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The preseat invention relates 1o the prevention 4nd treatment of

)
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- gastric infection in mammals, including humans. Morc particularly, the
present invention relates to & vaccine suitable for use in the prevention and
treatment of Helicobatter infection in mammals, including humans, and to 2
merhod of treatment of humans suffering from gastrie infection, its
g 16 consequences such as chronic gastriiis or peptic ulcer, and preveation of
gastric canceer. ' '
.\ BACKGROUNR
:g 15 Helicobacter infoction of human gastric epithelium cause gastritis,
% _ are a ruajor factor in the development of pepric uleers and gaswric
i lympboma, and may be a risk factor for the development of gastric cancer
. ; {1-3]. The most frequent infection agent is Helicobacter pydori, followed at
. a much lower frequency by Helicobacter heilmanii, H. pylori is a siender S-
* ‘ - 20 shaped gram negative microorganism, which is routinely recavered from
) ' gmfic biopsies of aduits and childres with histologic avidence of gastritis
or peptic ulceration. Bvidence for a causal relationship between &, pylori -

’ ".\".‘:_. o T

and gastroduodenal disease corhes from stidies in human voluntears,
patients with ulcers and gastric cancer, gnotgbiotic pigs, and germ-free
' radents. Regarding stiology, Koch's postulates ware satisfied by creating
o nistolopically confitmed gastritis in previously uniafected individuals
| following consumption of visble microorganisms [4-11], and by wesiment
to eradicate H. gylori,” with resolution of the gastritis and, in patients with
peptic uleer discast, 8 décreass in the recurrence rate [12].
- 30 In spite of ir vitro susceh_tibility to many antimicrobial agents, i
vitro eradication of cstablished K. pylori Infections with antimicrabiat
agenrs 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 apgear to allow for adeqimié antimicrobial levels
ta be achisved gven when antibiolicy are given orally at high doses, At the
present time, mdst authorities recommend a “triple therapy®, namely a
bismuth salt in combination with drugs such s tetracycline and
metronidazole for 2-4 wesks, However, the effecriveness of this or other
chemotherapeutic regimens remasins suboptimal. Furthermore, this wreatment
may produce serious adverse drug reactions,

At the present time. little is known regarding the role of the mucosal
imnrune system in the stomach. The distribution of immunogiobulin (Ig)
produging cells in the normal gasmric antrum indicates that IgA plasma cells
make up 80% of the total plasma cell population. In addition, the mumber of
plasma IgA cells prosent in the gastric antrum is comparable to other
wocous membrancs {14, 15]. A aumber of studies in humans [16] and in
animal models (3, 10] have demonstrated specific IgG and IgA responses in
serum and in gasaic secrelions in response 1o Helicobacier infeetion,

. However, the observation that & pplori infection peesists as a chronic

0

25

I0

infection for years, despite induciag a local and systematic immune
reeponse, is not encoursging the developmeit of immunizarion strategies.
Lae et al reportad the ability to infect germ-frea rodents with
Helicabacter felis, 2 bacterivm closely related o 2. pylori, and reproducible
document histologic gastritis [, 10]. Since then, this bacterium-hast pairing
has been accepted as a good model to study Helicobacter-mediated gastritis

and its initiating facrors {17). Czinn et al have shown that reperitive oral

immunization with a crude lysate of . pyplori plus cholera toxin adjuvant
induces 2 vigorous gastrointestinal IgA anti-¥. pyfori response in mice and
ferrets [13]. In addition, Chen et ai and Czinn et al have recently reported
that aral immunization with a crude lysats of 4. ﬁzlls induced prarection
against &, felis infaction in mice [21, 22]. The exact nature of the
amigen(s) responsible for the induction of this protection, however, bad not
beea determined, and no information suggested that the protecriva.
ancigen(s) of A felis thar induced protection against this pathogen would
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induce a cross-renctive protection extending to another Helicobacrer
species. : .
We have demonstrated for the first time that K. gylori and K. felis _
sogicats and showing that sore of these satibudies, directed agaiost .
s pylori, would crossreact with &, felis sad vice versa [24, 25]. The basis for
these cross-reactivities were unknown.
Based on the homology existing between the different known urease
wnine acid sequences, it has been proposed that uresse could be used as a
vaccine against &, pylori {26]. Nevertheless, cross-reactivity is not the rule.
10 Guo and Liu have shown years ago that ureases of Profeus mirahilis,
Proteus vulgaris and Providencia retigeri show cross-reactivity to esch
other, while ureases of jack bean and Morgamella morgant! are
. immunologically distinct from the three former ureases [23). Even if an
antigenic crogg-reactivity of H. pylori ureﬁs with other Helicobacter
15 ureases was a reasonable postulate, no data existed demanstrating that this
was really the case until we showed that some H, jfelis monocional
antibodies crossreacted with &, pylori urease (251, 7. Pappo has further - e
demonatrated that mice which have been infected by H felis produce _ _ $
antibodies which crossreast with &, pylori urease but not jack bean urease : 5
20 (Y. Pappo, unpublished data, 1393), '
The use of 7. pylori urease, or of relatad ureases, as a-vaccins
against.f']. pylori infection has previously been proposed by A. Labigoe in
EPO 367,644 [78]. However, that application contains no evidence of
vaccination of any mammal against aay Helicobrcter infection with ureaze,
5 Moreover, while sequence homology with other bacterial ureases
might support the use of vrease as a vaccine candidate againgt &, pylori
infection, the current knowledge of human X, pylori infeetion would
certainly not. First, despite the fact that infected individuals often mount 2
sirang antibudy respunse lu ureese, the anti-urease immune response docs

30 nut result in clearanee or control of the infection. Sccondly, H. pylori is
able to transport urease out of the cell and to shed it from its surface {19,

20]. Thus, urease may not represent an appropriate target for the
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development of a protective mucosal immune respouss. Indeed, mucosal
immune protection is thought 10 be mainly mediated by secretory IgA, the -
agglutinating activity of which would be impnired when the recognized
amtigen can he shed by the target pathogen and thereby serve 2s a decoy for
the protective antibody. Thirdly, urcase appears to be toxic for epithelial
cells in cultare, and has been suspected 10 play & role in mucous
degradation and in peptic ulceration i vivo. Thus, its usc as aatigen may be
toxic., ' '

Nevertheless, we reasoned that this: ‘.mugen could be 2 potentially
efficient vaceine ift )

« first, we would deliver it orally at 2 sufficiently high dose to elicit
a stronger immuné response than the namra'lly occurring one

- second, the amount of antibodies produced would be high enough
to bind all the urease, shed or not shed '

- third, we would use subunits of urease or.a molecular species that
wag non-taxic. '

In summary, there remains 3 need for effective treatment and
preventon of H. pylori-induced gasuic infection in humans. Recent data
suggested the possibility to generate a vaccine against this infection, but
have not provided a clear idenﬁﬁmﬁan of defined antigen(s), common o
all strains of H. pylori, that could be incorporated inen a safe and effecrive
vaccing. o

In this invention, we have identified the yrease aatigen of 4. py!ori
as a candidate vaccine and demonstrated its efficiency in an animal model.
These results were unexpected in the light of the natural history

Heligobacter tofections.

