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Innate Immunity and Vaccine Adjuvants: From Concepts to the Develop-
ment of a Unique Adjuvant System AS04 Used for the Formulation of a
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Abstract: New vaccine technology has led to vaccines containing highly purified antigens with improved safety profiles,
but increased antigen purity often results in weakened immunogenicity. A better understanding of innate and adaptive
immunity and their interaction at the molecular level has led to the use of innovative adjuvants combined with careful an-
tigen selection. Adjuvants can be used to amplify the immune response, and the combination of antigens with more than
one adjuvant, the Adjuvant System approach, allows the development of vaccines which generate specific and effective
immune responses adapted to both the pathogen and the target population. One of those Adjuvant Systems is AS04, a
combination of the TLR4 agonist MPL (3-O-desacyl-4’-monophosphoryl lipid A) and aluminum salt. The added value of
MPL in AS04-based formulation above Aluminium was evidenced for a prophylactic human papillomavirus (HPV)-16/18
vaccine by higher vaccine-elicited antibody responses, as well as the induction of higher levels of memory B-cells. This
review focuses on the role of AS04 for development of Cervarix™, a vaccine for the prevention of cervical cancer.
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INTRODUCTION

Tremendous progresses have been made during the past
decade in understanding the immune response mechanisms,
particularly the complex interaction between innate and
adaptive immunity and their close interaction at the molecu-
lar level. Antigen-presenting cells (APCs) play a crucial role
in pathogen recognition and trigger the different immune
effectors according to the particular microbial type. APCs
are activated by innate receptors on their membrane which
recognize pathogen specific molecules called pathogen-
associated molecular patterns (PAMPSs). These PAMPs rep-
resent microbial structures that can be expressed by both
replicating or non-replicating attenuated pathogens or whole
inactivated micro-organisms and provide the APCs with spe-
cific danger signals that guide the subsequent immune re-
sponse [1]. The family of Toll-like receptors (TLRs) with
currently 10 members identified in humans are the best
understood pathogen-specific receptors to date [2,3].

Modern vaccines are increasingly based on highly puri-
fied subunit antigens and/or antigens produced by recombi-
nant DNA technology. Although these new approaches have
led to improved vaccine tolerability and safety profiles, the
loss of pathogen-derived structures has considerably reduced
their intrinsic immunogenicity in vivo. Additional sub-
stances, referred to as adjuvants, need to be included in the
vaccine formulation to enhance the immune response. Adju-
vants act as substitute of danger signals, but they provide this
information in a safe manner. It is becoming more and more
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evident that an appropriate use of adjuvants is required and
that their accurate selection may help to tailor better the de-
sired immune response to vaccine antigens [4]. The use of
aluminium salts as adjuvants has been known for more than
80 years [5,6], but they might be insufficient to address the
new challenges of modern vaccines. In fact the classical vac-
cine formulation with aluminium has often been proven to be
less effective, or to fail completely for vaccines targeted
against challenging diseases such as malaria, HIV, or for
challenging populations such as elderly and immunosup-
pressed individuals. A better understanding of the immune
system’s ability to identify and respond to PAMPs has al-
lowed researchers to identify how novel adjuvants can be
used as a vaccine component to enhance a pathogen specific
immune response that is strong enough to prevent future
infection. In addition, the advances in vaccine technology
have led to an improved ability to select and characterize
substances with adjuvant features.

Adjuvants can act as delivery systems, enhance the up-
take of antigens by APCs, allow for progressive release of
antigens, delayed clearance and better exposure to the im-
mune system. They may also increase the ability of antigens
to activate signalling pathways controlling the induction of
innate and adaptive immunity, predominantly targeting the
APCs.

New adjuvants have been developed that are able to act
on APCs to activate more specifically the desired arms of the
immune system. These new adjuvants can also be combined
to leverage the effect of each single component.

In this review we present the challenges, the vision, and
the experience of designing a vaccine against human papil-
lomavirus containing a new adjuvant combination, the Adju-
vant System AS04.

© 2010 Bentham Science Publishers Ltd.
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HPV, A CHALLENGING PATHOGEN
Infection

The second most common cancer in women worldwide is
cervical carcinoma with about 500,000 new cases every year
worldwide [7]. Persistent HPV infection is considered to be
the necessary cause of this disease [8,9]. Approximately 130
different HPV types have been identified [10] and about 40
of these infect the human genital tract [11]. Among the 15
HPV types classified as oncogenic, HPV types 16 and 18
cause approximately 70% [12,13] of all cervical cancer cases
worldwide, and HPV types 45, 31, 33 an additional 10%
[14]. After transmission by sexual contact, the virus remains
local in the epithelial cells of the mucosa or the skin, and has
just little, if any, exposure to the immune system. About
80% of all women will acquire a HPV infection during their
lifetime [15]. Most adult women clear spontaneously HPV
infection, but 5-10% will not clear the virus and develop
persistent infection. A persistent infection with oncogenic
HPV may lead to the development of low grade cervical in-
traepithelial lesions (CIN1), high grade cervical intraepithe-
lial neoplasias (CIN2 and CIN3), also referred to as cancer in
situ (CIS) and ultimately to invasive cervical carcinoma
(CC) [16].

