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that position 3 of the reducing end glucosamine is de-O-acylated. For preparation,
see GB 2220 211 A. Chemically it is a mixture of 3-deacylated monophosphoryl
lipid A with 4, S or 6 acylated chains. Herein the term 3D-MPL (or d3-MPL) is
abbreviated to MPL since ‘MPL' is a Registered Trademark of Ribi -
Immunochem.,Montana which is used by Ribi to denote unambiguously their 3-0-
deacylated monophosphoryl lipid A product. .

GB 2 220 211 A mentions that the endotoxicity of the previously used
enterobacterial hpopolysachande_s (LPS) is reduced while the immunogenic
properties are conserved. However GB 2 220 211 cited these findings merely in
connection with bacterial (Gram negative) systems. No mention of the particle size
of the MPL was made. In fact the particle size of the known.3-O-deacylated
monophosphoryl lipid A has particles in excess of S00nm.

In WO 92/16231 a vaccine formulation comprising a Herpes Simplex Virus
glycoprotein gD or immunological fragments thereof in conjunction with3 -
deacylated monophosphoryl lipid A was disclosed. Again, no mention of the particle
size of the 3 deacylated monophosphoryl lipid A was made.

~ In WO 92/06113 a vaccine formulation comprising HIV gp 160 ora
derivative thereof such as gp 120 in conjunction with 3 deacylated monophosphoryl
lipid A was disclosed. No mention of particle size of the MPL was made.

The present invention provides a vaccine composition.comprising an antigen
in conjunction with 3-O-deacylated monophosphoryl lipid A (abbreviated herein to
MPL) and a suitable carrier wherein the particle size.of the MPL is ‘small’ and in
general do not exceed 120nm when prepared.

Such a formulation is suitable for a broad range of monovalent or polyvalent
vaccines.

Surpnsmgly, it has been found that vaccine compositions accordmg to the
invention have particularly advantageous properties as described herein. In
particular such formulations are highly immunogenic. Additionally sterility of the
adjuvant formulation can be assured as the product is susceptible to sterile filtration.
A further advantage of 'small' MPL arises when formulated with aluminium
hydroxide, as the MPL interacts with the aluminium hydroxide and the antigen to

form a single entity. g
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Infection with hepatitis A virus (HAV)isa widespread problem but vaocines
which can be used for mass immunisation are available, for example the product
Havrix' (SmithKline Beecham Biologicals) which is a kllled attenuated vaccine

' obtained from the HM-175 strain of I_-!A_V.[seo 'Inactivated Candidate Vaccines for

15 Hepatitis A' by F.E. Andre, A Hepburn and E.D'Hondt, Prog Med. Virol. Vol 37,
pages 72-95 (1990) and the product monograph 'Havnx pubhshed by StmthKlme
Beecham Blologlcals (1991)]

Flehmig er al (loc cit., pages 56-71) have reviewed the clinical aspects,
virology, immunology and epldetmology of Hepanns A and dlscussed ‘approaches to

20 the development of vaccines against this common viral infection.

As used herein the expression ' HAV anngen refers to any antigen capable of
stimulating neutralising antibody to HAV in humans. The HAYV antigen may
comprise live attenuated virus pamoles or inactivated attenuated virus particles or
may be, for example an HAV capsxd or HAV \nral protem, whlch may oonvemently

25 be obtained by recombmant DNA technology

Infection with hcpatms B virus (HBV) isa wrdesprcad problem but vaccines

. which can be used for mass immunisation are now available, for example the product
- 'Engerix-B' (SmithKline Beecham plc) wh_xch is obtained by genetic engineering
techniques. |
30 The preparation of Hepatitis B surface anugen (HBsAg) is well documented.
See. for example, Harford et al in Develop. Biol. Standard 54, page 125 (1983),
Gregg et al in Biotechnology, 5, page 479 (1987), EP-A- 0 226 846, EP-A-0 299 108
and references therein.

As used herein the expression 'Hepatitis B surface antigen' or 'HBsAg'

35 includes any HBsAg anrigen or fragment thereof displaying the antigenicity of HBV
surface antigen. It will be understood that in addition to the 226 amino acid sequence
of the HBsAg S antigen (soe Tiollais et al, Nature, 317, 489 (1985) and references
therein) HBsAg as herein described may, if desired, contain all or part of a pre-S
sequence as described in the above references and in EP-A- 0278 940. In particular

2.
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onpositions according to the invention have particularly adva
properties as described herein. In particular such fornulations are highly

assureq as i @:ﬁ;?ﬁ?ﬁ gﬁ‘;g L phypdpe t%“?%m;ﬁ:%ﬁ?ﬁ%ﬁﬁ?ﬁg
advant age of §ing fosidugs {253 fm'&w&}d};{f’% de,
as the MPL i n4G0 afthe Diproteih BEHBs AR relative toytie opertireading fidnte oma H;pauﬁs)Bf orma
sinale entitYirus of ad serotype (this polypeptide is referred to as L*; see EP 0 414 374). HBsAg
5  within the scope of the invention may also include the preS1-preS2 -S polypeptide

described in EP 0 198 474 (Endotronics) or analogues thereof such as those described

in EP 0 304 578 (Mc Cormick and Jonés). HBsAg as herein described can also refer

to mutants, for example the ‘escape mutant’ described in WO 91/14703 or European

Patent Application Publication Number 0 511 855 A1, especially HBsAg wherein the

10  amino acid substitution at position 145 is to arginine from glycine.

Normally the HBsAg will be in particle form. The particles may comprise for
example S protein alone or may be composite particles, for example (L*,S) where L*
is as defined above and S denotes the S-protein of HBsAg. The said particle is .
“ advantageously in the form in which it is expressed in yeast. .
' 15 Herpes Simplex virus Glycoprotein D is located on the viral envelope, and is
also found in the cytoplasm of infected cells (Eisenberg R.J. ez al J. of Virol. 1980 35
428-435). It comprises 393 amino acids including a signal peptide and has a
molecular weight of approximately 60kD. Of all the HSV envelope glycoproteins
this is probably the best characterized (Cohen et al J. Virology 60 157-166). In vivo
20 itis known to play a central role in viral attachment to cell membranes. Moreover,
glycoprotein D has been shown to be able to elict neutralizing antibodies in vivo
(Eing et al, J. Med Virology 127: 59-65). However, latent HSV2 virus can still be
reactivated and induce recurrence of the disease despite the presence of high
neutralizing antibodies titre in the patients sera. It is therefore apparent that the
25  ability to induce neutralizing antibody alone is insufficient to adequately control the
disease. .

‘ 'I'he mature recombmant truncated glycopronem D (rgD2t) or equivalent
proteins secreted from mammalian cells, is preferably used in the vaccine
formulations of the present invention. Equivalent proteins include glycoprotein gD

30 fromHSV-1.

In a preferred aspect the rgDat is HSV-2 glycoprotein D of 308 amino acids
which comprises amino acids 1 though 306 of the naturally occurring glycoprotein
with the addition of Asparagine and Glutamine at the C terminal end of the truncated
protein. This form of the protein includes the signal peptide which is cleaved to yield

35 a mature 283 amino acid protein. The productiozi of such a protein in Chinese
Hamster ovary cells has been described in Genentech'’s European patent EP-B-139

. 417 and Science 222 p524, and Biotechnology p527 June 1984. Such a vaccine when
formulated with small MPL according to the-present invention has a superior
therapeutic potemia! as compared to known rgD5t formulations.
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an enbodiBASM20f the invention, the antigen is a viral antigen, for
exanpl e an antigen against hepatitis infection (Hepatitis A, B, C D, or E)
or herpes (HSV-1 or HSV-2) infection as described herei nbelow. A review on

‘nodem hepatitis 50 R5tain i A ‘%ﬂffg y be
found in the Lan\c&glflk vayfzﬁw'gﬁ@gﬁ‘@é’%?@’?ﬁx‘lﬁ%g . 3\?’3@

Edd| est on) . exeellent sesults/itisan agsppred facs thao dn bptimal vaceine seeds(tystimulate npt

Di enst ag, J.daly nétitfhlisine’an afdns soaft ible- (1984)
and ' Viral I—iJenﬂyni ti slkg%da ﬁ%@rb ?Egggg&ﬁﬁﬁ)dgg%%gég? é‘l?rﬁ‘gri)fg%gﬁ

| nt er nat i ond® yomupiy mediated through T-¢ellfer, S. M Lenon and H. Margol i s,

publ i sheg by W | ApaRicats! adesdgfesQ thaRle 8266166 forin]AiONs of Mednvdnton afgry be
found in WD 92/ I n

wi despr ead ﬁ?‘%%ﬁ%ﬁ%"ﬁti" Mﬂ%@éﬁﬁ%ﬁgégﬁﬁtﬁ igq:sryﬁg\\g/(yogmn\g%ﬁg n aar e
avai | abl e, for exPhay provide exceliénrotetiior against primahy<dridveciiven iwfection and
strain of HAURTAEE skfaeblsly o spicihEhinotl HieauSRs frdlgnds) BRGNS '
Andre, A Hersfffectorgeld ﬂﬁdiatmﬂ)_ iﬁllmvg\d\tbfsp&.mfses; ol . Vol 37, pages 72-95 (1990)
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revi ened t heseasrahnpetaxceeding:120nm the procedure described _in GB 3280 211 may be
followed to obtain known 3D-MPL, (or commercial MPL of larger particle size may
be purchased from Ribi Immunochem.) and the product may then be sonicated until
' ®» the suspension is clear. The si?e éf the parucles may be estimated using dynamic
15  light scattering as described hereinbelow. In order to maintain the MPL size in the
100 nm range after being formulated with aluminium hydroxide, the antigen and the
buffer, tween 80 or sorbitol can be added. Under these conditions, it has been
established that MPL does not aggregate in the presence of phbsphate_ buffer, as may
happen during formulation without them. By doing s0, tiie final formulation is
20  further defined and characterized. It has also been established that under these
conditions, MPL still interacts with aluminium hydroxide and the antigen forming
one single entity. | o | |
A clear solution of MPL forms an aépecf of the invention. This solution may
be sterilised by passing through a filter.
25 Preferably the size of the particles is in the range 60-120nm.
Most advantageously the particle size is below 100nm. .
The MPL as defined above will normally be present in the range of 10-200ug,
preferably 25-50yg per dose wherein the antigen will be typically present in a range
of 2-50ug per dose or more. The vaccine formulation of the present invention may
30 additionally contain further immunostimulants, in a preferred embodiment the
vaccines of the present invention may include QSil (sometimes referred to as QA21).
This is an HPLC fraction of a saponin extract derived from the bark of a tree, Quillaja
Saponaria Molina and a method for its production is disclosed in US Patent
5,057,540. ' '
35 ' The carrier may optionally be an oil in water emulsion, a lipid vehicle, or
aluminium hydroxide (aluminium hydroxide salt).
Non-toxic oil in water emulsions preferably contain a non-toxic oil, e.g.
squalene and an emulsifier such as Tween 80, in an aqueous carrier. The aqueous
carrier may be, for example, phosphate buffered saline.

. -4-

y T —
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approaches to the devel opnent of vacci nes agai nst this comon viral
isnf ecti on. As used herein the expression 'HAV antigen' refers to any
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expr essi on Vimsper Influgnza imis; exagainst bagterial pathogensaych as Salmenetla, Najsseia,Ag
R e ST g o i i i
seqguence P ium or
Toxoplasma. The vaccine formulations of the present invention may contain-a
tumour antigen, and be useful as an anticancer vaccine. .
» One embodiment of the invention is HAV antigen (for example as in Havrix)
15 in admixture with MPL and aluminium hydroxide as described hereinbelow.
A further embodiment of the invention is HB Virus Surface (HBsAg) antigen
(for example as in Engerix-B) in admixture with MPL and aluminium hydroxide as
described hereinbelow.
A further specific embodiment of the invention is HBsAg antigen as (L*,S)
20 particles, defined hereinabove, in admixture with MPL and aluminium hydroxide.
Hepatitis A plus Hepatitis B-combination vaccines may also be prepared in
accordance with the invention. : _
A further embodiment is a formulation according to the invention comrising
mature truncated glycoprotein D (rgD2t) or equivalent proteins as described
25 hereinabove. Yet a further embodiment is a formulation of the invention comprising
b ~an OspA antigen or derivative thereof from Borrelia burgdorferi. For example,
antigens, particularly OSpA antigens frontthe: ZS7 or B31 strains may be used. Yeta
further embodiment is a formulation of the invention comprising a flu antigen. This
provides an improved influenza vaccine, especially if a 'split' virus is used.
30 The formulation may also be useful for utilising with herpetic light particles
such as described in International Patent Application No. PCT/GB92/00824-and, .
International Patent Application No. PCT/GB92/00179. :
Advantagously the vaccine composition of the invention contains other
antigens so that it is effective in the treatment or prophylaxis of one or more other
35 bacterial, viral or fungal infections.

For example, hepatitis vaccine formulations according to the invention
preferably contain at least one other component selected from non-hepaﬁt_is antigens
which are known in the art to afford protection against one or more of the following:
diphtheria, tetanus, pertussis, Haemophilus influenzae b (Hib), and polio.

-5-
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(macnvat poho vaccine) -DTP-Hib-Hepatitis B vaccine formulation. .

The above combinations may advantageously include a component which is
protective against Hepatitis A, especially the killed attenuated strain derived from the
HM-175 strain as is present in Havrix. - .-

Suitable components for use in such vaccines. are. already commctclally
available and details may be obtained from the World Health Organisation. For
example the IPV component may be the Salk inactivated polio vaccine. The penussis E
vaccine may comprise whole. cell or acellular product. :

Advantageously. the hepatitis or combination vaccine accordmg to the
invention is a paediatric vaccine.

The invention in a further aspect provides a vaccine composition according to
the invention for use in medical therapy, particularly for use in the treatment or
prophylaxis of infections include viral and bacterial infections.or. for immuno
therapeutic treatment of cancer. In a preferred aspect the vaccine according to the
invention is a therapeutic vaccine useful for the treatment of ongoing infections, for
example hepatitis B or herpetic infections in humans suffering therefrom.

Vaccine preparation is generally described in New Trends and Developments
in Vaccines, edited by Voller ez al, University Park Press, Baltimore, Maryland
U.S.A. 1978. Encapsulation within lj_posomes is described, for example, by
Fullerton, US Patent 4,235,877. Conjugation of proteins to macromoloecules is
disclosed, for example, by Likhite, US. Patent 4,372,945 and by Armor et al, US
Patent 4,474,757. _ .

The amount of antigen in each vaccine dose is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in
typical vaccinees. Such amount will vary depending on which specific immunogens
are employed. Generally it is expected that each dose will comprise 1-1000pg of
total immunogen, preferably 2-100pg, most preferably 4-40pg. An optimal amount
for a particular vaccine can be ascertained by standard studies involving observation
of ﬁmibody titres and other résponses in subjects. Following an initial vaccination,
subjects may receive a boost in about 4 weeks.

In a further aspect of the present invention there is provided a method of
manufacture of a vaccine effective in preventing or treating infection, wherein the
method comprises mixing the antigen with a carrier and MPL wherein the particle
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Suspensions can in some cases be stored at 4 degrees C without s1gmﬁcant |

’ aggregation up to 5 months. Isotonic NaCl (0. lSM) or lsotomc NaCl plus 10mM
: 15  phosphate induces a rapxd aggreganon (size >3-5um).

Example 2: Production of large scale sterlle soluble MPL wnth a partlcle size of
below 100nm.
Lyophilised 3 de-O-acylated monophosphoryl lipid A was obtained from Ribi
20 Immunochem, and suspended in water for injection (WFI). The suspension was
continuously pumped through an ultrasound flow cell. The flow cell is typically
made of glass or stainless steel with PTFE seals so as to comply with GMP
constraints. The Ultrasound is generated utilising an Ultrasound generator and a -
titanium sonic horn(sonotrode) acquired from Undatim-Ultrasonics (Louvain-FEa-
25 Neuve, Belgium). ‘A heat exchanger is incorporated into the loop to avoid
~ degradation of the product by heat. The temperature of the MPL between the inlet
’ and the outlet of the flow cell is kcpt between + 4°C and 30°C, and the difference of
the temperature between the inlet and outlet is kept below 20°C. It will be
appreciated that heat is also removed as the material passes through the apparatus.
30 The apparatus used is schematically depicted in figure 1.
2.1. Sonication
The MPL powder (50 to 500 mg) is suspensed in WFI at concentration
between 1 and 2 mg/ml.
The MPL suspension (under stirring conditions) is continuously pumped
35 through the sonication loop (see figure 1) at a flow rate between 50 and 100 ml per
minute in order to reach the equilibrium temperature of the system which is between
+4 and + 15°C.
The own frequency spectrum of the sonic hom in the configuration of the
system (Power, Flow Cell, Liquid Flow rate, T°,) is set according to suppliers
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taken for particle size evaluation by photocorrelation spectroscopy (dynamic light
10  scattering) using a Malvern Zetasizer type 3 in the same manner as example 1. The
total liquid residence time in the sonicator flow cell is calculated to be between 2.5
and 3.5 minutes (see table 1), using a 20 ml. capacity flow cell and SOml/min
recirculation flow rate. This flow rate gives an average residence time of 25 seconds -
’ per cycle and normally less than 10 cycles are needed to obtain the desired-effect of
15  small particle MPL.

2.2. Sterilization Process : S o
The resulting "solubilized" MPL is sterilized by dead end filtration on a
hydrophilic PVDF 0.22mcm membrane. The observed pressure is usually below 1
20 bar. Atleast 25 mg of "solubilized” MPL are easily processed per square centimetre
with a recovery above 85%.
2.3. Storage/Stability _
Sterile "solubilized"” MPL is stored at +2° to 8°C. Stability data (Malvern) did
not show any significant difference of particle size after 6 months storage. (See Table
25 2).

‘ Example 3: Hepatitis B vaccine formulation )
MPL (particle size less than 100 nm) was obtained as described in Example 1.
Aluminium hydroxide was obtained from Superfos (Alhydrogel).

30 . The MPL was resuspended in water for injection at a concentration varying
from 0.2 to 1 mg/ml by sonication in a water bath until the particles reach a size of
between 80 and 500 nm as measured by photo correlation light scattering.

1 to 20ug of HBsAg (S- antigen as in Engerix B) in phosphate buffer solution
at 1mg/ml) is adsorbed on 30 to 100jg of aluminium hydroxide (solution at 10.38

35 A3+ mg/ml) for one hour at room temperature under agitation. To the solution is
then added 30 to S0ug of MPL (solution 1 mg/ml). Volume and osmolarity are
adjusted to 6001 with water for injection and phosphate buffer 5x concentrated.
Solution is incubated at room temperature for 1 hour and kept at 4°C until use.
_\
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Y5t certain experinmental and commercially avail abl e vacci nes afford
excellent results it is an accepted fact that an optiml vaccine needs to
~stinmulate not only neutralising antibody but al sg needs to stlnulate as
effect.ve|ymtu@a o8 of the fopmulation ocouesdunng sie@ee: LhisrrPrSsRs 1€ injecting

A particul ag, iﬁ?n jcgat the vaccine fornulations of the invention
are very ef ectlve I n ucing protective imunity, even with very | ow
.doses of antigen. They provide excellent protection against prinmary

and recurr efExanijile at mpaﬁﬂgiAsg;d&me%ﬁn mﬁmt ageously both specific hunoral
Fhaponacs. o - MHE (parkble Siasdess han LG TALINDE &w%r@[ﬁ%”imi‘s mal |
particl e si Zdumidium hydroxide was obtained from Superfos (Alhydrogel).
HAY (360 to 22 EU per dose) is preadsorbed on 10% of the aluminium
hydroxide final concentration (0 5mg/ml). The MPL (12 5 to 100pg per dose) is
added to the solution.
10 - The remaining aluminium’ hydroxide is added to the solution and left for one
hour at room temperature. Volumes are adjusted with phosphate buffer (phosphate
10mM, NaCl 150mM) and the final formulation is then stored at 4°C until use.

~ Example § - Comparison Of Adjuvant. Eff’cacy Of A Recombinant Herpes
. : 15 Simplex Glycoprotein D Subunit Vaccine . :
§.1 In this study, the ability of various AI(OH)3 MPL formulations to improve the
;ii'otecnve immunity of a truncated glycoprotein D from Herpes Simplex virus type 2
(HSV2) (rgD2t) was evaluated in the prophylactic and therapeutic guinea pig models.
Immunogenicity studies were also performed in primates. The aim of these
20 experiments was to investigate the impact of the size of 3-de-O-acylated
monophosphoryl lipid A (MPL) particles on the immunogenicity and protective
efficacy of rgDat AI(OH)3 MPL formulations in rodents and in primates. Three
different AI{OH)3 MPL formulations of small size MPL. were tested:
AI(OH)3 MPL 100nm (as described previously)
25 Al(OH)3 MPL 100nm with sorbitol . =
Al(OH)3 MPL 100nm with tween. - ... - .-

5.2  Antigen-adjuvant preparations and immunisation schedules

30 5.2.1. Antigen formulations -
Aluminium hydroxide (Al(OH)3) was obtained from Superfos (Alhydrogel
Superfos, Denmark). MPL was obtained from Ribi Immunochem Research Inc.

