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UREASE- BASED VACCI NE AGAI NST HEL| COBACTER | NFE O\I The present i nven b% “ ﬂ,s
relates to the prevent| nd treat ment /@?5 I nfection in mam"ral
i ncl udi ng hurra E&Zﬁa&f‘{l cularly, {3(#% ention rel at es
vacciine 3ui table f,or—use in the pre on a d ment of Hel i co%@é?’EETHASB
I nfection in I°’s, including huma s arQ a rret hod of treat mbnt ofREPLACED
humans suffering fromgastric infecti oh consequences such as chronic T
gastritis or peptic ulcer, and prevention of gastric cancer. BACKGROUND OF
THE I'NVENTI ON Hel i cobacter infections of human gastric epithelium cause
gastritis, are a major factor in the devel opnent of peptic ulcers and
gastric |ynphoma, and may be a risk factor for
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3 The present invention relates to the prevm&cn and tregtment of

i 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

10 consequences such as chronic gastnns or peptic ulcer, and prcvcntwn of

20 shaped gram negative microorganism, which is routinely recavered from
* gaswic biopsies of adults and childres with histalogic avidence of gastritis
or peptic ulceration. Bvidence for a causal relationship between &, pylori -

gastric canceer.
- BACKGROUND
*g 15 Helicobacter infection of human gastric epithelium cause gastritis,
t% ' are a major factor in the development of pepric ulcers and gastric
. { 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
., » much lower frequency by Helicobacter heilmarii, H. pylori is a slendec S-

and gastroduodenal disease corhes from stidies in human voluntears,
patients with ulcers and gastric cancer, gnotgbiotic pigs, and germ-free
®F. . 25 rodents. Regarding stiology, Koch's postulates ware satisfied by creating
b nistologically confitmed gastritis in previously uninfected 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 This Sheet Has Been -

vitro eradication of cstablished K. pylori Infections with antimicrabiat
agenrs is often difficult to achieve {131, The m&croorgﬂmsm is found within l '""" u"" m,
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t he devel opnent of gastric cancer [1-3]. The nost .frequent infection agent
i s :Helicobacter pylori followed at a nuch | ower frequency by HeI | cobact er

heilmanii. H pylori ig_a slender S-shaped gv.am negative mcro Tl :Timur HAS BEEN
which4s routinely recovered fromgastric biopsies of adults and ch ;@pngD

wi th histologic evidence of gastritis or peptic ulceration. Evideree~for—a
causal relationship between H pylord and gastroduodenal disease cones from:
studies in human volunteers, patients with ulcers and gastric cancer,
gnotobiotic pigs, and germfree rodents. Regarding etiology, Koch's _
postul ates were satisfied by creating histol ogically conf| rmed gastritis in .
previously uni nf e ey adiovidionis s spRRliyTyand BrEatifRS: BSOf  vi abl e ;

M croorgani Sms [ 4a lodslibns waidkl ddoor iph@dic Ay fort sdeqetediinierbisal Kvelpyl ori, with

resol ution of t he hga%;ewdtelreﬁ vﬁ&dannﬂxcﬂcs are given orally at high doses, At the
prasent time, most authoritics recommend a “triplc therapy®, namely a
$ bismuth salt in combination with drugs such 8 tetracycline and
metronidazole for 2-4 weeks, However, the affectiveness 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
10 immmune system in the stomach. The distribution of immunegiobulin {Ig)
pmducing cells in the nonmal gasmic 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
15 animal models (8, 10] have demonstratad 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
infection for years, despite induciag a local and systematic immune

reeponse, is not encoursging the developmeit of immunizarion strategies.

0 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

25 immunization with 2 crude lysate of &. pplori 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

30 anmvigen(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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patients With peptic ul cer disease; a decrease in the recurrence rat"'é},_}@%]HEETHA

In spite of in vitro susceptibility-to nmany antiva crobial agents, i

VI VOREPLACE

eradi cati an of established H pylori infections with antimcrobial &g
is often difficult to achieve REPLACEMENT SHEET 2 [13]. The

m croorganismis found within the mucous; coat overlying the gastric
epitheliumand.in gastric pits. These are | ocations which do not appe

al l ow for

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 . pyfori urease [25]. J. Pappo has further
demonatrated that mice which have been infected by 7 felis produce
antibodies which crossreast with &, pylori urease but not jack bean urease
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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given orally at high doses.

nor nal
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adequate'antln1cro€|alf?evels to ‘be achi eved even when antibiotics

At the present tine, nost authori
a "“triple therapy", Rapely a bismuth salt +» conbination with
tetracycline and netroni dazole for 2-4 weeks. However, the ef
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this treatnment may produce serioussadverse drug reactions.
time little is known regarding the role of the mucosal
t he stomach. The distribution of
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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-antigen could be 2 potentially
efficient vaccina if: -

« 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

.
cate
e

& of plasma I gA cell's
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conpar abl e to ot her rr?cous menbr anes [1-4,F&.RLﬁ0.S A nunber of studies in
humans [16] and in aninal nodels [8, 10] have denmonstrated spediTis SHEEFANE pepn
| gA responses in se(umand in gastric sectetions in response tgq 'REPLACED
Hel~i cobacter infection. However, the observation that H pylori I nfectrom———
persi st as a chronic infection for years, despite inducing a | ocal and

system c i nmune response, i s notsgencouragi ng the devel opnent of

| mruni zation strategies. Lee et al have reported the ability to infect
germfree rodents with Helicobacter felis, -a bacteriumclosely related to:
H pylori, and reproduci bly docunment hi stol ogi astritis [9, 10]. Since,,

C
then, this baBRERRATANKBSTURYPHS Py SR A0 't?é‘é’ﬁ‘%g'(’f‘é 3¢ 3 good nodel to
st udy Hel i cobeeézasbusie pioditelds gasiymiiedlly inanige, ieefoienbd-togit | ng factors [17].
Czinn et al hgye invention provides a method of inducing immunity to o '
Helicobacter wfection by administering to a mucosal surface of 2 mammal
5 a polyaminoacid preparation, i.c. a mixture of peptides and/or proteins, |
together with an appropriate adjuvant 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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b d
sho wr?zf 2aﬂt%regaetoltlvclaa‘oral | muni zati on Wltﬁ a crude lysate of H_pylori Q017
pl us chol era toxin adjuvant induces a vigorous gastrointestinall THJ$\SHEET HAS BEEN
pylori response inyun.ce and ferrets [13]\_ln addition, Chen et al anRERCACER
et-al have recently reported that oral 3 innunization wi th a crude ¥
| ysate of H felis induced protection against H felis infection in mcei;
[ 21, 22]. The exact nature of the antigen(s) responsible for the induction

of this protection, however, had not been determ ned, and no information"_

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 &
s protective immune response to Helicubucter infection, in ussociation 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
10. the host an immunologically effcctive amount of 2 urcase specific antibady ' ,
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.

1S 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.

m 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

25 mice, an animal model of geaerally-accepred value for the sudy 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

30 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

I —
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suggl8t236®% nat®*fhe pPbtective antigen(s) B B¥ felis that | ndurﬂg’(‘ﬁu SET HAS BEEN
far :“;;R

protection against this pathogen woufd i nduce a cross-reactive ED
extendi ng to anot her ,Hel i cobacter species,., W have denonstr at e{ :
first tinme that H pylori and H felis share antigenic determ nants by

obt ai ni ng nonocl onal anti bodies after oral imunization of mice with either
H pylori or H felis sonicates and showi ng that some of these antibodi es,
directed against H pylori, would crossreact with H felis and vice versa
[24; 25]. The basis .for these cross-reactivities were unknown. Based on the
honol ogy exi sting between the different known urease am no acid sequences,
it has been prugiys euhupdraponyy i heldmapnided| agiyaals wheg challenged\ acci ne agai nst H.

pyl ori © 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

5 eliciting in 2 mammalian host 2 protective immune response W Helicobucter _
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.

10 In a swcond aspe'ct, the present invention provides a method of
eliciting in 2 mammalian host & protecrive immune response to Helicobacter
infection. The method comprises the step of administering to a mucosal

 sucface of the animal, including humane, an immunologically effective
amount of recombinant, cnzymatically inacﬁv:e wrease B subuait an antigen,

15 preferably recombinant 5. pylari urease 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, - ' ' :

20 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

25 adminigter the H. pylori urease in 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

30 - sites in the gastric mucosal including an immune response, including the
appearance of J7, pylori specific IgA antibodies in the gastric secretions,

which prevent Helicobacter infection. Since it is 2 routing matter to conduct
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[ 26] 92/R&XA8r t HEr 8%s, Bespite the horl ogf&grpc?ﬁg the different ureases |

sequences, cross-reactivity is not the rule. Guo and Liu have si‘mgv@Hgg,ﬁ'
ago that ureases ofhProteus mirabilis, Proteus vulgaris and Pfovi degig 4 (E:]ZS BEEN

rettgeri show cross-reactivity to each other, while ureases ofJackbear—an
Mor ganel | a norganii are immunol ogically distinct fromthe three fornmer :
ureases [23]. Even if an antigenfc cross-reactivity of H pylori urease. :
wi th other Helicobacter ureases was a reasonabl e postul ate, no data existed
denonstrating that this was really the case until we showed that sone H.
felis nmonocl odaa&unmtdabaph@m.meﬁsﬁeemmdnmenmmmmgdemr| urease [25]. J.

Pappo has furtgﬁ?wﬁggg tﬁ%%ﬁg}wesp%eﬁﬂ?mhgﬁe%}{& ?een I nfected by H.

felis produce crossreac ori urease but not
jack bean ur e‘u@ww@aw PrOYFREENANE SHEMOLPE peglic ulcer, -

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
0 (Brain-Heart Infusion) medium, containing 0.25% yeast extract and 10%
Fetal calf serum and supplemented with 0.4% Ca_mpylobaaer 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
1S 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
20 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
described below. Following culturing, the H.:pylori is harvested in water,
25 spun vortexed and spun again to proddcc # supernatant. The solution
containing the urease activity of H. pylori (assessed by rapid urease test,
see below) is then chromatographed on a CL:6B sizing column and the

fractions which peesent a strong urvase aclivily are pooled and dialyzed
overnight and again chromatographed oa an anion exchanger gel. The i
' i
30 fractions are eluted in incressing NaC1 buffer and the collected fractions v o ptim e

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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1993). REPLACEMENT SHEET 4 The use of- H pylori urease, or of
ureases, as a vaccine against H pylori iinfection has previousl
proposed by A Labiyre in EPO 367, 644 [ 281 However, that appli

contains no evidence of vaccination of any manmal against any Heli c_nh%

08:03

rel at ed @o20

hoon
e

 ZFHIS SHEET HAS BEE

EgrLA,CED

i nfection with urease.

10

3

20

25

J0

9

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

While it is preferved 1o employ purified &, pylori urease obtained as
described as the antigenic material, it will understood that it is also possible
0 use, as the antigenic materlal, any urease or subunit of urease, either '
namrafly cccurring or obtained by recombinant DNA techniques, as well as
digested fragment thereof, fusion proteing comprising the fragments or the
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
immune response to Helicobacter. An example of such a 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
Helicvbacter infecdon, 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
Helicobacrer species, urease from other bacteria such ss 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 vrease genes of gll the organisms mentioned above represent a
potential tool for expressing recombinant urease products as a whole protein
or as a part thereof. ' '
A non-limiting list of potentially useful urease preparations includes
péptidr.e generated from purified urease (the sources are mentioned ubove),
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Mbr.eover - whi | & sequenice homol ogy with ot RSy 2Blcterial ureases ni ght . .. o2

support the use of urease as a vaccine candi date agai nst H pyl g — -
i nfection, the curreil_t/ knowl edge of humam H, pylori infection V\qvumls SH;;‘;{ZSQ; BEL
certainly not. Firsty despite the fact that infected individuals of t ofF ks
mount a strong antibody response to urease, the anti-urease inmune response
does not result in clearance or Cfb'ntrol of the infection. Secondly, H
pylori is able to transport ureas€ out of the cell and to shed it fromits
surface [19, 20]. Thus, urease nmay not represent an appropriate target for

t he devel opment of a protective nucosal immune response. |ndeed, nucdsal

i Mmune pr ot ectusicgphisicat dadierghdmidsbeldymganmeceduses (e dnBf edoby secretory |1 gA, the

aggl utinating QehiVd delva@d il prdteatdPild S8 0Reeds I RHI FotiMAG 3, t he recogni zed

nti n 3 sh r h n.an h
antigen can be oned Bt Gkt Sha B RASTH A ok SEEDY .

uraase,
5 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 . : ¥
10 oligonuclentide. :

Anorther source of poh:nﬁally useful apitopes 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,

15 with the goal of generaring antibodics diregted against anti-urease
antibodies, which share structursl 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

- 20 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

5 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

30 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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‘38488 P$* %t’dec@y for the prot ectl\fg ant| body. Thi rdly, urea to be

toxic for epithelial cells in culture, and has been suspect dTHIS $HEEY HAS BEEN
rol e in mucous degradation and in peptic ulceration in vivo.l ThusREPiACEDSE

as antigen nﬁy/be toxi c. Neverthel &s§, we reasoned that this antigen courd
be a potentially efficient vaccine if: - first, we would deliver it orally
at a sufficiently high dose to elicit a stronger immune response than the
natural ly occurring one - decond, the anount of antibodies produced woul d
be high enough to bind all the urease, shed or not shed

week old mice were each orally immunized with 30 ug of purified H. pylori
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
s BALB/c six-week old mice were orally immunized with whole H. pylori
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 -
10 by sonication. : -

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.

1S C- Oral immunization with rccombinant urease subuaits of H. 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 previously published sequences (25)/ These
genes were inserted in 2 vector (named pEV40) designed for high '

" 20 expresgion and eagy purification of foreign genes in E coli. Briefly, the
farsign 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

25 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 separatcly in £ cofi, and puriﬁed
on nicke! column to .95% purity,

While it is preferred to employ recombinant F. pylori urease

30 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

 subunit of urease obtained by recombinant techniques (c.g. fusion protein)
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- third, 'we woul d use subunits of urease or a nolecul ar speci es| B s HAS BEE

non toxic. In summary, there remains a need for effective treatpent LACED -
prevention of H pylori-,induced gastric infection in humans. cent—data

suggested the possibiPFVy to generate a vac0|né“éga|nst this infection, but
have not provided a clear identification of defined antigen(s), compn to
all strains of H pylori, that could be incorporated into a safe and
effective vaccine. In thls |nvent|on‘1me have identified the urease antigen
of H pylori as a candi date vacci ne and denonstrated its efficacy in an
ani mal nodel. These results were unexpected in the l'ight of the natural
hi story Helicobacter infections.

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 & urcasé gene having a substantial homology with . 4
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
4 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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SUM\ERY2/@8 TIGE: 1ANVEMSI ON W have di scov&P®P%hat i nmunity can be induced 4004 _

manmal s susceptible to gastrointestinal Helicobacter infectio IS SHEET HAS BEEN
expl oi ti ng urease epitopes displayed on or about the surface REPLACED
Hel i cobacter organis and using them as a vaccipe target. ThelrmromtyTan

be i nduced by inmmuni zatTon with native urease, but can also be induced with
reconbi nant urease subunit, produced as an enzymatically inactive,
therefore non- toxic form The invention provides a nethod of inducing
imMmunity to Helicobacter infection bylddm nistering to a nucosal surface of
a mammal a pol yam noacid preparation, i.e. a mxture of peptides and/or
proteins, together with an appropriate adjuvant. This pol yam noacid

preparation presents a plurality of epitopes characteristic
' 36. For comparison purposcs, similar female SPF BALB/c six-week old

micc were orally 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
I —
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of aft’24Rf bi ?se:c}‘lby ?urease enzynmne endo%&gng%ss to the infecting

@oos

(J.Lluu

Hel i cobacter organism The adm nistration of the polyam noacid
may be perforned by the oral route. 6 The active ingredient {of
preparation may conprisgmnatural or biosyntheti&_epitopes and |

LHITS

EET HAS BEEN
LACED

various fornms. A non exhaustive |ist of possible preparations includes
purified, naturally occuring or reconbinantly produced urease preparations

of bacterial - 14

microscopy by two independent investigators, using two different stains
(acridine orange and cresyl violet). - | '
 Rload samples were allowed to clot for 3 hours at RT, and scra
harvested and frozen at -20°C until analyzed. Intestinal secretions were
5 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-Heficobacter activity, according to standard procedures.
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
10 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
15 purified A. 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.
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- gin, digests of urease, fuSion proteins conprising urease

epi topes, truncated forns of urease enzyne, or peptides honol dge o the—
am noaci d sequence of urease. Since devel opnent of immunity quZﬁ ;ﬁgfigégBﬁmv
i ndution of hunoral and/or cellular imune responses which bi rmd—to—the

I nfecting Helicobacter organism preferred preparations are those which

nost cl osely duplicate the epitopes of the urease endogenous to the

i nfecting organism For exanple, prepgrations displaying the epitopes of

urease of H pylori are preferred for adm nistration in hunmans susceptible

to H pylori, and preparations displaying the epitopes of urease of H

heil manii are preferred for the admnistration in humans susceptible to H
hei | manni . However, in accordance with an inportant aspect of the

invention, it has been discovered that

K

-

TABLE 1
mouse urease } culture | tmmunoglobulins |
number| Immunization test Gram Semum [lirdestinal secretion
12h . g kG g IgA
1 Ursase+HF . Hielis | 27 0 25 | 258
2 Ureasa+HF 0 0 264 | 273 221 246
K Urease+HF 0 0 84 34 | 318 354
4 UreasesHF + | Higls | &1 42 12 5
5 Urease+HF 0 0 ] o8 | 17 | 126 234
6 Urease+HF + 0 288 | 2093 31 22
7 Ureasa+HF 0 0 98 ] g6 | 34 ,
) Urease+HF 0 0 347 | 1010 | 214 128 {
9 Urease+HF 0 0 N.D. N.D. 48 23 :
10 Urease+HF 0 ¢ 50 0 124 99 '
11 Urease ] 0 318 208 44 53
12 rease ) 0 14 0 88 87
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. : F&R
ur‘ed&@2f$6om Bt hbr s?em es may be used. For exanple, we have ?W +hat—H—
felis infection in mce can be prevented by adm nistration o 'Uﬂéé?@EFﬁg®BEEN
H. pylori. According to one aspect of the invention, there i pranEﬁk&C -

met hod of eliciting ing manmal i an host a protective i mune response to
Hel i cobacter infection wherein an inmunol ogically effective anount of a
urease antigen capable of eliciting 3 ch a protective inmune response,
preferably H pylori urease or H pylori- urease B subunit, is adnm nistered
to a nucosal surface of the host. According to another aspect of the
present invention, there is provided a vacci ne conposition suitable for
prevention of Helicobacter infection, conprising an effective anmount of a
urease antigen, preferably H pylori urease or H pylori urease B subunit,