Natural Immune Response

The natural infectious cycle of HPV is adapted to the dif-
ferentiation program of keratinocytes it infects and allows
the virus to evade detection by the immune system. The time
from infection to viral release is approximately 3 weeks,
which coincides with the time for basal keratinocytes to un-
dergo complete differentiation, desquamation and natural
cell death. HPV by itself is not cytolytic for the infected cells
and natural cell death does not present a danger signal to the
immune system and is not accompanied by inflammation
[11]. During maturation, late proteins L1 and L2 are ex-
pressed to form capsids and the viruses are only shed exter-
nally [17].

HPV proteins are expressed at low levels and not se-
creted, hence the virus is not visible to the immune system
[18]. As HPV does not cause viraemia or systemic infection,
HPV antigens are barely exposed to the systemic immune
system and the host is unable to mount a strong antibody
response. Innate and cell-mediated immune responses are the
first line of defence against an HPV infection. Proinflamma-
tory cytokines are produced locally in response to infection,
while specific helper and cytotoxic T lymphocytes, directed
against the early E2 and E6 HPV proteins, are often detected
in infected individuals [19-21]. Low levels of neutralising
antibodies to the major capsid protein L1 may also appear in
the serum of infected individuals, while specific 1gG and
secretory IgA are found locally in the cervical mucosa, at
low levels however [22-24].

The protective level of anti-HPV antibodies and the dura-
tion of immunity induced by natural incident infection are
not known, but only 50-60% of women develop serum anti-
bodies to HPV after natural infection [25].

Although HPV infection can lead to seroconversion, an-
tibody levels after natural infection are unlikely to be suffi-
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cient for long-term protection. The local innate immune re-
sponse is attenuated and cannot control or eradicate the vi-
rus, the infection may become persistent, or seropositive
individuals can be reinfected with the same type of HPV
[26]. Therefore a direct correlation between natural antibody
levels and protection can not be assumed [27].

Need for a Vaccine

To provide strong and long-term protection against inci-
dent and persistent infections with HPV and associated pre-
cancerous lesions, a prophylactic HPV vaccination needs to
improve on natural immunity. In addition for such a virus
that is widely spread in the population and that is acquired
early through first sexual contacts by adolescents and young
women, it is important to vaccinate as early as possible, pref-
erably before sexual debut. Moreover, as infection can occur
throughout a woman’s sexually active life, it is important to
protect women from re-infections or new infections
throughout their lifetime. Thus the aim of HPV vaccination
is to induce a strong immune response that will last as long
as possible.

CHALLENGES IN DEVELOPING AN HPV VACCINE
The Antigen Selection

Several efforts towards antigens to be used in an HPV
vaccine have been made for both prophylactic and therapeu-
tic use. The selected approach for prophylactic HPV vac-
cines is based on L1 virus like particles (VLPs).

VLP Approach

The L1 major capsid protein is present at the surface of
the virus and expressed in upper layers of the epithelium at
the end of infection process. VLPs consisting just of the ma-
jor capsid protein L1 alone, were shown to be morphologi-
cally and antigenically similar to natural papillomavirions
[28-30]. VLPs are produced via genetic engineering tech-
nigues and the expressed L1 proteins self-assemble to form
highly immunogenic empty viral capsids [31].

Species specific L1 VLP vaccination induced short term
protective immunity against homologous papillomavirus
challenge and subsequent lesion development in three differ-
ent animal model systems. Systemic vaccination with canine
oral papillomavirus L1 VLPs in dogs demonstrated the abil-
ity to protect against papillomavirus challenge infection via
the mucosal route. Antibody-mediated protection following
vaccination was proven in passive transfer experiments in
several animal models [32-37].

These preclinical observations demonstrated the potential
of a vaccine based on L1 VLP to induce protection and to
neutralise the virus before entering the epithelial cells, thus
reducing the incidence of infections as well as the burden of
diseases.

Another important finding was antibody-mediated pro-
tection and the ability of neutralizing antibodies to block the
virus before entering the cells.

