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Claim:
1. A conjugate comprising a poorly immunogenic antigen covalently attached

to a synthetic peptide carrier constituting a T cell epitope of hsp65 in which said synthetic

peptide carrier is selected from the group of peptides consisting of

(a) NEDQKIGIEIIKRTLKI (Pep278h).

(b) NEDQKIGIEIIKRALK! (Pep278m).

(¢) EGDEATGANIVKVALEA (Pep278mt),
(d) VLGGGSALLRSI (Pep 1), and

() an analog ot Pep278h:

458 474

NEDQKIGIEITKRTLKI

that has at least 70% of the electric and hydrophilicity/hydrophobicity characteristic of hurman

hsp65 from position 458 to position 474, said peptide or analog being capable of increasing
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substantially the immunogenicity of the poorly immunogenic antigen when the conjugate is

administered 1n vivo.
21. A method for enhancing the immunogenicity of a poorly immunogenic

antigen molecule which comprises linking it to a synthetic peptide carrier constituting a T
cell epitope of hsp65 in which said synthetic peptide carrier is selected from the group of
peptides consisting of

{a) NEDQKIGIEIIKRTLKI (Pep278h),

(b) NEDQKIGIEIKRALKI (Pep278m),

(c) EGDEATGANIVKVALEA (Pep278mt),

(d) VLGGGSALLRSI (Pep II), and

(e) an analog of Pep278h:

458 474

NEDQKIGIEITKRTLKI
that has at least 70% of the electnic and hydrophilicity/hydrophobicity characteristic of human
hsp65 from position 458 to position 474, said peptide or analog being capable of increasing
substantiaity the immunogenicity of the poorly immunogenic antigen when the conjugate is

administered in vivo.
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(57) Abstract

The invention relates to conjugates of poorly immunogenic antigens, e.g. peptides, proteins and polysaccharides, with a

- | synthetic peptide carrier constituting a T cell epitope derived from the sequence of human heat shock protein hspé5, or an analog
thereof, said peptide or analog being capable of increasing substantially the immunogenicity of the poorly immunogenic antigen.
Suitable peptides according to the invention are Pep278h, which corresponds to positions 458-474 of human hsp6S$, and Pep 1Y,

which corresponds to positions 437-448 of human hsp65, but in which two cysteine residues at positions 442 and 447 are replaced
serine residues.
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CCMJUGATES oF POORLY IMMUNOGENIC ANTIGENS AND SYNTHETIC
PEPTIDE CARRIERS AND VACCINES COMPRISING TEEM

FIELD OF THE I 10

The present invention relates to conjugates of enhanced
immunogenicity based on synthetic peptide carriers constituting
T cell epitopes, to their preparation and to vaccines suitable

for immunization comprising said eonjugates.

BACRKGROUND OF THE INVENTION

Antibody responses have been subclassified into two main
types on the basis of their requirement for T cells. The
primary humoral immune response to T cell-dependent (T-dep)
antigens is characterized by B and T cell activation and
proliferation leading on one hand to the differentiation of
plasma cells and immunoglobulin secretion, and on the other
hand to the formation of germinal centers and immunological
memory. Upon restimulation by antigen, these memory cells play
the leading part in ¢the secondary antibody response. The
cardinal characteristics of the secondary response to T-dep
antigens are rapidity of antibody production, greater magnitude
of response as compared to the primary response, and an
immunoglobulin ¢lass switch from IgM to IgG.

There are, however, a small number of antigens capable of
activating B cells independently from T cell help referred to
as T cell-independent (T-ind) antigens. They include amonc
others bacterial capsular polysaccharides, like the capsular
polysaccharide of Streptococcus pneumoniae, polymerized
Salmonella flagellin, poly-D-amino acids and the E. coli
lipopolysaccharide. T-ind antigens are characteristically of
high molecular weight, with a cepeating gtructure, and in most
instances, are slowly degraded. They pergist for long periods
on the surface of specialized macrophage¢ and can bind to
antigen-specific B cells with great avidity through their
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multivalent attachment to the complementary immunoglobulin
receptors which they crosslink. At high enough concentration,
they have the ability to polyclonally activate a substantial
proportion of the B cell pool, i.e. without reference to the
antigen specificity of the surface receptor hypervariable
region. In general, the T-ind antigens give rise to
predominantly IgM responses, some IgG3 in the mouse, and
relatively poor, if any, menory.

Capsulated bacteria such as Haemophilus influenza type b,
Streptococcus pneumcniae, Neisseria meningitidis, group B
Streptococci, and E. coli type Kl, cause serious invasive
diseases in humans, especially in infants and in
imnmunocompromised individuals. Plasma anti-polysaccharide
antibodies have been shown to be protective against invasive
diseases caused by most of these pathogens and vaccines
consisting of purified capsular polysaccharides (CPS) have been
developed to induce such antibodies in the individuals at risk.
Polysaccharides are, however, poor immunogens in infants, and
their use as vaccines is seriously hampered by this fact. The
reason for their poor immunogenicity is believed to be related
to their belonging to the group of T-ind antigens.

The discovery by Avery & Goebel (1929) that coupling of
polysaccharides to protein carriers increases immunogenicity
has recently been used for the preparation of vaccines for
human use. Both in humans and in rodents these conjugates
behave like T-dep antigens by exhibiting inductien of
immunclogical memory. There are similarities between conjugate
polysaccharide vaccines and protein carrier-hapten systems.
Thus the CPS conjugates are able to induce protective levels of
CPS antibodies in infants, while CPS alone is not. It is
possible that the superior immunogenicity of conjugates
compared to that of pure polysaccharides is due to the help by
carrier-specific T cells, as has been demonstrated in the
carrier-hapten system in rodents.

. In most cases, T-ind antigens have been coupled to large
immunogenic proteins such as tetanus toxoid, cholera toxin or
diptheria toxoid. Nevertheless, the immunoclogical response to
high molecular weight carrier molecules harboring stimulatory

&2&
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as well as suppressive T cell epitopes are not very
predittable. It has been shown that the antibody response to a
hapten coupled to a carrier protein can also be inhibited when
the recipient has been previously immunized with the unmodified
protein. This phenomencn has been termed carrier-induced
epitope suppression and was recently demonstrated to occur with
a2 number of hapten-protein conjugates. Since the development of
more potent conjugate vaccines against a large number of
extremely infectious organisms is still important, efforts are
being made to search for more appropriate carrier molecules
providing the needed T cell epitopes. Universally immunogenic T
cell epitopes, defined by specific peptides with sharply
outlined immunological characteristics, might represent a new
generation of such alternative molecules. Proteins well
recognized by the immune system might be an appropriate source
for peptides serving this purpose.

Studies using a wide variety of proteins, both those
closely related to self and those phylogenetically distantly
related, have shown that the majority of T cells are focused
onto a few immunodominant epitopes with a minority responding
to other, subdominant determinants. This hierarchy of
determinant utilization by T cells could result from a
combination of factors including differential affinities for
the available MHC nmoleculies, the diversity of the T cell
repertoire, internmal competition for MHC-binding sites and fine
differences in processing.

Evidence is accumulating that proteins belonging to the
family of heat shock proteins (hsp’s) are major antigens of
many pathogens (Young et al, 1988). Hsp's were first described
and later named due to their production by cells exposed to
sudden elevations in temperature. The hsp’s include proteins of
various melecular weights, including 20kD, 60kD, 65-68kD, 70kD,
90kD, 110kD, and others. It is now apparent that hsp’s are
induced in all cells by many different environmental insults,
irncluding oxidative injury, nutrient depletion and infection
with intracellular pathogens; the hsp response enables the cell
to survive under otherwise unfavorable coOnditions. Although
cellular stress increases the synthesis of hsp’s, many hsp’s

“3“
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are also constitutively expressed and play an essential role in
normal cell function. The hsp response is ubiquitous throughout
the pro- and eukaryotic kingdoms and hsp‘s belong to some of
the most conserved molecules. Despite evolutionary divergence
of over a billion years, the human and the mycobacterial hspé5
molecules, for example, are identical in about 50% of their
amino acid residues. This chemical conservation includes many
stretches of amino acid of full or near identity. Consequently,
every organism will necessarily share immunological cross-
reactivity with the hsp65 of any foreign cell. Hence, the hsp6S
molecule of any infectious cellular agent will be part self and
part non-self to any host with an immune system. For these
reasons, hsp65 and other hsp’s would be predicted to be poorly
immunogenic. Quite to the contrary, evidence suggests that
hsp’s may be some of the most dominant immunogens.