13 Urease o -] "] o 0 0

14 Urease 0 0 v} [+] _ 43__ 81

15 Urease 0 ] 58 o 110 E‘L

16 Urease 0 0 140 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 0 810 303

23 ClT+HF + Hiels | o0 o N.D. N.D.

24 Cl4+HF . Hisls | 31 0 150 192

25 CT+HF - Hielis | 197 250 280 440

26 “CT+HF > | Hielis | 105 135 214 338

27 GIaRF - Hielis | 140 | 47 { 109 85

28 CTeHF + ) 0 0 | 16 15

29 CTsHF + H felis D d 0 o

30 CTeHF + Hralis | ND. | ND. ND. N.D.

31 HP sonicate+MF + Hielis | © (N 76 108

32 HP sonicate+HE + H telis rr A ) 11 a3

33 | HP sonicaie+HF + Higls | 549 748 57 a6

34 HP somcate+Hr | © ) 860 153 180 286

35 | HP sonicatesHF | + Hielis | .730 92 | 0 5

36 | HP sonicate+HF + Hiells | 32 o 5 84

37 HP sonicate+HF o 0 a00 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 P sonicate 1] 0 727 899 126 191

42 HP samicate ) 0 109 88 44 83

FE] HP sonicata 0 i 147 | 949 167 87

44 HP scnicate 0 ) 845 | 1094 246 64

a5 TP sonicate 0 0 1217 | 1188 | 2w | 187 | |
48 HP sonicate 0 o | 8 | © 256 218 !
47 HP sonicate 1] g .329 210 241 276

48 HP sonicate ¢ 0 1043 | 737 197 21N

This Sheet Has :Beﬁﬁ Replaced

(MUHEATD

f PAGE. 7
22, ¥EB '96 (TEU) 21:14 COMMUNICATION Ne. 22



E&R BOS @008
capaﬁ?’é%"}s el %1% ngq n a host a prot ectlve I'mmune response to Helicobacter

infection, in association with a pharmaceutically acceptabl € ¢afs $iHETOAS BEEN
di | uent . 7 According to a further aspect of the present ijnvent |RgpLA(t;mje

is provided a nethod of_inparting to a nmanmal i ost passi ve~protectTom tor —-
Hel i cobacter infection, conprising adm nistering to a nucosal surface of

the host an inmmunol ogi cal ly effective anount of a urease specifi C ant i body
produced in a host imunized with a 17

In Table 1, which refers to the experiment described in section B,
“h" means hours, "Ig" means immunoglobulin, "ND" means "not
derermined”, "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 A. felis, "HP sonicate + HF" means that the mice were
10 immunized with 4. py{o'ri sonicate with cholera toxin 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 mxiltip!ied by 1000. The Backgmund. measured in absenge 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 staining of . felis : -
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

T._&B.LE_Z.

Immunization Challenge:- % infected % protected |
Urease H. felis 310 (30%) 7110 (70%) *
Sonicate H. felis 6/9 (66%) 3/9 (33%) **

s | CT H. felis Y10 (90%) 1/10 (10%)
=¥ p=0.0108 (two talled Fisher exact test) compared 10 C1 control

** n=(.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
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ur dasez/oper efosr kbl y ®. pyl ori urease or FER BB§/I ori urease B subuynit. capable
of eliciting a protective immune response to Hel i cobacter

DESCRI PTI ON OF THE DRAW NGS The invention w ||

with reference to the acconpanyi ng draw ngs,

doo9

i nf @CTHIOSHEBRIHAKS BEEN

now be further |descrRERACED

g _whi ch Firgures T througnh ©

4re graphical represemitations of the results set forth in Tables 1 through
6. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

di scovered that oral

I nventors have
adm nistration to mce of polyam noacid preparations

exhibiting the epitopes of H: pylorilgurease gives rise to a protective

I nmunol ogi cal

10

15

20

25

30

response against H felis in mce,

an ani mal nodel of

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
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
urease 28 days before exposure to A. felis, the infection rate was unly 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 A. pylori sonicate, the infection rate was 67% (not
significant versus the control). The protection cbtained using &. py!oﬁ
uresse is unexpected 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 with urease, These are mice numbers 1, 4
and 6 appearing in Table 1, and cét_;stimte Group A. Figure 2 shows the
antibody response of mice that were protected after immunization 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

after immunization with H. pwlorf 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
protection than in the mice that are not protected, suggesting 2 correlation
between protection and IgA response. Serum IgG responses did not exhibit

22. FEB '96 (THU) 21:15
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. 2. 'ESR B0 - 010
genef2(i2226cB5i8d vB ue for the study drthé immune response to

Hel i cobacter infection [9]. The effect of the protective | MYnMEHISSHEENIAS SEEN
that i mmuni zed ani mal s, when chal |l enged wi th pathogen, have g greakEBLACED

reduced incidence of igfection, in conparison tiQ_pon-immuni zed ant mars:
Furthermore, the inventors have discovered that .oral immnization in mice
using H pylori urease B subunit, produced as an enzymatically-inactive
reconbi nant protein, gives tises to a protective imunol ogi cal response in
m ce against H felis. The effect of ﬂﬁe protective i mmune response is that
I mmuni zed ani mal s, when chall enged with pathogen, have also a greatly
reduced ' '

a correlation. Mucosal IgA but not serum IgG antibodies a;g J_cgom o play

a role in prorection 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 TABLE 3 .
e T, e —
_ | 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.
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Py Y
g i M &¥ i & feé?lon I n conparlson %o non I mmuni zed animal s.which d o1011
becone |nfected Thus, in a first aspect, the present invention ﬁHﬁMﬁﬂHﬂ‘HASBEEP
met hod of eliciting in a manmal i an host a protective inmune response REBLACED
Hel i cobacter infection_ The nethod conprises the.step of adm ni stering to a
mucosal surface of the mammal, including humans, an i nmmunol ogically
ef fecti ve anount of a urease antigen preferably H pylori urease, capable
of eliciting Such a protective inmunesgesponse. In a second aspect, the
present invention provides a nethod of eliciting in a

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 +
1 0.48 +
B4z 0.42 +
43 0.65 +
44 0.56 +
" 48 0.52 +
45 0.33 +
47 0.53 +
43 0.22 +
I 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 -
' 69 Q.07 -
Fi B | 0.42 -
71 0-00 -
72 0.00 -
ureB + HAP +. CT 73 0.37 +
74 0.00 -
75 0.37 +
78 8.00 .
ry 0.4¢ -
78 0.00 -
79 6.9 +
8q 0.00 -
B1 0.37 +

g2 -{ 0.00 . . .
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a3/ P&P8hodB: 4 pr Becti ve i mmune respdisefo Hel i cobacter infection. The2?

met hod conprises the step of administering to a nmucosal- surfacleTHfS SHEET HAS BEEN
mammal , including humans, an_immunol ogically effective amunt jof REPLACED

reconbi nant, enz alTy inmactive, urease B subunit as antigen,
preferably r_econgjialggs&kleblacp‘%ﬂ ori urease B subunit, capable of eliciting

such a protTa$ esponse. The invention also includes within its
scope the tr \Wm hyl axi s of manmmal s, includi ng humans, for
Hel i cobacter | ! ) erein an i nmBhol ogically effective anount of a
urease, or its subunits, capable of eliciting a protective inmune response
to Helicobacter infection, is admnistered to a nucosal surface of a
patient. Preferably, the urease is H pylori urease or H pylori urease B

subunit, and the ureds&abtay, MET" 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 10710 (%) 0/10 (0%)

Uzr::::e B subunit H, feli= 3/10 (30%) 7710 (70%) =*
oy H. felis 10/10° (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%) *
Toase 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 get out in Tables 4, 5 and 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

1.~
e
)
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adni ni stered either a'laz)ne or linked to a ﬁ%?oosxyl ated cal ci um phosphate, @oos3

for exanpl e hydroxyapatite as a carrier particle. Mreover, it

the B subunit of chol ekg toxin, nuranyl dipeptide-or other sucl

'Tin® SRESF

to admnister the H pylori urease in association with a nmucospl adjgpspR

Wi | e not being bound by any theory, the present inventors believe that

adm ni stration 9 of the urease antigen, or B subunit thereof,

nmucosal sur_f ace stimulates the common 95

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
5 animals immunized with cholera toxin and then subjected to 7. 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
10 test) as compared to thc;. vontrol mice. '
The fact that the protection observed with A. pylori urease is
- entirely conferred by immunization with the B subunit of urease, and that
" 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
15 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
20 active site is not required for protection, as an inactive urease B subunit is
very unlikely to induce antibodies that will recognize 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

25 with urease B subunit and 30% (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.urgase A induces a
protection which is displaced compared to the one induced by urease B

30 subunit could not be expected from our experiment with purified urease or
‘with other expcriment performed earlier. The fact that urease B subunit

immunization confers protection definitely proves that recognition of the

to a

HRY BEEN
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‘This Sheet Has Been Replaced

22. FEB " 96 (THWU) 21:47 COMMUNICATION No:26  PAGE

i

3

R



mucost¥ 22 und8séht ePand perhaps |ocal S EP4Sin the gastric nucosa

i nduci ng an i mmune response, including the appearance of H. pyl

| gA antibodies in the gastric secretions, Which prevent Hel i cob

infection. Since it is\@soutine nmatter tomsmduﬁhs leRQPlan(il cal

candi dat e vacci nes for human use in &ni mal

met hodol ogy of the present invention is effqm“g ‘
r

the prevention and treatment of pepti C, ul ce

@004

T ISEREET Hiks BER
CUer REPLACED

ul <9 Ul

elleved that t he
, espeC|aIIy I n
retrs, gastr

mal i gnanci es and ot her conditions ari s'r g as a.result of -the presence of H.
pylori and/or H heilmanii. A - Bacterial cultures and urease purification
The strain of H pylori used in the study originates froma pati

duodenal

ia

15

20

Z5

30

active site is not required for protection. Figure & summarizes results
obtained after vral immunization with recombinant urease A and B subunits

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

ent with a

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 mucesal 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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ul eer, and %as Sl)een subcul tured on BHI ag%f?Rog% pl ates to honogeneity. H doo0s

| nf usi on) _n__e_(ii_gm__mm_a,i_m-ng—o. 25% yeast extract and 10% f et al
and suppl errent ed W|th 4‘V Canpyl obact er sel ecthue conpl ement

pylori is cultured in a suitable nmedium typically, BH (Brai n-4 t

supplenent

m croaeroph
shaken at 3

may al so be prepared in agarose plates consisting of BHI
yeast extract and 5% of sheep bl ood under

37[err]C for 3

density of the

10

3]

20

o 3 days tozgroduce a liquid culture.

gfa AS BEEN

bacteria are incubated overni ght under
“ at 37[err]Cin bottles that are then seal ed and
A culture
wi th 0.25% of.

m croaerophilic conditions at

days.  The quantity of bacteria is determ ned by optical

eria ures on agar

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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are first resuspended ?n 154mM NaCl . One g“'?ngﬁtly preferred source of

pol yam noaci d di spl ayi ng urease epitopes is purified urease, e.
pylori urease obtained by follow ng the general nethod of Dunn DmﬁjSHEET IIGS BEE]

J. Biol. Chem 265, 9464-9469, nodified as described bel ow. Foll-ow n#EP —
culturing, the H -pylori is harvested in water, spun vortexed and,spun

again to produce a supernatant. The solution containing the urease activity

of H pylori (assessed by rapid 25 - :

& oo¢

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
s 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
10 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
15 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
- 20 following non-limiting examples. '
a} The Bacterial Strains
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).
25 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 |
30 overnight under microphilic conditions at 37°C and then shaken at 37°C for

2 to 3 days.

This Sheet Has Been Replaced
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urease test, see gel 0\}%‘ I's then chromat ongéﬁ)ﬁ%sd on a CL-6B siz col um @oo7
and the fractions which present a strong urease activity are ppdiHsisg S BER
di al ysed over ni ght and agai n_chromat ogr aphed on; an ani on exch er GEpL gﬁg N

fractions are— I n increasing NaCl buffer é‘ﬁd the col |l ected fractrors——
with a strqrggbuéemeeadieplﬂe@y are individually submitted to a SDS gel

foll owed by |ng Two di stinct bands corresponding to a

nol ecul ar V\emmm 3 ‘and about2628 kDa are identified as urease. The
fractions co urease are pooled to give purified H pylori urease
having a purity in the region of 95%to 99% B - Oral inmmunization with

urease purified fromH pylori Wile it is preferred to enploy purified H
pyl ori urease obt ai n€ditas ool @gemidsistendhBhecbaateria 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

22. FE3 " 96 (THU) 21:48 COMMUNICATION No:26 PAGE. 7



t he a?\gt/lzélégr?i c Wat%ri a?, it will be underSBdtPSthat it is al so possible to @008
use, as the antigenic material, any urease or subunit of urease TBITHRET HAS BEEN
natural Iy occuring or obtained by reconbinant DNA techni ques, ds Wel RpBSacED
digested fragnment thereof, fusion proteins conpkising the fragnepts—or—the—
whol e urease, truncated urease constructs, or other peptide or protein
preparations exhibiting urease epitopes which are capable of eliciting a
protective i mune response to Helicobacter infection (See below). Thus, it
IS possible to enploy a urease havi ng % substantial homol ogy w th respect
to H pylori urease and which is effective in raising a cross-protective
| mmune response to Helicobacter. An exanple of such a urease is jack bean
urease, which possesses about 70% honpl ogy with H pylori urease. The
i nvention is th&rdiest demet the icolfecied fiagrionn #th gatrong ureas activity were

~ individually subjected to an SDA gel followed by a Coomassie staining.

The 6 fractions presenting 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

10 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.

15 Protocol BI - Vaccination with purified nrease

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,
20 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. |

Protacol B3 - Control

25 Female BALB/c six-week old mice (20) were orally immunized _
with 1 hydrozapatitc and 10ug of cholera toxin at'day 0, 7, 14 and 21. The R
mice were challenged at day 28 and 30 with Sx107 and 10° &, felis.

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

were taken as well as intestinal secretions and blood.

30
Protection and evaluation

This Sheet Has Been Replaced
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of - i ngzzz /stfr eaosf}éso and®covers the use of apﬁ‘§ BASl yani noaci d preparation whi chd0o9
di spl ays urease epitopes and is effective to generate a protecjiiue

i mrunol ogi cal res onse | n a 11 host to Helicobacter infectipAHIS SHEET HAS REEN
Typi caIIy, da horol ogy of 70- 95%-+bnol ogy, for lexanplREPLACED

80- 90% horml ect to H pylori urease, may be enployed as The —
ur ease antl ntlon A non-limting list of sources of

potentially usef ul urease prepar ati onggi ncl udes

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 vrease is quantified by a spectrophotometric measursment at '
550 nm. The biopsies were also cultured in the presence of 4. Jelis and was
5 estimated by Gram staining, (vastric 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.

10 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

15 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 dilutiaﬁ 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
FBS 0.1% Tween. Anlx-mousa biotinylated whole antibody from goat and

20 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

[
o

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
30 anesthesized with ether prior to intragastric immunization. Then, 30 ug
recombinant . pylori urease A an-d B subunit produced in E ¢oli bound
hydroxyapatite and supplemented fvit.h cholera 1oxin was suspended in PBS
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endogenous urease enzynes of the di fferen{: 5—@?% cobacter species, urease @_010
fromother bacteria such as Kl ebsiella pneunoni ae or Proteus m Lis

and, by .anal ogy, any other urease whith t.he'conQia"[g,i on that t hesie THFSCSHRET HAS BEE}
share cross-reactive epi<topes with H pylori uréaSe. The urease geneREBEACED

all the organi sns nentioned above represent a potential tool for expressing
reconbi nant urease products as a wholé protein or as a part thereof A
non-linmting list of potentially usefud® urease preparations includes ‘
pepti des generated frompurified urease (the sources are nentined above),

usi ng physical and/or chem cal cleavage procedures (i.e. CnBr) and/or

proteol ytic cl eavage (usi ngﬂprot eases e. g. V8- protease, trypsin or
others): or peptdnd@80uyrerddivereditoctherpmagh)of thevespestiye imies using a

polyetliylene tubing attached to a hypodenmc syringe. This procedure will

‘be referred to a5 oral immunization.
Three oral immunization protocols were evaluated. These are
5 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
10 mice were challenged at day 32, 34 and 36 with 10® H. felis from liquid

culture,

Protocol C2 - Vaccination with recombinant wrease B sybunit
Female BALB/c six-week old mice (10) were orally immunized with
30 ug of recombinant A, pylori urease B subunit and 1 mg of
15 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
20 1 mg hydroxyapatite and 10 ug of cholera toxin at dey 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, - '

.25 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

30 corpus and anrum OD values were added to obtain a final OD value for
each mouse. | :
e
et Has Been Replaced
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cr@ssrzé(ézéﬁsve t)é?pl t(ope? W th urease. O her“‘gogt?ﬁ-ces of potentially useful @o11
epi topes include epitopes identified by their crossreactivity wt

as a result of screening;with anti-urease antiRodies. These pepti gle‘#ggé.%ﬁ%& HAS BE
natural ly occuring pepwi~sies or peptides resulting fromchem cal synthest+s:

Furt hernore such peptides can result fromthe expressi on of reconbi nant °
random ol i gonucl eoti des. Anot her source of potentially useful epitopes

i ncl udes epitopes similar to urease a30a result of the generation of -
anti-idiotypic antibodies to urease. Such anti-idiotypic antibodies,

generated in any i munoconpetent host, are obtained by i munization of
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12. t hi s host W|t ant'la: urease anti bod| es, Fg%l ?‘1«? the goal of generating @012
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honol ogi es with urease. The di scussion herein (ocuses on the usje of REBHG@D
naturally produced by"-H/ pyl ori (section B). HoVié’ver it will be
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nodel s, ora ocfmsnl stPation of the cand| cﬁi‘FeBQﬁacm ne, and challenge with [do13
pat hogen using a protocol substantially simlar or identical to-the

procedure described bel ow. Tables 1 and 2 bel ow and Fi gures 1-5 @EECYHER HAS BEE}

the results obtained Waen nice were orally imimtzed with puriflied HREPLACED

pylori urease. In this first experinent, admnistration of the H pyl ori
antigen was carried out by orally adm ni stering to the mce H pylori
urease purified as described-in sectign A and coupled to hydroxyapatite
crystals, used as a carrier to enhance Mcell binding and uptake. Chol era
toxin (Sigm) was given as a nucosal adjuvant. In this experinment, groups
of female SPF BALB/c six-week old mce were each orally imunized with 30

ug of purified $ pyaltén, M. and Clag@u,C, Bd"\t:ﬁmﬂmﬁﬂ aﬂnshﬂélﬁda&)bwat ite plus 10
ug of cholera toxin agutYaNk: Hoots, Pae-F.
- 27.  Pimemtel, I.L. and Cock, M.E. "Improved growth in the progeny of |
hens immunized with jackbean urease" Poultry Sci. 1988, 64, 434-439.
§ 28.  Labigne, A "Sequences of nucleotides coding for 2 protein having
an urease activity", EPO patent application #EPO 0 367 644 Al, 1989, Ind!
publication # WO%0/04030, 1990.
29.  Clayton, C.L. et al. "Nucleotide sequence of two genes from
Helicabacter pylori encoding for urease subunits”, Nucleic Acid Res. 1990,
10 18,362, '

30. McGhee, JR and Kyono, H. "New perspectives in vaceine

-development: mucosal immunity to infections®, Infect Agents Dis. 1993, 2,
535-73.
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and ff/zzfﬁg 0%eslwer«?‘t hen challenged tmf%%s\%th d0[err] H felj at_day @o14
28 and 30. For conpar hSom purposes, simlar fekaml 2 SPF BALB/c s THIESHER! HAS BEE]

mce were orally i mrur‘n-zéd with whole H pylori Tysate (sonicatf) an®kEpPOACED
chol era toxin at_da 4 and 21. The mce were chall enged at day 28
and 30 W|th mIE Iil pylori sonicate was prepared by collecting H
pyl ori fro sPel l eting 3By centri fugation and resuspending the
pellet in O. 9% SOdI um chlori de fol |l oned by sonicati on.