The Need for a High and Sustained Antibody Level

A prophylactic HPV vaccine needs to provide high levels
of antibodies that will be able to prevent the virus from en-
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tering the cells at the site of infection and will induce, as all
vaccines, a systemic immune response. In the particular case
of HPV, the systemic immune response has to act locally at
the level of the cervical mucosa where the virus enters and
stays. As mentioned before, it seems that a high level of spe-
cific antibodies in the cervical mucosa at the time of HPV
exposure is key for protection. HPV can be counteracted in
vaccinated women by local 1gG, the main immunoglobulin
present in the female genital tract. These neutralizing anti-
bodies are not produced locally and have to migrate via tran-
sudation or exudation from serum to the cervical mucus. It
has previously been shown that vaccine-induced 1gG transu-
dates from the serum across the endo-cervical and squamo-
columnar surfaces and could therefore play a prominent role
in local immunity in the cervicovaginal mucus [38]. In addi-
tion to this local protective effect, the systemic presence of
vaccine-induced neutralizing antibodies is thought to prevent
a new infectious event at the same or a distant site through
an exudation process due to microtrauma by neutralizing
viral particles released by actively infected cells. Moreover,
these neutralizing antibodies may bind to virus particles and
prevent them from progressing to the transformation zone
[39]. The protective level of anti-HPV antibodies after vac-
cination is not known and antibody levels elicited after natu-
ral infection may not be reliably protective. Some seroposi-
tive individuals had a lower probability to be infected while
others were re-infected with the same type of HPV [40].
However, it is obvious that an HPV vaccine must improve
upon nature and provide very high antibody levels at the
mucosal site.

Another obvious need for an HPV vaccine is the induc-
tion of a sustained neutralising antibody level in order to
ensure continuous antibody presence at the site of infection
in case of a future encounter with HPV. This requirement is
very specific for the HPV virus, since another encounter with
the same HPV type may not necessarily result in a boost of
the antibody level. The HPV virus stays local and may there-
fore remain invisible to the pool of memory cells due to its
absence of systemic exposure during the early infection
stage. It is not known today if the anamnestic response, e.g.
response to wild virus exposure after vaccination, takes place
for the HPV virus. The immune response elicited by the
HPV vaccine must therefore allow for long-term protection
through a sustained systemic antibody response active at the
site of primary infection.

The Role of B Cell Memory

A sustained specific antibody production reflects the
generation of long-lived plasma cells as well as the induction
of memory B cells, needed to regenerate the pool of anti-
body-secreting cells. A positive correlation between the fre-
quency of antigen-specific memory B cells and antigen-
specific serum antibody levels has been demonstrated re-
cently for vaccines against tetanus toxoid [41], smallpox
[42], and hepatitis B (HBV) [43]. Based on these data it is
important that an HPV vaccine has the ability to enhance
significantly the level and persistence of serum antibodies
and at the same time the generation of cellular immunologi-
cal memory, in particular the induction of memory B cells.

The need for high and sustained antibody response to-
gether with the importance of generating higher frequency of
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memory B cells implies that in the vaccine formulation spe-
cial attention must be given not only to the selection of the
antigens that provides the specificity of the immune re-
sponse, but as well to the adjuvant selection that is responsi-
ble of the amplification and quality of the immune response.
To understand the importance of memory B cells and the
crucial role of adjuvants in vaccine formulation we have to
introduce first some key concepts of the immune response to
pathogens that have been unveiled the recent years.

IMMUNOLOGICAL MECHANISMS

How the Immune System Recognizes a Pathogen?

Pathogens which passed the external physical and chemi-
cal barriers are encountered by innate and adaptive immune
responses.

The innate immune system provides early and non-
specific protection against a large variety of pathogens. Lo-
cal cell death and/or injury at the site of infection, results in
local inflammation, which is the principal marker of innate
immune response.

Phagocytic cells like neutrophils, dendritic cells (DCs),
and macrophages are recruited and soluble mediators such as
cytokines are released. DCs have a special role, as they serve
as pivotal point between innate and adaptive immune re-
sponses. These cells take up and process microbial antigens,
migrate to secondary lymphoid organs, the draining lymph
nodes (DLN) and are further refined to fully-functional
APCs which interact with T helper lymphocytes that are part
of adaptive immune system.

Adaptive immunity generates pathogen-specific effector
cell responses and immunological memory, allowing a more
rapid and vigorous response in case of repeated encountering
of the same pathogen. T helper lymphocytes play two differ-
ent roles in the adaptive immune system. They promote the
differentiation of cytotoxic T lymphocytes, a class of effec-
tor T cells which migrate to the infected site to kill pathogen-
infected cells. Some of the T helper lymphocytes and cyto-
toxic T lymphocytes become memory T cells and are part of
the T cell memory pool. The other function of T helper lym-
phocytes is the activation of the humoral arm of the adaptive
immune system, resulting in the production of pathogen-
specific antibodies.

Activation by T helper lymphocytes induces the differen-
tiation of B lymphocytes into plasma cells. These cells se-
crete pathogen-specific antibodies targeted to the extracellu-
lar pathogen and marking it for attack and destruction by
phagocytic cells. The antibodies may also bind to the viral
capsid proteins, thereby preventing the virus to enter the host
cells. Some of the plasma cells are transformed into long-
lived plasma cells to guarantee a continuous secretion of
antibodies to maintain a minimum level of long-term protec-
tion after the first contact with the pathogen. A fraction of B
cells differentiates into memory B lymphocytes which are
part of the humoral memory pool, which ensures a rapid and
amplified antibody response in case of a repeated encounter-
ing of the same pathogen.



