
- 1 -      METHOD OF ELICITING OR INDUCING AN IMMUNE RESPONSE FIELD OF THE
INVENTION 5 This invention relates to a method of eliciting or inducing an
immune response in a subject, particularly a human subject, and more
particularly to a method which utilises a needle-less route of
administration, thereby providing an alternative to the more traditional
injection routes for administration of vaccines such as the subcutaneous
and intramuscular routes. 10 BACKGROUND OF THE INVENTION Over many years,
various attempts have been made to utilise the respiratory tract as a means
to deliver non-living vaccine antigens. This route was seen as conferring
advantages 15 in terms of vaccine acceptability (avoiding "needle phobia"),
the opportunity to induce local immune responses and the potential to
induce responses at distant mucosal sites given the assumed unity of the
mucosal immune system. Much attention has been given to delivering vaccines
by the intranasal route in humans and animals. Results to date indicate
that this route requires very high antigen doses and/or the use of
specialised delivery 20 technologies to ensure antigen uptake and immune
induction. Similarly, delivery of vaccines via the intra-lung or pulmonary
route has in the past generally required specialised delivery techniques,
such as microencapsulation (see, for example, Oya Alpa et al., 2005), in
order to optimise immune responses. 25 In work leading to the present
invention, the inventors have observed that delivery of vaccines by the
intranasal route is highly inefficient, inducing poor local immunity even
at high antigen doses. Accordingly, the inventors have investigated an
alternative route of vaccine administration which retains the advantage of
avoiding "needle phobia". 30 Surprisingly, the inventors have demonstrated
the. superiority of vaccine delivery to the lung over that by the
intranasal route as a means of inducing immune responses. They have also
demonstrated that strong systemic immune responses can be induced using
very  -2 small quantities of antigen when delivered with adjuvant via the
lung. In particular, the inventors have shown that a straightforward
vaccine composition combining antigen and adjuvant induces strong systemic
immune responses on intra-lung delivery without the need for specialised
uptake technologies. Significantly, it has been shown that intra-lung 5
delivery results in lung mucosal immune responses, which can be as much as
one hundredfold (100x) greater than that induced by conventional parenteral
immunisation, even when very small quantities of antigen are delivered with
adjuvant via the lung. Griffith et al (1997) describe the intratracheal
delivery of ricin toxoid formulated either in 10 liposomes, with aluminium
hydroxide or in PBS. The liposome formulated group showed best protection;
aluminium hydroxide did not improve protection over PBS. WO 2005/110379
describes the pulmonary delivery of a particulate malaria vaccine. The
formulation was delivered as a particulate formulation and permitted
sustained release of antigen. 15 The reference in this specification to any
prior publication (or information derived from it), or to any matter which
is known, is not, and should not be taken as an acknowledgment or admission
or any form of suggestion that that prior publication (or information
derived from it) or known matter forms part of the common general knowledge
in the field of 20 endeavour to which this specification relates.
Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or 



25 steps but not the exclusion of any other integer or step or group of
integers or steps. SUMMARY OF THE INVENTION The present invention provides
a method for eliciting or inducing an immune response in a 30 human or
animal subject, which comprises administering to said subject a composition
comprising an antigen and an adjuvant, wherein the composition is
administered to the subject by the intra-lung or pulmonary route.  - 3 -
Preferably, the composition is formulated to be suitable for intra-lung or
pulmonary administration. 5 In another aspect, the present invention
provides the use of a composition comprising an antigen and an adjuvant in,
or in the manufacture of a medicament for, intra-lung or pulmonary
administration to a human or animal subject to elicit or induce an immune
response in the subject. 10 In yet another aspect, the invention provides
an agent for eliciting or inducing an immune response in a human or animal
subject by the intra-lung or pulmonary route, wherein said agent is a
composition comprising an antigen and an adjuvant. BRIEF DESCRIPTION OF THE
DRAWINGS 15 In Figures 2, 3, 4, 6, 9 and 10: Horizontal bar =median value
Open bar=middle 50% of values Vertical line =10 and 90 percentiles. 20
Figure 1 is a diagram of the sheep lung illustrating the regions which
correspond to upper lung and lower (or deep) lung (lung diagram modified
from from Nickel et al., 1979). Figures 2 and 3 are graphical
representations of the results obtained in initial experiments. 25 Groups
of sheep were immunised, by the subcutaneous (s/c) or intra-lung (lung)
routes with three doses, at three week intervals, of influenza virus
antigen (influenza antigen) alone or the antigen formulated with 100tig
ISCOMATRIXTh adjuvant (IMX = ISCOMATRIXTm adjuvant). Blood (serum) and lung
(broncho-alveolar lavage - BAL) samples were taken one week prior to the
first dose, two weeks after the first and one week 30 following the second
and third doses.  - 4 - Figure 2 shows antibody responses
[influenza-specific endpoint titres in an Enzyme Immunoassay (ETA) after
one, two and three doses (10, 20 and 30 ) of formulations consisting of
151.1g influenza virus antigen alone (equivalent to a monovalent dose of
currently available influenza vaccines) and diminishing quantities of
influenza antigen 



5 formulated with 100pg ISCOMATRDea adjuvant. Assays for both IgG and IgA
were carried out on serum and BAL (lung) samples. (* significant
differences using Mann-Whitney analysis) Figure 3 shows antibody responses
using the same immunisation and sampling schedule 10 and assay procedure as
for Figure 2, where immunisation by the subcutaneous and intralung routes
with a very low dose of influenza antigen (0.04g) with and without
ISCOMATRDem adjuvant was carried out. (#, *, A, , 1) significant
differences using Mann-Whitney analyis) 15 For Figures 4, 6, 7, 9, 10
statistical analysis was carried out after the data was log transformed and
the groups compared by analysis of variance (ANOVA) with Dunnett's post-hoc
analysis, using SPSS software version 13. 20 Figure 4 shows antibody
responses in groups of sheep after immunisation with three doses of 0.04pg
influenza antigen formulated with 100[tg ISCOMATRDem adjuvant delivered to
either the upper or lower lung (Figure 1). Serum and BAL (lung) samples
were collected one week after the third dose. 25 Figure 5 is a
Coomassie-stained SDS Polyacrylamide gel electrophoresis (SDS-PAGE) gel of
purified cytomegalovirus (CMV) AgB protein, after the protein was purified
on an affinity column of the gB-specific 58-15 monoclonal antibody coupled
to an NHS-activated HP column. Lanes 1 to '4 show AgB purified from four
different affinity purification runs. 30  - 5 - doses of CMV AgB formulated
with 10014 ISCOMATRIXim adjuvant delivered by either the subcutaneous or
intra-lung routes. Antibody responses in serum and BAL samples were assayed
and endpoint titres determined for IgG and IgA using a AgB-specific EIA.
The graphs show antibody responses two weeks after the first dose
(post-primary), and one 5 week after the second (post-secondary) and third
(post-tertiary) doses. (* significant differences using ANOVA). Figure 7
shows individual percentage neutralisation titres against CMV of individual
sheep from the same groups of sheep as Figure 6. Serum samples from bleeds
taken one 10 week prior to the first dose (Preimmune), two weeks after the
first dose (Secondary) and one week after the second (Secondary) and third
(Tertiary) doses of CMV AgB formulated with 100pg ISCOMATRIX adjuvant were
assayed for CMV neutralising activity. Each circular point is the
percentage neutralisation for an individual sheep serum collected at the
nominated dose point. Serum CMV-neutralising titres following two and three
doses of the 15 formulation were significantly greater than for preimmune
sera for both intra-lung and subcutaneous delivery. (* significant
differences using ANOVA). Figure 8 shows the results of in vitro
restimulation of peripheral blood mononuclear cells 20 (PBMCs) following
incubation with the AgB protein. The PBMCs were collected from the
peripheral blood of the same sheep as in Example 7, one week after
administration of the third dose of CMV AgB formulated with 10014
ISCOMATRIXTh adjuvant. Following stimulation with AgB, cell proliferation
was determined by assay of tritiated thymidine incorporated into the cells.
Stimulation index (Si) was calculated as the ratio of tritium 25
incorporated into cells stimulated with AgB to tritium incorporated into
control unstimulated cells. An SI > 4 was considered to be a positive
proliferative response. Figure 9 shows antibody responses in groups of
sheep (4 sheep in Flu No Adjuvant 



