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(57) Abrégé/Abstract:
In one aspect, the present disclosure provides a compound of formula (1):

(see formula )

where: R, R?, R® R?, R® and R° are independently selected from C, alkyl; and x is an integer from 6 to 11; and where R', R? R®,
R4 RS, and R® are the same. A compound of formula (1) may be formulated into compositions with an antigen, optionally with a
vesicle. In some embodiments, compositions are formulated for intramuscular administration.
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Abstract

In one aspect, the present disclosure provides a compound of formula (I):
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where: R!, R2, R* R* R®, and R® are independently selected from Cx alkyl; and x is an integer

from 6 to 11; and where R!, R% R?, R* R’ and RS are the same. A compound of formula (I)
may be formulated into compositions with an antigen, optionally with a vesicle. In some

embodiments, compositions are formulated for intramuscular administration.
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SYNTHETIC DERIVATIVES OF MPL AND USES THEREOF

[0001]

Background

[0002] Adjuvants are agents that enhance immune responses (e.g., see “Vaccine Design:
The Subunit and Adjuvant Approach”, Pharmaceutical Biotechnology, Volume 6, Eds. Powell
and Newman, Plenum Press, New York and London, 1995). Adjuvants can be used in strategies

for eliciting specific immune responses through the administration of vaccines.

[0003] Lipopolysaccharide (LPS) is a unique glycolipid found in the outer leaflet of the
outer membrane of Gram-negative bacteria and has been shown to be a potent stimulator of the
immune system. Unfortunately, its use in adjuvants has been curtailed by its toxic effects. A
non-toxic derivative of LPS, monophosphory! lipid A (MPL), produced by removal of the core
carbohydrate group and the phosphate from the reducing-end glucosamine, has been described
by Ribi et al (1986, Immunology and Immunopharmacology of Bacterial Endotoxins, Plenum
Publ. Corp., NY, pp. 407-419). A further detoxificd version of MPL results from the removal of
the acyl chain from the 3-position of the disaccharide backbone, and is called 3-O-deacylated
monophosphoryl lipid A (3D-MPL). Other MPL derivatives are described in U.S. Patent No.
7,491,707 and U.S. Patent Publication Nos. 2008/0131466 and 2009/0181078. Despite these
developments there remains a need in the art for new adjuvants including alternative chemically

defined derivatives of MPL.
Summary

[0004] In onc aspect, the present disclosure provides compounds of formulac I and 11 In
another aspect, a compound of formula I or H is formulated into compositions with an antigen,

optionally with a vesicle. In some embodiments, compositions are administered intramuscularly.

CA 2890084 2019-02-26
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Brief Description of the Drawings

[0005] Figure 1 is a MALDI-MS spectrum of compound 49 (also called “MAV4”
herein).

[0006] Figure 2 is an 'H NMR spectrum of MAV4.

[0007] Figure 3 shows the cytokine induction profile (A= TNF-a, B=IL-6, C= 1L-1J3)

tfor phosphorylated hexaacyl disaccharide (“PHAD”) and MAV4. Freshly isolated human
PBMCs (n=3) were stimulated with a commercial PHAD or MAV4 and after 48 hours cytokine

production was measured by CBA Assay.

[0008] Figure 4 shows reverse phase HPLC analysis of PHAD (A) and MAV4 (B) co-
melted with MPG at the inverted melt method temperature to evaluate the thermostability or

thermolability of the two adjuvants at those thermal conditions.

[0009] Figure 5 shows the potency against HIN1 virus of an exemplary licensed
influenza vaccine in mice (dose-sparing at 1/30X human dose; mice receive 1/1 0™ of the human
dose) either formulated into NISV or not formulated into NISV with the exemplary TLR-4
agonist adjuvants PHAD or MAV4 compared to the influenza vaccine formulated into NISV

without adjuvant as described in Example 4, Table 2.

[0010] Figure 6 shows the potency against H3N2 virus of an exemplary licensed
influenza vaccine in mice (dose-sparing at 1/30X human dose; mice receive 1/10™ of the human
dose) either formulated into NISV or not formulated into NISV with the exemplary TLR-4
agonist adjuvants PHAD or MAV4 compared to the influenza vaccine formulated into NISV

without adjuvant as described in Example 4, Table 2.

Definitions

[0011] Throughout the present disclosure, several terms are employed that are defined in

the following paragraphs.
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[0012] As used herein, the term “adjuvant” refers to a substance that enhances the ability
of an antigen to stimulate the immune system.
[0013] As used herein, the term “alkyl” refers to saturated, straight— or branched—chain

hydrocarbon radicals derived from an aliphatic moiety by removal of a single hydrogen atom.
Examples of Cs-Cy; alkyl radicals include, but are not limited to, n—octyl, n-nonyl, n—decyl, n—

undecyl, and the like.

[0014] As used herein, the term “antigen” refers to a substance containing one or more
epitopes (either linear, conformational or both) that can be recognized by an antibody. In certain
embodiments, an antigen can be a virus, a polypeptide, a polynucleotide, a polysaccharide, etc.
The term “antigen” denotes both subunit antigens (i.e., antigens which are separate and discrete
from a whole organism with which the antigen is associated in nature), as well as, killed,
attenuated or inactivated bacteria, viruses, fungi, parasites or other microbes. In certain

embodiments, an antigen may also be an “immunogen.”

[0015] As used herein, the term “entrapped” refers to any kind of physical association
between a substance and a vesicle, e.g., encapsulation, adhesion (to the inner or outer wall of the

vesicle) or embedding in the wall with or without extrusion of the substance.

[0016] As used herein, the term “immune response” refers to a response elicited in an
animal. An immune response may refer to cellular immunity, humoral immunity or may involve
both. An immune response may also be limited to a part of the immune system. For example, in
certain embodiments, an immunogenic composition may induce an increased IFNy response. In
certain embodiments, an immunogenic composition may induce a mucosal IgA response (e.g., as
measured in nasal and/or rectal washes). In certain embodiments, an immunogenic composition
may induce a systemic IgG response (e.g., as measured in serum). In certain embodiments, an
immunogenic composition may induce virus- neutralizing antibodies or a neutralizing antibody

résponse.

