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This invention relates to methods and compositions
$ for preventing and/or treating Helicobacter infection.
Helicobacter is a genus of spiral, gran-negative
bacteria which colonize the gastrointestinal tracts of
mammals. Several species colonize the stomach, most
notably, H. pylori, H. heilmanii, H. fei:ls, and H.

10 mustelae. Although H. pylori is the species most
commonly associated with human infection, H. heilmanii
and H. felis have also been found to infect humans, but
at lower frequencies than H. pylori.

Helicobacter infects over 50% of adult populations

15 in developed countries, and nearly 100% in developing
countries and some Pacific rim countries, making it one
of the most prevalent infections of humans worldwide.
Infection with H. pylori results in chronic stomach
inflammation in all infected subjects, although the

20 clinical gastroduodenal diseases associated with
Helicobacter infection generally appear from several
yYears to several decades after the initial infection. H.
pylori is the causative agent of most peptic ulcers and
chronic superficial (type B) gastritis in humans. X.

25 pylori infection is also associated with atrophy of the
gastric mucosa, gastric adenocarcinoma, ami non-Hodgkin‘’s
lymphoma of the stomach (see, e.g., Blaser, J. Infect.
Dis. 161:626-633, 1990; Scolnick et al., Infect. Agents
Dis. 1:294-309, 1993; Goodwin et al.,

30 Helicobacter pylori, Biology and Clinical Practice, CRC
Press, Boca Raton, FL, 465 pp, 1993; Northfield et al.,
Helicobacter pylori, Infection, Kluwer Acad. Pub.,
Dordrecht, 178 pp, 1994).
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enzymat i cal fpatures a vaccine for inducing an immune response to
Helicobacter (e.g., H. pylori) in a patient (e.g., a
human patient) that (a) is at risk of developing, but

15 does not have, a Helicobacter infection (a "protective"
immune response), or (b) is already infected by
Helicobacter (a "therapeutic” immune response). This
vaccine contains multimeric complexes of recombinant,
enzymatically inactive Helicobacter (e.g., H. pylori)

20 urease, and a pharmaceutically acceptable carrier or
diluent (e.g., sterile water or a 2% weight/volunme
sucrose solution). The vaccine may contain a multimeric
complex containing eight Urease A subunits and eight
Urease B subunits, a multimeric complex containing six

25 Urease A subunits and six Urease B subunits, a multimeric
complex containing four Urease A subunits and four Urease
B subunits, or a mixture thereof. In addition, the
vaccine may contain a mucosal adjuvant, such as the
heat-labile enterotoxin of enterotoxigenic

30 Escherichia coli (LT), a cholera toxin (CT), a
Clostridium difficile toxin, or a subunit or derivative
thereof lacking toxicity but still having adjuvant
activity (e.g., a fragment, mutant, or toxoid), or a
mixture thereof. For example, a fragment containing the

35 794 carboxyl-terminal amino acids of C. difficile Toxin A
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I.nactive Helicobacter urease; and b) a pharmaceutically accept abl e
earfer—er—et-t+uent———— | n accordenree—wth—a——setond g=L@ggnt
i nvention, there is provided a conposition for treat |!n N
isnfection in a patient, said conposition conprising (ja) an &EPLAGED froimla
gast roduodenal pathogen, and (b) an antibiotic, an ant TSECTaroTY aye a
bi snuth s3Y®9/832, conbi nati on t hereof . I'n accor dancRCTPI9§0580f 1 [ ¢
aspect of the present invention, there is provided a conposition conprising
an i mmunogeni cally effective amount of multineric conplexes of reconbinant,
enzymat ically inactive Helicobacter wense for use in inducing a nmucosal

| mmune response to Helicobacter in a patient by nucosal adm nistration.
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a bi smut h sHelicobacter wfdass may de freakzerdriedimoimetts ued dniion than
any of thesgngOGReRERES #% Hvedtfononbi nations of three or |ess of

t hese conponents. vention features a,accine for induci ng an
i mune response t o M@ SE59REcRSPEct, the {W‘T entipn featpxppAi (c.g., a
human pati emethodaef (ipdusing a mﬂiotobtd&eehnp/ag tllmtaphmﬁ.cnot have, 'a
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cont ai ns t (e.g., a human patient). . In this meth

10 composition containing an immunogenically effective
amount of multimeric complexes of recombinant,
enzymatically inactive Helicobacter (e.g., H. pylori)
urease is administered to a mucosal surface (e.g., an
oral or intranasal surface; or to a rectal surface by,

15 e.g., anal suppository) of the patient. The composition
may contain a multimeric complex containing eight Urease
A subunits and eight Urease B subunits, a multimeric
complex containing six Urease A subunits and six Urease B
subunits, a multimeric complex containing four Urease A

20 subunits and four Urease B subunits, or a mixture
thereof. The composition may be administered without
gastric neutralization by, e.g., sodium bicarbonate.

In addition to the multimeric complexes of
recombinant, enzymatically inactive Helicobacter urease,

25 the composition used in this method may further contain a
mucosal adjuvant. For example, the composition may
contain the heat~labile enterotoxin of enterotoxigenic
Escherichia coli (LT), a cholera toxin (CT), a
Clostridium difficile toxin, or a subunit or derivative

30 thereof lacking toxicity but still having adjuvant
activity (e.g., fragments, mutants, or toxoids having
adjuvant activity), or mixtures thereof. For example, a
fragment containing the 794 carboxyl-terminal amino acids
of C. difficile Toxin A (see, e.g., Dove et al., supra,

35 for the sequence of C. difficile Toxin A) may be used.
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nul timeric «<conpliexes of reconbi nant, enzymatically inactive Fbllcobacter
(e.g.,H pylori) urease—and a phaFﬁﬁeeutlca¥+y~acc
di | uent (e.qg., sterile water or a 2% wei ght/vol une >uﬁ §@EE%HB$ﬁﬁﬁN The
vaccine may contain a multinmeric conplex containing elghﬁﬁiiéﬁﬁ@ A sybunits
and eight Urease B subunits, a multineric conplex contarni ST X_Ur ease A
subunits @I ease B subunits, a multimeric conpl ex SEP8AY f our
Urease A subunits and four Urease B.subunits, or a mxture thereof. In

addi tion, the vaccine may contain a nucosal adjuvant, such as the
heat -1 abil e enterotaxin of enterotoxigenic Escherichia coli (LT), a cholera
toxin (CT), a Costridiumdifficile toxin, or a subunit or derivative

ther eof | acFurtthesyi the ymiltimeérid dumﬁlhgesdbﬁvnebamhiﬂad&g'(e g., a

fragnment, h 329 ﬁ%oil?nctﬂfe %df‘i)&ﬂ&@t&? Eﬁ{ﬁgarrpl e, a fragment .

containing t rmnal am no aC| ricile Toxin A
- 3- (seSomgogit fbdgﬂét |freegesaxied pripg %%dﬂﬂh ie difficile
Toxi n A) nanahhodsed Further, the multineric conplexes of reconbi nant,

enzymaticglly |nac&&yg Fhigalhgggggt efne!' SRR TRR Pgagﬁgg;e dried prior to

use in 5 the vaccin t hqd of
i nduci ng a FPBPEELE @@g;gobacter (e.g., H. py. 011)

infection 1n a patient (e.g., a human). This composition
contains (a) a Helicobacter (e.g., H. pylori) antigen
(e.g., urease), and (b) an antibiotic, an antisecretory

10 agent, a bismuth salt, or a combination thereof. An
example of a Helicobacter urease antigen which may be
used in this composition is one containing multimeric
complexes of recombinant, enzymatically inactive
Helicobacter urease, as is described above. Other

15 Helicobacter antigens which may be used include, e.q.,
HspA, HspB, AlpA, AlpB, ClpB, and the antigen recognized
by monoclonal antibody IgG 50 (see below). This
composition may further contain a mucosal adjuvant (or a
combination of mucosal adjuvants), such as those which

20 are listed above.

Antibiotics which may be included in this
composition include, but are not limited to, amoxicillin,
clarithromycin, tetracycline, metronidizole, and
erythromycin; and bismuth salts which may be included

25 are, e.g., bismuth subcitrate and bismuth subsalicylate.
Antisecretory agents which may be included in the
composition are, e.g., proton pump inhibitors (e.g.,
omeprazole, lansoprazole, and pantoprazole)}, H,-receptor
antagonists (e.g., ranitidine, cimetidine, famotidine,

30 nizatidine, and roxatidine), and prostaglandin analogs
(e.g., misoprostil or enprostil).

In a final aspect, the invention features a method
for treating Helicobacter (e.g., H. pylori) infection in
a patient (e.g., a human patient). In this method, a

35 composition containing (a) a Helicobacter (e.g., H.
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hucosal inmune response to Helicobacter (e.g., H pylori) In a patient

{e-g:, a-humam pattemt)s-a 10 compusTtT UM TONCAl T TTg—am | MuToygerT cal ty
ef fective anount of nultinmeric conpl exes of reconbi nant,
enzymatically inactive Helicobacter (e.g., H pylori) urease i s

adm ni stered 1 nmucosal surface (e.g., an oral or urface
or to a r&@fgf';g?%rface by, 15 e.g.,( agal supposi tory) ofné g’?&e The
conposition may contain a rultimeric conplex containing ei ght Ur ease

A subunits and eight Urease B subunits, a nmultineric conpl ex cont ai ni ng
Six Urease A subunits and six Urease-Bs = subunits, a nultineric conplex

contai ning four Uease A 20 subunits and four Urease B subunits, or a
m xt ur e priderd) antigernnfeod .t &hemtégeagnl#t&%r&?‘m)t’hm gastric

ne:Jt ralizatigpp bu aﬂtﬁ?ioemi,l @A l&h&@&h&?&tery agant, a Pibmdg t h&n tobt he
Urease. 25 PREELOHDCR Tomhitstanh shERRerro fi cRaniflatadil¥a SRell ! CO0ACt €
nucosal adj pahhentFormmwarﬁhmodenpﬁsadmbnimtiomoman t he
heat - | abig ecaiibOARE fon bOstatidare! ashes ”'ﬁa bESERST a QQJ:' (LT), a
o e 2, L el aconad AataibistERb Lo, -'g't%}"x i ReiE e
activity (eanp.ordl ayrmammdnmfocet omal démimt@tlomctpmant
activity), Qécﬂirtéﬁzeﬁd&‘iiﬁ()%. s aﬁ&ﬁ”ﬁhﬁpo@itor%)r M He ﬁQBh@' ni ng t he
794 car boxy] - term nf%%c ml g o |‘f,f| e _Toxi B%Aﬁg‘i )
Dove et al .% ﬁﬁgn 2 Bregcosp f?‘m‘é"’r Vi may be
used. 10 nethod may further contain a mucosal adjuvant (or a

combination of mucosal adjuvants), e.g., the mucosal

adjuvants which are described above. Antibiotics,

bismuth salts, and antisecretory agents which may be

included in the composition used in this method are

15 described above.

By “vaccine" is meant a composition containing at
least one antigen (e.g., an antigen from a pathogenic
microorganism, such as ¥. pylori) which, when
administered to a patient, elicits or enhances an immune

20 response to the antigen that is effective in the
prevention of disease (e.g., disease caused by infection
by' the microorganism), or in the treatment of a pre-
existing disease.

By "immunogenically effective amount" is meant an

25 amount of an antigen (e.g., multimeric complexes of
recombinant, enzymatically inactive Helicobacter urease,
or any of the other antigens listed above) which is
effective to elicit an immune response (e.g., a humoral
or a mucosal immune response} when administered to a

30 patient, such as a human patient.

By “Helicobacter" is meant any bacterium of the
genus Helicobacter, particularly a Helicobacter which
infects humans (e.g., H. pylori). By “urease" is meant
an enzyme (e.g., H. pylori urease) which catalyzes the



-4- Furt her, the nmultineric conpl exes of reconbinant, enzymatical ly
I nactive Helicobacter—urease i n-the—  conpestH on nay—be freeze- dred-

prior to use in this met hod. 5 The invention al so
features a conposition for treating Helicobacter (e.g., H pylori)
Infection in a patient (e.g., a human). This conposition contains (a) a

Hel i cobac™Q9§878.  H pylori) antigen (e.g., urease) PCTHMNPO0 N
antibiotic, an antisecretory 10 agent, a bismuth salt, or a conbi nation
thereof. An exanpl e of a Helicobacter urease antigen which nay be

used in this conposition is one contaiging nultineric conpl exes of
reconbi nant, enzymatically inactive Hel i cobacter urease, as is described

above. O hegonveridir dfcirea dntolaitionint hydo}ide add caebofie, €. 0.,
HspA, HspB, aAIpB, Cl pB, and the antigen recognized by nonocl ona
antibody Ig see below). This conpasition may further contain a
nmucosal adj uvant (8¥ Smult G qomp ABcBeant ;| maeremolealIdT o5 t hose

V\ﬂ! ch 20 areoijaﬁaecbﬂtﬁlwpeptgdeis (e.gitubexdd @W@;)Fle_ml uded in
this eg ;&i I I n,
cl arithr?ny@?%&%%c#&ﬁgf #%ﬁ@%%laglgéo*%%en leery r%rryci n; and
bi smut h sal varigty e termolecuday interactions, syol@ashcsypdenEate and
bi smut h subpshdsy{éid., distlifiaecbohasy, Mpdisgerisohasy aha ieaicded in the
conp03|t|on,‘gr§i e.g., proton punp i nhi bitors (e.qg., onepr azol e,
| ansopr azol €, U pant oprazole), H2-receptor ant agoni sts (e.g.,
ranitidine, cineti8yninucessliaftinvagd dis; pepotna, cempowndale @-ne), and
]p_r oslt agliandan Pamhegsodulal -whmoﬁéﬁséﬁ%cﬁ!iﬁl?lyoﬁﬂihhlgtes or In a
i nal aspec | nv | s or. tr i cobact er

(g 1t ponmises ¥ Slcciay Jabihg°rRebBhed (o.g. "prigaiand B8 FOU1
thi s met hodigh ®stikadies). oAdpdnistrabion 9f & msidasedasddnvantgin H

combination with an immunogenic composition facilitates

the induction of a mucosal immune response to the antigen

15 in the composition.
By "antibiotic" is meant a compound derived from a
mold or bacterium that inhibits the growth of other
microorganisms.
Other features and advantages of the invention
20 will be apparent from the following detailed description

and from the claims.

Detalled Descriptijon
The drawings are first described.
Drawings
25 ?ig. 1 is a diagram showing the restriction enzyme

map of the 2.5 kb PCR product cloned from pSCPl. The
numbers above the map indicate nucleotide positions using
the first base pair (bp) of BL1 as nucleotide #1.
Locations of ureiA and ureB genes and the direction of

30 transcription of these genes are shown. The locations of
restriction enzyme cleavage sites are shown below the
genes. The numbers next to the name of each restriction
enzyme indicate the locations of the first base pair in
the recognition sequence for the enzyme indicated.
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- L Furthef—the—aH-t--neri ¢ coRplexes—ai-—treconbi nant, -—epnzymatically

i nactive Helicobacter urease in the conposition nmay be freeze-dried
prior to use in this method. 5 In a third aspect, the invention
features a conposition for treating Helicobacter (e.g., H pylori)

infection WR%333% i ent (e.g., a human). This conposition PCTUSHIOSEMs (a) a
Hel i cobacter (e.g., M pylori) antigen (e.g., urease), and (b) an
antibiotic, an antisecretory 10 agent, a bisnmuth salt, or a conbi nation
thereof. An exanpl e of a Helicobagtgr_urease antigen which nay be

used in this conposition is one containing nultineric conpl exes of

reconbi nant, enzymaigald s aadiagtam oﬂeﬂ;eo@aféﬁc u{ oF the i s described

above. O her o) ﬁ“gfﬂé I ncl ude

HspA, HspB, Rﬁ%ﬁgi%sﬁa&&nd e %gé’n r'eco g0 9% arfonocl onal
anti body | gGhSUn( 98e°89¥‘0’&ﬂ’3 With arzowsyosTheoso 9 4%11’?% ontain a
mucosal adj woldid bar fPepresamdite TN oumahdaﬂewmﬁr such as those

(s clresFhlae] Bt v, oy e ek o |

clarithr orry . t Theaphage and rﬂm%%lgénsaﬂﬁ replication on the
plasmid are shown by large shaded arrows, denoted "f1

origin® and “ori," respectively, and indicate the
direction of DNA synthesis. The genes encoding kanamycin

10 resistance {(kan) and the lactose repressor (lacI) are
shown as shaded bars. The BamHI and EcoRI sites used for
cloning the PCR product are indicated. Arrows within
bars representing lacl, ureA, ureB, and kan genes
indicate the direction of transcription.

