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URFEASE-BASED VACCINE AGAINST HELICOBACTER
INFECTION

The present invention relates to the prevention and treatment of
gastric infection in mammuals, including humans. Morc particularly, the
present inveation relates to a vaccine suitable for use in the prevention and
treatment of Helicobacter infection in mammals, including humans, and to a
method of treatment of humans suffering from gastric infection, its
consequences such as chranic gastritis or peptic ulcer, and pravention of’

gastric cancer.

BACKGROQUND

Helicobacter infection of human gastric epithelium cause gastritis,
arc a major factor in the development of peptic ulcers and gastric
lymphoma, and may be a rick factor for the development of astric cancer
[1-3]. The most frequent infection agent is Helicobacter pylori, folloved at
a much lower frequency by Helicobacter heilmanii. H. pylori is a slender §-
shaped gram negative mmroorg;{nism, which is routinely recavered from
gastric hiopsies of adults and children with histologic evidence of gastritis
or peptic ulceration. Evidence for a causal relationship between H. pylori
and gaswoduodenal disease comes from studies in human volunteers,
patients with ulcers and gastric cancer, gnotobiotic pigs, and germ-free
rodents. Regarding etiology, Koch's postulatcs werce satisfied by creating
histologically confirmed gastritis in previously uninfected individuals
following consumption of viable microorganisms [4-11], and by treatment
to eradicate H. pylori, with resolution of the gastritis and, 1n patients with
peptic ulcer dicease, a decrease in the recurrence rate [12].

In spite of in vitra susceptibility to many antimicrobial agents, /n
vitro eradication of established H. pylor! infections with antimicrobial

agents is often difficult to achieve [13]. The microorganism is found within
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the mucous coat overlying the gastric epithelium and in gastric pits. These
are locations which do not appear to ailow for adequare antimicrobial tevels
to be achieved even when antibiotics are given urally ut high doses. At the
present time, most authorities recomuncnd u "triplc therapy®, namely a
bismuth salt in combination with drugs such as tetracycline and
metraonidazole for 2-4 weeks. However, the effectiveness of this or other
chemotherapeutic regimens remains suboptimal. Furthermore, this treatment
may produce serious adverse drug reactions

Al the present time. liule is known rcgarding the role of the mucasal
uniune system in the stomach, The distribution of immunoglobulin (Ig)
producing cells in the normal gasuis antium indicates that IgA plasma cells
makc up 80% of the total plasma «cll population. In addition, the number of
plasma IgA cclls present in the gastric antrum is comparable to other
mucous membranes [14, 15]. A number of studics in humans [16] and in
animal models [8, 10] have demonstrated specific 1gG and IgA responscs in
serum and in gastric secretions in response to Helicobacter infection.
Hawever, the observation that //. py/ori infection persists as a chronic
infection for years, despite induring a local and systematic immune
response, is not encouraging the development of immnnizatian strategues.

Lee er al reported the ability 10 infect germ-free rodents with
Helicobacter felis, a bacterium closely related to H. pyior!, and reproduciblz
document histologic gastritis {9, 10]. Since then, this bacterium-host pairing
has been accepted as a good model to study /felicobacter-mediated gasuitis
and it3 initiating factors [17]. Czinn et ai have shown that repetitive oral
immunization with u crude lysate of H. pylori plus cholera toxin adjuvant
induces a vigorous gastrointestinal IgA anti H. pylori response in mice and
ferrets [13]. In addition, Chen et al and Czinn et al have recently repcrted
that aral immumzation with a crude lysate ot H. felis induced protection
against K. felis infection in mice [21, 22] The exact nature of the
antigen(s) responsibie for the inductior: of this protection, however, had not.
been determined, and no information suggested that the protective

antigen(s) of A feliy that induced protection against this pathogen would
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induce a cross-reactive protection extending to another Helicobacrer
speLies,

We have demonstrated for the first time that 4. pylori and X, JSelix
sonicates and showiny thar some of these antihodies, direcred against A.
pylori, would crossreact with 4. fefis and vice versa (74, 25). The basis for
these cross reactivitics were unknowu,

Based on the homology existing between the different known urease
amino acid sequences, it has been proposed that ureaso could be used as a
vaccine against H. pylori [26). Nevertheless, cross-reactivity s not the rule.
Guo and Liu have shown years ago that ureascs of Protens miruhilis,
Proteus vulgaris and Providencia religeri show crosg-reacti vity to each
wther, while ureases of jack hean and Morganella morganii are
immunologically distinct from the three former ureases (23). Even if an
antigenic crosy-reactivity of #. pylori urease with other Helicobacter
urcascs was a reasonable postulate, no data existed demonstrating that thig
was really the case until we showed thar some H. felis monoclonal
antibodies crossreacted with 4 pylori urease [25). . Pappo has further
demonstrated that rnice which have been infected by H felis produce
antibodies which crossreact with A, pylori urcase but not jack bean urease
(' Pappo, unpublished dats, 1993).

The use of /. pylori urease, or of related ureascs, as a vaceine
against F. pylori infection has previously becn proposed by A. Labigue in
EPO 357,644 [23]. However, that application contains no evidence of
vuceination of any mammal against any Helicobacter infection with urcase.

Moicover, while sequence homolngy with other bacterial ureases
might support the use of urease as a vaccine candidate against 4. pylori
infection, the current knowledyge of human &, pViori infection would
certainly not. First, despitc the fact thal infected individuals often monnt a
strong antibody responsc to urease, the anti-ureuse immune response does
not result in clearance or control of the infection. Secondly, H wylori is
able to transport urease out of the cell and to shed it from its swface 19,

20]. Thus, urease may not represent an appropriatc target for the
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development of a protective mucosal immune response. Indeed, mucosal
immune protection is thought to be mainly mediated by scerctory TgA, the:
agglutinating activity of which would be impaired when the recognizcd
antigen cun be shed by the turget pathogen and therehy serve as a decoy for
the protective antibody. Thirdly, uicase appears to be toxic for epithelial
cells in culture, and has been suspected to play 4 role in mucous
degradation and tn peptic ulceration in vivo. Thus, ils use as antigen may he
toxic.

Ncvertheless, we reasoned that this antigen could be a potentially
efficient vaccine if’

- first, we would deliver it orally at a sufficiently high dosc to elicit
a stronger inmmune response than the nahirally occurring one

- second, the amount of antibodies produced would be high enough
to bind all the ureasc, shed ot not shed

- third, we would use subunits of urease or a molecular species that
Was non-toxic,

In summary, there remains a nced for effective treaunent and
prevention of H. pylori-induced gastric infection in humans. Recent data
suggested the possitility to generate a vaccine against this infcction, but
have not provided a clear 1dentification. of defined antigen(s), common to
all strains of A. pylori, that conld be incorporated into a safe and cffective
vaccine.

In this inveniion, we have identified the urease antigen of H. pylori
as a candidate vaccine and demnonstrated its efficiency in an animal model.
These results werc uncxpected in the light of the natural history

Helicobacter infections.