[0017] As used herein, the term “immunogenic” means capable of producing an immune
response in a host animal against a non-host entity. In certain embodiments, this immune
response forms the basis of the protective immunity elicited by a vaccine against a specific

infectious organism. An “immunogen” is an immunogenic substance.
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[0018] As used herein, the term “therapeutically effective amount” refers to the amount
sufficient to show a meaningful benefit in a patient being treated. The therapeutically effective
amount of an immunogenic composition may vary depending on such factors as the desired
biological endpoint, the nature of the composition, the route of administration, the health, size

and/or age of the patient being treated, etc.

[0019] As used herein, the term “polypeptide” refers to a protein (i.c., a string of at least
two amino acids linked to one another by peptide bonds). In some embodiments, polypeptides
may include moieties other than amino acids (e.g., may be glycoproteins, proteoglycans,
lipoproteins, etc.) and/or may be otherwise processed or modified. Those of ordinary skill in the
art will appreciate that a “protein” can be a complete polypeptide chain as produced by a cell
(with or without a signal sequence), or can be a portion thereof. Those of ordinary skill will also
appreciate that a protein can sometimes include more than one polypeptide chain, for example
linked by one or more disulfide bonds or associated by other means. Polypeptides may contain
L-amino acids, D-amino acids, or both and may contain any of a variety of amino acid
modifications or analogs known in the art. Useful modifications include, ¢.g., terminal
acetylation, amidation, etc. In some embodiments, polypeptides may comprise natural amino

acids, non-natural amino acids, synthetic amino acids, and combinations thereof.

[0020] As used herein, the term “polysaccharide” refers to a polymer of sugars. The
polymer may include natural sugars (e.g., arabinose, lyxose, ribose, xylose, ribulose, xylulose,
allose, altrose, galactose, glucose, gulose, idose, mannose, talose, fructose, psicose, sorbose,
tagatose, mannoheptulose, sedoheptulose, octolose, and sialose) and/or modified sugars (e.g., 2”-
fluororibose, 2 -deoxyribose, and hexose). Exemplary polysaccharides include starch, glycogen,

dextran, cellulose, etc.

[0021] As used herein, the term “polynucleotide” refers to a polymer of nucleotides. The
polymer may include natural nucleosides (i.c., adenosine, thymidine, guanosine, cytidine,
uridine, dcoxyadenosine, dcoxythymidine, decoxyguanosine, and decoxycytidine), nuclcoside
analogs (¢.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl
adenosine, 5-methylcytidine, C5-bromouridine, C5-fluorouridine, C5-iodouridine,
C5-propynyl-uridine, C5-propynyl-cytidine, C5-methylcytidine, 7-deazaadenosine,

7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, 4-acetylcytidine, 5-
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(carboxyhydroxymethyl)uridine, dihydrouridine, methylpseudouridine, 1-methyl adenosine, 1-
methyl guanosine, N6-methyl adenosine, and 2-thiocytidine), chemically modified bases,
biologically modified bases (e.g., methylated bases), intercalated bases, modified sugars (e.g., 2'-
fluororibose, ribose, 2'-deoxyribose, 2"-O-methylcytidine, arabinose, and hexose), or modified

phosphate groups (e.g., phosphorothioates and 5' -N-phosphoramidite linkages).

[0022] As used herein, the term “treat” (or “treating”, “treated”, “treatment”, etc.) refers
to the administration of a composition to a patient who has a disease, a symptom of a discase or a
predisposition toward a disease, with the purpose to alleviate, relieve, alter, ameliorate, improve
or affect the disease, a symptom or symptoms of the disease, or the predisposition toward the

disease. In certain embodiments, the term “treating” refers to the vaccination of a patient.

Detailed Description of Some Embodiments

[0023] In one aspect, the present disclosure provides compounds of formulae I and I1. In
another aspect, a compound of formula I or II is formulated into compositions with an antigen,

optionally with a vesicle. In some embodiments, compositions are administered intramuscularly.

1. Compounds

[0024] In one aspect, the present disclosure provides compounds of formula I:
OH
I
HO—F—0 Q o
OH o 0
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wherein:
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R, R, R’ RY, R, and R® are independently selected from Cy alkyl or Cyyp alkyl; and

x 18 an integer from 6 to 20.

[0025] In certain embodiments, a compound of formula I is an adjuvant.

[0026] As defined generally above, R, R% R, R*, R’, and R® are independently selected
from Cy alkyl or Cy+; alkyl. In some embodiments, R',R?, R®, R*, R’, and R® are the same. In
some embodiments, R', R?, R®, and R® are the same. In some embodiments, R? and R* are the
same. In some embodiments, R', R?, R>, and R® are Cy alkyl, and R*and R? are Cy-, alkyl. In

some embodiments, Rl, R3, RS, and R® are Cx11 alkyl, and R? and R are Cx alkyl.

[0027] As defined generally above, x is an integer from 6 to 20. In some embodiments, x
186, 7, 8.9, 10, or 11. In some embodiments, x is 6. In some embodiments, x is 8. In some

embodiments, x is 11.

[0028] In some embodiments, R' is straight-chain alkyl. In some embodiments, R'is
branched alkyl. In some embodiments, R’ is straight-chain alkyl. In some embodiments, R* is
branched alkyl. In some embodiments, R is straight-chain alkyl. In some embodiments, R* is
branched alkyl. In some embodiments, R" is straight-chain alkyl. In some embodiments, R” is
branched alkyl. In some embodiments, R is straight-chain alkyl. In some embodiments, R’ is
branched alkyl. In some embodiments, RS is straight-chain alkyl. In some embodiments, R®is
branched alkyl.