WHAT IS CLAIMED IS: .

{ 1. A method of cliciting in 2 mammalian host a protective immune .
2 response to Helicobacter infection, said method comprising the step of:
- administering to 2 mucosal surface of said maminal an
immunogenicaily 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

w»a

infection by said organism.

K -~ & w oh

1 2. A merhad according ro claim 1. wherein said preparation comprises an

[ ]

intact urease purified from an organism.

1 3. A 'method according to claim {, wherein said preparation comprises
2 peprides homologous with enzymatically inactive portions of the aminoacid-

3 sequences of a urease.

1 4. A method according to claim 1, wherein said preparation comprises
2 peptides non-homologous with the aminoacid sequences of a urease and
3 displaying cpitopcs cross-reacting of a urease.

1 5. A merthod according to claim 1, wherein said prcparanon comprises H.
pylori urease.

[ 3

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

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

3%

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

2

anti-idiotypic antibodies to a urease.

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

2 peptides immunologically cross-reacting with urease.
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13#«As a control,
sham i mmuni zed vmth 10 ug of cholera toxin and 1 ng of hydroxyap
day. 0, 7, 14 and 21. The mice were then challen at day 28 and

felis.

K+
femal'e SPF BALB/ ¢ six- seef% 8% mce were orally

nice were hé#sed, imunized, and chal enged in parall

do1s

Tsesg kEAS BE

m ce subject to the study were sacrlflced on day 35. C- Oal inmmunization _
wi th reconbi nant urease subunits-of H ,pylori

Cenes—encottng—the—str+
A and B subunits of H. pylori urease W%re obt ai nedcmmn(mlﬂmmlwmrl n

reaction (PCR) cloning according to standard proce

previ ously published sequences [29].

(named

"~

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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pEV@)sz&%SI g,@egk f orghi gh expr essi on antf&%a?'% purification of STHE
coli. Briefly, #he foreign gene is inserted downstreamjof 'a grgpLACED
't her no- repressible pronoter, and in frame of a sequence encodihg—+or—s
repeat of six histidines. An anpR gene IS pre“s"nt on this vector for
ctionof transfronants._Under the appropriate tenperature conditions,
the r econbi nml IHIH“H)MMH!HI ned i s suppl enented by six histidines at the
N-term nal, a one-sd&ep affinity purification on a nickel
col um. Both H. py ori recombi nant urease A and B subunits were expressed-
separately in E. coli and purified on nickel colum to >95% purity. Wile it -

is preferred to enploy reconbi nant H. yI or .ur jthaksped as descri bed al
above as the 32“ gg%&mmag;ogwmﬁ eéragdaood_that it is also .
possible to u mammal prior to said

adxmn:szermg 2 Helicobacter vaccine 10 said

administration.
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the antigeni caterial, any urease or subium«\tB Of urease obtai ned by o1z
reconbi nant techni ques (® g. fusion ‘protein) e pr essing anti g@nl c SITES.. QY prEN

urease, which is capalfe of eliciting a protecttve i mune resgﬁg;el&QLACED
Hel'i cobacter infection. Thus, it is possible to enploy in a c

urease gene having a substantial homgl,ogy with respect to H pylori urease
and which is effective iin raising a ¢foss-protective i mune response to

14 Heli cobacter. Exanples of such a urease is jack bean urease, which
possesses about :

LR AV

ABSTRACT OF THE DISCLOSURE

Method of eliciting in 2 mammélian host a.' protective immune
§ response to Helicobacter infection by adm:mstermg 10 the host an
imrunogenically effective amount of a Helicobacter urease or urease
subunits as antigen. Vaccine compositions are also provided.

—_—
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| et HiPHOR pphmni... Ul 880 _q_z.f.l;lg |
about .88% HuhEladg(s) wi t hagddd . WIQ)I’}L#

limted to¥h&ruseg(sf : phy aeBY.MOI i fahd
covers the jibabatacany : ﬁﬁ@@ﬁhLﬁ%&hw,'

effective qgﬁgen@ﬁaggfgr emees
Hel i cobact et~ nf - { 1
‘of 70-95% hopmp EARE~-BASED 11' 8- .,', i" P gy T ¥D -mwmm-uq—"'-wf:i I C
- urease, may D& ENPIOYVEL as R T oMb AR T e AL ant IYeR-IA-+-1 he H-Ryent’ |ur3
The di scussion herein focuses on the use of reconbinant H, pyl ori urease A

~and B subunits produced by E. coli (section C). Fbmehar rtow FECBeeT L lﬂH?ﬂt;

apprec'%ﬁﬁ?;&%@%nt invention relates to the preventlon ‘and treatment of
' gastric infection in mammals, including humans. More particularly,
the present invention 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 chronic gastritis
or peptic ulcer, and prevention of gastric cancer.
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_ Helicobacter infections of human gastric epithelium cause gastritis,
@& are a major factor in the development of peptic ulcers and gastric

lymphoma, and may be a risk factor for the development of gastric
cancer [1-3]. The most frequent infection agent is Helicobacter
pyvlori, followed at a much lower frequency by Helicobacter
heilmanii. H., pvlori is a slender S~shaped gram negative
microorganism, which is routinely recovered from gastric biopsies of
adults and children with histologic evidence of gastritis or peptic
‘ulceration. Evidence for a causal relationship between H, pylori and
gastroduodenal disease comes from studies in human volunteers,
patients with ulcers and gastric cancer, gnotobiotic pigs, and germ-
free rodents. Regarding etiology, Koch's postulates were satisfied
by creating histologically confirmed gastritis in previously
uninfected individuals following consumption of viable
microorganisms [4-11], and by'treatment to eradicate H. pyloxri, with
resolution of the gastritls and, in patients with peptic ulcer
dlsease, a decrease in the ‘recurrence rate [12].

. . ) . )

In spite of in _witro susceptibility to many antimicrobial agents, in
b vivo eradication of established H. pyvlori infections with

antimicrobial agents is often difficult to achieve [13]. The
microorganism is found within the mucous coat overlying the gastric
epithelium and in gastric pits. These are locations which do not
appear to allow for adequate antimicrobial levels to be achieved

. even when antibiotics are given orally at high doses. At the present
time, most authorities recommend a "triple therapy", namely a
bismuth salt in combination with drugs such as tetracycline and
‘metronidazole for 2-4 weeks. However, the effectiveness of this or
other chemotherapeutic regimens remains suboptimal. Furthermore,
this treatment may produce serious adverse drug reactions.

At the present time little is known regarding the role of the
mucosal immune systems in the stomach. The distribution of
immunoglobulin (Ig) producing cells in the normal gastric antrum
indicates that IgA plasma cells make up 80% of the total plasma cell
population. In addltion, the number of plasma I cells present in
the gastric antrum is comparable to other mucous! membranes [14, 15].
A number of studies in humans [16] and in animal models [8 10] have
demonstrated specific IgG and IgA responses in serum‘and in gastric
secretions in response to Helicobacter infection. However, the
observation that H, pyvlori infection persists as a chronic infection
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bel ow and Flgure descri e resu ained en m ce
I muni Zea wehhsnedesbineninﬂucﬁyboai1ucehsanGL$msn¢mi@rQMMu
I n t hi scexeacomeapingdihei devedopnent ofieimmupizatiomnst yehegdsescarri ed out
by orally admi nistering to the mice reconbinant. H pylori urease A or B
subuni leepesdadeltiavn Eepostedakbiepgbility te Hefect haermbbyee mpdenbapvith
to hyddedisekbctercieddsl sa b§s§e5§ua clesely relakednte Hmenxlgsmndang and

uptakere@wouepabﬂaxdncgse rahinsolgpdengastaitis [9, 10]. Since then, this
bacterium-host pairing has been accepted as a good model to study

Helicobacter-mediated gastritis and its initiating factors [17].
Czinn et al have shown that repetitive oral immunization with a .
crude lysate of H. pyvlori 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
reported that oral immunization with a crude 1ysate of H. felis
‘induced protection against H. felis infection in mice [21, 22]. The
exact nature of the antigen(s) responsible for the induction of this
protection, however, had not been determined, and no information

. suggested that the protective antigen(s) of H. felis that induced

QD protection against this pathogen would induce a cross-reactive

protection extending to another Helicobacter species. :

We have demonstrated for the first time that H. pvlori and H,felis
share antigenic determinants by obtaining monoclonal antibodies
after oral immunization of mice with either H. pvlori or H. felis
sonicates and showing that some of these antibodies, directed
against H, pylori, would crossreact with H. felis and vice versa
[24;:25]. The basis for these cross-reactivities were unknown.

Based on the homology existing between the different known urease
amino acid sequences, it has been proposed that urease could be used
as a vaccine against H. pylori [26]. Nevertheless, despite the
homology among the different ureases sequences, cross-reactivity is
not the rule. Guo and Liu have shown years ago that ureases of
Proteus mirabilis, Proteus wulgaris and Providencia rettgeri show
cross-reactivity to each other, while ureases of jack bean and
Morganella morganiil are immunologically distinct from the three
y former ureases [23]. Even if an antigenic cross-reactivity of ‘H.
pvlori urease with othzr Helicobacter ureases was a reasonable
postulate, no data existed demonstrating that this was really the
case until we showed that some H.felis monoclonal antibodies
crossreacted with H. pylori urease [25). J. Pappo has further -
demonstrated that mice which have been infected by H,._felis produce
~antibodies which crossreact with H. pylori urease but not jack bean
urease (J. Pappo, unpublished data, 1993).

The use of H, pvlori urease, or of related ureases, as a vaccine
against H‘_pxlgxi infectidn has previously been proposed by 2a.
Labigne in EPO 367,644 [28]). However, that application contains no
evidence of vaccination of any mammal agalnst any Helicobacter
infection with urease.

Moreover, while sequence homology with other bacterial ureases might
Support the use of urease as a vaccine candidate against H. pyvlori
infection, the current knowledge of human H, pylori infection would
certainly not. First, despite the fact that infected individuals
often mount a strong antibody response to urease, the anti-urease
immune response does not result in clearance or control of the
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ug of r% éﬁgeﬁgﬁgna'tgygggh .t %%gﬁkéagéu? 6,’20].. Thus, urease may
not represent an appropriate target for the development of a
protective mucosal immune response. Indeed, mucosal immune
protection is thought to be mainly mediated by secretory IgA, the
agglutinating activity of which would be impaired when the _ _
recognized antigen can be shed by the target pathogen and thereby
serve as a decoy for the protective antibody. Thirdly, urease -
appears to be toxic for epithelial cells in culture, and has been
suspected to play a role in mucous degradation and in peptic
ulceration in vivo. Thus, its use as antigen may be toxic.

Nevertheleés, we reasoned that this antigen could be a potehtially
efficient vaccine if: : ‘ )

- first, we would deliver it orally at a sufficiently high dose to
elicit a stronger immune response than the naturally occuring 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
was non toxic. _

In summary, there remains a need for effective treatment and
prevention of H. pvlori-~induced gastric infection in humans. Recent
data suggested the possibility to generate a vaccine against this
infection, but have not provided a clear identification of defined
antigen(s), common to all strains of H. pvlori, that could be

incorporated into a safe and effective vaccine.

In this invention, we have identified the urease antigen of H.
pylori as a candidate vaccine and demonstrated its efficacy in an
animal model. These results were unexpected in the light of the
natural history Helicobacter infections.

SUMMARY OF THE JINVENTION

We have discovered that immunity can be induced in mammals
susceptible to gastrointestinal Helicobacter infection by exploiting
‘urease epitopes displayed on or about the surface of Helicobacter
organisms and using them as a vaccine target. The immunity can be
induced by immunization with native urease, but can also be induced
yith recombinant urease subunit, produced as an enzymatically
inactive, therefore non-toxic form. The invention provides a method
of inducing immunity to Helicobacter infection by administering to a.
mucosal surface of a mammal a polyaminocacid preparation, i.e. a
migture of peptides and/or proteins, together with an appropriate
adjuvant. This polyaminoacid preparation presents a plurality of
epitopes characteristic of and exhibited by a urease enzyme
endogenous to the infecting Helicobacter organism. The

administration of the polyaminoacid preparation may be performed by
the oral route. - o

The active ingredient of the preparation may comprise natural or
b%osynthetic-epitopes and may take various forms. A non exhaustive
list of vpossible prevarations includes purified. naturallv occurina
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PNVBF (gﬁgcg g&)tbnt @in Oelicobacter organism, preferred
preparations are those which most closely dupllcate the .epitopes of
the urease endogenous to the infecting organism. For example,
preparations displaying the epitopes of urease of H. pvlori are
preferred for.administration in humans susceptible to H. pyvlori, and
preparations displaying the epitopes of urease of H. heilmanii are
preferred for the administration in humans susceptible to H. .
heilmanii. However, in accordance with an important aspect of the
invention, it has been discovered that urease from other species may
be used. For example, we have shown that H., felis infection in mice
can be prevented by administration of urease from. H*_gylgzl

‘According to one aspect of the invention, there is provided a method
of eliciting in a mammalian host a protective immune response to
Helicobacter infection wherein an immunologically effective amount
of a urease antigen capable of eliciting such a protective immune
response, preferably H. pylori urease or H. pylori urease B subunlt,
is administered to a mucosal surface of the host.

According to another aspect of the present invention, there is
provided a vaccine composition suitable for prevention of
Helicobacter infection, comprising an effective amount of a urease
antigen, preferably H. pylori urease or H. pylori urease B subunit,
capable of eliciting in a host a protective immune response to
Helicobacter infection, in association with a pharmaceutically
acceptable carrier or diluent.

According to a further aspect of the present invention, there is
provided a method of imparting to a mammalian host passive
protection to Helicobacter infection, comprising administering to a
) mucosal surface of the host an immunologically effective amount of a
urease specific antibody produced in a Lost immunized with a urease,
preferably H, pvlori urease or H._ pvlori urease B subunit, capable
of eliciting a protective immune response to Helicobacter infection.
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The present inventoérs have discovered that oral administration to
mice of polyaminoacid preparations exhibiting the epitopes of H.

pylori urease gives rise to a protective immunological response
against H. felis in mice, an animal model of generally-accepted

value for the study of the immune response to Helicobacter 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—-immunized animals.

Furthermore, the inventors have discovered that oral immunization in
mice using H. pylori urease B subunit, produced as an enzymatically-

inactive recombinant protein, gives rise to a protective

immunological response in mice against H. felis. The effect of the

protective immune response is that immunized animals, 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 method of

eliciting in a mammalian host a protectlve immmune response to
Helicobacter infection:. The method comprises the step of

admlnlstering to a mucosal surface of the mammal, including humans,
an immunologically effective amount of a urease antigen, preferably

H. pyvlori urease, capable of ellciting such a protective immune
response.

» In a second aspect, the present-invention provides a method of -
eliciting in a mammalian host a protective immune response to
Helicobacter infection. The method comprises the step of

.admlnlsterlng to a mucosal surface of the mammal, including humans,
an immunologically effective amount of recombinant, enzymatically

inactive, urease B subunit as antigen, preferably recombinant H,
pvlorji urease B subunit, capable of ‘eliciting such a protective
immune response.

The invention also includes within its scope the treatment or
prophylaxis of mammals, including humans, for Helicobacter

infection, wherein an immunologically effective amount of a urease,
or its subunits, capable of eliciting a protective immune response
to Helicobacter infection, is administered to a mucosal surface of a

‘patient. Preferably, the urease is H._pylori urease or H. pylori

urease B subunit, and the urease may be administered either alone or

linked to a hydroxylated calcium phosphate, for example

hydroxyapatite as a carrier partlcle. Moreover, it is preferred to

administer the H. pylori urease in association with a mucosal

adjuvant, the B subunit of cholera toxin, muramyl dipeptide or other

such adjuvants.
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m cr oscidpat administration of the urease antigen, or B subunit thereof, to
' a mucosal surface stimulates the common mucosal immune system and
perhaps, local sites in the gastric mucosa inducing an immune
response, including the appearance of H. pylori specific Igh _
antibodies in the gastric secretions, which prevent
infection. Since it is a routine matter to conduct pre-clinical
" trials of candidate vaccines for human use in animal models, it is
pelieved that the methodology of the present invention is effective
in humans, especially in the prevention and treatment of peptic -
ulcers, gastritis, gastric malignancies and other conditions arising

as a result of the presence of H., pyvlori and/or H+_hgilm§nii.