5.2.1.1. rgDat (AI(OH)3)/MPL TEA
35 MPL was resuspended by sonication in a water bath, to give sizes comprising
between 200 and 600nm. The preparation was prepai'ed according to patent
application W092/16231, and was stored at 4°C until use.
~ A dose contained Sug rgD2t, 0.5 mg AI(OH)3 and 50ug MPL.
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al not BHIMi ng 120nm the procedure described in GB 2 220 211 may be
owed to obtain known 3D-MPL, (or commercial MPL of larger particle size

ray be purchased from Ribi.lmunochem) and the product may then be

soni cat ed uns.‘zu,zhe Susga?gﬁmm B/MPLA100nke size of the particles may be

be added. Un

estimated using t scatter,i s described hereinbelow. In order
to maintain the I\/&iﬁs ‘?h%bﬂ@@“ﬂ@ﬁ%&g

¥@s gbtained as described in Fxanaple i

al um ni um hy%z:m adsdtBed Bk hmaﬁnﬁﬂﬂh drexide b incubiee Th Kon? m&uﬁ&' Can

aggregate in

formul atif%n Mbimmu'ooﬂm(?m péituE@i ng so the flnal formul ati on |s further

defined and I(\:/E’ﬁr 2?*?{’%%&8?&%61&?‘?#%%%% Stﬁ%h&%d t hat unde Ihgzﬁ

condi tions,
form ng one Homyl BOdntSGmM NaCl. TheﬁhabformulmhtWastfunbénMﬂbafedrfoﬂﬂm aspect
of the inve
filter.

60- 120nm
The MPL g defi ned above will normall y be present in the range of

10- 200[ err] g erabl dose wherein the antigen will
typical ly pre in af Q/erzél(%ﬂl 00nm sorbitol

s

30

35

-

i o foom3finieafie BB B°C bR Y POT, "V T ange

Mbst amagmdu ng rebpt, QérmgdléoH)&md S0pgdMBly. 100nm

MPL was prepared as descnbed in Example 1. rgDst was adsorbed on
aluminium hydroxide and incubated 1 h at room temperature. A 50% sorbitol
solution was then added to reach a final concentration of 5%. Tris-10mM solution
was then added to make up the final desired volume, and the solution was incubated
1h at room temperature under agitation.

The Formulation was stored at 4°C until use.

A dose contained 5ug rgD2t, 0.5 mg Al(OH)3 and 50ug MPL.

5.2.14. rgD>t/Al(OH)3/MPL 100nm tween -

MPL was prepared as described in Example 1 . In order to maintain the MPL
size to 100 nm, tween 80 was added to the solution at a concentration such that it will
be equal to 0.01% in the final formulation. The formulation is then prepared as
described in formulation 5.2.1.3 above.

A dose contained Sug rgD2t, 0.5 mg Al(OH)3 and 50ug MPL.
5.3. Guinea pig prophylactic experiment )

In these experiments, groups of guinea pigs were vaccinated at days 0 and 28
with Spg rgD2t in two different Aluminium hydroxide MPL formulations.
Immunisations were given subcutaneously in an 0.5ml dose. One month after the
second vaccination, guinea pigs were challenged intravaginally with 105 pfu of HSV2
strain MS. They were monitored daily for the development of primary and recurrent
HSV?2 disease (days 4 to 39 post challenge).

§.3.1. Guinea pig therapeutic experiments

In these experiments, guinea pigs were challenged at day 0 with 103 pfu
HSV2 strain MS. After recovery from primary infection, they were evaluated daily
for recurrent herpetic disease (days 13 to 21). Guinea pigs were vaccinated at days 21
‘and 42 with rgD2t AI(OH)3 MPL vaccine. Vaccines were administrated

-10-
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gdose or nore. The vaccine fornulation of the present
addi

extlract ' der i subgurapegushhia afhd midose Animals were manitored daily forherpaticlesionsd a
metthod f or | ila9 460 &P g4 s di sclosed in US Patent 5,057, 540.

carrier may optiohally be an oil in water enulsion, a lipid vehicle, or
al um ni um hydroxi de (al um ni um hydroxide salt). Non-toxic oil in

wat er enul si gga,ppﬁhﬁtatlim‘n

nay be,

emul si fier such Tween arrier., The ugous arrier
fhr exanp ‘%WBQ%FQ!C@Y&%Fgﬁg@gRbQ)&ﬁ@mb'""d W'J&' in sorbitol was

10

15

20

35

evaluated in African Green Monkeys. Groups of monkeys were vaccmated atdays O
and 28 with 20pg rgD2t and 0.5mg AI(OH)3 combined with 50,20 or Su.g MPL in
sorbitol. Specific humoral (ELISA and neutralising titers) and effector cell mediated
(delayed type hypersensitivity response :DTH) immune responses were evaluated. -
Each monkey group contained 5 animals. The formulations were administered
intramuscularly in a 1 ml dose: Preparation of the formulations-was done as .
described above. Animals were bled + every two weeks for antibody determination. -

DTH response was tested 14 days after the second vaccination. A description'
of the skin test is given below. " e e

54. Read-outs

Assays were set up to evaluate the specific antibody-response induced by
vaccination with rgD2t AI(OH)3 MPL formulations (determination anti-rgDst ELISA
titers and anti-HSV2 neutralising titers). The protective efficacy of these gD2
formulations was assessed in the prophylactic and therapeutical guinea pig models. -
Immunogenicity studies were also conducted in monkeys. Specxfic humoral and
DTH responses were evaluated. . . L :

5.4.1. ELISA and neutralising titers
' Anti-rgDat antibody titers and anti-HSV2 neutralising activity were
determined according the methods-described in patent application No. WQ92/16231

. 5.4.2, Delayed type hypersensitivity (DTH)

The rgDst formulations were also tested for their ability to induce a T cell
specific immune response in monkeys as measured by the induction of delayed -type

hypersensitivity (DTH) responses. : :
African Green monkeys were vaccmated at days 0 and 28 with 20ug gD2

- vaccine formulation administered intramuscularly. They were skin tested 14 days

after the second vaccination by intradermal injection on the belly of 15 or Sug of

rgDstin saline. They were also skin tested with saline as control. The site of

injection was inspected 24 and 48 hours later for erythema and induration and the size
of these local reactions was measured.
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_ tionally contain further immnostinulants, in a preferred
I ment the vaccines of the present invention nmay incl ude 21
times referred to as QA21). This is an HPLC fraction of a saponin

Aicity3tudigs toxic oil, e.g. . squalene and an
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- . Pr efﬁ‘{ig%y the vaccine fornulations will contain an antigen or

- FL COMpPO capable of eliciting an i mune response agai nst a
huna Qr ani mal pat hogen, which antigen or antigenic conposition is derived
fromfH V-1, (such as gp 120 or gp 160; see WD 92/06113 and references
thergin), herpes$.4.8r Guinealpigintedvag inalenalleltge\medelhereof or Inmediate Early

Fiian Gyt omsgal ovi r 4 @%%Ys modgtfop S i Mol A8 ot lestfedy L, O
froma hepatiti Starberry es abg. aSInfn:epaus Dissas®s \1P82s146r 397-403; sdntesviralogya 1985, 24:
"o onza vi rus 255 BEEAY ok priholol eidriiEnes. HE RainE fiey WARFchlbiged”"
Nei sseria, BSrr dntravagingHly avi ePfMHSMZ mMﬁ. asemangh aftershe fast wascination.
Such 35 pi asmodi L caPeouate a‘??é*mfﬁ ol witlmpiforeiiBy dally Sberiifion | ©°
i nvention may cdﬁ‘f‘ﬂ?qﬁ’eé“ g?ﬂ'ﬁ#‘y nifalskin jesions dysing the 4:42 day pestichal
vaccine. peried e ARGHAITWere mim tehmnea Qaily eor evsdelﬂeé/oﬂ%hﬁaﬁ hie le
ﬁZr L,inn EEYB:N?() | r]’roaOI g‘ay 5 i ‘_W tIn tl%l:!ipe%ag egﬁe%%gﬁg,rguxxgrp?ésl were ial enggcrl Iat day 0
10 with 10 pfu HSV2 strain MS. After recovery from primary infection, they were
evaluated daily for recurrent herpetic disease (days 13 to 21) and were then
randomized according to their primary and recurrent scores (providing an equivalent
distribution of animals with mild to severe infection in each group) to receive either
* no treatment or vaccination. Vaccines were administered on days 20 and 41 after
15  challenge. The pattern of recurrent disease was generally observed until 70 post
challenge. :
The herpetic lesions were quantitated by using a lesion score scale ranging
from 0 to 32. -

i

20 Scoring system

Lesion type Score

Nome . : _ - 5

T —_—
- - Redness for one or two days without bleeding = | 05
“-— - Redness and bleeding for a day 1

- Redness without bleeding for at least 3 days 1

Ex ic vesicles |

- < 4 small vesicles 2

- 2 4 small vesicles or 6nly one big vesicle 4

- 24 large lesions 8

- Fusing large lesions ' 16

- Fusing large lesions on all external _genital area 3 32
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t her e/B#304Bent of the invention is HB Virus Surface {HBSAg)—anti-gen _
"exanple as in Engerix-B) in adm xture with MPL and ﬂiw&&% ?axi de

]
a¥ descri bed herei nbel ow. A further specific enbod?gm 2 Eep ced
i gvention i tigen as (L*,S) particles, defined h 'Hm
adm xture w%lﬁﬁ%egﬁcfhggum ni um hydr oxi de. ' Hepat i W

patitis B conbination vaccines nay also be prepared in accordance with
t Re i nventi on. Primargi #d -&?r enbodi ment is a fornulation according to

tﬁeinvention conrising mature truncated gl ycoprotei,n D (r t).ar ., |
equi val ent protei-risgwMQM%w%tMMW%t&a.#HQh%%H@M@m is a
Iﬁr mul at icon e f&in isVerity B%Pf%mds%aﬁb frei'+ 8D aowell as median (mbte/ €

ri.

ereof from Borrelia bur For exanpl e,. antigens, particularly OSpA
a*tlgens f r APPFQRIY JpnParametrig tes) nmy be used. Yet a further enbodi nent

i$ a for rru:ja_t i ?Irl OPriinBfy infectioh ixwmeneesxle rﬁgbfmimatd halvhrgé:qperiencid RMaximumies
apn i nproved ,influenza | egpe lahy @ 'Split' virus is used.
The for mul atlFEaR ﬁ%ﬂfegfégﬁ'geﬂ%éfgf”?é?ﬁﬁ%ﬁyp{%i ng With herpetic |ight
p
particles such asPrmary infeedon indeat=eEh@maxcscare Hat @aridensp|%Xwith b 00\G.S, 2,

PCT/ 689549008‘6% (ﬁ’nﬂi I nternational Patent Application No. PCT/ GB92/00179.
the

Advant agousl vacci ne conposition of the invention contains other

Recurrent disease N _

- Recurrence day number = number of recurrence days for the days 13t0 39
_post-infection. One recurrence is preceded and followed by a day without desion and
-’ 15 characterized by at least two days with erythema or one day with vesicle(s).
Recurrence day numbers are expressed as arithmetic means + SD and medians.

- Recurrence severity = sum of the daily scores for the days 13 to 39 post-
infection. Results are expressed as arithmetic me_éns 1 SD and medians.

20 5.5. Results . _

The protective efficacy of different rgDot A(OH)3 MPL formulations was
compared in prophylactic and therapeutic experiments in guinea pigs.
Immunogenicity studies were also conducted in primates. The aim of these
experiments was to compare the immunogenicity and protective efficacy of rgDat

25 Al(OH)3 combined with different MPL particles size, |
:‘ 5.5.1. Prophylactic experiments
Two experiments were performed to evaluate the potentiat of different rgDot
AI(OH)3 MPL vaccines to provide protection against primary and recurrent HSV2
30 disease, when administered to guinea pigs prior to intravaginal viral inoculation.

Experiment 1: Comparison of MPL 100 nm sorbitol versus MPL TEA
Group of female hartley guinea pigs (200-250g) were immunized at days 0'
and 28 with Spg rgDot AI(OH)3 combined with small size MPL particles (100nm;

35 MPL in sorbitol), or with larger MPL particles (MPL in TEA). Control animals were
injected according to the same protocol with adjuvant alone or were untreated. The
animals were bled 14 and 28 days after the second vaccination for antibody
determinations by ELISA and neutralization assays. They were challenged 29 days
after the second vaccination with 105 pfu of HSV2 strain MS intravaginally. After

' -13-
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-Ss0 that 1t is effective in the treatnent or prophylaxis of one or
;her bacterial, viral or fungal infections. For exanpl e,

1tis VaCCI ne formul ations accor di ng to the invention preferably
contain at | echallenge the geinea pigp weesmonitdred deily forsilinicah sigapef acutesinfeetiogens

whi ch are knog}ﬁwhz PR chbfleie] Qhd P eOIdEREY O oBBR s dReadBEgysl3 L
0 39

fol l owi ng: di eria, tet enophi | | uenzae | b),
and polio. post challenge)
Preferably thg) V ac ghdGetim oY iHimerdl fmhiifmity?vent i on i ncl udes HBsAg as

5 As shown in Table 3, higher ELISA and neutralizing titers were induced when

the small size MPL particles were used in the rgD2t AI(OH)3 formulation.
b)  Effect of vaccination on primary HSV2 infection (Table 3)
As compared to the control group that became infected and experienced acute
primary infection, both vaccinated groups showed significantly reduced lesion
_, 10 severity (p <0.00005). A significantly lower skin lesion incidence was observed in
: o the rgDt AI(OH)3 MPL 100 nm vaccinated group (p<0.06).
c) Effect of vaccination on recurrent HSV2 disease
~ Results are given in Table 4. As compared to the controls, both vaccines were -
able to alter the development of recurrent herpetic disease, as measured by-reduction
15 in_the number of recurrent ep:sodes (p<0.02 for rgD7t AI(OH)3 MPL 100 nm)
d) Conclusions
Both formulations were able to provide significant protection against primary
infection and to reduce recurrent disease. These results show that the rgDst AI(OH)3
~ formulation containing small size MPL particles has a very potent prophylactic
20 efficacy. .

: Experiment 2: Efficacy of A(OH)3 MPL 100 nm

. Hartley guinea pigs (200-250g) were immunized at days 0 and 28 with Sug
gD2 formulated in AI(OH)3 MPL 100 nm. Immunizations were given

25 subcutaneously in 2 0.5 ml dose. A dose of 50uug MPL was used in the AI(OH)3
MPL formulation. Control anirnals were injected according the same protocol with

‘ adjuvant alone or were untreated. The animals were bled 14 and 28 days after the
second vaccination for antibody determination by ELISA and neutralization assays.
The guinea pigs were challenged 29 days after the last immunization with 10° pfu of

30 HSV2strain MS intravaginally,.

a) Induction of humoral immunity

As shown in Table 3, the vaccinated group produced good ELISA and
neutralizing titers. Control group did not develop any detectable antibody response.
b) Effect of vaccination on primary HSV2 infection (Table 3)

35 As compared to the control group that became infected and experienced acute
primary infection, the vaccinated group showed significant reduced lesion severity (p
< 0.00005) and incidence (p<0.002). There was no evidence of external skin lesions '
in any of the vaccinated guinea pigs.
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, ave defi M(MZ Particul ar conbi nati on vaccines wt h! n the
of the invention include a DIP (diphtheria-tetanus-pertussis)
--hepatitis B conbinati on vaccine fornulation, an Hi b-Hepatitis B vaccine

| ati on, a DIJ- Hi mﬁmmim&@nﬁim }@&ri-_élitflgsvz idigease m‘l“jy

i nactivated polio vacgjpe) -DJP-H b-Hepatjti v or nu| ati on.

Sl'he above comgi nat i onsR#rg?ﬂ‘m‘Lﬂtgﬁéeﬂg‘tlZ- t}‘ﬁﬁﬁiage::gii r‘-ﬁﬁ%"ﬁlﬁb&m
rotective agai nstertheatevelopmént fse&itien diseds.er raédsared bysigrificant N
geri ved fromgt he réﬁﬁ&imiﬁkl{eaé n a& .S reséefrgt i stéam and i SHI t.gbl e
conponents for use 17 SUCH VECEINOL 5331%%96{; 0 Py ang in,the;incidence of 4
details may b8 obreeurrengepisedest(pe0.0b) | d Heal t h Organi sation. For exanpl e the
| PV conponent ma;g)be mé@igﬁ nactivated polio vaccine. The pertussis
vacci ne nmay conprise ol e ce or acel lul ar product. ) _Advant agepusl y
the hepatitis or cpmifﬂwFMQ}%@mimswlsmmpmebs'nmry;;oamm
Vacci ne compos ¢ ioooy ding proteddh AgAREbHR fhdftebiitent HSVF RECCQRI EEpls,
parti cul arlns for use ﬁ%o ¢ Expeximants deseribad Aheye ane could corgleds thatsmallsizeide
v iral and baqOer iIMPLIAI(OH)3 fornuRitioh©6bthined ﬂ&oﬁﬂgfvﬂpﬁ%@ﬁ SrR8iePiHdued at least
cancer. In a pref great foBRfThctd Rspnss af God 152t Uza ML A1SH)3 formulation. In

) addition small size MPL has the advantage of being sterilised easily before use.

5.5.2. Therapeutic experiments
v 15 The aim of these experiments was to compare the therapeutical potential of
different rgD)t AI(OH)3 MPL formulations on the course of the recurrent herpetic
disease in guinea pigs with established HSV2 infection.- .
Guinea pigs were inoculated intravaginally at day 0 with 105 pfu HSV?2 strain
MS. They were monitored daily for clinical signs of acute infection (days 4 to 12) as
20  well as for evidence of recurrent herpetic disease (days 13 to 20). Animals were
randomized into different experimental groups according to their primary and
recurrent scores, providing an equivalent distribution of animals. with mild to severe
infection in each group. Guinea pigs without evidence of clinical signs of infection
were not enrolled in the protocol.. Vaccines were administrated subcutaneously at
25 days 21 and 42 after challenge. . - e :
* The therapeutic efficacy of rgDot AI(OH)3 MPL formulations was evaluated
in three different experiments.

Experiment 1: Efficacy of rgDat AI(OH)3 combined with large size MPL
30 particles (MPL in TEA)

Guinea pigs experiencing recurrent disease were randomized to receive either
20ug rgDat AI(OH)3 combined with large size MPL particles (MPL TEA) or
adjuvant alone. Vaccines were administered at days 21 and 42 post challenge. The
pattern of recurrent disease was observed until day 84.

35 As shown in Table 3, the rgD5t AI(OH)3 MPL TEA formulation was not
effective in reducing the ongoing recurrent disease.
Experiment 2: Efficacy of rgDat AI(OH)3 MPL 100nm

Two groups of guinea pigs were either vaccinated with 20ug rgDot AI(OH)3

combined with small size MPL particles (MPL 100nm) or untreated.
-15-
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is a tmgeutlc vacci ne useful for the treatrre
, for exanple hepatitis B or herpetic infection ]“Hﬂﬂﬁﬁ'& “
¥ ng therefrom - Vaccine preparation is generalll

New Tr'ends and Devel gpnments, i n Vacci nes, edited % Vol ler et al, University

Park Press, Baltinor eY2doiiationswers given audays 20mad Mﬁ%ﬁ%t%%@%oms

I s descri bed, ffﬁiSﬁK@Wﬁ)ﬂd&)&d%‘lgﬁ}B US Pat ent 4, 235,877. Conj ugation
of proteins to macro cules 1S
"Ry ix

1'sC os (2{4 | e, y |hkh| te, US
Pat ent 4, 372,945 and Win Tab laﬁmwwmﬁ tajn Expgriment 1 w “eﬂﬁ’égeéﬁ?unt
of antigen in eadPLweaaised, viosifation with e AD S\lﬁhﬂm 100t Vadciié si@fedathic

| mrunopr ot eclt5| Ve _response. W Oﬁﬁdﬁh% a adver ‘Ni’f’de effects.in
typi cal vaccPned&™ ’§ﬁ‘8ﬁs%§ﬁ§mt'?5 ,c{)sea a5 GPmpa &Antolgroup, by
i munogens ar e esngmﬁgmnlly deervasiag ithe tebut*réndexﬂea‘ity(d-wﬂﬁtpﬁmbl andthe récdrrence

conprise 1- 1000[ 5, g tzg ﬁQ nogen preferably 2-100[err]g, nost
preferably 4-40[err ﬂ ﬁalp anount. for- a particular vaccine can be

ascertai ned by st andar d st _udl es invol ving observation of antibody titres
may 1 boel ve a bagdrerimerts) ChiyBardiie dtteily GO Sompared With sty SHEAAA. ©
presepht invdfti artiglese i s provi ded a nethod of manufacture of a vaccine
effective in prevent 'lﬂ%ﬂrexbéﬁﬂ&t’,‘g thifd §Fdtdgy Yor YB@AIMAS sthilE size MPL was used:
addition of tween, eg Tween 80.
The expenmental groups were as follows:
% Group 1 (n=15) : 20 pg rgD>YAI(OH)3 MPL 100nm with tween -
:' 15 Group 2 (n=15) : 20 ug rgD>t/AI(OH)3 MPL 100nm with sorbitol
: Group 3 (n—16) controls : :
Controls were either untreated or vaccmated w1th Al(OH)3 MPL alone.
Vaccines were administered at days 21 and 42 post challenge. The pattern of
recurrent disease was observed tmtil day 60 post challenge. . - .
20 The results are shown in Table 5. A clear significant therapeutical effect was
observed in animals vaccinated with the two rgD>t/Al(OH)3 MPL formulations.
Both formulations significantly reduced the recurrence severity, the recurrence day
number and the number of recurrent episodes.

25  Conclusions

_ A very potent therapeuttc effect agamst estabhshed recurrent HSV2 genital

” disease was observed with rgDst AI(OH)3 MPL formulations containing small size
MPL particles (ca. 100nm). In contrast, this therapeutic effect was not observed
when large MPL size particles (MPL in TEA) were added to the rgD5t AI(OH)3

30 vaccine. .