S RY OF THE INVENTION
We have discnvered that immunity ¢an be induced in mamamals
susceptible to gastrointestinal Helicnbacter infection by exploiting ureasc
epitupes displayed on or about the surface of’ Helicobacter organisms and

using thein as a vaccine target. The immunity can be induced by
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imrmunization with nature urease, but can also be induced with recombinant
urease subunit, produced a3 an enzymatically inactive, therefore non-toxic
tarm. The inventicn provides a method of inducing immunity to
Helicobacter intection by administering to a mucosal surface of a mamunal
a polyaminoacid preparatinn, i.e. a mixture of peptides and/or protcins,
wgether with an appropriate adjuvant ‘This polyaminoacid preparaticn
prescats a plurality of epitopes characteriatic of and exhibited by a ureasa
cnzyme endogencus o be infecting Helicobacter organism. The
administration of the polyaminoacid preparation may be performed by the
oral route.

The active ingredient of the preparation mday comprise narural or
biosynthetic epitopes and may take various forms. A non exliaustive list of
posstble preparations includes purified, naturally occurring or recombinantly
produced urease preparations of bactenial or other origin, digests of urcase,
fusion proteins comprising urease epitopes, truncated forras of urcasc
enzyme, or peptides homolngons with the aminoacid sequence of urease.
Since development of immunity depends on induction of humoral and/or
cellular immune 1esponses which bind to the infecting Helicohacter
orgenism, preferred preparatiuns are those which most closely duplicate the
epitopes of the urcuse endogenous o Uic infecting organism. For example,
preparations displaying the cpitopes of urease of #. pyluri are preferred for
administration in humans susceptible to H. pylori. Howeva, in uccordance
with an important aspect of the invention, 1t has been discovered thal urease
from other species may be used. For example, wc have shown that /1. felis
infection in mice can be prevented by administration of urease from A.
pviori. ‘

According to one aspect of the invention, there is provided a method
of cliciting in 4 mammalian host a protective immune respanse to
Helicobacter infection wheicin an immunologically effective amount of a
ureasc antigen capable of eliciting such 4 protective immune response,
preferably H. pylori utcase or H. pylori urease B subunit, is administered to

a mucosal surface of the host.
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According to another aspect of the present invention, there is
provided a vaccine composition suitable for prevention of Heficobacter
intection, comprising an cffcctive amount of 4 urease antigen, preterably 4.
pylori wrease or H. pylori urease B subunit, capable uf eliciting in a host a
protective immune response to Helicobacter infection, in assuciation with a
pharmaceutically acceptahle carrier or diluent.

According 10 a further aspect of the present invention, there is
provided a method uf imparting 10 2 mammalian host passive protection to
Helicohacter infection, comprising administering to a mucosal surface of
the host an immunologically ef¥ective amount of a urease specific antibody
produced in a host immunized wity a urease, preferably H. pyiori urcase or
H. pylori urease B subunit, capable of eliciting a protective immune

response to Helicobacter infection.

BRIEF DESCRIPTION OF THE DRAWINGS

The irvention will now be further described with reference

lo the accompanying drawings, in which Figures I through 6 ar¢ graphical

represcutations of the results set forth in Tables 1 through 6.

DETAILED DESCRIPTIQN QF THE INVENTION

The present inventors have discuvered that ora administration to
mice of polyaminoacid preparations cxhibiiing the epitopes of H. pylori
urease gives rise to a protective immunological iesponse against H. felis in
mice, an animal model of generally-accepted value for the study ol the
immune response to Helicobacter infection {9]. The effect of the protective
uumune, response is that immunized animals, when challenged with
pathopen, have a greatly reduced incidence of infection, in comparison to
non-immunized unirnals. Furthermore, the inventors have disccvered that
oral immunization in wice using A, pylori urease B subunit, produced as an
enzymatically-inactive recombinant protein, gives rise to a protective

imniunological response in mice against M. felis. The effect of the
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protective immune response is that immunized animaly, when challenged
with pathogen, have also a greatly reduced incidence of infection, in
comparison to non-immunized animals which do become infected.

Thus, in a first aspect, the present invention provides a mcthod of
cliciting in a mamrnalian host a protective immune response to Helicobacter
infection. The meliod comprises the step of administering te a mucosal
surface of the mammal, including humans, un immunologically etfective
amount of a urcasc antigen, preferably / pylori urease, capable of eliciting
such a protective .mmunc responsc.

In a second aspect, the present invention pruvides 4 method of
eliciting in a mammalian host a protective immune response o HHelicobacter
infection "The method comprises the step of administering to a mucusal
surface of the animal, including humans, an immunologicaily effective
arount of recombinant, enzymatically inactive urease B subunit an antger,,
preferably recombinant . pylori urease B subunit, capable of eliciting
such a protective immune response.

The inventicn also includes within its scape the treatment or
prophylaxis of manimals, including humans. for Helicohacter intection,
wherein an immunclogically efTective amount of a urease, or it< subunits,
capable of eliciting a protective imunune response to Helicobacter intection,
is administered to 2 mucosal surface of a paticul. Preferably, the urease is
H. pylori urease ot H. pylori urcasc B subunit, and the urease may be
administered either alone or linked to 2 hydroxylated calcium phosphate, for
example hydrnxyapatite as a carrier particle. Morcover, it is preferred 0
administer the H. pyfori urease in association with a mucosal adjuvant, the
B subunit of cholera toxin, muramyl dipeptide or other such adjuvants.

While not being bound by any theory, the present inventors believe
that administration of Wic urcase antigen, or B subunit thereot, to a mucosa!
surface stimulates the common mucossl immune system and perhaps Incal
sites in the gastric mucosal including an immune respongse, including the
appearance of H. pylori specific [gA antibodies in the gusliic secretions,

which prevent Helicobacter infection. Since it is a routine matter to conduct
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pre-clinical trials of a candidate vaccines for human use in animal modcls,
it is believed that the methodolugy of the present invention is effective in
humans, especially in the prevention and treatment of peptic ulcers,
gastnns, gastric malignancies and other conditions aising as a result of the
presence of H. pylori and/or H. heilmanii.

A - Bacterial cultures and urease purification

The strain of A. pylori used in the study originates from a paticut
with a duodenal ulcer, and has heen subcultured on BHI agarosc plates to
homogeneity. #. pylori is cultured in a sintable medium, typically, BHI
(Brein-Heart Infusion) inedium, containing () 25% veast extract and 10%
feta] calf scrum and supplemented with 0.4% Campylobacter selective
complement (Skirrow supplement; Oxoid 69). The bacteria are incubated
overnight under microacrophitic conditions at 37°C in bottles that ate then
sealed and shaken at 37°C for 2 to J days to produce a liquid culture A
culture may also be prepared in agarosc plates consisting of BHI with
0.25% of yeast extract and 5% of sheep blood under microaercphilic
conditions at 37°C. fir 3 days. The quantity of bacteria is determined by
optical density of the BHI solution &t 660 nm, with one optical density unit
corresponding to 10 bacteria. Cultures on agarose plates are first
resuspended in 154 NaCl,

Onc currently prefened source of polyaminoacid displaying urease
epitopes is purified urease, c.g., H. pylori urease obtained by folinwing the
general method of Dunn et al. J. Biol. Cliern, 263, 9464-9469, modified as
described below. Following culturing, the . pylori is harvested in water,
spun vortexed and spun again to producc a supernatant. The sulution
containing the urease activity of H. pylori (asscsscd by rapid ureasc test,
see below) is then chromatographed on a CL-6B sizing column and the
fractions which present a strong urease activity are pooled and dialyzed
overnight and again chromatographed nn an anion exchanger gel, The
fractions are cluted in increasing NaC1 buffer and the collected fractions
with a strong urease activity we individually submitted to a SDS gel

followed by Coomassic staining. Two distinct bands corresponding ta a
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moleccular weight of about 63 and ahout 29 kDa are identified as urease.
The fiactions containing urease are pooled to give purified H. pylori urease
having a putity in the region of 95% to 99%.