SUMMARY OF THE INVENTION
We have discovered that immunity can be induced in mammals
susceptible to gashrointestinal Helicobacter infection by exploiting urease

- epitopes displuyed vn or about the surlace of Heticoburter otganisms and

.using them as a vaccine target. The immunitj can be induced by

.
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immunization with nature urease, but can also be induced with recombinant
urease subugit, produced as an enzymurically inactive, therefore non-toxic
forn. The invention provides = method of inducing immunity
Helicobacter ifection by administering to a mucosal surface of 2 mamma[
$ a polyaminoacid preparation, i.c. a mixture of peptides and/or proteins,
together with an appropriate sdjuvent. This polyaminoacid preparation
presents a plurality of cpitopes charactensnc of and exhibited by a ureage
enzyme endogenous ta be infecting Helicobacter organism, The '
administrarion of the polyaminoacid preparation may ba performed by the
10 vral rouse.

The active ingredicat of the prcpmﬁon may comprise natural or
biosynthetic epitopes and may take various forms. A oon exhaustive list of
possible preparations includes purified, naturally occurring or recombinantly

* produced urease praparations of bacterial or other origin, digests of urense,

15 fusion proteins comprising urease epitopes, truncated forms of urease
enzyme, or peptides homologous with the aminoacid sequence of urease,

- 8ince development of immuniry depends on induction of humoral andfor
cellular immune resporises which bind to the infecting Helicobacter
organism, peeferred preparations are those which most ¢losely duplicate the

20 opitopes of the urease endogenous to the infecting organism. For example,
preparadons displaying the epitopes of urease of H. Zyiori are preferred for
administration in humans susceptible o A, pylori. However, in accordance
with an important aspect of the invention, it has been discavered that urease ' .
from other species may be used. For example, we have shown that H, felis

25 infection in mice can be prevented by administration of urease from 4.
pylori.

According 1o one aspect of the invention, there is provided a method .
of eliciting in & menunalian host a protestive tmmune rasponse to
Helicobacter infection wherein an immunolagically effective amount of a

30 ureace antigen capable of eliciting such & prorective immune response,
preferably M. pylori urease os 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 vaceine composition suitable for prevention of Heficobacter
infection, comprising an effective amount of a urease antigen, preferably A,
pylori urease or H. pylori urease B subunit, capable of cliciting in & host &
protective immune response to Helicubacter infection, in association with a
pharmaccutically acceptabie carrier or diluent. _ '

' According to 2 further aspect of the present invention, there is
provided a method of imparting lo a mammalian host passive protection lo
Helicobucrer infectivn, comprising administering (o & mucosal surface of
the host an immunologically effective amaount of 2 urcese specific antibody
produced in a host immunized with 3 urease, preferably H. pylori urease or
H. pyiori urease B subunit, capable of eliciting a protective immune

response to Helicobacrer infection.

BRIEF DESCRIFTION. OF THE DRAWINGS

The invention will now be further described with reference
1 the accompanying drawings, in which Figures 1 through 6 are graphical
representationd of the results set forth in Tables [ through 6.

BETAILED DESCRIPTION OF THE INVENTION

The present inventors have discovered that oral administration ta
mice of polyaminoacid preparations exhibiting the epitopes of H. pyori
urease gives sise 10 a protective immunological respoase against H. felis in
mice, an animal madel of genarally-accepred value for the study of the
impiune response to elicodacier infection [9]. The effect of the protective
immune, response is that immunized animals, when challenged with
pathogen, have a greatly reduced incidence of infection, in comparison to
non-imimunized animals, Furthermore, the inventors have discovered that
oral immunization in mice using K. pylori urease B. subunit, produced as an
enzymatically-inactive recombinant protein, gives rise to a protective
immunological response in mice against 4. felis. The effect of the
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protective immune response is that immunized animals, when challenged

with patbogen, have also a greatly reduced incidence of infection, in '

comparison to non-immunized animals which do become infected. .
Thus, in 8 first aspect, the preseat invention provides a method of

elicitiag in 2 mammalian host 2 protective immune response W Helicobacter

infection. The method comprises the step of adminisiering W & mueosal
surface of the manimal, including humans, an immunologically effeetive
amount of a urease antigen, preferably 4 pylori urease, capable of eliciting
such a protective immune response.

In a swcond aspe'ct, the present invention provides a method of
eliciting in 8 mammalian host & protecrive immune response to Helicobacter
infection. The method comprises the step of administering to a mucosal

 surface of the animal, including humans, an immunologically effective

amount of recombinant, enzymatically inaclive urease B subuait an antigen,
preferably recombinant K. gyfari uresge B subunit, capeble of eliciting
such 2 protective imumune response, .

The invention also includes within its scope the treatment or.
prophbylaxis of mammals, including huwnuns, for Helicabocter infection,
wherein an immunologically effective amount of 2 urcase, or its subunits,
capable of eliciting a protective immunc response to Helicobacter infection,
is administered to a mucosal surface of a patient. Preferably, the urease is
H, pylori yrease or H. pylori urease B subunir, and the urease may be
administered either alone or linked to a hydroxylated calcium phosphate, for
example hydroxyapatits as a carrier particle. Morvover, it is preferred to
adminigter the H. pylori urease iu association with a mucasal 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 the urease antigen, or B subunit thercof, to a mucosal
surface stimulates the common mucosal in:n'r.mne system and perhaps local
sites in the gastric mucosal including an immune response, including the
appearance of J7, pylori specific IgA anﬁbodies in the pastric secrerions,

which prevent Helicobacter infection. Since it is 2 routing matter to conduct
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pre-ctipical trials of a candidate vaccines for human use in animal models,
it ig believed that the methodalogy of the present invention is effective in
humans, especially in the prevention and wreatment of peplic ulcers,
gastritis, gastric malignancics and other conditions arising as a result of the
presence of H. pylari andlor H. heilmanii.
A - Bacterial cultures and urease purification

The swain of A, pylort used in the smdy ariginates from a patient
with a duodepal ulcer, and has beea subculmred on BHI agarose plates to
homogeneity, H. pylori is culrured in & suitable medium, typically, BHI
(Brain-Heart Infusion) medium, containing 0.25% yeast extract and 10%
fetal calf serum and supplemented with 0.4% Campylobacter selective
complement (Skirrow supplement; Oxoid 69). The bacteria are incdbatad
overnight under microaerophific conditions at 37°C in boules that are then
sealed and shaken at 37°C for 2 to 3 days to produce a liquid culture. A
culture may also be prepared in agarose plates consisting of BHI with
0.25% of yeast extract and 5% of sheep blood under microacrophilic