Hsp65, as a representative member of the proteins
belonging to the hsp family, can be considered to be a dominant
antigen because infection or immunization with many Jdifferent
bacteria induces antibodies and T cells specific for the hsp65
molecule (Young et al, 1988). In mice immunized with
Mycobacterium tuberculosis, 20% of all T celils which respond to
the bacterium, are specific for hsp65. Interestingly, T cells
with reactivity to hspé5 have also been identified in normal
healthy individuals lacking any clinical signs of disease (Munk
et al, 1988). Using synthetic peptides, Lamb et al.(1987) and
Munk et al. (1988) showed T cell responses to shared epitopes
of the mycobacterial and human hsp65; this formally proved the
existence of T cells to self epitopes of hsp65 in normal
individuals. )

As a conseguence of this immunodominance, it is not
surprising that the hsp65 molecule seems to be involved in
autoimmunological events. Immunity to  hsp65 can  cause
autoimmune diabetes in mice and may be related to autoimmune
arthritis in rats and in humans (Elias et al, 1990; Pearson,
1964). Therefore, immunity to  hsp65 .is associated with
autoimmune disease, but it is also agsociated with a state of

health.
During an infection, both pathogen and host increase
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dramatically their synthesis of hsp’s to protect against
stresses imposed by the wcher. In analog with B cell responses
to autoantigens, it is possible to envisage that self hsp-
reactive T cells, like T cells specifically recognizing hspé5,
could be engaged beneficially in the resolution of inflammation
by removal of stressed cells. Perhaps, however, autoimmune
disease could occur if this response is not correctly
regulated. Cohen & Young (1991) suggested the prevalence of
“natural immunity" in healthy individuals ensured by an immune
system based on a series of highly controlled and regulated
immune networks directed against a limited number of controlled
self antigens. The hsp65 molecule is suggested to be one of
these antigens to which such a highly organized immune response
exists naturally (Elias et al, 1990).

Cox et al. (1988) showed that a dimer of the 65-85 peptide
of Mycobacterium tuberculosis 65kDa protein did noet affect its
ability to induce T cell proliferation, but it enhanced
antibody production, and suggested that combination of
heterologous peptides with the N-terminal of the mycobacterial
65-85 sequence may be generally applicable for the potentiation
of peptide vaccines. Lussow et al. (1990) and Barrios et al.
(1992) showed that the hsp65 and the hsp70 of Mycobacterium
bovis can act as carrier molecules for the induction of anti-
hapten antibodies in mice. In addition, many T cell epitopes on
M. bovis hsp65 have been identified, and the entire protein has
been demonstrated to be immunogenic in a wide variety of mouse
strains with differing MHC haplo-types (Brett et al, 1989).

It can be assumed that some T cell epitépes within the
sequence o©of the hsp65 protein (of hest and parasite,
respectively) show immunodominance and are able to induce
immunolecgical memory, whereas others do not express privileged
immuneological recognition or are involved in the induction of
autoimmunity. Distinguishing between these functional different
T cell epitopes may lead to the identification of wuniversally
immunogenic peptides, which can quality as safe, defined, and
potent alternatives for carrier molecules of T-ind antigens.

Europeann Patent EP 262 710 and US Patent No. 5,154, 923
describe peptides having an amino acid sequence corresponding

—-5-
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to positions 171-240 and 172-192, respectively, of a
Mycobacterium bovis BCG 64kD polypeptide, that are useful as
immunogens inducing resistance to autoimmune arthritis and
similar autoimmune diseases.

PCT Patent Application No. WO 90/10449 describes a peptide
designated p277 having an amino acid sequence corresponding to
positions 437-460 of the human hsp65 molecule that is useful as
immunogen inducing resistance to insulin dependent diabetes
mellitus (IDDM). A control peptide, designated p278,
corresponding to positions 458-474 of human hsp65, did not
induce resistance to IDDM.

Lussow et al. (1990) showed that the priming of mice with
live Mycobacterium tuberculosis var. bovis (BCG) and
immunization with the repetitive malaria synthetic peptide
(NANP)«o conjugated to purified protein derivative (PPD), led
to the induction of high and long-lasting titers of anti-
peptide IgG antibodies. Later on, Lussow et al. (1991) showed
that mycobacterial heat-shock proteins (hsp) of 65kDa (GroEL-
type) and 70kDa (DnaK-type) acted as carrier molecules in mice,
previously primed with Mycobacterium tuberculosis var. bovis
(bacillus Calmette-Guerin, BCG), for the induction of high and
long-lasting titers of 1IgG against the repetitive malaria
synthetic peptide (NANP).o. Anti-peptide antibodies were
induced when the malaria peptide, conjugated to the
mycobacterial hsp, was given in the absence of any adjuvants.

Barrios et al. ( 1992) have shown that mice immunized with
peptides or oligosaccharides conjugated to the 70kDa hsp
produced high titers of IgG antibodies in the absence of any
previous priming with BCG. The anti-peptide antibody response
persisted for at least 1 year. This adjuvant-free carrier
effect of the 70kDa hsp was T cell dependent, since no anti-
peptide nor anti-70kDa IgG antibodies were induced in athymic
nu/nu mice. Previous immunization of mice with the 65kDa or
70kbDa hsp did not have any negative effect on the induction of
anti-peptide IgG antibodies after immunization with hsp-peptide
conjugates in the absence of adjuvants. Furthermore,
preimmunization with the 65kDa hsp could substitute for BCG in
providing an effective priming for the induction of anti-
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(NANP) 4, antibodies. Finally, both the 65kDa and 70kDa hsp acted as carrier
molecules for the induction of IgG antibodies to group C meningococcal
oligosaccharides, in the absence of adjuvants, suggesting that the use of hsp's as
carriers in conjugated constructs for the induction of anti-peptide and anti-
oligosaccharide antibodies could be of value in the design of new vaccines for
eventual use in humans.

None of the above mentioned references describe specific T cell epitopes

of human hsp65 conjugated to poorly immunogenic molecules.

SUMMARY OF THE INVENTION
it is an object of the present invention to provide a method for enhancing

the immunogenicity of poorly immunogenic antigen molecules, thus converting
them to suitable antigens for immunization.

For this purpose, the present invention provides conjugates of a poorly
immunogenic antigen covalently attached to a synthetic peptide carrier
constituting a T cell epitope of hsp65 in which said synthetic peptide carrier is
selected from the group of peptide consisting of

(@) NEDQKIGIENKRTLKI (Pep278h),

(b)  NEDQKIGIEHKRALKI (Pep278m),

(c) EGDEATGANIVKVALEA (Pep278mt),

(d) VLGGGSALLRSI (Pep 1), and

() an analog of Pep278h:

458 474

NEDQKIGIEIIKRTLKI,
that has at least 70% of the electric and hydrophilicity/hydrophobicity
characteristic of human hsp65 from position 458 to position 474, said peptide or
analog being capable of increasing substantially the immunogenicity of the poorly
immunogenic antigen when the conjugate is administered in vivo.

Mammalian, including human ard mouse hsp65, are often designated
"hspB0" by other authors, because they belong to the hsp60 generic family. In
this specification, whenever human or mouse hsp65 is mentioned, it is intended

WINWORDUULIESSPECIESWT200
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to encompass these molecules with the designation "hsp60" or any other

designation given to them in the art.
Any peptide, or analog thereof, derived from human hsp65 constituting a T

cell epitope and able to increase substantially the immunogenicity of the poorly

immunogenic antigen, can be used in the invention.
A preferred peptide according to the invention, herein designated Pep278h

or 278h, carresponds to positions 458-474 of the human hsp65 molecule, and

has the sequence :
458 474

NEDQKIGIEHKRTLKI

C WINWORDUULIENSFSCIESM7900
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Preferred analogs of Pep278h are the peptides herein
designated Pep278m or 278m ,in which the residue T<472 of
Pep278h is replaced by A473, and Pep278mt or 278mt, of the

following sequence:

E G D E A T G A NIV KV A L E A

Another T cell epitope according to the iavention derived
from the human hsp65 molecule, herein designated Peptide II or
Pep II, corresponds to positions 437-448 of the human hspé5
molecule in which the two cysteine moieties at positions 442
and 447 have been replaced by serine, and has the seguence :

437 448
v L G G G 8 A L L R 8§ I

The poorly immunogenic antigen molecule may be a peptide,
a polypeptide or a protein, e.g., a peptide derived from HIV
wvirus or from malaria antigen, or a bacterial polysaccharide,
e.g., capsular polysaccharides from Haemophilus influenzae type
b, Streptocoscus preumoniae, Neisseria meningitidis, group B
Streptococeci, E. coli type Kl, Salmonella, such as Salmonella
typhi, etc.

The carrier peptide is covalently linked te the poorly
immunogenic antigen molecule, either directly or through a
spacer.

The invention further relates <to vaccines comprising a
conjugate of the invention or a mixture of the poozly
immunogenic antigen and the suitable peptide carrier.

In another embodiment the invention relates to a method of
immunization of a mammalian host which comprises administering
to said host an effective amount of a conjugate of the
invention, or co-admifiistering effective ampunts of a poorly
immunogeni¢ antigen molecule and 6f a synthetic peptide carrier
constituting a T cell épitope derived from the sequence of
human hsp6%, or an analog thereof, said peptide or analog being
able to enhance substantially the immunogenicity of the poorly

inmunogenic antigen.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. l1A~B show serum anti-Vi antibody response induced in
mice by Vi alone, 12 and 24 days after first immunization and
12 days after second immunization, at serum dilution of 1:50
(A) and 1:500 (B).

Fig. 2a-b(A~C) show anti-Vi antibody response induced in
mice by Vi alone or Vi-conjugates Vi-Pep II, Vi-Pep278h and Vi-
Pep348h ((a) 2.5 pg and (b) 0.25 pg Vi injected per mouse), 12
(A) and 24 days (B) after first immunization and 12 days after

second immunization (C).

Fig. 3a-b(A-B) show kineties of anti-Vi  antibody
production induced by Vi-protein/peptide conjugates (A) and
Vi alone (B) (2.5 ug (a) and 0,25 ug (b) Vi injected per mouse,
12 and 24 days after first  immunization and 12 days after
second immunization.