A - Bacterial cultures and urease purification

The strain of H. pylori used in the study originates from a patient

‘ with a duodenal ulcer, and has been subcultured on BHI agarose
plates to homogeneity. H. pylori is cultured in a suitable medium,
typically, BHI (Brain-Heart Infusion) medium, containing 0.25% yeast
extract and 10% fetal calf serum and supplemented with 0.4%
Campvlobacter selective complement (Skirrow supplement; Oxoid 69).
The bacteria are incubated overnight under microaerophilic
conditions at 37°C in bottles 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 microaerophilic conditions at
37°C for 3 'days. The quantity of bacteria is determined by optical
density of the BHI solution at 660 nm, with one optical density unit
corresponding to 108 bacteria. Cultures on agarose plates are first
resuspended in 154mM NaCl. '

One currently preferred source of polyaminoacid 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,

j 9464-9469, modified as described below. Following culturing, the H.
pylori is harvested in water, spun vortexed and spun again to
produce a supernatant. The solution containing the urease activity
of H. pyvlori (assessed by rapid urease test, see below) is then
chromatographed on a CL-6B sizing column and the fractions which
.present a strong urease activity are pooled and dialysed overnight
and again chromatographed on an anion exchanger gel. The fractions
are eluted in increasing NaCl buffer and the collected fractions
with a strong urease activity are individually submitted to a SDS
gel followed by Coomassie staining.Two distinct bands corresponding
to a molecular weight of about 63 and about 28 kDa are identified as
urease. The fractions containing urease are pooled to give purified

urease having a purity in the region of 95% to 99%.

B - Oral immunization with urease purified from H. pylori

While it is preferred to employ purified H. pylori urease obtained
as described above as the antigenic material, it will be understood
‘that it is also possible to use, as the antigenic material, any
urease or subunit of urease, either naturally occuring or obtained
by recombinant DNA techniques, as well as digested fragment thereof,
fusion proteins comprising the fragments or the whole urease,



e

by two i ngépendenﬁss'hastE@tBe eglaced usi ng
orange and cresyl sanpl es’ : ot florj 3 hours

at RT,” and sera h Mfozen at -20[err]C until analyzdd.| 13 FEB 1997
I ntestinal secreti were spun for 5 min. at 4[err]C to renov hris __and
kept frozen at -20[err]C. Serum and intesti : | es of each jani mal were _
anal yzed by ELI SA f§rre%‘§/§ °ﬁg S ?)gﬁgnosg anti - P%h%%gcg?@? activity,leaccarding . 8_

t 0 st andgfgndaed duresse Bromst $uctos, et logileat gepidde oxapet@irh a sonicate

of H. . pypeépardtldmsweekiib il ng antemsen epit thpefsatwhiicke ariel icapsddsl &F wer e

serial|yeﬂiiiﬁfmbfanrdtactbw&:immmneuKESpnnﬂaﬂﬁajHﬂliﬁﬁhﬂﬂtﬁﬁ imfeationon

ELI SA pl gtes b&Elow) nyThsd intis npossilles s empioyard uaeEsenhesying A

f ol | owedshlystsanteia hvhoholepy seithli séspreivtaldbe pydonisareage @ngd which is
effective in raising a cross-protective immune response to

. An example of such a urease is jack bean urease, which

possesses about 70% homology with H. pvlori urease. The invention is
therefore not limited to the use of intact urease, and covers the
use of any polyaminoacid preparation which displays urease epitopes
and is effective to generate a protective immunological response in
a host to.Helicobacter infection. Typically, a urease having a
homology of 70-95% homology, for example, 80-90% homology, with
respect to H. pyloxri urease, may be employed as the urease antigen
in the invention. : :
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A non~limiting list of sources of potentially useful urease
J preparations includes endogenous urease enzymes of the different
Helicobacter species, urease from other bacteria such as Klebsiella
i or Proteus mirabilis, and, by analogy, any other urease

whith the condition that these ureases share cross—reactive epitopes
with H. pylori urease. The urease genes of all the organisms
mentioned above represent a potential tool for expressing
recombinant urease products as a whole protein or as a part thereof.

A non-limiting list of potentially useful urease preparations
includes peptides generated from purified urease (the sources are
mentined above), using physical and/or chemical cleavage procedures
(i.e. CnBr) and/or proteolytic cleavage (using proteases e.g. V8-
protease, trypsin or others); or peptides synthetised chemically and
sharing crossreactive epitopes with urease.

'Other sources of 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 occuring peptides or peptides resulting from chemical
synthesis. Furthermore such peptides can result from the expression
of recombinant random oligonucleotides.

~Another source of potentially useful epitopes includes epitopes
similar to urease as a result of the generation of anti-idiotypic
antibodies to urease. Such anti-idiotypic antibodies, generated in
any immunocompetent host, are obtained by immunization of this host
w%th anti-urease antibodies, with the goal of generating antibodies

~directed against anti-urease antibodies, which share structural
homologies with urease. ' '

The discussion herein focuses on the use of urease naturally
produced by H. pylori (section B). However, it will be appreciated
that the urease or subunits or constructs thereof mentioned above,
capable of eliciting the desired protective immune response, may be
produced by recombinant DNA techniques well known in the art. The
eff;cgcy of particular preparations may be determined by routine
admlglstration using animal models, oral administration of the
candidate vaccine, and chlallenge with pathogen using a protocol
substantially similar or identical to the procedure described below.
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Tablés 1 and 2 below and Figures 1-5 describe the results obtained
when mice were orally immunized with purified H. pylori urease. In
this first experiment, administration of the H. pylori antigen was
carried out by orally administering to the mice 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-week old mice were each
orally immunized with 30 ug of purified H. pylori urease coupled to
1 mg of hydroxyapatite plus 10 ug of cholera toxin adjuvant at day
0, 7, 14 and 21. The mice were then challenged twice with 108 H.
felis, at day 28 and 30. For comparison purposes, similar female SPF

" BALB/c six-week o0ld mice were orally immunized with whole H, pvlori

lysate (sonicate)} and 10 ug cholera toxin at day 0, 7, 14 and 21.
"The mice were challenged at day 28 and 30 with H. felis. The H.
pvlori sonicate was prepared by collecting H. pylori from cell
cultures, pelleting by centrifugation and resuspending the pellet in
0.9% sodium chloride followed by sonication. : -

As-a control, female SPF BALB/c six—-week o0ld mice were orally sham—-
immunized with 10 ug of cholera toxin and 1 mg of hydroxyapatite at
day 0, 7, 14 and 21. The mice were then challenged at day 28 and 30
with H. felis. All mice were housed, immunized, and challenged in

parallel. All mice subject to the study were sacrificed on day 35.

C - Oral immunization with recombinant urease subunits of H. pvlori

Genes encoding the structural A and B subunits of H, pyloxri urease
were obtained by polymerase chain reaction (PCR) cloning according

. to standard procedures, based on previously published sequences
[29]. These genes were inserted in a vector (named pEV40) designed
for high expression and easy purification of foreign genes in E.
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 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. Both H, pvlori recombinant urease A
~and B subunits were expressed separately in E. coli, and purified on
nickel column to >95% purity.

While it is preferred to employ recombinant H. pvlori urease
obtained as described above as the antigenic material, it will be
understood that it is also possible to use, as the antigenic
material, any urease or subunit of urease obtained by recombinant
techniques (e.g. fusion protein) expressing antigenic sites of
urease, which is capable of eliciting a protective immune response
to Helicobacter infection. Thus, it is possible to employ in a
construct a urease gene having a substantial homology with respect
to H. pylori urease and which is effective in raising a cross-
protective immune response to Helicobacter. Examples of such a
Jurease is jack bean urease, which possesses about 70% homology with.
L urease, or H. felis urease, which possesses about 88%
homology with H. pylori urease. The invention is therefore not

—ttue
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Typically, a recombinant urease having a homology of 70~-95%
homology, for example, 80-30% homology, with respect to H. pylori
urease, may be employed as the recombinant urease antigen in the
invention. - :

The discussion herein focuses on the use of recombinant H. pylori
urease A and B subunits produced by E. _coli (section C). However, it
will be appreciated that recombinant urease or subunits or
constructs thereof mentioned above, capable of eliciting the desired

‘protective immune response, may be produced using other recombinant

DNA technigques and other eukaryotic or prokaryotic expression
vectors well known in the art. 3 -

Tables 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. coli. In this experiment, administration of
the H. pvlori antigen was carried out by orally administering to the
mice recombinant H. pylori urease A or B subunits produced in E.
£oll and purified as described above, 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-week old mice were each
orally immunized with 30 ug of recombinant H, pyvlori urease 2 '
subunit, coupled to 1 mg of hydroxyapatite plus 10 ug of cholera
toxin adjuvant at day 0, 8, 14 and 21. The mice were then challenged
twice with 108 H., felis, at day 32, 34 and 36. For comparison
purposes, similar female SPF BALB/c six-week old mice were orally
immunized with 30 ug of recombinant H, pvlori urease B subunit
coupled to hydroxyapathite 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 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 mg
of hydroxyapatite at day O, 8, 14 and 21. The mice were then
challenged at day 32, 34 and 36 with H, felis. All mice subject to
the study were immunized and challenged in parallel. Animals were

sacrificed on day 48 (12 days after challenge) or 1.0 weeks after
challenge, : : ' g : -

D - Analysis of gastric biopsies, blood, and intestinal secretions

Biopsies were taken from the stomach and blood was obtained from the
heart. The intestines were removed and washed with 1mM PMSF '

(Boeringher) in PBS buffer to obtain intestinal secretions for ELISA
analysis, - _

T? evaluate protection against H. felis colonization, gastric :
biopsies from each animal were screened for the presence of H. felis
by assessing rapid urease activity by the Jatrox HP test (Rohm
Pharma), acording to the supplier's directions. Briefly, gastric
biopsies are immersed in 0.5 ml supplier's mixture of urea and

phenol red, a pH indicator. Urease activity generates ammonia and
bicarbonate from urea, and is followed by the colometric change of



, This Sheet Has Been Replaced _ THIS ».. . IEE
7 " Uease I]ﬂlll“ﬂ\!l%ﬂl | l oS o 9B ’ REPLACEMENT SHEE
.96 .. ' 348 e + HF 8 o 2457
1010 . 214 - “Urease #+ HF 0 13 FEB 1997
N. D. N. D. © 23 10 . Urease +.HF
0 N 50 Urease @accine against H 22dord, h.ichettg&t lah U ease -

8r easethe so%.ution &owards a h‘g%ger absg ybance e 530 nm. 'aré%segé'cﬁm—‘_

87 13 was quantifleg ba( gpect photomst c analyﬁis. 0 0

8 Gastric %J?:L%p31es of W 833fal incl Egd gq the expegiaent 0 0
descri in sectidh Efgere also _cul n BHI agarose plates,
58 suppl %znted as_abovk) for the g éted %ion of H_.__mié_eai&ter ' 0
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presence of H. felis was confirmed by Gram staining and
determination of urease activity. As a very significant correlation
was obtained for the detection of H, felis in gastric biopsies
between urease tests and H. felis cultures during the first set of.
experiments (see Table 3), only gastric biopsies urease tests were -
performed for the -detection of H. felils in the experiment described
in section C. Detection of H.felis was confirmed by microscopy by
two independent investigators, using two different stains (acridine
orange and cresyl violet). .

) Blood samples were allowed to clot for 3 hours at RT, and sera
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 animal wexre analyzed by
ELISA for evaluation of anti-Helicobacter activity, according to
standard procedures. Briefly, 96-well plates were coated with a
sonicate of H. pylori, followed by saturation with 5% fat-free milk.
Samples were serially diluted from 1:1 to 1:1000 and incubated
overnight at 4°C on ELISA plates. Biotinylated anti-mouse IgG
(serum) and anti-mouse IgA, followed by streptavidin—-Horseradish
peroxydase was used for the determination of the antibody levels.

The results of H. fells challenges following immunizations with
purified H. pvlori urease are set out in Tables 1-3 and Figures 1-4
and the results of H, felis challenges following immunizations with
recombinant H. pylori urease A and B subunits are set out in Tables
4-6 and Figures 5 and 6.

’ TABLE 1
mouse urease { culture | Immunoglobulins |
number| Immunization test Gram Serum J Intestinal secretion
12h g gG ig IgA
1 Urease+HF + Hfelis | 27 0 - 25 - 258
2 Urease+HF 0 0 264 | 273 221 246
3 Urease+HF | O 0 84 a4 | ais 354
4 Urease+HF + H felis 81 42 12 5
5 Urease+HF 0 0 98 137 126 234
6 Urease+HF + 0 968 2093 31 22
7 Urease+HF 0 0 98 | 0 96 34
8 Urease+HF 0 0 247 1010 214 | 128
9 Urease+HF 0 0 N.D. N.D. 48 23
10 Urease+HF 0 0 | 50 0 124 a9
11 Urease 0 0 319 205 44 53
12 Urease -0 0 14 0 86 - 87
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' 14 Urease -0 0 0 0 43 61
13 Urease 0 0 58 | 0 | 110 127
16 *  Urease 0 0 140 | €3 21 37
17 | Urease - 0 | 0 | o4 240 | 114 | 280
18 Urease 0 0 N.D. N.D. 93 148
19 Urease 0 0 45 0 - 135 216
20 Urease 0 0 261 - 197 161 - 261
21 CT+HF o { 0o 0 . 0 0 2
22 CT+HF. ¥ Hfelis | 763 0 310 303
23 CT+HF + Hfelis 90 0 N.D. N.D.
24 CT+HF + H felis 31 o . 150 192.
25 CT+HF + H felis 197 250 250 440
26 . CT+HF + H felis 105 135 214 138
) 27 | crmr ¥ | Hfels | 140 | 47 | 109 | 58
28 CT+HF 4+ 4. 0 0 -0 16 15
.29 CT4+HF + H felis 0 0 0 0
30 CT+HF - + H telis N.D. N.D. N.D. N.D.
31 HP sonicate+HF + Hfelis 0 0 76 103
32 HP sonicate+HF + | Hlelis 77 0 11 33
33 HP sonicate+HF + H felis 549 748 57 36
34 HP sonicate+HF 0 0 660 153 180 286 .
35 HP sonicate+HF + Hfelis { 730 192 0 5
36 HP sonicate+HF + Hfelis | 32 0 5 64
37 HP sonicate+HF 0 0 400 400 312 1149
. 38 HP sonicate+HF + 1 Hfelis | 1007 1360 149 26
f 39 HP sonicate+HF 0 0 220 186 133 122
; 40 HP sonicate 0 0 873 1016 352 . 514 -
T HP sonicate 0 0 727 899 | 126 191
'g 42 HP sonicate 0 0 109 68 44 83
t] 43 HP sonicate 0 0 147 | 949 167 97
! 44 HP sonicate 0 0 845 | 1094 246 64
| [ 45 HP sonicate 0 0 1217 | 1198 210 | 157
f 46 HP sonicate 0 0 .81 0 256 218
Pl 47 HP sonicate 0 .0 329 210 241 276
| 48 HP sonicate 0 0 1049 737 | - 197 211

[

; En Table 1, which refers to the experiment described in section B,

= "h" means hour, "Ig" means immunoglobulin, "ND" means "not

‘ determined”, "urease + HF" means that the mice were immunized with

. urease (coupled to hydroxyapatite, with cholera toxin) and then

:chall?nged with H, felis, "urease" means that the mice were

| immunized with urease (coupled to hydroxyapatite, with cholera

! toxin? and not challenged, "CT+HF"” means that the mice were sham-—

; imm?nlzed with cholera toxin and challenged with H. felis, "HP

Esonlcate + HF" means that the mice were immunized with H._ pylori

' sonicate with cholera toxin and challenged by H, felis, and "HP
sonicate” means that the mice were immunized with H. pylori sonicate
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pasis of the gastric biopsies urease t and on Gram staining of
H. felis cultures are set out in Table 2. Infection was defined by
mice with one or more markers of colonization by H. felis, including
urease test or Gram staining of cultures. -

~ _Immupization Challenge ':.L:.nf..aczted " & protected

j Urease H. felis . 3/10 (30%) 7/10 (70%) *
Sonicate H, felis 6/9 (66%) 3/9 (33%) **
et . H. felis 9/10 (30%)  1/10 (10%)

- * p=0.0198 (two tailed Fisher exact test) compared to CT -control
*% p=0.303 (two tailed Fisher exact test) compared to CT control

It will be seen from the results set out in Tables 1 and 2 that
statistically significant protection against H. felis challenge is
obtained with oral immunization using-H, pvlori urease as compared
. to that obtained using either H. 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 & of the
animals immunized with H. pylori sonicate and 9 of the animals
;. immunized with cholera toxin. Table 2 shows that 70% of the animals
{ were protected from challénge by H. felis as compared to 33% of the
: arimals immunized with H. pylori sonicate and 10% of the animals
immunized with cholera toxin and then subjected to H. felis
challenge. In other words, 90% of the control mice exposed to H.
felis became infected by that pathogen whereas, in contrast, in mice
! 4immunized with H. pylori urease 28 days before exposure to H. felis,
¢ the infection rate was only 30%. This represents a significant
. reduction in infection (p=0.0198 in the Fisher exact test, as
compared to the control mice). When the mice were orally immunized
with H. pylori sonicate, the infection rate was 67% (not significant
versus the control). The protection obtained using H. pylori urease
is unexpected and could not have been predicted on the basis of the
results observed using H. pylori sonicate.

Referring to Figures 1-4, Figure 1 represents graphically the
results of tests for antibodies in serum (IgG) and intestinal
secretion (IgA) in mice not protected after immunization with
urease. These are mice numbers 1, 4 and 6 appearing in Table 1, and
constitute Group A. Figure 2 shows the antibody responses of mice

that were protected after immunization with urease (Group B), i.e.
mice 2, 3, 5 and 7-10.
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note with respect to Figures 3 and 4 that the IgA antibody responses
(but not IgG) are higher in the mice exhibiting protection than in
the mice that are not protected, suggesting a correlation between
protection and IgA response. Serum IgG responses did not exhibit a
correlation. Mucosal IgA but not serum IgG antibodies are known to
play a role in protection against bacterial infections of the gut

{30]. )

The results of the correlation between the detection of H. felis in
gastric biopsies by urease tests and by cultures are set ocut in

) Table 3.
| TABLES
Urease Test+ Urease Test-|  Total
H. felis culture + 16 : 0 16
H. felis culture - 2 30 32
Total 18 30 48

- Two-tailed Fisher's Exact Test : p<0.00001

Table 3 shows that a very significant correlation exists between the
results of urease tests performed on gastric biopsies and the
identification’ of H., felis by cultures. As cultures detected less
often H. felis infection than urease tests, urease tests were
preferred for the diagnosis of H._felis infection in mice in the
next experiments, due ot its better sensitivity. This approach
~allowed the duplication of urease tests with larger fragments of the
stomach of each mouse, and a further increase 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 induced after urease
immunization 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).