[0029] In some embodiments, R', R?, R?, R*, R°, and R® are Cg alkyl. In somc
embodiments, Rl, Rz, R3, R4, RS, and R® are n-hexyl. In some embodiments, Rl, RZ, RS, R4, RS,
and RS are Cs alkyl. In some embodiments, R, R% R?, R* R’, and R® are n-octyl. In some
embodiments, R', R?, R?, R* R®, and R® are Cy; alkyl. In some embodiments, R!,R% R’ R, R°,

and R® are n-undecyl.

[0030] In certain embodiments, at least one of RY, R%, R®, R*, R®, and R%is Cy; alkyl. In
certain embodiments, at least two of R!, R%, R, R? R’ and R® are C; alkyl. In certain
embodiments, at least three of R!, R%, R?, R*, R®, and R are C; alkyl. In certain embodiments,

at least four of R', R%, R}, RY, R’, and R® are Cy; alkyl. In certain embodiments, at least five of
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R', R, R, RY, R, and R® are C1; alkyl. In certain embodiments, R, R, R, R*, R®, and R® are

each Cj; alkyl. In certain embodiments, Rl, Rz, Rs, R4, RS, and RS are each n-undecyl.

[0031] In certain embodiments, at least one of R, R%, R?, R?, R, and R® is Cyg alkyl. In
certain embodiments, at least two of RY, R?, R¥, R, R®, and RS are Cyg alkyl. In certain
embodiments, at least three of R', R%, R?, R*, R®, and R’ are C alkyl. In certain embodiments,
at least four of R', R%, R*, RY, R’, and R® are Cy alkyl. In certain embodiments, at least five of
R', R% R’ R, R®, and R® are Cy alkyl. In certain embodiments, R',R% R’ R* R®, and R® are

cach Cyg alkyl. In certain embodiments, R', R% R?, R*, R’, and R are each n-decyl.

[0032] In certain embodiments, at least one of R', R, R}, R?, R’, and R® is Co alkyl. In
certain embodiments, at least two of R', R?, R®, R* R’ and R are Cy alkyl. In certain
embodiments, at least three of R', R?, R®, R*, R®, and R% are Co alkyl. In certain embodiments, at
least four of R', R%, R?, R*, R®, and R® are Cy alkyl. In certain embodiments, at least five of R,
R% R*, RY, R, and R® are Cy alkyl. In certain embodiments, R',R% R’ R*, R®, and R® are cach

Co alkyl. In certain embodiments, R', R?, R, R*, R°, and R® are each n-nonyl.
y y

[0033] In certain embodiments, at least one of R', R, R}, R?, R, and R® is Cgq alkyl. In
certain embodiments, at least two of R', R?, R*, R*, R®, and R are Cs alkyl. In certain
embodiments, at least three of R', R?, R?, R*, R®, and R® are Cg alkyl. In certain embodiments, at
least four of R, R%, R, R*, R°, and R® are C; alkyl. In certain embodiments, at least five of R,
R% R R, R, and R® are Cy alkyl. In certain embodiments, R, R% R, RY, R°, and R® are each
Cg alkyl. In certain embodiments, R',R?, R*, R, R’, and R® are cach n-octyl.

[0034] In certain embodiments, at least one of R, R%, R*, R*, R°, and R® is C; alkyl. In
certain embodiments, at least two of R', R%, R, R*, R, and R® are C; alkyl. In certain
embodiments, at least three of Rl, R2, R3, R4, RS, and R® are C; alkyl. In certain embodiments, at
least four of Rl, Rz, R3, R4, RS, and R® are C; alkyl. In certain embodiments, at least five of Rl,
Rz, Rg, R4, RS, and R® are C; alkyl. In certain embodiments, Rl, Rz, R3, R4, RS, and R® are each
C; alkyl. In certain embodiments, R, R%, R* R*, R’, and R® are each n-heptyl.

[0035] In certain embodiments, at least one of R', R%, R*, R?, R, and R® is Cg alkyl. In
certain embodiments, at least two of R', R%, R?, R*, R°, and R® are Cg alkyl. In certain

cmbodiments, at least three of R!, R?, R, R*, R®, and R® arc Cg alkyl. In certain embodiments, at
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least four of Rl, Rz, R3, R4, RS, and R® are Cg alkyl. In certain embodiments, at least five of Rl,
Rz, R3, R4, RS, and R® are Cq alkyl. In certain embodiments, Rl, Rz, R3, R4, RS, and R® are each
Ce alkyl. In certain embodiments, R, R% R® R*, R’ and R® are each n-hexyl.

[0036] In some embodiments, a compound of formula I is of formula I-a:

0] OH

Ho- ! 0
/P O&/
O
OH

O

RZO RS HO

R4
I-a

wherein R!, R%, R?, R?, R®, and RS are as defined and described herein.

[0037] In another aspect, the present disclosure provides compounds of formula II:
O
OH
HN O
0
OH
g oH
R®
R®
11

wherein:

RY,R*,R7, and R® are Cyalkyl;

R” and R* are independently Cyalkyl, Cy-; alkyl, or Cy+, alkyl; and
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yis6or7.
[0038] In certain embodiments, a compound of formula 11 is an adjuvant.
[0039] As defined generally above, RY,R*,R¥, and RY are Cyalkyl,andyis6 or 7. In

some embodiments, R, R*, R¥, and R are Cg alkyl. In some embodiments, R", R¥,R”, and R®
arc Csalkyl. In somc embodiments, Rl', Rg', RS', and R® arc n-hexyl. In some embodiments, Rl',

R¥ R”, and RY are n-heptyl.

[0040] As defined generally above, R” and R* are Cyalkyl, Cy; alkyl, or Cy; alkyl. In
somc cmbodiments, R% and R* arc Cyalkyl. In some embodiments, R? and R* are Cy+1 alkyl.