15 Pig. 3 is a schematic representation of the
nuclectide sequence of the H. pylori locus encoding the
ureA and ureB genes, as well as the transcriptional
regulatory sequences from pORV214 (SEQ ID NO:1). The
predicted amino acid sequences of ureZ (SEQ ID NO:2) and

20 ureB (SEQ ID NO:3) are shown above the DNA sequence.
Numbers to the left of the seguence correspond to
nucleotide positions and those on the right indicate
amino acid positions. The seguences corresponding to the
PCR primers are underlined and the BamHI and EcoRI sites

25 used to clone the PCR product are indicated. The
predicted transcriptional initiation site (G) and
direction of transcription are shown with an arrow. The
ribosomal binding site (RBS) is indicated. The sequences
which regulate transcriptional initiation (T7 promoter

30 and lac operator) and termination are underlined and
labeled.

Pig. 4 is a graph showing analytxcal size
exclusion HPLC for recombinant urease.
Flg. 5 is a series of graphs showing the bacterial

35 score versus the levels of sarum IgA, serum IgG, and



erythromycin; and bisnuth salts which nmay be included 25 are, e.g., bisnuth
subcitrate and bisputh subsalicylate. Antisecretory_agents which mmay be
i ncluded in the conposition are, e.g., proton punp inhibitors (e.g.,
oneprazol e, | ansoprazol e, and pantoprazole), Herr]-receptor ant agoni st s
(e.g., ranitidine, cinetidine, fanotidine, 30 nizatidine, and roxatidine),
and prost agvessds?sanal ogs (e.g., msoprostil or enprostPrdIyUse6ss0

In a final aspect, the invention features a nethod for treating

He)] i cobacter (e.g., H pylori) infection in a patient (eg., a human
patient). In this nethod, a 35 conp05|t|éW|conta|n|ng (a) a Helicobacter
(e.g., H VD 96/ 33732

PCT/ US96/ 0580 ca3 1 IgA RUEPbSA 168 1% niRel im{zﬁfzé&tigﬁﬁf'srééoﬁﬁ%aﬁliwe)

and (b) an anti gtlc an an |secretory ent I smut h salt, or a
conbi nati on theP¥IPTrL; Ureasne And Shaler; ‘ﬁg?rent Any standard node
of adm ni strati on, arig GBisonb'saaiésmbfgﬂphxjahwaethenh;cmmqm oyed.

E?r.ntriﬁiﬁl‘%gﬁg“%%‘%“ﬁf‘sﬂr??*mI hered Be Phid | e
anal suppo? i 5‘ iﬁ? ﬁg%‘ig' rR"cBﬁ'ﬁG RWBﬁiﬁﬁ%‘ﬁf?} mmi’gnaxﬁucosal
surface in tH;sp!manéthndanuynﬂhNuﬂuuvtouieania Hucosti hetitnlabdleor a
conbi nati on @pyRycosal adjuvant), e.g., the nucosal
Fig. 7 is a table showing the experimental
protocol used for comparing intranasal and oral

10 immunization routes for recombinant urease.

Fig. 8 is a series of graphs showing the serum IgG
(Serum G), serum IgA (Serum A), fecal IgA (Fecal A), and
salivary IgA (Sal A) levels in groups of mice treated
according to the protocol illustrated in Fig. 7.

15 ¥Fig. 9 is a table showing the experimental
protocol used for comparing intranasal and intragastric
immunization routes for recombinant urease.

Fig. 10 is a series of graphs showing the results
of urease tests carried out on the mice treated according

20 to the protocol illustrated in Fig. 9.

¥ig. 11 is a graph showing that rUrease (10 ug)
given by the intranasal route with CT (5 ug) is at least
as effective as rUrease (25 ug) given by the oral route
with CT (10 pg) in preventing infection with H. felis.

25 Pig. 12 is a graph showing that immunization of
mice with rUrease + 10 ug LT reduces or eradicates
established #. felis infection. When these animals were
reinfected with H. felis, they were protected against
challenge.

30 Pig. 13 is a graph showing the mean antibody
response of mice 4 and 10 weeks after therapeutic
immunization with either recombinant H. pylori urease and
CT, or CT alone.

Pig. 14 is a graph showing numbers of IgA antibody

35 secreting cells in gastric mucosa of immunized and



adj uvants whi ch are descri bed above. Antibiotics, bi smuth salts, and
anttsecr etory—agents—whrch—may be——nctuded—+n t he conposi tt en—used—+n-

this method are 15 descri bed above. By "vaccine" is neant a
conposi tion containing at | east one antigen (e.g., an antigen froma

pat hogeni c m_croorgani sm such as H pylori) which, when adm ni st ered
to a patierW?’?—ﬁai"E ts or enhances an i mune 20 response to s’zfgft"‘fo&en t hat
is effective in the prevention of.di sease (e.g., disease caused by

i nfection by the microorganism, or in the treatnent of a pre-

exi sting di sease. By "inmmunegeni cally effective anount” is meant
an 25 anount of an antigen (e.g., multinmeric conpl exes of r econbi nant,

enzynmat i cal | pnimmuniged Fmice dmfinre, andast, intevvalsyatfex he ot her antigens
| i sted abovejnelbefohSwith [ Sfdifee t0 elicit an imune response (e.g., a
hunor al or a nmucQgal i ne_respons en .adm ni stered tg a 30 patient,
such as a human patiém:, 13 18 2 grgp%ysel.)x%\gfxﬁﬁ%tc&aarpgcﬁeg t any

bact eri um of Hshfelisginfection cishadicsr presnibusilyaimpunisel iwitdact er whi ch

i nfects husBpacbfibSnant! BPYpPIdni Peasd gRacorls neant an enzyme (e.g.,

H. pylori urease) which catal yzes the WD 96/ 33732
PCT/ US96/ 05800 - 6-
Cloning of the ured and urel dgenes

The structural genes encoding urease, urei, and
ureB, have been cloned (Clayton et al., Nucl. Acids. Res.
18:362, 1990; Labigne et al., J. Bacteriol. 173:1920-

10 1931, 1991), and the recombinant urease encoded by these
genes has been purified (Hu et al., Infect. Immun.
60:2657-2666, 1992). For use in the present invention,
urease was cloned from a clinical isolate of H. pylori
(CPM630) obtained from a clinical specimen provided by

15 Dr. Soad Tabagchali, St. Bartholomew’s Medical College,
University of London. A genomic DNA library of strain
CPM630 was prepared in the lambda phage vector EMBL3.
Plagques were screened for reactivity with rabbit
anti-Helicobacter urease polyclonal antibody, and a

20 single reactive plague was isolated. This clone
contained a 17 kb Sall fragment that encoded the ureA and
ureB genes. The 17 kb fragment was subcloned onto pUCl8
and designated pSCP1. A 2.7 kb TagI fragment was
subcloned (pTCP3) and completely sequenced. The 2.7 kb

25 Taql fragment encoded both ure2 and ureB.

The primers BL1 (CGG GAT CCA CCT TGA TTG CGT TAT
GTC T; SEQ ID NO:4) and BL2 (CGG AAT TCA GGA TTT AAG GAA
GCG TTG; SEQ ID NO:5) were used to amplify and clone a
2.5 kb fragment from pSCPl. BLl1 and BL2 correspond to

30 nucleotides 2605-2624 of GenBank accession number M60398
{the BL1 primer) and nucleotides 2516-24998 of EMBL
accession number X17079 (the BL2 primer). A restriction
enzyme map of the 2.5 kb fragment PCR product is shown in
Fig. 1. The 2.5 kb fragment contains the entire coding



conversion of urea into ammoni um hydroxi de and car bon di oxi de.
By "multineric comptex—is—neant—a—acronol eedtar conpl ex of
pol ypeptides (e.g., urease polypeptides). The 5 polypeptides may be

associated in the conplex by a vari ety of internol ecular interactions,
such as coval ent bonds (e.g., disulfide bonds), hydrogen bonds, and

i oni c Behee3T32 By "nmucosal adjuvant" is meantPCI/USHASBEND (e. g.
10 an i nunonodul at or) which non-specifically stinulates or enhances a
nmucosal i nmmune response (e.g., production of | gA anti bodies).

Admi ni stration of a nucosal adjuvanta.ifpg - conbination with an imunogenic
conposition facilitates the i nduction of a nucosal imune response to

the anti gerrdgiom dafherrednpodi ureB, as well as thwansdatibnali start neant a
conpound degigrfehd "B &, ;0 | 4¥Nodlagt i nhibits the growth of
PRbE: ﬁp@%ﬁ c?i;nat ures

ot her m cr'oor gani sns. and advant ages of the
invention 20 will be apparent fromthe follow ng detailed description
and from t HExptession ¢ pcombinsa ireage Detailed Description

S b e 1] ? [} oI
The drawi ngs are fihgtnslefid : ] | iIs a
di agram show ng th%'ﬁ?egt ricti o?j'gn}ybrre%%%g %?tt%%ntfjg‘{dt?gﬁﬁé roduct
cl oned f Porfengsencading urga;and mé’ﬁﬁéatﬁﬂdﬂéﬂ‘eﬂﬁ%¥eﬁ$ de
positions uBasff and limskertedl iate therexpmssionBvecternpEresti de #1.
Locat i ons Ofwdvaferfi ety BBng CREScERLIA] 4 Nefk Hlabhgd@scription of
t hese genes are srma%h&TE? ocations o restriction®enzymne cl eavage

.h -

sites are JRRYEIL BETRet qoeptainmdbhe GOL1EL sriginefe of each
restricti onreplisxeyion,i fliiec £i2ahbrtoos phage (F1)t beiglihsbebase pair in

the recqgni Ny SRAMH For’ 8ink1eé ECFNAE Ldithf! @ha the kanamycin
resistance gene of Tn903. The fragment was inserted
downstream of the T7 promoter, which provides
transcription initiation for the urease genes. Lactose
operator (lacO) sequences are present between the T7
15 promoter and the cloning sites to provide inducible
expression of the urease genes. A T7 transcription
terminator sequence is located downstream of the cloning
sites. The vector also contains the lactose repressor
gene (lacI) to ensure complete repression of expression.
20 Other sequences present in the vector are derived from
PBR322, which served as the backbone for vector
construction.
The initial ligation mixture, containing the 2.5
kb PCR EcoRI-BamHI fragment and the pET24+ vector
25 digested with EcoRI and BamHI, was used to transform
XLi-Blue (Stratagene, La Jolla, CA) prepared by the CaCl,
method. XLi-Blue is an E. coli strain that does not
express T7 RNA polymerase. Kanamycin resistant colonies
were directly screened by PCR using urease specific
30 primers. Plasmid DNA from several positive colonies was
extracted using Qiagen minispin columns (Qiagen,
Chatsworth, CA) and checked for the correct restriction
digestion pattern.
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-7+ —Fi g. 2-Ts—a—dragr amof—the—gemette—+rap of the—m— -
expression plasmd pORV214. The ureA and ureB genes are shown as ope
bars with arrows. The solid arrow and solid bar represent the T7

pronoter and terminator 5 sequences, respectively. Thin lines represent
pBR322 W@I6B3F2 phage and plasnmid origins of replicati 9

pl asm d are shown by |arge shaded arrows, denoted "f1l origin" and "ori",
respectively, and indicate the direction of DNA synthesis. The genes
encodi ng kananycin 10 resistance (kany gfd-the | actose repressor (lacl) are
shown as shaded bars. The BanmH and EcoRl sites used for cloning the
PCR product are indPexifded/ poRVa14\DNA was usedr tor tpapsformnthéacl, ureA,

Fla 31s a Sopoors strald Bied s INEvRGRh. e lec Sl ce of the
H pylori | oeﬁgpaﬁ%%fm?iﬁ&a%zmgﬁha%u SR ds an & F’ggg Bhe
transcripti ogtlrain_tm&ﬁ dypogendsrdewith ohamicdd/ hgeSP®E3,DaNO. 1). The
pr edi ct ed ginj@Qomsinhife that BhebabsbRr | Riid\BAlynidseO upteB (SEQ ID

Sequence. cor PR ERR] OF T8 6PPHR Brometere e Aok dasicingt, dant
i ndi cate Ion nand gaph Eioteones, The welil cus ckhe dyisdszpondi ng to the PCR
primers are HageridttEshAivdirieaBibhl spofehCaidt didd BWA methylation.

DNA was prepared from kanamycin resistant colonies with

10 Qiagen mini spin columns and screened by restriction
enzyme analysis using BamHI and EcoRI to confirm the
presence of the plasmid. Urease expression was assessed
by examination of BL21-DE3 (pORV214) cell lysates by
SDS-PAGE and Western blot. Several positive clones had

15 the correct restriction endonuclease digestion pattern
and expressed urease.

A single clone containing pORV214 was selected,
grown on LB plates containing kanamycin (50 ug/ml),
harvested, and stored at -80°C in LB containing 50%

20 glycerol. A research cell bank was prepared by growing a
sample from the glycercl stock on LB plates containing
kanamycin, selecting an isolated colony, and inoculating
a LB broth culture containing kanamycin. This culture
was grown to ODggp ©f 1.0, pelleted, and resuspended in an

25 egual volume of LB containing 50% glycerol. These
research cell bank (RCB) aligquots (100 ul) were then
stored at ~-80°C. A master cell bank (MCB) was similarly
prepared using an isolated colony from the research cell
bank, and a manufacturer’s working cell bank (MWCB) was

30 prepared using an isolated colony from the MCB.

The MCB and MWCB cells were viable, kanamycin
resistant, and displayed a normal E. coli colony
morphology. T7 RNA polymerase expression and lambda
phage lysogeny was confirmed using appropriate tests,

35 which are well known in the art. Urease expression was



25 used to clone the PCR product are indicated. The predi ct ed
transcriptional i ni++att+en- site—5—and €H+reetion of ~++anscription are
shown with an arrow. The ri bosomal binding site (RBS) is indicated. The
sequences whi ch regulate transcriptional initiation (T7 pronmoter 30 and
| ac operator) and term nation are underlined and | abel ed.

Fig. 4 is WO@g63372 showi ng anal ytical size excl usi on HPRCITPI96/0388¢ onhi nant
ur ease. Fig. 5is a series of graphs showi ng the bacterial 35
score versus the levels of serumlIgA serumlgG and WO 96/ 33732
PCT/ US96/ 05800 fecal IgA anti b_ques, frommce i mmuni zed with

r econbi nant H pylori urease and cholera toxin (CT). Fig. 6

is a sleriAes THTcrimgaeibhe i n othd A Gind MWCB g_e:me; cay edéteriiiRd _evelds of ]
serum ) 1 | | zed Wt
r econbi %ant Sﬁ; %hg%g?%u?gaég%?f’g%% g?(’i Sgﬁi %E%%iebineat -1"abi |l e

t oxi n. and anatygis7of slysates Lram these FelixgRitwRes A»  prot ocol
used for corgps-PAGE.Nt ppodactiombHred kDD andapi XDt pooteins oUxried

oDl NAB! dfif Téa, respectivelyf by b KA hhASwRER BEPIE SNOW NO the
increased with the incubation time.

Plasmid DNA was isolated from the MCB and MWCB
cells and was tested by restriction enzyme analysis,
restriction fragment length polymorphism (RFLP), and DNA

10 segquence analysis to confirm plasmid structure. The MCB
contained a plasmid with the appropriate restriction
endonuclease digestion pattern with no deletions or
rearrangements of the plasmid. Likewise, there were no
differences between the RFLP fingerprint of pSCPl1 and the

15 RFLP fingerprints of plasmid DNA from MCB and MWCB,
indicating that the urease genes had not undergone
detectable (> 50 bp) deletions or rearrangements in the
cloning process or in the manufacture of the cell banks.

The coding regions of ureA and ureB, and the

20 sequences of the promoter and termination regions of the
plasmid isolated from MCB cells, were seguenced.
Sequencing reactions were performed using the Di-Deoxy
Cycle Sequencing Kit, according to the manufacturer’s
instructions (Applied Biosystems, Inc., Foster City, Ca),

25 using fluorescent-labeled dideoxynucleotides. The
sequences of the ureA and ureB genes, with predicted
protein sequences, as well as the DNA sequences of
flanking regions are shown in Fig. 3.