In conclusion, results obtained in guinea pigs clearly demonstrate the

prophylactic efficacy of rgDst AI(OH)3 MPL formulations prepared with small size
MPL particles. These formulations have an improved therapeutic potential as
compared to rgth Al(OH)3 combined with large size M_PL particles.

35
553 lmmunogemclty studies of rgth Al(OH)3 combined with small size MPL
. particles in primates
The immunogenicity of rgDst AI(OH)3 combined with small size MPL
~ particles (MPL 100nm sorbttol) was evaluated in primates (African Green Monkeys).
-16-
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met rrprlses BAS04%) the antigen with a carrier and MPL wherein the
' -7- size of the MPL is

.no grgater than 120nm normally 60-120nm preferably about or |ess than
;88 gnm ages. Exl?rgﬁog# &Igfd;ggg’&?ﬂg R?B’!W t%??e é%ﬁb F}M’s g%??glgétsandlzo
nm ! water f&d(QH) Smgb i"Bwo na&ixtaadns were given atdhami hinogthisy Spegific sed
Gsing & sy nge {’mﬂm LIS od Piccipisy iy MRt ool W@%Mﬁﬁ%
suspensi on i s obt ESAGRSCHere measured.
5 a) Experimental procedure
Three groups of 5 African Green Monkeys were vaccinated at days 0 and 28
with 20ug of gD2t Aluminium hydroxide formulation containing 50, 20 or Sug of
MPL. Immunisations were given intramuscularly in a 1ml dose. Animals were bled
every two weeks for antibody determination by ELISA (anti-gD?2 titers) and |
10 neutralization assays. The three vaccine formulations were also compared for their
ability to induce a T cell mediated immunity in vivo, as measured by the induction of
a specific delayed-type hypersensitivity (DTH) response. Three monkeys in each
groupv . .kin tested 14 days after the second vaccination with- 15 or Sug of gDZt,
given in saline on the belly. They were also skin tested with saline alone as control.
15 Erythema and induration at the site of the intradermal inoculation were monitored 24
hours and 4§ hours later.
b) Results
Serological and DTH responses are shown in Table 6. Groups of monkeys
vaccinated with the gD5t AI(OH)3 formulation containing either 50 or 20ug of MPL
20 produced significantly more neutralizing antibodies than the group receiving the Sug
MPL dose (p<0.003 and p<0.008, respectively). There was no significant difference
in the ELISA or neutralizing titers measured in the 50 or 20ug MPL groups. A
correlation between the MPL dose and the effect on the effector cell mediated
immune response:was observed. A strong DTH response was detected in thé majority
25  of the monkeys (3/4) vaccinated with the 50 or 20pg MPL formulation. - In contrast,
# - only one monkey from the Sug MPL group developed a skin test response.

c) Conclusions
The data described above demonstrate that the adjuvant effect of AI(OH)3
30 combined with small size MPL particles is also effective in primates and is not
restncted to small animal species. A correlation between the MPL dose and the
immunogenicity of the rgDst Aluminium hydroxide MPL formulation could be
observed in monkeys, with 20 and 50y.g giving the best scrolog1cal and DTH
responses.
35 _ -_—
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FU USi ng a B4304ex. The cohtent of the vials is then transferred into 25
m YCorex tubes with round bottons (10 ml suspension per tube) and the
suspension is sonicated using a water bath sonicator. Wen the suspension
has becone cle t he si of the particle s estimated, u ngdnamc
light scatteri %‘“{“&F\Qréﬁi@!% QJEST‘H&S!‘ LJ"@S?M Ha§'“§§?1 angd |
the size of theslﬂdﬂ_l\m_r,ticles is in the range 60 - 120 nm

Suspensi ons can | n ne ses be stored at rees .G W nlflcant
aggr egati on uprkrty 5 ease YacsHe comprisinga g'ﬁﬂ“ BfotF%?gﬂgthl\@élq

10nM phosphat e -hﬂde-m-mm &Qie@ﬁ%ﬂ ifpom Bsburgdosfedi Z87. M) . Exarrpl e 2

Production g@f er| soluble MPL with a particle size of bel ow
100nm 5 L@%ﬁﬁ@f@@g)@ op Y1 at ed nmonophosphoryl lipid A was

obt ained from Ri bi | mmunochem and suspended in water for injection (WF).

The suspensi on gvpg. CR§1-U§§%+-%H%&HP€,% gugh an ultrasound flow cell. The

flow cell is typical ass ‘or s al nl ess steel with PTFE seal s so
as to conply with b@wﬂrmmed acrouding to the pracadures desaaibed Wi 930411y an
U trasound gen%&ta’so&edoaamxﬁﬁmn&'mya%&ezfualﬂc &Holhﬁx%%o:ﬁq rom
Undatim U trasqni ¢cs (Louvai n-La- Neuve eat_exchan er | s

i ncor por at d0 i [Jipal; e %3S adjusted wath phosphate uffer (PO4 10 mM, NaCl 150
Formulation was stored at 4°C until use.

A dose contains 10pg NS1-OspA/500ug aluminium hydroxide

15 NS1-OspA was adsorbed on aluminium hydroxide and incubated 1 hr at room
temperature. MPL prepared as described previously was then added to the
formulation and incubated again 1 hr at room temperature. The formulation was then
adjusted to the final volume with phosphate buffer (10mM PO4, 150 mM NaCl).
Formulation was stored at 4°C until use.

20 A dose contains 10pug OspA/500ug AI(OH)3/50pug MPL

* 6.1.2. NS1-OspA/aluminium hydroxide/MPL

6.1.3. Immunization schedule
'Human volunteers were injected three times intramuscularly with 1ml of a |
given formulation atdays 0, 31 and 62. Sera were taken 30 aays post I, IT and IIL.
25 They were then analysed by ELISA for total IgG anti OspA and for LA-2 like
| antibody response in an inhibition test (LA-2 Mab was shown to be protective

A antibody against infection in mice).
This Sheet Has Been Replaced

62 MBshgMPL formintions i s LKA

30 6.2.1. Preparation of Formulations
HBsAg 20pug/Aluminium hydroxide 500ug
HBsAg was adsorbed on the total final amount of aluminium hydroxide and
final volume was adjusted with phosphate buffer saline (PO4 10 mM, NaCl 150 mM)
at 1ml per dose. Formulation wa stored at 4°C until use.

35
6.2.2. HBsAg ZDugIAluminium hydroxide 100ug
HBsAg was formulated as described previously but adsorbed only on 100ug
of AI(OH)3. The final volume was (1ml) dose
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n of gglﬁzproduct by heat. The tenperature of the MPL between the
' the outlet of the flowcell is kept between + 4[err]C and

and the difference of the tenperature between the inlet and

outl et s kept below 20[err]C. It will be appreciated that heat is al so
renoved as t heb.#ek cHBSAgRMgMluminium hydinexide100jag/MPL 50ug The appar at us

used is schenati cal ms%g)wﬁtﬁgoﬂbgd ﬁhgﬁbﬁfﬁ%\wﬁ‘"g{“ %}O%Jgn??g?;hcu ted 1h athe

MPL powder (50 to 500 'S suspens I on etvve é
and 2 my/ni. room temperSunopMBL syss thencadded atithe acquired qegcensration;agd dycy %é
continuously mmﬁgoﬁhe atﬁeememm. 20feh 36fasel ' i fidal 3bluind (1a

Tate between 50 mnute 1n order to reach the_equilibrium
t enper at ur & of s%)y‘&“éﬁi" Prigfe byffeetasabove) and stosed,atds Capmtil ase. - The
own frequency spectrumof the sonic horn in the configuration of the system

(Power, Flow Og‘alzl‘t im uu'n?za':t{o%wscgna(tl&lh T[err],) is set according to suppliers

Human volunteers (20'pcr group) were injected L.M. with 1ml of one of the
- given formulations. Sera were collected on months 0, 1, 3 and 6. They were
“ " 10 analysed for neutralizing antibodies with the commercially available Abbot test.

6.3. RESULTS . _
T . 8 shows that MPL used in combination with aluminium hydroxide and
NS1-Os;. A in a form of particles of 100nm is efficient at producing higher-antibody

15 titers of inhibitory nature than the antigen on aluminium hydroxide and that the
kinetics of seroconversion are faster.

This established that for a soluble antigen, like NS1-OspA, in humans, MPL
formulated as small particle keeps the adjuvant properties that it already exhibited in
“animals with other soluble antigens.

20 Table 7 shows that the adjuvant effect lost by reducing the amount of
aluminium hydroxide formulation present in Hepatitis B formulations can be
recovered by adding MPL in the form described in this patent. The MPL also
improves the seroconversion rate.

25 Example 7: Combination vaccine formulation - Hepatitis B +Hepatitis A
HBsAg is adsorbed on 90% of the final amount of aluminium hydroxide
(0.5mg/ml) and incubated overnight at room temperature. The pH is adjusted to 6.2
and the preparation is left 14 days at room temperature for maturation.
Hepatitis A antigen at 360 to 22EU per dose, in the form of an inactivated
30 derivative of the HM-175 strain (as in Havrix) is preadsorbed on 10% of the
aluminium hydroxide final concentration (0.5mg/ml). The remaining aluminium
hydroxide is then added to the solution and left for one hour at room temperature
under agitation.
The HAV adsorbed on aluminium hydroxide is then added to the HBsAg
35 formulation. '
- MPL (parucle size less than 100 nm) is added to the HAV/HBsAg solution at
a final concentration of 12.5 to 100ug per 1 mi dose, the volume is adjusted to the
final dose volume, and the formulation is stored at 4°C until used.
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structpﬁﬁg‘q or the equipnent. Pre-established limts are fixed
be n 19000 Hertz and 21000 Hertz for the 20,000 Hertz transducer.
The¥enerator allows the control of the optimal efficiency of the
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uring the oce | S mai nt ai %?H_ﬁxv
30[err]C to avoi d plggsmaybeprep? One0r FROKS| 1“5‘ t he
particle si zeanﬁgensduﬂwfohahﬁﬁbm%qnmnw 2o Brarnpled erExample 4sual

i nspecti on. %0 t he sonication process sanples are taken for particle-
size evaluatiB ‘ffg phot ocorrel ati on spectroscopy (dynanmic light scattering)
using a Ma§vern Zetasizer type 3 in the sane manner as exanple 1. The total
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cell and 50m Imunlty By Immunization Of Mice W:th HBsAg formulated ith Alumlmum
: Hydroxide And MPL

10 9.1. Effect Of AI(OH)3 + Mpl On Induction Of Anti-HBs Antibodies
Balb/c mice were immunized by the subcutaneous route or by the intradermal
route with recombinant HBsAg adsorbed on AI(OH)3 with MPL as adjuvant. Mice
were ir .nized twice with HBsAg/AI/MPL formulations and the antibody response
was measured after the first and the second doses. Total Ig were measured-by ELISA
15 or AUSAB kit (Abbott Lab, IlL.) and a particular attention was given to the induction
of antibodies of the IgG2a isotype since this isotype is mainly induced by secretion of
g-Interferon. The induction of this isotype thus indirectly reflects the activation of
cell mediated immunity, namely the activation of Thl.
The ratio HBsAg/MPL has been investigated as well as the size of MPL
20  particles.

9.1.1. EXPERIMENT I - Effect of MPL (> 500 nm) dose on immunogenicity of
rec.HBsAg adsorbed on AI{OH)3
Groups of 10 female Balb/c mice were injected by the subcutaneous route

25  with 2.5 mcg of recHBsAg adsorbed on 50 mcg of Al+++ (as AI(OH)3) and

& increasing amounts of MPL (3.1 to 50 mcg) with a particle size of > 500 nm. The

' mice were injected twice in a volume of 100 mcl and at 2 weeks interval. They were
bled 2 weeks after the first injection (partial bleeding) and one week after the booster.
Total anti-HBs IgG and specific IgG2a were measured by ELISA using recHBsAg as

30  capture antigen. The titers were expressed as the reciprocal of the dilution
corresponding to 50% of the maximal value (mid-point dilution). The results indicate
an increase of both specific IgG and IgG2a with increasing doses of MPL,
particularly for doses of 12.5 t0 50 mcg. The effect is seen for both primary and
secondary responses and is particularly obvious for IgG2a (up to 20 fold increase)

35 indirectly indicating a secretion of g-interferon induced by the immunization with

MPL.
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"sol'ubilized" MPL is sterlllzed by dead end filtration on a
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10

30

35

The 3 lots were injected subcutaneously to groups of 10 mice (200 mci
containing 2.5 mcg HBsAg, 100 mcg Al+++ and 6.25 mcg MPL), twice at 2 weeks
interval. The mice were bled at day 14 and 1 week after the booster. Anti-HBs
antibodies were measured using AUSAB kit or an in-house ELISA for either IgG or
IgG2a. The results are given in table 2. They indicate that, 2 weeks after the first
injection. the 2 lots containing MPL induce a very significant anti-HBs response (124

~ and 41.9 ~:IU/ml) while the lot which does not contain MPL only induces a marginal

response (0.75 mIU/ml). The number of responders is also higher.with MPL.(9/10
and 9710 versus 1/10 in absence of MPL). The effect of MPL is confirmed after the
booster since the titers obtained for lots DSARS501 and 502 are about 6 fold higher
than that observed without MPL. |

This indicates that, at least in mice, MPL (> 500 nm) can improve both the
kinetics of the anti-HBs response and the level of the anti-HBs response.

These results were confirmed when specific IgG and IgG2a are measured after
immunization with lots DSAH16 (without MPL) and DSAR502 (with MPL): the anti-
HBs IgG titer is 5 (primary response) and 3 (secondary response) times higher when
MPL is present. ' )

For the IgG2a response, the effect of MPL is even more striking, at least after
the second dose, indicating a preferential induction of IgG2a. This indirectly reflects
activation of cell-mediated immunity (secretion of gamma-interferon) by the
preparation containing MPL. )

9.1.3. Experiment III: Effect of MPL (< 100 nm) dose on immunogenicity of
recombinant HBsAg adsorbed on AI(OH)3

Groups of 10 mice (Balb/c, female, 7 weeks old) were injected subcutaneously
with 1 mcg of recombinant HBsAg adsorbed on 50 mcg of Al+++ (as AI(OH)3) and
in presence of increasing amounts (3.1 to 25 mcg) of MPL(< 100 nm). The mice
were injected twice at 2 weeks interval with a volume of 200 mcl. They were bled 2
weeks after the first injection and 1 week after the booster. The anti-HBs response
was evaluated by ELISA (total Ig, IgG, IgG2a) on pooled sera. The titers were
expressed as mid-point dilutions (reciprocal of the dilution giving 50 % of the highest
values). The results indicate that as few as 3.1 mcg of MPL induce a strong increase
of the antibody response both for primary and secondary responses. The response
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to 1BASG4RA by sonication in a water bath until the particles reach
f between 80 and 500 nm as neasured by photo correlation |ight
i ng. 1 to 20[err]g of HBsAg (S- antigen as in Engerix B) in

um by P fok B hee 27 dieat®s FTRARRS, Bbork SRUADIR Bt foind
t enperfat ur e uwithoutsdd hamhigH dosels of MiPLi( imcg)sarc nsed. SChecpatem ofth60[ err] g
o th v o f optiboly FtaBhse s oA 0%, 9094 Bd bla B uApiiBE qih GefiiR] 011 ]
i ncubat ed at oblained SomMPhiafrhigliensize (h 500 nmi@nd shawsthaugraal} siee (w100 "I!PQ e.
- 9- 5 particles of MPL are more effective than larger size (> 500 nm) particles (at least for

humoral immunity), since less MPL is needed to obtain the maximal effect. The

highest activity of small size MPL was confirmed in several exberiments.

As shown for larger size MPL (> 500 nm), the adjuvant effect of MPL is

higher for IgG2a than for total IgG or Ig. At the maximal effect of the secondary
10  response (6.25 mcg of MPL), there is a 25 fold increase for IgG2a while the

increase for IgG or total Ig was 7.6 and 4.3 respectively.

9.2. Iniduction of Cell-Mediated Immumty by recHBsAg adsorbed on
) Al(OH)3 - effect of MPL
* 15 If humoral immunity is sufficient to protect against Hepatitis B, the induction
of cell-mediated immunity (CTL, Th1) could be of particular importance for the
treatment of the disease.
. New formulations are required however for therapeutic vaccines since
~ Al(OH)3 is capable of improving humoral immunity but not cell mediated immunity.
20 We have investigated the effect of MPL on the induction of Th1 cells capable
of secreting IL-2 and g-(i.e. gamma) interferon in Balb/c mice immunized with
recHBsAg adsorbed on AI(OH)3.

9.2.1. EXPERIMENT I - Effect of MPL (> 500 nm) on induction of Th1 cells
_ 25  after immunization of Balb/c mice with AI(OH)3 adsorbed HBsAg
* A group of 10 Balb/c mice (female, 5 weeks old) were immunized by
injection in each footpad of 30 mcl containing 10 mcg of HBsAg, 15 mcg of Al+++
(as AI{(OH)3) and 15 mcg of MPL. Control mice were injected similarly with the
: same amount of recHBsAg either mixed with FCA (positive control) or adsorbed on
30 AI(OH)3 without MPL (negative control). .

Six days after the immunization, the mice were killed and the pophteal lymph
nodes were removed. The lymph node cells (LNC 2.105/ml) were cultivated for
different periods of time (24 hrs to 74 hrs) in RPMI medium supplemented with 1 %
of negative mouse serum and containing 5 mcg/ml of recHBsAg. After termination

35 of the culture, the amount of IL-2, INF-g and IL-4 secreted in the medium was
measured. IL-2 was estimated by its ability to stimulate the proliferation (evaluated
by incorporation of 3H-Thymidine) of an IL-2-dependent CTL line (VDA2 cells) and
the titer was expressed as stimulation index (SI = amount of 3H-Thymidine
incorporated in stimulated cells/amount of 3H-Thymidine incorporated in non
-22.
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tion of Bf‘ﬁgqorrrul ation occurs during storage. This represents 10
I ng doses for testing in mce. Exanpl e 4: Hepatitis A vaccine
| ation MPL (particle size |l ess than 100nn) was obtai ned as

desciibed in mmaenswmznh&mtmmwanaa mbhwamﬁédﬁm EcSmaRIdials
(Al hydrogel)

t he al um ni un%&%"hﬁfgﬁ@@ﬁ%g@%g}' Y gh’%ﬁ WﬁegﬁPﬁnEt}% ?1;

100[err]g per“ma)pres?sedﬁdpglotnm @ﬁmlsol ut i on The remai ni ng al um ni um
hyd d dded n
emoratur o, Vol mdtSapaintiche fae b Repfisept e of Kt 15t ok B i1 o

NaCl 150nm\§ asectreted byllM friomt midesitrinsunized witle HBsiAgradisorbed é{l AI(QH)LrOn theuse.
B ool n PR B e U s LA % G T B el Gy
Al (OH)[err] Mpee segqu by LYGkfrora micp imomenized with HBsAg adsorbed on AI(OH)3 +
MPL. This secretion is similar (INF-g) or higher (IL-2) to that observed for mice
immunized with HBsAg + FCA and the in vitro secretion occurs earlier.
10 No IL-4 was detected after immunization with HBsAg adsorbed on AI(OH)3
even in presence of MPL. _
This secretion profile indicates that specific Thl cells (IL-2, INF-g) have been
induced by immunization with adsorbed HBsAg in presence of MPL but not in
absence of MPL. However, no Th2 (IL-4) were detected in these conditions of
* 15 immunization.

9.2.2. EXPERIMENT II - Effect of the dose of MPL (< 100 nm) on the
induction of Th1 cells after immunization of Balb/c mice with AI(OH)3 adsorbed
recHBsAg
20 Groups of 5 Balb/c mice were immunized in each of the 2 footpads with30
mcl containing 10 mcg of recHBsAg adsorbed on 15 mcg of Al+++ (as AI(OH)3) and
with increasing amounts of MPL (100 nm, 0 to 15 mcg).
Six days after the injection, the mice were killed and the popliteal lymph node
cells (LNC) were cultivated at 2.106 cells/ml in RPMI supplemented with 1 %
25 negative mouse serum for different periods of time (24 hrs to 96/25) in presence of 5
% - mcg/ml of recHBsAg. 3
' The secretion of IL-2 was measured by stimulation of the proliferation of
VDA2 cells and concentration of IL-2 is expressed as Stimulation Index (SI); the
- secretion of INF-g was measured using a commercial kit and expressed in pg/ml.
30 It was found that the secretion of IL-2 is dramatically increased by the lower
" dose of MPL (7.5 mcg) and a maximal effect is obtained for 15 mcg of MPL. '
The secretion of IL-2 is generally more important at 24 hrs than at 48 or 72

hrs. _
The secretion of INF-g is absent when HBsAg is adsorbed on AI(OH)3 in
35 absence of MPL. A small dose (7.5 mcg) of MPL induces a secretion of INF-g and
again, the maximal effect is obtained for 15 mcg of MPL. Contrary to what is
observed for IL-2, the secretion of INF-g is delayed in the culture and increases with
time up to 96 hours. '
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[ Ity of a truncated gl ycoprotein D from Herpes Sinplex virus
%ﬂ) was evaluated in the prophylactic and therapeutic

guithea pi g nodels. I munogenicity studies were also perforned in prinmates.
The ai m of these experinments was to investigate the inpact of the size of

3-de- O acyl at ed npaunogether iksd d4ta thafcatdMilal MPY (iéss/thidn 100 ey
| munogeni ci } Bfi and mt gct i ve%?@%g]cwf rg&s}rﬁ%ﬁé&tﬁ 3 nglfpom‘ '
f or mul at i onsifdncer ofi il Wheacambined yith FBsAg, | (OH)[err] MPL
for mul at : o;nsLm efseagbf afbﬂxgg&ﬁ&n w'ﬁﬁninﬁgsgBﬂ?g zlﬂ(@egomuofggm g\mﬁgﬁw i bed
previ ously nm.w orplLto : mwth tween.
5.2 Anti geWS’QM%'b %E?QF“APP& gl ‘Q‘WWPé@?'bﬁ“l\@‘rfBH&l 5.2.1,
ént i gfen fS(() ,rAI nbdeatinvestigated. T]!\e fdsults i]iditfﬁl:dﬂﬂﬂt MBLoeleqrly inipip@ds thekineticsofme f rom
uperfos : eL.f 0S nmar k) . (NOL | |
super 105 (Al il 5t eodtBE GROS mubl SR Kot HEf anB8ai80 bR 166t LA B0l Bl
primary and secondary immunizations. The quality of the anti-HBs is also modified
and a preferential induction of IgG2a has been observed, reflecting indirectly
secretion of INF-g and thus induction of a cell-mediated immunity. -
10 | Direct evaluation of the induction of Th1 cells by formulations containing
HBsAg, AI(OH)3 and MPL clearly indicates that MPL is a potent inducer of Thl
cells secreting both IL-2 and INF-g. This kind of formulation is thus important in the
_ developmcni of therapeutic vaccines.
..=' Best results were obtained using MPL of less than 100nm particle size.
* 15 For Tables showing the results of experiments described above, see Tables 9-

14 below.