In some embodiments, R* and R* are Cy:; alkyl. In some embodiments, R is C, alkyl and R" is
Cy+ alkyl. In some embodiments, R* is Cy alkyl and R* is Cy+, alkyl. In some embodiments, R*
is Cy+1 alkyl and R is Cys alkyl. Tn some embodiments, R* is Cy+; alkyl and R* is Cyalkyl. Tn
some embodiments, R” is Cy; alkyl and R" is Cy-; alkyl. In some embodiments, R is Cy,

alkyl and R" is C, alkyl.

[0041] In some embodiments, R? and R* are Cg alkyl. In some embodiments, R* and RY
are n-hexyl. In some embodiments, R” and R* are C7alkyl. In some embodiments, R* and R”*
arc n-heptyl. In some embodiments, R* and R" are Cs alkyl. In some embodiments, R” and R*

are n-octyl. In some embodiments, R% and R* are Co alkyl. In some embodiments, R% and R¥

are n-nonyl.
[0042] In some embodiments, a compound of formula II is of formula II-a:
0 OH
Il
HO\/p_o/é&/O
HO O W
° O HO 2 OH
O
T
O R N 0
RZO= R" Ho
R* R® Ho
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1I-a
wherein RY, R?, R¥, R*, R, and R® arc as defined and described herein.

[0043] An cxemplary synthesis of a compound of formula I follows. Onc of ordinary
skill in the art will appreciate that the same methods can be applied to synthesize a compound of
formula II. One of ordinary skill in the art will also appreciate that, while the synthesis below
shows intermediates of a particular stereochemistry, the methods described can be used to

synthesize compounds having any desired stereochemistry or racemic compounds.

Scheme 1. Synthesis of acyloxyacid.

O
OH O 0
O I CO;Et

- OEt step 1-B

HO step 1-A o

1 2 3
OH O OH O
O RWMJ\OE": » R1 OH >
step 1-C step 1-D step 1-E
4 5

R’ OCH,COPh R‘l/k)J\OCHZCOPh

step 1-F step 1-G
6 7 8

[0044] Scheme 1 depicts an exemplary synthesis of intermediate 8. In step 1-A, lactone
1 is ring-opened to give intermediate 2. In certain embodiments, step 1-A employs trimethylsilyl
iodide, In step 1-B, intermediate 2 is cyclized to give epoxide 3. In certain embodiments, step 1-
B employs silver (I) oxide. In step 1-C, epoxide 3 is allowed to react with an appropriate alkyl
copper Grignard reagent to give intermediate 4. In step 1-D, the ester group of intermediate 4 is
hydrolyzed to give intermediate 5. In step 1-E, the carboxylic acid group of intermediate 5 is
protected as a phenacyl ester to give intermediate 6. One of ordinary skill in the art will

appreciate that other protecting groups could be employed at step 1-E. In step 1-F, intermediate
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6 is acylated to form intermediate 7, which is then deprotected in step 1-G to form intermediate
8. In certain embodiments, step 1-F employs an acyl chloride. In certain embodiments, step 1-F
employs an anhydride. One of ordinary skill in the art will appreciate that Scheme 1 could also
be employed to synthesize the analogous intermediate 9 having R* and R* groups:

o)

N

R0 0
R3J\/U\OH

9

Scheme 2. Synthesis of hydroxyacid.

OH QO OBn O OBn O
R5J\/U\OCHQCOPh R5J\)J\OCH COPh 5J\)J\
step 2-A 2 step 2-B R OH
10 11 12
[0045] Scheme 2 depicts an exemplary synthesis of intermediate 12. Intermediate 10 is

synthesized as described in Scheme 1, in an analogous manner to intermediate 6. In step 2-A,
intermediate 10 is protected with a benzyl group. One of ordinary skill in the art will appreciate
that other protecting groups may be used instead of benzyl in step 2-A. In step 2-B, the ester
group of intermediate 11 is deprotected to give free acid intermediate 12. One of ordinary skill

in the art will appreciate that Scheme 2 could also be employed to synthesize the analogous
OBn O

R® OH

intermediate 13 having an R® group: 13
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Scheme 3. Synthesis of glycosyl donor.
O
RS0 0
o R1J\)LOH Ph/vo o
Ph o 8 0 OTBDMS
¢ OTBDMS 0
HO 0 NHTroc
NHTroc step 3-A
38 14
)
o:< R!
RZ
P N0 N0
0 O OH Ph 9 e)
) - )
> NHTroc TrocN
step 3-B © step 3-C 0 o) "
15 16
0 0 Cl,C
o:< R' o:< 1
R2 R2
[0046] Scheme 3 depicts an exemplary synthesis of glycosyl donor 16. The synthesis of

compound 38 is described in the Examples. In step 3-A, compound 38 is csterified with
intcrmediate 8 to form intecrmediate 14. In step 3-B, intermediate 14 is deprotected to give
intermediate 15, which is reacted with trichloroacetonitrile in step 3-C to give
trichloroacetimidate 16. One of ordinary skill in the art will appreciate that compound 38 is
exemplary, and that other protecting groups may be employed to carry out the synthesis

described in Scheme 3 and others.
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Scheme 4. Synthesis of glycosyl acceptor.
OoBrO
F’h/vo 0 R5’\)LOH Ph/VO o
O 12 O
HO 0
TrocNHy g o step 4-A o TroeNH 5 - step 4-B
36 17

BnO
R5

O
OBrO F’h/T
Rﬁy\)j\OH
13 Bn
step 4-C
BnO

OH
|_an
step 4-D
R%8no
[0047] Scheme 4 depicts an exemplary synthesis of glycosyl acceptor 20. The synthesis

of compound 36 is described in the Examples. In step 4-A, compound 36 is esterified with
intermediate 12 to form intermediate 17. In step 4-B, intermediate 17 is deprotected to give
intermediate 18, which is reacted with intermediate 13 under amide bond forming conditions in
step 4-C to given intermediate 19. In step 4-D, the acetal group of intermediate 19 is cleaved to
form intermediate 20. One of ordinary skill in the art will appreciate that compound 36 is
exemplary, and that other protecting groups may be employed to carry out the synthesis

described in Scheme 4 and others.