-conditions at 37°C for 3 days. The quantity of bacteria is determined by

optical dengity of the BHI solition at 660 am, with one optical density unit
correspanding to 10° bacteria. Cultures on agafose plates are first
resuspended in 154mm NaCl. '
One currently preferred soucce of polvammoacxd displaying urease
epitopes is purified urease, e.g., H. pylori urease obtained by following the

" general method of Dunn et al. J. Biol. Chem, 265, 9464-9469, modified as

23

30

described below. Following culturing, the H.:pylori is harvested in water,
spun vortexed and spun again to proddcc = supernatant. The solution
containing the urease activity of H. pylors '(a._ssakd by rapid urease test,
see below) is then chromatographed on a CL:6B sizing column and the
fractions which present a srrong urvase aclivily are pooled and dialyzed
overnight and again chromatographed oa an anion exchanger gel. The
fractions are efuted in increasing NaCl bufer and the collected fractions
with 2 serang urease activity are individually submitted to 2 SDS gel
fellowed by Coomassie staining. Two distinct bands corresponding to 2
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molecular weight of about 63 and about 29 kDa are idenitified as urease.
The fractions containing urease are pooled fo give purified 5. pylorf urasse
having a purity in Lhe region of 95% to 95%. ,
B - Oral immunization with urease purified from H. gylori
5 While it is preferved to employ purified 4. pyfori urease obta.:ned as
described as the antigenic material, it will understood that it is also possible : i'
to use, as ihe antigenic materlal, any urease or subunit of urease, gither ' ' P
namrafly cccurring or obtained by recombinant DNA techniques, as well as
digested fragment thereof, fusion proteing comprising the fragments or the
10 whole urease, truncated uraase construets, or other peptide or protein
preparations exhibiling urease epitopes which are capable of e!i:cicing 2
protecrive immune response w Helicobacter infection (scc below). Thus, it
is possible to employ a uregse having a substantial hamology with respact
to H. pylori urease and which is effective in raising a cross-protective
15 immune response to Helficubucter, An example of such 2 urease is jack
* bean ursase, which possesses abour 70% homology with A. pylori urcase.
The invention is thereforc not limited to the use of intact urease, and covers
the use of any polyaminoacid preparation which displays urease epitwopes
and is effective to generate a protective immunological rasponse in a host o
20 Helivobacter infecrion, Typically, a ureasc hiving a homology of 70-95% -. :
homology, for exampls, 80-90% homology,' with respect to H. pylori ureass, .
may be employed as the urease antigen in' the invention. .
A non-limiting list of sources of potentially useful urease
preparations includes endogenous urease enzymes of the differeat
25 Hellcobacter species, wrease from other bacteria such as Kledsiolla
preumonice or Proteus mirabilis, and, by analogy, any other urease with
the condition that these ureases share cross-reactive epitopes with A. pylori
urease, The urease genes of all the organisms mentioned above represent a
potential tool for expressing recombinant urease products as a whole protein

30 or as a part thereof.
A non-limiting list of potentially useful urease preparations includes
peptidas generated from purified urease (the sources are mentioned ubove),
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using physical and/or chemical cleavage procedures {i.e. CnBr) and/or
proteolytic cleavage (using proteases .. VB-protease, wrypsin or others); or
peptides synthesized chemically and sharing consecutive gpitopes with
uraase,

Other sources of potentially useful epimé&s 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 from the expression of recombinant random
oligonuclentide.

Another source of poh:nﬁally useful epitopes includes epitopes
similar to urease as a result of the generation of anti-idiotypic antibodies to
ursase. Such anti-idiotypic antibadies, generated in any immunocompetent
host, are obtained by immunization of this host with ani-urcase antibodies,
with the goal of generating antibodies diregted against anti-urease
antibodies, which share structural homologies with urease,

The discussion herein focusea on the yse of urease naturally
produced by H. pplori (section B). However, It will be appreciated ther the
urease or subunits or constructs thereof mentioned above, capable of
eliciting the desired protective immune response, may be produced by
recombinant DMA techniques well known in the art, The efficacy of
particular preparations may be determined by routine adminiseration using
animal models, oral administration of the candidate vaccing, and challenge
with pathogen using a protocol substaatially similar or identical to the
procedure described below, _ :

Table ) and 2 below and Figures 1-5 describe the resuirg obtained
when mice were orally immunized with purified H. pylori urease. In this
first experinient, administration of the H. pylori antigen was carried out by
orzlly administering to the micc H. pylori urease purified as deseribed in
section A, and coupled ta hydroxyapatite crystals, used as a carvier w
enhance M cell binding and uptake. Cholera toxin {Sixma) was given as a
mucosal adjuvant. In this experiment, groups of femele SPF BALB/c shx-
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uresse voupled w 1 mg of hydréxyapatite plus 10 ug of cholera toxin

adjuvant ot day 0, 7, 14 and 21, The mice were then challenged twice with
10% &, felis, at day 28 and 30, For comparison purposes, similar female SPF

5 BALB/c six-week old mice were orally immunized with whole H. pylori

25

30

lysate (souivate) und 10 ug cholera toxin at day G, 7, 14 and 21. The mice
were challenged at day 28 and 30 with /. felis. The /7. pylori sonicate was

prepasad by collecting &, pylori from csll cultures, pelleting by

centrifugation end resuspending the peller in 0.9% sodium chleride followed

by sunication.

As & control, female SPF BALB/c six-week old mice were orally
sham-immunized with 10 ug of cholera toxin and | mg of hydroxyapatite at
day 0, 7, 14 and 21. All mice were housed, immunized, and challenged in -

parallel. All mice subject to the study were sacrificed on day 35.
C- Oral immunization with rccombinant urease subunits ol &, pylori

Genes encoding the structural A and B subunits of H. pylori urease
were abrained by palymerase chain reaction (PCR) cioxﬁng.mording. to .
standard procedures, based on praviously published sequences (25) These

genes were inserted in 2 vector (named pEV40) designed for high
expresgion and eagy purification of foreign genes in £ coli. Briefly, the

forsign gene ig inserted dowmstream of a thermo-repressible promoter, and

in frame of a ssquance encoding for a repeat of six histidines. An ampR

_gene is present on this vector for selection of transformants. Under the

appropriate temperature conditions, the recombinant protein obtained is
supplemented by six histidines at the N-terminal, which allow for a one.
step affinity purification on a nickel column. Bath H pylori recombinant

urease A and B subunits were expressed separately in E cofi, and purified

on nicke!l column 1o .95% purity.
While it is preferred to employ recombinant F. pylori urease

obrained as described above as the antigenic material, it will be understoad

that it is also possible to use,.as the antigenic material, uny urcase of
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expresstng antigenic sites of urease, whieh is capable of eliciting a
protective immune response to Helicobacter infection. Thus, it is possible
to employ in a construct & urcase gene having a substaatial homology with
respect to H. pylori urease and which is effective In raising a cross-

s protective immune response to Helicobacter, Examples of such a urease is
jack bean urease, which possesses about 70% homology with H. pylori
urease, or H. felis urease, which possesses about 88% homology with A
pylori urense. The {nvention is therefore not limited to the use of . pyiors
urease genes and their gene products, and covers the use of any

10 gecombinant urease, or ;:he subunits thereof, which is effective to generate 2
protective immunological response in a host to Helicebacter infection.