group;. 7 sheep in each of adjuvant groups), immunised with influenza
antigen formulated 30 with a variety of adjuvants. The immunisation and
sampling schedules and assay procedure were the same as for Figure 1. (*
significant differences using ANOVA).  6 Figure 10 shows haemagglutination
inhibition assay (HAI) results for the same groups of sheep as Figure 9.
HAI titre for each sample was determined by end point inhibition on turkey
red cells. 5 (* significant differences using ANOVA). DETAILED DESCRIPTION
OF THE INVENTION In one aspect, the present invention provides a method of
eliciting or inducing an immune 10 response in a human or animal subject,
which comprises administering to said subject a composition comprising an
antigen and an adjuvant, wherein the composition is administered to the
subject by the intra-lung route. Preferably, the subject is a human,
however the method of the invention also extends to 15 eliciting or
inducing an immune response in an animal subject such as a livestock animal
(e.g., sheep, cow or horse), laboratory test animal (e.g., mouse, rat,
rabbit or guinea pig), companion animal (e.g., dog or cat) or wild animal.
As used herein, references to "intra-lung" or "pulmonary" delivery of a
composition refer 20 to delivery of the composition to mucosal surfaces of
the lung where the active components of the composition (i.e. antigen and
adjuvant) can contact the capillary system in the lung and/or the mucosal
immune system. These terms include "deep lung" or "lower lung" delivery of
the composition, that is delivery of the composition to the deep bronchi,
bronchioli and/or alveoli of the lung. 25 Preferably, in accordance with
this invention the composition comprising antigen and adjuvant is
administered into the lung(s) of the subject as an aerosol or in dry powder
form, with the aerosol or dry powder being delivered using a nebuliser or
similar device. Standard devices or products for intra-lung or pulmonary
delivery of pharmaceutically 30 active products are well known to persons
skilled in the art.  



- 7 - composition comprising an antigen and an adjuvant in, or in the
manufacture of a medicament for, intra-lung administration to a human or
animal subject to elicit or induce an immune response in the subject. 5 In
yet another aspect, the invention provides an agent for eliciting or
inducing an immune response in a human or animal subject by the intra-lung
route, wherein said agent is a composition comprising an antigen and an
adjuvant. Preferably, the antigen which is administered in accordance with
the present invention is 10 the antigen which will elicit or induce an
immune response against a lung pathogen such as influenza, Chlamydia
pneumoniae, respiratory syncytial virus, pneumococci, etc.. It is to be
understood, however, that the antigen may also be selected to elicit or
induce an immune response against other pathogen, including pathogens of
other mucosal sites, for example, Helicobacter pylori, Salmonella, E. coil,
cholera, HIV, sexually transmitted 15 disease organisms, etc. Antigen
administered in accordance with the present invention has the advantage of
high recipient acceptability (avoidance of "needle phobia" and ease of
administration). In particular, it results in both strong mucosal and
systemic immune responses, indicating that it will be useful for all
vaccinations including those reliant upon a systemic immune response. 20
The antigen may also be a tumour-specific or tumour-associated antigen.
Preferably the tumour is one associated with a mucosal site. Tumours
associated with mucosal sites include but are not limited to lung tumours,
tumours of the gastrointestinal tract and genital tract tumours. 25 The
antigen may be any chemical entity which can elicit or induce an immune
response in a human or animal, including but not limited to a whole-cell
inactivated bacterium or a subunit thereof, a whole inactivated virus or a
subunit thereof, a protein or peptide, a glycoprotein, a carbohydrate, a
ganglioside, a polysaccharide, a lipopolysaccharide or a 30 lipopeptide; or
it can be a combination of any of these.  8 saponin-based adjuvant, and
even more particularly an immunostimulating complex (or ISCOMTm), such as
ISCOMATRIXim adjuvant. However, the present invention also encompasses the
use of other immunostimulating adjuvants, either individually or in
combination with another adjuvant such as an immunostimulating complex,
including for 5 example liposomes, oil-in-water adjuvants such as MF59,
aluminium salt adjuvants such as aluminium hydroxide and aluminium
phosphate, lipopolysaccharide adjuvants such as lipid A and monophosphoryl
lipid A (MPL), oligonucleotide adjuvants such as CpG 



oligonucleotide adjuvant, and mucosal adjuvants such as cholera toxin.
Suitable immunostimulating adjuvants are described by way of example by Cox
and Coulter, 1997. 10 The composition of the invention may be delivered to
the lungs using any one of a number of existing technologies as well as
those in development. Numerous examples of mechanical devices able to
deliver drug or protein preparations to the lung exist and nebuliser and
aerosol devices have been used for decades in the treatment of asthma (see
15 Gonda, 2000). Typically the devices are intended to deliver material to
the lungs by oral inhalation. Recent advances in this field (see Edwards
and Dunbar, 2002) include those made by the 3M Corporation (Shoyele and
Slowey, 2006) and Inhale Therapeutics Systems, Inc. (Kuo and
Lechuga-Ballesteros, 2003). 20 In accordance with this invention, the
composition is administered to the human or animal subject in an
immunologically effective amount. As used herein, an immunologically
effective amount means that amount necessary at least partly to attain the
desired immune response, or to delay the onset of, inhibit the progression
of, or halt altogether, the onset or progression of the particular
condition being treated. This amount varies depending upon 25 the health
and physical condition of the individual to be treated, the taxonomic group
of individual to be treated, the individual's immune competence, the degree
of protection desired, the formulation of the vaccine, the assessment of
the medical situation, and other relevant factors. It is expected that the
amount will fall in a relatively broad range that can be determined through
routine trials. 30  - 9 - 