[0048] Scheme 5 depicts an exemplary synthesis of a compound of formula I having a
particular stereochemistry, referred to herein as formula I-a. One of ordinary skill in the art will
appreciate that the synthetic strategy shown in Schemes 1-5 may be applied to any compound of

formula I or Il. In step 5-A, intermediates 16 and 20 arc reacted under glycosylating conditions
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to give intermediate 21. In certain embodiments, triflic acid is used to effect the glycosylation.
In certain embodiments, trimethylsilyl triflate or boron trifluoride etherate is used in the
glycosylation step. In step 5-B, intermediate 21 is deprotected to give intermediate 22, which is
reacted with intermediate 9 under amide bond forming conditions in step 5-C to give
intermediate 23. In step 5-D, the acetal group of intermediate 23 is cleaved to form intermediate
24. A phosphate group is installed in step 5-E. In some embodiments, a phosphate triester is
installed, which is then oxidized to form a protected phosphate group. In some embodiments, a
dibenzyl dialkylphosphoramidite reagent is used in the presence of a base such as tetrazole to
form a phosphate triester. In some embodiments, a phosphate triester is oxidized using m-
CPBA. In some embodiments, a phosphate triester is oxidized using t-BuOOH. In step 5-F,
intermediate 24 is globally deprotected to yield a compound of formula I-a. In some
embodiments, the global deprotection is effected using hydrogen and palladium on carbon. In

some embodiments, global deprotection is effected via transfer hydrogenation.
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Scheme 5. Synthesis of MPL derivative.
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11. Compositions
[0049] In another aspect, the present disclosure provides compositions that include a

compound of formula I or II and an antigen. In general it is to be understood that any antigen or
antigens may be used in accordance with the present disclosure. Compositions of the present
disclosure may also include a vesicle. In certain embodiments, antigen or antigens may be
entrapped by vesicles. In general it is also to be understood that in some embodiments,

compositions may include amounts of one or more antigens that are not entrapped by vesicles.

Antigens

[0050] In some embodiments, compositions in accordance with the present disclosure
may include one or more of the antigens currently included in a licensed vaccine. Table 1isa

non-limiting list of suitable licensed vaccines.

Table 1
Vaccine Disease
BioThrax" Anthrax
DTaP (Daptacel”, Infanrix”, Tripedia™) Diphtheria
Td (Decavac”) Diphtheria
DT, TT Diphtheria
Tdap (Boostrix", Adaccl”) Diphtheria
DTaP/IPV/HepB (Pediarix") Diphtheria
DTaP/Hib (TriHIBit") Diphtheria

Cholera WC/rBS (Dukoral™)

Enterotoxigenic Escherichia coli

Campylobacter, Shigella and ETEC (Activax ")

Traveler’s Diarrhea

HepA (Havrix”, Vaqta®) Hepatitis A
HepA/HepB (Twinrix") Hepatitis A

HepB (Engerix-B®, Recombivax HB®) Hepatitis B
HepB/Hib (Comvax) Hepatitis B
DTaP/IPV/HepB (Pediarix), Hepatitis B
HepA/HepB (Twinrix®) Hepatitis B

Hib (ActHIB®, HibTITER®, PedvaxHIB®) HIB

HepB/Hib (Comvax") HIB

DTaP/Hib (TriHIBit®) HIB

HPV (Gardasil™) HPV

Influenza (Afluria®) Seasonal influenza
Influenza (Agriflu®) Scasonal influenza

Influenza (Begrivac®)
Influenza (Enzira")

Seasonal influenza
Seasonal influenza
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Vaccine

Disease

Influenza (Fluad®)

Seasonal influenza

Influenza (Fluarix®)

Seasonal influenza

Influenza (FluLaval®)

Seasonal influenza

Influenza (FluMist")

Seasonal influenza

Influenza (Fluvax")

Seasonal influenza

Influenza (FluViral, FluViral S/F*)

Seasonal influenza

Influenza (Fluvirin®)

Seasonal influenza

Influenza (Fluzone™)

Seasonal influenza

Influenza (Grippol®)

Seasonal influenza

Influenza (Inflexal, Inflexal S, Inflexal V")

Seasonal influenza

Influenza (Influvac®)

Seasonal influenza

Influenza (Mastaflu”™) Scasonal influenza
Influenza (Mutagrip”) Seasonal influenza
Influenza (Optaflu”) Secasonal influenza

Influenza (Vaxigrip®)

Seasonal influenza

HINI pandemic influenza (Arcp anrix®)

HINI pandemic influenza

HINI pandemic influenza (Calvapan®)

HINI1 pandemic influenza

HINI pandemic influenza (Focetria"®)

HINI pandemic influenza

HIN1 pandemic influenza (Influenza A (HIN1)
2009 Monovalent Vaccine®)

HINI pandemic influenza

HINI1 pandemic influenza (Pandemrix")

HINI1 pandemic influenza

JE (JE-Vax")

Japanese Encephalitis

Lyme Disease (LYMErix")

Lyme Disease

Measles (Attenuvax") Measles
Measles (Diplovax HDC 4.0%) Measles
Measles (Morbilvax®) Measles
Measles (Rimevax ) Measles

Measles and Rubella (M-R Vax, MR-VaxII")

Measles and Rubella

Measles and Rubella (Moru-Viraten™)

Measles and Rubella

Measles and Mumps (M-M-Rvax®)

Measles and Mumps

MMR (M-M-R 1I*)

Measles, Mumps and Rubella

MMR (M-M-RvaxPRO")

Measles, Mumps and Rubella

MMR (Priorix") Measles, Mumps and Rubella
MMR (Trimovax") Measles, Mumps and Rubella
MMR (Triviraten Berna") Measles, Mumps and Rubella
MMRYV (ProQuad®) Measles, Mumps, Rubella and