B - Oral immunization with urease puiified from H. pvlor!

While it is preferred to employ purified H. pylori urease obtained as
described as the antigenic material, it will undcrstood that it is also pussible
to use, as the antigenic material, any urease or subunit of urcase, either
naturally nccurring or obtained by recombinant DNA techniques, as well as
digested fragment thereaf, fusion proteins comprising the fragments or the
whole urease, truncated urease constricts, or other peptide or protein
preparitions exhibiting urease epitopes which are capahle ot clicring a
protective e response w0 Helicobacter infection (see below) ‘Thus.
is possible to empluy 4 urease having a substantial homology with respect
to H. pylori ureasc and which is effective in ruising a cross-protective
immunec response to Helicobucter, An example of such a ureare is jack
bean urease, which posscsses about 70% homology with H. pyluri urcuse,
The invention is therefcre not limited to the use of intact urcase, and covers
the use of any polyaminoacid preparation which displays urcasc epitopes
and 1¢ ettective to generate a protective immunological response in a host to
Helicobacter infection. Typically, a urease having a homology of 70-95%
homology, for example, 80-91% homalogy, with respect to H. pylori urease,
may be employed as the urcase antigen in the invention.

A nun-limiting list of sources of potentially useful urease
preparations includes endugenuus urease enzymes of the different
Helicobacter species, urcase from other bacteria such us Kilebyicllu
pneumoniae or Proteus mirabilis, and, by analogy, any other urcasc with
the condition that these urcascs share cross-reactive cpitopes with /1L pylori
urease. The urease genes of all the organisms mentioned sbove represent a
potential tool for expressing recombinant urease products as a whole protein
or as a part thereof.

A non-limiting list of potentially nseful urease preparations includes

peptides generated {Tom purified urease (the sources are mentinned above),
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using physical and/or chemical cleavage procedures (i.e. CnBi) and/ar
proteolytic cleavage (using proteascs ¢.g. V8-prutease, wypsin or others): or

peptides synthesized chemically and sharing consccutive epilopes with

ureass

Other sources ot potentially useful epitopes include epitopes
identified by their crossreactivity with urease, as the result of screening
with anti-urease antibodies. These peptides can be naturally occurring
peptides or peptides resulting from chemical synthesis Furthermore such
peptides can result [ium the expression of recombinant random
oligonuclcotide.

Another source of potentially useful epitopes includes epitopes
similar to urease as & result of the gencration of anti-idiotypic antibodizs ©
urease. Such anti-idiotypic antibodies, gencrated in any in munocompetewt
host, are obtained by immunization of this host with ani-urcase antibodies,
with the goal of generating antibodies directed against anti-urease
antibodies, which share structural homalogies with urease.

The discussion herein focuses on the use of urease naturally
produccd by A. pylori (section B). However, it will be appreciated that the
urcasc or subunits or vonstructs thereof mentioned above, capable of
cliciting the desired protective innLunce response, may be produced by
recombinant DNA tcchniques well known in the wt. The efficacy of
pa:ticular preparations may b determined by routine adminisiration using
animal models, oral administration of the candidatc vaccine, and challenge
with pathogen using a protocol substantially similar or identical to the
procedure described helow.,

Table 1 and 2 below and Figures 1-§ describe the results obtained
when mice were orally immunized with purified H. pylori urease. In this
first exporiwent, sdministration of the AH. pyvlori antigen was carried out by
orally administering o the wmice H. pylori urease purified as described in
section A, and coupled to hydroxyapatite crystals, used as a carrier to
enhance M cell binding and uptake. Cholera toxin (Sigma) was given as a

mucosal adjuvant. In this experiment, groups of female SPF BALB/c six-
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week old mice were each orally immunized with 30 ug of purified 4. pyvlori
urease coupled tc | mg of hydroxyapatite plus 10 vug of cholera toxin
adjuvant at day 0, 7, 14 and 21. The mice were then challenged twice with
10* 4, Sfelis, a1 duy 28 and 30. For Cotuparison purposes, sirailar female SPF
BALB/c six-week old micc were orally immunized with whole 4. pylori
lysate (sonicate) and 10 ug cholera toxin at day 0, 7, 14 and 21. The mice
were challenged at day 28 and 30 with &, felis. The 4, pylori sonicale was
prepared by collecting A. pyfori from cell culturcs, pelleting by
centrifugation and resuspending the pellet in 0.9% sodium chloride tollowed
by sonication.

As 4 contrel, female SPF BAI.H/c six-week old mice were orally
sham-immunized with 10 ug of cholera toxin and 1 mg of hydroxyapatite at
day 0, 7, 14 and 21, All mice were housed, immunized, and challenged in
perallel. All mice subject 10 the study were sacrificed on day is
C- Oral immunization with recombinant urease subunits of /. pviori

Genes encoding the structural A and B subunits of 4. pyiort urease
were obtained by polymerase chain rcaction (PCR) cloning uccording 10
standard procedures, based on previously published sequences [29)/ These
genes were inserted in a vector (named pEVA40) designed for high
expression and easy puntication of foreign genes in £ coli. Briefly, the
foreign gene is inserted downstream of a thermo-repressible promoter, and
in frame of a sequence encoding for a repeat of six histidines. An ampR
gene is present un this vector for selection of transformants. Under the
appropriate temperature couditions, the recombinant protein obtained is
supplemented by six histidines at thic N-terminal, which allow for a one-
step affinity purification on a nickel column. Both A, pyluri recombinant
urease A and B subunits were expresscd scparately in £ colf, and putificd
on nickel column ta .95% purity.

Whle it is preferred to employ recombinant H. pylori urcasc
obtained as descrihed ahove as the antigenic material, it will be understood
that it is also possible 1o use, as the antigenic material, any urease or

subunit of urease obtained by recombinant techniques (e.g. fusion protein)
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expressing antigenic sites of urease, which is capable of eliciling a
protective immune response to Helicobacter infection. Thus, it is possible
to emnploy in a construct a urease gene having a substantia] homology willi
respect Lo A. pylori urease and which is effective in raising a cross-
protective immuune sesponse 0 Helicobacter Fxamples of such a urease is
Jjack bean ureasc, which pussesses about 70% homolagy with H. pylori
urease, or H. felis ureasc, which pussesses about 88% homoingy with H.
pylori urease. The invention is therefore not limited to the use of H. pylori
urease genes and their genc products, and covers the use of any
recomhinant urease, or the subunits thercof, which is c[Tective 1o generate &
protective immunological response in a host to Helicobacter infection.
Typically, a recombinant urease having a homology of 70-$5% homology,
for £xample, 80-%U% homology with respect to H. pylori urease, may be
vinployed as the recombinant urease antigen in the invention.