Large-scale production of recombinant urease

30 The fermentor(s) to be used was cleaned and
sterilized according to approved procedures. The culture
medium contained 24 g/L yeast extract, 12 g/L tryptone,
6-15 g/L glycerol, in RO/DI water. Since pORV214 was
sufficiently stable in the absence of antibiotics, no



(Serum G, .serumIgA (SerumA), fecal I1gA (Fecal A), and salivary I gA
(Sal Ay—tevets—tra—grotps-of m ce—treatett——=accordi ng to t he—protocot——
illustrated in Fig. 7. 15 Fig. 9 is a table showi ng the

experi nment al protocol used for conparing intranasal and intragastric

I muni zatiQn routes for reconbi nant urease. Fi g, ”bg | series
of graphs ?’ﬁ(?\ﬂmzthe results of urease tests carried %Etr #’@ﬁe m ce
treated according 20 to the protocol illustrated in Fig. 9. Fi g.
11 is a graph showing that rUrease (10 [err] Q) gi ven by the intranasal
route with CT (5 [err]g) is at least — 13as- effective as rUrease (25 [err]g)
given by the oral route with CT (10 [err]g) in preventing infection with
H felis. 23ntibiotice yereopresenyrimithsdanug-seale farmentation of

mce with rléaaifres.l0aheiebamlJas csllss fHia ahdvedtedgas s€effbizeded H

fells infecti&cj)n. en these animals were reinfected with H felis, they
wer e protect Pz} st chal | enge. 30 Fig. 13 is a graph show ng
the mean antibody Fo¥ exssuation dncshe 4fAdli efftaxy, @hydadeutic

i lm*runi zat s0rpghititie gﬁkhegtzé_eﬁﬁmaﬂﬁd hisdd 1t iiﬂéfc%i&&eaﬂldfour Cﬂl%étl; C':l);5
2LONE, g e, Eye ka9 g U P RGRh (96 2 D00y 36
PCT/ US96/ 05&xyptone, 0.5% yeast extract, 1% NaCl) ggithout
antibiotics. The culture was shaken at 37°C for
16-24 hours. The inoculum was then transferred to the 40
10 liter fermentor (30 liter working volume) containing the
production media described above. Fermentation was
carried out with aeration and agitation until the cell
density determined by ODg,, was approximately 8-10.
Isopropyl f-D-thiogalactopyranoside (IPTG) was then added
15 to a final concentration of 0.1 mM, and induction was
allowed to proceed for 16-24 hours. The cells were
harvested by centrifugation and the wet paste was
aliguoted into pelypropylene storage containers and
stored at -80°C. For production at the 400 liter scale
20 (300 liter working volume), the inoculum and culture in
the 40 liter vessel were prepared as described above.
When the 40 liter vessel reached an ODgoq Of approximately
5.0, it was used to inoculate the 400 liter fermentor.
The culture was further incubated to an ODgq of 8-10.
25 The culture was then induced, harvested, and stored, as
is described above. This procedure required 2-3
generations more than the 40 liter process.

-LpNe)y o AS(e i IsPRet-VINTHPr ! L) LI =I- k1=

Containers of cell paste produced by the

30 fermentation processes described above were removed from
storage, thawed at room temperature, and resuspended in
20 mM sodium phosphate/l1 mM EDTA buffer, pH 6.8. The
resuspended cells were disrupted by extrusion through a
narrow orifice under pressure (Microfluidizer Cell



uni muni zed -m ce before, and at intervals after, i nfection with H.

felis. ~Fi-g—3b—s a graph-show ng—-t—-he cl earance of H felis
infection in mce previously imunized with 5 reconbinant H pylori urease
and CT. Cl oni ng of the ureA and ureB genes The structural
genes encodi ng urease, ureA and ureB, have been cl oned d a‘%gon et al.
Nucl . Aci d¥O 9f@¥32 18: 362, 1990; Labigne et al., J. BacPF 8063 1920-
10 1931, 1991), and the reconbi nant urease encoded by these genes has

been purified (Hu et al., Infect. |mun. 60: 2657- 2666, 1992). For use in
the present invention, urease was-chgned froma clinical isolate of H
pyl ori (CPM630O) obtained froma clinical specinen provided by 15 Dr.

Sead Tabaqclnﬁjsirupﬁbr) Bar'rheldﬂ:m\tptdﬂecﬁeaab Gerbegentrifuded ertsid®r of

London. RV Loy Qt% RRAN q.l n the
| anbda phage vector KB gif de%tiéues \%gree ggr eene or react | VI ty with
r abbi t aFOIupd e Eﬁﬁaﬁ?e‘l’a%r%g clonal antibody, and a 20 single

reactive plaque was issdhetied. ofh'ssnckulﬂam chiioxtiziensisaadde@bt&athe f r agnent

t hat encoded. .k e gg@ngegln e f BNty wa bcl oned
onto pUCl Se 5 esl| gnat fgﬂl %Oyzgﬁdf HQ?r‘}r'a@rr\s\nt . musubcl oned
(pTCP3) and “UBREPAEANT €as KhAm @PP Yigg ¥07a) DEAE-Sepharces, GARIM, coded bot h

ureA and ur eBuilibrated inTae gM Isﬁlntbhoéﬂiﬂ:é‘ﬂl' MC/EDTA, BBd tThe CGT TAT

GTC T; SEQ #ﬁ%ﬁ %ﬂ @g@% TTG SEQ ID
NGO 5) were E’Q ggtﬁbﬁgﬁ ?L@ one E% ra ntn%rc();%ﬁgscm. BL1
and BL2 corPé?ﬁGﬁBrPﬂgéo"%%c‘?Eﬁjﬂd'@é'%é!};%QQ B Q%gﬁ_ﬁhk accessi on nunber
M60398 10( phespPhateylneM)EDTK, pi-l6a@t,i srdth2a1506 409 SvtfofEVBL accessi on

Prggﬁ;ni(légé%%gﬁgﬁkg P&h&@é)lof‘n{cﬂgch'lﬁ% ggﬁghﬁe%ﬁragrrent cgnt2a|5nl;b
the entire &8drgguce ionic str
This material was applied to a second
DEAE-Sepharose column equilibrated in 20 mM sodium
15 phosphate/1 mM EDTA. The pass—-through was discarded and
the column rinsed with 20 mM sodium phosphate/l1 mM EDTA,
pH 6.8. The bound material was eluted with approximately
three column volumes of 0.1 M NaCl/l mM
f-mexrcaptoethanol. Effective elution of the bound urease
20 was controlled by the volume and flow rate of the elution
buffer.
The partially purified urease was diafiltered
against 25 mM Tris-HCl, pH 8.6, and applied to a
Q-Sepharose column. The column was washed with
25 approximately two column volumes of the same buffer and
the pass-through containing highly purified urease was
collected. The pass-through from the Q-Sepharose step
was then concentrated and diafiltered into 2% sucrose in
water for injection (WFI), pH 7.5.

To compare the antigenxcity and subunit
composition of recombinant H. pylori urease to native
H. pylori urease, native H. pylori urease was purified
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—316— Tegi on of~ureA-and ureB—as~wett—=ast ransl ati onat—start
signals fromH pylori upstream of ureA Expressi on of reconbi nant
ur ease The purified 2.5 kb PCR fragment containing the 5 genes

encodi ng ureB was digested with EcoRl and Bandl erted
into the gﬁg&é@%ﬁn vector pET24+ (Novagen, Madison, WFEH g a’

produce the plasmd pORV214 (Fig. 2). pET24+ contains the coI E1l or| gin
of replication, the filanmentous phage (f1) origin of 10 replication for
single strand rescue, and the kananyei ns - resi stance gene of Tn903. The
fragment was inserted downstream of the T7 pronoter, which provides
transcripti omdi nsedans oan fantigen fice prodycecpolyctonak antiopmemser (| acO)

sequences aaatRboatas, bes WaeIn tgpm'[-z, gg@g o ,{}QCI oning sites to
provide | M4k fren, SREESTAY. S e Rﬁ%?gf%eﬂefm e Stes. he
vector al soaptabediest he | act ose repressor gene (I acl) to ensure
conpl ete gepr essi ONaRiivex B, agnaﬂi dheddd Vas PUHITIGA QEEAGNA | N The vector
are derived frgﬂcatgoRBzg |ch sé%ru\égdrggogge back one‘{%b\iector
(Infect. Immun. 53.992-993, 1990). H. pylori strain
ATCC 43504 (American Type Culture Collection, Rockville,
MD) was grown on Mueller-Hinton agar (Difco lLaboratories,
10 Detroit, MI) containing 5% sheep red blood cells (Crane
Labs, Syracuse, NY) and antibiotics (5 ug/ml
trimethoprim, 10 pg/ml vancomycin and 10 U/ml polymyxin
B sulfate) (TVP, Sigma Chemical Co., St. Louis, MO).
Plates were incubated 3-4 days at 37°C in 7% €O, and 90%
15 humidity, and bacteria were harvested by centrifugation.
The bacteria were suspended in water or 20 mM phosphate,
1 M EDTA, 1 mM fS-mercaptoethanol (pH 6.8) containing
protease inhibitors, lysed by sonication and clarified by
centrifugation. The clarified supernatant was mixed with
20 3 M sodium chloride to a final sodium chloride
concentration of 0.15 M and passed through DEAE-Sepharose
(Fast Flow). Active urease that passed through the
column was collected, concentrated in a Filtron
Macrosep 100 centrifugal filtration unit, and then passed
25 through a Superose-12 or Superdex 200 size exclusion
column. Size-exclusion chromatography was performed
using Pharmacia FPLC pre-packed columns. The fractions
containing urease activity were pooled, concentrated, and
further purified by FPLC anion-exchange chromatography on
30 a Mono—-Q sepharose column prepacked by Pharmacia. The
bound urease was eluted using a sodium chloride gradient.
The fractions with urease activity were pooled and
concentrated using Macrosep 100 centrifugal filters from
Filtron Inc. For some lots, a final purification was




construction. ' The initial ligation mxture, containing the 2.5
kb PCR EcoRI - BanHl —fragrent and +he—pET24+ weetor 25 digested with EcoR
and BamHl, was used to transform XL1-Blue (Stratagene, La Jolla, CA)
prepared by the Cad 2 met hod. XL1-Blue is an E. coli strain that does
not express T7 RNA pol ynerase. Kanamycin resistant col onies wer e
directly SWPEEER by PCR using urease specific 30 prinmer sSPCTHRIH® DNA from
several positive col onies was extracted using Q agen mnispin columms
(@ agen, Chatsworth, CA) and checked for the correct restriction

di gestion pattern. WO 96/ 334%2-

PCT/ US96/ 05800 - 11 - Purified
pORV214 DNA asideweddbyoahakysicalngive-exciusiohl FPLCoom Siperddes-12Novagen,
Madi son, W QeaRsing), prepared by the CaCl[err] nmethod. BL21-DE3 is an E.
coli B strain that.is Iysoggnlzed wi th | anbda phage DE3, a 5

reconbi nant phage t 1serum ;60 e Ritloxdn gEease WA control of
the | avUV5s |prodnced. bBLfﬂmuniz&ﬂgcnhrue|ﬁ@ma1e1nawazdanmﬁ&'wniﬁaeases, as

wel | as thge fag4 4é¥y | dcm DNA
nethylatlgn §%§A&hth e%%#ed rovgﬁana C%%ng§¥§ ant colonies with 10
Q agen ni ni %F‘H%‘o?’ﬂﬁﬂspﬁﬂ'dbm aenfirmejoprimpyne stakps @ndanal ysi s

usi ng BanH thett Eemithikedcsubévtandtusly with 150 ug urease in
complete Freund‘s adjuvant. Two booster doses of 150 ug
each were administered subcutaneously 27 and 45 days
10 later with Freund’s incomplete adjuvant. After
confirmation of the immune response by ELISA and Western
blotting against purified urease, the animals were
exsanguinated. The blood was clotted at 4°C overnight
and serum was harvested by centrifugation. Serum IgG was
15 purified by ammonium sulfate precipitation (50%)
overnight at 4°C. The precipitate was resuspended in PBS
and dialyzed to remove ammonium sulfate. The anti-urease
titer of the IgG from each animal was found to be 1:107
and the antibodies from the three animals were pooled.
20 The protein concentration was determined to be
17.3 mg/ml. Aliquots of 0.2 ml each were prepared and
stored at -80°C.
Mouse polyclonal ascites against H. pylori urease
holoenzyme ("MPA3") was prepared by injecting five mice
25 subcutaneously with 10 ug native urease holoenzyme in
complete Freund’s adjuvant on Day 0. The mice were
boosted on Days 10 and 17, bled on day 24 to confirm
anti-urease immune response, and boosted again on Day 26.
On Day 28 the mice were injected intraperitoneally with
30 Sarcoma 180 cells. A final intraperitoneal booster dose
of 10 ug urease was given on Day 31, and ascitic fluids
collected seven days later.
The ascitic fluids were incubated for two hours at
room temperature and then at 4°C for 16 hours; clots were
35 disrupted by vortexing and removed by centrifugation at



presence of.the plasm d. Urease expression was assessed by exam nati on

of BL2+=BE3—( pORV214)~—cett | ysat es—by———SBS—PASE—and st er n btot~—=Several

positive clones had 15 the correct restriction endonucl ease di gestion

pattern and expr essed urease. A single clone containing
pORV214 was_sel ect ed, grown on LB plates containing kana

[err]g/m), WO 232 est ed, and stored at -80[err]Cin LB co‘ﬁ%ﬁ#’ﬁ%O% 20
gl ycerol. A research cel | bank was prepared by growi ng a sanple fromthe
gl ycerol stock on LB plates containing kananmycin, selecting an isolated
cdl ony, and inocul ating a LB brot h-cglhtdre containing kananycin. This
culture was grown to ODjerr] of 1.0, pelleted, and resuspended in an 25

equal vol une 18f 008 rpwt foni IR WoNUtEs,cc ASter Thvernight cineubation @thank
(RCB) aliquofgse( A ?iesdé)tw tﬂiﬂ“flui&kofsgmé& s&'@.{d?ré:ﬂ&s A master cell

bank ( MCB) S|m re L n R |s t he
research cel se,uARS %Mﬂ%’a%&aﬁ géﬁﬁﬂ? ﬂgéc’éjrtr ) was 30
prepared usi rg-gharified doy cesnhini fugakioheat/CBP,000 rpm for The MCB and MACB
cells wer %Vlabhﬁmﬁéﬂaﬁmﬁt -g19S m! 3t diﬁﬂﬁsﬂ'%ﬂféj AL Wers coOl i

ysogany vasCBIRPPHHA %%#&S-ﬁi‘%ﬁﬁs $85' &K FfmetRe el | "known i n
the art. Ur el!eetexprhket anakyses oonﬁrmemstmmntibody reacts
PCT/ US96/ 058Q9¢h urea and UreB subunits. An endpoint titer of
1:300,000 was achieved in ELISA against urease.
10 Mouse polyclonal ascites against H. pylori UreA
("MPA4™) was prepared by injecting mice subcutaneously
with native UreA subunit H. pylori urease isolated by
electroelution from SDS~-PAGE gels. Subsequent steps in
the preparation of anti-ureA ascites were performed as
15 described above for generation of antibodies against the
holoenzyine.
Mouse polyclonal ascites against native H. pylori
UreB subunit ("MPA6") was prepared by injecting mice
subcutaneously with native UreB isolated by
20 electroelution from SDS-PAGE gels. Subsequent steps in
the preparation of anti-UreB ascites were performed as
described above for generation of antibodies against the
holoenzyme.
MAB71 is an IgA monoclonal antibody against
25 H. felis urease which recognizes a protective epitope on
the B subunit. Preparation of this antibody is described
in czinn et al., J. Vaccine 11(6):637~642, 1993, and the
hybridoma cell line which produces it was deposited with
the ATCC and designated deposit number HB 11514. The
30 antibodies described above were used in Western blot
experiments to characterize the purified recombinant
H. pylori urease.