Varicella

Mening. Conjugate (Menactra®) Meningococcal
Mening. Polysaccharide (Menomune®) Meningococcal
Mening. Polysaccharide (ACWY Vax®) Meningococcal
Mening. Polysaccharide (Imovax Meningo A & Meningococcal
C®)

Mening. Polysaccharide (Mencevax®) Meningococcal
Mening. Polysaccharide (Meningitec®) Meningococcal
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Vaccine Disease
Mening. Polysaccharide (Menjugate®) Meningococcal
Mening. Polysaccharide (Neisvac-C®) Meningococcal
Mumps (Mumpsvax") Mumps
Mumps and Rubella (Rubilin®) Mumps and Rubella
MMRYV (ProQuad”) Mumps
DTaP (Daptacel®, Infanrix®, Tripedia®) Pertussis
Tdap (Boostrix") Pertussis
DTaP/IPV/HepB (Pediarix”) Pertussis
DTaP/Hib (TriHIBit") Pertussis
Pneumo. Conjugate (Prevnar”) Pneumococcal
Pneumo. Polysaccharide (Pneumovax 23") Pneumococcal
Pncumo. Conjugate (Pncumovax 11%) Pneumococcal
Pneumo. Polysaccharide (Pnu-Immune 23%) Pneumococcal
Polio (Ipol®) Polio
DTaP/IPV/HepB (Pediarix™) Polio
Rabics (BioRab®, Imovax Rabics®, RabAvert") Rabics
Rotavirus (RotaTeq") Rotavirus
Rubella (Meruvax 11°) Rubella
Rubella (Ervevax®) Rubella
Rubella (R-Vac®) Rubella
Shigella Ipa and Polysaccharide (Invaplex®) Shigella
Shingles (Zostavax®) Shingles
Vaccinia (Dryvax"®) Smallpox and Monkeypox
DTaP (Daptacel®, Infanrix®, Tripedia®) Tetanus
Td (Decavac®) Tetanus
DT, TT Tetanus
Tdap (Boostrix®) Tetanus
DTaP/IPV/HepB (Pediarix") Tetanus
DTaP/Hib (TriHIBit®) Tetanus
BCG Tuberculosis
Typhoid (Typhim Vi®) Typhoid
Typhoid oral (Vivotif Berna®) Typhoid

Varicella (Varivax")

Chickenpox (Varicella)

MMRYV (ProQuad®)

Chickenpox (Varicella)

Yellow Fever (YF-Vax")

Yellow Fever

[0051] In the following sections we discuss these and other exemplary antigens that

could be used in compositions and methods of the present disclosure.
Hepatitis A

[0052] Hepatitis A is a serious liver disease caused by the hepatitis A virus (HAV). The

virus is found in the stools of persons with hepatitis A. As shown in Table 1, several inactivated
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hepatitis A vaccines are currently licensed. For example, Havrix®

is manufactured by
(GilaxoSmithKline Biologicals. U.S. Patent No. 6,180,110 describes the attenuated HAV strain
(HAV 4380) used in Havrix® which was originally derived from the HM175 strain of HAV (U.S.
Patent No. 4,894,228). Havrix® contains a sterile suspension of formalin inactivated HAV. The
viral antigen activity is referenced to a standard using an ELISA and expressed in terms of
ELISA Units (U). Each 1 ml adult dose of vaccine consists of 1440 U of viral antigen, adsorbed
on 0.5 mg of aluminum as aluminum hydroxide (alum). Havrix® (as with all other licensed
hepatitis A vaccines) is supplied as a sterile suspension for intramuscular (IM) administration.
Although one dose of Havrix® provides at least short-term protection, a second booster dose after

six to twelve months is currently recommended to ensure long-term protection.

[0053] Another example of an inactivated hepatitis A vaccine, AIMMUGEN® has been
licensed and marketed in Japan since 1994 by Kaketsuken. AIMMUGEN® contains a sterile
suspension of formaldehyde inactivated HAV. The recommended adult dose is 0.5 ug IM at 0, 1

and 6 months.

[0054] As used herein the expression “HAV antigen” or “hepatitis A viral antigen” refers
to any antigen capable of stimulating neutralizing antibody to HAV in humans. The HAV
antigen may comprise live attenuated virus particles or inactivated virus particles or may be, for
example an HAV capsid or HAV viral protein, which may conveniently be obtained by

recombinant DNA technology.

[0055] In one aspect, the present disclosure provides methods for preparing
immunogenic formulations that include an inactivated hepatitis A virus. In general, these
methods will involve propagating a hepatitis A virus in a host cell, lyzing the host cell to release
the virus, isolating and then inactivating the viral antigen. After removal of the cell culture
medium, the cells are lysed to form a suspension. This suspension is purified through
ultrafiltration and gel permeation chromatography procedures. The purified lysate is then treated
with formalin to cnsurc viral inactivation (c.g., scc Andre ct al., Prog. Med. Virol. 37:72-95,

1990).

[0056] In preparing AIMMUGEN®, hepatitis A virus strain KRM0003 (cstablished from
a wild-type HAV, which had been isolated from the feces of a hepatitis A patient) is propagated
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in GL37 cells (a cell strain established for vaccine production from a parent cell strain of African
green monkey kidney). The GL37 cells are inoculated with HAV strain KRM0003 and viral

antigen is harvested, extensively purified and inactivated with formaldehyde.

[0057] Another example of an inactivated hepatitis A virus that is commercially available
but is not a licensed vaccine is hepatitis A antigen (HAV-ag) from Meridian Life Sciences. Like
Havrix® the Meridian HAV-ag also derives from hepatitis A virus strain HM175 but it is
propagated in FRhK-4 (fetal rhesus kidney) cells. After removal of cell culture medium, the
cells are lysed to form a suspension and the suspension is partially purified by gradient

centrifugation and inactivated by treatment with formalin.