The discussion herein focuses on the use of recombinant H. pyiori
urcase A and B subunits produced by £ coli (section C). However, it will
be appreciated thal recombinant urease or subunits or constructs thereof
inentioncd above, capable of cliciting the desired protertive immune
response, may be produced using vther recombinant DNA techniques and
other eukaryotic or prokaryotic cxpression vectors well known in the art,

Table 3, 4 and S below and Figure 6 describe the results obtained
when mice ware orally immunized with recombinant /1, pylori urease
subunits produced in E coli. In this experiment, administration of the A,
pylori antigen was carried out by orally administering to the mice
recombinant H. pylori urease A or B subunits produced in E. coli and
purified as described above, and coupled to hydroxyapatite crystals, uscd as
a carrier W enhance M cell binding and uptake. Cholera toxin (Sigma) was
given as a mucosal udjuvant. In this experiment, groups of female SPF
BALB/c six-week old mice weic each orally immunized with 30 ug of
recombinant H. pylori urease A and B subunit, coupled 1o 1 mg of
hydroxyapatite plus 10 ug of cholcra toxin adjuvant at day 0, 8, 14 and 21.
The mice were then challenged twice with 10* /1. feliy, al day 32, 34 and
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36. For comparisorn: purposes, similar female SPF BALD/c six-week old
mice were oraily immunized with 10 ug of recombinant 4. pylori uicase B
subunit coupled w hydroxyapatite plus 10 ug cholera toxin at day 0, g, 14
and 21, The micc were challenged three times, at day 32, 34 and 36, with
H feiis. As a control, female SPF BALB/c six-week old mice were each
orally sham-immunized with 10 ug of chulera toxin and | mg of
hydroxyapatite at day 0, 8, 14 and 21. The mice were then challenged at
day 32, 34 and 36 with H. felis. All mice subject (o the stugy were
immunized and challenged in parallel. Animals were sucrificed on day 4%
(12 Juys after challenge) or 10 weeks after challenge.

D- Analysis of gastric biopsies, hlood, and intestinal sccretions

Diopsics were taken fram the stomach and blood was cbtained from
the heart. The intestine were removed and washed with ImM PMST
(Boeringer) in PDS buffer to obtain intestina! secretions for ELISA analysis.

To evalvate protection ugainst 4, Jells enlonization, gastric biopstes
from each animal were screened fur the presence of H. felis by assessing
rapid urease activity by the Jatrox HP (est (Rohm Pharma), according to the
supplier's directions. Briefly, gastric biopsies are immersed in 5 ml
supplier's mixture of urea and phenol red, a pH indicator. Urease activity
¥enerates ammonia and bicarbonate from urea, and is i‘ollowed by the
columetcic change of the solution towards a higher absorbance at 50 nm.
Urease uclivity was quantified by spectrophotometric analysis.

Gastric biopsies of each animal included in the experiment desciibed
in section B werz alsu cultured on BHT agarose plates, supplemented as
above, for the detection of A, felis. After incuhation for 3 to 10 days in
microaerophilic conditions, the piesence of H. felis was confirmed by
(iram staining and determination of urease activity, As a very signiticant
correlation was obtained for the detection of A, felis cultures during the
first set of experiments (see Table 3), only gastric biopsies urease tests wera
performed for the detection of A. felis in the cxperiment desuiibed in the

experiment described in section C. Detection of H. felis was conlirmed by
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mucroscopy by twe independent investigators, using two diffeicut staing
(acridine orange and cresyl violet).

Blood samples were allowed to clot for 3 hours at RT, and scra
harvested and frozen at -20°C until analyzed Intestinal secretions were
spun for 5 min. a1 4°C 10 remove debris. and kept frozen at -20°C. Serum
and intestinal samples of each animal were analyzed by ELISA for
evaluation of anti-Hclicobacter activity, according to standard procedures
Briefly, 96-well plates were coated with a sonicate of A, pylort, followed
by saturation with 5% fat-free milk, Samples were serially diluted from 1:1
to 1:1000 and incubated cvernight at 4°C on ELISA plates. Biotinylated
ar’i-mouse 1gG (s2rum) and anti-mouse IgA, followed by strepravidin-
Horseradish peroxydase was used for the determination of the antibody
leve:s.

The results of H. felis challenges tollowing immunizations with
purilicd H. pylori urease are set out in Tahles 1-3 and Figures 1-4 and the
results of 4. felis challenges following immunizations with recombinant H.
pylori urease A and B subunits are set out in Tables 4-6 and Figures § and
6.
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TABLE 1
mouse ureage | cunure | mmunoglobuling i
number immunization e Gram Serum | inmestinal secrelion
12R %) G ") igA
1 Urease+HF . Hielis | 27 0 25 258
2 Urease+HF 0 0 264 273 221 246
3 UreasesHF 0 0 84 44 318 354
4 Urease+HF + Hlelis 81 42 12 $
3 Urease+HF 0 0 98 137 | 128 234
6 Urease+HF - 0 968 | 2093 N 22
7 Urease+HF 0 0 98 v} 96 34
8 Urease+HF 0 0 247 1010 214 | 128
9 Urezse+HF o] 0 N.D, N.D. 48 23
10 Urease+HF 0 0 50 0 124 99
1 Urease 0 ¢ 318 205 44 53
12 Urease 0 0 14 0 83 87
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13 Urease 0 G ¢ 0 0 1]
14 Urease 0 0 Q [¢] 43 61
15 Ureaso 0 0 58 0 119 127
16 Ureace ) 0 140 63 21 ~37
17 Urease 0 0 84 240 114 280
18 Urcasa 0 0 N.D. N.O. a3 148
19 Urease 0 0 45 0 135 216
20 Urease 0 0 61 197 181 261
21 CT+HF 0 0 0 0 ) 2
22 CT+HF > Hfells | &3 0 310 303
23 CT+HF + Hfelis | 60 0 ND. | ND.
24 CT+HF . Helis 31 0 150 182
25 CT+HF + Hfelis | 197 250 250 440
26 TCT+HF + Hlelis | 105 135 214 138
27 CT<HF - Hlelis | 140 47 109 55
73 CT+HF + 0 0 ¢ 15 15
29 CT\HF - H fefis 0 ) 0 ]
30 CT+HF - Htelis | N.D. N.D. ND. N.D.
31 HP conicate+HF + H felis o] 0 76 103
3z HP sonicalg+HF + Hialis | 97 0 11 a3
33 HP sonicat@+HF + Hlelis | 848 748 §7 3s
34 HP sonicale+HF 0 0 650 153 180 288
35 HP sonicate+HF + Hlelis 730 192 0 5
36 HP sonicatasRF - Hfalis 32 0 5 64
37 HP sonicatesHF 0 ) 400 400 3r2 1149
38 HP sonicata+HF + Hfslis | 1007 | 1360 149 26
39 HP sonicale+HF 0 ) 2R0 186 133 122
40 HP asnicate 0 0 873 | 1016 | 352 514
41 HP sonicale 0 0 727 | 899 126 191
42 HP sanizale 0 0 109 €8 44 83
43 HP sonicate 0 b 147 | 949 167 ~ 97
44 HP senicate ] 0 845 10¢4 £46 84
45 HP sonicate 0 0 1217 1198 210 157
46 HP sonicate 0 0 89 0 256 218
47 HP sonicate 0 0 age 210 241 276
48 HP sonicate 0 0 1049 737 197 211
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[n Table 1, which refers w the experiment described in section B,
"h" means hours, "Ig’ mcans immunoglobulin, "ND" means "not
determined”, "urease + HE" means that the micc were immunized with