-.12 - t PTG i nduci ble in the NCB and MACB cel |l s, as determ ned by
exam nation of cultures—grown i n—+he—presence of | PTG——and anal ysi s of

| ysates fromthese cell cultures on SDS- PAGE. Production of 60 kD and 29
kD proteins (UeB 5 and UreA, respectively) by the MCB and MACB cel | s

I ncreased wi.th the incubation tine. Plasm d ' at ed
fromthe W8 cells and was tested by restrig?ﬁgﬁﬁéﬁ

anal ysi s, restriction fragnment |ength pol ynorphi sm (RFLP), and DNA 10
sequence analysis to confirmplasmd structure. The MCB contai ned a
plasmd with the appropriate restrici-si a8 = endonucl ease di gestion pattern
with no deIetlons or rearrangenents of the plasnld L|keMAse there wer e
no Y d ' - 51 w’ o -

fingerpri nts of pl m&ﬂmnfur mNEB aaﬁl aa1 Qiacs Iaﬁsi-z:t he

urease genes ot_.undergone et ect > 50 etio
rearrangerren‘tlg gﬁ? HEH ég’é Wiﬁfﬁ:é’?&ﬁgﬁi‘f’% Bt he rﬂfﬁﬁ‘ﬁ q:(f‘fmt he cell
banks. bands (2RckbBoand 69 Pl and severalahighten banmds t he 20 sequences
of the prsmhgp:a&dmae&ﬁnﬁlm rm@riefenh-.he To Phéstisy @@ ated from MCB

cheI Ezoxyerep&gFgg gﬂeﬁ%? % g' ﬁactlgﬂst%‘ggﬁerfﬁémd #SI ng the
instructiongséngpthedaatbstQQSE;anduantiFuxBeseCsubuniy»ant&baﬂéﬁﬁg
{1 uorescent dealagh 8dadhsBRsy NUBE W] 425 priiin réfdbEs WPfDhuElie U oA and

sequences. oftSntirREgRes SEieeniiaie)’ ehe, BNET (SRe1 el B R0
product i 3@ withcMBAdi (antitixal)c 3The 29 kD Photéinm meaated Witk be used was
cl eaned andmmsksawaﬁéae&qwﬁe}eym SBRECMERA PasEEltR)  Thaecul ture
redi um cont 43eds e Mbke faits-0ten ' 1ha 1inbld 3" NS pana

reacted with MPA3 anti-urease holoenzyme) and MPA6 (anti-

UreB), indicating that this protein is a portion of UreB.

15 Two faint high molecular weight (>150 kD) bands
were evident in SDS-PAGE gels. Both bands reacted
faintly with antibodies to both UreA and UreB, indicating
that a minor portion of recombinant urease subunits form
covalent units resistant to sulfhydryl reduction under

20 the conditions used. No other protein bands were
apparent in Coomassie-stained gels. Thus, all proteins
detected in the purified product are either Urea; UreB,
or a derivative of UreA or UreB.

The wet Coomassie-stained SDS-PAGE gel was scanned

25 using an Ultroscan XL laser densitometer and a Gel Scan
XL software program (Pharmacia-~LKB Biotechnology,
Piscataway, NJ). The densitometry data were consistent
with a 1:1 molar ratio of the UreA:UreB subunits, as
expected from the structure of native H. pylori urease.

30 UreA and UreB accounted for more than 95% of the total
protein present in the purified urease preparation. The
estimated average value for the combined UreA + UreB
peaks was 95.2% + 1.2%.



6-15 g/L glycerol, in ROD water. Since pORV214 was sufficiently stable
| of anttdrotics, no———WO96/33732

PCT/ US96/ 05800 - 13 - antibiotics were
present in the |large-scale fernentation cultures. Antifoam was added and
t he unit mqﬁ g |l 1 zed I n place. For productlon in the 40
liter fernent vial 5 of the MACB was thawed and used® 08P ate a
four liter shaker flask containing one liter of LB broth (1%

tryptone, 0.5% yeast extract, 1% NaC) w thout antibiotics. The culture
was shaken at 37 C for 16- 24 hour s= I%e-i nocul umwas then transferred to
the 40 10 I|ter fernentor (30 I|ter morklng volune) containing the
pr.oducti on nads Rl SiZe—exelnsiop HREC of purified recombinantit with
aeration andnggmggtlon unt|I the cel | denS|ty determ ned by ODerr] was

approxi mately 8-10. p thIO al acto nosi TG, was then
added 15 to a fi nal con%‘zﬁﬁgt%% a’%\/lc B¥ﬁgﬁ’et‘?grp‘s%{flgd al | oned
to proceed fﬂ‘c@@m%maﬂhvaéeﬂhtemi%ed byhanadytdetaly centrifugati on
and the wst gpbsé-cewsiusionihighopegEbthense! £&ﬁlﬁ”dﬂ¥%ﬁi gontai ners

tt%%ﬂ
ter méﬁﬁfﬁ&‘@%wﬁ%w% ne: BorERPRRS ufihd e fapiien syefm; %9@3 vessel
Wer e prepar ting sfoPump 126, diode array dual wavelength
detector 168, System Gold Software Version Vv7.11,
Progel-TSK G4000SWXL (5 mm x 30 cm i.d.) column {Beckman
10 Instruments, Brea, California), and SWXL guard column
from Supel Co. Chromatography was performed under
isocratic conditions using 100 mM phosphate, 100 mM
sodium chloride buffer, pH 7.0. The column was
calibrated using molecular weight markers from
15 Pharmacia-LKB.

A typical HPLC separation profile of
representative purified bulk sample is shown in Fig. 4.
The purified urease product shows a prominent protein

- peak with a retention time between that of thyroglobulin
20 (MW 669 kD) and ferritin (MW 440 kD). An apparent
molecular weight of 550-600 kD was estimated based on a
series of runs. This peak was tentatively designated as
hexameric urease. The area of this hexameric urease was
at least 70% of the total protein in different lots of
25 product.

A second prominent protein peak with a lower
retention time (higher molecular weight) was also
detected. The area of this peak ranged from 5-20%. This
peak, with a molecular weight >600 kD, was designated as

30 octomeric urease. The total area of the octomeric plus
hexameric urease peaks was over 90%.

These two characteristic peaks were isolated for
further characterization. The two peaks were purified by
HPLC from a preparation of reconstituted, freeze-dried

35 urease and stored at 4°C for over one week. During



When the 40 l'iter *vessel reached an ODerr] of approximately 5.0, it was
used to inocul ate tthe#66—++ter fermentor. —Fhe cul ture—was further
i ncubated to an O err] of 8-10. 25 The culture was then induced,

harvested, and stored as I s descri bed above. This procedure required
2-3 generations nore than the 40 liter process. Purification of
reconbi nantYR i ur ease Cont ai ners of cel | PGRARS960¥$PHduced
by the 30 fermentation processes descri bed above were renoved from
sterage, thawed at roomtenperature, and resuspended in 20 nmM sodi um
phosphate/1 nmM EDTA buffer, pH 6.8. *hgeo - resuspended cells were

di srupted by extrusion through a narrow orifice under pressure

(M crof | ui di s¢crage| for this pexded@f3sisa, octomeric urease
PCT/ US96/ 0583@creases while the hexameric form décrénses. THeS'UPtor). The
di srupted cells meﬁe centrlé%ﬂggiat 4 errgcr ég sedl nent, cell debris and
the super nat STP2EBREQ; Peqly £ Nyl Pca0alyzed By |RRausing A
sol ution of Sw-gmmmwgemiad&ydwibhthmoﬂmiiill andper natant to a
final concenpbaybeonal dhtirdaibhe to uPeRSENA! SR sHRPAGEN LR bedxbo 2
DEAE-SepharosE cg&unn
showed urease A and B bands in comparable ratios. 1In
addition, both showed nearly identical immunoreactivity
in ELISA with polyclonal anti-urease holoenzyme
antibodies (MPA3) and a monoclonal anti-UreB antibody

10 (MAB71).

Enzymatic (urea hydrolvtic) activity of recombinant
lrease

Three methods were used to investigate the
enzymatic activity of recombinant urease:

15 urease-specific silver staining following
electrophoresis, the pH-sensitive phenol red urea broth
assay, and direct detection of ammonia. Urease-specific
silver staining, described by delLlano et al. (Anal.
Biochem. 177:37-40, 1989), is based on the reaction of

20 urease with urea to produce ammonia. The reaction leads
to a localized increase in pH which facilitates a
photographic redox reaction leading to disposition of
metallic silver. Enzymatic activity of native H. pylori
urease was detected with only a 1.0 gg sample. In

25 contrast, 20 ug purified recombinant urease exhibited no
urease activity.

The pH-sensitive phenol red broth assay, which is
well known in the art, is based on a change in pH due to
ammonia generation as a result of urea hydrolysis.

30 Urease activity was demonstrated with as little as
0.2 pg/ml purified H. pylori urease. In contrast, no
urease activity was associated with purified recombinant
urease, even at concentrations up to 750 ug/ml.



equilibrated in 20 nM sodi um phosphate/1 nM EDTA, and the pass-through

was ctottected for furthter—processrmg—ite — pass-thr ough was—diraf+t+tered
into 20 mM sodi um 10 phosphate/1 nM EDTA, pH 6.8, with a 100 kD cut of f
menbrane to renove | ow nol ecul ar wei ght contam nants and to reduce ionic

st rengt h. This material was applied to a seconcsl,FﬁT
DEAE- Sepha?v&’ént,%?unn equilibrated in 20 nM sodi um 15 pho g{sg?ﬂf*?ﬁv, EDTA.
The pass-through was di scarded and the columm rinsed with 20 nM sodi um

phosphat e/ 1 nM EDTA, pH 6.8. The bound material was eluted with
approxi mately three colum volunes-a1G6-1 MNaCl /1 niM
[err]-nmercaptoethanol. Effective elution of the bound urease 20 was

controll ed by the vBiregt estimaiiomief emmopndacpyedueed byuffer.
The parti al | yydtolydied off azea bgSutesse ! vLs aguant ixgtiedsusdiagn™M Tris-HA , pH

8.6, and appll) A e se.colum, The m shed with 25
appr oxi mat e%‘?@bg%ol Eﬁh%gglguﬁrggagf Sthi‘s‘a e urT y%ﬁqs\b\%ifﬁg ass-t hrough
cont ai ni ng M&IRGEEAAES,cd984dascUnensse activity of nAtdveads- pHieugh from
the Q Seplsar@readd Qﬁfa detecthbte sa&%fe&ﬁ%ﬁ%a?xbaﬂgf |1|hh§'r/ﬁ£i.| _niret 2% f
sucrose in roi iQn 0. characterization o
the anti geni%‘#@g‘f({j "&fo&%t?%%eacsﬁp5§+?¥£nc?ﬂt’pilm% &5 %&onbi nant H.
pyl ori ureas®00 ug/ml purifjedorgacwbinantiruresse.city and subunit
conposi tion of recoghsédnén Hhd Wediulty @2SehkOubdhbéSaspecitid W iQhierur ease,
nhative H pys'i?arinili{ge%%%a\ir\’?stﬁgri:;ll-ggnsitive phenol red broth assay,

10 and direct estimation of ammonia, there is no detectable

urease activity in the recombinant urease product.

Protective and therapeutic efficacy of purified
recombinant urease

The H. felis-mouse model was used to test the
15 efficacy of recombinant H. pylori urease in the
prevention and treatment of Helicobacter infection. In
this model, colonization of the stomach is readily
established and is accompanied by gastric inflammation.
This animal model is a well established system for the
20 study of Helicobacter, and has been used extensively in
laboratory investigations of the pathogenesis and
treatment of Helicobacter-induced disease (see, e.9g.,
Fox et al., Infect. Immun. 61:2309-2315, 1993; Goodwin
and Worsley, Helicobacter pylori, Biology and Clinical
25 Practice, CRC Press, Boca Raton, FL, 465 pp, 1993).
Antigenic cross-reactivity between H. pylori and H. felis
ureases allows use of the human vaccine candidate of the
invention, recombinant H. pylori urease (xrUre), to
imminize animals infected, or subseguently challenged,
30 with H. felis. .

Both germ—free and conventional mice are
susceptible to infection by H. felis, and develop
life-long infection of the gastric epithelium,
characterized by infiltration of inflammatory cells
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- 15 - and used—as—an—ant i gea—to- pr oduce—pol ycl onat—ant i - ur ease
anti bodi es, as well as nono-specific polyclonal anti-UreA, anti-UreB,
and anti-urease hol oenzyne anti bodies. 5 Native H. pylori

urease was purified using a nodi fication of the procedure reported by Hu
and Mobl eyWO%%BBRRect. | rmun. 58:992-998, 1990). H. pyl oriF @Wﬁ%‘?ﬂ%"’“ ATCC
43504 (Anerican Type Culture Coll ect..on, Rockville, MD) was grown on
Muel | er-H nton agar (Difco Laboratories, 10 Detroit, M) containing 5%
sheep red bl ood cells (Crane Labs,~ Qu acuse, NY) and antibiotics (5
[err]g/m trimethoprim 10 [err]g/m vanconycin and 10 U [err]l

pol ynyxin  (Bne &t als) EWpPa)Si hesCixessmpaiseCatudies Endtsatem) Pl at es

Dacter 8 vt e B oy e e vl f buSpended
in water or BiFenhefome, gaé ‘ﬁ}' @WP& Fﬁaﬁ-ﬁﬁﬁﬁt'ﬁg %hanol (pH
6. 8) contai n:laﬁg H. fpddseasunldm tnthmqide/spécli;iadnl aasinmlardbsd arified

by centgri ) C W ! +WOEh dh 20 3 M
sodi um chfsg éygﬁt o%sflaﬁ 'l:é &g% %Q.cgncentmr'a | n of 0.15 M and
passed throu{ﬂ?‘ RFOEB‘ ‘{“F%& Lex)\propbY3Aetie t hat passed

t hrough the immtizatioms Aobhanedge(nm(z-em’r dr.ﬂnésl hhe i—'nflmﬁous Macr osep
100 centrif 4 9. toﬂiﬁg'{hi@rﬁﬁﬁwa Qé? ;&wg% ghvapaer ose- 12
size & ze e c

or Super dex | usi on colum usi on romat ography was
per f or med teRt (R PURAEYa FPLC pre- packed col urms. The fractions

cont ai ni ng urease activi ty wer e pooI ed, concentrated, and further
purified by LRLL . ography on

Several methods were used to detect Helicobacter
in gastric tissue, including measurement of gastric
urease activity, histologic examination, and culture of
gastric tissue. Gastric urease activity was measured

15 both gualitatively (presence or absence) and
quantitatively. In the gualitative assay, stomachs were
divided longitudinally into two halves from the
gastroesophageal sphincter to the pylorus. One
longitudinal piece, representing approximately 1/4 of the

20 stomach, was placed in 1 ml, of urea broth (0.1 g yeast
extract, 0.091 g monopotassium phosphate, 0.095 g
disodium phosphate, 20 g urea, and 0.1 g/L phencl red,
PH 6.9). A distinctive color change {due to hydrolysis
of urea by the enzyme, production of ammonia, and

25 increased pH) after four hours incubation at room
temperature indicated a positive result. For
guantitative determinations, urease activity was
determined by measuring absorbance at 550 nm of clarified
urea broth incubated with whole stomach sections for 4

30 hours. This assay can detect as few as 1-2 X 104
H. felis/0.1 g stomach tissue. This assay provides the
same sensitivity as commercially available urease test
kits used for human samples. Commercial kits have proven
to be 100% specific and 90-92% sensitive compared to



30 a Mono- Q, sepharose col um prepacked by Pharnmacia. The bound urease
was el uted—dsing a sodum—chl or ide—gradrent——The fracti onsTwth Urease
activity were pool ed and concentrated using Macrosep 100 centri fugal
filters from Filtron Inc. For some lots, a final purification was
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col ums. Pol ycl onal antiserumto H pylori urease was

produced by imuni zing three fenal e New Zeal and white 5 rabbits with
purified native H pylori urease. The= 23ami nals were pre-bled to confirm
non-i nmmune status and then i mmuni zed subcutaneously with 150 Jerr]g

urease in hiopsy/hdstpdogn (Szete ethtal. , TRostgsader Medsel- #4415 PTerr] g

each were adiyzy, Sh@b@d BUbpUkescatAy. . A5 pdens110sbpdez-468 )1 Freund' s
i nconpl ete a%9%é§ After confirmation of the inmmune response by ELI SA
and Western dttlng agai nst purified urease, the animls were

exsangui nated. The Ruantitetiveogasgric ﬂf@?ﬁ?(?iﬁ&iﬁnh@ht and serum was

har vest tedt by s%%&?bbﬂ&%hﬂﬁri&eﬁéﬁdm olf5 AR ivdradl slghnTynmogesul f at e
esuspended ArnBREive tRARPLAE Hedslinhriohd, RhThEIoRE "%
anti - urease estﬁnpﬁﬂoofoththeg@wwmnhneaﬂhxqumsﬂonas TBGHGWQTP%% 1: 10[ err]
value for a negative urease assay was defined as
2 standard deviations above the mean Aggq for
10 unchallenged/uninfected mice. The cut-off for a positive
gastric urease assay was defined by 2 standard deviations
below the mean Aggy of unimmunized/challenged mice.
Individual animals with low-grade infections had values
intermediate between the negative and positive cut-offs.
15 Visual grading of the urease response identified 11/12
(92%) of the positive samples.