LTyt

The results of the experiments described in section C (recombinant
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. '
) TABLE 4
immunization . | mice n° | Urease test | Infection |
cr 20 0.49 +
21 0.31 +

- 22 0.62 +



¥ . HP sonicate - 0 ' o P

42 _ ey . A5 pageec ' '
44 © 783 . 19 43 HP sonicate | THJS SHEET HAS REEN ?EPLAC%%NT SHEET
167 197 44 . - HP sonicate . 0 o REPLACED  1hos éAQE%
64 45 . HPsonicate 0 0 1217 1198 . 2no| 13 FE&;
HPsoni cat e o Miche 218 4% Rl
soni cat e 0 u:easg 9acc1n§2a5:§1lt_u_2_fﬁ_l.ag1, Mich tih]‘?g%@ 276
: — -1 23 0.67 +
This Sheet Has Been Replaczd 24 | 055 +
. ' 50 0.50 +
AR oo | oow |
P | 52 -0.29 +
. 53 0.79 +
b . | 54 | o032 +
; ureA + HAP + CT 40 0.67 +
' R 41 0.48 +
5 42 | 042 +
: - 43 0.65 +
g 44 0.56 +
: 45 0.52 +
¢ 48 0.33 +
: 47 0.63 +
s 48 | 022 +
E 49 0.37 +
i ureB+HAP+CT | 25 0.15 -
: 26 0.07 -
; 27 © 0.03 -
i 28 0.64 +
i 29 0.13 -
; 30 0.02 -
: 31 0.66 +
: 32 0.00 .
i
ureA + HAP +CT 68 | 0.00 -
- 89 0.07 -
| 70 0.42 .,
71 0.00 -
_ 72 0.00 -
ureB + HAP + CT 73 037 +
' 74 0.00 -
. 75 0.37 +
76 0.00 -
77 0.00 -
78 0.00 -
1 79 0.39
- 80 0.00 -
81 0.37 +
82 0.00 -
In Table 4, "CT" means cholera toxin; "UreA" means recombinant H.
pylori urease A subunit; "UreB" means recombinant H. pyvlori urease B
s“bu?it: and "HAP" means hydroxyapatite crystals. Mice 20 to 54 were
sacrificed 12 days post challenge and mice 68 to 82 10 weeks (106
dBYS).post challenge.. The results of the urease test performed from
; biopsies of the stomach of each animal are expressed as OD values at
. S50 nm. The positive and negative signs depicts the final status of
. infection of each animal, according to the positivity or negativity

of the urease test for detection of H. felis. Positivity: ODsso
values >0.2 . '

o
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chol era toxin) and not chall enged, "CT+HF" neans that the nmice were

sham i mmuni zed~wth—chol eéra toxi n_and chalTenged H. fTelrs, "HP sonicate

+HF" neans t hatpifer N§ cep et ect ivhinag efeakdfed]. 1 0\H0rd pomt atec) Mride
cholera toxin and challenged by H felis, and "HP sonicate" neans that the
m ce Wergéi'nﬂmirg%c_bmﬁ t h HhaWegide soni cat einfddteahol ersa gamtiagrtantl not
chal l eng®d. " Tn Table 1, :
" Urease A subunit H, felis  10/10 (%) - 0/10 (0%)
Urease B subunit H. felis - .3/10 (30%) 7/10 (70%) ~*

cT : H., felis 10/10 (100%) 0/10 (0%)

f* pgo,oo31'(two tailed Fisher exact test) compared to CT

control
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TABLE 6: Protection as measured 10 weeks post challenge

_.Immuniza;ign Challenge % infected % protected
Urease A subunit H. felis - 1/5 (20%) 4/5 (80%) *
: Urease B subunit H. felis 4/10 (40%) 6/10 (60%) **

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

N

; Tesults stron
reguired for

o

3o

¢ It will be seen from the results set out in Tables 4, 5 and 6 that
statistically significant protection against H. felis challenge is
obtained with oral immunization using recombinant H. pvlori urease B
subunit as compared to that obtained using either recombinant H.
p¥lori urease A subunit or cholera toxin. Peferring 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 immunized with H.
pylori A subunit of urease and 10 out of 10 of the animals immunized
with cholera toxin. Table 4 shows that 70% of the animals were
 Protected from challenge by H, 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 H. felis
challe?ge. In other words, 100% of the control mice challenged with
_H;.fal;a became infected whereas, in contrast, in mice immunized
with recombinant H, pylori urease B subunit the infection rate was
only 30%. This represents a significant reduction in infection
(p=0.0031, Fisher exact test) as compared to the control mice.

The fact that the protection observed with H, pylori urease is
:gtirely conferred by immunization with the B subunit of urease, and
ofag the a s?bunit yas no such effect, was not expected on the basis
o tgr experiment with purified urease. This definition of the roles
e 2 Structural subunits of urease in the development of a
g;g;:gtéve immune response is therefore novel. The protection
inactis using recombinant urease B subunit, which is enzymatically
! oray e also teaches that non toxic forms of urease can be used as
vaccine against Helicobsacter infection. Furthermore these
gly suggest that recognition of the active site is not
protection, as an inactive urease B subunit is very
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: peferring to Table 6, it will be seen that, when mice are sacrificed

‘10 weeks post'infection, 60% Ss_mice out of }0) of the animals

* immunized with urease B subunit and 80% (4 mice out 5) of the

; animals immunized with H._pvlori urease A subunit were protected

. against H, felis infection. The fact that protection obtained

. through immunization with urease B subunit lasts over time and that
{mmunization with urease A induces a protection which is delayed

: compared to the one induced by urease B subunit could gotjbe

. expected from our experiment with purified urease or with other
experiment performed earlier. The fact that urease A subunit
immunization confers protection definitively proves that recognition

" of the active site is not required for protection. :

Figure 6 summarizes results obtained after oral immunization with

recombinant urease A and B subunits (described in Table 5 and 6)

oo g —i

The present invention also provides vaccine compositions suitable
for the prevention of Helicobacter infection. The compositions
comprise an effective amount of a urease antigen, preferably H.
pylori urease or recombinant H. pylori urease subunits, capable of
eliciting in a host a protective immune response to Helicobacter
infection, in association with a pharmaceutically acceptable carrier
or diluent. o o

The vaccines of the invention are administered in amounts readily
determined by persons of ordinary skill in this art. Thus, for

" adults a suitable dosage will be in the range of 10ug to 100
milligrams, for example 50ug to 50mg. -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 vaccine 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 infected host, or as a therapeutic.agent in the aim to induce an
immune response in the host susceptible to contribute to the

eradication of H. pvlori.

As noted above, a suitable mucosal adjuvant is cholera toxin. Others

i whi?h may be used are muramyl dipeptide or its derivatives, non-

©  toxic-derivatives of cholera toxin, including its B subunit, and/or
conjugates or genetically engineered fusions of the urease antigen
Plus cholera toxin or its B subunit. Other suitable delivery methods
include biodegradable microcapsules or immune stimulating complexes
(ISCOM'S) or liposomes, genetically engineered attenuated live
vectors such as viruses or bacteria, and recombinant (chimeric)
Vi{us-like particles, e.g. bluetongue. The amount of mucosal
adjuvant employed depends on the type of mucosal adjuvant used. For
examp}e, when the mucosal adjuvant is cholera toxin, it is suitably
used in an amount of 5 ug to 50 ug, for example 1l0ug to 35ug. When
used in the form of microcapsules, the amount used will depend on
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.
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particulate hydroxylated calcium phosphate (ECP) is espgcially
useful as a carrier for the H. pylori urease to be applied to
mucosal surfaces. It is believed 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 microparticles
suitable for transport across the epithelium, particularly by cells
specialized for this purpose (M cells). A preferred form of .
hydroxylated calcium phosphate is hydroxyapatite, a commercially
available crystalline hydroxylated calcium phosphate

Cajg(POg4) 6 (OH) 2. :

Commercially available hydroxyapatite generally consists of slab-

' 1ixe crystals that are chemically and physically analogous to
inorganic hydroxyapatite in normal bone tissue. Ingestion of
hydroxyapatite should therefore be safe, as evidenced by the
existence of nutritional calcium/phosphorus supplements derived from
ground bone, which are designed to be ingested. Commercially-high
‘resolution hydroxyapatite (from CalBioChecm) consists of crystals
varying widely in size., Crystals over lum in length are unlikely to
be taken up by M cells. Therefore, for use in the invention,
commercial hydroxyapatite crystals are broken into small, relatively
uniform crystalline fragments such as by sonication. Preferably, a
substantial proportion of the hydroxyapatite is present as fragments
of about 0.01-1.0um. Framentation may be measured either by electron
microscopy or light scattering, using 'standard techniques.

Preferred modes of administration of the H. pylori urease antigen
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, suspension, capsule
and/or suppository. The method of administration will be readily
apparent to a person 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 a mucosal surface of the patient an
effect@ve amount of a urease specific antibody. Preferably, an
effective amount of a H. pylori urease specific IgA monoclonal
antibody. C ; '

Since the urease of H. pylori is shown to represent the antigen
involvgd in inducing protective immunity, a further aspect of the
invention 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 urease or to determine whether an individual is immune or
suscegtible (and thus in need of vaccination). The present invention
also includes the use of urease and urease-specific antibodies to
Cconstruct assays and kits for diagnosis of Helicobacter immunity,
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H. felis was providéd by 3. Fox (division of Cooperative'Medicine,
"Mass. Institute of Technology, Boston, USA). H. pylori was isolated
from patients with ulcer disease (CHUV, Lausanne, Switzerland).

b) Bacterial Cultures

’ Liguid Culture — Bacteria were cultured on BHI (Brain-Heart
Infusion, BioMerieux) liquid medium containing 0.25% of yeast
extract (Difco) and 10% of fetal calf serum (Inotech) supplemented.
with 0.4% of Campylobacter selective complement (Oxoid). The
bacteria were incubated overnight under microacrophilic conditions
at 37°C and then shaken at 37°C for 2 to 3 days.

Culture on Agarose plates -~ The bacteria were cultured on agar
plate consisting on BHI with 0.25% of yeast extract and 5% of sheep
blood under microacrophilic conditions at 37°C for 3 days.
Quantification — The quantity of bacteria was determined by the
optical density of the BHI solution at 660 nm (1 optical density
unit corresponding to 108 bacteria). .

c) PRreparation of sonicates

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

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 a Bradford assay (BioRad Kit according to supplier).

d) Coupling of immunogen to Hydroxyapatite

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

EXAMPLE 3
a) Extraction

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 ml of H20 and vortexed for 45 seconds
(?ax1mum speed) . The extract was then spun 20 minutes at 6700 g at
4°C. The supernatant was recovered and the quantity of protein was

evaluéted (see "Quantification" above) and precipitated with 70% of
ammonium sulfate.

-
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The solution was chromatographed on a Sepharose CL~6B column
(pharmacia) with PBS (phosphate buffered saline) as mobile phase.
The 22 collected fractions which presented a strong urease activity
were pooled and dialyzed overnight at 4°C against 3 liters of PEB
(20 mM phosphate buffer, pH 7) and then chromatographed on a Q
Sepharose fast flow (Pharmacia) with PEB-as mobile phase. The
fractions were eluted by 0 to 500 mM NaCl gradient. Ten of the

collected fractions with a strong urease activity were individually

subjected to-an SDS gel followed by a Coomassie staining. The 6
fractions presenting 2 distinct bands corresponding to MW-63 and -
28 KDa were pooled and were considered as the purified urease.

Mice employed in the immunization studies 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
syringe. This procedure will be referred to as oral immunization.

Three oral immunization protocols'were evaluated. These are
described below.

2::’:: J a] - l’_ s !- .!1 .:. i |

Female BALB/c six-week old mice (20) were orally immunized with 30ug
of purified of H. pylori urease and 1 mg of hydroxyapatite and 10ug

of cholera toxin at day 0, 7, 14 and 21. Ten mice were challenged at
day 28 and 30 with 5x107 and 108 H. felis from liquid culture. '

Female BALB(c six-week old mice (20) were orally immunized with 2 ng
of H. pylori sonicate solution at day 0, 7, 14 and 21. Ten mice were

challenged at day 28 and 30 with 5x107 and 108 H. felis.

Female-BALB{c six-week old mice were orally immunized with 1 mg
hydroxyapatite and 10ug of cholera toxin at day 0, 7, 14 and 21. The

mice were challenged at day 28 and 30 with 5x107 and 108 H. felis.

At day 35 all mice were sacrificed and biopsies from the stomach
were taken as well as intestinal secretions and blood.
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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 were 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

[ tested at dilution 1:1000 and intestinal secretions 1:1. 100ul of
each sample were added to the antigen coated plates. After 2 hrs of
incubation, plates were washed 3 times with PBS 0.1% Tween. Anti-
mouse biotinylated whole antibody from 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 ware washed 3 times
and 50ul of 1:50 dilution of o-phenyl-diamine in citrate buffer pH
5.0 with lul/ml of 30% Hy0p were added and incubated at room

temperature for 20 minutes. The absorbance at 495 nm was measured in
each well. . '

EXAMPLE 3 (see also section C)

Mice employed in the immunization studies were lightly anesthetized
with ether prior to intragastric immunization. Then, 30 ug
recombinant H., pylori urease A or B subunit produced in E. coli
bound hydroxyapatite and supplemented with cholera toxin was
suspended in PBS and 200ul were delivered to the stomach of the

: TYespective mice using a polyethylene tubing attached to a hypodermic
: Syringe. This procedure will be referred to as oral immunization.

P Y et e e b e

Three oral immunization protocols were evaluated. These are
described below. '

Brotocol €1 - vaccipation with zrecombinant urease A subunit

I"emale.IE,IM.L'B/C: six-week old mice (10) were orally immunized with 30ug
; of purlfied.recombinant H. pylori urease A subunit and 1 mg of
: hYdrOXYaPatlte and 10ug of cholera toxin at day 0, 8, 14 and 21. Ten

mice.were challenged at day 32, 34 and 36 with 108 H. felis from
liquid culture. -

A R M Gor
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ug of recombinant HRG plyiekisureaser?2 s?bﬂnit and 13fg of .
hydroxyapatite and 10ug of cholera toxin at day 0, 8, 14 and 21. Ten
mice were challenged at day 32, 34 and 36 with 108 H. felis from
1iquid culture. _

Female BALB/c six-week old mice were orally immunized with 1'mg of
hydroxyapatite and 10ug of cholera toxin at day 0, 8, 14 and 21. The

mice were challenged at day 32, 34 and 36 with 108 H. felis.

At day 42, or at day 106, mice were sacrificed and multiple biopsies
from the stomach were taken. '

tect] 3 luatj
To evaluate protection, biopsies of the corpus and antrum of the
stomach were screened for urease activity by the Jatrox HP test
(Rohm Pharma) according to the instructions of the supplier. The
urease is quantified by a spectrophotometric measurement at 550nm.

The. total of corpus and antrum OD values were added to obtain a
final OD value for each mouse.
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il- A method of eliciting in a mammalian host a protective immune
response to Helicobacter infectien, said method comprising the step

- of:

administering to a mucosal surface of said mammal an immunogenically
effective amount of a polyaminoacid preparation presenting a
sufficient number of epitopes exhibited by a urease endogenous to
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. . :

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

¥' peptides homologous with enzymatically inactive portions of the

aminoacid sequences of a urease.

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

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

H. _pyvlori urease.

6. A method according to claim 1, wherein said preparation comprises
at least subunits of a urease, with or without enzymatic activity.

7. A method according to claim 1, wheréin said preparation comprises
anti-idiotypic antibodies to a urease.

8. A method according to claim i, wherein said prebaration comprises
peptides immunclogically cross—-reacting with urease.

_ pg. A method according to claim 3 and 5, wherein said peptides are
) obtained by chemical synthesis.

10. A method according to claim 1, wherein said preparation comprises
urease antigens produced using DNA recombinant techniques.

11. A method according to claim 1, wherein said preparation comprises
subgenic fragments of nrease produced with recombinant techniques.

12, A method according.to claimnl, wherein said preparation comprises
urease subgenic fragments produced as genetically fused proteins.

13. A method according to claim 13, wherein said fused proteins
comprise cholera toxin subunits.

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

15, A method according to claim 15, wherein said mucosal adjuvant is
cholera toxin.
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l 16. A method arcording to claim 1, wherein said mammalian host|is
human. ' '

j7. A method according to claim 1, wherein said preparation is
administered in association with a hydroxylated calcium phosphate.

18. A method according to claim 18, wherein said hydroxylated calcium
phosphate is hydroxyapatite.

19. A method according to claim.19, wherein said hydroxyapatiteis in
the form of particles suitable for transport accross epithelium.

20. A method according to claim 1, wherezn said urease is aministered
orally, nasally, rectally or ocularly.

21. A vaccine for inducing a protective immune response to

Helicobcater infection in a mammal, the vaccine comprising a

polyaminoacid preparation presenting epitopes exhibited by a urease

’ endogenous to said Helicobacter organism disposed in a

F rharmaceutically acceptable carrier or diluent.

22. The vaccine of claim 22 further comprising a mucosal adjuvant.

23. A method of imparting to a mammal pass;ve protection to
Helicobacter infection, the method comprising administering to a
mucosal surface of said mammal an immunologically effective amount
of a urease-specific IgA antibody produced in a host by immunization
with a urease which elicits a protective immune response to

Helicobactex.

24. A method according to claim 24, wherein said ahtibody is a
Helicobacter pylori urease specific IgA antibody.

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

infected by Helicobacter organism, the method comprising determining
in a sample from the gastrointesinal tract of said mammal the
presence of antibody reactive with epltopes exhibited by urease
endogenous to said Helicobactexr organlsm.

§.26, A method for assessing the endogenous immune response of a mammal
)

27. A method according to claim 27, comprising the additional step of
administering a Heligobagner vaccine to said mammal prior to said
determination.

Sheet Has Been Replaced

T




44

0. 33

+ 49
0. 07 .27

~ &

s v TR
+ 47 0. 63 AT
0. 37 + ureB + HAP'+CT ¢ 25
0. 03 28 0.64 . VL

Urease vaccine against K. pylori, Michetti exal.

4ABEPLACEMENT SHEI

0.IZZ

103 JFE G997

E-

ABSTRACT OF _THE DISCLOSURE

Method of eliciting in a mammalian host a protect;ve immune response

to Helicobacter infection by administering to the host an
immunogenically effective amount of a Helicobacter urease

subunits as antigen. Vaccine compositions are also provided.
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ei t her in a mammal.

2. The use of claim 1, wherein said mammal is at risk of

developing, but does not have, Helicobacter infection.

3. The use of claim 1, wherein said mammal is infected by

Beli cobactei' .

4. The use of claim 1, wherein said polypeptide comprises 2

Helicobacter urease.