13.  Conclusions
_ Overall the data suggests that small MPL is an improved immunostimulant in
20 primates including man, over large size MPL. This combined with the ability to
make large scale sterile lots renders small MPL as a suitable immunostimulant for a

range of human or animal health vaccines.
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oo T T e mmame e w W 8.

rB&PM42 1t (A (OH)3)/MPL TEA MPL was resuspended by

tion in a water bath, to give sizes conprising between 200 and 600nm
reparati on was prepared according to patent application W02/ 16231,

S storega@k 14l err]C until use. A dose contained 5[err]g rgD2t,
Al (OH)3 and 50[err]g MPL.

- 10:- 5.2.1.2. rgD[err]t/A (OH) 3/ MPL 100nm MPL (particle size

| ess than 100MPL pasticle and Tfrafion Fessver P asing diffeimp sonitation parameters

Trial n° | Concentration | Total residence | Particle size ‘Recovery after
(mg/ml) time in the flow | before filtration | filtration (%)
i cell (min) (nm)
16 1 2,5 92 104
17 1 3 79 _ 78,5
18 1 3.5 95 86,4
19 2 2,8 77 N.A.
20 1 2,8 98 N.A.

This Sheet Has Been Rep

(A llll 10

-25-
| THIS SHEET HAS BEEN \
REPLACED




PO4, 150mM Nadl . The fi nal
at
contained 5[err]Jg rgDerr]t,

rgD[err]t/AI (OH) 3/ MPL 100nm sor bi t ol

hour at room tenperature.
i concentration of 10nmM

i ncubated for 30 m nutes

formul ati on was further
roomtenperature and stored at 4[err]C until

t was adsorbed on al umi ni um hydr oxi de and i ncubated 1h room
ture. MPL was added to the solution at the required concentration
ubated further for 1

The

use. A dose
0.5 mg Al (OH) 3 and 50[ e 5.2.1.3.
MPL wag p epareet as ri beg

in Exanple 1 . rgDerr]t was adsorbed on al umi ni um|hyfroxi d& fands #ubat@d

1 h at roomtenperature. A 50% sorbitol solution
10mM sol ution was{th

final concentration of 5%

Tris.

4o t hen agdded o & eactva

‘the final desired volume, and the solution was i ncyba ed 1h At rvoE
Pro—s . err]C

tenperature under agitation.

until use. A dose contained 5[err]g rgD2t,

50[err]g MPL. 5.2.1.4.

-9z-

The For nmul ati of—w

rgDerr]t/A (OH)[err]/

. 0
n addéd to; e upg®
aig]
B) lee =
. . 6‘ ¢-_:- -
ol 8 ¢ 2 <
o o~ =
- ~
3 & ®
- 5 -
3
(-] ~
o la =
- ’ -
v 9 £
5 =
g 8
g
5 2, g
N )
3o & s
5| 3 g
' g =
©
= g
w = -
3 = s
elg] < 2
s = e
= S
S S bt
. P ‘g
) a
=) 5 é
3 .
818 ]
2 =]
S .
wn

_\
This Sheet Has Been

I B

THIS SHEET HAS BEEN
REPLACED

awosrd



to 100 nm

it will be equal

'_'s prepared as described in Exanple 1 .

f ormul ati on.

th n prepared as described in fornulation 5.2.1.3 above.

contained 5[err]g rgD2t,

di fferent Al unini urr;,hy r
subcut aneousl y i 1

gui nea pigs vvereq:h II
M5. They were noE't§
HSV2 di sease (day®

(o]

mﬂ{?“‘ﬁ“@*&

experinents . @ h
O with 10[err] p%
t hey were eval uasd I
3
8
- 2
17
5
g

pue uoisa) Inoyim Kep t £q pamojjoy pue papanasdsJouotinBap
uonaajui-1sod g¢ 01 ¢ sAep ay3 10 sAep 9dou

- 8z -
(5)3[0159A YiIm Aep QU0 JO BWIIYIAID Yitm SKBp OM] 1SBI] 1] .((;g gozu

0.5 nmg Al(OH)[err]
Gui nea pi g prophylactic experiment
gui nea pi gs were vacci nated at days 0 and 28 with 5[err]g rgD2t

|
adose
| nt

OSt

xp
in

- O

uonoajur-isod ¢ 01 ¢1 sKep oy 103 $3100s uoisH Sy,

In order to maintain the MPL
tween 80 was added to the solution at a concentrati on such
to 0.01%in the final

The formul ation is

and 50[err]g MPL.
In these experinents,

A dose

5. 3.

gr oups of
in two

-;5 T ormuLat LGOS,

I muni sat IC? S Viﬁl‘ﬁ‘u gl V%l

n O’ie nofpt hiiafit er the sec vacei @atio g
rBvaEgi nald yowi h 10[ err] of @S@ stgain @
fpr_the devel opnent of pri.my mecur®ent N
chal | enge)g &5.3.1. Cui ne h apeutic
=ri,§nts ._i&ea pi gs were_ aII d at day
V. %Af;er rgcé:/e;y from prlismry JgnQactlon
s 28858 % 3 @ m
5853335 ¢% z| #3
=E3Eec g 38
3 zn
| 'g:]g °'<
g z S
&
1
2 a ax |B ) S
iB BEs |5| 8] | B¢
© > 0o © 3 @ = >
IR
0B Z =
g| < oS
* %z
o = =
= ag
> =
o “woa b
52 ERS |B| B| | BE
R 2 - o 3 Ulm 5
W - § Z g x|
+ A L= S
= 4
5| gg| 2
RE Z
= -
5° ewl B] %E a
g S Z
& >
£H 0o [~ ] [~ ¥ —]
e o ® 9 W é g 'c_i.;
U t A
=8 o%s |°J2 2 |
]
Be zme= [va8¥
_ - Zz
[=
8 e Y e “ 5
m
© o © © ® - o
Sheet Has Been Replac
#e e T WAy

THIS SHEET HAS BEEN
REPLACED




51 e
B45042 E— 28]
= 4, — [ZQ
‘D ) m m— w.m 3
g~ gTables — 24
S 7]
— — T —
32%x2 . _ § =
© Q RAPEUTIC EFFICACY OF rgDst AI(OH)3 MPL FORMULATIONS: & r— =
>0 NIl . —
(O =) : m
Q w m -G %cv FORMULATION THERAPEUTIC EFFECT
S Amn i Bmbs SEVERITY* REC.DAY NUMBER** REC.EPISODE NO.***
(@] e @ .
= o Arith.mean+/-SD Median (%versus Arith.mean+/-SD Median Arith.mean | Median
59 ;90
C.—n | oc conts) (%versus conts) +/-SD (%versus
L OO o @© '
—g° - 2 conts)
> =
d g t o Experiment 1
8 | a8 | rgDyt 20ug/AI(OH)3/MPL TEA ND ND ND 1" ND 7
— O ¢ O.—
N— P =18 controls ND ND ND ND 5
m o ] mfm o Experiment 2
® mwwm =143 | rgDyt 201g/AI(OH)3 MPL 100nm 11.148.7(-39%)p<0.05 | 10.25(-41%)p<0.1 | 8.446(-28%)p<0.1 | 8.5(-23%)p<0.31 | 3312 4
07 4 =33, controls 18.3£103 17.5 1168 |1 44121 - |4
&< mM“ 29T Experiment 3 .
M\m < ¢ In + | 18Dt 20p1/AN(OH)3/MPL. 100nm; tween 10.3+10.1 6(-54%)p<0.07 6.315.8 4(-43%)p<0.1 2.742p<0.1 | 3(-25%)p<0.1
m o M bn..u.mu.m rgD5t 20pg/Al(OH)3 MPL. 100nm; sorb. 8.346.7 6.5(-50%)p<0.03 5.5+4.4 4(-43%)p<0.1 27415 3(-25%)p<0.1
05 L3n=}60 controls 12.548.1 13 8.514.5 7 3.6£1.6 4
527 & s
~ ' Sum of the lesion scores for the days 21 to 60 post-infection
o VLV O
= m bt | ays animals experienced recurrent lesions for the days 21 to 60 post-infection
a ~ S ....w_.mw«mu.ﬁnsno episode number for the 21 1o 60 post-infection. One episode is preceded and followed by a day without lesion and characterized by at least two days with
¥ = @o@ (score=0.5) or one day with external vesicle(s) (score>=2) Immunotherapeutical treatment: Subcutaneous injections at days 21 and 42 post-infection. Statistical
© — 4 .
2S99 mm Wilcoxon rank sum test versus adjuvant controls (not significant for p>0.1:NS). Sorb. means sorbitol.
® ~T O
5V -%530%
O wm ._& - OO0 - N@ -
>._00Cw” .
EE o q ﬁ .
CseE-380 »




F Wi th 28hepqd 0 rgD2t and 0.5ng Al (OH)3 conbined with 50,20 or 5[err]g
sorbitol. Specific hunoral (ELISA and neutralising ti ters) and

ctor cell mediated (del ayed type hypersensitivity response :DTH) immune
regponses werge eval yated. Each nonkey group contained 5 aninals. The
formul ati ons WABLE@Ni ni stered intranuscul ari y inalm dose. Preparation
of the fornul atiIMMUNOGGENIOIEY OF glmwdm@nammnmxm MPLeO@nmb | (setbitel)er y
two weeks for antibody determ nation. 185 response was tested 14

days after the second vacci nat éj,: cr .t skin test is given
bel ow. 5.4. Read-outs é&@‘s@? %e@s%fﬂ%%qgval uate the specific

antibody response indyced by vaccination with rgD2t A (O3 I\/PL
L&ZT#L?TQ?E; %@?rwe ]r(gt‘ie tll‘?@@e{? lcgé\yt Io1£e ﬁese for r%l at| ons was
assessed in fhe prophyl actY® an ' inea p
| mmunogeni cify studieq were al s¢ gEDERICt eONEUTIRROKEYS. Spegl)hl C hgm@r al and
DTH responsep were evdl uat ed. _
' TITER TITER PBS Sug 15ug
KQ 100 18630 800 | - + +
’ 20pggh2t | KQ 101 5554 | 1600 . - ;
Aluminium | KQ 102 14870 800 - ++ R
hydroxide '
S0ug MPL | KQ 103 5486 1600 - o
* KQ 104 16270 1600 | ND ND ND
: GMT 10655 1213
KQ 105 16170 800 - + ++
| 20ug gD2 KQ 106 4389 800 - - -
Aluminium [ KQ 107 20440 | 1600 - 4
hydroxide
20ug MPL | KQ 108 5613 800 - + +
- KQ 109 6765 1600 ND ND ND
GMT 8876 1056
KQ110 2486 200 - - -
20uggh2t | KQI111 9918 800 - ++ +++
Aluminium| KQ112 | 2526 400 - - - -
? hydroxide )
_ Spug MPL KQ 113 7137 400 - - -
KQ 114 8396 400 ND ND ND
GMT 5181 400
*Measured 14 days post II/GMT = geometric mean titer
ELISA titer= midpoint titer
NEUTRA titer = reciprocal of the highest serum dilution giving 100% protecnon
against the cytopathogen effect
*¥gkin test on day 14 post II
Induration 24 hrs reading ' e
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++=1-5mm '
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ELI SA and neutralising titers Anti-rgDerr]t antibody titers
Fanti-HSV2 neutralising activity were determ ned accordi ng the nethods
, cribed in patent application No. W02/ 16231 5.4.2. Delayed type

‘hyfper sensitivity (DTH) The rgD2t formul ati ons were also tested for
their ability to induce a T cell specific i mune response in nonkeys as
measured by the induction of delayed -type hypersensitivity (DTH)
responses. African Green nonkeys were vacci nated at days 0 and 28

with 20[err]g gD2 vacg¢i ne Tornul att onfadm nrstered|i ntranmuscyl anly. Ilhe.)g
were skin tested 14 days after t sepond vaccénat {on by i ntg addr mal
i'nj ection on the bell y=0f8 15 or 5ges gf rgD&g EB\ sal idep | They vve;'e
al so skin tested vvith»ga'ne s:cﬁng S Thexsixt e(ﬂﬂ@ was s ~3
~inspected 24 and 48 hqgrg Fht rS‘,’fS‘rEe 5e’§‘awa E ugaJE & @rg|t hd. ki ze of
t hese | ocal reactions §as-rrea"s‘ e%.g'g_g. > E 95_5. eCRE|l &
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k. 4. 3. sg¥@2 Pi g intravagi nal chall enge nodel The guinea pig
)r HSV genital infection has been described by L. Stanberry et al

I nfectious Di seases 1982, 146: 397-403; Intervirology 1985, 24:

). Briefly, in prophylactic experinents, the guinea pigs were
chal | enged i ntF g® nally with 10[err] pfu of HSV2 strain MS, one nonth
after the last vaccination. The clinical course of pr| mary di sease was

nonitored by [@arTy obs vat o7 1 | t gentt3l
skin lesions |[during the uposy f/‘%ﬁé‘ﬁ‘ ‘Fi’;k’ &‘r I's were tlhen
‘exami ned dailly for evi dence 6!"“1Q§@Armeth¢l.ne2 pﬂnbmohwayns from days 1

39. In therageutic experinents, i

10[err] pfu HSV2 strain Ms. After y y
were eval uated daily for recurrent herpetic disease (days 13 to 21) and

were then

Vaccine Pre PostI30 | PostII30 | PostIII 30
Do D28 D56 D84
NS1-OspA 118 233 409 768
on Aluminium
hydroxide -
SC (%) 2.6 77.2 86.5 100
NS1-OspA+MPL | 134 269 865 2424
on Aluminium
’ hydroxide :

_ SC (%) 2.6 | 88.6 97.2 100
N=80
10pg/dose
Im route
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____'“‘”’EI according to their primary and recurrent scores (providing an

‘ent distribution of animals with mild to severe infection in each
to receive either no treatnment or vaccinati.on. Vacci nes were
i stered on days 20 and 41 after challenge. The pattern of recurrent

di sease was generally observed until 70 post chall enge. The herpetic
| esions were quantitated by using a | esion score scale ranging fromO to
32. Scoring system Lesion type
Score None * 3> 0 =l
Vagi nal |esions - - Bleeding _ 3 &
0.5 - Redness for one or two days vm'ghou bl eeding 0.8 { Redness®
and bl eeding for a day o 1 - - &
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= Table 10
ON_—_»m ,
- < m
° — COMPARISON OF 3 CLINICAL LOTS WITH AND WITHOUT MPL
g 52 : AUSAB RESPONSE ,
T &
s Wm o Lot Dose of HBsAg | Doseof | GMT Anti-HBs (mIU/ml)
= o on | MPL (mcg) |
c . .
- T . >:05ue=nm_v o .
T m DSAH16 2.5, .0 0.75 15.1
o DSARS01 25 625 12.4 - 96.7
® s DSARS02 2.5 625 - 41.9 89.2
3 5 5
o Table 11 . ._ _ :
_ ¢ g COMPARISON OF 2 CLINICAL LOTS WITH AND WITHOUT MPL (>500nm)
(7)) —_
S o & ANTI-HBS IGG AND IGG2A RESPONSE
—_ o] MA»
— ()]
© 5 = Lot Dose of Dose of MPL Anti-HBs Response
o o> M HBsAg on (mcg) _
wm 5 °ou Al(OH)3(mcg)
(&) ) =
==—s5 73 IgG IgG2a
o2 0 BB d1s d21 d15 d21
2—— — 90 [|PpSAHI6 2.5 0 20 178 <5 5
| SET S_ | DSARse2 2.5 6.25 113 641 <5 28
£ > &0
“vy_ —E
= M .-
\$ wn _» © -34-
D O n >
<t < LL »
o
5 - — ] 3
55 S0 2 .
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Y nfection
ays-4 to 12 pos

nonZparametric test).

(rarely 32).
(incidence %9 with
Recurrence day nunbe
post-infection. One
| esi on and char act er

vesicl e(s). Recurrence da

and nedi ans.
days 13 to 39 post-
SD and nedi ans.

-ss-

Primary infection index

- Lesion severity
t infection.

hrmetic nean [err] SD as well

sum of the daily scores for

The | esion severity is expressed as

as nedian (nore appropriate for

Primary infection incidences = % of aninals
havi ng experienced a nmaxi num | esion score of-0, 0.5, 1, 2, 4, 8 or 16

(max.score i) X

=0, 0.5 2 4 8 or 16. Recurrent disease
r = nunber of recurrence days f@r the days 13 to 39 ™
recurfence i s preceded aday wi t h8u &
i zed by &t +east—~tjwo da one dagsvmthg
y nunbers areg expr as«adft t|c nmeans b
- Recurrence severlity = SUH]Of fhe dai ly scores for the
I nfecfion. Resultg are expressed as %ﬁlthnetic means
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Results

ui nea pi gs.

The protective efficacy of different
ornmul ati ons was conpared in prophylactic and therapeutic experinents
| mmunogenicity studies were al so conducted in prinmates.

e e d——

rgDerr]t Al (OH)3
The

ai mof these experinents was to conpare the inmunogenicity and protective

efficacy of

5.5.1. Prophylactic experinents

eval uate the potential of dif

rent rabDlerrl
~J L J

rgbD2t Al (OH) 3 conbined with different MPL particles size.
Two experinents were perfornmed to
Al (OH) 2 NP

vaccines to
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provi de protection agagnse prfjnary and recurf{ent :HSVZadasegsle, when = =
admi ni stered to gui neaSpigls pfior to intravaginal jvir | & r@dul ati on. < &
Experinent 1: Conparisgh $f MPL 1002nm sor b {ol &PLo TEA Qoup §
of fermale hartley guinga i gs (200‘35 g) were i d at™days 0 and 28 et
with 5[err]g rgDerr]t3AIg OH)B conbined withjsmall particles
(100nm WMPL in sorbitog) ,gor jth larger NPl ipart] in TEA).
Control animals viere i&jéttedl@ ndlgg o he sa prootocel] wi th adj uvant
al one or were untreate8 Srhe EI@ @r ¢d l4|and 28 s after the
second vacci nation for:—arﬁlbo g
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nations by ELI SA and neutralization assays. They were chal |l enged 29
: fter the second vaccination with 10[err] pfu of HSV2 strain M .

i=nt aginally. After - 14 -
chal Ifenge, the guinea pigs were nonitored daily for clinical signs of acute
I nfection (days 4 to 12 post chall enge) and for evidence of recurrent

herpetic disease (days 13 to 39 post challenge)y. a) I nducti on of hunoral
i munity As shown in Table 3, higher ELISA and neutralizing titers
were induced when the small size MPL particles gerg u dd rbthe rgDferrly o
Al (OH) 3 formul ati on. _ %e 4 & &
E > 3 o e
8888 TR > 8
< N
gé .
3§
N 8o o e
52!
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i e |2 3N MR
' =
'.'r;mw X o
S o
w95 e & =
O d 0 g ’U}-u i : =1
& = 5
=
> O
w w w23 o &
A O ®© % | = E o
e 5 sa'ﬂ
3 | 2§
. AN K'A-;;J g 53 A
w p—
AN oy P b A
__.?. NS Vv g N g (E’ §
- =) =
AL
L4 3 » O
.-:_r:, Ia\ I8 9\ & | -~ 2
~N 00 W Qe % -3
= =
lg 2
AS o AlSIE =
3 RR ISP 8
=]
|l
=]
Z
=]
NG AR 3
I 8L a2
This Sheet Has Been Rep
IIIIHIIIIIHIIIHIII S

REPLACED




of vaccination on primary HSV2 infection (Table 3) As

E ¢

c'orrpar t he ccﬁﬂﬁ%ﬁ/ﬁgroun that becane infected and experienced acute

prinmary ifpfection, both vaccin d signifi canﬁhhsyghgegggg@eglkephced
| esi on sgverity (p < 0.00005). ﬂ ﬂmmf g‘ﬂlower skin Ie
was obserjved in the rgDerr]t *Nm vacci nat ed

c) Ef flect of vaggcination on recurrent HSV2 di sease
given in Table 4. “B%mpared to the controls, both vaccines Were abI eto
alter the devel opnment of recurrent herpetic di sease, as neasured

- d <0.02 for r rrt
A ()3 ML 100 nry A ACneSateps o pmprising STEEEeH BY SRRUHOR ST O-descylated
provi de si gni f 5camhonuphbsiforyldipid AAIMEL) dtid aSuitdble'thfierivitierdin Oghrﬁad'srze of the
recurrent disease. Mﬁ@se results ow that the rgDerr]t Al(

formul ati on cont ai $ 19y exceed ] -particles has a very potent
prophyl actic efficacy. Experinment 2: Efficacy of AI(OH3 I\/PL 100 nm

T e P A A et e

is in the range 60-120nm.