[0058] It will be appreciated that any hepatitis A virus strain may be used, e.g., without
limitation any of the following strains which have been described in the art (and other non-

human variants):

e Human hepatitis A virus Hu/Arizona/HAS-15/1979

e Human hepatitis A virus Hu/Australia/HM175/1976

¢ Human hepatitis A virus Hu/China/H2/1982

e Human hepatitis A virus Hu/Costa Rica/CR326/1960

e Human hepatitis A virus Hu/France/CF-53/1979

¢ Human hepatitis A virus Hu/Georgia/GA76/1976

e Human hepatitis A virus Hu/Germany/GBM/1976

e Human hepatitis A virus Hu/Japan/HAJ85-1/1985

e Human hepatitis A virus Hw/Los Angelos/LA/1975

e Human hepatitis A virus Huw/Northern Africa/MBB/1978
e Human hepatitis A virus Hw/Norway/NOR-21/1998

e Human hepatitis A virus Hu/Sierra Leone/SLF88/1988
e Human hepatitis A virus MSM1

e Human hepatitis A virus Shanghai/LCDC-1/1984

[0059] In addition, while formalin and formaldehyde are commonly used to inactivate
licensed hepatitis A vaccines it is to be understood that other techniques could be used, ¢.g.,
trcatment with chlorine, exposure to high temperaturcs (the viral antigen is inactivated above

85°C/185°F), etc.
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[0060] In certain embodiments it may prove advantageous to add additional steps to the
traditional method for preparing an inactivated hepatitis A virus. For example, U.S. Patent No.
6,991,929 describes including a protease treatment step (e.g., trypsin) after the virus has been

propagated. This step was found to improve the removal of host cell material and yield a purer

viral preparation.

[0061] In one aspect, the present disclosure provides methods for preparing
immunogenic formulations that include an attenuated hepatitis A virus. While all currently
licensed hepatitis A vaccines include inactivated viral antigens, alternative vaccines which
include attenuated viral antigen have also been described in the literature. As is well known in
the art, the advantage of an attenuated vaccine lies in the potential for higher immunogenicity

which results from its ability to replicate in vivo without causing a full infection.

[0062] One method which has been used in the art to prepare attenuated hepatitis A
viruses is viral adaptation which involves serially passing a viral strain through multiple cell
cultures. Over time the strain mutates and attenuated strains can then be identified. In certain
embodiments the virus may be passed through different cell cultures. For example, researchers
have generated attenuated hepatitis A viruses by passing strain CR326 sixteen times in human
diploid lung (MRCS) cell cultures (see Provost et al., J. Med. Virol. 20:165-175, 2005). A
slightly more virulent strain was obtained by passing the same strain fifteen times in fetal rhesus
monkey kidney (FRhK6) cell cultures plus eight times in MRCS cell cultures. An alternative
attenuated hepatitis A vaccine which was prepared in this fashion from the H2 strain has also

been described (see European Patent No. 0413637 and Mao et al., Vaccine 15:944-947, 1997).

[0063] In certain embodiments it may prove advantageous to perform one or more of the
cell culture steps at a reduced temperature. For example, European Patent No. 0413637
describes including one or more inoculation steps in which the temperature is reduced (e.g., to

32-34°C instead of 35-36°C).

[0064] U.S. Patent No. 6,180,110 describes an attenuated hepatitis A virus (HAV 4380)
which grows in MRC-5 cells. The rescarchers identified mutations in HAV 4380 which
appearcd to be associated with attenuation by comparing its genome with the genome of a more

virulent strain. This allowed them to design mutant HAV strains with optimal characteristics for
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a candidate attenuated hepatitis A vaccine. It will be appreciated that this approach could be
applied to any known attenuated hepatitis A virus and used to genetically engineer variants

without the need for viral adaptation.

Hepatitis B

[0065] Hepatitis B virus (HBV) causes both acute and chronic infections. The wide
clinical spectrum of HBV infection ranges from sub clinical to acute symptomatic hepatitis; from
an inactive hepatitis B surface antigen (HBsAg) carrier state to liver cirrhosis and its
complications during chronic phase (Fattovich, J. Hepatol. 39:350-58, 2003). HBV is
transmitted on parenteral or mucosal exposure to HBsAg positive body fluids generally from

HBYV infected persons (Hilleman, Vaccine 21:4626-4649, 2003).

[0066] Currently, there are two commercial vaccines used to prevent HBV infection,
both are manufactured using recombinant technology. For example, Engerix-B™ is a
noninfectious recombinant DNA hepatitis B vaccine developed by GlaxoSmithKline Biologicals.
It contains purified surface antigen of HBV obtained by culturing genetically engineered

Saccharomyces cervisiae cells, which carry the surface antigen gene of HBV.

[0067] As used herein the expression “Hepatitis B surface antigen” or “HBsAg” refers to
any HBsAg antigen or fragment thereof displaying the antigenicity of HBV surface antigen in

humans.

[0068] Engerix-B™ and other licensed hepatitis B vaccines, which are administered
parentally, have been successful in inducing a systemic immune response to HBV. However, the
antibodies produced as part of the systemic immune response are unable to provide protection at
the level of mucosa, which is the major entry site for most infectious agents including HBV.

There therefore remains a need in the art for an orally delivered hepatitis B vaccine.

[0069] In one aspect, the present disclosure provides methods for preparing
immunogenic formulations that include a hepatitis B virus surface antigen or a fragment thereof
displaying the antigenicity of HBsAg. All known hepatitis B vaccines include a recombinant

HBsAg. It is to be understood that any one of these licensed hepatitis B vaccines may be used as
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a source ot antigen in a method of the present disclosure to produce an immunogenic

formulation.