5 urease (coupled to hydroxyapatite, with cholera toxin) and then challenged
with H. felis, "irease” means that the mice were immunized with ureasc
(coupled 10 hydroxyapatire, with cholera toxin) and not challenged,
"CT+HF" means that the mice were sham-immunized with cholera toxin
and challenged with H. felis, "HP sonicate + HE" means that the mice were

10 immunized with A, pylori sonicate with cholera toxin and challenged by H
felis, and "HP sonicate” means that the mice were immunized with H.
pylori scnicate with chulera loxin and not challenged. In Table I, the
numbers fo; the antibody results ate given 4s a measure of ubsorbance at
505 nm multiplicd by 1000. The background wicasured in absence of the

15 antibodies, was subirccted.

The results of experiment described in scction B obtained on the
hasis of the gastric biopsies urease tests and on Gram staining of H. felis
cultures are set out in Table 2, Infection was defined by mice with onc or
more markers of calonization by H. felis, including urease test or Gram

v staining of cultures.

TABLE 2
Imm:;ization Challeng; % infected % protected
Urease H. fal}s 3/10 (30%) 7710 (70%) *
Sonicate .‘{ fe!i;s ” 619 (66%) 3/9 (33%%) **
s et | Hopis 9110 (90%) 1710 (10%)

¥ p-0.0198 (two tailed [isher exact Tst) comnipated o CT contrdl
** 5—0.203 (two tailed Fisher exact test) compared to CT contiul

It will be seen from the results set out in Tablcs 1 and 2 that
n statistically significant protection against H. felis challenge is obtained with

oral immunization using H. pylori urease as compared to that obtained
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using either 4 pvlori sonicate or cholera toxin. Referring (v Table 2, it will
be scen that fiom g total of {0 immunized animals, only 3 becume infected,
as compared 1o G of the animals immunized with 4, Pylori sonicate ayd 9
of the animals immunjzed with cholera toxin. Table 2 shows that 70% of
the animals were protected from challenge by H. felic as compared o 339
of the animals immunized with /1. pyturi sonicate and 1) of the animals
immunized with cholera toxin and then subjected 10 Jelix challenge. In
other words, Y0% of the control mice exposed to &, Jelis became infected
by thar pathogen whereas, in contrast, in mjce tnrnunized with # Plori
utease 28 days before exposure te 4. felis, the infection rate was only 30%,
This represents a significant reduction in infection (p=0.015% in the Fisher
exact test, a3 compared ta the control mic:). When the mice wers orallv
taraunized with . Pvlori senicate, the infection rate was 67% (uot
significant versus the control). The protection obtained using f/. pylori
urease is unexpected and could not have been predicted on the basis o the
results observed using H. pyluri sonicate.

Referring to Figures 1-4, F gure 1 represents graphically the results
of tests for antibodies in scrum (I8G) and intestinal secretion (184) in mice
nat protected after immunization with urease. These are mice numbers 1,1
d4nd 6 appearing in Table 1, and constitute Group A. Figure 2 shows the
antibody response of mice that were protected after immunization with
ureuse (Group B), ie. mice 2,3, 5and 7-10.

Figures 3 and 4 relate to the results obtained with mice aumbers 31-
39. Figure 3 (Group ) depicts antibody responses of mice not protected
after immunization with &, bylort sonicate (mice numbers 31, 32, 33, 35,
35 and 38) and Figure 4 (Group D) depicts the antibody responacs of mjce
protected after immunization with 7 pvlori sonicate (mice numbers 34, 37
and 39). It is of intercst to note with respect to Figures 3 and 4 that the [gA
antthody responses (but not IgG) are higher in the mice exhibiting
protection than in the mice that arc not protected, suggesting a correlation
Letween protection aud IgA response. Scrum IgG respunses did not exhibit
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a corrclation. Mucosal IgA but not serum IgG antibodies are known (o play

a role in protection against bacterial infections of the gut [3].

The results of the correlation between the detection of . Selis in

gastric biopsies by urease tests and by cultures are set out in Table 3.

TARLY 3
Ur::;; Test + Urease Test- Tetal
H. felis 16 0 16
culture +
H. felis culture - 2 30 32
Total 8 30 48

T Two-tailed Fisher's Bxact Test p<0.0001

Tuble 3 shows that a very significanr correlation exisrs between the

results of urease tes's perfunned vu yastic Liopsies and (he icentification of

{f. felis infection than urease tests, urease tests were prefencd fur the

diagnosis of H. felis infection in mice in the next experiments, due to its

better sensitivity. This approach allowed duplication of urcasc tests with

larger fragments of the stomach of each mouse, nnd a further increasc in the

sensitivity of the urease test, Furthermore, the use of the method with the

highest sensitivity prevent an overestimation the protection obtained by the

vaccine preparation to be tested. When positive culture is used as the

standard for infection, the protection indiced after urease imminization

during the experiment depicted in section B is as significant as with the

combined use of urease test and culture (p=0.021 versus p=0.019),

The results of the experiments described in section C (recombinant

urcase subunits), obtained on the basis of the gastric biopsics urcase tests,

arc sct out in Tablc 4, 5 and 6 and depicted in Figure 6.



glued?