- Typically, a recambinant urease having a homology of 70-85% homology,
for acaniple, 80-90% -hémology with respect to . pylori urease, may be
employed as the recombinant wrcase antigen in the invention.

15 The discussion herein focuses on the use of recombinant H. pylori
urease A and B subunits produced by £. coli (section C). However, it will
be appreciated that recoinbinant urease or subunits or constructs thereof
mentioned above, capable of cliciting the desired protective immune
response, may be produced uéiug other recombinant DNA techniques and

20 other eukaryotic or prokaryoric expréession vectors well known in the art.

Table 3, 4 and 5 below and Figure 6 describe the results obtained -
when mice were orally immunized with recombinant H. pylori urease
subunits produced in E. cofi, In this experiment, administration of the A.
pylori antigen was carried out by orally administérin’g 16 the mice

25 recombinant A, pylori urease A or B subunits produced in E. coli and
purified as described above, and coupled to hydroxyapatite crystals, used as
a carrier to enhance M cell bindiné and uptake, Cholera toxin (Sigma) was
given as a mucosal adjuvant. in this experiment, groups of female SPF
BALB/c six-week old mie¢ were each orally immunized with 30 ug of

30 recombinant A, pylori urease A and B subunit, coupled to 1 mg of
hydroxyapatite plus 10 ug of cholera toxin adjuvant at day O, 8, 14 and 21.

The mice were then challenged twice with 10° &, felis, at day 32, 34 and
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36. For comparison purposcs, similar female SPF BALB/c six-week old
mice were orall} immunized with 30 ug of recombinant H. pylori urease B
subunit coupled to hydroxyapatite plus 10 ug cholera toxin at day 0, 8, 14
and 21. The mice were challenged three times, at day 32, 34 and 36, with
5 H. felis, As a control, female SPF BALB/c six-week old mice were each
orally sham-immunized with 10 ug of cholera toxin and 1 rﬁg of _
hydroxyapatite at day 0, 8, 14 and 21. The mice were then challenged at
day 32, 34 and 36 with A. felis. All mice subject to the study were
immunized and challenged in pérallel. Animals were sacrificed on day 48
10 (12 days after challenge) ar 10 weeks after challenge.
D- Analysis of gastric biopsies, blood, and intestinal sccretions
" Biopsies were taken from the stomach and blood was obtained from
the heart. The intestine were removed and washed with 1mM PMSF
{Boeringer) in PBS buffer 1o obtain intgstinal secretions for ELISA analysis.
15 To evaluate protection against A. felis colonization, gastric biopsies
from each animal were screened for the presence of A, felis by assming
rapid urease activity by the Jatrox FP test (Rohm Pharma), according to the
supplicr's directions. Bricfly, gestric biopsies are immersed in 0.5 ml
supplier's mixture of urea and phenol red, 2 pH indicator. Urease activity
20 generates ammonia and bicarbonafe from ures, and is followed by the
‘colometric change of the solution towards a higher absorbance at 550 nm.
Urease activity was quantificd by spectrophotometric analysis.
Gastric biopsies of each animal included in the experiment desoribed
in section B were also cultured on BHI agarose plates, supplemented as
25 above, for the detection of . feiis. After incubation for 3 to 10 days in
microaerophilic conditions, the presence of H. felis was confirmed by
Gram staining and determination of urease activity. As a very sighiﬁcant
correl#tion was obtained for the detection of A, Jelis cultres during the
first set of experiments (see Table 3), only gastric biopsies urease tests were
- 30 performed for the detection of F. felis in the experiment described in the
experiment described in section C. Detection of H. felis was confirmed by

-
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(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. at 4°C to remove debris, and kept frozen at -20°C, Serum

and intestinal samples of each ammal were analyzed by ELISA for

evaluation of anti-Helicobacter activity, according to standard proceduras.
Briefly, 96-well plates were coated with a sonicate of H. pylori, followed
by satration with 5% fat-freé milk. Samples were serially diluted from 1:1
to 1:1000 and incubated overnight at 4°C on ELISA plates. Biotinylated
anti-mouse [gG (serum) and anti-mouse IgA, followed by streptavidin-
Horseradish peroxydase was used for the determination of the anribody

levels.

The results of 4. felis: challenges following immunizations with
purified H. pylori urease are set out in Tables-1-3 and Figures 1-4 and the-
results of A, felis challenges following immunizations with recombinant H.
pylori urease A and B subunits are set ont in Tables 4.5 and Figures 5 and

6.

This Sheet. rlas "-ieen Replaced

22. FER '96 (THU) 21:13

iliElJHI il

COMMUNICATION N»o. 22

PAGE. &

@oos

THIS SHEET HAS BEEN
REPLACED




02/22/98"