10
3. A vaccine composition as claimed in Claim 1 or Clalm 2 in which the particle size
of the MPL is less than 100nm.

“ 4. A vaccine composition as claimed in any one of Claims 1 to 3 in which-the carrier
15 isaluminium hydroxide.

5. A vaccine composition as claimed in any one of Claims 1 to 3 in which the carrier
is an oil in water emulsion or other lipid based vehicle.

20 6. A vaccine composition as claimed in any one of claims 1 to 5 in which the antigen
is a viral antigen.

7. A vaccine composition as claimed in any preceding claim wherein the antigen is
an antigen against Hepatitis A.

8. A vaccine composition as claimed in Claim 7 wherein the Hepatitis A antigen is an
o inactivated whole cell composition derived from the HM-175 strain.

9. A vaccine formulation as claimed i in any one of Cla1ms 1 to 6 wherein the antigen
30 isanantigen agamst hepatitis B.

10. A vaccine composition as claimed in Claim 9 wherein the antigen comprises
Hepatitis B surface antigen (HBsAg) or a variant thereof.

35 11. A vaccine composition as claimed in Claim 10 wherein the HBsAg comprises the

S antigen of HBsAg (226 amino acids).

12. A vaccine composition as claimed in Claim 11 wherein the HBsAg additionally

comprises a pre-S sequence.

REPLACED
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usly 5 m dose. A dose of 50[err]g_MPL was used in the
Al ( MPL fo%&ﬁy

> . Control animals were inj ect sarre
wi th adjuvant aI one or were untreated. The ﬁ@ﬂ Dﬁj iﬁ
and 28 days after the second vaccination for antibodys

pr ot oco
ELI SA and neutralization assays. The gw nea p| ‘gs ‘were chal I enged 29 days
after the |ast i

ni zation with 10[err] HSV str
i ntravagi nal I'y. 1%a Vaqcmﬁf@mnmn@n aﬁl‘ﬂﬁi‘?‘ﬁﬂ? ﬁﬁ\ﬁ‘ﬁl ]tl)P' WMnMBﬁAg
Table 3, the vacx:uhaa:b Ottt e OF diecfor@aia(LF| ) Swhereid Lbee@'altﬁbdlﬁeﬂU ers.
Com o 07010 R 0 AR B Mg s 2.5
conpared to 3 hefaltowedby gsniups lﬁﬂﬁ)ﬁﬂhﬂdl byf resitiecs bﬂiel400<¢fahf edmpret:ulﬁmds
rimary infecti \saﬁ[g up showed significant reduce esi on

geverl%/y (p g%%%@:}e Hﬁﬁéfﬁ (p<0_002) There was no evidence of
external skin IeS|ons in any of the vacci nat ed gui nea pi gs. |

14. A vaccine composition according to any one of Claims 9 to 13 additionally

comprising a Hepatitis A antigen.

10
15. A vaccine composition as claimed in any preceding claim comprising one or
more hepatitis antigens and at least one other component selected from a non-hepatitis
anngen which affords protection against one or more of the followmg diphtheria,
“ tetanus, pertussis, Haemophllus mﬂuenzae b (Hib), and poho |
15
16. A vaccine composition accordmg to Clalm 15 selected from a DTP (diphtheria-
tetanus-pertussis) HBsAg combination, an be-HBsAg combmauon a DTP-Hib-
HBsAg combination and an IPV (macnvated polio vaccme) -DTP-be-HBsAg
combination.
17. A vaccine composition according to claim 16 addiﬁdriaiiy comprising a hepatitis
A antigen. - |

18. A vaccine composmon as claxmed m any one of claims 110 6 compnsmg an
25 HSV glycoprotem Doran 1mmunolog1cal fragment thereof '

N 19. A vaccine composmon as cla1med in Claim 18 wherein the glycoprotem Disa
truncated protein.

30  20. A vaccine composition as claimed in Claim 19 wherein the truncated protein is
HSVgD2 and is devoid of the C terminal anchor region.

21. A vaccine composition as claimed in any one of claims 1 to 6 comprising HIV
gp160 or a derivative thereof.

35 _
22. A vaccine composition as claimed in Claim 21 wherein the derivative of gp 160
is gp 120.
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_ ’C) Bas@geyAof vaccination on recurrent WIMH’A&HMUI&I e 4)
As conp d to the controls, the rgDerr]t A (CH3 ¥aac wable to

atter thd devel opnment of recurrent herpetic di sease, as neasured by

significdnt redugtiqn in the severity of recurrent episodes <0. 00Q05),
and in the incidéfrc ‘acqnseempeﬂf!%gsgbmdmmmwpdm)clmmmé&m@?&é

rgDerr]t Al (OH) Gedeqlitéd@Bnop pﬁdfyiiipiaga??s enPY th Farike 10fgO0)Hg Pé due, | N
provi di ng protection against primary and recurrent HSVZ infection in guinea
pi gs. From t he experinents described above one coul d concl ude that
smal | size MPL AR4.04)vactinerompbsition adElaithéfkkréifi! siditiorially comptisingreither Tween
strategies i ucg ﬁﬁlﬂﬁa‘ﬁ as potent prophylactic response as does |arge
size MPL Al ( 350 Aon. In _ ,

25. A vaccine composition as claimed herein for use in medicine.

26.  3-O-deacylated monophosphoryl lipid A wherein the particle size is less than
e 10 120 nm. |

27. A clear sterile solution of 3-O-deacylated monophosphoryl lipid A.

o 28. A method for preparing a clear sterile solution of 3-O-deacylated -
15 monophosphoryl lipid A comprising suspending 3-O-deacylated monophosphoryl
lipid A in water and subjecting the resulting suspension to‘sonication.

29. A method for preparing a vaccine as claimed herein comprising admixing the
product of claim 27 with an antigen. @~ ’ o -

20 ' '
30. Use of an antigen in conjunction with 3-O-deacylated monophosphoryl lipid A
having a particle size of no greater than 120 nm in the manufacture of a medicament
for the prophylaxis or treatment of infections. '

25 31. A method of trei_iing a human subject suffering from or susceptible to infection

comprising administering an effective amount of a vaccine according to any of of
N claims 1 to 23. B ' : : -

32.  3-O-deacylated monophosphoryl lipid A having a particle size of less than 120
30 nm for use in medicine. ' .

-
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smal | siz& has the advantage of being sterilised easily before
use. 9. 2. Thegg§ sexperimants The ai m of these experinents
was to Conpare the therapeutical potential of different rgDerr]t A (OH3
MPL fornul ations on the course of the recurrent herpetic. disease in guinea
pi gs with establ iAbstractiSV2 i nf ecti on. Gui nea pigs were inocul ated
intravaginally at day O with 10[err] pfu HSV2 strain Ms. They were
nonitored daily for clinical signs of acute infection (days 4 to 12) as
wel |l as for evidence of recurrent herpéadcinelCempeositipnsys 13 to 20). Animals
were random zed into different experinental groups according to their
primary and rgcurrent scores, providing an equivalent distribution of
animals with fild to Novelvaccinesomipositions e@mpnsgng)srpall particles of 3¢-dedcylased
evi dence of clin

inflop mgﬂggﬂ: idl&%?ép:% Bﬁ‘heﬁ’l  the Jﬁ&xdlgsﬁ??s BRI 256 hm.

Vacci nes were adglq#str subcutaneou

chal | enge. "r?éP&}PQ&‘l“PEs AT wes»ordmm %l?ﬁltpmm 3 MPL
formul ati ons was evaluated in three different experinents. Experi ment 1:
Effi-cacy of rgDlerr]t A (OH) 3 conbined with |arge size MPL o

—_—
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par s (MPL in TEA Qui nea pi gs experiencing recurrent disease
were random zed to receive either 20[err]g rgDerr]t A (OH) 3 conbined with
Large size MPL particles (MPL TEA) or adjuvant al one. Vaccines were

adm ni stered at days 21 and 42 post challenge. The pattern of recurrent

di sease was observed until day 84. As shown in Table 3, the
rgDferr]t Al (OH)3 MPL TEA formnul ation was not - effective in reducing the
ongoi ng recurrent disease. Experinment 2: Efficacy of rgDerr]t Al (O3 ML
-100nm Two groups of guinea pigs were either vaccinated wth
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-16- *5.2.1.2. rgD[err]t/A (OH) 3/ MPL 100nm MPL (partﬂch%%§'i’z‘e(:

| ess .than 100nn) was obtained as described in Exanple 1. rgDerr]t was
adsor bed on al um ni um hydroxi de and i ncubated | h roomtenperature. MPL was
added to the solution at the required cangentration and incubated further
for 1 hour at rVAGCINEper COMPOSITIONS TSN BIPA S with
PBS to reach a MONQPHOSREORYLALIWIDO® 10mv POL, PR e DR
formul ati on was further incubated for 30 m nut es at roomtenperature and
stored at 4[err]Cunt|I use. ose contained 5[err]g

rgDlerr]t, 0.5 myltq Rresgm "ﬁ’ﬁﬂ“‘ﬂb{e@?ﬂ 19 novel VacSmE forngulations, methods for

.rgD[Eirr]]t/Al g{i{g Jaaawuféﬁ-(rj@eﬁ[p{hcm MPL was prepar ed asddescrlbb;add
in anpl e s ads e and i ncubate
1 h at room tenp g]er%yla\}’\g% %P@q%‘igt%tr?%ﬁﬂ%@i?‘ﬁ dded to reach a

final concenhomdphosphokyl3ipid A) ihas fol-ﬂmﬂ!y detnitermad 3B MPIeor d3HURL tooindithee up
the final degje d:%‘lm*éﬁ'%?me flcind nd ButbbARingqS ab-SLHRALES. FBr fephilH83,

t enper at ure "un %
see GB 2220 211 A. Chemically it is a mixture of 3-deacylated monophosphoryl

lipid A with 4, 5 or 6 acylated chains. Herein the term 3D-MPL (or d3-MPL) is
abbreviated to MPL since 'MPL' is a2 Registered Trademark of Ribi
Immunochem.,Montana which is used by Ribi to denote unambiguously their 3-O-
deacylated monophosphoryl lipid A product.

GB 2 220 211A mentions that the endotoxicity of the previously used
enterobacterial lipopolysacharides (LPS) is reduced while the immunogenie
properties are conserved. However GB 2 220 211 cited these findings merely in
connection with bacterial (Gram negative) systems. No mention of the particle size
of the MPL was made. In fact the particle size of the known 3-O-deacylated
monophosphoryl lipid A has particles in excess of 500nm.

In WO 92/16231 a vaccine formulation comprising a Herpes Simplex Virus
glycoprotein gD or immunological fragments thereof in conjunction with 3
deacylated monophosphoryl lipid A was disclosed. Again, no mention of the particle
size of the 3 deacylated monophosphoryl lipid A was made.

In WO 92/06113 a vaccine formulation comprising HIV gp 160 or a
derivative thereof such as gp 120 in conjunction with 3 deacylated monophosphoryl
lipid A was disclosed. No mention of particle size of the MPL was made.

The present invention provides a vaccine composition comprising an antigen
in conjunction with 3-O-deacylated monophosphoryl lipid A (abbreviated herein to
MPL) and a suitable carrier wherein the particle size of the MPL. is 'small' and in
general do not exceed 120nm when prepared. .

Such a formulation is suitable for a broad range of monovalent or polyvalent
vaccines.

Surprisingly, it has been found that vaccine compositions according to the
invention have particularly advantageous properties as described herein. In
particular such formulations are highly immunogenic. Additionally sterility of the
adjuvant formulation can be assured as the product'is susceptible to sterile filtration.
A further advantage of ‘'small' MPL arises when formulated with aluminium
hydroxide, as the MPL interacts with the aluminium hydroxide and the antigen to

form a single entity. REPLACEMENT SHEET
28 FEB 1997
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The Formul ati on was stored at 4[err]C until use. A (o

S[errjg rgDerr]t, 0.5 ng AI(OH)3 and 50[err]g MPL  5.2.1.4. B 1997
rgpferr]t/A (OH) 3/ MPL 100nm t ween MPL was prepared 3s de%grfged I'n
Exanple 1 . In order to maintain the MPl3 sjize to 100 nm t

to the solution at a concentration such that it will be e
the final fornul ald anembbdinfent ofithatnvertians theBHE @ﬂdﬂ@lja'ﬁé’
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In these exp
28 ‘wi th 5[ er idojudigg® humbei (chcgl iréfbhesst may baifoindrin thedcangétdMapPRth 1990 at
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nmont h after secon

gur nea gs Ver e
i ntravagi nal (Yyas BiN.1 Dienstdg, {)Lu aml Hocfpagle: 1, ﬁdwé}rumégﬁa nﬂ‘ﬁ 18F 8y
dai l'y for thangexeh PRERASs £id INVérDissaséTProcesingsf thd 199D Iﬁh:ﬁ\aﬂcsml(days 4 to

39 post chal Isgn egmm, eds F.B. Hollinger, S.M. Lemon and H. Margolis, published by
Williams and Wilkins). References to HSV-1 and HSV-2 may be found in WO
92/16231.

Infection with hepatitis A virus (HAV) is a widespread problem but vaccines
which can be used for mass immunisation are available, for example the product
'Havrix' (SmithKline Beecham Biologicals) which is a killed attenuated vaccine
obtained from the HM-175 strain of HAV [see Tnactivated Candidate Vaccines for
Hepatitis A' by F.E. Andre, A Hepburn and E.D'Hondt, Prog Med. Virol. Vol 37,
pages 72-95 (1990) and the product monograph Havrix' published by SmithKline
Beecham Biologicals (1991)].

Flehmig et al (loc cit., pages 56-71) have reviewed the clinical aspects,

virology, immunology and epidemiology of Hepatitis A and discussed approaches to
the development of vaccines against this common viral infection.

As used herein the expression '"HAV antigen' refers to any antigen capable of
stimulating neutralising antibody to HAYV in humans. The HAYV antigen may
comprise live attenuated virus particles or inactivated attenuated virus particles or
may be, for example an HAV capsid or HAV viral protein, which may conveniently
be obtained by recombinant DNA technology.

Infection with hepatitis B virus (HBV) is a widespread problem but vaccines
which can be used for mass immunisation are now available, for example the product
"Engerix-B' (SmithKline Beecham plc) which is obtained by genetic engineering
techniques.

The preparation of Hepatitis B surface antigen (HBsAg) is well documented.
See. for example, Harford er a! in Develop. Biol. Standard 54, page 125 (1983),
Gregg ez al in Biotechnology, 5, page 479 (1987), EP-A- 0 226 846, EP-A-0299 108
and references therein.

As used herein the expression ‘Hepatitis B surface antigen' or 'HBsAg'
includes any HBsAg antigen or fragment thereof displaying the antigenicity of HBV
surface antigen. It will be understood that in addition to the 226 amino acid sequence
of the HBsAg S antigen (see Tiollais er al, Nature, 317, 489 (1985) and references
therein) HBsAg as herein described may, if desired, contain all or part of a pre-S
sequence as described in the above references and in EP-A- 0278 940. In particular



5.3.1. Quinea pig therapeutic experinents In these experi ngﬁﬂsﬁ,‘cEMENT SHEj
gui neda pigs were challenged at day O with 10[err] pfu HSV2 straijn E/E After

recovery fromprimry infection, they were evaluated daily for rlecur2énfER 1997
herpetic disease (days 13 to 21). Guinea pigs were vaccinated at| days 21
and 42 with rgDerr]t A (OH3 MPL vaccine. Vaccines were admni gtrated
- 17 - the HiBs A8 meayi comprisea polgpepzide aomPRSIRE FDarping adid spguence Hal | enge.
The recurrenteodi?igAgeesifires 19!sh URshddty rhsidiies 189-145 followed by residues 175-
400 of the L-protein of HBsAg relative to the open reading frame on a Hepatitis B .
virus of ad serotype (this polypeptide is referred to as L*; see EP 0 414 374). HBsAg
within the scope of the invention may also include the preS1-preS2 -S polypeptide
described in EP 0 198 474 (Endotronics) or analogues thereof such as those described
in EP 0 304 578 (Mc Cormick and Jones). HBsAg as herein described can also refer
to mutants, for example the ‘escape mutant' described in WO 91/14703 or European
Patent Application Publication Number 0 511 855 A1, especially HBsAg wherein the
amino acid substitution at position 145 is to arginine from glycine.
Normally the HBsAg will be in particle form. The particles may comprise for
example S protein alone or may be composite particles, for example (L*,S) where L*
is as defined above and S denotes the S-protein of HBsAg. The said particle is
advantageously in the form in which it is expressed in yeast.
Herpes Simplex virus Glycoprotein D is located on the viral envelope, and is
also found in the cytoplasm of infected cells (Eisenberg R.J. ez al J. of Virol. 1980 35
428-435). It comprises 393 amino acids including a signal peptide and has a

molecular weight of approximately 60kD. Of all the HSV envelope glycoproteins
this is probably the best characterized (Cohen et a! J. Virology 60 157-166). In vivo
it is known to play a central role in viral attachment to cell membranes. Moreover,
glycoprotein D has been shown to be able to elict neutralizing antibodies in vivo
(Eing et al, J. Med Virology 127: 59-65). However, latent HSV2 virus can still be
reactivated and induce recurrence of the disease despite the presence of high
neutralizing antibodies titre in the patients sera. It is therefore apparent that the
ability to induce neutralizing antibody alone is insufficient to adequately control the
disease. .

The mature recombinant truncated glycoprotein D (rgD2t) or equivalent
proteins secreted from mammalian cells, is preferably used in the vaccine
formulations of the present invention. Equivalent proteins include glycoprotein gD
from HSV-1.

In a preferred aspect the rgDat is HSV-2 glycoprotein D of 308 amino acids
which comprises amino acids 1 though 306 of the naturally occurring glycoprotein
with the addition of Asparagine and Glutamine at the C terminal end of the truncated
protein. This form of the protein includes the signal peptide which is cleaved to yield
a mature 283 amino acid protein. The production of such a protein in Chinese
Hamster ovary cells has been described in Genentech's European patent EP-B-139
417 and Science 222 p524, and Biotechnology p527 June 1984. Such a vaccine when
formulated with small MPL according to the-present invention has a superior
therapeutic potential as compared to known rgD2t formulations.
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As shown in Table 5 in contrast with data in Experinent 1 Vn%EPL CEMENT S
MPL was used, vaccination with the rgDerr]t A (OH3 MPL 1Q0rm v%cgkﬂe@w
altered the recurrences of established HSV2 di sease, as cofpdr
control group, by significantly decreasing the recurrence geverity (-309%
p<0.05) and the recurrence day nunber -(428% p<0.1). Experinent 3:
Conparative efficacy of Al (OH) 3 conbined with small size Mil_pariictes
In this experinmen Wh"i‘stfg\%%ﬁe%g athﬁgY for obt a"@;{%llﬁﬁg%c&ﬁ%%f c* was used:
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controls Controls wereé either untreat or vaccinated with Al (OH) 3 ML

al one. Vacci riedulgetamupihy mediged dwough Ties)s- 21 and 42 post chal | enge. The
pattern of recurr edpanicslensivainage ioliwe theadceing formulatiorB®f ghesinverttiohlagmge.

The results are, 3QMNe iind@8hE protechive infifinity, St Wil ARy IVPERBEEE dntigen. SF F €CT

was

They provide excellent protection against primary and recurrent infection apd
stimulate advantageously both specific humoral (neutralising antibodies) and also
effector cell mediated (DTH) immune responses.

To make 3 deacylated monophosphoryl lipid A with a small particle size, in
general not exceeding 120nm the procedure described in GB 2 220 211 may be
followed to obtain known 3D-MPL, (or commercial MPL of larger particle size may
be purchased from Ribi Immunochem.) and the product may then be sonicated until
the suspension is clear. The size of the particles may be estimated using dynamic
light scattering as described hereinbelow. In order to maintain the MPL size in the
100 nm range after being formulated with aluminium hydroxide, the antigen and the
buffer, tween 80 or sorbitol can be added. Under these conditions, it has been
established that MPL does not aggregate in the presence of phosphate buffer, as may
happen during formulation without them. By doing so, the final formulation is
further defined and characterized. It has also been established that under these
conditions, MPL still interacts with aluminium hydroxide and the antigen forming
one single entity.

A clear solution of MPL forms an aspect of the invention. This solution may
be sterilised by passing through a filter.

Preferably the size of the particles is in the range 60-120nm.

Most advantageously the particle size is below 100nm.

The MPL as defined above will normally be present in the range of 10-200ug,
preferably 25-50y.g per dose wherein the antigen will be typically present in a range
of 2-50p.g per dose or more. The vaccine formulation of the present invention may
additionally contain further immunostimulants, in a preferred embodiment the
vaccines of the present invention may include QS21 (sometimes referred to as QA21).
This is an HPLC fraction of a saponin extract derived from the bark of a tree, Quillaja
Saponaria Molina and a method for its production is disclosed in US Patent
5,057,540.

The carrier may optionally be an oil in water emulsion, a lipid vehicle, or
aluminium hydroxide (aluminium hydroxide salt).