Fig. 4A-B show the specificity of anti-Vi antibcdies
elicited in mice immunized with Vi alone or with conjugates Vi-
Pep II and Vi-Pep278h. The antibodies were determined in ELISA
plates coated with 2.5 ug (panel A) or 1.25 pg Vi per well
(panel B}).

Fig. 5A-B illustrate isotype characterization of anti-Vi
antibodies elicited in mice by Vi alone or by conjugate Vi-
Pep278h. Panel A - anti-vVi IgM isotype response to Vi and Vi-
Pep278h; Panel B - anti-Vi IgG isotype response to Vi and Vi=
Pep278h.

Pig. 6A-B illustrate time «course of anti-Vi antibedy
production in mice immunized with Vi alone or with conjugates

Vi-Pep II and Vi-Pep278h, at serum dilution 1:100 (panel A) and

1:1000 (panel B).

Fig. 7A-B(a-c) show effect of adjuvant and immunization
mode on anti-Vi antibody production  induced by Vi-Pep II
injected (A) subcutaneously (sc) or (B) intramuscularly (im) in
mice, 12 (panel a) and 24 days (panel D) after first
immunization and 12 days after second immunization (panel c),

Fig. BA-C show anti-Vi antibody production induced in
mice by Vi-Pep II conjugate or by free Pep II mixed with Vi
before immunization, 12 (panel A) and 24 days (panel B) after
first immunization and 12 days (panel () after second

-9-
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immunization.

Fig. 9 shows effect of carrier priming on anti-vi antibody
production in mice immunized with conjugated Vi-Pep 1I, primed
sc 14 days before immunization with free Pep II in IFA (left)
or non-primed (right).

Fig. l0a-b(A-B) show the anti-Vi immune response induced
in the same individual mouse by Vi-Pep277(S) (antigen A), Vi~
Pep278h (antigen B, after mice were injected with Vi~
Pep277(S)), Vi alone (antigen C, after mice were injected with
Vi-Pep277(S)), and Vi-Pep278h (antigea D), at serum dilution
1:50 (a) and 1:1000 (b), 12 days after first (panel A) and 12
days after second (panel B) immunization.

Fig. 11A-F show screening of recognition of Vi alone
(panel B) anrd of conjugates Vi-Pep II (panel C), Vi-Pep278h
(panel D), Vi-Pep II* (paneli C) and Vi-PCRP77-83 (panel F)
coated to ELISA plates by the reference anti-Vi sernm Burro 260
({panel A).

Fig. 12A-E illustrate the immune response of different
mouse strains to Vi and Vi-conjugates. Panel A: response of
BALB/c¢ mice to Vi, Vi-278h, Vi-278m, Vi-278mt, Vi-SRes, Vi-348
and Vi-277/S); panel B: response of BALB/k mice to Vi, Vi-278h,
Vi-278m, Vi~278mt Vi-277(S) and Vi-SRes; panel C: respcnse of
BALE/b mice to same antigens of panel B; panel D: response of
NOD mice te Vi, Vi-278h, Vi-278m, Vi-278mt and Vi-SRes; panel
E: response of NON.NOD mice to Vi, Vi-278h and Vi-278mt.

Fig. 13A-C show the IgG isotype distribution of sera of
mice immunized with Vi-278h conjugate emulsified in IFA,
with Vi in IFA and with IFA/PBS, respectively.

Pig. 14 shows the immune response of mice to Vi fragments
and Vi fragments-278h conjugate.

Fig. 15 illustzates the  immunogenicity of Vi and
conjugates Vi-278h, Vi-278m, Vi-278mt and Vi-SerRes in mice.

Fig. 1& illusty ites the IgGl immune response obtained in
mice after immus zation with polypeptide FEPK alone or
conjugated with p& .ides 278h and 348h.

DETAILED DESCRIPTION OF THE INYENTION

Preferred conjugates according to the invention are formed
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by covalently linking Pep278h or Pep II with a bacterial
polysaccharide, e.g., the CPS Vi of Salmonella typhi,
hereinafter referred to as Vi, a linear homopolymer of poly-a-

(1-4)GalNAc variably O-acetylated at the Ca-position, as
shown in Scheme 1. Vi alone, like other CPSs, does not elicit a
booster response in mammals, both animals and humans, when
reinjected, but its immunogenicity is increased when presented
as a conjugate according %o the invention coupled to a suitabie
peptide derived from human hsp65 or an analog thereof, or in
mixture with such a peptide or analog. Reinjection of the Vi-
peptide conjugate induses an increase in the level of anti-Vi
antibodies (booster effect), which. are mainly represented by
the IgG isotype.

In the case of Pep278h, the active peptides according to
the inventipn are characterized as being highly charged, 1i.e.
of strong electric properties (7 out of 17 constituent amino
acid residues of Pep278h are either negatively or positively
charged) and highly hydrophobic (6 amino acid residues). The
peptide Pep278nh is further characterized as possessing a pclar
negatively-charged N-terminal domain, a polar positively-
charged C-terminal domain and a highly hydrophobic core. These
overall features should be maintained in order to preserve
efficacy. Thus, following the above general outline certain
amino acids substitution will d‘ead to active peptides. More
specifically, positions 6,8,10,11,15 and 17 in the Pep278h
peptide chain {corresponding to positions 463, 465, 467, 468,
472 and 474 of the human hsp65 moli@cule) can be occupied by
either I or L or by other hydrophobic amino acids, natural,
suech as V, M, or F, ‘or unnatural amino acids, such as
norleucine (Nle) or norvaline (Nva). Positions 5,12,13 and 16
in the Pep278h chain (corresponding to positions 462, 469, 470
and 473 of the human hsp65 molecule) can be occupied by eitherxr
X or R or by unnatural positively ¢harged amino acids, such as
ornithine (Orn). Interchange of E and D may also lead to active
derivatives,

The term "analogs" in the present invention relates to
peptides obtained by replacement, deletion or addition of amino
acisl residues to the sequence of the T cell epitope, as long

wllw
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as they have the capability of enhancing substantially the
immunogenicity of poorly immunogenic antigen molecules. For
example, stable derivatives can be obtained by replacing
original cysteine residues by serine residues, as in the case
of Pep 1II. Analogs, in the case of Pep278h, are peptides such
that at least 70%, preferably 90-100%, of the electric
properties and of the hydrophobicity of the peptide molecule
are conserved. These peptides can be obtained according to the
instructions in the paragraph hereinbefore.

The peptides according to the invention may have all the
optically active amino acid residues in L or in D form, or some
of the amino acid residues are in.L apd others are in D form.

By “"substantially increasing the immunogenicity of a
poorly immunogenic antigen molecule" it is meant to comprise
both the induction of an increase in the level of antibodies
against said antigen as well as the presentation of said
antibodies as mainly of the IgG isotype.

The peptide carrier may be linked to the antigen molecule
directly or through a spacer.

A direct link between the peptide and Vi is shown in
Scheme 1 herein, where the conjugate

CO-NH-Pep-COOH

NAc

is obtained by Procedure 3 described herecafter.

The spacer may have the formula -0-R-CO- or ~NH-R-CO-,
thus forming an ester or amide, respectively, with the carboxyl
group of Vi and a peptide bond with the terminal amino group of
the peptide; -0-R-NH- or -NH-R-NH-~, thus forming an ester or
amide, respectively, with the carboxyl group of Vi and an amide
with the terminal carboxyl group of the peptide; or =NH-R-
CB2~, wherein R is a saturated of unsaturated hydrocarbon
chain optionally substituted and/or interrupted by one or more
aromatic radicals or by hetercatoms such as O, § or N.
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Preferably, R is an aliphatic hydrocarbon chain containing 3-16
carbon atoms, such as the residue of €-aminocaproic acid.

The conjugate of the formula :

CO-NH-AC-CO-NH-Pep-COOH
+o/4—0
ACO

" NAc

in which Ac is acetyl, AC is the residue of €-aminocaproic
acid, Pep is the residue of the peptide carrier Pep278h or Pep
II and the saccharide residue represents a repeating unit of
the Vi capsular pelysaccharide of Salmonella typhi, may be
prepared by three different procedures 1, 2 #ad 4 depicted in
Scheme 1 and described in detail hereinafter.

The conjugates wherein the spacer is -NH-R-CHa- are
obtained by reduction of -NH-R-CO- groups.

The invention further relates to vaccines comprising a
conjugate of the invention. These vaccines will preferably be
administered via t%e subcutaneous route in sguitable vehicles
for human and veterinary purposes.

The invention will now be illustrated by the following

non~limiting examples :

EXAMFLES

In the examples, the following materials and me.hods will

be used. :
MATERIALS & METHODS

a. Materials: All solvents and <chemicals were of
analytical grade and obtained from Aldrich, U.S.A., unless
otherwise mentioned.

b. Peptide synthesis: Peptides were obtained by solid
phase synthesis using the t-Boc protection group for a-N-
terminal amino groups. Merrifield resin with 0.5-0.7 meq/g. of
active chlorine per g was purchased from Chemalog, N.J.,
U.S.A. Boc-protected aminé acids with appropriate side chain
protections were purchased from Baechem, Ca.; U.S.A. Coupling

-13-
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of the first amino acids to resin was performed via cesium
salts of amino acid derivatives. Peptide chain extension was
carried out manually according to the general principles of the
solid phase methodology (Merrifield, 1963). Cleavage of
peptides from the resin and side chain deprotection was done by
the HF procedure. The sequences of the peptides and analogs
synthesized are in Table 1.