FSR BOS -

@oos

THIS SHEET HAS BEEN
REPLACED

08:14 5}
-.\-.J; | \"‘-u-"
15
'.'.
TABLE 1
mouse urease } culture | tmmunoglobulins |
number| Immunization test Gram Semum [lirdestinal secretion
12h . ['] QG B | IoA
1 Ursase+HF - Hlelis 27 0 25 258
2 Urezse+HF 0 0 264 | 273 221 248
K Urease+HF 0 0 84 44 318 35¢
P UreasesHF + Hialls | 81 42 12 5
5 Urease+HF 0 0 g8 | 137 | 126 234
.6 Urease+HF + 0 283 20593 3 22
7 Ureasa+HF 0 V] 98 4] 86 <2
B Urease+HF ) 0 247 | 1010 | 214 128
] Urease+HF 0 0 ND. | ND. 48 23
10 Urease+HF 0 ¢ 50 0 124 99
11 Urease ] 0 318 208 44 53
12 rease (v} 0 14 0 -1 87
This Sheet Has Been Replaced
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13 Urease o +] "] o 0 0
14 Urease 0 0 v} [+] 43 &1
16 Urease 0 ) 56 ) 190 | 127 |
16 Urease () ) 140 63 21 37
17 Urease 0 0 84 240 114 260
18 Lraase 0 0 N.D. N.D. 93 148
19 Urease [} 0 45 o} i35 218
20 Urease 0 1] 251 197 161 261
21 CT+HF X 0 0 0 0 2
22 CT+HF * H falis 83 0 310 303
23 CT+HF + Hiells | 90 0 ND. ND. |
24 Cl4+HF . H felis 31 ¢ 150 192
25 Ci+HF - Hielis | 197 250 280 440
26 “CT4HF > | Hielis | 105 135 214 338
27 GIaRF - Hienis | 140 47 109 85
28 CT+HF + ) 0 0 16 15
28 CT+HF + H felis D a ] o
30 CT+HF + Hrels | ND. | ND. | ND. N.D.
31 HP sonicate+MF + Hielis | © (N 76 108
32 HP sonicate+HE + H telis 7T 0 11 a3
33 | HP sonicaie+HF + Higls | 549 748 57 a6
34 HP somcate+Hr | © ) 860 153 180 286
35 | HP sonicatesHF | + Hielis | .730 192 0 5
36 | HP sonicate+HF + Hiells | 32 o 5 54
37 | HP sonicate+HF o 0 200 400 312 1149
38 HP sanicata+HF * Hialis | 1007 13680 148 28
38 HP sonicate+HF 0 0 220 188 133 122
40 HP Sonicate 0 0 B73 | 1016 | 352 | 514 —
41 MP sonicate 1] 0 727 899 126 19 '
42 HP samicate ) 0 109 88 44 FX)
23 HP sonicate 0 i 147 | 949 167 | 97
44 HP sonicate 0 0 g45 | 1094 | 246 64
a5 "FP sonicate ¢ 0 1217 198 210 187 | |
48 HP sonicate 0 o | 8 | © 256 218 !
47 HP sonicate 1] g .329 210 241 276
48 HP sonicate 0 0 1045 | 737 197 211
i
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In Table 1, which refers to the experiment described in section B,
“h" means hours, "Ig" means immunoglobulin, "ND" means "not
determined”, "urease + HF" means that the micé were immunized with

5 urease (coupled to hydroxyapatite, with cholera toxin) and then chanenged
with H. felis, "urease” means that the mice were immunized with urease
(coupled to hydroxyapatite, with cholera toxin) anﬂ not challenged,

: "CT+HF " means that the mice were sham-immunized with cholera toxin
and challenged with H. felis, "HP sonicate + HF" means that the mice were
10 immunized with 4. py{o'ri sonicate with cholera tdxi_n and challenged by H.
Jelis, and "HP sonicate’ means that the mice were immunized with &.

..pylori sonicate with cholera toxin and not challenged. In Table 1, the
numbers for the antibody results are given as a measure of absorbance at
595 nm mu.ltip!ied by 1000. The Backgmund-- measured in absence of the

15 antibodies, was subtracted. '

The results of experiment described in section B obtained on the
basis of the gastric biopsics urease tests and on Gram stainihg of H. felis : B ¥
cultures are set out in Table 2. Infection was defined by mice with one or
more markers of colonization by A. ﬁelzs mcludmg urease test or Gram

20 staining of cultures

'.I‘.é.B.LE_Z.

Immunization

Challenge.

% infected

% protected

Urease

H. felis

3/10 (30%)

710 (70%) *

Sonicate

H. felis

6/9 (66%)

3/9 (33%) **

25 | CT

»* =

H. felis

Y10 (90%)

1/10 (10%)

two tatled FIsher exact 1est) compared 1o C1 control

% p=0 303 (two tailed Fisher exact test) compared to CT control

It will be seen from the results set out in Tables | and 2 that

20 statistically significant protection against A. felis challenge is obtained with_'

oral immunization using H. pylori urease as compared to that obtained

22. FEB " 96 (THU) 21:14
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using either A. pylori sonicate or cholera toxin, Referring to Table 2, it will
be seen that from a total of 10 immunized animals, only 3 became infected,
as compared to 6 of the animals immunized with H. pyfori sonicate and 9
of the animals immunized with cholera toxin. Table 2 shows that 70% of
5 the animals were protected from challenge by H. felis as compared to 33%
of the animals immunized with H. pylori sonicate and 10 of the animals
immaunized with cholera toxin and then subjected to A, felis challenge. In
other words, $0% of the control mice exposed to H. felis became infected
by that pathogen whercas, in contrast, in mice immunized with Z, pylori
10 urease 28 days before exposure to A. felis, the infection rate was vnly 30%.
This represents a significant reduction in infection (p=0.0198 in the Fisher
 exact test, a8 compared to the control mice). When the mice were orally
immunized with . pylori sonicatc, the infection rate was 67% (not
signiﬁca.ni versus the control). The protection cbtained using &. pylori
15 urease is unexpecred and could not have been predicted on the basis of the
results observed using &. pylori sonicate. | _
Referring to Figures 1-4, Figure 1 rcpresents graphically the results
of tests for antibodies in serum (IgG) and inrestinal secretion (IgA) in mice
not protected after immunization wuh urease. These are mice numbers t, 4
20 and 6 appearing in Table 1, and conshmte Group A. Figure 2 shows the
antibody response of mice that were protected after immuaization with
urease (Group B), i.e. mice 2, 3, 5 and 7-10.
Figures 3 and 4 relatc to the results vbtained with mice numbers 31-
39, Figure 3 (Group C) depicts antibédy responses of mice not protected
25 - after immunization with H. pvlorf sonicate (mice numbers 31, 32, 33, 35,
36 and 38) aund Figure 4 (Group ) depicts the antibody responses of mice
protected after immunization with H. pylori sonicate (mice numbers 34, 37
and 39). It is of interest to note with respect to Figures 3 and 4 Lhat the IgA
antibody responses (but not IgG) are higher in the mice exhibiting
30 protection than in the mice that arc not pmteci_ed, suggesting a correlation

between protection and IgA response. Serum IgG responses did not exhibit
-
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a correlation. Mucosal IgA but not serum IgG antibodies a:e knoWn tw play
a role in protection against bacterial mfectlons of the gut [
The results of the correfation between the detecnon\fﬁ Jelis in

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

s _AQLE__
e T, T ——
_ | Urease Test + Urease Test- Total
H. felis 16 0 16
culture + :
H. felix culture - 2 30 32
10 Total 18 30 48

Two-tmred Fisner's Exact Test; p<ﬁ,uui§1

Tahle 3 shows that a very significant: correlation exists between the

results of urease tests performed on gastric biopsies and the identification of

15 H. felis infection than urease tests, urease tests were preferred for the
diagnosis of H. felis infection in mice in the next experiments, due to its
belter sensitivity. This approach allowed duplication of urease tests with
larger t'raginents of the stomach of each mouse, and a further increase in the
sensitivity of the urease test. Furthermore, the usc of the mcthod with the

20 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 inr.[dcc_:d after ureass {mmunization -
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).

25 The results of the cxperiments described in section C {recorabinant
-urease subunits), obtained on the basis of the gastric biopsies urease tests,
are set out in Table 4, 5 and 6 and depicted in Figure 6.

This Sheet Has Been Replaced

A0

22. FEB ' 96 (THU) 21:15 COMMUNICATION No. 22 PAGE. 10



©02/22/98 08:18 = T F&R BOS 011.