TABLE 4
imenynization mien® | Ureasetest | Infecilon

CcT 20 0.49 +

21 0.31 +

22 0.62 *

23 0.87 -

24 0.85 *

50 0.50 +

51 0.37 +

52 0.29 +

53 Q.79 +

54 0.32 +

ureA + HAP « CT 40 0.87 +
41 0.48 +

42 0.42 +

43 0.65 +

44 0.56 +

45 0.52 *

46 Q.33 +

47 .83 +

48 0.22 +

— 49 0.37 +
ureB + HAP « CT 25 0.15 -
28 0.07 -

27 0.03 -

28 0.64 +

29 0.13 -

30 0.02 -

31 0.66 +

32 0.00 -

ureA+ HAP 4+ CT 68 0.00 .
69 0.07 -

70 0.42 +*

71 0.00 o

72 0.00 .

ureB+HAP 4+ CT 73 0.37 +
74 0.00 -

75 0.37 +

76 0.00 -

77 0.00 -

78 0.00 -

79 0.39 +

80 0.00 -

81 0.37 +

82 0.00 .
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In "Table 4, "CT" means cholera toxin; "UreA" mmeans recombinant
H. pylori urease A subunit; "UreB" mean recombinant A, prluri urease B
subunit; and "HAP" means hydroxyspatite crystals. Mice 20 to 54 were
sacrificed 12 days post challenge and mice 68 to 82 10 weeks (106 days)

§ post challenge. The 1esults of the urease test performed from biopsies of the
stomach of cach animal ac expressed as OD values at 550 am. The
positive and negative signs depicts the final status of infection of each
an.mal, according to the positivity or negativity of the urease test tor
detection of H. felis, Positivity: OD550 values 0.2

10
TARLE 5: Protection a3 measured 12 davs post challepga
—taenlzation Challenge X infacted Y pxotented
Urease A subunit H. felis 10/10 (%) 0/10 (08%)
Urease B subunit }_ €fmljs 3/10 (30%) 7710 {70%) =

CcT E._felig 10/10 (100%} 0/10 (0%)

* p=0.0031 (two tailed Fisher exact test) compared to CT control

MS.ijwmw:_chmma
~Lmmunizatica Challenge S infected % protected

Urease A subunic H, felis 1/5 (20%) 4/5 (8(%) »
Urease B subunit H, felis 4/10 (40%) 6/10 (SOK) =

* p=0.003 (two tailed Fisher exact test) compared to CT control
** p=0.01 (two tailed Fisher exact test) compazed to CT control

23
IL will be seen from the resulte set out in Tables 4, 5 and 6 that
statistically significant protection against 4. felis challenge is obtained with
oral immunization using recombinant H. pylori urease B subunit as
compared to that obiained using either recombinant 4. pylori urease A
30 subunit or cholera toxin. Referring to Table 4, it will be seen that, 12 days
post challenge, from a total of 10 immunized animals, only 3 were found

infected in the urease B subunit group, as compared to all 10 animals
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immunized with H. pylori A subunit of urease and 10 out of 10 of the
animals immunized with choleta txin. Table 4 shows that 70% of the
animals were protccted from challenge by A. felis as compared to 0% of
the animals immunized with H. pylori urease A subunit and 0% of the
antmals immunized with cholera toxin and then subjected to /1. felis
challenge In other words, 100% of the control mice challenged with /7,
Jelis became infected whereas, in contrast, in mice immunized with
recombinant . pylori ureace B subunit the infection rate was only 30%.
This represents a significant reduction in infection (p=0.0031, Fisher exact
test) as couinpared w the control mice.

The fact that the protection observed with H. pylori urease is
cntirely conferred by inmmunization with the B subunit of urease, and that
the A subunit has no such effecl, was not expected on the basis of onr
experiment with purified urease. This defiuition of the roles of the 2
structural subunits of ureose in the development of a proleciive immune
response is therefore novel. The protection obtained using recoinbinant
urease B subunit, which is enzymatically inactive also teaches that non-
toxic forms of nrease can be used as oral vaccine against Helicobacter
infection. Furthermore these results strongly suggest that recognition of the
active site is not required for protechion, as an inactive urease B subunit is
very unlikely o induce antibodies that will recognize and inhibit the
catalytic site of nalive urease,

Referring to Table 6, it will be seen that, when mice zre sacrificed
10 weeks post infection, 60% (6 mice out uf 10) of the animals immunized
with urease B suburit and 80% (4 mice out of 5) of the animals immunized
with H. pylori urease B subunit were protccted against H. felis infection.
The fact that protection obtained through immunization with urease D
subunit lasts over tune and that immunization with urease A induces g
protection which is displaced compared to the one induced by urease B
subunit could not be expected from our experiment with purified urease or
with other experiment performed earlier. The fact that urease R subunit

immunization confers protection definitely proves that recognition of the
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active site is not required for protection. Figure 6 summarizes results
obtained ufler oral immunization with recombinant urcase A and B subunits
(described in Tables 5 and 6)

The present invention also provides vaccine compositions suiiable
tor the prevention of [lelicubucrer infection The compositions comprise dn
effective amount of a urease antigen. preferably H. Pylori urease or
recombinant &, pylori urcase subuuits, capable of eliciting in a host a
protective immune responsc to Helicohucter/ infection, 1n association with a
pharmaceutically acceptable carcrier or diluent,

The vaccines of the invention are administered in amounts readily
deterinined by persons of ordinary skill in this art, Thus, for adults a
suitable dosage will be in the range of 10 ug to 100 milligrams, for
example 50 ug to 50 mg. Similar dosage ranges will be applicable for
children. Carricr systems in humans may include enteric relcase vupsules
protecting the antigen fiom the acidic environment of the stomach, aud
including urease entigen in 4 insoluble form as fusion proteins. The vacciye
can be administered us a primary prophylactic agent in adults or in children,
as a secondary prevention, after successful eradication ot 4. pylori in an
infected host, or as a therapeutic agent in the aim to induce an immune
response in the host susceptible to contribute 1o the eradication of 4. pylori.

As noted above, a suitsble mucosal adjuvant is cholera toxin. Oihers
which may be used as muramyl dipeptide or its derivalives, noa-toxic
derivatives of cholera toxin, including its B subunit, and/ur conjugates or
geactically engineered fusions of the urease antigen plus cholera tuxin or jis
B subunit. Other suitable delivery methods include biodegradable
microcapsules or immune stimulating complexes (ISCOM'S) or lipcsomes,
genetically enginecrcd attepuatey live vecrors such as viruses or bacteria,
and recombinant (chimeric) virus-like particles, e.g. bluetongue. The amount
of mucosa! adjuvant employed depends on e type of mucosal adjuvant
used. For example, when the mucosal adjuvant is cholera toxin, it is
suitably used in an amnunt of § ug to 30 ug, for example 10 ug 10 35 ug.

When used in the form of microcapsules, the amount used will depend on
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the amount cmployed in the matrix of the microcapsules to achieve the
desired dosage. The determination of this amount is within the skill of a
person of ordinary skill in this art. Suitablc carriers for the vacuines of the
invention are enteric coated capsules and polyactide-glyculide microspheres.
Suitable diluents are 0.2N NaH( 0, and/or saline.

Particulate hydroxylated calcium phosphate (HCP) is especially
vseful as a carrier for the 4. pviori urease to he applied to mucosal
surfaces. It is believed that the A. pylori urease-hydroxylated calcium
phosphate conjugate is.uuusponed across epithelium where it raises a poly
[ immunc response. Preferably, the hydroxylated caicium phosphate is in
the form of microparticles suitable for the wansport across the epithelium,
particularly by cells specialized for this purpose (M cells). A piclerred form
of hydroxylated calcium phosphate is hydroxyapatite, a commercially
available crystalline hydroxylated calcium phosphate Ca;o(PO,)((OI1),.