The analog peptide 278m corresponds to positions 458-474
of mouse hsp65 and the analog 278mt corresponds to positions
431~447 of mycobacterial hspé5.

The following control peptides were also synthesized:
peptide 277(8), an analog of peptide p277 corresponding to
positions 437-460 of human hsp65 (WO 90/10449), in which the
Cys (C) residues at positions 342 and 347 were replaced by Ser
(S) residues; peptide 348h corresponding to positions 449-460
of human hsp65; peptide CRP 77-83 corresponding to positions
77-83 of human C-reactive protein, and peptide SerRes, derived
from sea urchin.

Peptides II, 277(S), SerRes, 278mt and CRP 77-83 were
synthesized as above. Peptides 278h, 278m and 348h werse
produced with an automated synthesizer (Applied Biosystem model
430A) using the company’s protocols for t-butyloxycarbonyl (t-
Boc) strategy.

c. Reversed-phase HPLC : Final purification of peptide
products was performed using the semi-preparative HPLC column
RP18 (Merck, Darmstadt, Germany) employing the SP8750 liquid
chromatography system equipped with a SP8733 variable
wavelength detector in water-acetonitrile gradients containing
0.1% trifluorocacetic acid (TFA). The effluents were monitored
by UV absorbance at 220 nm. Acetonitrile of HPLC grade was
purchased from Merck (Darmstadt, Germany). HPLC-pure peptides
were characterized by amino acid analysis.

d. Vi __: The Vi purified from Citrobacter freundii WR7011
(kindly donated by J.B. Robbins and §S.C. Szu, National
Institute of Healih, Bethesda, Maryland) contained < 1% (each)
protein, nucleic acid, and lipopolysaccharide. The molecular
size of the Vi was estimated to be 3x102kDa.

~14-~
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Table 1: Sequences of synthetic peptides

No. |Peptide Origin Peptide Name Sequence
1 Human hsp65 (458-474) 278h NEDQKIGIEIIKRTLKI
2 hsp65 analog 278m NEDQKIGIEIIKRALKI
3 hsp65 analog 278mt EGDEATGANIVKVALEA
4  |Human hsp65 (437-448) pepli { VLGGGSALLRSI
5* ' - 1277(8)** VLGGGSALLRSIPALDSLTPANED
6 Human hsp65 (449-460) {1348h PALDSLTPANED
7 Human C-Reactive Protein (77-83) ] CRP77-83 VGGSEIL
18 Sea Urchin SerRes LRGGGVCGPAGPAGTVCS

* Peptides No.5,6,7 and 8 were used as controls

** Peptide 277(S) is a stable analog of peptide 277 (WO 80/10449) cosresponding to position
437-460 of human hsp65 in which cysteine residues (C) at positions 442 and 447 have been

replaced by serine (S) residues.

807€0/¥6 OM
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Scheme 1: coupling procedures

Structure of the repeating unit of the Vi
COOH capsular polysaccharide of Salmonella typhi

+o/©
QAc
n
NAG (1) HOSU*/sDCC™*
(2) AC-Pep **°
Proe.2
AC-Pep CO-NH-AC-CO-NH-Pep-COOH

Proe. 1 oA ©
AcO % .
NAC

CO-NH-AC-CO-NH-Pep-COOH

==0C °
OAc ** AC = e-Amino Caproic Acid
n =+ sDCC = Water soluble DCC
*  HOSU = N-hydroxysuccinimide
NAc
1) Boc-AC™ + HOSU + sDCC
COOH () :
—~ 0 -O Boc-AC-OSU
(2) Boc-AC-OSU + Pep
QAc n
Bac-AC-CO-NH-Pep-COOH
NAC /‘rFA".
Proe.d HaN-AC-CO-NH-Pep-COOH
Pep/Prot.” sOeC
¥ . CO-NH-AC-CO-NH-Pep-COOH
Proc.d

CO-NH-Pep-COOH

NAc

n * Pep/Prot.=Peptide/Protein
** Boe-AC =Boc-e-Amino Caproic Acid
U TFA =Trifluoracetic Acid

“l6=
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e. Conijugation of Vi and synthetic peptides _: The

different conjugation procedures are summarized in Scheme 1.

Procedure 1 :
Coupling of Vi and peptide via spacer (a) : During solid phase

synthesis, Peptide II was extended at the N-terminus, using
usual procedure for addition of an amino acid residue, by t-
Boc-€-amino caproic acid (AC), acting as spacer in the Vi-
peptide conjugate. Equal amounts of Vi and Peptide II-AC were
dissolved in a minimal volume of double distilled water (ddw)
and the pH adjusted to about 6. Two equivalents (eqv.) of
water-soluble carbodiimide (CDI;1l~(3-dimethylaminopropyl)=-3-
ethylcarbodiimide hydrochloride) r were added twice in an
interval of several hours and the reaction mixture left for
incubation over night (ON). The crude conjugate was dialysed
against phosphate buffered saline (PBS) and the peptide density
in Vi, i.e., the extent of peptide bound to Vi, was determined

by amineo acid analysis (see Table 2).

Evaluation of the amount of Vi covalently bound to the
peptide was carried out by Fourier-transformed infrared (FTIR)
spectroscopy.

Procedure 2 :

Coupling of N-hydro

spacer. Before conjugating te¢ Peptide II-AC, the carboxylic-
functions of Vi were activated by a reaction with N-
hydroxysuccinimide (Sigma). One eqgv. Vi was suspended in NMP
(N=Methyl-Pyrrolidcne, Riedel De. Haen, Germany), vortexed and
centrifuged for 5 min in an Eppendorf centrifuge. The pellet
was resuspended in NMP, followed by addition of 5 eqv. each of
N-hydroxysuccinimide and’ water-soluble carbidiimide(CDI),
respectively, and incubated under gentle stirring. After few
hours, the reaction mixture was centrifuged and the supernatant
containing the N-hydroxysuccinimide ester of Vi, was mixed with
1 egv. Peptide II-Ac dissolved in aqueous solution at a pH of
7.5. After a few hours of incubation, the conjugate was
dialysed against ddw and the peptide dehsity was determined by

amino acid analysis (see Table 2).

“l7e
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Table 2: Conjugates used as immunogens

Vi-peptide conjugate|Coupling procedure! |Peptide/Vi monomer?
(meolar ratio)
Vi-Pep II 1 1/127
Vi-Pep II* 2 1/400
Vi-Pep 278h 3 1/25
Vi-Pep 348h 3 1/22
Vi-Pep CRP77-83 4 1/14
Vi-Pep 277(S) 4 {1/10
Vi-Ova3 3 1/175

2

3 Ova

Ovalbumin '

Table3: Amount of coniju
mouse

1 Coupling procedure 1-4 described in ‘Material & Methods
The peptide density was determined by amino acid analysis

ated peptide injected per

a) in immunization with 0.25 ug conjugated Vi per mouse

Vi-Péeptide conjugate

Iniected amount of peptide/mouse

Vi-Pep II 10.010 ug
Vi-Pep 278h 0.170 ug

b) in immunization with 2.50 pg conjugated Vi per mouse

Vi-Peptide coniugate injected amount of peptide/mouse
Vi-Pep | 0.100 ug |

Vi-Pep I1* 0.030 ug

Vi-Pep 278 h 1.000 ug

Vi-Pep 348 h 0.600 ug

Vi-Pep CRP 77-83 10.510 ug

Vi-Pep 277(S) 2.200 nug

Vi + Pep Il {mixed) 2.500 ug

Vi-Ova, 2.200ug

~18-
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Procedure 3 :
Conjugation of Vi and protein/peptide without a spacer. One

eqv. Vi and 1 eqgv. protein/peptide were dissolved in a minimal
volume of ddw and incubated for 12 hours at room temperature
(RT) at pH 6 in the presence of 2 egv. water-soluble CDI (for
conjugating peptides) and 60 egv. water-soluble CDI (in the
case of protein), respectively. After dialysis of the reaction
mixture, the protein/peptide density in the conjugate was
determined by amino acid analysis (see Table 2).
Procedure 4 :

Coupling of Vi and peptide following extension of peptide chain
by a spacer in solution (b). 1In order to activate the carboxyl
function of t-Boc-€-amino caproic acid (t-Boc-AC) by  N-
hydroxysuccinimide, 1lmmol t-Boc-AC was mixed with 1.15mmol N-
hydroxysuccinimide in a minimal volume of dioxane (Merck,
Germany); 1.15mmol N,N’-dicyclohexylcarbodiimide (DCC)
dissolved in dioxane was added, and after 3 hours the reaction
mixture was filtered and washed with dioxane. 0.1 mmol of the
desired peptide was dissolved in a small amount of ddw and
mixed with 0.2mmol KHCOs (Merck). The solution of the N-
hydroxysuccinimide ester of t-Boc~-AC and the prepared peptide
solution were mixed and reacted for 1 hour with vigorous
mixing. The reaction mixture was then diluted with ddw (10 ml),
coocled and acidified with 1N KHSO. solution. The product was
extracted by ethyl acetate. The organic solution was washed
with ddw, dried over Na2S0« and evaporated to dryness.
After drying the product for 2 hours over Pa0Os, dissolving
it with 4-5 ml TFA (Merck) and reacting for 10 min, the liquid
was evaporated in vacuum at 30°C. The compound was washed twice
with CHaCla and the fluid evaporated before drying 2-3
hours over Pz0s. Subsequently, the peptide-AC product was
dissclved in ddw and the pH adjusted to 8. Five mg N-
hydro. ysuccinimide ester of Vi (prepared as described in
Procedure 2) were added. After several hours of incubation, the
resulting Vi-AC-Peptide conjugate was dialysed against ddw. The
peptide density in the ¢onjugate was estimated by amino acid
analysis and the results are presented in Table 2.
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Vi fragments (kindly provided by Dominigque Schulz, Pasteur-
Merieux, France) were coupled to synthetic peptides as
described in Procedure 3 above.