THIS SHEET HAS BEEN ]

REPLACED
o N
20
- TABLE 4
immunization ‘micen® | Ureasetest | Infection |

cT . 40 0.43 »
21 .31 +
22 0.62 +
23 ] 0.67 +>
24 - 0,55 -
80 0.50 +
81 0.37 *
82 . 0.29 +
53 0.725 +
54 0.32 -
ureA + FAP + GT. 40 0.67 +
41 0.48 +
B4z 0.42 +
43 0.65 +
44 0.56 +
" 48 0.52 +
45 0.33 +
47 0.83 *
43 0.22 +
1_ 49 0.37 +
ureB « HAP + CT 258 - 045 .
' 26 0.07 -
27 0.03 .
28 - 0.64 +
29 0.13 -
a0 0.02 -
31 0.88 *
32 0.00 .
ureA » HAP + CT 88 - 0.00 -
' 68 0.07 -
Fi B | 0.42 -
71 0-00 -
72 0.00 -
wreB + HAP +. CT 73 0.37 +
74 0.00 -
75 0.37 +
78 8.00 -
Y7 0.0¢ -
78 0.00 -
79 6.9 +
8q 0.00 -
B1 0.37 +

g2 .| 0.0 . S

[
eet Has Been Replaced

\\Il\l\\ .

22. FEB 96 (THU} 21:15 COMMUNICATION Neo. 22 PAGE. 11
. ; l



‘02/22/96  08:47 s F&R BOS _ _ o002

" THIS SHEET HAS BEEN
ﬂ’/,,~—;~'””*7 : ;' REPLACED
/ . . : l

. _
This Sheet Has Been Replacet
|

[TTHTLL —

In Table 4, "CT" means cholera toxin; "UreA" means recombinant
H. pylori urease A subunit; "UreB" mean recombinant 4. pylorf urcase B
subunit; and *HAP" means hydroxyapatite crystals. Mics 20 1o 54 were
sacrificed 12 days post challenge and mice 68 to 82 |Q weeks (106 days)

5 post challenge. The results of the urease test performed from biopsies of the
stomach of each animal are a:pfessed as OD values at S50 nm. The
positive and negative signs depiéts the final status of infection of each

| animal, according fo the posiﬁvity or aegativity of the urease test for '
detection of H. felis. Positivity: ODSS0 values >0.2

10
Urease A subunit H. felis 10/10 (%) 0/10 (0%)
Urease B subunit H. fali= 3/10 (30%) 7710 (70%) =*

cT H.  f=li= 1_0/10' {100%) 0/10 (0%}

* p={,0031 (two tailed Fisher exact test) compared to CT control

= « ] - o0 £
Urease A subunit K. felis 1/5 (20%) 4/5 (80%) *
rease B subunit H._ felis 4710 (40%) 6710 (60%) **

* p=0.003 (two tailed Fisher exacl test) compared to CT control
*» pm0,01l (two tailed Fisher exact test) compared to CT control

25 .

It will be seen from the results set out in Tables 4, § aad 6 that
statistically significant protection against H. felis challenge is obtained with
oral immunization using recombinant H. pylori urease B subunit as .
compared to that obtained using either recombinant H. 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

L TN
ot
s
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immunized with H. pylori A subnit of urease and 10 out of 10 of the
animals immunized with cholera toxin. Table 4 shows that 70% of the
animals were brotccted from chaﬂenge by A. felis as compared to 0% of
the animals immunized with H. pylori urease A subunit and 0% of the
animals immunized with cholera toxin and then subjected to Z. feiis
challenge. In other words, 100% of the control mice challenged with A,
feﬁs became infected whereas, in contrast, in mice immunized with
tecombinﬁnt H. pylori urease B subunit the infection rate was only 30%,
This represents a sigaificant reduction in infection (p=0.0031, Fisher exact
test) as compared to thc;. control mice. '
The fact that the protection observed with A. pylori urease is

- entirely conferred by immunization with the B subunit of urease, and that

L5

Y]

23

30

" the A subunit has no such effect, was not expected on the basis of our

experiment with purificd uregse. ‘This -definition- of the roles of the 2
structural subunits of urease in the developrhént- of a protective immune
response is therefore novel, The prowection. obtained using recombinant
urease B subuait, which is enzymatically inactive also teaches that non-
toxic forms of urease ¢an be used as oral vaccine against Helicobacter
infection. Furthermore these results strongly suggest that recognition of the
active site is not required for protection, as an inactive urease B subunit is

very unlikely to induce antibodies that will recogaize and inhibit the

catalytic site of native urease.
Referring to Table 6, it will be seen that, when mice are sacrificed

10 weeks post infection, 60% (6 mice out of 10) of the animals immunized
with urease B subunit and 80% (4 mice out of 5) of the animals immunized
with H. pylori urease B subunit were protected against 4. felis infection.
The fact thar protection obtained through immunization with urease B
subunit lasts over time and that immunization with. urease A induces a
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 expceriment performed earlier. The fact that urease B subunit

immunization confers protection definitely proves that recognition of the

REPLACED
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active site i3 not required for protection. Figure & summarizes results
obtained afler vral immunization with recombinant urease A and B subunils

(described in Tables 5 and 6). |
The present invention also provides vaccine compositions suitable

for the prevention of Helicobacter infection. The compositions comprise an

cffective amount of a urcase antigen, preferably H. pylori urease or
recombinant 7. pylori urcase subunits, capable of eliciting in a host a
protective immune response to Helicobacter! infection, in association with a
pharmaceutically acceptable carrier or diluent.

The vaceines of the invention are administered in amounts rendiiy

determined by persons of ordinary skill in this art. Thus, for adults a

. guitable dosage will be in the range of 10 ug to 100 milligrams, for

example 50 ug w 50 mg. Similar dosage ranges will be applicable for
children. Carrier systems in humans may include enteric:release capsules
protecting the antigen from the acidic environment of the stomach, and
including urease antigen in a insoluble form as fusion proteins. The vaccinc
can be administered as a primary prophylactic agent in adults or in children,
as a secondary prevention, after successful eradication of H. pylori in an
infecred host, or as a therapeutis_: agent in the aim to induce an immune
response in the host susceptible to contribute 1o the eradication of H. pylori.
As noted above, a suitable mucosal adjuvant is cholera toxin, Qthers
which may be uscd as muramyl dipeptide or its derivatives, non-toxic
derivatives of cholera toxin, including its B subuait, and/or conjugates or

genetically engineered fusions of the urease antigen plus cholera toxin or its.

B subunit Other suirable delivery friethods include biodegradable
microcapsules or immune stimuiating complexes (ISCOM'S) or liposomes,
genetically engineered attenuated live vectors such as viruses or bacteria.,.
and recombinant {chimeric) virus-like particles, ¢.g. bluctongue. The amount
of mucosal adjuvant employed aep'ends. on the type of mucosal adjuvant
used, For example, when the mucdsal adjuvant is cholera toxin, it 1s
suitably used in an amount of § ug to 50 ug, for example 10 ug to 35 ug.