Innate Immunity and Vaccine Adjuvants

The Innate Immune System as a Strategic Target to
Improve Pathogen Recognition and Specific Immune
Response

Cells of the innate immune system detect pathogens
through a limited set of germ-line encoded receptors. These
innate immune receptors recognize a series of conserved
molecular structures expressed by pathogens, the PAMPs.
These pathogen-derived molecules generally represent com-
plex molecules that are very specific for a set of pathogens
[44]. TLRs represent a set of immune pattern recognition
receptors able to alert the immune system immediately after
infection with a pathogen. They play an important role as
pivotal components between innate and adaptive immunity
and are able to scent out many pathogens ranging from vi-
ruses to parasites. The first characterized TLR was shown to
be responsible for anti-fungal responses in the adult Droso-
phila fly [45] and 10 human equivalents involved in patho-
gen recognition are identified to date [46]. TLRs can be clas-
sified into different groups based on their localization and
the type of PAMPs they recognize. TLRs 1, 2, 4,5 and 6 are
principally expressed on the cell surface, where they recog-
nize mostly bacterial products, while TLRs 3, 7, 8 and 9 are
localized into intracellular compartments and recognize
mostly viral products and nucleic acids.

Another family of “pathogen-sensing molecules” able to
react to intracellular pathogen-derived structures has been
identified recently, the “inflammasome” complex which is
expressed in the cytoplasm. More than 20 members of this
nucleotide-binding oligomerization domain (NOD) related
family are known [47]. These molecules have the ability to
sense cellular damage, even in the absence of a microbial
trigger. Extracellular nucleotides, alteration in cellular ion
content, or lysosomal damage seem to activate components
of this intracellular sensing machinery, ultimately leading to
the processing and release of inflammatory cytokines [48].
These natural ligands, also referred to as danger associated
molecular patterns (DAMP), often represent intracellular
constituents such as adenosin-triphosphate (ATP) or uric
acid, which are released upon cell lysis caused by infection
or trauma [49].

The recognition of the important role of innate immune
cells in regulating the adaptive response to pathogens has
helped vaccine manufacturers to uncover the mechanisms by
which adjuvants exert their immunostimulatory properties.
Depending on their mechanism of action, they are able to
attract, stimulate and activate innate immune cells, and to-
gether with the antigens they induce maturation of these cells
into APCs. The careful selection of adjuvants or adjuvant
combination can better tailor the adaptive immune response
to induce the expected protective immune response. For ex-
ample, the discovery of TLRs and recognition of the link
between innate and adaptive immunity, has laid the founda-
tion for subsequent development of a series of novel adju-
vants or immunoenhancers. Immunoenhancing substances
exert their adjuvant functions typically through direct stimu-
lation of innate cells such as monocytes, macrophages, and
dendritic cells. The concept of Adjuvant System has also
been introduced to leverage more than one adjuvant effect.

Fig. (1).
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Adjuvant Systems

One approach to tailor vaccines with effective immune
responses adapted to both the pathogen and target population
is the combination of antigens with more than one adjuvant,
the Adjuvant Systems. The rational of this approach is the
fine-tuning of innate immune responses and its subsequent
effect on the adaptive responses. This strategy allows a more
differentiated activation of APCs, thus influencing the sub-
sequent adaptive pathways and inducing a more robust im-
mune response.

ASO04 is one of these new generation adjuvants now li-
censed for use in humans and consists of MPL adsorbed onto
a particulate form of aluminium salt [50]. The idea behind is
to leverage the combined effect the two immunoenhancers,
MPL and aluminium salt. AS04 is currently used in two li-
censed vaccines for HBV and HPV, a third vaccine against
herpes simplex (HSV) is currently in phase 11 clinical trials.

Aluminium Salts Adjuvants and the Innate Immune
System

Aluminium salts were used as adjuvants for more than 80
years, without knowing the exact mechanism of action,
based on the empirical observation that their inclusion in
vaccine formulation enhanced the immune response to anti-
gens. Even today, their mechanism of action is not fully un-
derstood. Due to its particulate nature, aluminium salt is con-
sidered to act as a depot for vaccine antigen components
which enhances antigen uptake by APCs [51-53]. Recent
studies demonstrated that the antigens absorbed by the alu-
minium salts and thereby presented as a particulate multiva-
lent form, are more efficiently internalized by APCs [54].
Aluminium salts enhance mainly Th2-driven antibody re-
sponses having little or no effect on Thl-type responses,
which are instrumental for protection against many patho-
gens [51]. For that reason they are not the optimal choice for
several challenging vaccines currently under development
where a Thl-type of immune response is needed [55].

Recently, Aluminium salts have been found to activate
the inflammasome, an intracellular multiprotein platform
required for the recruitment and activation of caspase-1 and
the subsequent processing of proform of cytokines such as
IL-1p or IL-18. Although they have been shown to stimulate
NIrp3 a member of the NOD-like family [56-58] and a key
component of this signalling platform, the role of the in-
flammasome in mediating the adjuvant properties of alumin-
ium salts is still a matter of debate [59].