g. Conijugation of the all D synthetic polypeptide
poly(Phe, DGlu)-poly(Pro)-poly(Lys) (hereafter referred to_as

FEPK) and swvnthetic hspé5 peptides. The synthetic random
branched polypeptide FEPK (kindly provided by the group of
Prof’s Edna Mozes and Michael Sela, Weizmann Institute of
Science, Israel) was coupled to the synthetic hsp65 peptides

by Procedure 3.

h._Immunization. BALB/c female mice (obtained from Olac),
2+-3 months old, were immunized subcutaneously (sc) and
intramuscularly (im), respectively, one, two or three times at
l12-day intervals with Vi alone, with Vi-conjugate, or with Vi
mixed with peptide. The injected amount «f antigen as well as
the adjuvant used, varied from experiment to experiment. Mice
from each experimental group were exsanguinated 12 days after
each injection (72 days after the last injection for long-term
follow-up of anti-Vi antibody production).

i. Serology. Vi antibody levels elicited in mice with
native or conjugated Vi, were determined by an enzyme-linked
immunosorbent assay (ELISA). Since negatively charged
polysaccharides do not attach well to the polystyrene commonly
used in the solid-phase ELISA, positively charged methylated
bovine serum albumin (BSA) was used to coat Vi on the solid
surface with very little non-specific binding. In detail, 0.5
mg Vi were dissolved in 1 ml PBS and stirred for 1 hour at RT.
Ten mg methylated BSA (Sigma) wére suspended in 1 ml H20 and
the obtained solution filtered on a 0.8 um filter. To prepare
the coating solution, 1 ml of dissolved polysaccharide was
stirred for 20 min at RT with 50 pl of the methylated BSA
solution and subsequently diluted 1:20 in PBS. Nunclon delta Si
microwell plates were coated for 3 hours at 37°C with 100 ul
coating solution per well (2.5 ug Vi/well). The plates were
washed 5 times with PBS containing 0.33% Brij35 (Sigma) and
blocked with a solution of PBS and 1% dried skimmed milk for 2
hours at 37°C. After washing, 100 pl aligquots of diluted
unknown sera and of diluted standard serum (dilution buffer

=20~
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containing 1% skimmed milk and 0.33% Brij35 in PBS) were added
and the plates were incubated for 1 hour at 37°C. Reference and
test sera were applied to the plates in duplicate. The non-
bound antibodies were removed by washing and an appropriate
dilution of gpat anti-mouse IgG Fabz-alkaline phosphatase
conjugate (Sigma), in the case of test sera, and goat anti-
horse IgG Fab: enzyme conjugate (Sigma), in the case of the
standard serum, was added to the plates (100 u. per well).
After an incubation of 2 hours at 37°C, the plates were washed
and the color was developed with the addition of 100 ul
substrate solution containing 0.6 mg/ml of p-
nitrophenylphosphate (Sigma) in ' diethanolamine-H20 pH 9.8.
The enzyme reaction was stopped 20 min later by the addition of
10 pl 5N NaOH per well. Optical densities were read at 405 nm.
The anti-vVi standard serum Burro 260, containing 550 mg Vi
antibody/ml, was prepared by multiple intravenous injections of
formalin-fixed S. typhi Ty2 (kindly donated by J.B. Robbins and
S.C. Szu, NIH, Maryland). The results obtained are expressed as
optical density read at 405 nm or as pg Vi antibedy/ml.

EXAMPL.ES

Example 1. Preparation of Vi-peptide/protein conjugates.

Conjugates of Vi with peptide II were prepared by coupling
procedure 1 (Vi-Pep II) or 2 (Vi-Pep 1II*). Conjugates of Vi
with peptides 278, 278m, 278mt, 348h and ovalbumin (Ova) were
prepared by coupling procedure 3, and conjugates of Vi with CRP
77-83 and 277(S) by coupling procedure 4.

The composition ©of some of the Vi-conjugates was
determined by amino acid analysis. The results presented in
Table 2 indicate that the molar ratio of peptide/protein per Vi
monomer was variable. Peptide doses of 0.1-2.0 pg injected per
mouse as sugar-peptide conjugate were shown to be most

effective.
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Table 4:

Serum_Antibody

Injected with V

Response of Female BALB/c Mice
| or Vi-Peptide Conjugate

__Vi_Antibody

Vaccine {Dose Vi {12d after 1st 24d after 1st 12d after 2nd
Immuniz. Immuniz. Immuniz.
mg | mg/ml nkglml ‘mg/ml
[vi 0.25 10.194 0.005 0.053

Vi-Pep 278h

0.25

0.049 (0.000-0.078)

[1.455 (0.296-1.906)

2.959 (1.533.3.148)

 BALB/c PBS

10.223

0.205

0.233

Female BALB/c mice 2-3 months old were injected subcutaneously 2 weeks apart with 0.2
mt of each vaccine in IFA. There were 5 mice for each experimental group. Twelve and 24

days after the first

and 12 days after the second immunization were exsanguinated and

their sera were assayed for Vi antibedies by ELISA as described in Material & Methods,

Results are expressed as the geometric mean; in brackets the variation of the Vi antibody
concenfration in each group.

802£0/¥6 OM
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Example 2. Immunological characteristics of Vi and Vi-

conjugates.,
2.1 Antigenicity of native Vi. To test the antibody

response induced by Vi, 2-3 month old female BALB/c (four-five
mice per group) were injected subcutaneously (sc) with varying
doses of the Vi-antigen alone in Incomplete Freund’s Adjuvant
(IFA) 2 weeks apart. Mice were exsanguinated 12 and 24 days
after the first and 12 days after the second immunization. Sera
of all mice belonging to one group were pooled. Anti-Vi
antibodies were measured by ELISA as described in Material &
Methods herein and specific antibody levels expressed as

Absorbance«os (A«os)-.
As shown 1in Fig. 1, one injection of Vi elicited a Vi

antibody response in the mice. Reinjection of Vi did not induce
a booster effect, as expected for T-ind antigens. Subcutaneous
immunization with 2.5 pg Vi per mouse in IFA gave the strongest
specific antibody production; a higher dosage did not result in
an enhanced immune response.

The Vi-preparation used in this experiment contained
residual amounts of protein (< 1%). The relatively high Vi-
immune response might be explained by this fact.

2.2 BAntigenicity of Vi-conjugates.

2.2.1. Relation to injected antigen dosage. The effect
of different doses on the immunogenicity of native and
conjugated ferms of Vi was studied. Anti-Vi antibody response
was induced in mice by injection of 2.5 ug or 0.25 ug of Vi
alone or of Vi-conjugates Vi-Pep II, Vi-Pep278h, Vi-Pep348h’
comprising 2.5 pg or 0.25 ug Vi. Four female BALB/c mice per
group were immunized sc Qith 2.5 ug Vi alone or as a conjugate
in IFA 2 weeks apart (for 4injected amounts of peptide as
conjugate see Table 3). The anti-Vi antibody response was
measured by ELISA and the magnitude of specific immune response
is depicted in Fig. 2 as Aaos. Each panel shows geometric
means of the sera obtained from 4 individual mice injected with
the same antiger. Pooled sera of 4 n.ce immunized with Vi
alone or with PBS in IFA respectively served as controls.

The results presented in Fig. 2 show that twelve days
after the first injection of 2.5 pug Vi alone or as conjugate
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(for the corresponding injected peptide amounts see Table 3b),
all of the Vi-peptide conjugates showed anti-Vi immune
responses lower than that elicited by Vi in its native form
(Fig. 2a, panel A). Monitoring the Vi antibody 1levels tor an
additional period of 12 days without renewed immunization,
indicated a clear increase of Vi specific antibodies in mice
injected with Vi-Pep278:r (Fig. 2a, panel B). Reinjection
elicited a definite booster response upon immunization with Vi-
Pep II and Vi-Pep278h, respectively, Lut not with Vi alone
(Fig. 2a, panel C).

Lowering the dose of injected Vi to 0.25 pug per mouse (for
corresponding injected peptide amount, see Table 3a) resulted
in only minor Vi antibody levels induced by Vi alcne and Vi-Pep
II (Fig. 2b, panels A~C). In contrast, the immune response
elicited by the Vi-pep278h conjugate showed, upon a second
immunization, a clear booster effect (Fig. 2b, pansl C).
Interestingly, it should be noted that the injected peptide
amount in this conjugate was only 0.17 pug per animal (see Table
3a).

2.2.2. The kinetics of anti-Vi antibody production induced
by Vi and Vi-conjugates in mice immunized as described above
was studied. Anti-Vi antibody levels higher than induced by Vi
alone are regarded as positive values,; anti~Vi antibody levels
lower than induced by Vi alone are regarded as . ative values.
Sera were assayed for Vi antibodies by ELISA. Results are
expressed in Fig. 3 as A«os and show the geometric means #SD
obtained by sera of 4 mice injected per antigen.