S. The use of claim 1, wherein said Helicobacter antigen is

a Relicobacter pylori antigen.

6. The use of claim 1, wherein said Helicobacter antigen is

a HRelicobacter urease.

7. The use of claim 6, wherein said polypeptide comprises a

subunit of said Helicobacter urease.

8. The use of claim 7, wherein said subunit is the urease A

subunit.

9. The use of claim 7, wherein said subunit is the urease B

subuanit.
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group, as conpared to al|t10*arfi metl s i nmuni zed with H pyl ori {Alsubunit of
urease and 10 out of 10 of the aninmals immuni zed with chol erajtoxin. Table

4 shows that 70% of the animls were protected fromchal l engelbyH._felisg -
as conpared to 0% of the aninmals i munized 2Qith H. pyl ori urease A subunit
and 0% of the ani #8ks Thaanwsiezed Haip éhov%?r@%ﬁﬁhdmmﬁléﬁb?%ré&eﬁo H.

felis chal |l enge. an%?e %:bo \Wor ggtn]b()%%:gf tlpe l%gggcger rgr%g ghal ' enged with
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1l. The use of claim 1, wherein said polypeptide is

recombinant.

12. The use of claim 1, wherein said polypeptide is

produced as a fusion protein.

13. The use of claiw 12, wherein said fusion protein

comprises a cholera toxin subunit.

14. The use of claim ), wherein said mucosal vaccine is

administered to said mammal with a mucosal adjuvant.

15. The vse of claim 14, wherein said mucosal adjuvant

comprises a cholera toxin.
16. The use of claim 1, wherein said mammal is bhuman.

17. The use of claim 1, wherein said mucosal vaccine is

administered to said mammal with a hydroxylated calcium

rhosphate.

18. The use of claim 17, wherein said hydroxylated calcium

phosphate is hydroxyapatite.
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definition of the roles of the 2 strucjyral subunits of urease—t+r—the
devel opment of 3. pr9L§C$éé“%f claim 18, wherein said hydroxyapatite is in

the form of particles suitable for transport across epithelium.

20. The use of claim 1, wherein said mucosal vaccine is

administered to an oral, intranasal, rectal, or ocular surface of

said mammal.

21. A vaccine for inducing a mucosal immune response to

Helicobacter in a mammal, said vaccine comprising a polypeptidé

presenting a sufficient number of epitopes of a Helicobacter

antigen to induce said immune respoﬁse, in a phaxmacentically

acceptable carrier or diluent.

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

adjuvant.

23. The vaccine of claim 21, wherein said polypeptide

comprises a Eelicobacter urease or a subunit of a Helicobacter

urease.

24. The vaccine of claim 21, wherein said Helicobacter

antigen is a Helicobacter pylori antigen. .

25. The vaccine of claim 21, wherein said Helicobacter

antigen is a Helicobacter urease.

26. Use of an IgA antibody specific for a Helicobacter

antigen in the prepaxation of a medicament for imparting passive
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re¢ognition of the acttive stte is nlt required for protection,] ak_.an

i nficti ve urease B subunit is very unlikel y to induce anti bodi that wll
regogni ze and inhibit the catalytic site 9§ native urease. Refierring.to
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urease A subunit were protected against H felis infection. The fact that

pript ecti on obtai ned through
27. The use of claim 26, wherein said Helicobacter antigen

is a Helicobacter pylori antigen.

28. The use of claim 26, wherein said Felicobacter antigen

is a Relicobacter urease.

29. The use of claim 26, wherein said mammal is human.

30. 2 method for assessing the immune response of a mammal
infected by a Helicobacter organism, said method comprising
detecting the presence of antibodies reactive with a polypeptide

of a Helicobacter in a sample from the gasitxointestinal tract of

said mammal.

31. The method of claim 36, wherein said polypeptide of a

Belicobacter is a Helicobacter urease.

32. The method of claim 30, further comprising
administering a polypeptide of a Helicobactar to a mucosal
surface of said mammal as a vaccine antigen prior to said

detecting.
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UREASE-BASED VACCINE AGAINST HELICOBACTER INFECTION

The present invention relates to the prevention and treatment of gastric infection in
mammals, including humans. More particﬁlarly, the present invention 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 chronic gastritis or peptic ulcer, and

prevention of gastric cancer.
BACKGROUND OF THE INVENTION

Helicobacter infections of human gastric epithelium cause gastritis, are a major factor
in the development of peptic ulcers and gastric lymphoma, and may be a risk factor for
the development of gastric cancer [1-3]. The most frequent infection agent is
Helicobacter pylori, followed at a much lower frequency by Helicobacter heilmanii. H.
pylori is a slender S-shaped gram negative microorganism, which is routinely
recovered from gastric biopsies of adults and children with histologic evidence of
gastritis or peptic ulceration. Evidence for é causal relationship between H. pylori and
gastroduodenal disease comes from studies in human volﬁnteers, patients with ulcers
and gastric cancer, gnotobiotic pigs, and germ-free rodents. Regarding etiology,
Koch’s postulates were 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, in

patients with peptic ulcer disease, a decrease in the recurrence rate [12].

In spite of in vitro susceptibility to many antimicrobial agents, in vivo eradication of

established H. pylori infections with antimicrobial agents is often difficult to achieve



27 The present invention also provides. vaccine conpositio
tge prevention of Helicobacter infection. The conposition
ef fective anmount- of a urease antigen, preferable H pylor
reconbi nant H. pxlori urease subunits, capable of eliciti
protective i mmune response to Helicobacter infection, in

phar maceutically acceptable carrier or diluent. The vacci
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epithelium and in gastric pits. These are locations which do not appear to allow for

adequate antimicrobial levels to be achieved even when antibiotics are given orally at

high doses. At the -pfesent time, most authorities recommend a “triple therapy™,

namely a bismuth salt in combination with drugs such as tetracycline and

metronidazole for 2-4 weeks. However, the effectiveness of this or other

chemotherapeutic regimens remains suboptimal. Furthermore, this treatment may

produce serious adverse drug reactions.

At the present time little is known regarding the role of the mucosal immune systems in

the stomach. The distribution of immunoglobulin (Ig) producing cells in the normal

gastric antrum indicates that IgA plasma cells make up 80% of the total plasma cell

population. In addition, the number of plasma IgA cells present in the gastric antrum is

comparable to other mucous membranes [14, 15]. A number of studies in humans [16]

and in animal models [8, 10] have demonstrated specific IgG and IgA responses in

serum and in gastric secretions in response to Helicobacter infection. However, the

observation that H. pylori infection persist as a chronic infection for years, despite

inducing a local and systemic immune response, is not encouraging the development of

immunization strategies.

Lee et al have reported the ability to infect germ-free rodents with

Helicobacter felis, a

bacterium closely related to H. pylori, and reproducibly document histologic gastritis

[9, 10]. Since then, this bacterium-host pairing has been accepted as a good model to

study Helicobacter-mediated gastritis and its initiating factors [17]. Czinn et al have

shown that repetitive oral immunization with a 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 reported that oral




capsul'es protecting the antigen fromthe acidic environment Th
and including urease antigen in a insoluble formas fusion pﬁgffzg@é@ﬂgmfﬁ
vacci ne can be adm nistered as a primary prophylactic agent 4{1 adulTs or

children, as a secondary prevention, after successful eradijcatibf MARHSI9S

pylori in an infected host, or as a therapeutic agent in tHe faimto induce
an i nmune response in the host susceptible to contribute tg the eradicatior
of H pylori. As noted above, a suitable3mcosal adjuvant its_cholera toxi-n.

O hers which may be used are nuranyl dipeptide or its derivatives,
non-toxi c derivatives of cholera toxin, including its B subunit and/or

conj ugat egmHungARRdnl with 'a\cr@dd1yRaRS S fotis fistis GRGud Oprb%cﬁbﬁ%gﬁm%ﬂﬂ @elis pl us:
cholera toxin or its B subunit. OQher surtable delivery methods
infection in mice [21, 22]. The exact nature of the antigen(s) respons1ble for the
induction of this protection, however, had not been determined, and no information
suggested that the protective antigen(s) of H. felis that induced protection against this
pathogen would induce a cross-reactive protection extending to another Helicobacter

species.

We have demonstrated for the first time that H. pylori and H. felis share antigenic
determinants by obtaining monoclonal antibodies after oral immunization of mice with
either H. pylori or H. felis sonicates and showing that some of these antibodies,
directed against H. pylori, would crossreact with H. felis and vice versa [24; 25]. The

basis for these cross-reactivities were unknown.

Based on the homology existing between the different known urease amino acid
sequences, it has been proposed that urease could be used as a vaccine against H. pylori
[26]. Nevertheless, despite the homology among the different ureases sequences,
cross-reactivity is not the rule. Guo and Liu have shown years ago that ureases of

Proteus mirabilis, Proteus vulgaris and Providencia rettgeri show cross-reactivity to

each other, while ureases of jack bean and Morganella morganii are immunologically
distinct from the three former ureases [23]. Even if an antigenic cross-reactivity of H.
pylori urease with other Helicobacter ureases was a reasonable postulate, no data
existed demonstrating that this was really the case until we showed that some H. felis
monoclonal antibodies crossreacted with H. pylori urease [25]. J. Pappo has further

demonstrated that mice which have been infected by H. felis produce antibodies which

crossreact with H. pylori urease but not jack bean urease (J. Pappo, unpublished data,
1993).
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The use of H. pylori urease, or of related ureases, as a vaccine against H. pylori
infection has previously been proposed by A. Labigne in EPO 367,644 [28]. However,
that application contains no evidence of vaccination of any mammal against any

Helicobacter infection with urease.

Moreover, while sequence homology with other bacterial ureases might support the use
of urease as a vaccine candidate against H. pylori infection, the current knowledge of
human H. pylori infection would certainly not. First, despite the fact that infected
individuals often mount a strong antibody response to urease, the anti-urease immune
response does not result in clearance or control of the infection. Secondly; 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 development of a protective
mucosal immune response. Indeed, mucosal immune protection is thought to be
mainly mediated by secretory IgA, the agglutinating activity of which would be
impaired when the recognized antigen can be shed by the target pathogen and thereby
serve as a decoy for the protective antibody. Thirdly, urease appears to be toxic for
epithelial cells in culture, and has been suspected to play a role in mucous degradation

and in peptic ulceration in vivo. Thus, its use as antigen may be toxic.
Nevertheless, we reasoned that this antigen could be a potentially efficient vaccine if:

- first, we would deliver it orally at a sufficiently high dose to elicit a stronger immune

response than the naturally occurring one

- second, the amount of antibodies prbduced would be high enough to bind all the

urease, shed or not shed
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In summary, there remains a need for effective treatment and prevention of H. pylori-

induced gastric infection in humans. Recent data suggested the possibility to generate

a vaccine against this infection, but have not provided a clear identification of defined

antigen(s), common to all strains of H. pylori, that could be incorporated into a safe

and effective vaccine.

In this invention, we have identified the urease antigen of H. pylori as a candidate

vaccine and demonstrated its efficacy in an animal model. These results were

unexpected in the light of the natural history Helicobacter infections.

SUMMARY OF THE INVENTION

We have discovered that immunity can be induced in mammals susceptible to

gastrointestinal Helicobacter infection by exploiting urease epitopes displayed on or

about the surface of Helicobacter organisms and using them as a vaccine target. The

immunity can be induced by immunization with native urease, but can also be induced

with recombinant urease subunit, produced as an enzymatically inactive, therefore non-

toxic form. The invention provides a method of inducing immunity to Helicobacter

infection by administering to a mucosal surface of a mammal a polyaminoacid

preparation, i.e. a mixture of peptides and/or proteins, together with an appropriate

adjuvant. This polyaminoacid preparation presents a plurality of epitopes characteristic

of and exhibited by a urease enzyme endogenous to the infecting

Helicobacter

organism. The administration of the polyaminoacid preparation may be performed by

the oral route.
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particularly by cells specialized for this purpose (Mcell )BEFA%E@%@H@%ET

farm of hydroxyl ated cal ci um phosphate i s hydroxyapatite,
avai l abl e crystal line hydroxyl ated cal ci um phosphate
CalO(PO err])6(OH[err]- Comnercially avail abl e hydroxyapalife jgpridhI{893
consists of slab-like crystals that are chem cally and phy$i ¢ally anal ogous
to inorgani ¢ hydroxyapatite in normal bone tissue. |Ingestion of

hydr oxyapatite shoul d therefore be safe, @as evidenced by the existence of
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nutritional calcium phosphorus suppl enents derived from ground bone, which
are designed to be ingested. Comrercially-high resolution hydroxyapatite
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use in thandmagntakervarious forms. A non exhaustive list of possible preparatlons 1nc1udes
purified, naturally occuring or recombinantly produced urease preparations of bacterial
or other origin, digests of urease, fusion proteins comprising urease epitopes, truncated
forms of urease enzyme, or peptides homologous with the aminoacid sequence of
urease. Since development of immunity depends on indution of humoral and/or |
cellular immune responses which bind to the infecting Helicobacter organism,
preferred preparations are those which most closely duplicate the epitopes of the urease
endogenous to the infecting organism. For example, preparations displaying the
epitopes of urease of H. pylori are preferred for administration in humans susceptible
to H. pylori, and preparations displaying the epitopes of urease of H. heilmanii are
preferred for the administration in humans susceptible to H. heilmanni. However, in
accordance with an important aspect of the invention, it has been discovered that

urease from other species may be used. For example, we have shown that H. felis

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

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

is administered to a mucosal surface of the host.

According to another aspect of the present invention, there is provided a vaccine
composition suitable for prevention of Helicobacter infection, comprising an effective
amount of a urease antigen, preferably H. pylori urease or H. pylori urease B subunit,
capable of eliciting in a host a protective immune response to Helicobacter infection, in

association with a pharmaceutically acceptable carrier or diluent.
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nodes of adm nistration of the H pylori urease antigen uredse antigen are

orally, nasally, rectally or ocularly. O7l admnistration dal—paw-ge
delivery to other

According to a further aspect of the present invention, there is provided a method of
imparting to a mammalian host passive protection to Helicobacter infection,
comprising administering to a mucosal surface of the host an immunologically
effective amount of a urease specific antibody produced in a host immunized with a
urease, preferably H. pylori ilrease or H. pylori urease B subunit, capable of eliciting a

protective immune response to Helicobacter infection.
BRIEF DESCRIPTION OF THE DRAWINGS

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

DETAILED DESCRIPTION OF THE INVENTION
The present inventors have discovered that oral administration to mice of

polyaminoacid preparations exhibiting the epitopes of H. pylori urease gives rise to a

protective immunological response against H. felis in mice, an animal model of

generally-accepted value for the study of the immune response to Helicobacter
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-immunized animals. Furthermore, the inventors have discovered
that oral immunization in mice using H. pylori urease B subunit, produced as an
enzymatically-inactive recombinant protein, gives rises to a protective immunological

response in mice against H. felis. The effect of the protective immune response is that

immunized animals, when challenged with pathogen, have also a greatly reduced
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amobunt of a urease specific antibody. Preferably, an effective amunt of a
H. pylori urease specific |IgA nonoclonal antibody. Since the urease of H.
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infected.

Thus, in a first aspect, the present invention provides a method of eliciting in a
mammalian host a protective immune response to Helicobacter infection. The method
comprises the step of administering to a mucosal surface of the mammal, including
humans, an immunologically effective amount of a urease antigen, preferably H. pylori

urease, capable of eliciting such a protective immune response.

In a second aspect, the present invention provides a method of eliciting in a
mammalian host a protective immune response to Helicobacter infection. The method
comprises the step of administering to a mucosal surface of the mammal, including
humans, an immunologically effective amount of recombinant, enzymatically inactive,
urease B subunit as antigen, preferably recombinant H. pylori urease B subunit,

capable of eliciting such a protective immune response.

The invention also includes within its scope the treatment or prophylaxis of mammals,
including humans, for Helicobacter infection, wherein an immunologically effective
amount of a urease, or its subunits, capable of eliciting a protective immune response
to Helicobacter infection, is administered to a mucosal surface of a patient. Preferably,
the urease is H. pylori urease or H. pylori urease B subunit, and the urease may be
administered either alone or linked to a hydroxylated calcium phosphate, for example
hydroxyapatite as a carrier particle. Moreover, it is preferred to administer the H.
pylori 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
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persons who have received a vaccine based on urease or to dgte ne_ whet her
an individual is inmune or susceptible (and thus in need of [v n]ﬁapwﬁnqgg
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I mmune responses to vacci nes. EXAMPLES The invention will now be further
described by reference to the followng non-limting

of the urease antigen, or B subunit thereof, to a mucosal surface stimulates the common
mucosal immune system and perhaps local sites in the gastric mucosa inducing an
immune response, including the appearance of H. pylori specific IgA antibodies in the
gastric secretions, which prevent Helicobacter infection. Since it is a routine matter to
conduct pre-clinical trials of candidate vaccines for human use in animal models, it is
believed that the methodology of the present invention is effective in humans,
especially in the prevention and treatment of peptic ulcers, gastritis, gastric
malignancies and other conditions arising as a result of the presence of H. pylori and/or

H. heilmanii.
A - Bacterial cultures and urease purification

The strain of H. pylori used in the study originates from a patient with a duodenal
ulcer, and has been subcultured on BHI agarose plates to homogeneity. H. pylori is
cultured in a suitable medium, typically, BHI (Brain-Heait 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 incubated overnight under microaerophilic conditions at 370C in bottles that are
then sealed ahd shaken at 370C 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 microaerophilic conditions at 37°C for 3 days. The
quantity of bacteria is determined by optical density of the BHI solution at 660 nm,
with one optical density unit corresponding to 108 bacteria. Cultures on agarose plates
are first resuspended in 154mM NaCl.

