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(57) Abréegée/Abstract:

The Invention relates to a method for producing vaccine formulations containing at least one antigen and at least one adjuvant. The
Inventive method Is characterised In that at least one antigen I1s mixed with at least one adjuvant and that the mixture is
subsequently heat-treated at a temperature of at least 80 “C for at least 5 min.
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Abstract

A method of preparing a vaccine formulation comprising
at least one antigen and at least one adjuvant is de-
scribed, which method is characterized in that at least
one antigen is mixed with at least one adjuvant and the
mixture subsequently is heat-treated at a temperature

of at least 80°C for a period of time of at least 5

minutes.
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A Method of Preparing Vaccines

The present invention relates to a method of pre-
paring vaccines which comprise at least one antigen and
at least one adjuvant.

World-wide, the protective immunization is among
the most efficlient and successful achievements of mod-
ern medicine. Active and passive immunization of humans
and animals against various diseases are used to effi-
ciently fight world-wide diseases and deaths caused by
former "scourges of humanity". Particularly the active
immunization in which bacterial or viral antigens inca-
pable of reproduction are administered can be viewed as
the most efficient method for a world-wide prevention
of such diseases.

Since upon a vaccination, the antigens selected
for a vaccination by themselves frequently trigger
merely slight or insufficient immune responses in the
organism itself, by which no real protection against
the disease is formed, usually also immunostimulating
auxiliary agents are provided in a vaccine formulation,
in addition to the active substance triggering the im-
mune response. Therefore, nearly all the common vac-
cines contain so-called adjuvants with which the immune
response to certain specific antigens is to be im-
proved. Thus, the immune response induced by vaccines

can be markedly improved for instance by a binding to
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certain adjuvants, such as aluminum hydroxide.

In the course of the present inventibn it has,
however, been shown that the binding of the antigens,
in particular of polypeptide-based antigens, to such
adjuvants is instable and unspecific, so that immedl -~
ately'after the administration of such vaccine formula-
tions, the antigen largely becomes detached from the
adjuvant, and only a small percentage of specific anti-
gen remains on the adjuvant.

Therefore, it is an object of the present inven-
tion to provide improved vaccine formulations which are
capable of triggering a changed connection between an-
tigen and such an adjuvant, and thus an improved lmmune
response.

The invention is directed to a method of preparing
a vaccine formulation, comprising at least one antigen
and at least one adjuvant, which is characterized in
that at least one antigen 1s mixed with at least one
adjuvant and said mixture subsequently 1s heat-treated
1n solution or suspension at a temperature of at 1eaSt
80°C for a period of time of at least 5 minutes. It has
been shown that during this process, the adhesion of
the antigens to the adjuvant is decisively changed so
that upon introduction of the vaccine prepared accord-
ing to the invention into the individual.to be immu-
nized (human/animal) there will be no immediate

exchange of the immunoantigen with the proteins present
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at the site of administration.

As the antigens, according to the invention pref-
erably polypeptide-based antigens are used, 1.e. pep-
tide antigens, or proteinaceous antigens, respectively.
Such peptide antigens have lengths from about 6 amino
acids onwards (e.g. 8 to 11 amino acids), yet they may
also consist of much longer polypeptide chains, com-
prising, e.g., the entire native antigenic protein or
the respective antigenic protein sub-units or parts or
derivatives thereof.

In principle, the protein antigen contained in the
mixture may be any desired proteln that can be used as
an antigen for a vaccination. With proteins, 1in the
present invention polypeptides of more than five amino
acids are to be understood which may additionally com-
prise other substances covalently bound in the molecule
structure (such as, e.g., sugars, lipids, phosphate'
groups). The side groups are not limited to natural
polypeptide modifications, but may'also be artificial
modifications (such as, e.g., polyethylene glycol). In
a preferred embodiment of the method according to the
invention, the protein antigen is an antibody.

The antigens of the present invention are not lim-
ited to certain antigens, so that viral antigens (e.gq.
against HAV, HBV, HCV or HIV) and bacterial antigens
may be used according to the invention just like aller-

gens, tumor antigens or antigens from eukaryotic patho-
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gens. Here also complete virus particles, bacteria or
fragments thereof can be used as antigens.