Histologic examination was performed by fixing
stomach tissue in 10% formalin. The tissue was then
embedded in paraffin, sectioned and stained with a

20 modified Warthin-Starry silver stain (Steiner’s stain;
Garvey, et al. Histotechnology 8:15-17, 1985) to
visualize H. felis, and by hematoxylin and eosin stain to
assess inflammatory responses in the tissue. Stained
sections were examined by an experienced pathologist

25 blinded to the specimen code.

A semi-quantitative grading system was used to
determine the number of bacteria and intensity of
inflammation. The system used is a modification of the
widely-accepted Sydney System for histological

30 characterization of gastritis in humans (Price,
Gastroenterol. Hepatol. 6:209-222, 1991). Full-thickness
mucosal sections were examined for the intensity of
inflammation (increase in lymphocytes, plasma cells,
neutrophils and presence of lymphoid follicles) and depth

35 of infiltration of these cells and graded on a scale of



and the antibodi*es fromthe three animals were pooled. 20 The protein
concentration was—deternmned tobe— 17.3-mg-nl. Al reguoets of 0.2 m- -each
wer e prepared and stored at -80[err]C Mouse pol ycl onal
ascites against H pylori urease hol oenzynme (" MPA3") was prepared by

I njectingf] .ce 25 subcutaneously with 10 [err]g nati

hol oenzynj+¥6%3%2conpl ete Freund's adjuvant on Day O. Th%ﬁ&e
boosted on Days 10 and 17, bled on day 24 to confirm anti-urease i mune
response, and boosted again on Day 26. On Day 28 the mce were injected
intraperitoneally wwth 30 Sarcoma 180 zel+s. A final intraperitonea

boost er dose of 10 ! rr]g urease was given on Day 31, and ascitic fluids
col | ect ed s@véh. dGeadingthe density ofTHe febis iwas accempldshedncubat ed

florttwo hougg ébuntirip¥hd Wt _b'febaﬂdei‘ﬁfil @édufk{ infthtct ical hourts
ClOots were r | n (] centrl,fugati on a
WO 96/ 337323319& ﬁ'&p%w 9&1 %%S Qﬂti‘r ong %@Fﬁgg‘ 9 .L.

-17 - 1gastoic Antm (emcorpus, Aftspecified)ght qmavpm at
4[err] C i5 abesineéd adtsraiinge thl Wi danger 6F loactdria Idtiserved [bese were
Lomeoem cotnofibl 1€ o Whclatih) B¥S. %o pddedad Shod PV

centrifugation at™ 10,
51-100 bacter;a, and 4+ = >100 bacteria).

Route of immunization
The effect of the route of administration upon the

10 efficacy of the vaccine of the invention was examined in
the mouse infection model. 8ix to eight week-old female
specific pathogen free (SPF) Swiss-Webster mice were
immunized with 200 ug recombinant H. pylori urease,
either with or without 0.24 M NaHCO;. The recombinant

15 urease was co-administered with 10 ug of cholera toxin
(CT) as a mucosal adjuvant in all animals. Intragastric
(I¢) immunization was performed by delivering the antigen
in 0.5 ml through a 20-gauge feeding needle to
anesthetized animals. Oral immunization was performed by

20 delivering the antigen in a 50 ul volume via a pipette
tip to the buccal cavity of unanesthetized animals. For
parenteral immunization, mice received 10 ug recombinant
urease subcutaneously. Freund’s complete adjuvant was
used in the first subcutaneous immunization and Freund’s

25 incomplete adjuvant was used in subseguent boosters. For
all routes of administration, a total of four doses of
vaccine were administered at seven day intervals. Mice
were challenged with 107 H. felis two weeks after the
final vaccine dose, and necropsied two weeks after

30 challenge. Gastric H. felis infection was detected by
urease activity and histology. Protection in an
individual mouse was defined by a negative urease assay
and by a 0 or 1+ bacterial score by histology.



5 10 minutes, Thirty-six m of diluted ascitic fluids were col | ected and

f rezep—at—20fer+1€1t1—300 [err]| -aHguots——¥éstern bl ot anatyses———

confirmed that the anti body reacts with UeA and UreB subunits. An
endpoint titer of 1: 300, 000 was achieved in ELI SA agai nst urease.

Mouse pol yclonal ascites against H pylori UeA ("MPA4™) red by
i njecting mYeeY83H 2t aneous! y with native UreA subunit I—r%%’aﬁgﬁr ease

i sol ated by el ectroel uti on from SDS- PAGE gel s. Subsequent steps in

the preparation of anti-ureA ascites were perfornmed as 15 descri bed above
for generation of antibodies against the2s -hol oenzyne. Mouse

pol ycl onal ascites against native H pylori UreB subunit ("MPAG") was

prepared by injectingraicand intmegastwis aAdmpinistrafipnecofleB isol ated by

20 el ectroel UphobmbiRdntOo-Atie™ piohl dedUBS§ALEI¢art §otidbtiont B8

preparation of i-Ue e des ri hed above for
generati on of © ﬁﬁaﬁ ‘5’%{;% n?l\tﬁk%e?aE ﬁlggggegﬁl 1. % 11 MAB71 is an
I gA nonocl onahdmbnistxatomiwan efSeqtivel bothrettle and otitheadgeores a
protective §phhﬁﬂﬂ19&at16ﬂ1%ﬁ3% itk e RdddiibiHant uteaBll ody is
a
EES

hybr | dom cel FREPREATIAS RIHEEFAELon VAR SROEE HAFSYAYe VHeRL ERR L 41
desi gnat ed depectmbinank un@skl Was. cthadsinistéened|ivwithidadiCoged above were
used in Vst epgrbhféral MIRIHIToF theCOALELHE diGiddit wAY 1aae
reconbi nant f'f'ecgi/ S Toim b ea%zed mice had significantly lower
10 numbers of bacteria in gastric tissue after challenge

than unimmunized controls. 1IgA antibody responses in

serum and secretions were highest in mice immunized by

the oral route. IgA antibodies were not elicited by

parenteral immunization.
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protein present:in the purified urease preparation. The esti mat ed
average-vatue for the—Tombi ned UeA—FUeB———peaks was 95 29—+2%—
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- 19 - Anal ytical size-exclusion HPLC of purified reconbi nant

ur ease The purity and nol ecul ar conposition of purified

reconbi nanYOP% was deternined by analytical 5 size- eREVUESHIR; gh
performance |iquid chromatography. Chr omat ogr aphy was perforned using a
Beckman System Gol d HPLC consi sting of Punp 126, di ode array dual

wavel engt h detector 168, System Gobg Software Version V7.11,

Progel - TSK 4000SWKL (5 mmx 30 cmi.d.) columm (Beckman 10 Instrunents,
Brea, California), Thel eSfrctqgofr impwnization roube Spowl the. Chr onat ogr aphy

wazI perf(r)”r Wﬁ_ﬁtﬂﬂgﬁéase aﬁggs;; iz%ﬁibﬁ@ibt {,Qgsemilge&q.lg, Lﬂ\ﬂ@gsphate, 100 M
ol ecul ar vEraRr-HebFEex Yplds Vertlizainifha four vinds st Yer @p¥ cal rpLC
separation pR 1sfwith reitthennt 4 200pugi fecombinants guptisiiest #hown in
Wi (h o rer el iony meats MRAP A LN, RICHA: S btR B RS kD) aha
:‘Me£ ri ?i :]e( m%’k:ﬁr; %?]aﬁ'%g\lé'gf%r‘{:mgcﬂga?°mm‘moo kD was
esti mat ed bpusifiedH. pylori urease and 10 ug CT with NaHCO;, by
intragastric administration; or 3) 10 ug recombinant
purified H. pylori urease with Freund’s adjuvant by
10 subcutaneous administration. One week after the fourth
vaccine dose, mucosal and serum antibody responses were
examined by ELISA using microtiter plates coated with
0.5 ug of native H. pylori urease. Serum samples were
diluted 1:100 and assayed for urease-specific IgA and
15 IgG. Fresh fecal pellets, extracted with a protease
inhibitor buffer (PBS containing 5% non-fat dry milk,
0.2 uM AEBSF, 1 pg aprotinin per ml, and 10 uM
leupeptin), were examined for fecal anti-urease Iga
antibody. In some experiments, fecal antibody values
20 were normalized for total IghA content determined by
ELISA, with urease-specific fecal IgA expressed in
RAys uUnits/mg total IgA in each sample. Saliva samples
were collected after stimulation with pilocarpine under
ketanine anesthesia, and tested for urease-specific IgA
25 at a dilution of 1:5.
No significant differences between antibody
responses of mice immunized orally with or without NaHCO;
were detected, and the data were pooled for analysis.
Mice given subcutaneous antigen developed urease-specific
30 serum IgG, but serum and fecal IgA responses were
elicited only when antigen was delivered by mucosal
routes (oral or intragastric).
Mice immunized either orally or intragastrically
with urease/CT were challenged with 107 K. felis. The
35 pre-challenge antibody levels of orally or



series of rumns. This peak was tentatively designhated as hexaneri c
urease. The area of this--hexaneri-c—u+ease was—— at | east+—#0% of the total
protein in different lots of 25 product. A second prom nent
protein peak with a | ower retention tinme (higher nol ecular weight) was
al so detected. The area of this peak ranged from 5-20% _This eak,
with a nol eW9%B3TRI ght >600 kD, was designated as 30 oct oFEFVE E‘@P@ﬁ

The total area of the octoneric plus hexaneri c urease peaks was over
90% These two characteristic peaks were isolated for further
characterization. The two peaks were purggdi.ed by HPLC from a preparation
of reconstituted, freeze-dried 35 urease and stored at 4[err]C for over one
week. During intragastricidll964iafifizzed mice were correlated with

PCT/ US96/ 058 stologxcalﬁ%;determined bacterial scoties after BLOpafgs for
this period of t ri_c ureas | NCreases he hexaneric

f or m decr easeShaklpnge ‘I?QbaﬁﬁredAbEBR“$¥éE§%(ﬁﬂ?ﬂﬂﬁﬁ?’aﬁﬁF 284 by reducing
SDS- PAGE and ébnhdiderstsly \betweent indbwbdhahatiamd orb thel yhbdeal miéeei bodi es

to urease. gngEipH¥drer %%hsf.eca hﬂ%?dlww %&Eiuﬁeha“ds in

conparabl e rati os additio near | dentic
|ngEnoreact|vP?? eriq 1, sgores., Fﬁ‘ﬁﬁl EFB é%ﬂ?elﬁ' §§€ ﬁBFOgﬁéyﬂ%

suppression of, and protection from, infection. 1In
contrast, serum IgG antibodies did not correlate with
protection. While some protected mice had no detectable
10 IgA antibodies, high levels of anti-urease IgA were not
observed in animals that developed 4+ infections after
challenge. These results not only support a role for
mucosal immune responses in protection, but also suggest
that immune mediators other than fecal and serum IgA play
15 a role in eradication of H. felis infection.

These data show that: i) mucosal immunization is
required for protective immunity; ii) the oral route of
immunization is as effective, or more effective, than the
intragastric route; iii) neutralization of gastric acid

20 with NaHCO, is reguired for effective intragastric (but
not oral) immunization; and iv) parenteral immunization
does not stimulate mucosal immunity or provide effective
protection against challenge. |

Schedule of immunization

25 Alternative immunization schedules were compared
in order to determine the optimal immunization time-table
to elicit a protective nmucosal immune response.
Swiss-Webster mice were immunized with 100 pug recombinant
urease in two, three, or four oral administrations, on a

30 schedule shown in Table 2. The mucosal adjuvant CT
(10 pg) was co-administered with the recombinant urease.
As assessed by qualitative gastric urease assay, mice
which received four weekly doses of antigen exhibited the
highest levels of protection. Significant protection was



ant+bodi es(MPA3) "and_a_nonocl onal anti-UreB anti body 10 (MAB71).
Enzymatic (urea hydrol ytic) activity of Tecomrmati— ur ease.
Three nethods were used to investigate the enzymatic activity of
reconbi nant urease: 15 urease-specific silver staining follow ng

el ect r ophor ¥Q%B33113e pH- sensitive phenol red urea broth assay, and
direct detection of amonia. Urease-specific sil ver st ai PETRS96s8ser i bed
by delLlano et al. (Anal. Bi ochem -177:37-40, 1989), is based on the
reaction of 20 urease with urea to produce anmmoni a. The reaction | eads

to a localized increase in pH whi ch facidg =ates a phot ogr aphi ¢ redox
reaction | eadila® oPsereBqSif | metallic silver. Enzymatic activity
of native H 4g [ Sée%éeﬁf %’e‘f"ébt thres dosesl pfaant &ieldd 9 sanpl e.
In 25 contrast B di rrT p%ﬂqfl%j:zrmnyomnhngiga&f ﬁé% |ted no

urease activhighest for mice %&i"‘éﬁ:’&%‘a ghenol e OIIPRSEEL  whi ch
is wel | knédﬁnbihixh@ dasd SePased on a chaftE 99Eesiefie to ammoni a
generati org ag#'g ult. of Ufea Bbetlwbse o itHe balds
dermnstrat ed Wi Ctiqn ratie andOaﬁtmgbajy f,g,hﬁ;g llori urease. In
contrast, no® e@lkmsaa&lﬁidwaragégéiﬁed ;furth%y& 8T orbi nant

ur ease, everl:lﬂéracpmﬁ-qrgr | tion of thewD 96/ 33732
PCT/ US96/ 05800 ata ngpﬂglacti ficacy of the vaccine.




- 21 - . » Direct estimation of ammoni a produced by hydr ol ysi s
of urea by urease was—guahtt+tat ed—ushg Nesslers' reagent—(Koch et al.,
J. Am Chem Society 46: 2066- 2069, 1924). Urease activity of native H.
pyl-ori 5 urease was detectable at a concentration of 1 [err]g/m . No
activity was detected in assays containing up to 500 [e%ﬁh /m rified
r econbi nant W ¥aIB2 Based on the results of the g’ﬂ@"‘g‘ﬁem fic
silver stai ni ng assay, the pH sensitive phenol red broth assay, 10 and
direct estimation of ammonia, there is no detectable urease activity in
t he reconbi nant urease product. Projg¢ctive and therapeutic efficacy of
purified reconbi nant urease The H felis-nouse nodel was used
to.test the 1i;§1§_zacy of reconbi nant H. pylori urease in the

establlshed system f or

gastric infl ak » - F3
. ana nas oe n used exren5| ery N

the 20 study
| aboratory i bmrmtm
Hel i cobact er -|i nduc "EI nEQF 6@ mu
61: 2309- 2315,] 1993; odwi Vbrsle fco Jte pJ i I ol qgy
and dini cal E5Prect TC, > PT_EDQ, DOT Rart-om- 5 %993\‘
Antigenic & dss-readtivity|betwee?dH pyljdi 'la-nd‘H 2f-‘sel §° (Mi@h%es 3l 1 ows
use of the hy didate of th Lnvention lreconbhi nant H
pylori ureasq (rUep, to I Mmungge ani rfeg s jff ected, pposyppeapent|y
chal l enged, 30 with H felf{s. Both germ freefand conventi ona
mce are

3 50 0, 14 30 (3/9)

4 33.3 o, 7, 21 40 (4/10)%

5 $0, 25, and jO, 7, 21 60 (6/10)*

25
10 6 None o, 7, 14, 21 o (o0/10)

& Each group of mice were immunized orally with a total
dose of 100 ug recombinant H. pylori urease. CT (10 ug)
was used at each immunization, suspended in sterile
distilled water, as the mucosal adjuvant. Group 6

15 received CT alone on the same schedule as group 1 and
acted as the control. Groups 4 and 5 compared the effect
of booster doses administered after two previous weekly
immunizations.

