumin hy-
drolysate (Difco, USA). The terpolymer
M-DL-LA, Mr 5.3 kDa, was prepared in our
laboratory using the polycondensation method
(Hampl et al., 1996).

2.2. Isolation of BHV-1 glycoproteins

The procedure was described in detail elsewhere
(Franz et al., 1996). Briefly: The virus
(106.0TKID50 per 0.05 ml) was propagated in a
monolayer of MDBK cells. After ultracentrifuga-
tion of the clear supernatant of infected cells at
27 000 r.p.m. in the rotor Sw 28 (Beckman Instru-
ment, USA) for 1 h, the sedimented virus was
resuspended and subsequently purified in a 30/50
(w/v) gradient of potassium tartrate. The virus-
containing fractions were pooled and envelope
glycoproteins were released from the purified
virus by incubation in 2% octylglucoside for 1.5 h
and separated by centrifugation at 40 000 r.p.m.
in the rotor Sw 55 for 1 h. The resulting superna-
tant containing envelope glycoproteins was then
used in the preparation of microspheres and IS-
COMs.

2.3. Preparation of microspheres

Msp were prepared from the two types of
polyesters by the solvent evaporation emulsion
technique (w/o/w) as described by Jeffery et al.
(1993). The procedure was as follows: 100 mg
polyester were dissolved in 3.0 ml dichloro-
methane, and the viral glycoprotein, along with
the identical 125I-labelled tracer, in 0.85
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ml of 0.2% gelatin. The two solutions were cooled
to 4°C pooled in the homogenizer Ultra-Turrax
and dispersed at 20 000 r.p.m. for 1 min. The
emulsion was immediately transferred into 5 ml
2% PVA containing 0.5% Poloxamer 188, cooled
again to 4°C and dispersed at 20 000 r.p.m. for 1
min. The resulting emulsion was stirred at 300
r.p.m. and 20°C for 16 h. Then the suspension of
msp was washed twice with 25 ml distilled water
containing 0.5% Poloxamer 188. Each washing
step was followed by centrifugation at 4000 r.p.m.
The rate of entrapment of viral glycoprotein into
msp was calculated from the radioactivity of the
non-entrapped tracer in the supernatant. The sep-
arated msp were resuspended in 1% Poloxamer
188, freeze-dried and kept in sealed ampoules at
4°C.

2.4. Preparation of ISCOMs

Viral glycoproteins were mixed with cholesterol
and phosphatidylcholine at the ratio of 2.5:1:1
and Quil A was added to reach the final concen-
tration of 0.1%. Octylglucoside was removed by
extensive dialysis against 0.1 M ammonium ac-
etate. The dialysate was centrifuged through a
layer of 10% saccharose at 40 000 r.p.m., rotor Sw
55, for 4 h. The ISCOM-containing sediment was
resuspended in PBS, pH 7.8 and examined by
electron microscopy. The rate of glycoprotein in-
corporation was determined using the 125I tracer.

2.5. Morphology and size of microspheres and
ISCOMs

The preparation and sizes of ISCOMs were
monitored using the electron microscope Tesla BS
500. Surface smoothness and morphology of msp
were examined by scanning electron microscopy
at magnifications 1000 and 20 000 using the mi-
croscope Tesla BS 300. The procedure of size
distribution analysis of msp is described elsewhere
(Hampl et al., 1996).

2.6. Biological experiment

Antigenic and adjuvant properties of M-DL-LA
and DL-PLGA msp and ISCOMs with incorpo-

rated glycoproteins were tested in three groups of
four rabbits.

A single intradermal dose of 0.3 ml PBS, pH
7.2, containing 25 mg of viral glycoprotein in 40.3
and 44.4 mg of M-DL-LA and DL-PLGA, respec-
tively, or ISCOMs, was distributed to six injection
sites in the back region.

Blood samples were collected from the ear vein
3 weeks after the inoculation and further sam-
plings continued at 2-week intervals up to week
31. The samples were frozen at −20°C, and
tested by ELISA after the sampling period was
over.

2.7. Serology

The blood serum samples were tested by indi-
rect ELISA with the viral and the control antigens
bound to the solid phase. The viral antigen was
prepared from BHV-1 propagated in MDBK cells
with a medium supplemented with foetal calf
serum. The antigen was concentrated as described
above, omitting the centrifugation in the density
gradient. The control antigen was prepared in the
same way from a non-infected cell culture. The
conjugate was obtained by labelling porcine anti-
rabbit antibodies with horse-radish peroxidase.
Hydrogen peroxide and tetramethylbenzidine
were used as the substrate. The blood sera were
tested in duplicates at the dilution 1:100. The
results are expressed in terms of differences in
O.D. (450 nm) between wells containing the viral
and the control antigens. The paired t-test and the
software Graph Pad Prism Version 2.00 were used
to test the significance of differences among indi-
vidual groups.