As adjuvants, according to the invention surface-
active solids may be used on which antigens can adsorb.
Particularly preferred adjuvants used within the scope
of the present invention are aluminum-based adjuvants,
e.g. aluminum phosphate, and in particular aluminum hy-
droxide which has generally proven to be suitable as a
vaccine adjuvant.

It has been shown that with the present invention,
despite the use of relétively high temperatures on the
combination of adjuvant and antigen in suspension oY
solution, even complex antigens are not or merely un-
significantly changed in their antigenic potential so
that also sensitive, instable antigenic protein struc-
tures can be used 1n vaccine formulations according to
the i1nvention.

According to the invention it has been shown that
the heat treatment must be effected at least at a tem-
perature of 80°C so as to obtain the inventive effects.
This also explains why the inventive effect does not
occur in a conventional pasteurisation which is mostly
effected at around 65°C. In the heat treatment, the use
of temperatures of from 90°C to 130°C, in particular of
from 100°C to 125°C, has proven particularly suitable,
as well as (at temperatures above the boiling point of

the solution at normal pressure) the use of closed SYS-—
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tems, such as autoclaves or other pressure contaliners,
with pressures above atmospheric then being used.

It is found that at higher temperatures also
shorter treatment times than i1n conventional pasteuris-
ing (with certain proteins which exhibit rapid binding
to the adjuvant at high temperatures, even less than
5 min) can be provided so that the heat treatments
preferably can be carried out during 20 to 200 min, in
particular during 30 to 60 min (particularly at higher
temperatures). In the routine process, the vaccine for-
mulations usually are heated at 121°C for 30 min. When
lowering the treatment temperature per 10°C, the dura-
tion of heating will usually be doubled.

A "side effect" of the present invention is that
during the heat treatment also potentially present
pathogens, 1n particular human pathogenic viruses, can
be successfully inactivated. Since due to the presence
of adjuvants, temperatures of more than 80°C can be
provided without a decisive deterioration in the anti-
gen structure occurring, according to the invention a
vaccine decisively improved in terms of its wvirus
safety, or a vaccine which comprises a markedly lower
portion of denatured components, respectively, can be
provided.

Although at the temperatures to be provided ac-
cording to the invention, proteins in solution usually

become 1irreversibly denatured, the antigen/adjuvant
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mixture according to the present invention surprisingly
substantially retains i1ts immunogenic properties and
can still be used as an effective vaccine.

By the heat treatment and the associated improved
fixation to the adjuvant, the preparation prepared ac-
cording to the invention has decisive advantages as re-
gards 1ts production as well as 1ts storage and
distribution. The advantage of the higher virus safety
plays a crucial role particularly also for protein an-
tigens derived from human or animal material. Due to
the method according to the invention and the sterili-
sation effected thereby, it is possible to carry out
the heat treatment and also the subsequent packaging
steps without preservatives or stabilizers. When apply-
1ng the method according to the invention to vaccines
that have already been filled into containers, the
sterilisation occurring thereby makes it possible to do
without preservatives, such as, e.qg., thimerosal, in
the formulation.

Within the scope of the present invention, the
term "vaccine" means an agent for active immunization,
l1.e. an 1induction of a specific immune response by ad-
ministering (e.g. subcutaneously, intradermally, intra-
muscularly, possibly also orally, intranasally) small
amounts of an antigen (a substance recognized as for-
eign and, thus immunogenic, by the immune system of the

vaccinated individual) in a suitable immunogenic formu-
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lation. Thus, the antigen 1s used as a "trigger" for
the immune system so as to build up an immune response
specific for the antigen. The amounts of antigen re-
quired therefor may basically be very small (some vac-
cines contain only approximately 5-10 ng of antigen per
vaccinatibn dose). A dose-response curve which in large
areas 1s only little dependent on amounts i1s character-
istic of an active immunization. This means that the
immune response will be approximately equally high in a
wide range of doses. Hence follows that with a vaccina-

tion, the desired effect, i1.e. the induction of an im-

mune response, can already be achieved with very small
amounts of antigen, yet it can also be achieved in a
comparable manner with substantially higher amounts of
antigen. Yet, naturally, it is desirable basically to
work with as low doses as possible, particularly with a
view to side effects, costs of material etc., which
play a role in vaccination.