® percent protected (No. protected/No. tested) from a 107

20 challenge dose of H. felis two weeks post-immunization.
Mice were sacrificed two weeks after challenge and
protection was determined by the qualitative gastric
urease assay.

# p<0.05, Fisher’s exact test, compared to mice given CT
25 alone.

The effect of different immunigation schedules
upon anti-urease antibody production was examined in
mice. Antibody responses of mice immunized by one of the
five different immunization schedules described in



susceptible to infection by H felis, and devel op life-long infection of

t he gastrrcepithettom— charmwd—b'y—ﬂ-nflltratlonof*ﬁﬁ-mmm —
cells WD 96/ 33732

PCT/ US96/ 05800 - 22 - (Fox et al.,
supra). Dose response studies indicated that 100% of Swi ss-\Webst er
specific PRAWEIPA-free (SPF) ni ce becone infected aftFCTLEHIML or al
chal l engée with 10[err] H felis. Unless otherwi se specified, a single
dose 5 of 10[err] was used to infect mce prior to therapeutic

I mruni zati on or chall enge nice after paophyl actic I muni zation. A
chal l enge of -10[err] tinmes the infectious dose (1.D.90) with this

Hel i cobact SlahlepRevermesexaninede Sigrddfticant protection w8 Assays for
gastric i nfyiderled in mice th§€Vf‘é@éi\¥ﬁ RRdTiver QnUESdrt o detect

rehse. act MRS AoBER B bR SRRk pea, W B A; BPERE on Bl ¢t i ssue.
Gastric ur disze dopunized by eibther cof Thenst Itwma.tnmatln‘eiw( presence or
absence) sangheduledNbilba! hX@! the | it WRidradle (SndRaoYespbiddg s Were
The serum IgG and salivary IgA levels were highest in
mice vaccinated on a schedule of four weekly doses.

Dose-protection relationship
Graded doses of recombinant urease were orally
10 administered to mice to determine the minimal and optimal
doses required for immunization and protection.
Recombinant urease doses of 5, 10, 25, 50, and 100 ug
were administered to groups of eight mice by the oral
route with 10 gg CT in PBS. The antigen was given on a
15 schedule of four weekly doses. As assessed by gastric
urease and histologic bacterial score, significant
protection of mice against challenge with H. felis was
observed at all doses, with no significant differences
between dose groups (Table 3). A dose response effect
20 was clearly demonstrated in serum and mucosal antibody
responses to recombinant urease, with the highest immune
response at the 100 pgg dose level.



di vided longitudinally into two halves fromthe gast r oesophageal
sphincter to the pHertus—ne  —teng tudi nal—piece, representing c—
approximately 1/4 of the 20 stomach, was placed in 1 nL of urea broth (0.1
g yeast extract, 0.091 g nonopot assi um phosphate, 0.095 g di sodi um
phosphate, 20 urea, and 0.1 g/L phenol red, pH 6.9). A distinctive
col or chang¥O@#R#3% o hydrol ysis of urea by the enzyne, PCTUI6NSS0N Of
ammoni a, and 25 increased pH) after four hours incubation at room

tenperature indicated a positive result 32 For guantitative
determ nations, urease activity was determ ned by measuring absorbance
at 550 nmof clarifj ed urea broth incubated witi® whol e stomach sections
for 4 30 hours. Thgds assay can detect as few as 1-& x 10[ err] H.
felis/0.1 g stomacp ti ssue. This assay provides th sane sensitivity as
comercially avail @bl e urease test kits used fof human sanpl es.
Comrerci al kits hase proven to be 100% specific8and 90-92% sensitive
conpared to : WO 96/ 33732 o _ _
PCT/ US96/ 05800 < - 238 bi opsy/ hi st ol ogy
(Szeto et al., PosYgrad]{ Med. J.] 64: 9B5- 030, ] 1888: Borroneo et al. J.
Cin. Pathol. 40: 4%2- 468, 1997) . - QJaﬁtitative gastric urease
assays by 5 spect®opho omelﬁri meask ehlegt ol ;’a_eﬁr] were slightly nore
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sensitive than visual determ nations, and all owed estinmati on of the

severtty—of—rmfectromr—Fhe cut - of+-——va+ue—+or—a negati ve trease—assay was —
defined as 2 standard devi ati ons above the nmean Alerr] for 10

unchal | enged/ uni nfected mce. The cut-off for a positive gastric urease

assay was ' by 2 standard devi ations bel ow t he
uninunizeaﬂgﬁggﬁgnged m ce. I ndi vidual animals with Igaﬁgvé%ﬁglnfectlons

had val ues i nt ermedi ate between the negative and positive cut-offs. 15
Vi sual grading of the urease response identified 11/12 (92% of the
positive sanpl es. Hi st ol ogi 3 exam nati on was performed by fixing
stomach tissue in 10%formalin. The tissue was then enbedded in
paraffin, sectione@hgngffeqt rf reqophinapt yrerpeddoeryni vt £he sil ver

stain (Steimimﬁﬁm,annbeayveaspehsalwaaiﬁﬁmmthmc&.w 17, 1985) to

visual i ze gassess
I nf | amat olr-kwresponses | %‘% %ssue al ne%éﬂfséat %%a\f‘vere exam ned by
an experi en%%%l‘?)a(%l-'ogl:‘soc- 25:0bPPndey 180(a2) s‘ffe(ﬁqmt urease A

sem - quagt | phis VIO PR @sS uSnatosat adPavant. XYA anvibedyhe nunber of

modi 11 cat | Ao 2h Herum,’ %%EEFZ#% &Fé‘%ﬁ%&%@ HitE P oo

char act er i 2Rewnt &f MMnFnuﬁﬁﬂHsa e!i'e‘i-Gaét A88nugrépse Hepat oI

6:209- 222, @%&Md&%&hﬁﬁ&sprodmsde IHiGHeS ankliBoayani ned for the
intensity nflannatlon (increase in | ynmphocytes, plasma cells,

neutrophils and}presence of lynphoid follicles) and depth 35 of
infiltra® on of thSWwisecWebster njceiMerenoxaily| immunized with

graded doses (0, 5, 25, or 100 xg) of recombinant urease,
with 25 ug enterotoxigenic E. coli heat-labile toxin (LT)
as a mucosal adjuvant. One group of mice received 25 pug
recombinant urease and 10 ug CT as a mucosal adjuvant for

15 comparison. The mice were immunized orally 4 times every
7 days. Serum, feces, and saliva were collected 10 to
13 days after the last immunization and urease-specific
antibody levels were determined by ELISA. Mice immunized
with recombinant urease and LT developed serum and

20 secretory antibodies against urease, with a clear dose-—
response effect. Strong salivary IgA antibody responses
were observed in these animals.

Mice immunized with urease and LT as described
above were challenged with 107 H. felis (see Fig. 4).

25 The pre-challenge antibody responses of the urease/LT
immunized mice were correlated with histologically-
determined bacterial scores (Fig. 6). Fully protected
animals (0 bacterial score) and those with low-grade
infections (i+ bacterial score) had higher levels of

30 antibodies in all compartments than animals with more
severe infections. A few protected mice had no
detectable immune response, suggesting that immune
mediators other than IgA antibodies play a role in
eradication of H. felis infection.



WD 96/ 33732 . - PCT/ US96/ 05800

- 24 — 0-4+. Gathng—the denst+ty—of H fetrs—was acconptt shed by
counting the nunber of bacterial cells with typical spi ral norphol ogy in
an.entire |ongitudinal section of gastric antrum (or corpus, if

specified). Grades were 5 assigned according to a range o ri
observed (OWO9%@#2: 1+ = 1-20 bacteria; 2+ - 21-50 bacter;’&?ﬁ’%‘%ﬁ

51- 100 bacteria; and 4+ = >100 bacteria). Rout e of imunization
The effect of the route of admnistration upon the 10 efficacy of the
vacci ne of the invention was exam ned 4+ i34 - the nouse infection nodel. Six

to eight week-old fenale speci fic pathogen free (SPF) Sw ss-Wbster mce
wer e i muni zed V\n'ﬂneZﬂ))iIm ]o; lhéabnﬂpﬁaﬁt of| regonbinante arease tejt her
wWith or wthogy Péspéitsdiain tixakineacpge was

co- admnlsteredlvmth 1Q [er, | era toxin (CI) as cosal

adj uvant in AdaiR 3 5 #g§8§Fﬁgca{f¥IjG)“q' R 4y %ﬁ éxlfaé%lperforrred by
delivering tmitam:tutgadjuvanm 0. onel grovp efh mice) wexege f eedi ng needle to
anest heti zgd c%'nymmmﬁe&was 3% gy Rdaby Bluseiovpsing the

Cinangst het i ?ecSP e”]cLo teml' BagednlE6%es s ansh sﬁ#v%n%ebégiééﬁ%ht 1o
[err] g reconbs nemts days @fterstbeulastolmhynizatdiond' swémpllet@elaeu uvant was
used in the Tixed cHINGURRAROWELhTTYN FAI76N1s1b BaguNarer S crimd et e

adj uvant was used | n subse uent b ters Fé’ 3 s_of

adni ni strati omjﬁ?c’%i‘l"‘b %%&Pcﬁggigeﬁf“ %(ﬁtﬁ:@%ﬁ& iﬁﬂ?ﬁl’ st¥ted at
seven day 1ont felds Sinfidatdon wasr detactéd rippedinease a¢tdvityHinfelis two
weeks after tleomach tissue.

High doses of recombinant urease elicited
urease-specific serum IgG, but elicited comparatively low
levels of mucosal antibodies as detected by ELISA.

15 Animals which exhibited a urease-specific serum IgG
response were fully susceptible to H. felis challenge,
indicating that serum IgG does not play a role in
protection. '

In summary, data from the above experiments

20 investigating different administration routes,
administration schedules, and mucosal adjuvants
demonstrate that, when administered with an effective
mucosal adjuvant, oral or intragastric administration of
recombinant urease at relatively low doses elicits

25 secretory IgA antibody and serum IgA and IgG responses.
Secretory IgA antibody provides protection, while serum
IgG responses do not. When protection is measured by
histological bacterial counts, animals with higher IgA
antibody titers were fully protected, or had

30 significantly reduced infections, as compared to animals
with lower IgA antibody titers. Animals which did not
exhibit detectable IgA antibody levels developed severe
infections after challenge. Antibody responses were
dose-dependent and differed by the schedule of

35 administration of antigen. The highest levels were



final vaccine dose, and necropsied two weeks after 30 challenge. Gastric H
' n was detected by —TOrease—activity—and hi st otogy-

Protection in an i ndi vi dual nouse was defined by a negative urease assay
and by a 0 or 1+ bacterial score by histology. WO 96/ 33732

PCT/ US96/ - 25 - | and
intragastSﬁ%ggﬂﬁpnistration of reconbi nant urease provrﬁgﬁﬁﬁ?éﬁﬁficant

protection to challenge with H felis (86-100% (Table 1). Oal
adm ni stration was effective both with and without co- 5 adm nistration of
NaHCO3 with the reconbi nant urease. - 3%ntragastric adm nistration was nore

effecti ve when the reconbi nant urease was co-adm nistered with
NaHCJ er r] . achieved ateantigencdoses of 18- Be Adnipdstratippast
effective. bpnEohr aibsis dfhantigeni atCconé! vedlo Bitekalwhebviababacteria in

gastric tis | cQ lis. LOA anti body
responses |§H§ éé%%an%ca@ge?gg?e | ong%\mﬁg #?S% qﬂ]%& ni zed by
the oral roudminispration,zeute, intranesal i orasedhmastiqmdm 8sal

| Muni zats ofellows.

swiss Webster nice were immnnized either orally or
intranasally (IN) with recombinant urease or
formalin-fixed urease. The amounts of antigen and

16 adjuvant, routes of administration (IN or oral), and
immunization schedules are shown in Fig. 7. The
formalin-fixed urease (Form-ure) was prepared according
to the following protocol:

(1) a vial containing 1 mg recombinant urease is

15 reconstituted with 150 uL of RO/DI water;

(2) 50 puL of formalin (37% formaldehyde), diluted
1:1000 in RO/DI water, is added to the vial (final
concentration of urease is 5 mg/ml); and

(3) the vial is incubated at 35°C for 48 hours.

20 Serum IgG, IgA, fecal IgA and salivary IgA
responses in IN + CT group were higher than the oral + CT
group, despite higher doses of rUrease and adjuvants that
were used for oral immunization (Fig. 7 and Table 4).
Protection was measured by the urease test, as well as by

25 determining bacterial scores on stomach tissues of
sacrificed animals. One hundred percent protection was
found in the IN group, as compared to 80% in the oral
group, when protection was assayed by urease test. Seven
of eight of the orally immunized mice were positive for

30 bacteria on their stomach tissues, whereas only 1/10 of
the mice in the IN group were positive for bacteria (see
groups 3 and 6 in Table 4 and Fig. 8).

In a second experiment, mice were immunized either
intragastrically (IG) or intranasally with rUrease co-



WO .96/ 33732
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PCT/ US96/ 05800 - 27 - The

ef fect of imunization route upon the anti-urease anti body response was
exam ned in mce. Sw ss-Webster mce were inmmunized four tines at ten
day int UM Rith either: 1) 200 [err]g reconbi nant pRAGHYSEHOSEN0 5
pylori urease with 10 [err]g CT, either with or w thout NaHCO err], by
oral adm nistration; 2) 200 [err]g reconbi nant purified H pylori
urease and 10 [err]g CT with NaHCO errl, 3@V I ntragastric
admnistration; or 3) 10 [err]g reconbi nant purified H pylori urease

W th Freund saasinistérdy withs UIC abamacosancadnivintat(see Fge seféxrafter
the fourth  4o¢2ffd NS AR exPetindht2Ha SOLY it 12301 ohC 8BABSGEe )" ©
In this experiment, serum IgG, serum IgA, and salivary
IgA responses in the IN + LT group were higher than in
5 the IG + LT group, despite higher doses of antigen and
adjuvant that were used for IG immunizations (Fig. 10 and
Table 5, groups 4 and 8). Mice in the IN + LT group were
fully protected against H. felis challenge (10/10
compared with 3/9 untreated group), as determined by
10 urease test (see groups 4 and 5 of Table 5).



exanm ned by ELISA using mcrotiter plates coated with 0.5 [err]g of

matTve H—pytori urease—Ser um sammpres MeETEe diluted 1:
for urease-specific IgA and 15 1gG Fresh fecal pellets, extracted with a
pr ot ease i nhi bitor buffer (PBS containing 5%non-fat dry mlKk, 0.2

[err] M AE err]g aprotinin per m, and 10 [err]M Ln), were
exam ned 1@597'%33%5 anti-urease | gA anti body. In sone 5%@%*5 fecal
anti body val ues 20 were nornalized for total |gA content determ ned by

ELI SA, with urease-specific fecal |gA expr 8dsed in Alerr] units/ng
total IgAin e S coay ma. e -

stimulati on w tgh ocpr i ng @inder ketlan] n pd f or
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I dragastrically i munized mce were correlated with

hi st ol ogi cal | y- det ermtmed—bact er rar—scores after—H fel+s— chall enge
(Fig. 5). Although IgA responses varied consi derably between individual
mte, on the whole, mce 5 with higher serumand fecal IgA | evels had
reduced ‘gac erial scores. These data indicate a role for 1gA in

suppr essi on P@‘ﬂﬁh protection from infection. In cont PGEPS6LH00 n, | gG
anti bodies did not correlate with protection. Wiile sone protected nmce
had no detectable 10 I gA antibodies, high lgvels of anti-urease IgA were

not ObSer Viethmimaes . - L= == - enge.
These resultg n beql i N
protection, fec and
serum | gA pl
These data show otfective
imunity; ii)ft fol ol iglat for] i re
effective, tHan dsttid r e;lidi) n ja ric
acid 20 with orteg—fpreffettiive not
oral ) i muni aat rept qr zgti | at e
mucosal i mmurit f &pthijve et ndd.
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m ce given
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reconbi nant urease at one week

the basis Syifgepghection ratio and anti body responses, th

doses of

al SO Observed I'Im mce givemthree doses of antigen on—days—6;

and 21. Secretory IgA antibody responses were
of four

WD, 96/ 33732
29 -

a total

7,

Table 2

t her

30 -
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eval uation of the

prophyl actic efficacy of the vaccine.