an antigen and an adjuvant has been found to give rise not only to a
systemic antibody response to the antigen as well as a mucosal response,
but also to the possibility of a major reduction in the antigen dose
required to elicit or induce such systemic and mucosal responses. In
addition, effective intra-lung administration of the vaccine composition in
5 accordance with the present invention avoids the necessity for complex
delivery systems such as microencapsulation or mucoadhesive or other
technologies to enhance uptake of the vaccine at mucosal sites.
Furthermore, the induction of greatly improved mucosal antibody responses
indicates that 10 intra-lung immunisation may enhance vaccine efficacy for
mucosal infections and potentially reduce pathogen transmission from an
immunised/infected person. In particular, mucosal antibodies may be of
great value in improving protective immunity against influenza challenge. A
recent WHO consultation report (Cassetti et al., 2006) 15 stated: "In mouse
models, mucosal IgA is associated with protection against challenge and in
studies with live attenuated influenza vaccines in man, the presence of
mucosal IgA correlates with reduction in virus shedding and resistance to
experimental infection. It was concluded that mucosal IgA appears to play a
role in protection against influenza virus infection and that more studies
should evaluate the ability of vaccines to induce mucosal 20 immune
responses.....". Accordingly, the intra-lung delivery route of the present
invention is of potential value for vaccines against other infections and
provides an alternative route of delivery for vaccines requiring a
primarily systemic antibody response. 25 Furthermore, antigen which is
administered in accordance with the present invention induces strong
cellular immune responses. Antigen with adjuvant delivered by the intra-
lung route stimulates the production of peripheral blood cells which
proliferate specifically in response to the antigen. These cells belong to
both the CD4+ and CD8+ classes of T 30 cells which have functions in
enhancing antibody responses and in carrying out effector functions such as
the killing of virus-infected cells. The ability to induce cellular immune
responses in addition to antibody responses is of potential value in
vaccination against  - 10 - infectious agents, particularly HIV,
herpesviruses and bacteria which include an intracellular phase in their
lifecycle such as mycobacteria, chlamydia and listeria.    Further features
of the present invention are more fully described in the following 5
Examples. It is to be understood, however, that this detailed description
is included solely 



for the purposes of exemplifying the present invention, and should not be
understood in any way as a restriction on the broad description of the
invention as set out above. EXAMPLES 10 EXAMPLE 1  Background  By way of
background to the present invention, the inventors examined modes of
vaccine delivery in the cannulated sheep model. Cannulation allows the
outflow of the local draining lymph node to be studied in some detail. This
work was performed in sheep using 15 ISCOMATRIXTM adjuvant influenza virus
vaccine as the vaccine model. A principal finding from this work was that
intranasal delivery was highly inefficient, inducing poor local immunity
even at high antigen doses.   These findings prompted a change in direction
for the project to study the outcome of vaccine delivery in uncannulated
sheep by the intra-lung route, by delivering vaccine deep 20 into one lobe
of the lung. Experimental Methods:  Blood collection Sheep were restrained
and 10 mL of blood collected from the jugular vein using a 10 mL syringe
and an 18G needle. 25 Immunisations  Influenza antigen used in these
studies was sucrose gradient purified A/New Caledonia 20/99 H1N1 virus,
which had been inactivated and detergent disrupted (Coulter et al., 1998).
Antigen concentration was based on haemagglutinin content and determined by
30 single radial immunodiffusion. GMP grade ISCOMATRIXTm adjuvant was
prepared by CSL Limited according to a previously described process (Pearse
and Drane, 2005). Prior  to immunisation, vaccine formulations were
prepared by admixing an appropriate quantity of antigen with IS COMATRDCTm
adjuvant. For intra-lung immunisations, sheep were carefully restrained in
a harness and a bronchoscope inserted via the left nostril to the caudal
lobe of the left lung. Vaccine 



5 formulations were then infused in a total volume of 5 mL, followed by 10
mL of air to ensure complete delivery. For subcutaneous immunisations,
vaccine formulations were delivered in a total volume of 200 uL in the
inner thigh using a 1 mL syringe and a 25G needle. 10 Bronchoalveolar
lavage (BAL) collection  For collection of bronchoalveolar lavage (BAL)
samples, a bronchoscope was inserted into restrained sheep as for
vaccinations and 10 mL of PBS (phosphate-buffered saline pH7.2) delivered
into the lung lobe using a syringe attached to the bronchoscope. The same
syringe was then used to withdraw BAL fluid via the bronchoscope. 15
Evaluation of antibody responses by EIA  Anti-influenza antibodies in BAL
and serum samples in duplicate were evaluated by EIA (Enzyme Immunoassay).
Briefly, 96 well Maxisorp flat bottom plates (NUNC, Roskilde, Denmark) were
coated overnight with 50 p.L of 10 tig/mL influenza antigen in carbonate 20
buffer, pH9.6. Plates were then blocked with 1% sodium casein before adding
100 111, of 1 in 5 serial dilutions of samples in duplicates. Binding of
specific anti-influenza antibodies was detected using rabbit anti-sheep
total Ig conjugated with horse radish peroxidase (Dako, Denmark) or
anti-bovine/ovine IgA (Serotec, Oxford) followed by rabbit anti-mouse horse
radish peroxidase (Dako). Colour was developed by addition of TMB 25
substrate (Zymed, San Francisco), stopped by addition of 2M H2SO4. Optical
density at 450 um was determined on a Bio-Tek ELx800 plate reader and
antibody endpoint titres calculated. Evaluation of Haemagglutination
Tnhibition Activity  - 12 - Serum and BAL samples which gave an
antigen-specific antibody response by ELISA were also examined for
Haemagglutination Inhibition Activity (HAI). This assay determines the
titre of functional antibodies, by measuring the inhibition of red blood
cell agglutination by influenza virus. Samples were tested for HAI against
egg grown A/New 5 Caledonia/20/99 virus (H1N1) using turkey red blood
cells. The HAT titre was determined as the endpoint dilution that inhibited
influenza agglutination of the red blood cells. HAT assays were performed
by the WHO Collaborating Centre for Reference and Research on Influenza,
Melbourne, Australia. 10 In vitro antigen restimulation of peripheral blood
mononuclear cells  Blood samples (50mL) collected from the jugular vein
using a syringe and 18G needle were placed into a 50 mL tube containing 100
1.IL of 5000U/raL heparin. The cells were then centrifuged at 800g for 20
minutes with no brake, the buffy coat collected into a 15mL tube and
diluted to 8 mL with PBS. Using a transfer pipette, 3.5 mL of Ficoll-paque
15 was added to the bottom of the cell suspension, and the samples
centrifuged at 1000g for 30 minutes with no brake. The peripheral blood
mononuclear cells were then collected from the Ficoll-PBS interface, washed
in PBS and resuspended at 5x106/mL in complete medium (Dulbecco's Modified
Eagles medium supplemented with 10% FCS, L-glutamine, penicillin (100
U/mL), streptomycin (100 ilgimL) and 50 1AM 2-mercaptoethanol). 20 For the
antigen restimulation assay, 100 }AL of cells (5x105/well) were aliquoted
into 96- well tissue culture plates, to which were added in triplicate
10012L of either media alone or media containing 10 or 20 pg/mL A/New
Caledonia influenza antigen (final concentration 