Vaccines may be used for various purposes: for es-
tablishing an immune status of the vaccinated persons
or animals such as will protect them against pathogenic
microorganisms, such as, e.g., certain viruses or bac-
teria. This also includes vaccines against cancer. In
this instance, the immune system of cancer patients

shall be selectively activated to fight malignant

cells. This has been attempted by the most varying ap-

proaches. A novel method of cancer vaccination has been
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described in application PCT/EP00/00174. The monoclonal
antibody HE2 described therein which is used as a vac-
cine antigen 1n a cancer vaccination, serves as an ex-
ample, without being limited thereto, for the
formulation of a vaccine according to the method de-
scribed here.

A vaccine as defined by the present invention may
basically be used both for therapeutical purposes and
also prophylactically (as it is with all anti-microbial
vaccines) .

The present invention also relates to a wvaccine
formulation obtained or obtainable by the method ac-
cording to the invention. What has been said above in
connection with the method according to the invention
also applies to the preferred embodiments of this wvac-
cine formulation.

With the present invention human vaccine formula-
tions with (against) proteins can be particularly ef-
fectively prepared, from which it has been believed so
far that they do not withstand heat treatments as such
high temperatures as provided according to the inven-
tion. Yet precisely for these proteins, the combined
heat treatment i1in the presence of adjuvants seems to
have no or merely an insignificant adverse effect on
their Immunostimulating properties, at least the func-

tional immune response, i.e. the desired protective ac-

tion, remains unaffected by the heat treatment
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according to the invention.

As has already been mentioned, one of the decisive
advantages of this wvaccine formulation resides 1in the
changed adhesion or binding of the antigen to the adju-
vant, so that this bond i1is no longer measurably re-
leased upon administration to an individual being
vaccinated, even 1f there 1s an excess of other pro-
teins at the site of administration. In conventional
antigen/adjuvant formulations it has been shown - as
shown 1n the following Examples - that it takes only
approximately 1 min until nearly all the antigen in the
organism to be vaccinated is no loﬁger present 1n a
form connected to the adjuvant. This can successfully
be prevented by the vaccine according to the invention
sOo that a substantially slower desorption from the ad-
juvant will occur. The vaccine treated according to the
invention exhibits a desorption of the antigen from the
adjuvant improved (=slowed) by at least 50%, preferably
at least 90%, i1n particular at least 99% relative to
the non-treated vaccine (measured e.g. 10 min or 1 h
after introduction of the vaccine formulation in 2% fe-
tal calf serum).

The 1nvention will be explained in more detail by

way of the drawing as well as by way of the following

Examples to which, of course, it shall not be re-

stricted.

Flg. 1 shows the immune response which can be
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caused in monkeys by a heat-treated antibody wvaccine

(cf. Example 1).
Examples :

Example 1l: Heat-sterilized formulation of the

monoclonal antibody HE2 on aluminum hydroxide

0.5 mg of HEZ2 (mouse monoclonal antibody IgG:a),
absorbed on 1.67 mg of aluminum hydroxide in 0.5 ml
1 mM phosphate buffer, pH 6,0/155 mm NaCl, was heated
for 30 min at 121°C. Four rhesus monkeys were each im-
munized subcutaneously with this dose at days 1, 15, 19
and 57. The sera of various points of time were tested
by means of ELISA for an induction of antibodies .
against HE2. As comparison, the same formulation, vet
without heat treatment, was inoculated and also ana-
lyzed (Fig. 1l). It can be seen that with the heat-
treated vaccine hardly lower titers have been produced
against the protein antigen.

The following table shows the reduced desorption
of the heat-treated vaccine formulation as compared to
an untreated formulation:

The serum of immunized monkeys (4 individual each)
were tested in ELISA for HE2 present therein. Affinity-
purified goat-anti-HE2 serum was immobilized on the
ELISA plates. In various dilutions with anti-human-1gG-

peroxldase conjugate, the sera were tested for specific
antibodies. The sensitivity of the test was at 10 ng of

HEZ2/ml. The samples were drawn before the first immini-

- 10 -
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zation as well as 1, 4 and 24 h after the immunization.
As an external quantitative standard, HEZ was used. It
can be seen that the heat-treated vaccine formulation
did not cause any measurable HE2 level in -the blood,

whereas the non-heat-treated vaccine formulation re-

leases a large portion of the HEZ into the serum within

24 h.