2.8. SDS-page and immunoblotting

A modification of the method of Laemli (1970),
in polyacrylamide gel under reducing conditions
and in the presence of sodium dodecyl sulphate
was used. The separated BHV-1 proteins were
transferred electrophoretically onto nitrocellulose
membrane for immunoblotting (Bio-Rad Labora-
tories, USA) (Towbin and Gordon, 1984).

After blocking with lactalbumin hydrolysate,
the membranes were incubated in rabbit blood
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Fig. 1. Scanning electron micrographs of BHV-1 glycoprotein-loaded M-DL-LA microspheres (Surface details, magnification
×20 000).

sera collected 7 weeks after the immunization with
DL-PLGA or M-DL-LA msp or ISCOMs with
incorporated BHV-1 glycoproteins. Bovine serum
obtained from an animal naturally infected by
BHV-1 was used as the control. After binding
with horse-radish peroxidase-labelled antibodies
to rabbit or bovine immunoglobulins, the specifi-
cally reacting antibodies were visualized with di-
aminobenzidine and hydrogen peroxide as the
substrate.

3. Results and discussion

The formation and size of ISCOMs, ranging
between 30 and 40 nm, was checked by electron
microscopy. Scanning electron microscopy. confi-
rmed that msp prepared by the w/o/w method
were free of superficial artefacts. An example of
M-DL-LA msp is shown in Fig. 1. The results of
size distribution analysis are presented in Table 1.

Antibody responses to BHV-1 glycoproteins in-
corporated into two types of microspheres or
ISCOMs were investigated in a long-term (31
weeks) experiment in rabbits.

As the high antigenicity of BHV-1 ISCOMs
was already confirmed in earlier papers (Trudel et
al., 1987; Merza et al., 1991; Franz et al., 1996),
this vehicle, presenting also the antigen in its
corpuscular form, was used as a control in this
experiment.

As seen in Fig. 2, all the treated groups re-
sponded to the intradermal administration of the
antigen with a gradual increase of blood serum
antibody levels reaching their maxima around
week 7. A small decrease in antibody levels was
observed up to week 11 in rabbits treated with
BHV-1 ISCOMs. This decrease was followed by a
plateau up to week 25 and a marked decrease
during the subsequent 4 weeks.

The dynamics of antibody responses in the
group immunized with BHV-1 DL-PLGA 50/50
closely resembled those of the control group ex-
cept for an indistinct second increase after week
13. The decrease from week 25 was similar to that
observed in the control group.

The group immunized with BHV-1 M-DL-LA
msp differed from the preceding two by a marked
second increase in serum antibody levels from
week 13 and a shift of the subsequent decrease to
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Table 1
Microsphere size distribution (mm)

4–5 \52–3Vehicle 3–4B1 1–2

20 (%) 10 (%)DL-PLGA(50/50) 10 (%) 24 (%) 5 (%)31 (%)
1 (%) 0 (%)M-DL-LA 16 (%) 29 (%) 46 (%) 8 (%)

week 27. The highest and the lowest titres of
blood serum antibodies at the end of the experi-
ment in week 31 were recorded in the groups
immunized with DL-PLGA 50/50 msp and IS-
COMs, respectively.

The dynamics of antibody response in the
group treated with M-DL-LA msp differed signifi-
cantly from those in the groups treated with DL-
PLGA 50/50 msp (P=0.025) or ISCOMs
(P=0.0003). No signficant difference was found
between the latter two groups (P=0.1173).

Biphasic antibody responses with the first peak
in week 3 were found in our earlier experiments in
which single doses of M-DL-LA, GA-M-DL-LA,
DL-PLGA 50/50 or DL-PLGA 75/25 with incorpo-
rated BSA were administered subcutaneously to
mice (Hampl et al., 1996). In the present experi-
ment, all three groups of rabbits showed maxi-
mum antibody titres as late as in week 7. This
delay may have been due to the fact, that the
inoculum was administered intradermally, i.e. into
tissues with a lower blood flow providing better
conditions for the establishment of a depot space
for msp, while the presentation of ISCOM-en-
trapped antigens takes a different course (Watson
et al., 1989; Van Binnendijk et al., 1992).

The persistence of antibody responses after a
single shot injection was approximately the same
in all three groups. A marked decrease of anti-
body levels was observed around week 30. Our
results are similar to those reported by Alonso et
al. (1994) for mice treated with a single subcuta-
neous dose of msp with entrapped tetanus toxoid
in which maximum IgG levels were found be-
tween weeks 4 and 8 and their decrease in week
26. Similar results were also obtained by Cleland
et al. (1994) after a single dose of PLGA msp with
encapsulated MN rpg 120 protein, i.e. a subunit
antigen of HIV-1.