5 or 10 nglmL antigen). After 5 days culture at 37C in a humidified
incubator, all wells were pulsed with 20 pl of 1 4Ci tritiated thymidine
for 24 hours. Cells were then 25 harvested onto glass fibre filters using a
Packard Harvester, placed into cassettes with Microscint scintillation
liquid, and B-radiation measured using an automated microplate
scintillation counter. Evaluation of immunisation to the upper and lower
lung 30 Examination of the effectiveness of immunisation by delivery to the
upper lung, as an alternative to delivery to the lower lung was carried out
as described below. Figure 1 (from  - 13 - Nickel et al., 1979) illustrates
the sites of the sheep lung used for delivery to the upper and lower lung.
Vaccine delivered to the 'upper lung' - the vaccine was delivered into the
upper lung using 5 a fibre-optic bronchoscope. The vaccine was introduced
into the principle bronchi, lcm past the major tracheal bifurcation.
Vaccine delivered to the 'lower lung' - the vaccine was delivered deep into
the caudal lung using a fibre-optic bronchoscope. The vaccine was
introduced where the caudal bronchus 10 joins the caudal segmental bronchi,
10 cm past the major tracheal bifurcation. Immunisations, bleeds, BAL
collection and ELISA assays were carried out as described for the other
experiments. The sheep received three doses of 0.04pg influenza antigen
with 100pg ISCOMATRam adjuvant. 15 Results: Antibody induction by
immunisation via the intra-lung route In 3 separate experiments sheep were
immunised by the intra-lung route. Bleeds were taken at 2 weeks post 1
dose, and one week post 2 and 3 doses 20 Experiment ISheep were immunised
with either 1, 5 or 15 lig of antigen plus 100 [tg ISCOMATRDC4 adjuvant.
Three immunisations were given, 3 weeks apart. Serum samples were collected
before commencement, and after each vaccination.     Following the
surprising finding that 1 pg of adjuvant influenza antigen delivered
intra25 lung was as effective as 15 pg, a second experiment examined
further reductions in antigen dose. Experiment 2Sheep were immunised with
either 0.04, 0.2, 1, 5 or 15 p,g antigen 



plus 100 [tg ISCOMATRIXIN adjuvant. Three immunisations were given, 3 weeks
apart. Serum samples were collected before 30commencement, and after each
immunisation.  - 14 - These experiments demonstrated that all antigen doses
induced significant antibody responses in recipient animals - even as low
as 0.04 p,g antigen. The lower antigen doses induced very few antibodies
after one dose. However, immunity in recipient animals was equivalent to
the higher antigen doses following 2 and 3 doses. These antibody responses
5 included functional haemagglutination inhibition (HAI). Serum IgG and IgA
levels in sheep immunised intra-lung with 0.04 lig antigen and 100 lig
ISCOMATRIXTh adjuvant were equivalent to those obtained following
subcutaneous immunisation with 15 gg of antigen alone (current vaccine
dose). The low dose intra-lung 10 immunisations produced very good levels
of specific IgA and IgG in the lung (BAL - bronchial alveolar lavage),
superior to that induced by the higher doses injected subcutaneously.
Experiment 3The third experiment evaluated (i) the requirement for adjuvant
for            inducing significant immunity with low antigen dose, (ii)
directly 15compared low antigen dose (0.044g) delivered intra-lung with low
dose delivered subcutaneously, (iii) examined even lower antigen
doses (0.008 [tg antigen). The third experiment:  (a)repeated the
observations made in the first two;  20 (b)demonstrated that adjuvant was
essential for the induction of immunity against very low dose antigen;
(c)found that adjuvanted low dose antigen delivered intra-lung induced
similar serum antibodies and superior lung antibodies compared to the same
low antigen dose vaccine or the current vaccine dose, delivered
subcutaneously;  25 (d)found that more than 2 doses of adjuvanted very low
dose antigen injected subcutaneously appeared to induce a tolerance or
inhibitory effect as serum antibodies following a 3rd dose were reduced.
This inhibition did not occur following lung delivery; 



- 15 - (e)found that intra-lung immunisation with even 0.0081.tg antigen
administered with 100gg ISCOMATRIXTm adjuvant induced significant antibody
induction, though less than induced by 0.04lig antigen with ISCOMATRIXTm
adjuvant. 5 The combined data for experiments 1 to 3 are summarised in
Figure 2 and Table 1.  -16- Table 1Haemagglutination Inhibition (HAI)
activity induced by intra-lung immunisation with reducing doses of
influenza antigen and ISCOMATRIKTh adjuvant        Serum Secondary 30
(20-100) 330 (20-640)   



Route  Vaccine Primary  S/C 15pg flu 5 (0-18)  Lung 15p.gflu +IMX 10 (10)
Lung  +IMX 5p.g flu (0) 160 (120-160) Lung 



1 lig flu +IIVLX (0) 30 (15-40) Lung 0.21.tg flu +IMX 0 (0) 15 (0-40) Lung
0.0414 flu +MX (0) 10 (0-40) Lung 0.008g flu +IMX (0) (0) Median HAI titre 



(Interquartile range) Bronehoalveolar lavage Tertiary Primary 1000
(20-440)(0) 600 (35-400)(0) 240 (70-400)(0) 1600 (140-320)(0) 1600
(65-200)(0) 1600 (140-640)(0) 200 (0-40)(0)  Table 1 legend:Data is
combined from 3 separate experiments. Groups of sheep (n=8 per group,
except the 151.tg flu group (n=12) and the 0.04pz flu +MC group (n=16))
were immunised in the left lung with reducing doses of split virion
influenza antigen plus 100 1.tg of ISCOMATRDC4 adjuvant (IMX). A group of
10  vaccine control sheep were immunised subcutaneously (S/C) with an
equivalent dose of one strain of the current human influenza vaccine (15
p,g influenza antigen alone). Sheep received 3 immunisations, spaced by 3
weeks. Sera and left lung washings (BAL) were collected from all sheep one
week prior to and two weeks after the primary dose and one week after the
secondary and tertiary doses. The 15titration of these samples which
inhibited influenza mediated haemagglutination was then determined. All
preimmunisation samples were negative for HAI activity 