Point of Time Heat-Treated Vaccine Non-treated Vaccine
0 ~ ]0;0;0;0ng/mt 0;0;0;0ng/ml |
1h 0; 0; 0; 0 ng/ml | 13; 17; 74; 280 ng/ml
4 h | 0; 0; 0; 0 ng/ml 200, 280, 400, 740 ng/ml
24 h - 0; 0; 0; 0 ng/ml [960, 960, 1000, 740 ng/ml

Example 2: Heat-treatment of a hepatitis B vaccine
EngerixB (SmithKline Beecham; 20 ng/ml) was filled

into small puncturable bottles and heat-treated at

121°C for 30 min.

The immunogenicity-of'the thus treated vaccine was
tested in mice. For this purpose, 8 mice each (Him:OF1l,
female; 20 to 25 g live weight) were immunized with the

heat-treated and with the non-heat-treated vaccine, re-
spectively, (0.155 ml, 1.p.), a further control group

was not lmmunized. After 2 weeks, blood was drawn from
the mice, and the hepatitis-specific titer was deter-

mined.

For this purposé, 96 well ELISA plates (MaxiSorp,
Nunc, Denmark) were coated with recombinant HBs anti-
gen, adr sub-type (Fitzgerald Industries Inc., USA)

(10 ng/ml coating buffer; duration: over night, at

- 11 - * Trade Mark
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4°C) . After washing, dilution series of the sera of the
individual mice (in washing buffer) were applied and
incubated at room temperature for 8 h. After re-wash-
ing, it was incubated with anti-mouse—-immunoglobulin
peroxidase conjugate (Sigma, USA) 1n corresponding di-
lution at room temperaturé (2 h). After re—washing'the
plates, substrate was added, staining was stopped after

30 min, and it was measured 1n the photometer at

4972 nm.

The relative titer increase was determined by com-
paring the titer of the two vaccine'groups with the
.titer of the'non¥vaccinatedmice. It has been shown
that the relative titer increases in the two vaccina~
tion groups were equally high.

.Material:

Coating buffer: 15 mM Na:COs;, 35 mM NaHCO;, 3 mM NaNs,
pH: 9.6
PBS: 138 mM NaCl:; 1.5 mM KH;POq; 2.7 mM KCl; 6.5 mM

‘NaHPOs4; pH: 7.2

| )
Washing buffer: 0.05% Tween 20 in PBS

Staining buffer: 24.3 mM citric acid; 51.4 mM Na,HPOs;

pH: 5.0

Substratef-40 mg o-phenylene diamine dihydrochloride;'
100 ml staining buffer; 20 ul H0. (30%)

Stop solution: 4 N H:S50q

* Trade Mark
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Example 3: Study regarding the adsorption and desorp-
tion behavior of the antigen on Alu gel

The HE2 formulations described in Example 1 (heat-
denatured and non-heat-denatured) are studied in a dis-
placement test:

The suspension of the vaccines was centrifuged
off; the supernatant was tested in an ELISA for the
presence of the antigen (specific mouse-immunoglobulin
(HE2)). In the supernatant of the non-heat-treated vac-
cine, 0.1% of the entire formulated antibody amount
could be detected, in the supernatant of the heat-dena-
tured vaccines no antigen could be detected.

The vaccines which had been centrifuged off were
each slurried in PBS plus 2% of FCS (fetal calf serum)
and shaken at 37°C for 1 h.

Subsequently, it was centrifuged off again, and
the respective supernatants were tested 1in the above-
mentioned ELISA. In the supernatant of the non-heat-
treated vaccines, more than 95% of the entire formu-
lated antibody amount could be detected, in the super-
natant of the heat-denatured wvaccines, again no antigen
could be detected.

The tests and results indicated i1n this Example
show that in the wvaccine formulation prepared according
to the method of the invention, the antigen (under

physiological conditions) is irreversibly bound to the

adjuvant.