Fig. 3(a-b) illustrate the development of Vi antibody
production upon two successive injections of Vi and Vi-
conjugates in two different antigen doses. Fig. 3a(A): 2.5 ug
Vi injected per mouse of Vi-Pep II, Vi-Pep278h, Vi-Ova, Vi-
Pep348 and Vi-CRP 77-83; Fig. 3b(A): 0.25 ng Vi injected per
mouse of Vi-Pep II and Vi-Pep278h. Panels B ~ for comparison,
Vi antibody levels induced by 2.5 ug Vi alone. As Shown in Fig.
3a(A), twelve days after the first immunization, all of tihe
coniugates induced clearly lower Vi antibody levels than
elicited by Vi alone, although the same amount of Vi was
injected. After a "lag"-phase of about 12 days, the sera of
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animals  immunized with Vi-conjugates expressed a marked
increase in the specific Vi antibody level. This effect |is
specially evident for conjugate Vi-Pep278h in both applied
doses (Fig. 3a-b panels A). Reinjection after 24 days triggered
a booster response typical for T-dep antigens (for comparison
see panels B in Fig. 3a-b). Vi-Pep II, Vi-Pep278h and Vi-Ova
induced higher Vi antibody levels than elicited by injection of
Vi alone. Notably, the conjugate Vi-Pep278h gave rise to a
stronger anti-Vi immune response than the Vi-protein conjugate
Vi-Ova (Fig. 3a, panel A).

Immunization with a tenfold lower antigen dose emphasized
the described effect of Vi antibody production induced by Vi-
Pep278h (Fig.3b, panel A).

Vi antibody concentrations eligeited in mice by the Vi-
Pep278h conjugate are given in Table 4. The specific antibody
level induced by Vi-Pep278h showed a 30-fold increase from day
13 to day 24 after the first immunization. Reinjec.ion resulted
in doubling of the Vi antibody concentration to about 3 pg/ml,
55-fold higher than elicited by Vi alone.

2.2.3. Anti-Vi antibody specificity. The immune response
to T-dép antigens is characterized by the formation of germinal
centers, which have been associated with the concept of
immunological memory. They are believed to provide a particular
microenvironment allowing B cells to undergo V  gene
hypermutation to express antibodié&s with higher affinity
receptors and altered isotype distributipn.

To test 1f Vi-specific B cells induced by Vi-peptide
conjugates undergo this maturation process, the specificity of
Vi antibodies elicited by Vi in native and conjugated forms was
compared. Four-five female BALB/c mice were immunized with the
antigens Vi, Vi-Pep II amd Vi-Pep278h (sc) in IFA, each
conitaining 2.5 ug Vi either alone or as conjugate. Animals were
exsanguinated 12 days after the second injection and Vi
antibodies determined by ELISA. The symbols in Fig. 4 define
individual representative mice of each group. ELISA plates were
coated with 2.5 ug Vi per well (panel A) or with 1.25 ug Vi per
well (panel B); Fig. 4 (panel A) shows that the Vi specific
antibody titers induced by Vi alone are lower than induced by
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Vi-Pep278. Reducing the antigen amount coated to the ELISA
plate (Fig. 4, panel B) reveals an even clearer picture. Vi
antibodies induced by Vi-peptide conjugates recognize at
significant levels the decreased amount of Vi, whereas sera of
mice immunized with the native Vi barely show any binding.

To further confirm T-dep characteristics of the Vi-peptide
conjugates, the isotype distribution of elicited Vi antibodies
in mice immunized as above with Vi- alone or Vi-Pep278h, was
determined. IgM and IgG composition of anti-Vi antibodies in
immunized mice was assayed by ELISA. Specific IgM antibodies,
recognizing Vi, were detected by using goat anti-mouse Fabz
IgM peroxidase conjugate (Fig. 5, panel A), and specific IgG
antibodies were detected by goat anti-mouse Faba IgG alkaline
phosphatase conjugate (Fig. 5, panel B). Results are shown for
single representative mice.

The isotype specificity of the anti-Vi sera obtained after
repeated immunirzation is shown in Fig. 5. Antibodies +to the
native Vi molecule seem to be mainly restricted to the IgM
isotype class, whereas the Vi-Pep278 conjugate elicited in
addition a clear 1IgG antibody response to the Vi antigen,
indicating that coupling a selected T cell epitope (in this
case peptide 278h) to a T-ind antigen, like Vi, results in the
isotype class switch of a Vi-specific B cell population,
typically observed for T-dep antigens.

In order to follow up long-term  anti-Vi antibody
production, animals were immunized for a third time and the
specific immune response monitored over a time period of 72

days. Groups of 4-5 female BALB/c mice were injected sc with.

the Vi alone, Vi-Pep II and Vi-Pep278h antigens in IFA at the
time points indicated in Fig. 6. The immune response was
monitored over a time period of 108 days (72 days after the
last immunization) by determining the Vi antibody level in the
different sera by ELISA. Obtained results are expressed as the
geometric means and are shown at a serum dilution of 1:100
(panel A) and 1:1000 {panel B). No booster eifect ¢could be
observed after this additional injection of Vi-peptide
conjugates Vi-Pep II and Vi-Pep278h. Anti- Vi levels induced by
the conjugates were higher than those elicited by Vi alone,
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and did not decrease 2 1/2 months (Fig. 6) and even & months
(data not shown) after the last injection.

2.2.4, Effect of adjuvant and immunization mode on anti-
Vi antibody production induced by Vi-Pep II. To test the
influence of adjuvant on Vi-specific antibody formation by
native and modified Vi, the antigens were either injected
subcutaneously in IFA or PBS. Vi-Pepr II conjugate was prepared
in 1IFA and in PBS. One group of 4 mice was injected sc (panels
A) and a second group im (panels B) with each antigen
preparation (2.5 pug Vi injected per mouse). Sera were obtained
at 12 (panels a) and 24 days (panels b) after first
immunization and 12 days after second immunization (panels c).
Anti-Vi antibodies were measured by ELISA, shown as A.os and
giving the means +SD. The results presented in Fig. 7A indicate
that IFA is necessary to express the kinetics of a T-dep immune
response.

Changing the immunization mode by administering Vi
intramusculdrly (im), illustrates 2 facts (as shown in Fig.
7B). First, intramuscular delivery of the Vi-conjugate leads to
a higher primary Vi immune fesponse than elicited by
subcutaneous administration of the same antigen preparation.
Secondly, this injection route does not result in a booster
effect, as observed for the subcutaneous immunization. The same
trend was observed by injecting Vi-pep II in PBS, either
subcutaneously or intramuscularly (Fig. 7A-B).

In further experiments with mice immunized with the
conjugate Vi-278h in IFA, PBS or CFA (complete Freund’s
adjuvant), comparable titers of anti-Vi antibodies were
obtained with the three adjuvants (data not shown).

2.2.5. Anti-Vi antibody production induced by free
peptide II mixed with Vi before immunization. In order to
aevaluate the necessity of c¢ovalently binding Vi to peptide
epitopes before immunization, Vi and Pep II were physically
mixed and injected subcutaneously in IFA to a group of femalse
BLLB/¢ mice, and compared to immunization with conjugate Vi-Pep
II. Both antigen preparations were injected sc to groups of 4
mice in IFA (the mixture of Pep II and Vi was injected in 1
syringe). The animals were bled 12 and 24 days after the first
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(panels A and B, respectively) and 12 days after the second
immunization (panel C). Anti-Vi antibodies were determined by
ELISA and the results shown as A«os. Each curve presents the
geometric means *SD.

As shown in Fig. 8, mixing Vi and peptide IX, resulted in
exactly the same immune response as described for the Vi-Pep II
conjugate. A first immunization only led to low Vi antibody
levels, whereas reinjection gave rise to a clear booster
effect.

2.2.6. Effect of “carrier"-priming on anti-Vi antibody °
production. To test the effect of priming with free peptide on
the polysaccharide response induced by Vi-peptide conjugates, a
group of 4 female BALB/c mice was primed sc with 1 pg peptide
II in IFA per animal. Two weeks later animals were injected
with the Vi-Pep II conjugate, containing 2.5 pg Vi. Sera were
taken at the time points indicated in Fig. 9 and analyzed by
ELISA. Anti-poiysaccharide antibody levels, as measured on the
indicated time points, are shown in Fig. 9. Priming with a dose
of 1 ug peptide II per mouse resulted in a stronger primary
immune response to Vi in comparison to the antibody levels
elicited in non<primed animals. Nevertheless, no effect of
priming was observed concerning the secondary immune response.

2.2.7. An anti-Vi immune response can be induced by Vi-
Pep278h but not by Vi-Pep277(S) in the same individual mouse.
A group of 4 female BALB/c mice was injected sc with Vi-
Pep277(S) in IFA 2 weeks apart (Vi content in the conjugate
injected to each mouse 2.5 ug). The anti-Vi immune response was
determined 12 days after the first and 12 days after the second.
injection by ELISA (Fig. 10, panels A and B, respectively). Two
of these animals were reinjected with Vi-Pep278h, the other 2
with Vi alone (2.5 ug Vi alone or as conjugate). Again, the
mice were bled 12 days after the first and second immunization
and the Vi antibody levels were determined. For comparison, the
immune response induced in animals which were injected with Vi-
Pep278h only, is just delineated in the same figure. Results
are expressed as Asos and presented in 2 different serum
dilutions, 1:50 (Fig. 10, panels a) and 1:1000 (Fig. 10,
panels b). The data show geometric means iSD. Antigen A = Vi-
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Pep277(S), Antigen B = Vi-Pep278h (after mice were injected
with Vi-Pep277(S)), Antigen C = Vi alone (after mice were
injected with Vi-Pep277(S)), Antigen D = Vi-Pep278h.