(not shown). Significantly higher HAT titre compared with subcutaneously
immunised control (Mann Whitney; p<0.004). 20  - 17 - The data for
experiment 3 are shown in Table 2 and Fig= 3. Table 2Requirement of
adjuvant and route of delivery on Haemagglutination
Inhibition activity induced by immunisation with extremely low doses of
5influenza antigen   Median HAI (Interquartile  titre range)
Bronchoalveolar Secondary lavage Tertiary 0 (0)  Serum    Route Vaccine 



Primary Secondary Tertiary Primary   SIC 15 p.g flu 0 (0_3) 30 (20-100) 30
(18-160) 0 (0) 0 (0)  S/C 0.04 [tg flu 0 (0) 



10 (0-40) 25 (8-50) 0 (0) 0 (0) 0 (0) S/C 0.04 gg flu +LMEX 20 *A (8-20)
320 *A (280-400) 160 A (80-320) 0 (0) 0 (0) 0 



(0) Lung 0.04 lig flu 0 (0) 0# (0) 0# (0) 0 (0) 0 (0) 0 (0) Lung 0.04 gig
flu +11\4:x 0 (0) 5 (0-18) 160' 



(80-200) 0 (0) 0 (0) 60 *A (30-100)  Table 2 legend:Groups of sheep (n=8)
were immunised in the left lung with an extremely low dose (0.04 pg) of
split virion influenza antigen with or without 100 10 pg of ISCOMATRIXTm
adjuvant (IX). Other groups received the same vaccines injected
subcutaneously (SIC). One group of control sheep was immunised
subcutaneously with an equivalent antigen dose of one strain of the current
human influenza vaccine (15 gg influenza antigen alone). Sheep received 3
immunisations, spaced by 3 weeks. Sera and left lung washings (BAL) were
collected from all 15 sheep one week prior to and two weeks after the
primary immunisation and one week after the secondary and tertiary doses.
The titration of these samples which inhibited influenza mediated
haemagglutination was then determined. All preimmunisation samples were
negative for HAI activity (not shown).           Significantly lower HAI
titre compared with subcutaneously immunised control 20(Mann Whitney;
p<0.002). Significantly higher HAT titre compared with subcutaneously
immunised control (Mann Whitney; p<0.028). ASignificantly higher HAT titre
compared with unadjuvanted group (Mann Whitney; p<0.01). 25  - 18 - In
Figures land 2: Horizontal bar=median value Open barmiddle 50% of values
Vertical line=10 and 90 percentiles. 5IMX=ISCOMATRDem adjuvant 



The bars show the influenza-specific endpoint antibody titre after the
first (1), second (2) and third (3) immunisations as described above. In
Figure 1: *Significantly greater than 15 ig s/c group (Mann-Whitney; p<03).
In Figure 2 10#Significantly less than 15 g s/c group (Mann-Whitney;
p<0.01). Significantly greater than 15 s/c group (Mann-Whitney; p<0.038).
ASignificantly greater than unadjuvanted vaccine delivered via the same
route (Mann-Whitney; p<0.038).                 Subcutaneous, significantly
greater than same vaccine delivered intralung 15(Mann-Whitney; p<0.028).
Intralung, significantly greater than same vaccine delivered subcutaneously
(Mann-Whitney; p<0.021). Experiment 4This experiment evaluated the
effectiveness of delivery of adjuvanted influenza antigen to the upper
lung, in comparison with 20  delivery to the lower lung used in earlier
experiments. Two groups of 8 sheep received a formulation containing 0.0414
influenza antigen and 100tig ISCOMATRIXTh adjuvant to either the upper or
lower lung three times and serum and BAL antibody responses were examined
by ETA (Figure 4). 25 These results indicated that after three doses,
although delivery to the upper lung induced serum and BAL responses,
significantly better responses in both serum and BAL for both IgG and IgA
were induced by lower lung delivery.  - 19 - Summary: Intra-lung
immunisation with influenza virus antigen with 10014 ISCOMATRDed adjuvant
proved highly efficient in the induction of both systemic and mucosal (BAL)
antibody responses with HAT activity. 5 Strong serum antibody responses
were observed even at extremely low levels of antigen (0.04Rg influenza
antigen with ISCOMATRIXim adjuvant). These responses were much stronger
than those induced by subcutaneous injection (s/c) of 1511g of influenza
antigen alone (as per the current vaccine) and matched those induced by
subcutaneous 0.0411g influenza antigen with ISCOMATRIXTm adjuvant. 10 The
mucosal antibody response induced by intra-lung delivery of 0.04m influenza
antigen with ISCOMATRIXTm adjuvant was greatly elevated compared with
subcutaneous 151.tg of influenza antigen or subcutaneous 0.041.ig influenza
antigen with ISCOMATRam adjuvant. Neither of the latter induced detectable
mucosal (lung) responses. 15 EXAMPLE 2. 



Cellular immunity induction by vaccination via the intra-lung route. Sheep
received 4 intra-lung immunisations with either 0.04 u.g influenza antigen
alone, or 0.04 lig influenza + 100 lig ISCOMATRDem adjuvant. One week after
the last immunisation, peripheral blood was collected, and mononuclear
cells cultured in 96 well 20 plates with either media alone (negative
control), or 5 or 10 i_tg influenza antigen (restimulated). After five
days, wells were pulsed with tritiated thymidine for 24 hours.
Radioactivity was then measured to enumerate cell proliferation. The
Stimulation Indices were calculated by dividing the mean counts per minute
(cpm) for the restimulated group by the mean cpm for the medium alone
control group. 25 The results of a cell proliferation study are shown in
Table 3. When sheep were vaccinated intra-lung with antigen alone, no
proliferative response was detectable in the peripheral blood. However,
such a response was detected in sheep which received antigen with
ISCOMATRIXTm adjuvant. These data demonstrate the requirement for adjuvant,
following lung vaccine delivery, to induce a cellular proliferative memory
response in the peripheral 30 circulation.  -20 - Table 3Proliferative
response of influenza-stimulated peripheral blood mononuclear cells, from
sheep immunised intra-lung with low dose antigen, with or without
ISCOMATRIX114adjuvant 5 Intra-lung vaccination Median Stimulation Index
(lnterquartile Range) following restimulation with Vaccine Group size 5 gg
influenza antigen 10 p.g influenza antigen 0.041.1.g influenza n=8 1 (1-2)
1 (1-3) 0.04 1.tg influenza 