One currently preferred source of polyaminoacid displaying urease epitopes is purified

urease, €.g., H. pylori urease obtained by following the general method of Dunn et al.
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were cultured on BH (Brain-Heart |nfusion, BioMrieux) J
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J. Biol. Chem. 265, 9464-9469, modified as described below. Following culturing,
the H. pylori is harvested in water, spun vortexed and spun again to produce a
supernatant. The solution containing the urease activity of H. pylori (assessed by rapid
urease test, see below) is then chromatographed on a CL-6B sizing column and the |
fractions which present a strong urease activity are pooled and dialysed overnight and
again chromatographed on an anion exchanger gel. The fractions are eluted in
increasing NaCl buffer and the collected fractions with a strong urease activity are
individually submitted to a SDS gel followed by Coomassie staining. Two distinct
bands corresponding to a molecular weight of about 63 and about 28 kDa are identified
as urease. The fractions containing urease are pooled to give purified H. pylori urease

having a purity in the region of 95% to 99%.
B - Oral immunization with urease purified from H. pylori

While it is preferred to employ purified H. pylori urease obtained as described above as
the antigenic material, it will be understood that it is also possible to use, as the
antigenic material, any urease or subunit of urease, either naturally occuring or
obtained by recombinant DNA techniques, as well as digested fragment thereof, fusion
proteins comprising the fragments or the whole urease, truncated urease constructs, or
other peptide or protein preparations exhibiting urease epitopes which are capable of
eliciting a protective immune response to Helicobacter infection (See below). Thus, it
is possible to employ a urease having a substantial homology with respect to H. pylori
urease and which is effective in raising a cross-protective immune response to
Helicobacter. An example of such a urease is jack bean urease, which possesses about
70% homology with H. pylori urease. The invention is therefore not limited to the use
of intact urease, and covers the use of any polyaminoacid preparation which displays

urease epitopes and is effective to generate a protective immunological response in a
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L for 2 to

m croacrophilic conditions at 37[err]C and then shaken at 37[er1]
Cul ture on Agarose plates - The bacteria were cultured ﬂlg agar -

3 days.

pl ate consisting on BH w th 0.25% of yeast extract and 5% of s
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under microacrophilic conditions at 37[et¥]C for 3 days. Quantification -
The quantity of bacteria was determ ned by the optical density of the BHI
solution at 660 nm (1 optical density unit corresponding to 108 bacteria).

c) Prepar hbstao Hélicobactepinfection. Typically, a urease having a homology of 70-95%

homology; for example, 80-90% homology, with respect to H. pylori urease, 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 different Helicobacter species, urease from other

bacteria such as Klebsiella pneumoniae or Proteus mirabilis, and, by analogy, any other

urease whith the condition that these ureases share cross-reactive epitopes with H.
pylori urease. The urease genes of all the organisms mentioned above represent a
potential tool for expressing recombinant urease products as a whole protein or as a
part thereof.

A non-limiting list of potentially useful urease preparations includes peptides. generated
from purified urease (the sources are mentined above), using physical and/or chemical
cleavage procedures (i.e. CnBr) and/or proteolytic cleavage (using proteases e.g. V8-
protease, trypsin or others); or peptides synthetised chemically and sharing

crossreactive epitopes with urease.

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

random oligonucleotides.

Another source of potentially useful epitopes includes epitopes similar to urease as a
result of the generation of anti-idiotypic antibodies to urease. Such anti-idiotypic

antibodies, génerated in any immunocompetent host, are obtained by immunization of
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this host with anti-urease antibodies, with the goal of generating antibodies directed

against anti-urease antibodies, which share structural homologies with urease.

The discussion herein focuses on the use of urease naturally produced by H. pylori
(section B). However, it will be appreciated that the urease or subunits or constructs
thereof mentioned above, capable of eliciting the desired protective immune response,
may be produced by recombinant DNA techniques well known in the art. The efficacy
of particular preparations may be determined by routine administration using animal
models, oral administration of the candidate vaccine, and challenge with pathogen

using a protocol substantially similar or identical to the procedure described below.

Tables 1 and 2 below and Figures 1-5 describe the results obtained when mice were
orally immunized with purified H. pylori urease. In this first experiment,
administration of the H. pylori antigen was carried out by orally administering to the
mice 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-week old mice were each orally immunized with 30 ug of purified H. pylori urease
coupled to 1 mg of hydroxyapatite plus 10 ug of cholera toxin adjuvant at day 0, 7, 14
and 21. The mice were then challenged twice with 108 H. felis, at day 28 and 30. For
comparison purposes, similar female SPF BALB/c six-week old mice were orally
immunized with whole H. 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 H. felis. The H. pylori

sonicate was prepared by collecting H. pylori from cell cultures, pelleting by
centrifugation and resuspending the pellet in 0.9% sodium chloride followed by

sonication.
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m nutes at 1400 g at 4[err]C. The pellet was resuspended if 28—mw—of—H28
and vortexed for 45 seconds (nmaxi mum speed). The extract s then spun 20
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quantity of protein was evaluated (see "Quantification" above) and
precipitated with 70% of amoni um

As a control, female SPF BALB/c six-seek old mice were orally sham-immunized with
10 ug of cholera toxin and 1 mg of hydroxyapatite at day 0, 7, 14 and 21. The mice
were then challenged at day 28 and 30 with H. felis. All mice were housed,

immunized, and challenged in parallel. All mice subject to the study were sacrificed

on day 35.
C - Oral immunization with recombinant urease subunits of H. pylori

Genes encoding the structural A and B subunits of H. pylori urease were obtained by
polymerase chain reaction (PCR) cloning according to standard procedures, based on
previously published sequences [29]. These genes were inserted in a vector (named
pEV40) designed for high expression and easy purification of foreign genes in E. 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 on this vector for selection of transfromants. 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. Both H. pylori recombinant urease A and B subunits were expressed

separately in E. coli, and purified on nickel column to>95% purity.

While it is preferred to employ recombinant H. pylori urease obtained as described
above as the antigenic material, it will be understood that it is also possible to usé, as
the antigenic material, any urease or subunit of urease obtained by recombinant
techniques (e.g. fusion protein) expressing antigenic sites of urease, which is capable of
eliciting a protective immune response to Helicobacter infection. Thus, it is possible to
employ in a construct a urease gene having a substantial homology with respect to H.

pylori urease and which is effective in raising a cross-protective immune response to
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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 H. pylori urease. The invention is therefore not limited to the use of H.
pylori urease genes and their gene products, and covers the use of any recombinant
urease, or the subunits thereof, which is effective to generate a protective
immunological response in a host to Helicobacter infection. Typically, a recombinant
urease having a homology of 70-95% homology, for example, 80-90% homology, with
respect to H. pylori urease, may be employed as the recombinant urease antigen in the

invention.

The discussion herein focuses on the use of recombinant H. pylori urease A and B
subunits produced by E. coli (section C). However, it will be appreciated that
recombinant urease or subunits or constructs therecof mentioned above, capable of

 eliciting the desired protective immune response, may be produced using other
recombinant DNA techniques and other eukaryotic or prokaryotic expression vectors
well known in the art.

Tables 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. coli. In

this experiment, administration of the H. 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, used as a
catrier 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-week old
mice were each orally immunized with 30 ug of recombinant H. pylori urease A
subunit, coupled to 1 mg of hydroxyapatite plus 10 ug of cholera toxin adjuvant at day
0, 8, 14 and 21. The mice were then challenged twice with 108 H. felis, at day 32, 34
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were orally immunized with 30 ug of recombinant H. pylori urease B subunit coupled

to hydroxyapathite 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 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 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 to the study were
immunized and challenged in parallel. Animals were sacrificed on day 48 (12 days
after challerige) or 10 weeks after challenge.

D - Analysis of gastric biopsies, blood, and intestinal secretions
Biopsies were taken from the stomach and blood was obtained from the heart. The
intestines were removed and washed with ImM PMSF (Boeringher) in PBS buffer to

obtain intestinal secretions for ELISA analysis.

To evaluate protection against H. felis colonization, gastric biopsies from each animal

were screened for the presence of H. felis by assessing rapid urease activity by the

Jatrox HP test (Rohm Pharma), acording to the supplier’é directions. Briefly, gastric
biopsies are immersed in 0.5 ml supplier’s mixture of urea and phenol red, a pH
indicator. Urease activity generates ammonia and bicarbonate from urea, and is
followed by the colometric change of the solution towards a higher absorbance at 550

nm. Urease activity was quantified by spectrophotometric analysis.

Gastric biopsies of each animal included in the experiment described in section B were
also cultured on BHI agarose plates, supplemented as above, for the detection of H.

felis. After incubation for 3 to 10 days in microaerophilic conditions, the presence of
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i muni zation. Three oral immunization protocols were evalu tﬁm%MgﬂTaﬁ}gET
descri bed bel ow. Protocol Bl - Vaccination with purified urepse Fenal e
BALB/ c six-week ol d nice (20) were orally imunized with 30 ug! @ MAR i938ed
H pylori of purified of urease and 1 ng of hydroxyapatit 10 ug of
cholera toxin at day 0, 7, 14 and 21. The m ce were chall gnged at day 28
and 30 with 5x10[err] and 10[err] H. fellps fromliquid culde~—Pratqcol B2
- Vaccination with purified urease Fenal e BALB/c six-week old mice (20)
were orally immunized with 2 ng of H pylori

H. felis was confirmed by Gram staining and determination of urease activity. Asa

very significant correlation was obtained for the detection of H. felis in gastric biopsies

between urease tests and H. felis cultures during the first set of experiments (sec Table

3), only gastric biopsies urease tests were performed for the detection of H. felis in the
experiment described in section C. Detection of H. felis was confirmed by microscopy
by two independent investigators, using two different stains (acridine orange and cresyl

violet).

Blood samples were allowed to clot for 3 hours at RT, and sera harvested and frozen at
-209C until analyzed. Intestinal secretions were spun for 5 min. at 40C to remove
debris, and kept frozen at -20° C. Serum and intestinal samples of each animal were
analyzed by ELISA for evaluation of anti-Helicobacter activity, according to standard
prdcedures. Briefly, 96-well plates were coated with a sonicate of H. pylori, followed
by saturation with 5% fat-free milk. Samples were serially diluted from 1:1 to 1:1000
and incubated overnight at 40C on ELISA plates. Biotinylated anti-mouse IgG (serum)
and anti-mouse IgA, followed by streptavidin-Horseradish peroxydase was used for the

determination of the antibody levels.

The results of H. felis éhallenges following immunizations with purified H. pylori

urease are set out in Tables 1-3 and Figures 1-4 and the results of H. felis challenges

following immunizations with recombinant H. pylori urease A and B subunits are set

out in Tables 4-6 and Figures 5 and 6.
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TABLE 1
mouse urease | Culture Immunoglobulins
number Immunization test Gram Serum
Intestinal secretion
12th Ig IgG Ig IgA
1 Urease + HF + H felis 27 0 25 258
2 Urease + HF 0 0 264 273 221 246
3 Urease + HF 0 0 84 44 318 354
4 Urease + HF + H felis 81 42 12 5
5 Urease + HF 0 0 98 137 126 234
6 Urease + HF + 0 968 2093 31 22
7 Urease + HF 0 0 98 0 96 34
8 Urease + HF 0 0 247 1010 214 128
9 Urease + HF 0 0 ~ ND. N.D. 48 23
10 Urease + HF 0 0 50 0 124 99
11 Urease 0 0 319 205 44 53
12 Urease 0 0 14 0 86 87
13 Urease 0 0 0 0 0 0
14 Urease 0 0 0 0 43 61
15 Urease 0 0 58 ] 110 127
16 Urease 0 0 140 63 21 37
17 Urease 0 0 84 240 114 280
18 Urease 0 0 N.D. N.D. 93 148
19 Urease 0 0 45 0 135 216
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bi opsies were also cultured in the presence of H felis and was™&stimat ed
by Gam staining. Gastric antral biopsies were honogeni zed jfand di |l uted

(1:10 and 1:1000) in 0.15 M Nad and pl d8ed onto bl ood agarprates and

i ncubat ed under m croaerophilic conditions at 37[err]C for 4 to 10 days.
ELI SA

20 Urease 0 0 261 197 161 261
21 CT+HF 0 0 0 0 0 2
22 CT+HF + H felis 63 0 310 303
23 CT+HF + H felis 90 0 N.D. N.D.
24 CT+HF + H felis 31 | 0 150 192
25 CT+HF + H felis 197 250 250 440
26 CT+HF + H felis 105 135 214 138
27 CT+HF + H felis 140 47 109 55
28 CT+HF + 0 0 S 16 15
29 CT+HF - + H felis 0 0 0 0
30 CT+HF + H felis N.D. N.D. N.D. N.D.
31 HP sonicate+HF + H felis 0 0 76 103
32 HP sonicate+HF + H felis 71 0 11 33
33 HP sonicate+HF + H felis 549 748 57 36
34 HP sonicate+HF 0 0 660 153 180 286
35 HP sonicate+HF + H felis _ 730 192 0 5
36 HP sonicate+HF + H felis 32 0 5 64
37 HP sonicate+HF 0 0 400 400 312 1149
38 HP sonicate+HF + H felis 1007 1360 149 26
39 HP sonicate+HF 0 0 220 186 133 122
40 HP sonicate 0 0 873 1016 352 514
41 HP sonicate 0 0 127 899 126 191
42 HP sonicate 0 | 0 109 68 44 83




I ntestinal secretions and bl ood were anal yzed by ELI SA for t h RERLACEMENT SHEET
of anti body titer. The ELI SA was carried out as follows. Pollsfyrene plates
(96 wells) were coated with 1 ug/well of purified urease at B7 eqrﬂ@}{ﬂbﬁﬁ%
hrs. Non specific binding sites were 34 bl ocked with 5% ppwlered mlk in
PBS 0.1% Tween at 37[err]C for 30 mnutes. The plates were shed once wth
PBS 0. 1% Tween. Bl ood sanples were tested at dilution 1:1000} and i ntesti nal

secretions 1:1. 100ul of each sanple wer® added to the antigen

43 HP sonicate 0 -0 147 949 167 97
44 HP sonicate 0 0 845 1094 246 64
45 HP sonicate 0 0 1217 1198 210 157
46 HP sonicate 0 0 81 0 256 218
47 HP sonicate 0 0 329 210 241 276
48 HP sonicate 0 0 1049 737 197 211

2

In Table 1, which refers to the experiment described in section B, “h” means hour, “Ig’
means immunoglobulin, “ND” means “not determined”, “urease + HF” means that the
mice were immunized with urease (coupled to hydroxyapatite, with cholera toxin) and

then challenged with H. felis, “urease” means that the mice were immunized with

urease (coupled to hydroxyapatite, with cholera toxin) and not challenged, “CT+HF”
means that the mice were sham-immunized with cholera toxin and challenged H. felis,

“HP sonicate +HF” means that the mice were immunized with H. pylori sonicate with

cholera toxin and challenged by H. felis, and “HP sonicate” means that the mice were
immunized with H. 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
multiplied by 1000. The background measured in absence of the antibodies, was
subtracted.

The results of experiment described in section B obtained on the basis 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 one or more markers of colonization by H. felis,

including urease test or Gram staining of cultures.



coated plates. After 2 hrs of incubation, plates were washed REplADEMENTt SHEET

PBS 0. 1% Tween. Anti-nouse biotinylated whole anti body fromjg

anti-nouse IgA 19gG and I gM biotinylated (Anershanm) were added (,L1Q0
kgrﬂk‘khﬁgg

Tvveen- wer e

di lution 1:500 except for IgA (1:250) and i ncubated at 37[efr]iC
The plates were washed 3 tinmes with PBS 0.1% Tween and 100ul
dilution of streptavidin Horseradi sh peroxidase in PBS 0.1%
added and incubated at 37[err]C for 30 nmtutes. The pl ates _
times and 50 ul of 1:50 dilution of o-phenyl-diamne in citrate buffer pH
5.0 with lul/m of 30% Herr]Jerr] were added and i ncubated at room

tenperature for 20 m nutes. The absorbance at 495 nm was neasured in each

wel | . EXAMPLE 3 (see also section Q) TABLE 2
Immunization Challenge % infected % protected
Urease H. felis 3/10 (30%) 7/10 (70%) *
Sonicate H. felis 6/9 (66%) 3/9 (33%) **
CT H. felis 9/10 (90%) 1/10 (10%)

*p=0.0198 (two tailed Fisher exact test) compared to CT conirol
** p=0.303 (two tailed Fisher exact test) compared to CT control

It will be seen from the results set out in Tables 1 and 2 that statistically significant
protection against H. felis challenge is obtained with oral immunization using H. pylori
urease as compared to that obtained using either H. 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. pylori sonicate
and 9 of the animals immunized with cholera toxin. Table 2 shows that 70% of 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 immunized with cholera
toxin and then subjected to H. felis challenge. In other words, 90% of the control mice
exposed to H. felis became infected by that pathogen whereas, in contrast, in mice

immunized with H. pylori urease 28 days before exposure to H. felis, the infection rate

was only 30%. This represents a significant reduction in infection (p=0.0198 in the
Fisher exact test, as compared to the control mice). When the mice were orally
immunized with H. pylori sonicate, the infection rate was 67% (not significant versus
the control). The protection obtained using H. pylori urease is unexpected and could

not have been predicted on the basis of results observed using H. pylori sonicate.




M ce errpl oyed in the imunization studies were lightly anesth@EPLACEMENT SHEET
ether prior to intragastric imunization. Then, 30 ug reconbj naRt—t=—py-ofi—
urease A or B subunit produced in E. coli bound hydr oxyapatij e Wg% MAR 1999
suppl enented with chol era toxin was suspended in PBS and 200ul

delivered to the stomach of the respective mce using a pol ygt efe—tHbHnt
attached to a hypoderm c syringe. This procedure will be reflrred to as

oral imrunization. Three oral imunizati2in protocols were evearteated—These
are described bel ow. Protocol Cl - Vaccination with reconbi nant urease A
subunit Fermal e BALB/c six-week old mce (10) were orally inmunized with

30ug of pRefertifig to Figures 1-4, Figure 1 represents graphically the results of tests for
antibodies in serum (IgG) and intestinal secretion (IgA) in mice not protected after
immunization with urease. These are mice numbers 1, 4 and 6 appearing in Table 1,
and constitute Group A. Figure 2 shows the antibody responses of mice that were

protected after immunization with urease (Group B), i.e. mice 2, 3, 5 and 7-10.

Figures 3 and 4 relate to the results obtained with mice numbers 31-39. Figure 3
(Group C) depicts antibody responses of mice not protected after immunization with H.
pylori somicate (mice numbers 31, 32, 33, 35, 36 and 38) and Figure 4 (Group D)
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 that the IgA antibody responses (but not IgG) are higher in the mice exhibiting
protection than in the mice that are not protected, suggesting a correlation between
protection and IgA response. Serum IgG responses did not exhibit a correlation.
Mucosal IgA but not serum IgG antibodies are known to play a role in protection

against bacterial infections of the gut [30].