MPL Adjuvant and the Innate Immune System

3-O-desacyl-4’-monophosphory! lipid A (MPL) is one of
the recently developed adjuvants Fig. (2).

MPL is a detoxified derivative of the lipopolysaccharide
(LPS) isolated from the Gram negative bacterium
Salmonella minnesota R595 strain [60-62]. LPS has been
found to function as a specific agonist of TLR4 [63,64] and
MPL interacts as expected via TLR4 [65-67]. Several
immunogenicity studies in mice, guinea pigs, monkeys and
humans have shown its effectiveness to improve specific
antibody and cellular immune responses [68,69]. MPL
activates TLR4 pathway, resulting in an enhanced
production of cytokines leading to the maturation and
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Fig. (1). The antigen presenting cell (APC) is the key element for immune response. DCs present antigen to naive T cells and depending on
the nature of co-stimulating signals and secreted cytokines, the transition of naive T cell to maturated T helper cells is initiated. Depending
on the nature of the stimulating signals, the activated B cells can mature to plasma cells or memory B cells. Some antigens are able to
stimulate directly B cell proliferation through the B cell receptor (BCR). The interaction between antigen and BCR induces maturation to a

plasma cell, which produces antigen-specific antibodies.

The use of Adjuvant Systems like AS04 amplifies the specific information provided by VLPs to the immune system. More memory B cells,

Plasma cells and antibodies can be generated.

leading to the maturation and migration of APCs to the
lymph nodes.

TLR4 stimulation can contribute to the activation of the
innate immune response, by activating NF-xB transcriptional
activity and the subsequent expression of pro-inflammatory
cytokines, such as TNF-o and IL-6 [70]. These cytokines
can in turn enhance the adaptive immune response by stimu-
lating the maturation of APCs while repressing the tolerance
response through the inhibition of regulatory T cell activity
[71]. MPL is generally reported to promote IFN-y production
by antigen-specific CD4+ T cells, therefore skewing the im-
mune response towards a Th1 profile [61].

Mechanism of Action AS04

Recently the mechanism of action of AS04 has been in-
vestigated in mice in vivo and on human cells in vitro. The
activation of innate responses is mainly elicited by MPL,
whereas aluminium salt is likely to restrict and prolong the
MPL effect at the injection site. It has been found that the
adjuvant activity of AS04 is only seen when both compo-
nents of ASO4 and HPV antigen are administered spatially
and temporally at the same intramuscular site. AS04 induces
transiently a local NF-xB activity and cytokine release,
which leads to an increased number of APCs and monocytes
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Fig. (2). Major 3-O-desacyl monophosphoryl lipid A congeners in
MPL. Congener species all contain the same backbone consisting
of a B-1’,6-linked disaccharide of 2-deoxy-2-aminoglucose, phos-
phorylated at the 4’ position, but contain variable numbers and
types of fatty acyl groups at the 2, 2” and 3’ positions. The 1, 3, 4
and 6’positions of the backbone are unsubstituted in all monophos-
phoryl lipid A species present in MPL. The 2, 2° and 3’ positions
may be substituted with tetradecanoic, 3-(R)-hydroxytetradecanoic,
or 3-(R)-acyloxytetradecanoic acids, depending on the position, so
that the total number of fatty acyl groups varies from three to six.
(Previously published in [55]).

in the DLN close to the injection site. These APCs interact in
the DLN with antigen-specific T lymphocytes, trigger the
induction of adaptive immune responses, and initiate the
generation of T helper cells and production of antibodies by
B cells. The experiments on human cells revealed that AS04
stimulates APCs, but not T or B cells directly. Moreover,
there was no evidence of induction of IFNa, a cytokine
which may be involved in the development of autoimmune
diseases. AS04 combines the immunostimulatory properties
of MPL and of aluminium hydroxide without altering their
intrinsic qualities and no systemic immune responses are
initiated [72].

When an antigen is combined with AS04, the adjuvant is
able to recruit and activate the innate immune cells at the site
of injection. The local effect is transient for few hours or
days, however it is able to activate a cascade of events where
more DCs loaded with the antigen and other innate immune
cells are activated and migrate to the DLN enhancing the
APC-antigen-specific T cells interaction and subsequently
inducing high and sustained antibody response and high fre-
quency of memory cells.

PROOF OF CONCEPT STUDIES WITH AS04 ADJU-
VANTATION

Considering the individual properties of aluminium salts
and MPL as adjuvants, researchers at GSK Biologicals un-
dertook a series of animal and clinical studies to evaluate the
immunostimulatory properties of AS04.
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Fig. (3). Assessment of vaccine efficacy against HSV-2 by in vivo
virus challenge assay. Groups of 12 female Hartley guinea pigs
(200-2509) were immunized at days 0 and 28 by the subcutaneous
route with HSV type 2 glycoprotein D (gD2, 5 ug) formulated in
aluminium salt (0.5 mg equivalents AI**) or aluminium salt plus 50
ug MPL. Injections were given in a 0.5 ml dose. In order to com-
pare the protective immunity induced by both gD2 formulations, all
guinea pigs were challenged intravaginally 29 days after the last
immunization with 10° pfu of HSV-2 strain MS. After challenge,
guinea pigs were monitored daily for clinical signs of acute disease
(days 4 to 12 postchallenge). The severity of each lesion observed
was scored on a scale of 1-16 with 0 for animals with no lesions,
0.5-1 for vaginal lesions, and 2, 4, 8, or 16 for external skin lesions.
Cumulative lesion scores (days 4-12) were calculated from the
mean daily scores. (Previously published in [55]).