- 13 -
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ELISA:

Unless stated otherwise, the ELISA was carried out
according to common methods .

The incubation times are 30 min for coating, 1 h
for all other steps (samples; conjugate), each at 37°C.
The volumes used are 100 ul per well in all the steps,
except for the blocking (200 nul per well).

For coating the ELISA plates, a polyclonal goat-
anti-HE2 antibody (IGN111l) is used which had been puri-
fied by immunoaffinity chromatography. Coating concen-
tration (10 g/ml coating buffer).

HEZ serves as the standard (Mouse IgG 2a, kappa)
(10 mg/ml in phosphate-buffered saline; pH = 6.0).

Dilution series in PBS with 2% FCS were prepared
both from the standard and from the samples, and the
individual dilutions were applied.

For the detection of HE2 bound to IGN111l from the
sample dilutions and the standard dilutions, HRP
(horseradish peroxidase)-anti-mouse IgG2a (Zymed, USA)
was used as enzyme conjugate.

After the enzyme substrate staining, the reaction
was stopped with sulfuric acid, and staining was meas-
ured at 492 nm.

For the quantitative evaluation, the dilution series of

the samples were accordingly compared with the dilution

series of the standard (HEZ) .

- 14 -
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Material:

Washing buffer:

NaCl 21.2 g
X
TritonX-100 2.5 ml

PBS ad 1000.0 ml

Coating buffer:

Na,COo, 1.59 g
NaHCO, 2.93 g

Agqua dest. ad 1000.0 ml
PH = 9.6

Staining buffer:

Citric acid 5.6 g/l
di-Na,HPO, x 2H,0 9.15 g/1
Aqua dest. ad 1000.0 ml
PH = 5.0

PBS
NaCl 8.0 g/l
KH,PO, 200.0 mg/1
KC1 200.0 mg/1l
Na,HPO, 1.44 g/1
Aqua dest. ad 1000.0 ml
PH = 7,2

* Trade Mark
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FCS (fetal calf serum):
heat—-inactivated (1 h at 56°C),

Gibco Life Technologies Cat. No.: 10270-106

Substrate solution: 1 o-phenylene diamine dihydrochlo-
ride tablet (Sigma, P-8287) per 10 ml staining buffer
plus 60 pl H,0, 30% (Merck 1.08597.1000).

H SO, 30%: Fluka, 84724

ELISA plate: F 96 Maxisorp, Nunc-Immuno Plate, Nunc

Brand Products, 442404

- 16 -
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A method of improving the adhesion of antigens on adjuvants, characterized in
that at least one antigen 1s mixed with at least one adjuvant and the mixture
subsequently is heat-treated at a temperature of from 90°C to 130°C for a period of

time of at least 5 min, and wherein the at least one adjuvant is an aluminum-based

adjuvant.

A method according to claim 1, characterized in that one or more antibodies, are

used as antigen (s).

A method according to claim 1 or 2, characterized in that several antigens with

different specificities are mixed with at least one adjuvant.

A method according to claim 2 or 3, characterized in that antibodies with different

specificities are mixed as antigens with at least one adjuvant.

A method according to any one of claims 1 to 4, characterized in that the antibody
He2 or an antibody which has the same binding specificity as an antibody He2 is

mixed as antigen with at least one adjuvant.

A method according to any one of claims 1 to 5, wherein said heat treatment 1s

carried out at a temperature of from 100°C to 125°C.

A method according to any one of claims 1 to 6, characterized in that the heat

treatment 1s carried out for 20 to 200 min.

A method according to any one of claims 1 to 6, wherein said heat treatment 1s

carried out for 30 to 60 min.

A method according to any one of claims 1 to 8, wherein said aluminum-based

adjuvant is aluminum hydroxide or aluminum phosphate.

A vaccine formulation, comprising at least one antigen and an adjuvant, wherein
said vaccine formulation is obtained according to any one of claims 1 to 8,
wherein the adjuvant is an aluminum-based adjuvant, and wherein the formulation

has improved desorption of the antigen from the adjuvant relative to a non-treated

vaccine.

17
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11. The vaccine formulation of claim 10, wherein said aluminum-based adjuvant i1s

aluminum phosphate or aluminum hydroxide.

18
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