Nakaoka et al. (1995) monitored antibody re-
sponses in mice treated with a single dose of
microspheres with entrapped egg albumin admin-
istered by three various routes. Maximum anti-
body responses were reached 7–14 weeks after the
immunization and high titres persisted up to week
22. The authors explained the prolonged period of
antibody production as a result of a rise of a
memory cell population.

Biphasic immune responses in mice treated with
a single subcutaneous dose of microspheres with
entrapped tetanus toxoid were reported by
Thomasin et al. (1996). The administration of
small msp accelerated the onset of the first phase
of the immune response, while the administration
of larger msp, prepared from polymers with a low
degradability, resulted in a marked delay of this
onset.

The period of antibody response in animals
immunized with ISCOM antigens can be modu-
lated by changing the dose of the antigen (Trudel
et al., 1987). Microspheres offer one way more,
consisting in the selection of polymers used in
their preparation. To accelerate the availability of
the antigen to further processing in antigen-pre-
senting cells, we used msp with a very rapid
degradability in biological materials (Hampl et
al., 1996).

Fig. 2. Antibody responses in rabbits after a single immuniza-
tion with viral glycoprotein loaded DL-PLGA, M-DL-LA mi-
crospheres or ISCOMs.
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Differences in dynamics of antibody responses
of rabbits immunized as model animals with
equal doses of antigen incorporated into DL-
PLGA or M-DLLA msp became apparent partic-
ularly in the second half of the observation
period, when O.D. values in the rabbits treated
with M-DL-LA msp were higher. This conceptu-
ally unambiguous result cannot be regarded as
conclusive, however, because only one level of
msp treatment was tested. A dose-response de-
sign of experiments with BHV-1 incorporated
into M-DL-LA or DL-PLGA msp will be sensible
only when carried out in target species, i.e. those
sensitive to BHV-1.

The preparation of msp by the w/o/w method
includes the use of organic solvents that can
damage the structure and stability of the en-
trapped protein or even denature it. Therefore,
the inner phase of the emulsion was supple-
mented with 0.2% gelatin as a protective colloid
and stabilizer (Chang and Gupta, 1996). As
demonstrated in vitro, the administration of the
msp types used in their experiments is accompa-
nied by an enhancement of the initial burst effect
which can eventually potentiate the primary anti-
genic stimulus.

The harmless incorporation of viral glyco-
proteins into both msp types and ISCOMs with-
out affecting their antigenic structure is
evidenced not only by specific antibody responses
in ELISA, but also indirectly by results of im-
munoblotting (Fig. 3). Rabbit antibodies to
BHV-1, present in blood serum samples collected
in 7 weeks after the immunization, gave rise to a
set of lines with a distribution resembling those
obtained with blood serum collected from cattle
naturally infected by BHV-1, although their
number was smaller. The pattern of the lines
obtained from blood sera of animals immunized
with ISCOMs was somewhat different, particu-
larly as far as their intensity was concerned. This
was obviously due to preferential incorporation
of amphipathic molecules into the structure of
ISCOMs. Of the set of glycoproteins forming the
envelope of BHV-1, gI, gIII and gIV with molec-
ular masses 130, 91 and 71 kDa, respectively, are
important for the production of protective anti-

Fig. 3. Immunoblotting with rabbit and bovine antibodies to
BHV-1. Rabbits were immunized with viral glycoprotein-
loaded PLGA msp (A), M-DLLA msp (B), or ISCOMs (C),
bovine serum was collected from an animal naturally infected
by BHV-1 (D), molecular weight markers (E).

bodies (Van Drunnen Little-Van den Hurk and
Babiuk, 1986). Although studies of actual protec-
tive activity of the produced antibodies were out
of the scope of the experiments reported here,
the results of immunoblotting are suggestive of
the presence of protective antibodies.

The demonstration of antibody formation in
rabbits immunized with BHV-1 glycoproteins in-
corporated into M-DL-LA or DL-PLGA micro-
spheres has confirmed that the preparation
process, pre-tested only with BSA (Hampl et al.,
1996) does not result in a destruction of viral
proteins or degradation of their antigenic struc-
ture. A similar conclusion can be drawn from
comparisons of levels and persistence of antibod-
ies to BHV-1 of the experimental and control
groups of rabbits immunized with antigens en-
trapped into microspheres and ISCOMs, respec-
tively, i.e. vehicles in which marked immuno-
stimulatory activities had been confirmed earlier
(Franz et al., 1996). The incorporation of micro-
bial proteins into microspheres, currently tested
with clearly defined practical intentions in human
medicine (Esparza and Kissel, 1992; Chan-
drasekhar et al., 1994; Cleland et al., 1994), is
obviously a prospective method usable also in
veterinary medicine.
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