Preclinical Studies with AS04 as Adjuvant

The adjuvant capacity of AS04 has been evaluated during
the development of several candidate vaccines, including
HBV, HSV and HPV. Studies in mice showed that a recom-
binant yeast-derived HBV surface antigen (HBsAg) adju-
vanted with aluminium salt and MPL was able to induce an
overall increase in antibody titres compared to the classical
adjuvantation with aluminium alone, both in young and eld-
erly animals.

An HSV vaccine formulated with AS04 was tested for its
ability to induce a protective immune response against HSV
in preclinical efficacy studies in the guinea pig model Fig.
@)

The results indicated that the formulation with AS04 im-
proved the prophylactic efficacy according to the lower-to-
non lesion index observed after challenge compared to the
aluminium based formulation [55].

The immunogenicity of both AS04 and aluminium adju-
vanted HPV vaccine was investigated in mice and monkeys,
and AS04 formulation showed significantly higher titres of
HPV-specific antibodies than aluminium salt formulation

Fig. (4).
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Fig. (4). (@) AS04 Adjuvant System induces a higher antibody response to HPV-16/18 L1 VLP antigens in mice. Mice (n = 12 per group)
were vaccinated with the combination of HPV-16 and HPV-18 L1 VLPs adjuvanted with MPL adsorbed to aluminium salt (AS04) or with
aluminium salt alone. Following two intra-muscular injections (0 and 21 days), serum samples collected 14- and 37-day post Il GMT: Geo-
metric mean antibody titres; Cl: Confidence interval were assayed for anti-HPV-16 or HPV-18 L1 VLP antibody response by ELISA. Results
are expressed as ELISA Units/ml (GMT+95% CI). (Previously published in [73]).

(b) AS04 Adjuvant System induces a higher antibody response to HPV-16/18 L1 VLP antigens in monkeys. Monkeys (n = 5 per group) were
vaccinated with the combination of HPV-16 and HPV-18 L1 VLPs adjuvanted with MPL adsorbed to aluminium salt (AS04) or with alumin-
ium salt alone. Animals received three intra-muscular injections (0, 28 and 84 days), and serum samples at 28-day post Il and Il were as-
sayed for anti- HPV-16 and HPV-18 L1 VLP antibodies by ELISA. Antibodies specific for \V5/J4 neutralising/conformational GMT: Geo-
metric mean antibody titres; Cl: Confidence interval epitopes of HPV-16 and HPV-18, respectively, were assayed using an inhibition ELISA.
Results are expressed as ELISA Units/ml (GMTx95% CI). (Previously published in [73]).
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Fig. (5). GMCs and 95% Cls during and after vaccination with
Fendrix™ or a double dose of Engerix-B™, both applying the 0-/1-
/2-/6-month schedule in preheamodialysis and haemodialysis pa-
tients. GMC: Geometric mean concentration; Cl: Confidence inter-
val (Adapted from [78]; data from [77]).

In order to evaluate the quality of the humoral response,
specific HPV neutralizing antibodies were analyzed in mon-
keys. The formulation with AS04 induced higher titres of
neutralizing antibodies compared to the aluminium salt for-
mulation [73].

Local and systemic safety of formulations containing
MPL and an aluminium salt was evaluated in rabbits and
rats. There was no evidence of systemic toxicity and symp-
toms were limited to the injection site but did not extend to
the local lymph nodes. Pre- and postnatal preclinical devel-
opment studies in rats have shown that repeated administra-
tion of a dose equivalent to 30 times the human dose per unit
body weight did not induce treatment-related effects on
mothers or their offsprings. A pharmacology study investi-
gating cardiovascular and respiratory functions revealed no
treatment-related effects of ASO04-containing vaccines at
doses up to 60 times the human dose per unit body weight.
Altogether, the preclinical safety data demonstrated that
AS04 alone or ASO4-formulated vaccines are safe and well
tolerated [55].

Previous Experience with AS04-Adjuvanted HBV and
HSV Vaccines

Although HBV vaccines adjuvanted with aluminium salts
have demonstrated their efficacy against HBV diseases, the
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immune response to vaccination is impaired in selected pa-
tient populations. For example, patients with end-stage kid-
ney disease (ESRD) have a higher risk for developing
chronic HBV infection [74,75]. A novel HBV vaccine for-
mulated with AS04 as adjuvant was developed to improve
the magnitude and the Kkinetics of the antibody response in
patients on haemodialysis. This new vaccine (Fendrix™)
showed in several clinical trials its ability to induce higher
antibody titres with longer persistence and enhanced cell-
mediated immunity responses in pre-haemodialysis and
haemodialysis patients compared to a vaccine adjuvanted
with aluminium alone (Engerix-B™) Fig. (5).