+ 100 gg ISCOMATRDCT" ad'uvant n=8 6(2-16) 10(3-25)  EXAMPLE 3. Formulation
of antigen with microfluidised oil-in-water adjuvant for administration by
the intra-lung route. 10 Antigen at an appropriate concentration (to result
in a fmal antigen concentration yielding a single dose in the range 0.01 to
500n) is mixed with 5% v/v Squalane, 0.5% v/v Tween 80,0.5% v/v Span 85 in
PBS pH 7.2, 0.05% sodium azide. This mixture is then subjected to high
pressure microfluidisation at a pressure of 19-20,000 pounds per square
inch (psi). The microfluidisation is repeated a further seven times. The
formulation is delivered via 15 the intra-lung route by the methods
described above. EXAMPLE 4.  Systemic and mucosal immunity induced by
immunisation via the intra-lung route with recombinant cytomegalovirus gB
antigen formulated with ISCOMATRIXTm 20 adjuvant In order to confirm and
extend observations made with influenza antigen and ISCOMATRIXT" adjuvant,
studies were performed in sheep examining the immune responses induced by
intra-lung delivery of a recombinant viral antigen. A truncated form of
cytomegalovirus gB glycoprotein (CMV gB) formulated with ISCOMATRDed
adjuvant 25 was delivered by the intra-lung and subcutaneous routes and
antibody responses in serum  - 21 - and lung assessed by EIA. In addition,
induction of functional antibodies was assessed by assay of
CMV-neutralising antibodies in serum. The ability of formulations delivered
intra-lung to induce T cell responses was also examined by assessing
gB-specific cell proliferation of peripheral blood mononuclear cells 5 



Experimental methods      Production of truncated recombinant human CMV gB
protein (AgB)  10 1. Generation of plasmid containing DNA encoding AgB
protein. DNA encoding a truncated form of CMV gB which had been engineered
to remove the transmembrane region of the protein was provided by Assoc.
Prof. Rajiv Khanna, Queensland Institute of Medical Research, Brisbane,
Australia. This DNA encoded a protein containing the signal sequence of
Tissue Plasminogen Activator (TPA) with the 15 ecto- and cytoplasmic
domains (NCBI P06473) of gB fused in frame. As well, the DNA was point
mutated at the nucleotides encoding the region around amino acids 460/461
to prevent cleavage of the expressed protein. The DNA was cloned into the
pCEP4 vector (Invitrogen) as a KpnlINotl fragment. The resulting plasmid
(pCEP4AgB) was amplified in E. coil and purified plasmid prepared using
Qiagen Maxi Kit. 20 2. Expression of AgB protein in mammalian cells
Cultures of FreeStyleTM 293-F cells grown in FreeStyleTm Expression Medium
(Invitrogen) in shake flasks at 37C were transfected with pCEP4AgB using
293fectin transfection reagent (Invitrogen). Secreted expression of the
protein AgB under selection 25 using Hygromycin B in the cultures was
determined by SDS-PAGE gel analysis of cell supernatant samples. Cell
culture supernatants were harvested and clarified by centrifugation at
2500rpm and then passed through a 0.45pm filter prior to chromatography. 3.
Purification of AgB protein 30 The AgB protein was purified using affmity
chromatography by capture with the gBspecific monoclonal antibody 58-15
(Singh and Compton, 2000). The antibody was  -22 - purified on a Prosep-A
(Millipore) protein A column. For purification of AgB protein, the purified
antibody was coupled to a HiTrap NHS-activated HP column (Pharmacia-
Amersham) in equilibration buffer (0.2M NaHCO3/0.5M NaC1, pH8.3). Clarified
cell culture supernatant was diluted 1:1 with 100mM Borate/150mM NaC1
pH8.5. The diluted 5 supernatant was applied to the HiTrap column,
equilibrated with equilibration buffer and eluted firstly with 0.1M
Glycine-HC1 pH2.5, followed by equilibration buffer and eluted again, this
time with 0.15M Ammonium Hydroxide pH10.5. Eluted fractions were 



neutralised using either 3M Tris pH8 or 1M Glycine pH2.5. Protein purity
was examined by Coomassie-stained SDS-PAGE gel electrophoresis (Figure 5).
Protein concentration 10 was estimated by determining the OD at 280 nm.
Immunisation of sheep with MB Blood collection Methods were the same as
those described in Example 1. 15 Immunisations  Groups of sheep were
immunised with AgB protein formulated with ISCOMATRIfdadjuvant Table 4).
AgB protein from cytomegalovirus was prepared as described. All sheep
received three vaccine doses, the details of which, including the blood
collection 20 schedule are described in Example 1. 25 Table 4. Groups of
sheep were immunised by the indicated route with AgB protein formulated
with ISCOMATRIXTh adjuvant.  -23 - Group Size Route of delivery Antigen
Adjuvant 1 n=8 



Subcutaneous 1514 CMV AgB 10014 ISCOMATRIXIR adjuvant ISCOMATRIX'm adjuvant
2 n=8 Intra-lung 1514 CMV AgB   BAL collection Collection of BAL samples
was performed as described in Example 1. Evaluation of antibody responses
by EIA 5 Methods for detecting sheep IgG and IgA were similar to those in
Example 1 with the following exceptions. Plates (96 well) were coated
overnight with 100[11 per well of 21.tg/mL purified AgB protein in PBS.
Bound sheep IgG was detected with rabbit anti- sheep IgG (H+L) conjugated
to horse radish permddise (Southern Biotech). In the case of both IgG and
IgA TMB permddise substrate was sourced from KPL Kirkegaard and Perry 10
Laboratories respectively. The reaction was stopped by addition of 500 per
well 0.5M H2SO4. Evaluation of functional activity against CMV  The
capacity of the vaccines to induce functional serum antibodies was assessed
using a neutralisation assay based on recombinant human cytomegalovirus
infection of MRC-5 