Non-toxic oil in water emulsions preferably contain a non-toxic oil, e.g.
squalene and an emulsifier such as Tween 80, in an aqueous carrier. The aqueous _
carrier may be, for example, phosphate buffered saline.
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formulations. Both fornul ations significantly reduced the recyrpenmce—""""
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from Varicella Zoster Virus, or from a hepatitis virus such as hepatitis B virus or

from other viral pathogens, such as Respiratory Syncytial virus, human papilloma
virus or Influenza virus, or against bacterial pathogens such as Salmonella, Neisseria,
Borrelia (for example OspA or OspB or derivatives thereof), or Chlamydia, or
Bordetella for example P.69, PT and FHA, or against parasites such as plasmodium or
Toxoplasma. The vaccine formulations of the present invention may contain a
tumour antigen, and be useful as an anticancer vaccine.

One embodiment of the invention is HAV antigen (for example as in Havrix)
in admixture with MPL and aluminium hydroxide as described hereinbelow.

A further embodiment of the invention is HB Virus Surface (HBsAg) antigen
(for example as in Engerix-B) in admixture with MPL and aluminium hydroxide as
described hereinbelow.

A further specific embodiment of the invention is HBsAg antigen as (1L*,S)
particles, defined hereinabove, in admixture with MPL and aluminium hydroxide.

Hepatitis A plus Hepatitis B combination vaccines may also be prepared in
accordance with the invention.

A further embodiment is a formulation according to the invention comrising
mature truncated glycoprotein D (rgD2t) or equivalent proteins as described
hereinabove. Yet a further embodiment is a formulation of the invention comprising
an OspA antigen or derivative thereof from Borrelia burgdorferi. For example,
antigens, particularly OSpA antigens from the ZS7 or B31 strains may be used. Yeta
further embodiment is a formulation of the invention comprising a flu antigen. This
provides an improved influenza vaccine, especially if a ‘split' virus is used.

The formulation may also be useful for utilising with herpetic light particles
such as described in International Patent Application No. PCT/GB92/00824 and,
International Patent Application No. PCT/GB92/00179.

Advantagously the vaccine composition of the invention contains other
antigens so that it is effective in the treatment or prophylaxis of one or more other
bacterial, viral or fungal infections.

For example, hepatitis vaccine formulations according to the invention
preferably contain at least one other component selected from non-hepatitis antigens
which are known in the art to afford protection against one or more of the following:
diphtheria, tetanus, pertussis, Haemophilus influenzae b (Hib), and polio.



The imunogenicity of rgDerr]t A (OH 3 conbined wth small
particles (MPL 100nm sorbitol) was evaluated in primtes (Af

Monkeys) . : 18

20 or 5[err]g of MPL 100nm were conbipeg with 20[err]g of rg
Al (OH)3 (0.5ng). Two vaccinations were given at 0 and 1 nont
hunoral (ELISA and neutralizing titers) and effector cell ne
i mMmune responses were neasured. a) Experi pent al procedure
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Particular combination vaccines within the scope of the invention include a

DTP (diphtheria-tetanus-pertussis) -hepatitis B combination vaccine formulation, an

Hib-Hepatitis B vaccine formulation, a DTP-Hib-Hepatitis B vaccine formulation and
an IPV (inactivated polio vaccine) -DTP-Hib-Hepatitis B vaccine formulation.

The above combinations may advantageously include a component which is
protective against Hepatitis A, especially the killed attenuated strain derived from the

HM-175 strain as is present in Havrix.

Suitable components for use in such vaccines are already commercially
available and details may be obtained from the World Health Organisation. For

example the IPV component may be the Salk inactivated polio vaccine.
vaccine may comprise whole cell or acellular product.

The pertussis

Advantageously the hepatitis or combination vaccine according to the

invention is a paediatric vaccine.

The invention in a further aspect provides a vaccine composition according to
the invention for use in medical therapy, particularly for use in the treatment or
prophylaxis of infections include viral and bacterial infections or for immuno
therapeutic treatment of cancer. In a preferred aspect the vaccine according to the
invention is a therapeutic vaccine useful for the treatment of ongoing infections, for
example hepatitis B or herpetic infections in humans suffering therefrom.

Vaccine preparation is generally described in New Trends and Developments
in Vaccines, edited by Voller et al, University Park Press, Baltimore, Maryland
U.S.A. 1978. Encapsulation within liposomes is described, for example, by

Fullerton, US Patent 4,235,877. Conjugation of proteins to macromoloecules is
disclosed, for example, by Likhite, US Patent 4,372,945 and by Armor ez al, US

Patent 4,474,757.

The amount of antigen in each vaccine dose is selccied as an amount which
induces an immunoprotective response without significant, adverse side effects in
typical vaccinees. Such amount will vary depending on which specific immunogens
are employed. Generally it is expected that each dose will comprise 1-1000pg of
total immunogen, preferably 2-100pg, most preferably 4-40pg. An optimal amount
for a particular vaccine can be ascertained by standard studies involvin g observation
of antibody titres and other responses in subjects. Following an initial vaccination,

subjects may receive a boost in about 4 weeks.

In a further aspect of the present invention there is provided a method of
manufacture of a vaccine effective in preventing or treating infection, wherein the
method comprises mixing the antigen with a carrier and MPL wherein the particle
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treatment is continued until the size of the MPL particles is in the range 60 - 120 nm.

Suspensions can in some cases be stored at 4 degrees C without significant
aggregation up to 5 months. Isotonic NaCl (0.15M) or isotonic NaCl plus 10mM
phosphate induces a rapid aggregation (size >3-5um).

Example 2: Production of large scale sterile soluble MPL with a particle size of
below 100nm.

Lyophilised 3 de-O-acylated monophosphoryl lipid A was obtained from Ribi
Immunochem, and suspended in water for injection (WFI). The suspension was
continuously pumped through an ultrasound flow cell. The flow cell is typically
made of glass or stainless steel with PTFE seals so as to comply with GMP
constraints. The Ultrasound is generated utilising an Ultrasound generator and a
titanium sonic horn (sonotrode) acquired from Undatim Ultrasonics (Louvain-La-
Neuve, Belgium). A heat exchanger is incorporated into the loop to avoid
degradation of the product by heat. The temperature of the MPL between the inlet
and the outlet of the flow cell is kept between + 4°C and 30°C, and the difference of
the temperature between the inlet and outlet is kept below 20°C. It will be
appreciated that heat is also removed as the material passes through the apparatus.

The apparatus used is schemarically depicted in figure 1.

2.1. Sonication

The MPL, powder (50 to 500 mg) is suspensed in WFI at concentration
between 1 and 2 mg/ml. '

The MPL suspension (under stirring conditions) is continuously pumped
through the sonication loop (see figure 1) at a flow rate between 50 and 100 ml per
minute in order to reach the equilibrium temperature of the system which is between
+4 and + 15°C,

The own frequency spectrum of the sonic hom in the configuration of the .
system (Power, Flow Cell, Liquid Flow rate, T°,) is set according to suppliers
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of the nonkeys (3/4) vaccinated with the 50 or 20[err]g MPL fprpulation.—Tn
contrast, only one nonkey fromthe 5 err]g MPL group devel oped h 2k rFRR 4997

response. c) Concl usi ons The data descri bed above} dgnonstrate
that the adjuvant effect of AI(OH)3 carMgned with small size |MPL particles
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The generator allows the control of the optimal efficiency of the sonication
(more transmission of energy with less heat) at a given time interval.

The temperature during the process is maintained below 30°C to avoid MPL
degradation.

The process is complete when the particle size is reduced below 100nm and
the solution is clear by visual inspection. During the sonication process samples are
taken for particle size evaluation by photocorrelation spectroscopy (dynamic light
scattering) using a Malvern Zetasizer type 3 in the same manner as example 1. The
total liquid residence time in the sonicator flow cell is calculated to be between 2.5
and 3.5 minates (see table 1), using a 20 ml. capacity flow cell and 50ml/min
recirculation flow rate. This flow rate gives an average residence time of 25 seconds -
per cycle and normally less than 10 cycles are needed to obtain the desired-effect of
small particle MPL.

2.2. Sterilization Process

The resulting "solubilized” MPL is sterilized by dead end filtration on a
hydrophilic PVDF 0.22mcm membrane. The observed pressure is usually below 1
bar. Atleast 25 mg of "solubilized" MPL are easily processed per square centimetre
with a recovery above 85%.
2.3. Storage/Stability

Sterile "solubilized” MPL is stored at +2° to 8°C. Stability data (Malvern) did
not show any significant difference of particle size after 6 months storage. (See Table
2).

Example 3: Hepatitis B vaccine formulation

MPL (particle size less than 100 nm) was obtained as described in Example 1.
Aluminium hydroxide was obtained from Superfos (Alhydrogel).

The MPL was resuspended in water for injection at a concentration varying
from 0.2 to 1 mg/ml by sonication in a water bath until the particles reach a size of
between 80 and 500 nm as measured by photo correlation light scattering.

1 to 20pug of HBsAg (S- antigen as in Engerix B) in phosphate buffer solution
at 1mg/ml) is adsorbed on 30 to 100ug of aluminium hydroxide (solution at 10.38
AI3+ mg/ml) for one hour at room temperature under agitation. To the solution is
then added 30 to 50ug of MPL (solution 1 mg/ml). Volume and osmolarity are
adjusted to 600p! with water for injection and phosphate buffer 5x concentrated.
Solution is incubated at room temperature for 1 hour and kept at 4°C until use.
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- 19.- Exanple 6: CLINICAL STUDIES with Lyne and Hepatitis B jagetnes—a
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MPL (particle size less than 100nm) was obtained as described in Example 1.
Aluminium hydroxide was obtained from Superfos (Alhydrogel).

HAYV (360 to 22 EU per dose) is preadsorbed on 10% of the aluminium
hydroxide final concentration (0.5mg/ml). The MPL (12.5 to 100ug per dose) is
added to the solution.

The rémaining aluminium hydroxide is added to the solution and left for one
hour at room temperature. ‘Volumes are adjusted with phosphate buffer (phosphate
10mM, NaCl 150mM) and the final formulation is then stored at 4°C until use.

Example 5 - Comparison Of Adjuvant Efficacy Of A Recombinant Herpes
Simplex Glycoprotein D Subunit Vaccine

5.1  In this study, the ability of various AI(OH)3 MPL formulations to improve the
protective immunity of a truncated glycoprotein D from Herpes Simplex virus tyx;e 2
(HSV2) (rgD2t) was evaluated in the prophylactic and therapeutic guinea pig models.
Immunogenicity studies were also performed in primates. The aim of these
experiments was to investigate the impact of the size of 3-de-O-acylated
monophosphoryl lipid A (MPL) particles on the immunogenicity and protective
efficacy of rgDt AI(OH)3 MPL formulations in rodents and in primates. Three
different AI(OH)3 MPL formulations of small size MPL were tested:

AI(OH)3 MPL 100nm (as described previously)

Al(OH)3 MPL 100nm with sorbitol

Al(OH)3 MPL, 100nm with tween.

5.2  Antigen-adjuvant preparations and immunisation schedules

5.2.1. Antigen formulations
Aluminium hydroxide (Al(OH)3) was obtained from Superfos (Alhydrogg,l
Superfos, Denmark). MPL was obtained from Ribi Immunochem Research Inc,

5.2.1.1. rgDst (AI(OH)3)/MPL TEA

MPL was resuspended by sonication in a water bath, to give sizes comprising
between 200 and 600nm. The preparation was prepared according to patent
application W(092/16231, and was stored at 4°C until use.

A dose contained Spg rgD2t, 0.5 mg A1(OH)3 and 50pg MPL.
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10mM PO4, 150mM NaCl. The final formulation was further incubated for 30
minutes at room temperature and stored at 4°C until use.
A dose contained 5ug rgDst, 0.5 mg AI(OH)3 and 50pg MPL.

5.2.1.3. rgD,t/AI(OH)3/MPL 100nm sorbitol

MPL was prepared as described in Example 1. rgDot was adsorbed on
aluminium hydroxide and incubated 1 h at room temperature. A 50% sorbitol
solution was then added to reach a final concentration of 5%. Tris-10mM solution
was then added to make up the final desired volume, and the solution was incubated
1h at room temperature under agitation.

The Formulation was stored at 4°C until use.

A dose contained Spg rgD2t, 0.5 mg AI(OH)3 and 50ug MPL.

5.2.14. rgD,t/Al(OH)3/MPL 100nm tween

MPL was prepared as described in Example 1 . In order to maintain the MPL
size to 100 nm, tween 80 was added fo the solution at a concentration such that it will
be equal to 0.01% in the final formulation. The formulation is then prepared as
described in formulation 5.2.1.3 above.

A dose contained Sug rgD2t, 0.5 mg AI(OH)3 and 50pg MPL.

5.3. Guinea pig prophylactic experiment

In these experiments, groups of guinea pigs were vaccinated at days 0 and 28
with Spg rgD2t in two different Aluminium hydroxide MPL formulations.
Immunisations were given subcutaneously in an 0.5ml dose. One month after the
second vaccination, guinea pigs were challenged intravaginally with 10 pfu of HSV2
strain MS. They were monitored daily for the development of primary and recurrent
HSV2 disease (days 4 to 39 post challenge).

5.3.1. Guinea pig therapeutic experiments

In these experiments, guinea pigs were challenged at day 0 with 103 pfu
HSV2 strain MS. After recovery from primary infection, they were evaluated daily
for recurrent herpetic disease (days 13 to 21). Guinea pigs were vaccinated at days 21
and 42 with rgD2t AI(OH)3 MPL vaccine. Vaccines were administrated
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5.3.2. Primate Immunogenicity studies

The immunogenicity of rgDst AI(OH)3 combined with MPL in sorbitol was
evaluated in African Green Monkeys. Groups of monkeys were vaccinated at days 0
and 28 with 20pg rgD2t and 0.5mg AI(OH)3 combined with 50,20 or Sug MPL in
sorbitol. Specific humoral (ELISA and neutralising titers) and effector cell mediated
(delayed type hypersensitivity response :DTH) immune responses were evaluated.
Each monkey group contained 5 animals. The formulations were administered
intramuscularly in a 1 ml dose. Preparation of the formulations was done as
described above. Animals were bled + every two weeks for antibody determination.

DTH response was tested 14 days after the second vaccination. A description
of the skin test is given below.

54. Read-outs

Assays were set up to evaluate the specific antibody response induced by
vaccination with rgD2t AI(OH)3 MPL formulations (determination anti-rgDot ELISA
titers and anti-HSV2 neutralising titers). The protective efficacy of these gD2
formulations was assessed in the prophylactic and therapeutical guinea pig models.
Immunogenicity studies were also conducted in monkeys. Specific humoral and
DTH responses were evaluated.

5.4.1. ELISA and neutralising titers
Anti-rgD2t antibody titers and anti-HSV2 neutralising activity were .
determined according the methods described in patent application No. W092/16231

5.4.2. Delayed type hypersensitivity (DTH)

The rgDot formulations were also tested for their ability to induce a T cell
specific immune response in monkeys as measured by the induction of delayed -type
hypersensitivity (DTH) responses.

African Green monkeys were vaccinated at days 0 and 28 with 20ug gD2
vaccine formulation administered intramuscularly. They were skin tested 14 days
after the second vaccination by intradermal injection on the belly of 15 or Sug of
rgD5t in saline. They were also skin tested with saline as control. The site of
injection was inspected 24 and 48 hours later for erythema and induration and the size
of these local reactions was measured.
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that it al r eadpe elificdicoecseiofi prmaryadisasd wis mbhicored by dailycolseivatemst the
incidence and severity of genital skin lesions during the 4-12 day post challenge
period. Animals were then examined daily for evidence of recurrent herpetic lesions
from days 13 to 39. In therapeutic experiments, guinea pigs were challenged at day 0
with 105 pfu HSV2 strain MS. After recovery from primary infection, they were
evaluated daily for recurrent herpetic disease (days 13 to 21) and were then
randomized according to their primary and recurrent scores (providing an equivalent
distribution of animals with mild to severe infection in each group) to receive either
no treatment or vaccination. Vaccines were administered on days 20 and 41 after
challenge. The pattern of recurrent disease was generally observed until £70 post

challenge.

The herpetic lesions were quantitated by using a lesion score scale ranging
from 0 to 32.
Scoring system

Lesion type Score

None 0
Vaginal lesions -
- Bleeding 0.5
- Redness for one or two days without bleeding 0.5
- Redness and bleeding for a day _ 1
- Redness without bleeding for at least 3 days 1
External herpetic vesicles
- < 4 small vesicles 2
- 2 4 small vesicles or only one big vesicle 4
- 24 large lesions 8
- Fusing large lesions 16
- Fusing large lesions on all external genital area 32
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Primary infection index = Xi (max.score i) x (incidence %) withi =0, 0.5, 2,
4, 8 or 16.

Recurrent disease

- Recurrence day number = number of recurrence days for the days 13 to 39
post-infection. One recurrence is preceded and followed by a day without desion and
characterized by at least two days with erythema or one day with vesicle(s).
Recurrence day numbers are expressed as arithmetic means + SD and medians.

- Recurrence severity = sum of the daily scores for the days 13 to 39 post-
infection. Results are expressed as arithmetic means * SD and medians.

5.5. Results

The protective efficacy of different rgD4t AI(OH)3 MPL formulations was
compared in prophylactic and therapeutic experiments in guinea pigs.
Immunogenicity studies were also conducted in primates. The aim of these

experiments was to compare the immunogenicity and protective efficacy of rgD5t
Al(OH)3 combined with different MPL particles size.

5.5.1. Prophylactic experiments

Two experiments were performed to evaluate the potential of different rgDot
Al(OH)3 MPL vaccines to provide protection against primary and recurrent HSV2
disease, when administered to guinea pigs prior to intravaginal viral inoculation.

Experiment 1: Comparison of MPL 100 nm sorbitol versus MPL TEA

Group of female hartley guinea pigs (200-250g) were immunized at days 0
and 28 with Spug rgDat AI(OH)3 combined with small size MPL particles (100nm;
MPL in sorbitol), or with larger MPL particles (MPL in TEA). Control animals were
injected according to the same protocol with adjuvant alone or were untreated. The |
animals were bled 14 and 28 days after the second vaccination for antibody
determinations by ELISA and neutralization assays. They were challenged 29 days
after the second vaccination with 105 pfu of HSV?2 strain MS intravaginally. After
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(days 4 to 12 post challenge) and for evidence of recurrent herpetic disease (days 13
to 39 post challenge).

a) Induction of humoral immunity

As shown in Table 3, higher ELISA and neutralizing titers were induced when
the small size MPL particles were used in the rgD5t Al(OH)3 formulation.
b) Effect of vaccination on primary HSV2 infection (Table 3)

As compared to the control group that became infected and experienced acute
primary infection, both vaccinated groups showed significantly reduced lesion
severity (p < 0.00005). A significantly lower skin lesion incidence was observed in '
the rgDot AI(OH)3 MPL 100 nm vaccinated group (p<0.06).

c) Effect of vaccination on recurrent HSV2 disease

Results are given in Table 4. As compared to the controls, both vaccines weré 4
able to alter the development of recurrent herpetic disease, as measured by-reduction
in_the number of recurrent episodes (p<0.02 for rgD3t AI(OH)3 MPL 100 nm)

d) Conclusions

Both formulations were able to provide significant protection against primary
infection and to reduce recurrent disease. These results show that the rgDat A(OH)3
formulation containing small size MPL particles has a very potent prophylactic
efficacy.

Experiment 2: Efficacy of AI(OH)3 MPL 100 nm

Hartley guinea pigs (200-250g) were immunized at days 0 and 28 with Spug
gD2 formulated in AI(OH)3 MPL 100 nm. Immunizations were given
subcutaneously in a 0.5 ml dose. A dose of 50iLg MPL was used in the Al(OH)3
MPL formulation. Control animals were injected according the same protocol with
adjuvant alone or were untreated. The animals were bled 14 and 28 days after the
second vaccination for antibody determination by ELISA and neutralization assays.
The guinea pigs were challenged 29 days after the last immunization with 109 pfu of
HSV2 strain MS intravaginally.

a) Induction of humoral immunity

As shown in Table 3, the vaccinated group produced good ELISA and
neutralizing titers. Control group did not develop any detectable antibody response.
b).  Effect of vaccination on primary HSV2 infection (Table 3)

As compared to the control group that became infected and experienced acute
primary infection, the vaccinated group showed significant reduced lesion severity (p
< 0.00005) and incidence (p<0.002). There was no evidence of external skin lesions
in any of the vaccinated guinea pigs.
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rgD2t AI(OH)3 combined with small size MPL particles is very potent in
providing protection against primary and recurrent HSV2 infection in guinea pigs.

From the experiments described above one could conclude that small size
MPL Al(OH)3 formulations obtained through two different strategies induce at least
as potent prophylactic response as does large size MPL, Al(OH)3 formulation. In
addition small size MPL has the advantage of being sterilised easily before use.

5.5.2. Therapeutic experiments ,

The aim of these experiments was to compare the therapeutical potential of
different rgD5t A1(OH)3 MPL formulations on the course of the recurrent herpetic
disease in guinea pigs with established HSV2 infection.

Guinea pigs were inoculated intravaginally at day 0 with 103 pfu HSV2 strain
MS. They were monitored daily for clinical signs of acute infection (days 4 to 12) as
well as for evidence of recurrent herpetic disease (days 13 to 20). Animals were
randomized into different experimental groups according to their primary and
recurrent scores, providing an equivalent distribution of animals with mild to severe
infection in each group. Guinea pigs without evidence of clinical signs of infection
were not enrolled in the protocol. Vaccines were administrated subcutaneously at
days 21 and 42 after challenge.