When used in the form of microcapsules, the amount used will depend on

22. FEB '96 (THU) 21:47 COMMUNICATION Nao:26 FAGE. 4
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the amount employed 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. Suitsble carriers for the vaccines of the
invention are enteric coared capsules and polyactide-glycolide microspheres,
Suitable diluents are 0,2N NaHCO, and/or saline.

Particulate hydroxylated calcium phosphate (HCP) is especially
useful as a carrier for the 4. pylori urease to be applied to mucosal
surfaces. It is belicved that the H. pylori urease-hydroxylated calcium
phosphate conjugate is transported across epithelium where it raises a poly
Ig immune response. Preferably, the hydroxylated calcium phosphate is in’

 the form of micropasticles suirable for the transport across the epithelium,

particularly by cells specialized for this purpose (M cells). A preferred form
of hydroxylated calcium phosphate is hydroxyapatite, 2 commércially -
available crystalline hydroxylated calcium phosphate Cag (PO );(OH),.
Commercially available hydroxyapatite generally consists of slab-
like crystals that are chemically and physically analogous to inorganic.
hydroxyapatite in normal bone tissue, Tngestion of hydroxyapatite should
therefore be safe, as evidenced by the existence of autritional
calcium/phosphorous supplements derived from ground hone, which are
designed to be ingested. Commercially-high resolution hydroxyapatite (from
CalBioChecm) consists of crystals varying widely in size. Crystals over 1
um in leagth are unlikely to be taken up by M cells, Therefore, for use in

the invention, commercial hydroxyapatite crystals are broken into small,

30

relatively uniform crystalline fragments such as by sonication. Preferably, a
substantial proportion of the hydraxyapatite is present as fragments of about
0.01-0.0um, Fragmentation may be mcasured either by'electrdn microscopy
or light scattering, using standard rechniques. _

Prefarred modes of adminisiration of the &, pylori urease sntigen are
orally, nasally, rectally or ocularly. Oral administration can provide delivery
to other G.I. mucosa including the intestinal mucosa.

The vaccines of the present invention may be administered to a

mucosal surface in the form of an aerosol, suspengion, capsule and/or
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suppository. The method of administration wilt be réadiiy apparent to a
gerson of ordinary skill in this art.

The present invention further includes the passive immunization of
mammals, including humans, against Helicobacter infection. This is
achieved by administering to 2 mucosal surface of the patient an effective
amount of a urease specific antibody. Preferably, an effective amount of a
H. pylori urease specific IgA monocional antibody.

Since the ureasc of 4. pyvlori is shown to represent the antigen
involved in inducing protective immunity, & further aspect of the invention
is the use of A. pylori urease as a diagnostic reagent to measure the .
immune response of persons who have received a vaccine based on urease
of to determine whether an individual is immune or susceptible (and thus in

‘need of vaccination). The present invention also includes the use of urease

and urease-specific antibodies; to construct assays and kits for diagnosis of
Helicobacter immunity, assessment of Helicobacter susceptibility, and
definition of immune responses o vaccines.

EXAMPLES

The invention will now be further described by reference to the
following non-limiting examples. '
g} The Bacterial Straing

H. felis was provided by J. Fo (division of Cooperative Mediciane,

' Mass. Institute of Technology, Boston, USA). H. pylori was izolated from

patients with ulcer disease (CHUV, Lausanne, Switzerland).
b) Bacterial Cultures

Liguid Culwre - Bacteria were cultured on BHI (Brain-Heart
Infusion, BioMerieux) liquid mediuvm containing 0.25% of yeast extract
(Difco) and 10% of fetal calf serum (Tnctech) supplemented with 0.4% of
Campylobacter selected complement (Oxoid). The bacteria were incubated |
overnight under microphilic conditions at 37°C and then shaken at 37°C for

2 to 3 days.
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Culture on Agarose glatcs:- - The bacteria were cultured on agar plate
consisting of BHI 0.25% of yeast extract and 5% of shecp bload under
microphilic conditions at 37°C for 3 days. '

Quantification - The quantity of bacteria was dstermined by the

5 optical density of the BHI solution at 660 nm (1 optical density unit
corresponding to 10° bacteriat). '
c) Preparation of sonicates

H. pylori was collected from 31 blood agar plates in 0.15 M NaCl

and spun S minutes at 1400¢ at 4°C. The pellet was rcsuspended in 3 mi of
10 NaCl and sonicated for 4 minutes. The amount of proteins was evaluated
by 2 Bradford assay (BioRad Kit according to suépﬁer.

d) Coupling of immunogen to '.Hgdroxvagatite

Immunogen (ureass or subunit thereof) was. incubated for 1 hour at
4°C with hydroxyapatite. 1.0 mg of bydroxyapatite was used for 30 ug of
15 immunogen per mouse. At the.end of the incubation, 10 ug of cholera toxin
was added in a final volume of 200ul PBS. '

EXAMPLE 1
a) Extraction
20  H. pylori from 30 blood agar plates was harvested 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 m! of H,0 and vortexed for 45 seconds (maximum
speed). The extract was then spun 20 minutes at 6700 g at 4°C. The
supernatant was recovered and the quantity of protein was cvaluated (see
23 "Quanu'ﬁﬁation" above) and precipitated with 70% of zuﬁmonium'sulfate.
b} . Purification of urease ' .

The solution was chromatographed on a' Sepharose CL-6B column
(Pharmacia) with PBS (phosphate buffered saline) as mobile phase. The 22
collected fractions whic.:h presented a strong urease activity were pooled and

30 diglyzed overnight at 4°C against 3 liters of PEB (20 aM phosphate buffer,
pH 7) and then chromatographed on a Q Sepharose fast ﬁow (Pharmacia) |
with PEB as mobile phase. The fractions were eluted by 0 10 500 nM NaCl
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gradient. Ten of the collected fractions with a strong urease activity were
individually subjected 1o an SDA gel followed by a Coomassie sraining.
The 6 fractions presentmg 2 distinct bands corresponding to MW.63 and -
28 KDa were pooled and were considered as the purified urease,

EXAMPLE 2 (see also section B)

Mice employed in the immunization studfes were lightly
anesthetized with ether prior to intragastric immunization. And then,
sonicate preparation or purified urease, hydroxyapatite and cholera toxin
was suspended in PBS and 200ul were delivered to the stomach of the
respective mice using a polyethylene tubing attached to a hypodermic
syrings. This procedure will be referred (o a3 oral immunization.

Three oral immunization protacols were evaluated. These are

described below.