As shown in Fig. 10, immunization of female BALB/c mice
with Vi-Pep277(S) did not result in a detectable Vi antibody
response (Antigen A). To examine if the non-responsiveness
could be attributed to the individual mice or to
characteristics residing in the specific conjugate, the same
mice which did not react to Vi-Pep277(S) were immunized with
Vi-Pep278h (Antigen B) or the native Vi (Antigen Cj),
respectively. Reinjection with Vi-Pep278h could definitively
enhance the Vi antibody levels as was shown for mice only
injected with Vi-Pep278h (Antigen D). Reinjection with Vi alone
also augmented the Vi immune response, however, tn a lesser
extent than induced by the Vi-conjugate.

2.2.8. Recognition of Vi-peptide conjugates by various
anti-Vi sera. Vi and Vi-peptide conjugates Vi-Pep II, Vi-Pep
II*, VI-Pep278h and Vi«-CRP77-83 were used as immunogens coated
to ELISA plates and checked for recognition by sera obtained
from animals immunized with the corresponding conjugate or with
sera obtained from animals immunized with other Vi-conjugates.
The amount of bound antibody was determined by ELISA and is
expressed in Fig. 11 as A«ocs. Standard anti-Vi serum Burro
260 (panel A) was applied in a2 serum dilution of 1:12008, the
other sera (panels B-F) wexre diluted 1:200.

To analyze if coupling of peptides changed the antigenic
structure of the Vi-moiety in the conjugate, the different Vi-
conjugates as well as the native Vi were screened for
recognition by the reference anti-Vi serum Burro 260 (Fig. 11,
paniel A). Binding of peptide to Vi apparently influenced the
antigenic activity of the Vi molecule, since all the conjugates
showed in comparison to the native Vi, a reduced recognitien by
Burro 260 antiserum. No correlatipgn was found to the peptide
amount loaded onto the Vi molecule (see Table 2). Nevertheless,
these results might partially explain the differences found in
the antigenic activity expressed by distinct Vi-peptide
corijugates. Vi-Pep II and Vi-Pep278h seem to bind higher
amounts of Vi antibody contained within the Burro 260 antiserum
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than the less immunogenic conjugates Vi-PepII* and Vi-Pep CRP

77"‘83-
Characterization of the Vi antibodies induced by the

different conjugates is shown in Fig. 11, panels B-F. Antisera
induced by Vi-Pep II and Vi~Pep278h exhibited the highest
cross-reactivity with the native Vi molecule but surprisingly
only showed low recognition of the conjugate they were raised
against. Antisera obtained after injection of Vi-Pep II* and
Vi-Pep CRP 77-83 did not show any binding to the native Vi
molecule or the presented conjugate antigens. Apart from the
nature of the chosen peptide, these results indicate an
influence of peptide load and coupling procedure on the
immunogenic features of the Vi-peptide conjugate.

2.2.9. Immne responses to Vi-peptide conjugates in
different mouse strains. In order to examine the immunogenicity
of Vi-peptide conjugates in congenic mouse strains differing
only in their MHC genes, BALB/c (H-2<), BALB/k (H-2*) and
BAIB/b (H-2®) mice were immunized with Vi alone or with the
conjugates Vi-~278h, Vi-278m, Vi-278mt, Vi-277(S), Vi-SRes {Vi-
SerRes). Five mice per group of each o¢f the strains BALB/c,
BALB/k, BALB/b, NOD and NON.NOD (Fig. 12, panels A to E,
respectively) were injected s¢ with 2 ng Vi of the conjugates
indicated in the figure, emulsified in IFA. After 4 weeks the
mice obtained a boost of the same antigen dose and were
exsanguinated 12 days later. Sera of individual mice were
checked for Vi antibodies by ELISA. Specific antibody levels
are expressed in Fig. 12 as percentage of a standard anti-Vi
serum (Burro 260).

The results in Fig. 12 indicate that the Vi<278h as well
as the Vi-278m conjugate re@ction is not limited to a certain
MHC restriction. The peptides induced enhanced antibody titers
against the sugar moiety of the conjugate both in BALB/c and in
BALB/k micé. In contrast, BALB/b mice did not react to any of
the injected conjugates. Thus, 2 of the 3 MHC genotypes were
responders.

NOD and NON.NOD mice sharing the same MHC genes (H-2w°orP)
show a different pattern of immunological reactivity to Vi-
peptide conjugates. Only the mycobacterial 278mt homolog was
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able to give a Vi-specific helper effect.

2.2.10. IgG isotype distribution of anti-Vi sera. Five
BALB/c mice per group were immunized sc with 2 pug Vi alone or
with Vi~278h conjugate emulsified in IFA. Four weeks later the
mice were boosted with the same antigen dose and were
exsanguinated 12 days later. Individual serum samples were
analyzed for antipolysaccharide 1IgG antibodies by the use of
biotinylated rabbit anti-mouse subclass-specific antisera and
streptavidin conjugated alkaline phosphatase by ELISA. Vi
antibody levels are expressed as Absorbance 405~ (A4cs).

Examination of the subclass distribution of murine
antibodies directed against the bacterial carbohydrate yielded
the surprising observation that the carbohydrates alone
stimulate IgG responses largely restricted to the rare 1IgG3
subclass. Carrier proteins like BSA or  tetanus toxoid
conjugated to bacterial capsular polysaccharides tend to induce
anti-sugar antibody predominantly of the IgGl isotype in mice.

In order to examine the effect of peptide 278h conjugated
to Vi, the 1IgG subclass distribution of anti-Vi sera was
determined. As depicted in Fig. 13, Vi injected alone elicited
an immune response restricted mainly to the IgG3 subclass,
whereas the  peptide-sugar Vi-278h conjugate shifted the
subclass distribution clearly to a IgGl dominated one.

Conjugating the hsp65 peptide to a T-ind antigen therefore
seems to be able to induce considerable qualitative changes in
the immune response directed against the T-ind moiety of the
complex.

Example 3.

3.1. Antigenicity of Vi fragment-peptide conjugates. The
immunogenicity of polysaccharides, including the Vi antigen,
are related to their molecular sizes. Vi-fragments (about
45kDa)j, prepared by ultrasonic cleavage, which does not alter
the structure of its monomeric units and which produces a
comparatively homogeneous polysaccharide, is less immunogenic
than is the native Vi (about 3 x 102 kDa) (Szu et al, 1989).
Five BALB/c¢c mice per group were injected sc with 2 ug Vi
fragments alone or as conjugate with peptide 278h emulsified in
IFA. On day 12 after the boost serum samples were collected and
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tested for Vi fragment antibodies by ELISA. Specific antibody
levels are expressed as percentage of a standard anti-Vi serum.

As shown in Fig. 14, immunization of BALB/c mice with 2 ug
of Vi-fragments alone did not result in any anti-Vi immune
response. In contrast Vi-fragments conjugated to peptide 278h
showed an enhanced antigenicity eliciting significant titers of
anti-Vi antibodies.

Example 4.
4.1. Antigenicity of Vi conjugated to homologs of peptide

278h. In order to determine if peptides derived from hspé65
representing self as well as foreign epitopes can function as T
cell carriers for T-ind antigens in mice, we synthesized the
peptides 278m and 278mt corresponding, respectively, to the
mouse and the mycobacterial variants of the human 278 segquence
(see Table 1) and conjugated them to Vi. Four BALB/c mice were
injected sc with 2 ug of Vi alone or with Vi-278h, Vi-278m, Vi=-
278mtand Vi-SerRes conjugate emulsified in IFA. Twelve days
after the boost mice were exsanguinated and the sera tested for
Vi antibodies by ELISA. Specific antibody levels are expressed
as percentage of a standard anti-vVi serum.

Fig: 15 clearly shows that a self epitope, as represented
by the mouse 278m homolog, can enhance the immune response to
the T-ind antigen Vi injected in BALB/c mice. The mycobacterial
278 epitope did not show any helper effect in BALB/c mice but
was the only examined peptide functioning as T cell carrier in
NOD as well as in NON.NOD mice (Fig. 12).

Example 5.

5.1. Ability of peptide 278h to function as T cell
carrier for D isomers of synthetic random branched
polypeptides. Synthetic polymers composed of D isomers of amino
acids are known to belong to the group of T-ind antigens. In
order to find out if hsp65 derived peptides can function as T
cell carrier also for this group of antigens, we examined the
immune response in mice to conjugates of hsp65 peptides 278h
or 348h and the synthetic polypeptide poly(Phe,Glu)-poly(Pro)-
poly(Lys) (FEPK) in BALB/c mice. Three BALB/c mice were
immunized sc¢ with the polypeptide FEPK alone or conjugated to
peptide 278h or 348h emulsified in IFA. Ten days after a boost
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with the same antigen preparation serum samples of individual
mice were taken and examined for FEPK specific antibodies by a
modified ELISA procedure. Plates were covered with 2.5 pg FEPK
and incubated overnight at 4°C. The remaining procedure was
performed as described in Material and Methods. The results are
expressed as Optical density 405 (OD«os).