The therapeutic efficacy of rgDat AI(OH)3 MPL formulations was evaluated
in three different experiments.

Experiment 1: Efficacy of rgDat AI(OH)3 combined with large size MPL
particles (MPL in TEA)

Guinea pigs experiencing recurrent disease were randomized to receive either
20pg rgDat AI(OH)3 combined with large size MPL particles (MPL TEA) or
adjuvant alone. Vaccines were administered at days 21 and 42 post challenge. The
pattern of recurrent disease was observed until day 84.

As shown in Table 3, the rgDot AI(OH)3 MPL TEA formulation was not
effective in reducing the ongoing recurrent disease.

Experiment 2: Efficacy of rgDst AI(OH)3 MPL 100nm

Two groups of guinea pigs were either vaccinated with 20pg rgDot A(OH)3

combined with small size MPL particles (MPL 100nm) or untreated.
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A dose contained 5ug rgDat, 0.5 mg AI(OH)3 and 50ug MPL.

5.2.1.3. rgD2t/AI(OH)3/MPL 100nm sorbitol

MPL was prepared as described in Example 1. rgD-t was adsorbed on
aluminium hydroxide and incubated 1 h at room temperature. A 50% sorbitol
solution was then added to reach a final concentration of 5%. Tris-10mM solution
was then added to make up the final desired volume, and the solution was incubated
1h at room temperature under agitation.

The Formulation was stored at 4°C until use.

A dose contained Sug rgD2t, 0.5 mg AI{OH)3 and 50ug MPL.

5.2.14. rgD,t/AI(OH)3/MPL 100nm tween

MPL was prepared as described in Example 1 . In order to maintain the MPL
size to 100 nm, tween 80 was added to the solution at a concentration such that it will
be equal to 0.01% in the final formulation. The formulation is then prepared as
described in formulation 5.2.1.3 above.

A dose contained 5pg rgD2t, 0.5 mg AI(OH)3 and 50ug MPL.

5.3. Guinea pig prophylactic experiment

In these experiments, groups of guinea pigs were vaccinated at days 0 and 28
with Spg rgD2t in two different Aluminium hydroxide MPL formulations.
Immunisations were given subcutaneously in an 0.5ml dose. One month after the
second vaccination, guinea pigs were challenged intravaginally with 103 pfu of HSV2
strain MS. They were monitored daily for the development of primary and recurrent
HSV2 disease (days 4 to 39 post challenge). |

5.3.1. Guinea pig therapeutic experiments

In these experiments, guinea pigs were challenged at day 0 with 105 pfu
HSV2 strain MS. After recovery from primary infection, they were evaluated daily
for recurrent herpetic disease (days 13 to 21). Guinea pigs were vaccinated at days 21
and 42 with rgDot AI(OH)3 MPL vaccine. Vaccines were administrated
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Experiment 3: Comparative efficacy of AI(OH)3 combined with small size MPL
particles

In this experiment, a third strategy for obtaining small size MPL was used:
addition of tween, eg Tween 80.

The éxperimental groups were as follows:

Group 1 (n=15) : 20 pg rgDt/Al(OH)3 MPL 100nm with tween

Group 2 (n=15) : 20 pg rgD2t/Al(OH)3 MPL 100nm with sorbitol

Group 3 (n=16) : controls

Controls were either untreated or vaccinated with A1(OH)3 MPL alone.
Vaccines were administered at days 21 and 42 post challenge. The pattern of
recurrent disease was observed until day 60 post challenge. '

The results are shown in Table 5. A clear significant therapeutical effect was
observed in animals vaccinated with the two rgD2t/Al(OH)3 MPL formulations.
Both formulations significantly reduced the recurrence severity, the recurrence day
number and the number of recurrent episodes.

Conclusions

A very potent therapeutic effect against established recurrent HSV2 genital
disease was observed with rgD5t AI(OH)3 MPL formulations containing small size
MPL particles (ca. 100nm). In contrast, this therapeutic effect was not observed
when large MPL size particles (MPL in TEA) were added to the rgDat AI(OH)3
vaccine.

In conclusion, results obtained in guinea pigs clearly demonstrate the
prophylactic efficacy of rgDat AI(OH)3 MPL formulations prepared with small size
MPL particles. These formulations have an improved therapeutic potential as
compared to rgD2t AI(OH)3 combined with large size MPL particles.

5.5.3 Immunogenicity studies of rgD,t AI(OH)3 combined with small size MPL
particles in primates

The immunogenicity of rgDot AI(OH)3 combined with small size MPL.
particles (MPL 100nm sorbitol) was evaluated in primates (African Green Monkeys).
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every two weeks for antibody determination by ELISA (anti-gD2 titers) and
neutralization assays. The three vaccine formulations were also compared for their
ability to induce a T cell mediated immunity in vivo, as measured by the induction of
a specific delayed-type hypersensitivity (DTH) response. Three monkeys in each
group v . .kin tested 14 days after the second vaccination with 15 or Sug‘of gD2i,
given in ;aline on the belly. They were also skin tested with saline alone as control.
Erythema and induration at the site of the intradermal inoculation were monitored 24
hours and 4§ hours later.
b) Results

Serological and DTH responses are shown in Table 6. Groups of monkeys
vaccinated with the gD2t AI(OH)3 formulation containing either 50 or 20ug of MPL
produced significantly more neutralizing antibodies than the group receiving the Sug
MPL dose (p<0.003 and p<0.008, respectively). There was no significant difference
in the ELISA or neutralizing titers measured in the 50 or 20pug MPL groups. A
correlation between the MPL dose and the effect on the effector cell mediated
immune response was observed. A strong DTH response was detected in the majority
of the monkeys (3/4) vaccinated with the 50 or 20p.g MPL formulation. In contrast,
only one monkey from the Sug MPL group developed a skin test response.

c) Conclusions '

The data described above demonstrate that the adjuvant effect of AI(OH)3
combined with small size MPL particles is also effective in primates and is not
restricted to small animal species. A correlation between the MPL dose and the
immunogenicity of the rgDt Aluminium hydroxide MPL formulation could be
observed in monkeys, with 20 and 50ug giving the best serological and DTH
responses.
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Preparations of formulations

6.1.1. NS1-OspA/aluminium hydroxide

NS1-OspA prepared according to the procedures described in WO 93/04175
was adsorbed on aluminium hydroxide and incubated 1 hr at room temperature.
Final volume was adjusted with phosphate buffer (PO4 10 mM, NaCl 150 mM).
Formulation was stored at 4°C until use. '

A dose contains 10pug NS1-OspA/500ug aluminium hydroxide

6.1.2. NS1.OspA/aluminium hydroxide/MPL

NS1-OspA was adsorbed on aluminium hydroxide and incubated 1 hr at room
temperature. MPL prepared as described previously was then added to the
formulation and incubated again 1 hr at room temperature. The formulation was then
adjusted to the final volume with phosphate buffer (10mM PO4, 150 mM NaCl). '
Formulation was stored at 4°C until use.

A dose contains 10pg OspA/500ug AI(OH)3/50pg MPL

6.1.3. Immunization schedule
Human volunteers were injected three times intramuscularly with 1ml of a
given formulation at days 0, 31 and 62. Sera were taken 30 days post I, II and III.
They were then analysed by ELISA for total IgG anti OspA and for LA-2 like
antibody response in an inhibition test (LA-2 Mab was shown to be protective
antibody against infection in mice).

6.2. HBsAg/MPL formulations in humans
6.2.1. Preparation of Formulations

HBsAg 20pg/Aluminium hydroxide 500ug

HBsAg was adsorbed on the total final amount of aluminium hydroxide and
final volume was adjusted with phosphate buffer saline (PO4 10 mM, NaCl 150 mM)
at 1ml per dose. Formulation wa stored at 4°C until use.

6.2.2. HBsAg 20pg/Aluminium hydroxide 100pg
HBsAg was formulated as described previously but adsorbed only on 100ug
of AI(OH)3. The final volume was (1m]) dose
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munization schedule
Human volunteers (20 per group) were injected L.M. with 1ml of one of the
given formulations. Sera were collected on months 0, 1, 3 and 6. They were
analysed for neutralizing antibodies with the commercially available Abbot test.

6.3. RESULTS

T . 8 shows that MPL used in combination with aluminium hydroxide and
NS1-Os;. A in a form of particles of 100nm is efficient at producing higher-antibody
titers of inhibitory nature than the antigen on aluminium hydroxide and that the
kinetics of seroconversion are faster.

This established that for a soluble antigen, like NS1-OspA, in humans, MPL
formulated as small particle keeps the adjuvant properties that it already exhibited in
animals with other soluble antigens.

Table 7 shows that the adjuvant effect lost by reducing the amount of
aluminium hydroxide formulation present in Hepatitis B formulations can be
recovered by adding MPL in the form described in this patent. The MPL also
improves the seroconversion rate.

Example 7: Combination vaccine formulation - Hepatitis B +Hepatitis A

HBsAg is adsorbed on 90% of the final amount of aluminium hydroxide
(0.5mg/ml) and incubated overnight at room temperature. The pH is adjusted to 6.2
and the preparation is left 14 days at room temperature for maturation.

Hepatitis A antigen at 360 to 22EU per dose, in the form of an inactivated
derivative of the HM-175 strain (as in Havrix) is preadsorbed on 10% of the
aluminium hydroxide final concentration (0.5mg/ml). The remaining aluminium
hydroxide is then added to the solution and left for one hour at room temperature
under agitation.

The HAYV adsorbed on aluminium hydroxide is then added to the HBsAg
formulation.

MPL (particle size less than 100 nm) is added to the HAV/HBsAg solution at
a final concentration of 12.5 to 100ug per 1 ml dose, the volume is adjusted to the
final dose volume, and the formulation is stored at 4°C until used.
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9.1. Effect Of AI(OH)3 + Mp!l On Induction Of Anti-HBs Antibodies

Balb/c mice were immunized by the subcutaneous route or by the intradermral
route with recombinant HBsAg adsorbed on AI(OH)3 with MPL as adjuvant. Mice
were i .nized twice with HBsAg/AlI/MPL formulations and the antibody response
was measured after the first and the second doses. Total Ig were measured by ELISA
or AUSAB kit (Abbott Lab, Ill.) and a particular attention was given to the induction
of antibodies of the IgG2a isotype since this isotype is mainly induced by secretion of
g-Interferon. The induction of this isotype thus indirectly reflects the activation of
cell mediated immunity, namely the activation of Thl.

The ratio HBsAg/MPL has been investigated as well as the size of MPL
particles.

9.1.1. EXPERIMENT I - Effect of MPL (> 500 nm) dose on immunogenicity of
rec.HBsAg adsorbed on AI{OH)3 '

Groups of 10 female Balb/c mice were injected by the subcutaneous route
with 2.5 mcg of recHBsAg adsorbed on 50 mcg of Al+++ (as AI(OH)3) and
increasing amounts of MPL (3.1 to 50 mcg) with a particle size of > 500 nm. The
mice were injected twice in a volume of 100 mcl and at 2 weeks interval. They were
bled 2 weeks after the first injection (partial bleeding) and one week after the booster.
Total anti-HBs IgG and specific IgG2a were measured by ELISA using recHBsAg as
capture antigen. The titers were expressed as the reciprocal of the dilution
corresponding to 50% of the maximal value (mid-point dilution). The results indicate
an increase of both specific IgG and IgG2a with increasing doses of MPL,
particularly for doses of 12.5 to 50 mcg. The effect is seen for both primary and
secondary responses and is particularly obvious for IgG2a (up to 20 fold increase)
indirectly indicating a secretion of g-interferon induced by the immunization with
MPL.
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DSAH16 contained no MPL and served as control. Lots DSAR501 and 502 were

prepared in a similar way (20 mcg of recHBsAg adsorbed on 0.5 mg Al+++ as
AI(OH)3) but contained 50 mcg of MPL (> 500 nm).

The 3 lots were injected subcutaneously to groups of 10 mice (200 mcl
containing 2.5 mcg HBsAg, 100 mcg Al+++ and 6.25 mcg MPL), twice at 2 weeks
interval. The mice were bled at day 14 and 1 week after the booster. Anti-HBs
antibodies were measured using AUSAB kit or an in-house ELISA for either IgG or
IgG2a. The results are given in table 2. They indicate that, 2 weeks after the first
injection. the 2 lots containing MPL induce a very significant anti-HBs response (12.4
and 41.9 -:IU/ml) while the lot which does not contain MPL only induces a marginal
response (0.75 mIU/ml). The number of responders is also higher.with MPL. (9/10
and 9/10 versus 1/10 in absence of MPL). The effect of MPL is confirmed after the
booster since the titers obtained for lots DSAR501 and 502 are about 6 fold higher -
than that observed without MPL.

This indicates that, at least in mice, MPL (> 500 nm) can improve both the
kinetics of the anti-HBs response and the level of the anti-HBs response.

These results were confirmed when specific IgG and IgG2a are measured after
immunization with lots DSAH16 (without MPL) and DSARS502 (with MPL): the anti-
HBs IgG titer is 5 (primary response) and 3 (secondary response) times higher when
MPL is present. _

For the 1gG2a response, the effect of MPL is even more striking, at least after
the second dose, indicating a preferential induction of IgG2a. This indirectly reflects
activation of cell-mediated immunity (secretion of gamnma-interferon) by the
preparation containing MPL.. )

9.1.3. Experiment III: Effect of MPL (< 100 nm) dose on immunogenicity of
recombinant HBsAg adsorbed on AI({OH)3 .

Groups of 10 mice (Balb/c, female, 7 weeks old) were injected subcutaneously
with 1 meg of recombinant HBsAg adsorbed on 50 mcg of Al+++ (as AI(OH)3) and
in presence of increasing amounts (3.1 to 25 mcg) of MPL(< 100 nm). The mice
were injected twice at 2 weeks interval with a volume of 200 mcl. They were bled 2
weeks after the first injection and 1 week after the booster. The anti-HBs response
was evaluated by ELISA (total Ig, IgG, IgG2a) on pooled sera. The titers were
expressed as mid-point dilutions (reciprocal of the dilution giving 50 % of the highest
values). The results indicate that as few as 3.1 mcg of MPL induce a strong increase
of the antibody response both for primary and secondary responses. The response
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As shown for larger size MPL (> 500 nm), the adjuvant effect of MPL is
higher for IgG2a than for total IgG or Ig. At the maximal effect of the secondary
response (6.25 mcg of MPL), there is a 25 fold increase for IgG2a while the

increase for IgG or total Ig was 7.6 and 4.3 respectively.

e—secroted

9.2. Iniuction of Cell-Mediated Immunity by recHBsAg adsorbed on
AI(OH)3 - effect of MPL

If humoral immunity is sufficient to protect against Hepatitis B, the induction
of cell-mediated immunity (CTL, Th1) could be of particular importance for the
treatment of the disease.

New formulations are required however for therapeutic vaccines since
AI(OH)3 is capable of improving humoral immunity but not cell mediated immunity.

We have investigated the effect of MPL on the induction of Th1 cells capable
of secreting IL-2 and g-(i.e. gamma) interferon in Balb/c mice immunized with
recHBsAg adsorbed on AI(OH)3.

9.2.1. EXPERIMENT I - Effect of MPL (> 500 nm) on induction of Th1 cells
after immunization of Balb/c mice with AI(OH)3 adsorbed HBsAg

A group of 10 Balb/c mice (female, 5 weeks old) were immunized by
injection in each footpad of 30 mcl containing 10 mcg of HBsAg, 15 mcg-of Al+++
(as AI(OH)3) and 15 mcg of MPL. Control mice were injected similarly with the
same amount of recHBsAg either mixed with FCA (positive control) or adsorbed on
Al(OH)3 without MPL (negative control). ]

Six days after the immunization, the mice were killed and the popliteal lymph
nodes were removed. The lymph node cells (LNC 2.105/ml) were cultivated for
different periods of time (24 hrs to 74 hrs) in RPMI medium supplemented with 1 %
of negative mouse serum and containing 5 mcg/ml of recHBsAg. After termination
of the culture, the amount of IL-2, INF-g and IL-4 secreted in the medium was
measured. IL-2 was estimated by its ability to stimulate the proliferation (evaluated
by incorporation of 3H-Thymidine) of an IL-2-dependent CTL line (VDAZ2 cells) and
the titer was expressed as stimulation index (SI = amount of 3H-Thymidine
incorporated in stimulated cells/amount of 3H-Thymidine incorporated in non
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No IL-4 was detected after immunization with HBsAg adsorbed on A1(OH)3
even in presence of MPL.
This secretion profile indicates that specific Thl cells (IL-2, INF-g) have been
induced by immunization with adsorbed HBsAg in presence of MPL but not in
absence of MPL. However, no Th2 (IL-4) were detected in these conditions of
immunization.

9.2.2. EXPERIMENT II - Effect of the dose of MPL (< 100 nm) on the
induction of Thl cells after immunization of Balb/c mice with A1{OH)3 adsorbed
recHBsAg

Groups of 5 Balb/c mice were immunized in each of the 2 footpads with30
mcl containing 10 mcg of recHBsAg adsorbed on 15 mcg of Al+++ (as AI(OH)3) and
with increasing amounts of MPL (100 nm, 0 to 15 mcg).

Six days after the injection, the mice were killed and the popliteal lymph node
cells (LNC) were cultivated at 2.106 celis/ml in RPMI supplemented with 1 %
negative mouse serum for different periods of time (24 hrs to 96/25) in presence of 5
mcg/ml of recHBsAg.

The secretion of IL-2 was measured by stimulation of the proliferation of
VDAZ2 cells and concentration of IL-2 is expressed as Stimulation Index (SI); the
secretion of INF-g was measured using a commercial kit and expressed in pg/ml.

It was found that the secretion of IL-2 is dramatically increased by the lower
dose of MPL (7.5 mcg) and a maximal effect is obtained for 15 mcg of MPL.

The secretion of IL-2 is generally more important at 24 hrs than at 48 or 72
hrs.

The secretion of INF-g is absent when HBsAg is adsorbed on AI(OH)3 in
absence of MPL. A small dose (7.5 mcg) of MPL induces a secretion of INF-g and
again, the maximal effect is obtained for 15 mcg of MPL. Contrary to what is
observed for IL-2, the secretion of INF-g is delayed in the culture and increases with
time up to 96 hours.
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Taken together these data indicate that MPL (less than 100 nm) is a potent
inducer of Th1 when combined with HBsAg adsorbed on AI(OH)3.

The effect of a formulation containing HBsAg adsorbed on AI(OH)3 and MPL on the
induction of both humoral and cell-mediate immunity in Balb/c mice has

been investigated. The results indicate that MPL clearly improves the kinetics of the
anti-HBs response since much more anti-HBs antibodies are found after both the
primary and secondary immunizations. The quality of the anti-HBs is also modified
and a preferential induction of IgG2a has been observed, reflecting indirectly
secretion of INF-g and thus induction of a cell-mediated immunity.

Direct evaluation of the induction of Th1 cells by formulations containing
HBsAg, AI(OH)3 and MPL clearly indicates that MPL is a potent inducer of Thl
cells secreting both IL-2 and INF-g. This kind of formulation is thus important in the
development of therapeutic vaccines.

Best results were obtained using MPL of less than 100nm particle size.

For Tables showing the results of experiments described above, see Tables 9-
14 below.

13. Conclusions

Overall the data suggests that small MPL is an improved immunostimulant in
primates including man, over large size MPL. This combined with the ability to
make large scale sterile lots renders small MPL as a suitable immunostimulant for a
range of human or animal health vaccines.
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Table 4

PROPHYLACTIC EFFICACY OF rgDst AI(OH)3 MPL FORMULATIONS IN GUINEA PIGS
EFFECT TO VACCINATION ON RECURRENT HSV2 DISEASE

GROUP | FORMULATION RECURRENT DISEASE
REC.SEVERITY* REC.DAY NUMBER** REC.EPISODE NUMBER
INCIDENCE(%).
Arith.mean+/-SD | Median Arith.mean+/-SD | Median | O 1 2 I3 5
Experiment 1
In=12 1gD,t Smg/A|OH)3 MPL. 100nm (sorb.) 5.416.2 35 415 25 33 |42 |8 8 0
2n=12 | rgDqt Spg/A(OH)3/MPL TEA 6.5+5.9 6.5 4.31+3.9 3 27 (27 |9 |27 0
3n=11 controls 8£5.4 9 5.1143.1 6 18 0 {18 |64 0
Experiment 2
In=10 | rgDyt AI(OH)3/MPL 100nm 1.643.9 0 0.5 1.1 0 80 |20 0 | O 0
2n=10 controls 6.116 6.75 4.3%+4.3 4.5 40 0 20} 20 20

* Sum of the lesion scores for the days 13 to 39 post-infection

**Number of recurrence days for the days 13 to 39 post-infection

One recurrence is preceded and followed by a day without lesion and
characterized by at least two days with erythema or one day with vesicle(s)

'Sorb' in Experiment 1 means Sorbitol
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**Total days animals experienced recurrent lesions for the days 21 to 60 post-infection
*#** Recurrence episode number for the 21 to 60 post-infection. One episode is preceded and followed by a day without lesion and characterized by at least two days with

erythema (score=0.5) or one day with external vesicle(s) (score>=2) Immunotherapeutical treatment: Subcutaneous injections at days 21 and 42 post-infection. Statistical

analysis: Wilcoxon rank sum test versus adjuvant controls (not significant for p>0.1:NS). Sorb. means sorbitol.
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1 = Table 5
= o
2| = . | .
M oo THERAPEUTIC EFFICACY OF rgDst AI(OH)3 MPL FORMULATIONS:
H 2 L]
% ]
GROUP | FORMULATION THERAPEUTIC EFFECT
SEVERITY* REC.DAY NUMBER** REC.EPISODE NO,*#*
Arith.mean+/-SD Median (%versus Arith.mean+/-SD Median Arith.mean | Median
conts) (%versus conts) +-SD (Joversus
conts)
Experiment 1
in=18 | rgDyt 20ug/A(OH)3/MPL TEA ND ND ND 11 ND 7
2n=18 controls ND ND ND ND 5
! Experiment 2
M In=14 | rgD5t 20ug/AOH)3 MPL 100nm 11.148.7(-39%)p<0.05 10.25(-41%)p<0.1 8.446(-28%)p<0.1 | 8.5(-23%)p<0.31 | 3.3+2 4
! 2n=13 controls 18.3£10.3 17.5 11.716.8 1 44421 4
Experiment 3
In=15 | rgDxt 20ug/A}(OH)3/MPL 100nm; tween 10.3£10.1 6(-54%)p<0.07 6.34+5.8 4(-43%)p<0.1 2.742p<0.1 | 3(-25%)p<0.1
2n=15 | gDyt 20pg/Al(OH)3 MPL 100nm; sorb. 8.316.7 6.5(-50%)p<0.03 5.5+4.4 4(-43%)p<0.1 2.7£1.5 3(-25%)p<0.1
In=16 controls 12.548.1 13 8.544.5 7 3.611.6 4
N_ * Sum of the lesion scores for the days 21 to 60 post-infection
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I MMUNOGENI CI TY OF gD2t ALUM NI UM HYDROXI DE MPL 100nm ( sor bi tjol
| N PRI MATES SEROLOG CAL AND DTH RESULT$
MONKEY  ANTI BODY _ 3$TH RESPONSE **

No. RESPONSE* (I'ndur ati on)

ELI SA NEUTWBLE 6 gD2 gD2.