schedul e was selected for furthe,
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Ef fect of different schedules of oral inmmunization on the prophyl actic
ef fi cacy of ureasevaccimne VACCHNE DOSE/ SCHEDULE

( DAY | MVUNI ZATI ON OF %
PROTECTED GROUP ([err]g)[err] | MVUNI ZATI ON
(#/ TOTAL) 5 1 25 0, 7, 14 21
70 (7/10)5’;‘““]’”""2 2 50 0, 14  PCT/USS605800
20 (2/10) 3 50 0, 14
30 (3/9) 4 33.3 0, 7, 21
40 (4/10)* 5 50, 25, and 0, 7, 21
60 (6/10)* 25 10 6 None
o, 7, 14, 21 0 (0/10) Each group of mce were
i mmuni zed orally with a total dose of 100 [err]g reconbinant H. pyl or
urease. CT (10 [err]Q) was used at each imruni zation, suspended in
sterile distilled water, as the nucosal adjuvant. G oup 6 15 received CT
al one on the sanme schedule as group 1 and acted as the control. Goups 4
and 5 conpared the effect of boost er #8leses administered after two :
previ ous weekly | muni zati ons. b Percent protected (No.
pr ot ect ed/ Ng» of H felis two
weeks post-i ti P o VS Yerfe $aqrifidedt eks after challenge
and pr ot ¢ctyi o sfdgqt el mjned by ft he dualitjatj vé dastric ur ease
assay. (<0} 0, {1 dhef § exa¢t [t ept, C%ﬁﬁared T mce given CT
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25 al one. . The effect of different inmmunization schedul es
upon—aﬁfr-urease—aﬁfrbﬁdy—ﬁfeductheﬁ—was—exaﬁrﬁed—rﬁ~—— m ce. Apt+bedy——
responses of mce inmunized by one of the five different immunization
schedul es described in WD 96/ 33732

PCF/ US96/ 05800 - 31 - Table 2 were

exani ned. SMEPIBZnt protection was observed in nice t REEASEOPWq
vaccine in four weekly doses or two weekly doses with a boost on day 21.
M ce imuni zed by either of these two imunization 5 schedul es al so had

t he hi ghest average inmune responses. The serum I gG and salivary |gA

| evel s were highest in m ce vacci nated on a schedul e of four weekly
doses. Dose-=protection rel ati onship Graded doses of

reconmbi nant urease were orally 10 adm nistered to mce to determ ne the

m ni mal and opti nmal doses required for imunization and protection.
Reconbi nant urease doses of 5, 10, 25, 50, and 100 [err]g wer e

adm nistered to groups of eight mce by the oral route with 10 [err]g CT
in PBS. The antigen was given on a 15 schetule of four weekly doses. As
assessed by gastric
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onse at the

PCT/U SPGMSSOO

[err]

A dose response
res

ant i body

deses—~ with no

bet ween dose groups (Table 3).

ef fect 20 was clearly denonstrated in serum and nucosal

responses to reconbi nant urease,
100 [err] g WeR6A3pERel .

PCT/ US96/ 05800
WD 96/ 33732

protection of nice

i rmune

significant
32

wi th the highest

score,
WO 96/ 33732

agai nst challenge with H felis was— observed—at al

urease and hi.stol ogi ¢ bacteri al
significant differences
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anti-urease antibody response was exam ned in mce. Sw ss-Webster mce
were—mmmized oratty—with graded goses 0,5, 10, 2550, 0r 100 —
[err]g) of reconbinant urease 5 plus 10 [err]g CT as a nucosal adjuvant.
lLgA anti body responses in serum feces, and saliva increased with the
anount of Lhant urease adm nistered. A 100 [err]g d
reconbinaﬁpsﬁggggg produced t he hi ghest anti body Ievelgi%H§M$abo

Swi ss-Webster mce were orally i mmunized with graded doses (0, 5, 25, or
100 [err]g) of reconbi nant urease, with 25 [err]g enterotoxigenic E.

coli heat-labile toxin (LT) as a nmucosal adjuvant. One group of mce
received 25 [err]g reconbi nant urease and 10 [err]g CT as a nucosal

adj uvant for 15 conparison. The mce were immuni zed orally 4 tinmes every

7 days. Serum feces, and saliva were collected 10 to 13 days after the
| ast i muni zation and urease-specific anti body | evels were determ ned by
ELI SA. M ce i mmuni zed w th reconbi nant urease and LT devel oped serum and
20 secretory antibodi es agai nst urease, with a clear dose- response
effect. Strong salivary IgA antibody res@3nses wer e observed in these
ani mal s. M ce i muni zed with urease and LT as descri bed above
were chal | enp ' i\ unjemepfonio Ao T e

anti body respo
hi st ol ogi cal
animals (0 b
bacterial scloweg
t han ani mal s
detectabl e i
| gA anti bodiles|pliayfairo

0.001
-0.002
-~0,001
0.000
0.001
0.004
0,007
0,008
0.003
0.498
0.100
0.741
0.322
1.056
2.014
0.328
1.882
0.030
0.989
2.584
3.287

0,023
0.016
0.008
0.007
0.016
0.009
0.014
0.019
0.012
0.680
0.248
1.236
0.409
1.036
2.749
0.360
0.749
0.275
0.311
0.756
3.080

0.075
0.005
0.011
0.005
0.033
0.013
0.025
0.028
0.095
3,353
3.470
3.387
3.362
3.244
3.211
3.286
3.269
3.347
3.321
3.415
3.428

25 pg Sx IN
200 pug 1x IG
25 pg 4x IN
with 2 ug LT

none

6ALL
6BN
6BL
6BR
6BLL
BRR
7AN
AL

S5AN
AL
SAR
ARR
SBN
BL
5BR
BLL
SBRR

:
;
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- 34 - - The—abt+t+t+ty of high—doses -ef—+econbi rart—urease to - --
elicit a mucosal inmune response was exam ned by admi ni stering
intragastrically 1 [err]g, 200 [err]g, or 5 ny wi t hout adjuvant. One
group of mce were 5 intragastrically immunized with 200 [err urease plus

10 [err]g WO®SZR 5 control. Blood, feces, and saliva wer d 5
to 8 days after the last immunization. Animals were then chall enged with
1Q[err] H felis 10 days after the | ast i mruni zation and sacrificed 14
days after challenge. H 10 felis infection was detected by urease activity
I n stomach ti ssue. H gh doses of reconbinant urease elicited
urease-specific serumlgG but elicited conparatively |ow | evel s of
mucosal anti bodies as detected by ELISA. 15 Aninmals which exhibited a
urease-specific serumlgG response were fully susceptible to H fells
chal | enge, I ndicating that serum | gG does not play a role in
protection. In summary, dataghromthe above experinments 20
i nvestigating different adm nistration routes, adm ni stration schedul es,
and nucosal adjuvants denonstrate that, when adm nistered with an
effective ' ' ' bl '
reconbi nant
anti body and
provi des pr ot
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| gG responses do not. \Wen protection is nmeasured by hi st ol ogi cal
pactertal countsT—ammats—wt h higter—tgA——antbody-ti t ers were—futy-
protected, or had 30 significantly reduced infections, as conpared to

ani mal s with lower 1gA antibody titers. Animals which did not exhi bit
det ect abl e i body | evel s devel oped severe i nfecti
challenge.“&ﬁ@?gggy responses were dose- dependent and d§$§g$é%§%§ t he
schedul e of 35 adm nistration of antigen. The highest |evels were

WD 96/ 33732 PCT/ US96/ 05800

-7 35 - achi eved at antigen doses of 100-200 [err]g. Admi nistration

of four doses of antigen at one week intervals provided t he opti nal
schedul e for inmunization. An additional adm ni stration route,
intranasal, was investigated, as 5 follows. I ntranasal vaccination
W th reconbi nant urease Swi ss Webster mce were inmunized either
orally or intranasally (IN wth conmbi nant urease or

formalin-fixed urease. The anounts of antigen and 10 adjuvant, routes of
adm nistration (IN or oral), and

pr——————

ol Nl &N

o] O] O v
o O] © ©
. [ ] O
o] O] © *
[} [ 1] o

0.010
0.008
0,012
0.016

0.017
0.020
0.031

0.005
| 0.019




| muni zation schedul es are shown in Fig. 7. The formalin-fixed urease

(Formure) was prepared—accordi ng—— to the—ferl owi ng protocol:
(1) a vial containing 1 ng reconbinant urease is 15 reconstituted
with 150 [err]L of RO D water; (2) 50 [err]L of formalin (37%

f or mal dehyde), diluted 1: 1000 in RODI water, is ’3%%3&050 t he
vial (finaWo96/33732 concentration of urease is 5 mg/ni F¢T

(3) the vial is incubated at 35[err]C for 48 hours. 20 Serum | gG

I gA, fecal 1gA and salivary |gA responses in IN + CT group were higher
than the oral + CT group, despitediggher doses of rUrease and adj uvants
t hat were used for oral imunization (Fig. 7 and Table 4). Protection
was neasured by thepurtdsae m:tafonetheaetﬁicmmﬁémmgabacteri al

scores on st eg. r C an $1y on@hhgndred per cent
protection \/\i/é‘gmi{}"z%ounk‘iL i n t%""”[‘i?& ¥id.Cad .ansFak

rou as co are to 80% he or al
group, when e¥Reardment,she ?eﬁs%%o&W%% g@bﬁ?‘n B¥ ght of the
oral |y i muriieedntrahasalcrpate twikh fer ﬂi)umGt els| atoiheahelas st omach

Losues, stdffdler okl 10r8heq (15%d) Giych hochd gravirugee wnal 1 ve Tor

bacteria (see groups In a
second experGhet¥o l‘ﬁ’cé%?@"?%’cﬁ'ﬁ z’e‘&Feé?‘T’rﬂé‘r "'ithl Ht'rgﬁldg?h cally (1G or
intranasally with rUease co- WO 96/ 33732

PCT/ US96/ 05@& 4 ¢ 1 _adi ! - 36 -

E. coli heat-labile toxin (LT) is a multisubunit
toxin which is closely related, both biochemically and

10 immunologically, to CT. Because the toxicity of LT is
lower than CT, LT is a practical mucosal adjuvant for use
in humans (Walker and Clements, Vaccine Res. 2:1-10,
1993).

Mice were orally immunized with 5 ug, 25 pg, or

15 100 ug recombinant urease and 25 jug recombinant LT (Swiss
Serum Vaccine Institute, Berne, Switzerland) for a total
of four weekly doses. Control mice received LT only or
25 ug urease vaccine with CT. Mice were challenged two
weeks after the fourth dose and necropsied two weeks

20 after challenge.

Gastric urease assays indicated significa_nt
protection or suppression of the infection in immunized
animals at all vaccine doses (Table 6). Histological
assessment confirmed significant reductions in bacterial

25 scores in mice which received < 5 ug urease and LT.
Protection was directly correlated with dose as
determined by both gastric urease assay and histological
examination, with the highest protection conferred by
100 jug of recombinant urease co-administered with LT.

30 Antibody determinations confirmed a dose-response
relationship, with highest mucosal immune responses at
the 100 ug dose. When recombinant urease was
administered at equivalent doses (25 ug), LT was superior
to CT as a mucosal adjuvant. These data indicate that



adm nistered wth.LT as nucosal adjuvant (see Fig. 9 for details of the

expernent—anrd—the—-Frmi-zat i on schee-ey——n—thi-s-experi nent, serum
| gA responses in the IN + LT group were
hi gher than in 5 the IG + LT group, despite higher doses of antigen and

| gG serum I gA, and salivary

adj uvant that were used for |1 G inmunizations (Fig. 10 and Table 5

groups 4 and¥@3%6/33/32ce in the IN + LT group were

H felis challenge (10/10 conpared.with 3/9 untreated group), as
determ ned by 10 urease test (see groups 4 and 5 of Table 5).

96/ 33732

PCT/ US96/ 05800 - 37 - [err] WD 96/ 33732

PCT/ US96/ 0580¢hile CT enhances the mucosal immune response to orally

10

15

20

25

30

administered recombinant urease, LT is a better mucosal

adjuvant and is thus the preferred over CT for co-
adninistration with recombinant urease.

VACCINE ADJUVANT (# PROTECTED/TOTAL)™
UREASE ASSAY EISTOLOGY
None 25 pg LT o (0/9) 0 (0/9)
25 ug rUre | 10 ug CT 70 (7/10)* 60 (6/10)*
5 pg rUre 25 ug LT 787 (7/9)* 56 (5/9)*
25_pg rUre 25 ug LT 90 (9/10)* 80 (8/10)*
100 ug rUre 25 ug LT 100 (8/8)* 100 (8/8)*

® percent protected (number of mice with negative urease
assay or bacterial score 0-1l+/number tested) determined
by bacterial scores of silver-stained stomach sections.

+ Comparison to sham-immunized controls, Fisher’s exact
test, p<0.03.

To determine the adjuvant activity of lower doses
of LT, mice were orally immunized with 25 ug of
recombinant urease administered with 1, 5, 10, or 25 ug
of LT. Similar protection ratios and antibody responses
were observed at all LT doses.

Several studies were performed to assess adjuvants
other than CT and LT, and to determine whether the
requirement for a mucosal adjuvant could be eliminated by
administration of antigen alone at a high dose. <Cholera
toxin B subunit (CTB) was compared with CT as a mucosal
adjuvant for urease immunization. No protective effect

I

fully prBEHESEs8 i nst

WO
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- 48 -

was observed when 200 ug urease was co-administered
intragastrically with 100 ug CTB (Calbiochem, La Jolla,
CA) in 0.24 M sodium bicarbonate, whereas the same amount
of urease with 10 ug CT gave 100% protection, as
determined by gastric urease activity.

An orally-active semi-symthetic analogue of
muramyl dipeptide, GMDP,
{N-acetylglucosaminyl-(bl=-4)-N-acetyl-
muramyl-L-alanyl-D-isoglutamine), was co-administered
with 25 ug urease at doses of 2, 20, and 200 ug. GMDP
co-admninistered with recombinant urease failed to protect
mice against H. felis challenge.

Large doses (200 ug, 1 mg, or 5 mg) of recombinant
urease with or without CT were intragastrically
administered to mice once a week for four weeks. The
intragastric route was required because volumes for high
antigen doses exceeded those that could be given orally
in a reproducible fashion. NaHCO; was co-administered to
neutralize gastric acid. A total of four doses of
antigen were administered at ten day intervals. Blood,
feces, and saliva were collected five to eight days after
the last immunization. Animals were challenged with
1 x 107 H. felis, and infection was determined by urease
activity in stomach tissue.

In the absence of CT, high antigen doses did not
confer protection against H. felis challenge, whereas
controls given 200 ug of recombinant urease with CT were
significantly protected (Table 7). Urease-specific serum
IgG was induced at the high recombinant urease doses
without adjuvant, but serum, fecal, and salivary IgA
responses were absent or minimal. Histological
examnination of coded specimens from animals given 5 mg
doses of urease revealed no differences in bacterial
scores or leukocytic infiltrates, compared with
sham-immunized animals.
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The efficacy of the recombinant urease vaccine in
treating Helicobacter infection in mice was evaluated by
intragastrically infecting Balb/c mice with 10’ ¥. felis,

5 and, four weeks after infection, orally administering to
the infected mice four weekly doses of 100 g recombinant
urease with 10 pg 1LT. Control mice received LT only
(Fig. 12).

Ten of the mice in each group were necropsied

10 four weeks after the final immunization for examination
of the degree of Helicobacter infection by quantitative
gastric urease. Nine out of ten Balb/c mice were free
from infection, as measured by quantitative urease assay,
whereas all controls were infected.