Commercially available hydroxyapatite generally consists of slab-
like crystals that are chemically and physically analogous to inorganic
hydroxyapatite in normal bone tissue. Ingestion ot hydroxyapatite should
therefore be sale, 4v evidenced by the existence of nutritional
calcium/phosphorous supplements derived from ground bone, which are
designed to be ingested. Conuucicinlly-high resolution hydroxyapatite (from
CalBioChecm) consists of crystals varying widely in size. Crystals over 1
um in length are unlikely to be taken up by M cells. Therefore, for use in
the invention, commercial hydroxyapatitc ¢rystals are broken into small,
relatively uniform crystalline fragments such as by sonication, Preferatly, a
substantial proportion of the hydroxyapatite is present as fragments of about
0.01-0.0um. Fragmertation may he measured either by electron microszopy
or light scartering, using standard techniques

Prefened modes of administration of the H. pylort urease antigen are.
orally, nasally, rectally or ovulaily. Oral administration can provide deliyery
to other G.I. mucosa including the intestinal mucusy,

The vaccines of the present invention may be administered to a

mucosal surface in the form of an acrosel, suspension, capsule and/or
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suppository. The method of administration will be readily apparent 13 4
person of ordinary skill in this art.
The present invention further includes the passive immunization of
waminals, including humans, against Helicnbacter infection. This is
5 achieved by administering 1 a mucosal surface of the patient an effective
amount of a urcase specific antibody. Preferably, an effective amoint ot a
H. pylori urcasc specific IgA monoclonal antibody.
Since the ureasc of H. pylori is shown to represent the antigen
1nvolved tn inducing protective immunity, a further aspect of the invention
10 is the use of H. pylori urease as a diagnostic reagent to measure the
immune response of persons who have received a vaccine based on urcase
or t determine whether an individual is immune or susceptible (and thus in
need of vaccination) The present invention also includes the use of ureasc
and urease-specific antibodies, to construct assays and kits for diagnosis of
15 Helicobucter immunity, assessment of Helicobacter susceptibility, and

definition of inunune responses 10 vaccines.

EXAMPLES
The invention will now be further described by reference 10 the
20 following non-limiting examples.

a) The Bacterial Strains

H. felis was provided by J. Fo (division of Cooperative Mecdicire,
Mass. Institute of Technology, Boston, USA). H. pylori was isolated from
patients with ulcer disease ((CHUV, Lausanne, Switzerland).
23 b) Bacterlal Cultures
Liguid Culture - Bacteria were cuitured on BHT (Brain-Heart
Infusion, BioMerieux) liguid iedium containing 0.25% of yeast extrzct
(Difco) and 10% of fetal calf serun (lnutech) supplemented with 0.4% of
Campylobacter selccted complement (Oxoid). The bacteria were incubated
30 overnight under microphilic conditions at 37°C and then shaken at 37°C fur

2 to 3 days.
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Culture on Agarose plates - The bacteria were cultured un agar plate
consisting of BHI 0.25% of yeast extract and 5% of sheep blood under
microphilic conditinns at 37°C for 3 days.

Quantification - The quantity ot bacteria was determined by the
optical density vf the BHI solution at 660 nm (! optical density unit
corresponding to 10* buclerial),

c} Prcparation of sonicates

H. pylori wias collected from 31 bluud agar plates in 0.15 M NaC|
and spun 5 minutes at 1400g at 4°C. The pellet was resuspended in 3 ml of
NaCl and sonicated for 4 minutes. The amount of proteins was evaluated
by 2 Bradford assay (RioRad Kit according to supplicr.

d) Caunling of iimmunggen to Hydroxyapntite

Immurogen (urease or subunit thereof) was incubated for | hour at
4°C with hydroxyapatite. | 0 mg of hydroxyapatite was used for 30 ug of
unmunogen per mouse. At the end of the incubation, 10 ug cf cholera toxin

was added in 4 [inal volume of 200ul PBS.

EXAMPLE 1
a) Extraction

H. pylori from 30 blood agar plates was haivested in 0.15 M NaCl
on ice. The solution was spun 5 minutes at 1400 g at 4°C. The pellet was
resuspended in 20 ml of H,0 and vortexed for 45 seconds (maximuin
speed) the extract was then spun 20 minutes at 6700 g at 4°C. The
supernatant was recovered and the quantity of protein was evaluated (see
"Quantification” above) and precipitated with 70% of ammonium sulfate.
b) Purificativn of urease

The solution was chromatographed on a Sepharose (I -68 column
(Pharmacia) with FBS (phosphatc buflered saline) as mobile phase. The 22
collected fractions which presented a strong urease aclivity were pooled and
dialyzed overnight at 4°C against 3 liters of PCD (20 nM phospliate buffer,
pH 7) and then chromatographed on a Q Secpharosc fast flow (Pharmacia)
with PEH as mobile phase. The fractions were eluted by 0 to 500 nM NaCl
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gradient. Ten of the collected fractions with a strong urease activity were
individually subjected to an SDA gel followed by a Cuumassie staining,
The 6 fractions presenting 2 distinct bands corrcsponding to MW-63 and -

28 KDa were pocled and were considered as the purified urcasc.

EXAMPLE 2 (see_also section B)

Mice cmployed in the immunization studies were Lightly
anesthetized with ether prior to inuagastric immunization. And then,
sonicate preparation or purificd urease, hydroxyapatite and cholera toxin
was suspended tn PBS and 200ul were delivered to the stomach of the
respective mice using a polycthylene tubing attached w a hypodermic
syringe. This procedurc will be referred to as oral immunizazion,

‘Three oral immunization protocols were cvaluated. These are
descrihed below.

Protoco] Bl - Vaccination with purified urease
Female BALB/c six-week old mice (20) were orally immunized with

30 uy of purified of A. pvlori urease and | mg of hydroxyapatite and 10 ug
of cholera wain al day 0, 7, 14 and 21. Ten mice were challenged at day
28 and 30 with 5x10” and 10° /. felis from liquid culture.

Protocol D2 - Vaccinativu with Helicobjcter sanicates

Female BALB/c six-week old ice (20) were orally immunized wirh
2 mg of H. pylori sonicate solution at day 0, 7, 14 and 21. Ten mice were
challenged at day 28 and 30 with 5x10" and 10° 4. felix.
Protocol B3 - Control

Female BALB/c six-week old mice (20) werc orally immunized
with | hydrozapatite and 10ug of cholera toxin at day 0, 7, 14 and 21, The
mice were challenged at day 2% and 30 with Sx10” and 10* H. felis.

At day 35 ail mice were sacrificed and biopsies from the stomach

were taken as well as intestingl secretions and blood.