REPLACEMENT SHEET
AR FER 1097

IMMUNOGENICITY OF gD2t ALUMINIUM HYDROXIDE MPL 100nm (sorbitol)

IN PRIMATES
SEROLOGICAL AND DTH RESULTS

VACCINE | MONKEY | ANTIBODY DTH RESPONSE **
' No. RESPONSE* (Induration)
ELISA NEUTRA gD2 gD2.
TITER TITER PBS Sug 15ug
KQ 100 18630 800 - + +
1 20uggD2t | KQ 101 5554 1600 - - -
Aluminium | KQ 102 14870 800 - ++ S
hydroxide
S0ug MPL | KQ 103 5486 1600 - R A o
KQ 104 16270 | 1600 ND ND ND
GMT 10655 1213
KQ 105 16170 800 - + ++
20ug gD2 KQ 106 4389 800 - - -
Aluminium | KQ 107 20440 1600 - ++ +++
hydroxide
20ug MPL | KQ 108 5613 800 - + +
KQ 109 6765 1600 ND ND ND
GMT 8876 1056 ’
KQ110 2486 200 - - -
20pg gh2t KQ 111 9918 800 - ++ 4+
Aluminium | KQ 112 2526 400 - - - -
hydroxide )
S5ug MPL KQ 113 7137 400 - - -
KQ 114 8396 400 ND ND ND
GMT 5181 400
*Measured 14 days post II/GMT = geometric mean titer
ELISA titer= midpoint titer

NEUTRA titer = reciprocal of the highest serum dilution giving 100% protection

against the cytopathogen effect
*¥gkin test on day 14 post II
Induration 24 hrs reading
+=1mm
++ = 1-5mm
+++=>5mm
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Immunogenicity of clinical batches of OspA In Humans
Anti-OspA in the LA-2 inhibition assay
(ng equiv LA-2/ml) (GMT)

Vaccine Pre Post I 30 Post II 30 Post I11 30

Do D28 D56 D84
NS1-OspA 118 1233 409 768
on Aluminium
hydroxide
SC (%) 2.6 77.2 86.5 100
NS1-OspA+MPL | 134 269 865 2424
on Aluminium
hydroxide
SC (%) 2.6 88.6 97.2 100
N=80
10pg/dose

Im route
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Table 9
EFFECT OF INCREASING DOSES OF MPL (>500nm)
ON IMMUNOGENICITY OF RECHBsAG ADSORBED ON AL(OH);3
Amount of MPL (mcg/dose) Anti-HBs Response
Total IgG 1gG2a
Days 14 Day 21 Day 14 Day 21
o* 69 743 3.2 11
3.13 122 541 3.8 20
6.25 296 882 6.4 24
12.5 371 1359 10 48
25 456 1493 18 138
50 403 1776 33 242
*HBsAgon Al,




(ng equiv
[ 1.30

bat ches of OGspA In Humans

Anti-QspA in the LA-2 inhibition assay

| munogeni city of clinical
LA-2/m) (GVI)

MG CBHERT

I de S

(.00
o7

28 FEB 1990

REPPRGE

(0):

s
4.

\Post

| 30
D56

Post
100 NS1- GspA+MPL 13

2424 on Al um ni um hydroxi de SC (%

100

Pre
D28
¥6840Rn Al umi ni um hyd

Do
409
86.5

Vacci ne
233
77.2

30

1]
118
2.6
865 -
97.2

Table 10
COMPARISON OF 3 CLINICAL LOTS WITH AND WITHOUT MPL
AUSAB RESPONSE .
Lot Dose of HBsAg Dose of | GMT Anti-HBs (mIU/ml)
on MPL (mcg)
Al(OH)3(mcg)
DSAHI16 2.5 0 0.75 15.1
DSARS501 25 . 6.25 12.4 96.7
DSARS502 2.5 6.25 419 89.2
Table 11
COMPARISON OF 2 CLINICAL LOTS WITH AND WITHOUT MPL (>500nm)
ANTI-HBS IGG AND IGG2A RESPONSE _
Lot Dose of Dose of MPL Anti-HBs Response
HBsAg on (mcg)
Al(OH)3(mcg)
IgG IgG2a
dis d21 d15 d21
DSAH16 2.5 0 20 178 <5 5
DSAR502 2.5 6.25 113 641 <5 | 28
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Table 12
EFFECT OF MPL (<100NM) DOSE ON IMMUNOGENICITY OF REC HBsAG
ADSORBED ON AL(OH)3 .
Dose of | Dose of MPL Anti-HBs Response
HBsAg (<100nm)
adsorbed - (mcg)
on
Al(OH)3
(mcg)
1gG : IgG2a
d15 d21 di5 d21 dis5 d21
1 0 30 637 67 516 15 99
1 3.12 312 2302 335 3532 167 1752
1 6.25 538 2719 856 3932 261 2521
1 12,5 396 2104 485 3625 125 1393
1 25.0 38 446 141 638 28 233
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Table 13
EFFECT OF MPL (>500nm) ON THE INDUCTION OF
‘HBsAG SPECIFIC TH1 CELLS IN BALB/C MICE
#Dose of Formulation In vitro secretion of
HBsAg
(mcg/mouse)
IL-2(SI) INE-y(pg/ml) IL-4(pg/ml)
24 h 48 h 72h 24 h 48 h 72h 24h 48 h 72 h
20 FCA 1.3 2.0 8.0 <125 | <125 385 NT - NT NT
- FCA 0.7 1.8 07 | <125 | <125 | <125 | NT | NT | NT
20 Al(OH)3 1.0 1.4 1.2 <125 | <125 | <125 <40 <40 <40
20 Al(OH)3 + 2 38 10 <125 280 280 <40 <40 <40
MPL
(30 mcg)

After immunization as described in the text, lymp node cells were cultured with 5 mcg recHBsAg/ml for the indicated periods of time
and the sectetion of IL-2, INF-y and IL-4 were measured using respectively VDA, T-cell line and 2 commercial ELISA kits.
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Table 14 .
EFFECT OF DIFFERENT DOSES OF MPL (<100NM) ON THE INDUCTION OF
. HBsAG SPECIFIC TH1 CELLS |
| Dose of Dose of ) In vitro secretion of
HBsAg MPL
(mcg/mouse)
TL-2(ST) INF-y (pg/ml)
24 h 48 h 72h 24h 48 h 72 h 96 h

20 0 2.6 28 21.8 <67 <67 <67 <67
20 7.5 207 173 58 <67 207 522 698
20 15 270 71 36 275 878 1249 1582
20 30 41 59 36 <67 <67 <67 207
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1. A vaccine composition comprising an antigen in conjunction with 3-0-dea¢ylated
monophoshoryl lipid A (MPL) and a suitable carrier wherein the particle size of the
MPL does not exceed 120nm.

2. A vaccine composition as claimed in Claim 1 in which the particle size of the
MPL is in the range 60-120nm.

3. A vaccine composition as claimed in Claim 1 or Claim 2 in which the particle size
of the MPL is less than 100nm.

4. A vaccine composition as claimed in any one of Claims 1 to 3 in whichthe carrier
is aluminium hydroxide. |

5. A vaccine composition as claimed in any one of Claims 1 to 3 in which the carrier
is an oil in water emulsion or other lipid based vehicle.

6. A vaccine composition as claimed in any one of claims 1 to 5 in which the antigen
is a viral antigen.

7. A vaccine composition as claimed in any preceding claim wherein the antigen is
an antigen against Hepatitis A.

8. A vaccine composition as claimed in Claim 7 wherein the Hepatitis A antigen is an
inactivated whole cell composition derived from the HM-175 strain.

9. A vaccine formulation as claimed in any one of Claims 1 to 6 wherein the antigen
is an antigen against hepatitis B.

10. A vaccine composition as claimed in Claim 9 wherein the antigen comprises
Hepatitis B surface antigen (HBsAg) or a variant thereof.

11. A vaccine composition as claimed in Claim 10 wherein the HBsAg comprises the
S antigen of HBsAg (226 amino acids).

12. A vaccine composition as claimed in Claim 11 wherein the HBsAg additionally
comprises a pre-S sequence.

This Sheet Has Been Replaced THIS SHEET HAS BEEN




a suitable carrier wherein the particle size of the MPL does &.ﬁféﬁgg%m SHEET
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conposi tion as “n or daim2 in which the parftifle size of
the MPL is |ess ttham 180ntn ° 4." A vacci 39 conposi tion as claijmed in any one
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conposition as clainmed in any one of Claims 1 to 3 in which the carrier is
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denotes the S-protein of HBsAg.

14. A vaccine composition according to any one of Claims 9 to 13 additionally
comprising a Hepatitis A antigen.

15. A vaccine composition as claimed in any preceding claim comprising one or
more hepatitis antigens and at least one other component selected from a non-hepatitis
antigen which affords protection against one or more of the following: diphtheria,
tetanus, pertussis, Haemophilus influenzae b (Hib), and polio.

16. A vaccine composition according to Claim 15 selected from a DTP (diphtheria-
tetanus-pertussis) HBsAg combination, an Hib-HBsAg combination, a DTP-Hib-
HBsAg combination and an IPV (inactivated polio vaccine) -DTP-Hib-HBsAg
combination.

17. A vaccine composition according to claim 16 additionally comprising a hepatitis
A antigen. '

18. A vaccine composition as claimed in any one of claims 1 to 6 comprising an
HSV glycoprotein D or an immunological fragment thereof.

19. A vaccine composition as claimed in Claim 18 wherein the glycoprotein D is a
truncated protein.

20. A vaccine composition as claimed in Claim 19 wherein the truncated protein is
HSVgD2 and is devoid of the C terminal anchor region.

21. A vaccine composition as claimed in any one of claims 1 to 6 compnsmg HIV
gp160 or a derivative thereof.

22. A vaccine composition as claimed in Claim 21 wherein the derivative of gp 160
is gp 120.
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9. Avaccine fornulation as claimed in any one of Clainms 1 to h
antigen is an anti en agal nst hepatitis B. 10. A vaccine co Gﬂmcgng §HEET
¢claimed in Cla muml r"lll ntlgen conpri ses Hepatitis 8 $udface

anti gen (HBsAg t theceah. - 11. A vaccine cofipdsid 8ohE8sI97
claimed in daim 10 wher&in t he HBsAg conprises the S anti genjofl.HBsAg (226
anm no 12. -A vaccine corrp05|t|on as c d i.n gu 11

wher ei n the%&Bﬁ@‘:&mqum% assigimed insany prceeding rein vaccine
conposi t i ondagcytdted RMophosphaiyl i haYanse i Oug- 160y Eseddlose, t he
conposite partlyge of tR s?h lHdR ﬁl@% AS V\,hegelqr?lgL denotes a nodified
L protein of hepatitis B virus having an am no acid sequence conprising

resi dues 12282 Af Qddcﬁ\ﬂbrﬂlpbsfﬁb‘ﬁladmml&fﬁeéﬁﬁ afi@itonultylcémprising dither TWéen100 of

the L pr otehg § H)jenot es the S protei n of HBsSAg. 14. A vacci ne
conposi tion & P&l? to any one of Clains 9 to 13 additionally conprising
a Hepatitis A antigen. 15. A vaccine conposition as clained in any.

preceding chai i} G sl &'cidlRied nRRRF b sS iffikliRfis and at | east

26.  3-O-deacylated monophosphoryl lipid A wherein the particle size is less than
120 nm.

27. A clear sterile solution of 3-O-deacylated monophosphoryl lipid A.

28. A method for preparing a clear sterile solution of 3-O-deacylated
monophosphoryl lipid A comprising suspending 3-O-deacylated monophosphoryl
lipid A in water and subjecting the resulting suspension to sonication.

29. A method for preparing a vaccine as claimed herein comprising admixing the
product of claim 27 with an antigen.

30. Use of an antigen in conjunction with 3-O-deacylated monophosphoryl lipid A
having a particle size of no greater than 120 nm in the manufacture of a medicament
for the prophylaxis or treatment of infections.

31. A method of treating a human subject suffering from or susceptible to infection
comprising administering an effective amount of a vaccine according to any of of
claims 1 to 23.

32.  3-O-deacylated monophosphoryl lipid A having a particle size of less than 120
nm for use in medicine. '
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prot ecti on agai nst one or nore of the fol- | ow ng: di phth

tetanus. pertussis, Haenophilus influenzae b (H b), and polio. 6. A

vacci ne conposition according to Caim 4% selected froma DIP ﬁ 28 FEB 1897
(di pht heri a-tetanus-pertussis) HBsAg conbi na- tion, an Hi bt HBSAg

conbi nation, a DTP-H b-HBsAg conbi nation and an | PV (inactivated polio

vacci ne) -DTP--H b- HSsAg conbi nati on. 17. A vaccine co sition

according to GIAGCENES adOMPOSTAIONSC onPONTAININGhep3t0t i DEACYLATED. 18.
A vacci ne conmMONOBHOSRHORYIa LERID nhany one of clains 1 to 6 conprising an

HSV gl ycoprotein D or an i nmmunol og- ical fragnment thereof. 19. A
vacci ne conposition as clainmed in.Claim 18 wherein the glycoprotein Dis a
truncated protein. 20. A vaccine conposition as clainmed in Claim 19

wherein the trunc tein is.HSVgD2 and is devoid of the Cter-

m nal anchor regi lgh%i ‘)%‘g‘fscﬂ“‘va%?ﬁlfgcmm ¥ ﬁp%mlﬂszﬂf %E@’@%FY&M?“ one of

clainms 1 to BoreRhespharyblipid\A ayelfiovided.almpartivalar the pabicle size is below 120 nm,
Such vaccine compositions have superior immunological properties.
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22. A vaccine conposition as claimed in Caim21 wherein the d#rhgpﬁddﬁméN} SHEEﬁ

gp 160 is gp 120.
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23. A vaccine conposition as clainmed in any preceding clai mwherein the

3- O deagyl at ed nmonophosphory! Li-pi d Ais present | W
[er>r*] g- 100[ er BT |A vacci ne conposition (H' E ['m

precedi ng cl ai wﬁé@ﬁ“‘tﬁi@gﬂ SHE onmprising either Tween 80) ”ﬂMJ"’A
vacci ne conpoditfon as ih any preceding claim use i n nedi cl'ne’

3- O deacyl ate onﬁdhd:sf%gé‘%le ibid A wherein the parti cI e size is less
than 120 nm 7\ A clear ster | b sot 38i-on of 3- Odepz ted nmonophosphor yl
lipid A 28, met hod for prepalngaclear steril’e don of

3- O deamyimatt ed| nonophosphorH—-pid A conpri sing suspendl ng _

3- O-deacyl at ed nonophosphoryl lipid A in water and subjecting the resulting
S US penst, ORvdc@netaridotitih ic@tprising AP antighn 2bdjuaclioh with 3-@periaiedgoranhgshonilipieA (MPLIGhaLl Med

i n any preqiabegrigiwhdrein lb@pmiclaszﬂgmadmm@t ebred R0 UCt of claim 27 with

an antigen. 30. Use of an antigen in conjunction with 3- O deacyl at ed
monop hok pAscgite PrpssifienAs RapediCiam pinrhict hepasiciagizeyt 1 YPhiS Bifteginge.60-120nm,

3. ' Aaccine compasition as daimed in Claim 1 or Claim 2 in which the particte siza of tha MPL is less than 100nm.
4. A vaccine compasition as claimed in any cne of Claims 1 to 3 in which the carrier is aluminium hydmxide.

5. Avacsine compasition as dlaimed in any ane of Claims 1 to 3 in which the carrier is an cil in water emuision or ather -
lipid based vehicle,

6. A vaccine campasition as dlaimed in any cne of claims 1 to 5 in which the antigen is a viral antigen.
7. A vaccine compasiticn as dlaimed in any preceding claim wherein the antigen is an antigen against Hepatitis A,

8. A vaccine campositian as claimed in Claim 7 wherein the Hepatitis A antigen is an inactivated whole cell composi-
tion derived from the HM-175 strain,

9. Avaccine farmulation as claimed in any ane of Claims 1 to § wherein the antigen is an antigen against hegatitis 8.

10. A vaccine compasition as claimed in Claim 9 wherein the antigen comprises Hepatiis 8 surfaca antigen (HBsAg)
or 3 variant thereof.

11. A vaccine compcesition as claimed in Claim 10 wherefn the HBsAg comgrises the S antigen of HBsAg (225 amino
acids).

12. A vaccine compositicn as claimed in Claim 11 wherein the HBsAg acditionally comprises a pre-S sequence.
13. A vaccine compesition as claimed in'Ctaim 11 or Claim 12 wherein the HBsAg is the composite particle of the for-

mula (L°.S) wherein L° denates a modified L protein of hepatitis 8 virus having an amino acid sequenca comprising

resicdues 12-52 followed by residues 133-14§ followed by residues 175-400 of the L protein and S denotes the S-
protein of HBsAg. .

14. A vaccine compasitian according to any cne of Claims 9 to 13 additionally comprising a Hepatitis A antigen.

1S. A vacgine comgasition as claimed in any preceding claim comprising cne or more hepatitis antigens and at least
one cther companent selected from a non-hepatitis antigen which affords protection against one or more of the fol-
lowing: diphtheria, tetanus. pertussis, Haemophilus influenzae b (Hib), and polic.

16. A vaccine compasition according to Claim 15 selected from a DTP (diphtheria-tetanus-pertussis) HBsAg combina-

tion, an Hib-HBsAg combination, a DTP-Hib-HBsAg combination and an IPV (inactivated polio vaccing) -DTP-Hib-
HBsAg combination. .

17. A vaccine compasition according to claim 16 additionally comprising a hepatitis A antigen. .

18. A vaccine compasition as claimed in any one of claims 110 6 compnsmg an HSV glycaprotein D or an immunolog- .’
ical fragment thersof. .

19. A vaccine composition as claimed in Claim 18 wherein the glycoprotein D is a truncated protein.

20. A vaccine camposition as claimed in Claim 19 wherein the truncated protein is HSVgD2 and is devoid of the C ter-
minal anchor region.

21. A vaccine composition as claimed in any one of claims 1 to 6 comprising HIV gp160 or a derivative thereaf.

22. A vaccine compasition as claimed in Claim 21 wherain the derivative of gp 160 is gp 120.
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23. A vaccina compasition as claimed in any preceding claim wherain the 3-Q-deacylated manophaspharyt lipid A is
presant m the ranga 10pg-100ug per dosa,

24. A vaccine compositian as claimed in any preceding claim additionally camprising either Tween 80 or Sorbital.
25. A vaccina compasition as c!afmed in any praceding claim use in medicine.

26. 3-QO-deacylated moncphaspharyl lipid A wherein the particle size is less than 120 nm.

27. A clear sterile soluticn of 3-O-deacylated menephosphoryl lipid A

28, A method for preparing a clear sterile soluticn of 3-O-deacylated monophospharyt lipid A comgrising suspending
3-Q-deacylated moncphospharyl lipid A in water and subjecting the resulting suspension to sonication.

29. A methed for preparing a vaccine as claimed in any preceding claim comprising admlx:ng the product of claim 27
with an antigen.

30. Use of an antigen in conjunction with 3-Q-deacylated monophasphoryl lipid A having a particle size of no greater
than 120 nm in the manufactura of 3 medicament for the prophylaxis cr treatment of infactions.

31. 3-O-deacylatedmonophosphoryl lipid A having a particle sizs of less than 120 nm for use in medicine.
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ABSTRACT $1%1 9%
VACCINE COMPOSITIONS CONTAINING 3-O DEACYLATED

MONOPHOSPHORYL LIPID A

Novel vaccine compositions comprising small particles of 3-O-deacylated monophosphoryl lipid
A are provided. In particular the particle size is below 120nm. Such vaccine compositions have

superior immunological properties.

FIGURE 1

REPLACEMENT SHEET

08 AUG 1308