15 cells. Assays were performed by Assoc. Prof. Rajiv Khanna and
colleagues, Queensland Institute of Medical Research, Brisbane, Australia,
using recombinant CMV Ad169wt86- EGFP expressing green fluorescent protein
(Marschall et al., 2000; Wang et al., 2004). After exposure of
Ad169wt86-EGFP to serum dilutions, the ability of the virus to infect human
fibroblasts (MRC-5 cells) was assessed by quantifying the percentage cell
nuclei 20 fluorescing using flow cytometry (FACS). The procedure is
described below: 1. Sera from the sheep were incubated at 56C for 30
minutes. 2. Sera from the sheep (neat and at 2-fold and 4-fold dilutions in
1000 DMEM) were dispensed in a 96 well tray.  - 24 -   3. 251A1 (2.5 x 104
PFU) Ad169wt86-EGFP virus was added to each serum sample. 4. Serum/virus
samples were incubated at 37C for 2 hours in 7% CO2 in air.   5.
Previously, 48 well flat-bottom trays containing MRC-5 cells, grown on DMEM
with 10% foetal bovine serum (DMEM-10) by incubation at 37C in 7% CO2 in
air, 5had been prepared and were at 80-90% confluency at time of use. 6.
The cell culture medium was removed from the MRC-5 cells. 500 of each
virus/serum sample was then transferred to corresponding wells in the 48
well flat-bottom trays containing MRC-5 cells, 50ii1 DMEM added and the 48
well trays incubated at 37C for 2 hours in 7% CO2 in air with gentle
rocking. 107. The inoculum was aspirated from the 48 well trays, the wells
washed three times with DMEM-10, and then 500 p,1 DMEM-10 added to each
well, and incubated at 37C in 7% CO2 in air overnight. 8. The next day the
cell medium and cells (using trypsin) were harvested from the 48 well trays
and the cells pelleted by centrifugation. 159. The pellets were resuspended
in PBS and pelleted again by centrifugation. 10. The pellets were
resuspended vigorously in 1000 of hypotonic buffer (0.1% sodium citrate,
0.1% (v/v) Triton X-100) containing 0.2111 lmg/mL 7- Aminoctinmycin D and
left for 20 minutes at room temperature in the dark.    11. Samples of each
pellet were transferred to tubes suitable for FACS analysis and 20100121
PBS containing 1% Paraformaldehyde added. The mixture was left on ice for
30 minutes prior to FACS analysis. 12. The samples were analysed on a
Becton Dickinson FACSCanto and the percentage of fluorescing nuclei in the
samples quantified. 13. The percentage neutralisation for each sample was
calculated using the formula: 25% neutralisation [percentage of fluorescing
nuclei (no serum added) - percentage of fluorescing nuclei (serum sample)
percentage of fluorescing nuclei (no serum added)] x 100.  -25 - 



In vitro antigen restimulation of peripheral blood mononuclear cells  Blood
samples (50mL) collected from the jugular vein using a syringe and 180
needle were placed into a 50 mL tube containing 100 1.11 of 5000U/mL
heparin. The cells were then centrifuged at 800g for 20 minutes with no
brake, the buff y coat collected into a 5 15mL tube and diluted to 8 mL
with PBS. Using a transfer pipette, 3 5 raL of Ficoll-paque was added to
the bottom of the cell suspension, and the samples centrifuged at 1000g for
30 minutes with no brake. The peripheral blood mononuclear cells were then
collected from the Ficoll-PBS interface, washed in PBS and resuspended at
5x106/mL in complete medium (Dulbecco's Modified Eagles medium supplemented
with 10% FCS, L-glutamine, 10 penicillin (100 U/mL), streptomycin (100
ug/mL) and 50 1.M 2-mercaptoethanol). For the antigen restimulation assay,
100 I.LL of cells (5x105/well) were aliquoted into 96- well tissue culture
plates, to which were added in triplicate 100 L of either media alone or
media containing 5, 10, 20 or 40 ug/mL gB protein (final concentration 2.5,
5, 10 or 20 lig/mL). After 5 days culture at 37C in a humidified incubator,
all wells were pulsed with 15 20 1.iL of 1 uCi tritiated thymidine for 24
hours. Cells were then harvested onto glass fibre filters using a Packard
Harvester, placed into cassettes with Microscint scintillation liquid, and
13-radiation measured using an automated microplate scintillation counter.
Results      Immune responses following intra-lung and subcutaneous
immunisation with 20 recombinant CMV AgB antigen formulated with
ISCOMATRIXTm adjuvant Sheep received three subcutaneous or intra-lung
doses, at 3 week intervals of the CMV AgB antigen formulated with
ISCOMATRDradjuvant. Sera and BAL samples were collected one week prior to
the first dose, 2 weeks after the first dose and 1 week after the second
and third doses. For antibody EIA data, preimmunisation antibody titres
were 25 subtracted. The results of these experiments with AgB formulated
with ISCOMATRIXTh adjuvant (Figure 6) were broadly similar to those shown
in Example 2 using low dose influenza antigen (0.04ug) formulated with
ISCOMATRIXTm adjuvant, where serum IgG and IgA responses following
intra-lung were equivalent to those for subcutaneous delivery after 30
three doses. However, in contrast to the results obtained with influenza
antigen formulations, AO formulated with ISCOMATRDem adjuvant delivered by
the intra-lung  - 26 - route induced equivalent serum IgG and IgA to
subcutaneous delivery after only two doses and a significantly higher serum
IgG when responses after one dose were examined (Figures 6a and b). In the
case of antibody responses in the lung, responses following immunisation
with AgB 



5 formulated with ISCOMATRIf adjuvant again paralleled observations made
with low dose influenza antigen formulated with ISCOMATRIXTm adjuvant. AgB
formulated with ISCOMATRIX114 adjuvant induced significantly higher
antibody responses in the lung after three doses when delivered intra-lung
when compared to subcutaneous delivery of the same formulation (Figures 6c
and d). 10 In the case of functional antibody induction, the results for
the CMV neutralisation assays on sera were in agreement with those obtained
in the EIA for serum IgG responses (Figure 7). Neutralising antibody
responses induced by both intra-lung and subcutaneous delivery of AgB
formulated with ISCOMATRDem adjuvant were significantly higher than in the
preimmunisation sera. The neutralising responses increased further after
three doses. The 15 results indicate equivalence in induction of
neutralising antibodies in serum when antigen formulated with ISCOMATRIXTm
adjuvant was delivered by the intra-lung and subcutaneous routes. The
results from assay of restimulation of peripheral blood mononuclear cells
with AgB 20 (Figure 8), indicate that antigen formulated with ISCOMATRIXTm
adjuvant delivered by either the intra-lung or subcutaneous routes induced
T cell responses after two to three doses (stimulation index of 4 or
greater). The two routes of delivery induced equivalent T cell responses.
25 EXAMPLE 5  Systemic and mucosal immunity induced by vaccination via the
intra-lung route with different adjuvant technologies  -27 - 



These studies were performed to examine whether adjuvants other than
ISCOMATRDed adjuvant were able to induce antigen-specific mucosal and
systemic antibody responses when delivered by the intra-lung route. Groups
of sheep were immunised intra-lung with influenza antigen formulated with
several alternative adjuvants and the responses 5 compared with an
ISCOMATRIXTm adjuvant formulation (Table 5).  - 28 - Table 5Groups of sheep
immunised by the intra-lung route with influenza antigen formulated with
various adjuvant formulations Group Size Influenza antigen dose (lig)
Adjuvant 1 n=4 15 - 2 n=7 15 1001Ig ISCOMATRDC adjuvant 3 n=7 15 10011g
ISCOMATRDC adjuvant + 5014 MPL 4 



tr--7 15 lmg liposomes + 501.tg MPL 5 n=7 15 lmg liposomes + 7501,tg CpG  5
Experimental Methods  Preparation of adjuvant formulations  10 A. Liposomes
were prepared by the following method: Buffer solutions: IR buffer: 0.14M
NaC1, 3mM KC1, 8mM Na2HPO4, 0.05mM CaC12.2H20, 1.5mM KH2P 04 pH7.2 15 IVD
buffer: 0.14M NaC1, 3.5mM Na21-11304, 1.4mM NaH2PO4.2H20 pH7.2         1. A
solution of 11.4mg/mL cholesterol, 12.4mg/mL dipalmitoylphosphatidylcholine
20(DPPC) and Megal0 was prepared in IR buffer (Chol/DPPC).         2.
Chol/DPPC was diluted 1/40 gradually over 30 minutes by addition of IVD
buffer. 3. The diluted solution was concentrated by ultrafiltration at 40C
using an ST 200 Diafiltration Cartridge (Nephral) to 1/40 of the original
diluted volume.  -29 -   4. The concentrated solution was washed by
ultrafiltration with 25 volumes of IVD buffer. 