The differences in humoral immune responses between
the AS04-adjuvanted vaccine and standard vaccine persisted
for the follow-up period of the studies, up to 36 months. Fur-
thermore, significantly fewer subjects primed with the AS04-
adjuvanted vaccine needed a booster dose as a consequence
of anti-HBs antibodies falling below the level of 10 IU/L that
is considered protective [76-78].

The pre-clinical data of an AS04 adjuvanted HSV vac-
cine was confirmed in several clinical studies. Evaluation of
this vaccine showed a significant protection of 73% against
the disease in HSV-1 and HSV-2 seronegative women. Vac-
cination elicited both binding and neutralizing antibodies
against HSV, as well as a cellular response evidenced by
lymphoproliferation and IFN-y secretion. The protective
mechanism of this formulation is most likely based upon the
concomitant induction of an effector cell mediated immune
response by MPL and a potent virus-neutralizing response
[79].

All the preclinical and clinical results for the HBV and
HSV vaccines adjuvanted with AS04, indicated that this Ad-
juvant System is also a good candidate for an HPV vaccine
aimed to provide a rapid and long-term protection through
induction of high and sustained specific neutralizing antibod-
ies.

AS04-ADJUVANTED HPV VACCINE

The AS04-adjuvanted HPV vaccine revealed a superior,
and long lasting antibody response compared to the same
antigen adjuvanted with aluminium hydroxide alone Fig. (6).

Moreover, AS04 elicited an increased frequency (2.2—
5.2-fold) of HPV-16 and HPV-18 L1 VLP-specific memory
B cells when compared with aluminium salt formulations
[73] Fig. (7).

The ASO04-adjuvanted prophylactic cervical cancer vac-
cine, Cervarix™, elicits high and sustained antibody
responses together with high and sustained efficacy for up to
6.4 years against HPV-16 and HPV-18 related infections and
precancerous lesions [80]. Further analysis at 7.3 years dem-
onstrated that levels of total antibodies as measured by
ELISA, were at least 13-fold higher (for HPV-16) and 11-
fold higher for (HPV-18) when compared to the levels of
natural infection [81]. Overall, the observations demonstrate
the induction of consistently higher humoral and memory B
cell responses for the AS04 formulation compared to the
classical aluminium salt formulation.

A study in women aged 15 to 55 years showed 100% se-
roconversion for both HPV-16 and HPV-18 1 month after
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Fig. (6). ASO4 Adjuvant System induces a higher and longer lasting antibody response to HPV16/18 L1 VLP antigens in humans. In two
separate clinical trials, human subjects were vaccinated with HPV-16 and HPV-18 L1 VLPs adjuvanted with AS04 or with aluminium salt
alone. V5/J4 specific antibody responses were evaluated by ELISA at several time points and expressed as geometric mean titres (GMT) in
ELISA units/mL. Significant differences (p<0.05) between the antibody titres of the AS04 and the aluminium salt group are indicated by
asterisks (n= 9-19 subjects for the aluminium salt group, n = 21-37 subjects for the AS04 group). Arrows indicate vaccination time points.

(Previously published in [73]).
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Fig. (7). Frequency of HPV-16- and HPV-18-specific memory B cells in humans. Subjects from two separate clinical trials were vaccinated
with HPV-16 and HVP-18 L1 VLPs adjuvanted with AS04 or aluminium salt alone. Memory B cell responses directed against HPV-16 or
HPV-18 L1 VLPs were quantified by ELISPOT at two time points post-vaccination. Results are represented as the frequency of HPV-16 or
HPV-18-specific memory B cells per 10° PBMCs. The number of subjects is given in parenthesis. Asterisk represents significant difference
between the aluminium and AS04 group (p < 0.05). (Previously published in [73]).

the third vaccine dose. In all age groups, a strong correlation
was observed between serum and cervicovaginal secretions
(CVS) antibody titres for both HPV types 16 and 18, indicat-
ing a passive antibody transfer via transudation and exuda-
tion from the serum to the cervical mucosa [82].

In a broad Phase 111 study in women aged 15 to 25 years
(enrolment without screening for HPV infections) vaccina-
tion confirmed high efficacy up to 98% against CIN2 or
worse (CIN2+) related to HPV types 16 and 18. The overall
vaccine efficacy to CIN2+, irrespective of HPV type, was
70.2% [95% CI: 54.7, 80.9] for HPV naive cohort represent-
ing young adolescents before sexual activities [83]. Cross-

protection was seen against CIN2+ with a 92% [Cl: 66.0,
99.2; 2 cases in the vaccine group vs 25 cases in the control
group] vaccine efficacy in the case of HPV-31, 52% [95%
Cl: -2.9, 78.9; 12 cases in the vaccine group vs 25 cases in
the control group] for HPV-33, 100% [95% ClI: -67.8, 100; 0
case in the vaccine group vs 4 cases in the control group] for
HPV-45. For all 3 types, statistical significance was achieved
for persistent infection endpoints [83].