Protocol BI - Vaccination with purified nreass

Female BALB/c six-week old mice (20) were orally immunized with
30 ug of purified of A. pylori urcase and 1 mg of hydroxyapatite and 10 ug
of chalera toxin at day 0, 7, 14 and 21. Ten mice were challenged at day
28 and 30 with 5x107 and 10° H. felis from liquid culture,
Protocol B2 - Vaccination with Helicobacter sonicates

Female BALB/c six-week old mice (20) were orally immunized with

2 mg of H. pylori sonicate solution at day 0, 7, 14 end 21, Ten mice were
challenged at day 28 and 30 with 5x107 and 10° H. falis. |

Protocol B3 - Control

Female BALB/c six-week old mice (20) were orally immunized
with 1 hydrozapatitc and 10ug of 6holera toxin at day 0, 7, 14 and 21. The
mice were challenged at day 28 and 30 with 5x107 and 10° H. felis.

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

were taken as well as intestinal secretions and blood.

Protection and evaluation
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To evaluate protection, biopsies were screened for the urease activity
by the Jerox HP test (Rohm Pharma) according to the instructions of the
supplier, The urease is quantified by a2 spectrophotometric measurement at
550 nm. The biopsies were also cultured in the presence of H, felis and was
estimated by Gram staining. (Fastric antral biopsies were homogenized and
diluted (1:10 and 1:1000) in 0.15 M NaCl and plated onto blood agar
plates and incubated under microaerophilic conditions at 37°C for 4 to 10

days.

ELISA

Intestinal secretions and blood were analyzed by ELISA for the
evaluation of antibody titer. The ELISA was carried out as follows.
Polystyrene plates (96 wells) were coated with lug/well of purified urease at
37°C for 2 hrs. Non specific binding sites werc blocked with 5% 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 dilutich 1:100 and
intestinal secretions I:1. 100uf of each sample were added 1o the antigen
coated plates. After 2 hrs of incubation, plates were washed 3 times with
PBS O;I_% Tween. Anti-mouse biotinylated whole antibody from goat and
anti-mouse TgA, IgG and IgM biotinylated (Amersham) were added (100ul)
at dilution 1:500 except for IgA (1:250) and ineubated ar 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 dmes and 501 of 1:50 dilution of o-phenyl-diamine in citrate buffer pH
5.0 with lul/ml of 30% H,0, were added and incubated at room temperaiure
for 20 minutes. The absorbance at 495 nm was measured in each well.
EXAMPLE 3 (s'gg alse section C)

 Mice employed in the immunization studies were slightly
anesthesized with ether prior to intragastrie immunization. Then, 30 ug

recombinant . pylori urease A and B subunit produced in E ¢oli bound

hydroxyapatite and supplemented with cholera toxin was suspended in PBS
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and 200ul were delivered to the stomach of the respective mice using a
polyetliylene tubing attached to a hypodermic syringe. This procedure will
‘be referred 1o as oral immunization. |
Three oral immunization protocols were evaluated. These are
described below. . . |
Protocol C1 - Vaccination wit ombinant e A subunit
Female BALB/c six-week old mice (10) were orally immunized with
30 ug of purified recombinant A. pylori urease A subunit and 1 mg of
hydroxyapatite and 10 ug of cholera toxin at day 0, §, 14 and 21. Ten
mice were challenged at day 32, 34 and 36 with 10° H. felis from liquid

culture,

Protocol C2 - Vaccination with recombinapt urease B sybunit

Female BALB/c six-week old mice (10) were orally immunized with
30 ug of recombinant . pylori urease B subunit and 1 mg of
hydroxyapatite and 10 ug of cholera toxin at day 0,8, 14 and 21. Ten
mice were challenged at day 32, 34 and 36 with 10° H. felis from liquid
culture,

Protocp! C3 - Control

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

1 mg hydroxyapatite and 10 ug of cholera toxin at day 0, 8, _ 14 and 21.
The mice were challenged at day 32, 34 and 36 with 10" 4. feiis.

At day 42, ar at day 106, mice were sacrificed and multiple biopsies

from the stomach were taken,

Protectinn_and Evaluation

~Ta evaluate protectiofi; biopsics-of ;h?corpus and antrum of the
_stomach were screened for urease activity by the Jatrox HP test (Rohm
Pharma) ac:cordiﬁg to the instructions of the supplier. The urcase is
quantified by a-spcctrophotometric' measurement at 550am. The total of
corpus and antrum OD values were added to obtain a final OD value for

each mouse.
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response o Helicobacter infection, said method comprising the step of;

- administering to 2 mucosal surface of said maminal an

immunopgenicaily effective amount of a polyamincacid preparation

presenting a sufficient number of epmpes exhibited by a urease cndogenous

1o said Helicobacter organism to elicit a protective immune response to

infection by said organism.

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

intact urease purified from an organism.

sequences of & urease.

4. A method according to claim 1, wherein said preparation comprises

‘3. A method according to claim !, wherein said preparation comprises
peprides homologous with enzymatically:inactive portions of the aminoacid-

peptides non-homologous with the aminoacid sequences of a urease and

displaying cpitopes cross-reacting of a urease.

5. A method according to claim 1, wherein said prcparanon comprises H.

pylori urease.

6. A method according to claim |, wherein said preparation comprises at

least subunits of a urease, with or without enzymatic activity.

7. A method according to claim 1, wherein said prepauuun COLprises

anti-idiotypic antibodies to a urease.

%. A method according to claim 1, wherein said preparation comprises

peptides immunologically cross-reacting with urease.

22.

F

E

B '96 (THU) 21:51

@o14

THIS SHEET HAS BEEN

‘REPLACED

-_
This Sheet Has Been R

[y L 1}

COMMUNICATION No. 26

PAGE.

14



‘02722796

08:52 @& rep RAl
F&R BOS @o1s

"~

THIS SHEET HAS BEEN

- | e REPLACED

B[]
. : * € L M 5

& WA aman

9. A method according to claim 3 and 9, wherein said peptides are
obtained by chemical synthesis. | ' _ .

10. A method according to ¢laim 1, wherein said preparation comprises
urease amtigens producing using DNA recombinant techniques.

11. A method according w claim |, whercin said prepa:atioﬁ comprises
subgenic fragments of urease produced with recombinant techniques.

12, A method according to claim I, wherein said preparation comprises

_urease subgenic frapments produced as genstically fused proteins.

13. A method according to claim 12, wherein said fuset proteins comprise

cholera toxin subumnizs.

14. A method according to claim 1, wherein said preparation is
administered in association with a mucosal adjuvant.

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

cholera toxin.

16. A method according to claim 1, wherein szid mammalian host is

human.

17. A method according o claim 1. wherein saidi preparation is
administered in association with a hydroxylated calcium phosphate.

18. A method according to claim 17, wherein said hydroxylated calcium
phosphate is hydroxyapatite.
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27. A methad according to claim 27, comprising the additional step of
administering 2 Helicobecter vaccine 1o said mammal prior to said

administration.
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