Comparing the IgGl immune response elicited by the
polypeptide alone with that induced by the polypeptide
conjugated to peptide 278h  demonstrate a superior
immunogenicity ®f the conjugate. The control peptide 348h did
not show any helper effect consistent with the results obtained
by conjugating this peptide to the polysaccharide Vi (Figure
16). Peptide 278h therefore can function as a T cell carrier
not only for T cell independent sugar antigens but also for
synthetic polypeptides composed of amino acids.

The above experiments offer evidence that the Vi-peptide
conjugates of the invention are able to engage a T lymphocyte
helper effect resulting in an immune response characteristic
for T-dependent antigens. This evidence may be summarized as
follows:

(i) The immunogenicity of Vi was increased when presented
as a conjugate coupled to specific peptide candidates; this
effect may not be dependent on covalent binding, since simple
mixing of the two components resulted in a similar immune
response.

(ii) The immunogenicity of the Vi component of the
conjugate might be related to the identity of the peptide
coupled to the polysacchatide. The peptides according to the
invention Pep II and Pep278h enhanced the immunogenicity of Vi,
while control peptides 348h, 277(S) and CRP 77-83 failed to
induce a serum anti-Vi response.

(iii) Reinjection of Vi-peptide conjugates induced an
increase in the level of anti-Vi antibody (booster effect}.

(iv) Anti-~-Vi antibodies induced by Vi-peptide conjugates
seem to be of higher antigen-specificity than elicited by Vi
alone, and are mainly presented by the IgG isotype.

{v) "Peptide priming", induced by peptide 1I, resulted in
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an enhanced serum anti-Vi antibody response to initial immunization with the
corresponding Vi-peptide conjugate.

(vi) Both antigen administration via the sc route and the use of IFA
seem to be necessary for inducing an anti-Vi immune response characteristic of
T-dependent antigens.

All of the above results using human Pep278h have been repeated using
the mouseé variant Pep278m sequence, that differs from the human Pep278h in a
substitution of A for T at position 471. Despite the fact that Pep278m is a self
epitope for mice, it functioned as a T cell carrier in augmenting the
immunogenicity of Vi. Therefore, mice respond to both mouse and human
sequences which are self and nearly-self, indicating that humans will respond to
the human sequence in the same way that mice respond to the mouse sequence.

All this shows that the Vi component of the polysaccharide-peptide
conjugate has been converted from a thymic-independent to a thymic-dependent
immunogen.

It is not obvious that peptides derived from human hsp65 can be used to
enhance immunogenicity of poorly immunogenic antigen molecules, first because
as a self protein human hsp65 is not considered to be immunogenic in humans
and second because it was previously shown that peptides from the human
sequence, such as the Pep78, had no effect on inducing tolerance/down-
regulation of autoimmune responses (WO 90/10449).

Throughout the description and claims of this specification, the word
“‘comprise” and variations of the word, such as “comprising” and “comprises”, is

not intended to exclude other additives or components or integers.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A conjugate comprising a poorly immunogenic antigen covalently attached
to a synthetic peptide carrier constituting a T cell epitope of hsp65 in which said synthetic
peptide carrier is selected from the group of peptides consisting of

(a) NEDQKIGIEHKRTLKI (Pep278h),

(b) NEDQKIGIEIIKRALKI (Pep278m),

(c) EGDEATGANIVKVALEA (Pep278mt),

(d) VLGGGSALLRSI (Pep II), and

(e) an analog of Pep278h:

458 474
NEDQKIGIEIITIKRTLKI,

+"**. that has at least 70% of the electric and hydrophilicity/hydrophobicity characteristic of human

.
LA XX ]
ses e

:3:: : hsp65 from position 458 to position 474, said peptide or analog being capabie of increasing
substantially the immunogenicity of the poorly immunogenic antigen when the conjugate is

° administered in vivo.

K 2. The conjugate according to claim | wherein the synthetic peptide is an

St analog of Pep278h:

A 458 474
NEDOQKIGIEITKRTL K

in which the residue E** is either E or D; the residue D*® is either D or E; the residue K**

is either K or R or ornithine (Orn); the residue I*® is either [ or L, V, M, F, norleucine

(Nle) or norvaline (Nva); the residue I*®* residue is either [ or L, V, M, F, Nle or Nva; the
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residue E*® is either E or D; the residue [** is either | or L, V, M. F, Nle or Nva; the
residue I'® 1s either I or L, V, M, F, Nle or Nva; the residue K* is either K or R or Orn;
the residue R*" is either R, K or Orn; the residue L*”? in either L or I, V, M, F, Nle or

Nva; the residue K*” is either K or R or Orn; and the residue I*7* is either  or L, V, M, F,

Nle or Nva.

3. The conjugate according to claim 1 whersin the poorly immunogenic

antigen is a peptide, a protein or a polysaccharide.

4. The conjugate according to claim 3 wherein the poorly immunogenic

*....* peptide is derived from HIV virus or from malaria antigen.

5. The conjugate according to claim 3 wherein the poorly immunogenic

eeve oy

-
LA AR ]

-se¢  polysaccharide is a bacterial polysaccharide.

- - 6. The conjugate according to claim | wherein the synthetic peptide carrier is

* " Pep278h.

7. The conjugate according to claim | wherein the synthetic peptide carrier,

is Pep278m.
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8. A conjugate according to claim 1 wherein the synthetic peptide carrier is

Pep278mt.

Q. The conjugate according to clair 1 wherein the synthetic peptide carrier is

Pep II.

10. The conjugate according to claim 1 wherein the synthetic peptide carrier

or analog is directly covalently attached to the poorly immunogenic antigen molecule.

11. The conjugate accoiding to claim 10 wherein the poorly immunogenic

:"""": antigen molecule is a bacterial polysaccharide.

5: . 12. The conjugate according to claim 11 wherein the bacterial polysaccharide

-3*" is the capsular polysaccharide (CPS) Vi of Salmonella typhi.

G 13. The conjugate according to claim 1 wherein the synthetic peptide carrier
o or analog is covalently attached to the poorly immunogenic antigenic molecule through a
spacer, selected from -O-R-CO-, -NH-R-CO-, -NH-R-NH-, -O-R-NH- or -NH-R-CH,-, in
which R is a saturated or unsaturated hydrocarbon chain optionally substituted and/or

interrupted by one or more aromatic radicals or by heteroatoms selected from N, O or S.
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14. The conjugate according to claim 13 wherein R is an aliphatic

hydrocarbon chain containing 3-16 carbon atoms.

15. The conjugate according to claim 14 wherein R is the residue of e-

aminocaproic acid.

16. The conjugate according to claim 15 of the formula
CO-NH-AC-CO-NH-Pep-COOH

— 0 O

. in which Ac is acetyl, AC is the residue of e-aminocaproic acid, Pep is the residue of the

¢ ¢ peptide carrier Pep278h or Pep II and the saccharide residue represents a repeating unit of

“>" the Vi capsular polysaccharide of Salmonella typhi.

17. The conjugate according to claim [ which is able to produce a T

lymphocyte helper effect resulting in an immune response characteristic for T-dependent

antigens,

[PPSR
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18. The conjugate according to claim 16 which induces antibodies mainly of

the IgG isotype.
19. A vaccine comprising a conjugate as claimed in ciaim 1, 10 or 13.
20. The vaccine according to claim 19 which contains an adjuvant.

21. A method for enhancing the immunogenicity of a poorly immunogenic
antigen molecule which comprises linking it to a synthetic peptide carrier constituting a T

cell epitope of hsp65 in which said synthetic peptide carrier is selected from the group of

[ XX ]

:....c peptides consisting of

(2) NEDQKIGIEIIKRTLKI (Pep278h),

. (b) NEDQKIGIEIIKRALKI (Pep278m),

(c) EGDEATGANIVKVALEA (Pep278mt),

(d) VLGGGSALLRSI (Pep II), and

:;:5:: (e) an analog of Pep278h:

S 458 474

P NEDQKIGIEIIKRTLEKI,

5, N that has at least 70% of the electric and hydrophilicity/hydrophobicity characteristic of human

hsp65 from position 458 to position 474, said peptide or analog being capable of increasing

substantially the immunogenicity of the poorly immunogenic antigen when the conjugate is

administered in vivo.
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22. The method according to claim 21 in which the synthetic peptide carrier
is an analog of Pep278h in which the residue E** is either E or D; the residue D* is either
D or E; the residue K*? is either K or R or ornithine (Orn); the residue I*® is either I or L,
V, M, F, norleucine (Nle) or norvaline (Nva); the residue I** residue is either Tor L, V, M,
F, Nle or Nva; the residue E*® is either E or D; the residue I* is either Tor L, V, M, F,
Nle or Nva; the residue I'® is either I or L, V, M, F, Nle or Nva; the residue K*” is either
K or R or Om; the residue R*"" is either R, K or Orn; the residue L*7? in either L or I, V,

M, F, Nle or Nva; the residue K*? is either K or R or Orn; and the residue I*™ is either I or

L, V, M, F, Nle or Nva,

23.  The method according to claim 21 in which the poorly immunogenic

antigen molecule is a peptide, a protein or a polusaccharide.

24, The method according to claim 21 in which the poorly immunogenic

antigen molecule is a bacterial polysaccharide.

25. A method for immunization of a mammalian host which comprises

administering to said host an effective amount of a conjugate of claim 1, 10 or 13.

DATED: 19 August 1997
PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:

YEDA RESEARCH & DEVELOPMENT CO.
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