These results were an important step in vaccine devel-
opment as one of the requirements for an effective HPV vac-
cine was the presence of vaccine-induced neutralizing anti-
bodies at the site of HPV infection to prevent virus particles
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from infecting the transformation zone where cervical can-
cers usually develop. The data on CVS confirmed that the
HPV vaccine is capable to induce high neutralising antibody
levels at the site of infection [20,73] and that these antibod-
ies are not produced locally, but transudate or exudate from
serum to the cervical mucus [27].

The added value of AS04 adjuvantation in inducing a
stronger immune response has been observed in the compari-
son with another licensed HPV vaccine. Cervarix™ contains
L1 VLPs for HPV types 16 and 18 designed for the preven-
tion of related infection and precancerous lesions. The sec-
ond vaccine, Gardasil®, contains L1 VLPs for HPV types 6,
11, 16 and 18 designed for the prevention of precancerous
lesions caused by HPV-16/18 and genital warts caused by
HPV-6/11. Cervarix™ was shown to provide higher serum
anti-HPV-16 and -18 neutralizing antibody titres and higher
circulating HPV-16 and -18 specific memory B cell frequen-
cies compared to Gardasil®, a vaccine formulated with
amorphous aluminium hydroxyphosphate sulfate salt [84].

SAFETY PROFILE OF HPV/AS04 VACCINE

More than 33.000 girls and women have received at least
one dose of ASO4-adjuvanted HPV vaccine, and the results
of safety analysis have demonstrated that the ASO04-
adjuvanted HPV vaccine is generally well tolerated with a
satisfactory safety profile. An integrated safety summary of
11 clinical studies showed that rates of solicited local symp-
toms were higher in the adjuvanted vaccine group than in the
control groups [85]. Pain at the injection site was the most
frequently reported local symptom. Most frequently reported
general symptoms were headache, fatigue and myalgia. All
solicited symptoms were mild to moderate in intensity and
short-lived. No clinically relevant differences between
AS04-adjuvanted vaccine group and control group were ob-
served for unsolicited symptoms, serious adverse events,
medically significant conditions, or the new onset of auto-
immune diseases [85]. Autoimmune diseases are more and
more under discussion in the context with vaccination, but
immune-mediated conditions are not rare and they are
among those events that might be mistaken for vaccine re-
lated adverse events [86].

A large integrated analysis including all randomized and
controlled studies with registered and candidate vaccines
containing AS04 as adjuvant with more than 68.000 partici-
pants was performed and no enhanced risk of autoimmune
disease with AS04-adjuvanted vaccines was revealed. Over-
all the reporting rate of autoimmune diseases was low with
an observed event rate of approximately 0.5% for both study
groups [87]. These results are in line with other reports con-
cluding that there is no evidence for a causal association be-
tween autoimmune diseases and most vaccines [88,89].
More than 9 million doses have been distributed to date and
post-marketing surveillance has not reported changes to the
safety profile of Cervarix™.

CONCLUSION

The development of new vaccines has highlighted the
need for new strategies to enhance and guide the immune
response for effective and long lasting protection. In particu-
lar, vaccines based on soluble recombinant antigens typically
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require adjuvants in order to enhance an antigen specific
adaptive immune response, i.e. a T cell and antibody re-
sponse. Recent advances in immunology and the better un-
derstanding of the innate and adaptive immune system inter-
actions has provided new insights on how to design new
vaccines using appropriate selection of antigens and new
adjuvants adapted to the desired immune response. APCs
play a key role towards a specific adaptive immune response,
and adjuvants such as MPL interact with APCs through spe-
cific receptors.

Previous pre-clinical and clinical experience with AS04
in HBV and HSV vaccines has demonstrated the added value
of the Adjuvant System and its superiority compared to alu-
minium-based vaccines. The AS04 Adjuvant System has
been selected for a HPV vaccine formulation to induce high
and sustained antibody levels, and high frequency of mem-
ory cells.

HPV represents a demanding challenge for vaccine de-
velopment as the virus remains local, hides from the immune
system, and fails thus to induce a reliable long-lasting pro-
tection upon natural infection. The target population for an
HPV vaccine are young girls and women, and they are at risk
of infection throughout their sexual active life. An effective
vaccine has therefore to induce a long-term protection, pref-
erably with reduced or no need for booster shots.

Several clinical studies have demonstrated that the AS04-
adjuvanted HPV vaccine enhances the immune response and
provides a high efficacy against infection and pre-cancerous
lesions in combination with good tolerability and an accept-
able safety profile.

On the basis of improved understanding of the immune
system, it is now possible to design vaccines containing the
appropriate match of antigens and adjuvants to respond to
the needs of challenging diseases, as shown here for HPV.
This approach will allow in the future, the development of
effective vaccines against other remaining challenges in im-
munization.
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