The results of the correlation between the detection of H. felis in gastric biopsies by

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

TABLE 3
Ureaée Test + Urease Test- Total
H. felis culture + 16 _ 0 16
H. felis culture - 2 30 32
Total 18 30 48

Two-tailed Fisher’s Exact Test:  p>0.00001



35 reconbinant H. pylori urease A subunit and 1 ng of hydr GEPEAGEMENT SHEET
10ug of cholera toxin at day 0, 8, 14 and 21. Ten m ce r epetratterged at
day 32, 34 and 36 with 10[err] H felis fromliquid cultufe fr WI‘;@,@Z
Vacci.nation with reconbi nant urease B subunit Fenmal e BALH c|si J-)wee ol d
mce (10) were orally immunized with 30 ug of reconbi nant| H—pytorT ur €ase
B subunit and 1 ng of hydroxyapatite and 10ug of cholera {oxin at day 0, 8,

14 and 21. Ten mice were challenged at ddy 32, 34 and 36 WTiT 108

Table 3 shows that a very significant correlation exists between the results of urease

tests performed on gastric biopsies and the identification of H. felis by cultures. As

cultures detected less often H. felis infection than urease tests, urease tests were
preferred for the diagnosis of H. felis infection in mice in the next experiments, due ot
_its better sensitivity. This approach allowed the duplication of urease tests with larger
fragments of the stomach of each mouse, and a further increase 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 induced after urease
immunization 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 urease subunits),

obtained on the basis of the gastric biopsies urease test, are set out in Table 4, 5 and 6

and depicted in Figure 6.
TABLE 4
immunization mice n° Urease Test infection
CT 20 0.49 +
21 0.31 +
22 062 +
23 0.67 +
24 0.55 | +
50 0.50 +
51 0.37 +
52 0.29 +
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H felis fromliquid culture. At day 42, or at day 106, m cgw@EMENT SHEET

sacrificed and nultiple biopsies fromthe stomach were taken .IGLCbL.uu
and eval uation To eval uate protection, biopsies of the corpup §qp of
the stomach were screened for urease activity by the Jatrok tlest Rdhm

Pharma) according to the instructions of the supplier. The u ease—is
quantified by a spectrophotonetric neasurenent at 550nm The total of

corpus and antrum OD val ues were added t3 obtain a final OB-vatoe—foOr €ach
nouse. References

53 0.79 +
54 0.32 +
ureA + HAP + CT 40 0.67 +
41 0.48 +
42 042 +
43 0.65 +
44 056 . +
45 0.52 +
46 0.33 +
47 0.63 +
48 0.22 +
49 0.37 +
ureB + HAP + CT 25 0.15 -
26 0.07 -
27 0.03 -
28 0.64 +
29 0.13 .
30 0.02 -
31 0.66 +
32 0.00 -
ureA + HAP+CT 68 0.00 -
69 0.07 .
70 042 +
7 0.00 -
72 0.00 -
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ureB + HAP + 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 -

In Table 4, “CT” means cholera toxin; “UreA” means recombinant H. pylori urease A
subunit; “UreB” means recombinant H. pylori urease B subunit; and “HAP” means
hydroxyapatite crystals. Mice 20 to 54 were sacrificed 12 days post challenge and
mice 68 to 82 10 weeks (106 days) post challenge. The results of the urease test
performed from biopsies of the stomach of each animal are expressed as OD values at
550 nm. The positive and negative signs depicts the final status of infection of each
animal, according to the positivity or negativity of the urease test for detection of H.

felis. Positivity: OD55( values >0.2

TABLE 5: Protection as measured 12 days post challenge

Immunization Challenge % infected % protected
Urease A subunit H. felis 10/10 (%) 10/10 (0%)

Urease B subunit H. felis 3/10 (30%) 7/10 (70%) *
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* p=0.0031 (two tailed Fisher exact test) compared to CT control

TABLE 6: Protection as measured 10 weeks post challenge

Immunization Challenge % infected % protected
Urease A subunit H. felis ' 1/5 (20%) 4/5 (80%) *
Urease B subunit H. felis 4/10 (40%) 6/10 (60%) **

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

It will be seen from the results set out in Tables 4, 5 and 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 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
immunized with H. pylori A subunit of urease and 10 out of 10 of the animals
immunized with cholera toxin. Table 4 shows that 70% of the animals were protected
from challenge by H. 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 H. felis challenge. In other words, 100% of the control mice challenged

with H. felis became infected whereas, in contrast, in mice immunized with
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recombinant H. pylori urease B subunit the infection rate was only 30%. This
represents a significant reduction in infection (p=0.0031, Fisher exact test) as compared

to the control mice.

The fact that the protection observed with H. pylori urease is entirely conferred by
immunization with the B subunit of urease, and that the A subunit has no such effect,
was not expected on the basis of our experiment with purified urease. This definition
of the roles of the 2 structural subunits of urease in the development of a protective
immune response is therefore novel. The protection obtained using recombinant urease
B subunit, which is enzymatically inactive also teaches that non toxic forms of urease
can 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 recognize 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 A subunit were

protected against H. felis infection. The fact that protection obtained through

immunization with urease B subunit lasts over time and that immunization with urease
A induces a protection which is delayed 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 A subunit immunization confers
protection definitively proves that recognition of the active site is not required for
protection. Figure 6 summarizes results obtained after oral immunization with

recombinant urease A and B subunits (described in Table 5 and 6)
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The present invention also provides vaccine compositions suitable for the prevention of
Helicobacter infection. The compositions comprise an effective amount of a urease
antigen, preferable H. pylori urease or recombinant H. pylori urease subunits, capable
of eliciting in a host a protective immune response to Helicobacter infection, in

association with a pharmaceutically accéptable carrier or diluent.

The vaccines of the invention are administered in amounts readily determined by
persons of ordinary skill in this art. Thus, for adults a suitable dosage will be in the
range of 10ug to 100 milligrams, for example 50ug to 50mg. 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 vaccine 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 infected host, or as a
therapeutic agent in the aim to induce an immune response in the host susceptible to

contribute to the eradication of H. pylori.

As noted above, a suitable mucosal adjuvant is cholera toxin. Others which may be
used are muramyl dipeptide or its derivatives, non-toxic derivatives of cholera toxin,
including its B subunit and/or conjugates or genetically engineered fusions of the
urease antigen plus cholera toxin or its B subunit. Other suitable delivery methods
include biodegradable microcapsules or immune stimulating complexes (ISCOM’S) or
liposomes, genetically engineered attenuated live vectors such as viruses or bacteria,
and recombinant (chimeric) virus-like particles, e.g. bluetongue. The amount of
mucosal adjuvant employed depends on the type of mucosal adjuvant used. For
example, when the mucosal adjuvant is cholera toxin, it is suitably used in an amount

of 5 ug to 50 ug, for example 10ug to 35ug. When used in the form of microcapsules,
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the amount used will depend on 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.

Suitable carriers for the vaccines of the invention are enteric coated capsules and

polylactide-glycolide microspheres. Suitable diluents are 0.2N NaHCO3 and/or saline.

Particulate hydroxylated calcium phosphate (HCP) is especially useful as a carrier for
the H. pylori urease to be applied to mucosal surfaces. It is believed 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 microparticles suitable for transport across the epithelium,
particularly by cells specialized for this purpose (M cells). A preferred form of
hydroxylated calcium phosphate is hydroxyapatite, a commercially available
crystalline hydroxylated calcium phosphate Ca]g(PO4)6(OH),.

Commercially available hydroxyapatite generally consists of slab-like crystals that are
chemically and physically analogous to inorganic hydroxyapatite in normal bone
tissue. Ingestion of hydroxyapatite should therefore be safe, as evidenced by the
existence of nutritional calcium/phosphorus supplements derived from ground bone,
which are designed to be ingested. Commercially-high resolution hydroxyapatite
(from CalBioChecm) consists of crystals varying widely in size. Crystals over lum in
length are unlikely to be taken up by M cells. Therefore, for use in the invention,
commercial hydroxyapatite crystals are broken into small, relatively uniform
crystalline fragments such as by sonication. Preferably, a substantial proportion of the
hydroxyapatite is present as fragments of about 0.01-1.0um. Framentation may be

measured either by electron microscopy or light scattering, using standard techniques.
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Preferred modes of administration of the H. pylori urease antigen urease antigen are

orally, nasally, rectally or ocularly. Oral administration can provide delivery to other

G 1. mucosa including the intestinal mucosa.

The vaccines of the present invention may be administered to a mucosal surface in the

form of an aerosol, suspension, capsule and/or suppository. The method of

administration will be readily apparent to a person 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

a mucosal surface of the patient an effective amount of a urease specific antibody.

Preferably, an effective amount of a H. pylori urease specific IgA monoclonal

antibody.

Since the urease of H. pylori is shown to represent the antigen involved in inducing

protective immunity, a further aspect of the invention is the use of H. pyloti urease as a

diagnostic reagent to measure the immune response of persons who have received a

vaccine based on urease or 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,

immune responses to vaccines.

EXAMPLES

and definition of

The invention will now be further described by reference to the following non-limiting



Gen. *M crobi ol , 1965, 136, 1995-2000. 24. Mchetti, P. et
Qf mucosal I gA response in Balb/C mce following H felis
chal | enges. Proceedi ngs of the DDW Anerican Gastroenterol
Associ ation. May 10-13, 1992, 1001, A-25 1. 25. Davin, C
urease elicits protection against H felis infectionin m
of the DDW Anerican Gastroenterol ogi cal Association. My
1213, A-304. 26. Pallen, MJ. and Caytd® C.L. "Vaccinati
Hel i cobacter pylori urease". Lancet 1990, 336, 186-7. 27.
and Cook, ME. "lInproved growth in the progeny of hens

examples.

a) The Bacterial Strains

H. felis was provided by J. Fox (division of Cooperative Medicine,

I |
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br {H. L ori,
)gi‘ZAI $ AR 1999
¢t jal . "H._pyl

e". Proceedings
16- 19 . 10903.

on agai nst
Pi mrentel, J.L.

Mass. Institute of

Technology, Boston, USA). H. pylori was isolated from patients with ulcer disease

(CHUV, Lausanne, Switzerland).

b) Bacterial Cultures

Liquid Culture - Bacteria were cultured on BHI (Brain-Heart Infusion, BioMerieux)

liquid medium containing 0.25% of yeast extract (Difco) and 10% of fetal calf serum

(Inotech) supplemented with 0.4% of Campylobacter selective complement (OXoid).

The bacteria were incubated overnight under microacrophilic conditions at 37°C and

then shaken at 370C for 2 to 3 days.

Culture on Agarose plates - The bacteria were cultured on agar plate consisting on BHI

with 0.25% of yeast extract and 5% of sheep blood under microacrophilic conditions at

370C for 3 days.

Quantification - The quantity of bacteria was determined by the optical density of the

BHI solution at 660 nm (1 optical density unit corresponding to 108 bacteria).

¢) Preparation of sonicates

H. pylori was collected from 31 blood agar plates in 0.15 M NaCl and spun 5 minutes
at 1400g at 4°C. The pellet was resuspended in 3 ml of NaCl and sonicated for 4
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minutes. The amount of proteins was evaluated by a Bradford assay (BioRad Kit

according to supplier).

d) Coupling of immunogen to Hydroxyapatite

Immunogen (urease or subunit thereof) was incubated for 1 hour at 40C with
hydroxyapatite. 1.0 mg of hydroxyapatite was used for 30ug of immunogen per
mouse. At the end of the inéubation, 10 ug of cholera toxin was added in a final
volume of 200ul PBS. |

EXAMPILE 1
a) Extraction

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 40C. The pellet was resuspended in 20 ml of
HO and vortexed for 45 seconds (maximum speed). The extract was then spun 20
minutes at 6700 g at 40C. The supernatant was recovered and the quantity of protein
was evaluated (see “Quantification” above) and precipitated with 70% of ammonium

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 which

presented a strong urease activity were pooled and dialyzed overnight at 40C against 3
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liters of PEB (20 mM phosphate buffer, pH 7) and then chromatographed on a Q
Sepharose fast flow (Pharmacia) with PEB as mobile phase. The fractions were eluted
by 0 to 500 mM NaCl gradient. Ten of the collected fractions with a strong urease
activity were individually subjected to an SDS gel followed by a Coomassie staining.
The 6 fractions presenting 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 studies 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 toa

hypodermic syringe. This procedure will be referred to as oral immunization.

Three oral immunization protocols were evaluated. These are described below.

Protocol Bl - Vaccination with purified urease

Female BALB/c six-week old mice (20) were orally immunized with 30 ug of purified

~ H. pylori of purified of urease and 1 mg of hydroxyapatite and 10 ug of cholera toxin at
day 0,7, 14 and 21. The mice were challenged at day 28 and 30 with 5x107 and 108
H. felis from liquid culture.

Protocol B2 - Vaccination with purified urease

Female BALB/c six-week old mice (20) were orally immunized with 2 mg of H. pylori
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sonicate solution at day 0, 7, 14 and 21. Ten mice were challenged at day 28 and 30
with 5x107 and 108 H. felis.

Protocol B3 - Control

'Female BALB/c six-week old mice wéré orally immunized with 1 mg hydroxyapatite
and 10ug of cholera toxin at day 0, 7, 14 and 21. The mice were chanllenged at day 28
and 30 with 5x107 and 108 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

To evaluate 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 550nm. The biopsies were also
cultured in the presence of H. felis and was estimated by Gram staining. Gastric 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 folows. Polystyrene plates (96 wells) were coated
with 1 ug/well of purified urease at 37°C for 2 hrs. Non specific binding sites were
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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 tested at dilution
1:1000 and intestinal secretions 1:1. 100ul of each sample were added to the antigen
coated plates. . After 2 hrs of incubation, plates were washed 3 times with PBS 0.1%
Tween. Anti-mouse biotinylated whole antibody from 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 370C for 30 minutes. The plates were
washed 3 times and 50 ul of 1:50 dilution of o-phenyl-diamine in citrate buffer pH 5.0
with lul/ml of 30% H7O» were added and incubated at room temperature for 20

minutes. The absorbance at 495 nm was measured in each well.

EXAMPLE 3 (see also section C)

Mice employed in the immunization studies were lightly anesthetized with ether prior
to intragastric immunization. Then, 30 ug recombinant H. pylori urease A or B subunit

produced in E. coli bound hydroxyapatite and supplemented with 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 syringe. This procedure will be
referred to as oral immunization.

Three oral immunization protocols were evaluated. These are described below.

Protocol C1 - Vaccination with recombinant urease A subunit

Female BALB/c six-week old mice (10) were orally immunized with 30ug of purified
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recombinant H. pylori urease A subunit and 1 mg of hydroxyapatite and 10ug of
cholera toxin at day 0, 8, 14 and 21. Ten mice were chaIlenged at day 32, 34 and 36
with 108 H. felis from liquid culture.

Protocol C2 - Vaccination with recombinant urease B subunit

Female BALB/c six-week old mice (10) were orally immunized with 30 ug of
recombinant H. pylori urease B subunit and 1 mg of hydroxyapatite and 10ug of cholera
toxin at day 0, 8, 14 and 21. Ten mice were challenged at day 32, 34 and 36 with 108
H. felis from liquid culture.

At day 42, or at day 106, mice were sacrificed and multiple biopsies from the stomach

were taken.
Protection and evaluation

To evaluate protectioﬁ, biopsies of the corpus and antrum of the stomach were
screened for urease activity by the Jatrox HP test (Rohm Pharma) according to the
instructions of the supplier. The urease is quantified by a spectrophotometric
measurement at 550nm. The total of corpus and antrum OD values were added to

obtain a final OD value for each mouse.
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developing, but does not have, Hellcobacter infection.

3. The use of claim 1, wherein said mammal is infected by

Helicobacter.

4. The use of claim 1, wherein said polypeptide comprises 2

Helicobacter urease.

S. The use of claim 1, wherein said Helicobacter antigen is

a Hellcobacter pylori antigen.

6. The use of claim 1, wherein said Helicobacter antigen is

a FBelicobacter urease.

7. The use of claim 6, wherein said polypeptide comprises a

subunit of said Helicobacter urease.

8. The use of claim 7, wherein said subunit is the urease A

subunit.

$. The use of claim 7, wherein said subunit is the urease B

subunit.
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10. The use of clainm 1, where*h said polypeptide comprises

an anti iotypic antibody to a Felicobacter urease.

1l. The use of clainm 1, wherein said polypeptide is

reconbinant.

12. The use of clain 1, wherein sajd polypeptide is

produced as a fusion protein.

13.  The use of claim 12, wherxein said fusion protein

comprises a cholera toxin subunit.

4. The use of clainm 1, wherein said mucosal vaccine is

‘administered to said mamreal with a mucosal adjuvant. -

15. The use of clzim 14, wherein said mucosal adjuvant

comprises a cholera toxin.

16. The use of claim 1, wherein said nammal is human.

17. The use of clain 1, wherein said mucosal vaccine is
administered to said mamnal with a hydroxylated calcium

phosphate.

18. The use of claim 17, wherein said hydroxylated calcium

phosphate is hydroxyapatite.
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19 The use of claim 18, wherein said hydroxyapatite is in

the form of particles suitable for transport across epitheljum.

20. The use of claizm 1, wherein said nucosal vaccine is
administered to an oral, intranasal, rectal, or ocular surface of

said nammal.

21. A vaccine for inducing a mucosal immune response to
Helicobacter in a wmammal, said vaccine comprising a polypeptide
presenting a sufficient number of epitopes of a Felicobacter

antigen to induce said immune response, in a pharmaceutically

acceptable carrier or diluent.

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

adjuvant.

23. The vaccine of clain 21, wherein said polypeptide

comprises a Felicobacter urease or a subunit of a Helicobacter

urease.

24. The vaccine of clainm 21, wherein said Helicobacter

antigen is a Felicobacter pylori antigen.

25. The vaccine of claim 21, wherein said Eelicobacter

antigen is a Helicobacter urease.

26. Use of an IgA antibody specific for a Helicobacter

antigen in the preparation of a medicament for imparting passive
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protection to Helicobacter infection in a mammal by mucosal

administration.

27. The use of claim'zs, wherein said Helicobacter antigen

is a Helicobacter pylori antigen.

28. The use of claim 26, wherein said Helicobacter antigen

is a Felicobacter urease.

29. The use of claim 28, wherein sajid mammal is human.

30. A method for asseésing the immune response of a mammal
infected by a Helicobacter organism, said method comprising
detecting the presence of antibodies reactive with a pélypeﬁtide
of a Helicobacter in a sample from the gastrointestinal tract of

said mammal.

31. The method of claim 30, wherein said polypeptide of a

Belicobacter is a Helicobacter urease.

32. The method of claim 30, further comprising
administering a polypeptide of a Helicobacter to a mucosal

surface of said mammal as a vaccine antigen prior to said

detecting.
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ABSTRACT

Urease-Based Vaccine against Helicobacter Infection

Method of eliciting in a mammalian host a protective immune response to Helicobacter
infection by administering to the host an immunogenically effective amount of a
Helicobacter urease or urease subunits as antigen. Vaccine compositions are also

provided.
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FIGURE 1
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FIGURE 3
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