Protcction and evaluation
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o evaluare protection, biopsies were screened for the urease activity
by the Jetrox HP test (Rohm Pharma) according to the instructions of the
supplier. The urease is quantified by a spectrophotometric measurement at
350 am. The biopsies were also cultured in the presence of H. felis and was
cstimated by Gram staining. Gastric antral biopsies were homogenized and
diluted (1:10 and 1:1000) in 0.15 M NaC1 and plated onto blond agar
plates and incubated under microacrophilic cunditions at 37°C for 4 to {0

days,

ELISA

Intestinal cecretions and blood were analyzed by ELISA for thz
evaluation of antibody titer ‘the ELISA was carried out ag follows,
Polystyrene plates (96 wells) were cnated with lug/well of purified ureasc at
37°C for 2 hrs. Non specific binding sites were blocked with $% powdered
milk in PBS 0.1% Tween at 37°C for 30 minutes The plates were washed
once with PBS 0.1% Tween Blood samples were test at dilution 1100 and
intestinal scerctions 1:1, 100ul of each sample were added to the antigen
coated plates. After 2 hrs of wcubation, plates were washed 3 tires with
PBS 0.1% Tween. Anti-mouse biotinylated whole antibody [tum goat and
anti-mouse IgA, IgG and IgM biotinylated (Amersham) were added (100ul)
at dilution 1:500 except for IgA (1:250) and incubated at 37°C for 1 hr,
The plates were washed 3 times with PBS 0.1% Tween and 100ul of
1:1000 dilution of streptavidin Horseradish peroxidase in PBS 0.1% Tween
were added and incubated at 37°C for 30 minutes. The plates were washed
3 times and SOul uf' 1:50 dilution of o-phenyl-diamine in citrate but¥er pH
5.0 with 1ul/ml of 30¢% H,0, were added and incubated at room temperature
for 20 minutes. The absorbance at 495 i was measured in each well.,
EXAMPLE 3 (see also scetion C)

Mice employed in the immunization studies were shightly
anesthesized with ether prior to intragastric immunization. Then, 30 ug
recombinant H. pylori urease A and B subunit produced in £ coli bound

hydroxyapatite and supplemented with cholers toxin was suspended in PBS
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and 200ul were delivered 1o the stomach of the respectivelmicc using a
polyethylene tubing arached to a hypadermic syringe. This procedure wi!l
be referred w as ¢rul immunization.

Three oral immunizatjon protocols were evaluated. I'hese are
described below,

Protocal C1 - Vaccination with recombinant urexse A subunit

Female BALB/c six-week old mice (10) were orally immunized with

30 ug of puritied recombinant &, pylori utease A subunit and | ing of
hydroxyapatite and 10) g of cholera toxin at day 0, 8, 14 and 21. Ten
wice were challenged at day 32, 34 and 36 with 10* ¥, Jells from liquid

culture,

Protn ool C2 . Vaccination with Ficombinant urease B snhunit

Female DALB/G »ix-week old mice (10) were oratly unmunized wi!,
30 ug of recombinant /7, pylori uiesse B subunit and 1 mg of
hydroxyapatite and 10 ug of cholera toxin at day 0, 8, l4ard 2l Ten
mice were challenged at day 32, 34 and 36 willt 10" A. fells from  liquid
culture,

Protacol C3 - Cantrol

Female BALB/c six.week old mice (10) were crally immunized with
1 mg hydroxyapatite and 1n ug of cholera toxin at day 0, 8, 14 and 21,
The mice were chalienged at day 32, 34 and 36 with 10* ¥, felis.

At day 42, or at day 106, mice were sacrificed and multiple biopsics

from the stomach were taken.

Protection and Evaluation

To evaluate protection, biopsics of the vorpus and antrum of the
stomach were screened for urease activity by the Jatrox HP (est (Rohm
Pharma) according to the instructions of the supplicr. The urcase is
qQuantified by a spectraphotometric measurement at S50nm. The tota] of
corpus and antrum OD valnes were added to obtain a final OD valuc for

each mouse.
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WHAT IS CLAIMED IS

1. A method of eliciting in a mammalian host a protective immune
response w0 Helicobacter infection, said method comprising the step of:

administering to a mucosal surfacc of said rmammal an
immunogcm‘call_v effective amount of a polyaminoacid preparation
Prescuting a sufficient numher of epitopes exhibited by 4 urease endngenous
t0 said Helicobacter urganism to elicit 5 protective immune response to
infection by said organism,

2. A method according 0 claim 1. wherein said preparation comprises an

infact urease purified from an organism,

3. A method according to claim 1, wheiein said preparation comprises
Peptides homologons with enzymatically inactjve portions of the aminoacid
scquences of a urease.

4. A method according to claim 1, wherein said preparation comprises
peptides non-homoleguus with the aminoacid sequences of a urcase and
displaying epitopcs cross-reacting of a urease.

5. A method according o claiw 1, wherein Said preparation comprises H,
pylori urease,

6. A method aceording to claim 1, whereig said preparatinn comprises at
lcast subunics of a uresase, with or withoyt enzymalic activiry.

7. A mcthod accurding 1o claim 1, wherejn 8aid preparation cumprises
anti-idiotypic antibodies 10 a urease.

8. A method according to claim 1, wherein said preparation compriscs
peptides immunologic:dly Cross-reacting with urease
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9. A method according to claim 3 and 9, wherein said peptides arc

obtained Dy cliewnical synthesis.

10. A method according to claim 1, whercin said preparaton comprises

urcase antgens producing using DNA recombiuant techniques.

1. A memod according .0 claim |, wherein satd preparation con: »rises

subgenic fragments of urease produced with recombinant wchniques.

12, Acmechod according to claim 1, wheremn said proporation con:prises

urvase subyeric Tagmenis produced #< genetically fused proteins.

A

13. A method accordieg to claiin 12, wherein said fuset proteins comprise

cholera toxin subeniss.

14, A method according to claim 1, wherein said preparation i3

administered in association with & mucosal adjuvant.

15. A method according to claim 14, wherein said mucosal adjuvant is

chaolera oxin.

16, A ncthed according w claim |, wherein said mammalian host is

human.

17, A method according to claim 1, wherein s4idi preparation is

administered in association with a hydroxylated calcium pliospluste.

(8. A method according to claim 17, wherein said hydrexylated celeium

phosphate is hydroxyapatite.
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I 19. A method according to claim 18, wherein said hydroxyapatite is in the
2 form of particles suitable for trangport across cpithelium.

I 20. A method according 1o claim 1, wherein said urease s administcred
2 orally, nasally, rectally or ocularly,

U 21. A vaccine for inducing a protective immune response to Helicobacter
2 infection in a mammal, the vaccine comprising a polyaminoacid preparation
3 presenting epitopes exhibited by a urease endogenous to said Helicobacter

4 organism disposed in a pharmaceutically acceptable cacrier or diluent,

10 22.  The vaccine of claim 21, further comprising a mucosal adjuvant.

23. A metwd of imparting to a mammal passive protection to

Helicobacter infecticn, the metjod comprising administering to 2 mucosal

surface of said mammal 4 immunologically etfective amount of 3 urcasc-

specific IgA antibody produced in a host by immunization with 2 urease
s which elicits a protective immune response 1o Helicobarter.

24. A method according to claim 23, wheyei said antibody is a

Helicobarter pylori ureae specific [gA antibody.

25. A method according to claim 24, wherein said mammal is Liuman,

20 26. A method for assessing the endogenous immune response of a
mammal infected by Helicobacrer organism, the method comprising
determining in a sample from the gastrolntestinal tract of said mammal the
presence of antibody reactive will epitopes exhibited hy urease endogenous
to said Helicobacter organism.

25



36

27 A method according 1o claim 27. comprising the additional step of
administering a Heficobacier vaccine 1o said mammal prior © said

admunistration.

T
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