5. The Chol/DPPC solution was concentrated 2 fold by further
ultrafiltration.   6. Prior to lipid extrusion Chol/DPPC was incubated at
40C for at least 1 hour. 57. Liposomes were extruded from Chol/DPPC using a
lipid extruder (T.001 Northern Lipids Inc., Canada) fitted with a 10mL
Thermobarrel Extruder maintained at 42C throughout the procedure. 8.
Extrusion was carried out on 10mL lots of Chol/DPPC using a pressure of
1400- 2000kPa through a 0.1pm PC disc filter. 109. The process was repeated
until all of the Chol/DPPC solution had been subjected to 10 passes through
the system. 10. The resulting liposomes were assayed for cholesterol and
DPPC content and examined under the electron microscope using negative
staining to assess size and homogeneity. 15 B. Preparation of MPL Lipid A
monophosphoryl (MPL) (Sigma L6895) was resuspended in DMSO (Sigma D2650) at
2mg/mL and maintained at 4C until use. 20 C. Preparation of CpG CpG
(Sigma-Genosys 1062 4856-011) was resuspended in 10 m1VI Tris/lmM EDTA pH8
and maintained at 4C until use. D. Preparation of adjuvant formulations 25
All adjuvant formulations were prepared by mixing the relevant components
using PBS as diluent prior to the addition of Influenza antigen (Table 5).
Following this, the formulations containing liposomes were subjected to
sonication in a VirSonic sonicator at setting 4 using a 1/8 inch probe. The
formulations received two 5 second sonications separated by 30 seconds, all
performed on ice.  - 30 - Immunisations  Groups of sheep were immunised
with the influenza antigen and adjuvant formulations described in Table 5,
and bleeds taken, usitig the methods described in Example 1. 



5 BAL collection Collection of BAL samples was performed as described in
Example 1. Evaluation of antibody responses by ELISA Assay of antibody
responses to influenza antigen in serum and BAL samples was 10 performed as
described in Example 1. Evaluation of Haemagglutination Inhibition Activity
Assay of HAI activity in serum and BAL samples was performed as described
in Example 1. 15 Results  Evaluation of immune responses following
intra-lung vaccination with formulations of influenza antigen with a
variety of adjuvants. 20 Sheep received three doses at 3 week intervals.
Sera and lung (BAL) samples were collected prior to and 2 weeks after the
first dose, and 1 week after the second and third doses. For antibody ELISA
data, pre-immunisation antibody titres were subtracted.   The results of
these experiments demonstrated that different adjuvant formulations varied
in their ability to induce antibody responses when combined with antigen
and delivered by 25 the intra-lung route (Figures 9 and 10). All adjuvants
conferred some benefit in comparison with antigen alone in the induction of
antibody in serum. Formulations containing ISCOMATRIXTh adjuvant induced
significantly better responses than antigen alone after three doses in both
serum and BAL 30 and in the case of serum IgG induced superior responses
after two doses. Of particular note is the data showing induction of
functional (HAT) antibodies by both ISCOMATRIXTh adjuvant formulations in
serum after two doses and in BAL after three doses (Figure 10).  - 31 - The
data (Figure 9) also suggests an effect from the addition of MPL to
ISCOMATRIXTm adjuvant formulations, in that significant increases over
adjuvant alone in serum IgG and IgA antibodies occurred after one and two
doses respectively, in sheep immunised with the formulation containing
antigen and ISCOMATRIXTh adjuvant plus MPL.  - 32 - 
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207-215.  - 34 - CLAIMS: 1. A method for eliciting or inducing an immune
response in a human or animal subject, which comprises administering to
said subject a composition comprising an antigen and an adjuvant, wherein
the composition is administered to the subject by the intra-lung route. 2.
The method of claim 1, wherein the composition is formulated for intra-lung
administration. 3. The method of claim 2, wherein the composition is an
aerosol or in dry powder form. 4. The method of claim 1, wherein the
composition is delivered to the subject by oral inhalation. 5. The method
of claim 1, wherein the composition is delivered to the lower lung of the
subject. 6. The method of claim 1, wherein the composition comprises an
immunostimulating adjuvant. 7. The method of claim 6, wherein the
composition comprises at least one adjuvant selected from the group
consisting of saponin-based adjuvants, liposomes, oil-inwater adjuvants,
aluminium salt adjuvants, lipopolysaccharide adjuvants, oligonucleotide
adjuvants and mucosal adjuvants. 8. The method of claim 6, wherein the
composition comprises an immunostimulating complex. 9. The method of claim
8, wherein the composition comprises ISCOMATRIXTh adjuvant.  -35- 10. The
method of claim 6, wherein the composition comprises an immunostimulating
complex in combination with another immunostimulating adjuvant. 11. The
method of claim 10, wherein the composition comprises an immunostimulating
complex in combination with a lipopolysaccharide adjuvant. 12. The method
of claim 11, wherein the composition comprises ISCOMATRIXTh adjuvant in
combination with monophosphoryl lipid A (MPL). 13. The method of claim 1,
wherein the antigen is an antigen which elicits or induces an immune
response against a mucosal pathogen. 



14. The method of claim 13, wherein the mucosal pathogen is influenza
virus, Chlamydia pneumoniae, respiratory syncytial virus, or pneumococci.
15. The method of claim 1, wherein the antigen is an antigen which elicits
or induces an immune response against a pathogen of non-mucosal sites. 16.
The method of claim 15, in which the pathogen is Helicobacter pylori.,
Salmonella, E. coli, cholera, HIV, or a sexually transmitted disease
organism. 17. The method of claim 1, wherein the antigen is a tumour
specific or tumour associated antigen. 18. The method of claim 17, wherein
the tumour is associated with a mucosal site. 19. The method of claim 18,
wherein the tumour is a lung tumour, a tumour of the gastrointestinal
tract, or a genital tract tumour. 20. Use of a composition comprising an
antigen and an adjuvant in, or in the manufacture of a medicament for,
intra-lung administration to a human or animal subject to elicit or induce
an immune response in the subject.  - 36 - 21.An agent for eliciting or
inducing an immune response in a human or animal subject by the intra-lung
route, wherein said agent is a composition comprising an antigen and an
adjuvant. 