[0070] In general, any method may be used to prepare hepatitis B surface antigen. The
preparation of HBsAg is well documented (e.g., see Harford et al., Develop. Biol. Standard 54:
125, 1983 and Gregg ct al., Biotechnology 5:479, 1987 among others). In general, recombinant
DNA technology methods may be used which involve culturing genetically engineered cells,
which carry the surface antigen gene of HBV. The surface antigen expressed is then purified and
normally formulated as a suspension of the surface antigen adsorbed on aluminum hydroxide
(e.g., see Valenzuela et al., Proc. Natl. Acad. Sci. USA 80:1-5, 1983 and McAleer et al., Nature
307:178-180, 1984).

Influenza

[0071] Influenza is a common infectious disease of the respiratory system associated
with the Orthomyxoviridae family of viruses. Influenza A and B are the two types of influenza
viruses that cause epidemic human disease. Influenza A viruses are further categorized into
subtypes on the basis of two surface antigens: hemagglutinin (HA) and neuraminidase (N).
Influenza B viruses are not categorized into subtypes. Vaccination is recognized as the single
most effective way of preventing or attenuating influenza for those at high risk of serious illness
from influenza infection and related complications. The inoculation of antigen prepared from
inactivated influenza virus stimulates the production of specific antibodies. Protection is
generally afforded only against those strains of virus from which the vaccine is prepared or

closely related strains.

[0072] Influenza vaccines, of all kinds, are usually trivalent vaccines. They generally
contain antigens derived from two influenza A virus strains and one influenza B strain. The
influenza virus strains to be incorporated into influcnza vaccines cach scason are determined by
the World Health Organization (WHO) in collaboration with national health authoritics and
vaccine manufacturers. It will be appreciated that any influenza virus strain may be used in
accordance with the present disclosure, and that influenza virus strains will differ from year to

year based on WHO recommendations.
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[0073] Monovalent vaccines, which may be useful for example in a pandemic situation,
are also encompassed. A monovalent, pandemic flu vaccine will most likely contain influenza
antigen from a single A strain. In some embodiments, influenza antigens are derived from
pandemic influenza strains. For example, in some embodiments, influenza antigens are

influenza A (HIN1 of swine origin) viral antigens.

[0074] Predominantly three types of inactivated vaccines are used worldwide to protect
against influenza: whole virus vaccines, split virus vaccines containing external and internal
components of the virus, and subunit vaccines composed of just external components of the virus
(hemagglutinin and neuraminidase). Without wishing to be limited to any theory, it is thought
that the higher purity of subunit vaccines should make them less reactogenic and better tolerated.
Conversely whole virus and split virus vaccines are thought to contain more epitopes and so be

more immunogenic.

[0075] In some embodiments, influenza antigens are based on subunit vaccines.
Generally, subunit vaccines contain only those parts of the influenza virus that are needed for
effective vaccination (e.g., eliciting a protective immune response). In some embodiments,
subunit influenza antigens are prepared from virus particles (e.g., purification of particular
components of the virus). In some embodiments, subunit influenza antigens are prepared by
recombinant methods (e.g., expression in cell culture). For example, US Patent No. 5,858,368
describes methods of preparing a recombinant influenza vaccine using recombinant DNA
technology. The resulting trivalent influenza vaccine is based on a mixture of recombinant
hemagglutinin antigens cloned from influenza viruses having epidemic potential. The
recombinant hemagglutinin antigens are full length, uncleaved, glycoproteins produced from
baculovirus expression vectors in cultured insect cells and purified under non-denaturing
conditions. In some embodiments, subunit influcnza antigens arc gencerated by synthetic
mcthods (c.g., peptide synthesis). Subunit vaccines may contain purificd surfacc antigens,
hemagglutinin antigens and neuraminidase antigens prepared from selected strains determined by
the WHO. Without wishing to be bound by any theories, it is thought that surface antigens,
hemagglutinin antigens and neuramidase antigens play a significant role in eliciting production

of virus neutralizing antibodies upon vaccination.
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[0076] In some embodiments, influenza antigens are split virus antigens. Vaccines
prepared using split virus antigens typically contain a higher concentration of the most
immunogenic portions of the virus (e.g., hemagglutinin and neuramidase), while lowering the
concentration of less immunogenic viral proteins as well as non-viral proteins present from eggs
(used to produce virus) or extrancous agents (¢.g., avian leukosis virus, other microorganisms
and cellular debris). Generally, split virus antigens are prepared by a physical process that
involves disrupting the virus particle, generally with an organic solvent or a detergent (e.g.,
Triton X-100), and separating or purifying the viral proteins to varying extents, such as by
centrifugation over a sucrose gradient or passage of allantoic fluid over a chromatographic
column. In some embodiments, disruption and separation of virus particles is followed by
dialysis or ultrafiltration. Split virus antigens usually contain most or all of the virus structural
proteins although not necessarily in the same proportions as they occur in the whole virus.
Methods of viral splitting as well as suitable splitting agents are known in the art (see for
example U.S. Patent Publication No. 20090155309). In some embodiments, final antigen
concentration (e.g., of hemagglutinin and/or neuramidase antigens) of split viral antigen is

standardized using methods known in the art (e.g., ELISA).

[0077] In some embodiments, influenza antigens are whole virus antigens. It is thought
that in unprimed individuals, vaccines prepared with whole virus antigens may be more
immunogenic and induce higher protective antibody response at a lower antigen dose than other
formulations (¢.g., subunit or split virus antigens). However, influenza vaccines that include

whole virus antigens can produce more side effects than other formulations.

[0078] Influenza viral antigens present in immunogenic formulations described herein

may be infectious, inactivated or attenuated.

[0079] In certain embodiments, an immunogenic formulation may comprise an
mactivated viral antigen. It will be appreciated that any method may be used to prepare an
mactivated influenza viral antigen. WO 09/029695 describes exemplary methods for producing
a whole inactivated virus vaccine. In general, these methods will involve propagating an
influenza virus in a host cell, optionally lysing the host cell to release the virus, isolating and
then inactivating the viral antigen. Chemical treatment of virus (e.g., formalin, formaldehyde,

among others) is commonly used to inactivate virus for vaccine formu