15 At four weeks, twelve animals receiving LT and
40 animals receiving urease + LT were reinfected with
H. felis. Ten weeks after the challenge, the animals
were sacrificed to determine the extent of infection by
guantitative urease assay. Of nine animals which were

20 given urease + LT, but not reinfected, 5 were still clear
of infection (57%), as determined by gastric urease
activity. All twelve LT-treated animals which were re-
challenged were infected. Thirty-seven of the 40 nmice
(93%) which were given urease + LT, and then re-

25 challenged with H. felis, were protected as determined by
reduced gastric urease activity. This experiment shows
that urease vaccination not only eradicates an existing
Helicobacter infection, but also protects the host
against reinfection.

30 Five of fourteen (36%) immunized Swiss-Webster
mice were cured or had reduced infections, whereas all
control animals were infected, although the differences
in infection ratios between groups was not significant
(p=0.26, Fisher’s exact test, two-tailed). Infection in

35 Swiss-Webster mice was more severe than in Balb/¢ mice,
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as measured by higher mean gastric urease activity in
unimmunized animals (p < 0.0001, one-way ANOVA), possibly
explaining the lower cure rates in Swiss-Webster versus
Balb/c mice. Differences in susceptibility of mouse
strains to H. felis has been noted (Sakagami et al., Am.
J. Gastroenterol 89:1345, 19%4). _

By histologic assessment, all unimmunized Balb/c
mice had 4+ infections (> 100 bacteria/section), whereas
reduced bacterial scores were seen in 43% of immunized
mice at four weeks. At ten weeks, four of six had
reduced urease activity, although only one of six had a
reduced bacterial score.

~JR® -8 AL B ? S LOORCLE i <18

The role of anti-urease antibodies in Helicobacter
therapy, i.e., the clearance of H. felis from infected
mice, was examined by first infecting Balb/c mice with
107 H. felis. Four weeks after infection, the mice were
orally immunized with 200 ug recombinant urease plus

‘10 pg CT. Control mice were given 10 ug CT only.

Antigen was administered 4 times at one week intervals.
Animals were sacrificed 4 and 10 weeks after the last
immunization, and serum and fecal samples were collected
for ELISA.

Mice infected with H. felis produced serum anti-
urease IgG antibodies, but no secretory anti-urease IgA
response was detected. However, infected animals
immunized with urease/CT exhibited high secretory anti-
urease IgA antibody responses (Fig. 13). There was no
significant difference in urease specific mucosal IgA
levels between immunized mice that remained infected and
those with reduced bacterial scores.

These data indicate that H. felis infection does
not elicit a secretory anti-urease response. Thus,
suppression of the IgA antibody response may play a role
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in the ability of H. felis to evade clearance by the
immune system. In contrast, immunization of H. felis-
infected mice with urease and a mucosal adjuvant resulted
in strong mucosal anti-urease responses, which correlated
with clearance of the H. felis infection.

x ne responses
Several of the experiments using the mouse
infection model showed that some animals rendered
resistant to infection by recombinant urease vaccine
lacked detectable antibody responses, or had low antibody
levels, in serum, saliva, or feces. Thus, the immune
response was measured in the gastric mucosa itself, in
order to determine whether measurement of an immune
response could be more precisely correlated with
protection.

Immune responses in gastric mucosa were assessed
by detecting IgA antibodies and IgA-positive antibody
secreting cells in intestinal and gastric murine tissue
by immunohistochemistry. Portions of the stomach
containing pylorus-proximal duodenum, antrum, corpus, and
cardia were mounted in OCT compound, flash-frozen, and
cryosectioned. Sections (7 um thick) were fixed in cold
acetone, and IgA-positive cells were identified by
staining with biotinylated monoclonal anti~IgaA, followed
by avidin conjugated to biotinylated glucose oxidase
{ABC~GO, Vector Laboratories, Burlingame, Ci), and
counterstained with methyl green. Urease-specific
antibody secreting cells (ASC) were identified by
sequentially incubating sections with recombinant urease,
rabbit anti-urease, biotinylated donkey anti-rabbit Ig
{Amersham, Arlington Heights, IL), ABC-GO, TNBT, and
methyl green. Control sections were incubated without
urease or urease plus rabbit anti-urease to determine
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four weekl ypresnces eonpneclmvele Ygh ainkibady egajnst H. felis ureB
5 (MAB71) and an irrelevant IgA monoclonal (HNK20) against

P glycoprotein of respiratory syncytial wvirus served as

positive and negative controls, respectively.
Swiss-Webster mice were immunized orally with four

weekly doses of 100 ug recombinant urease plus adjuvant

10 (CT). Control mice received adjuvant only. Groups of
three mice each were necropsied at 3, 7, 14, or 21 days
after the last immunization. Peyer’s patches were
removed from the intestines and lamina propria
lymphocytes (LPL) were isolated by separation on a 40-70%

15 Percoll gradient. 1IgA-positive B cells were detected by
ELISPOT assays in 96~well filter plates coated with
1 pug/well recombinant urease and blocked with bovine
serum albumin. Ten-fold serial dilutions of LPL were
added to the wells, starting at 1 x 10° cells. IgA-

20 positive ASC were detected with a biotinylated anti-mouse
IgA reagent followed by streptavidin-alkaline
phosphatase, and positive cells were counted by
nicroscopy.

Anti-urease IgA-positive ASC were found by ELISPOT

25 in intestinal lamina propria as early as three days after
the last immunization, peaked at seven days, and
diminished thereafter {(Table 8). Urease-specific ASC
represented ~10% of the total IgA-positive cells observed
on immunchistochemistry. Two-color immunofluorescence

30 microscopy confirmed that urease-specific ASC were also
IgA-positive. These observations confirm that an intense
anti-urease IgA response occurs at the level of the
intestinal mucosa after oral antigenic stimulation. The
chronology and kinetics of this response are similar to

35 those described for other oral vaccines




25 [err]g urease vaccine with CT. Mce were chall enged two weeks after
the fourth dose and—mecropsi ed two—weeks 20—after chal-l enge.

Gastric urease assays indicated significant protection or suppression
of the infection in inmmnized animals at all vaccine doses (Table 6).
Hi st ol ogi cal assessnent confirmed significant reductions in bacteri al
25  scoresOTB% which received [err] 5 [err]g urease aRETE$96/05800
Protection was directly correlated with dose as determ ned by both
gastric urease assay and hi stol ogi cal exam nation, with the highest
protection conferred by 100 [ert]gy af reconbi nant urease
co-admnistered with LT. 30 Antibody determ nations confirned a

dose-r espon¢@zerkingky ®ti alshi gnfecth Tamirestsausedsaloolynmueely esponses at

the 100 [ erigdénéostha WRind, canPBEEI ol P Dis. 2:340y3] Stered at
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adjuvant. T Y data indicate that WO 96/ 33732
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urease, T cosal adj uvant and is thus the preferred over
CT fOI’ O- SsPhie H =9 A_v" e ‘/x‘. SES 140 &1 =~

NUMBER OF AscL;o‘ LANINA PROPRIA LYMPEOCYTES
INNURIZATION a
DAY 3 DAY 7 DAY 14 DAY 23
recombinant 17¢ 7400 10 2
urease +
10 PBS + CT 1 200 0 o

% Day after the last oral immunization.
» cholera toxin.

€ Average value from duplicate wells containing
intestinal lymphocytes from three separate mice.

15 To determine whether IgA-positive cells are
recruited into the gastric mucosa, stomachs of orally
immunized mice were examined by immunohistochemistry, as
is described above. IgA-positive cells were virtually
absent in gastric mucosa of immunized only and control

20 mice, indicating that the stomach is immunologically
"gilent" until stimulated by Helicobacter challenge.

The role of the stomach as an immunological
effector organ in challenged, immunized mice was
examined. Mice were given four weekly oral doses of

25 200 pg recombinant urease with 10 gg CT. Control mice
received CT only. One week after immunization, the mice
were challenged. Mice were necropsied prior to challenge
and at 7, 14, 28, 70, and 133 days after challenge.

Prior to challenge, no igA-positive ASC were

30 found. At all time intervals after challenge, IgA-
positive ASC were present in large numbers in the gastric



5 Table 6 B. coli heat-labile enterotoxin (LJ) as a nucosal

adj tvant—for—imuntzatt+on w t h reecombrmant—H—7pytori ur ease

% PROTECTED VACCI NE ADJUVANT (#

PROTECTED/ TOTAL) [ err] UREASE ASSAY

H STOLOGY 10 Non 25 [err]g LT 0 (0/9) 0 (0/9)

25 [err] g WORES373) [err]g CT 70 (7/10)* 60 (6/10)* PCT/USICAIROR, 1
rure 25 [err]g LT 787 (7/9)* 56 (5/9)* 25 [err]g rUe 25
[err]g LT 90 (9110)* 80 (8/10)* 100 [err]g rure 25 [err]g
LT 100 (8/8)* 100 (8/8)* 1bsg err] Percent protected (nunber of
mce wth negative urease assay or bacterial score 0-1+/nunber tested)

det er mi ned mucosiae pfcivmunized opice ofwidin v peakantcdevenndays secti ons.
* Conpari sofriig? 349 mlmunhaﬁsef%% rRYS-pdaitive isexafaatly test, p<0.03.

20 To deter e,the uvant acti vi ower of LT,
mce were ‘I%‘Fmﬁglﬁ 248 W‘? 13eq rﬁ‘f}‘ (ﬂ“tl% “F'&Eo ?ﬂﬁﬂf 8% ase
adni ni st er c-28i Bays, aSt-eIOs:lmn@igé.er The anatemical Tooalidzapion ection

rSat i OSI gnd agn&ﬁaﬂibslﬁiﬁﬂnﬁé a]t.so VP £ HHRRET %&@halmﬁhhﬁ%—% @fﬂf‘éh 221_ d
e g A 1h EhRaFheS S5 B gt ey B ol o oo
coul d be elpropriredabd around mihe s:rmha)nhm‘t xarejynundenctlze a hi gh dose.
Cholera  gur@tice Bpitheiidm{ Clidedits-spaidiFied aphl B S}I Ssidiveogal 30
adj uvant forev%ra aaetha that I:PorityNOo rurmegcstel-\é%ece: E:"?c cells in
10 gastric mucosa were IgA-positive.
These observations indicate that the gastric
nmucosa of animals primed by prior immunization becomes
immunologically activated only after antigenic
stimulation by H. felis. The resulting tissue response
15 1is characterized by rapid, intense, and long-lasting
recruitment of IgA-positive B cells, many of which are
urease specific. This response is guantitatively greater
than in immunologically naive mice after challenge.
Moreover, the localization of IgA-positive cells in
20 immunized mice differs from that in immunologically naive
mice that are challenged and become persistently infected
with H. felis. The enhanced IgA-positive ASC response in
gastric mucosa suggests a basis for the protection
conferred by immunization against H. felis challenge.
25 These data are concordant with studies of cholera
vaccine, in which immunological memory responses
triggered within hours after bacterial challenge were
sufficient to provide protection (Lycke and Holmgren,
Scand. J. Inmunol. 25:407-412, 1987).

30

The relationship between the gastric tissue immune
response and bacterial infection was defined at the
structural level. Swiss-Webster mice were immunized with
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CT gave 100% protection, as 5 determ ned by gastric urease activity.
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reconbi nant urease failed to protect m ce against H felis challenge.
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within the lumen of gastric pits (Fig. 15). Within seven

10 days after challenge, the bacteria were cleared from the
immunized mice, but were still present in high numbers in
the gastric pits and the lumens of unimmunized mice.
Bacteria were also associated with the apical membrane of
mucus-secreting cells of the unimmunized mice. The

15 clearance of bacteria from the gastric mucosa of
immunized mice corresponded to the appearance of IgA-
positive ASC and anti-urease ASC in the gastric tissue.

These results suggest the following sequence of

events: 1) challenge of immunized mice results in

20 transient colonization of gastric epithelium with
H. felis; 2) unimmunized animals remain infected, while
animals immunized with recombinant urease clear the
bacteria from the stomach during the first week after
challenge; and 3) clearance of infection is associated

25 with the recruitment of IgA-positive urease-specific ASC
to gastric mucosa. A similar mechanism may be
responsible for the clearance of bacteria from the
gastric mucosa of chronically infected animals that are
subjected to therapeutic immunization.

30

The ability of various antisera to bind multiple
clinical isclates of H. pylori was tested. The antisera
included MPA3, a hyperimmune rabbit serum prepared



controls given 200 [err]g of reconmbi nant urease with CT were

si gni f i-eantt+y—protected—<Tabl e 7H—trease-—spectf+c serum —+-gE-was——
i nduced at the high reconbi nant urease doses 30 wi thout adjuvant, but
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against purified H. pylori urease, and sera and
secretions (gastric wick samples and saliva) from mice
immunized with recombinant urease. Antibody preparations
were tested by immunoblotting for recognition of the

5 homologous H. pylori strain (Hp630), ATCC 43504 type
strain, amd five clinical isvlates from ulcer patiemts at
St. Bartholomew’s Hospital, London, collected within the
last five years.

All antisera recognized the UreA and UreB subunits

10 of all H. pylori strains, as well as purified native and
recombinant H. pylori ureases, native and recombinant
H. felis urease, and native H. mustelae urease. In
addition, urease-specific IgA antibodies in gastric
secretions and saliva of immunized mice reacted with both

15 UreA and UreB of all H. pylori strains, as well as
heterologous ureases. Immunologic recognition was
greater for UreB than for UreA. Sham-immunized mice
showed no reactivity with any urease subunits. These
results demonstrate that H. pylori strains express

20 ureases that are highly conserved at the antigenic level.
Thus, antigenic variation among H. pylori strains is not
a significant factor for development of a recombinant
urease vaccine.

25
Gastroduodenal infections, such as Helicobacter

infection, may be treated by oral administration of a
vaccine antigen (e.g., H. pylori urease)} and a mucosal
adjuvant, in combination with an antibiotic, an

30 antisecretory agent, a bismuth salt, an antaciad,
sucralfate, or a combination thereof. Examples of such
compounds which may be administered with the vaccine
antigen and the adjuvant are: antibiotics, including,
e.g., macrolides, tetracyclines, g-lactams,
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The efficacy of the—+eeewbtrant wease vacci re—a- t+eating Hel i cobacter
infection in mce was eval uated by intragastrically infecting Balb/c
mce with 10[err] H felis, 5 and, four weeks after infection, orally
adm nistering to the infected mce four weekly doses of 100 [err]g

r econbi nantWO%BPkase with 10 [err]g LT. Control nice recBFVEPLIS0H| y
(Fig. 12). Ten of the mce in each group were necropsied 10
four weeks after the final imrunization for exam nation of the degree
of Helicobacter infection by quantitaligge - gastric urease. N ne out of
ten Balb/c mce were free frominfection, as neasured by quantitative
urease assaysminoglycesddesal quinolcmes, peredilildassdandSderivatives four

weeks, twel %deal ' 'E?HIH Is pea | Celyi urease + LT
were reinf e\étﬁxe W t h&péégﬁ%wf 'S I%goﬂea&té%g??égﬁaﬁhﬁgﬁye%e, t he
ani mal s yaed 10, bhe P'Egﬁnfg"ﬂei’é?}ﬂqﬁa’ & rax ABRK Gil?- ection by

quantit ati veelaritironyedn, thtracychinepmetronddizele,?0 given urease +

LT, but got éﬁ%&ﬁ ’%q SclPLE iy tntection (57%, as

det er m ngd by %astr CrifeSse Oﬂ%%‘t ig\#fy. Yrh #&gwg'ﬂ-treat ed ani nal s
whi ch were dntisecreforyc-agentscrincluding, e ghir Bp=E0GePEX the 40 nice
]ggls% whi ch astragyopiste (ecgsp cimdtidie ! hﬁhﬂgﬁdiﬁE, £ambt e, Wi th H.
elis, were_qr .ed ag.q4e ease activity.
Thi s experi rr!gr?gtg'&é’\%g' ﬁnat%ﬁ%%#%%%%y'v ST ?’gﬁgng@%ﬁ&d{;ﬁr adi cates an d
exi sting (eg1~isc OPIPERECL A cLANRPPTaAZRLey| MPGF‘SEFE‘%%LMSt agai nst
rei nf ecibon prifétaglandin Ehakogé (ely ! caiisoprYstiimana zetpivststt)\)ebst er

TECe Vet B LR L . "bRRptbhe,  COTL1 0L SIS
groups was rkflenzeping; sfarbencxolongs and grogluniders andbismykh ai| ed).
Infection i salts, including colloidal bismuth subcitrate,
tripotassium dicitrate bismuthate, bismuth subsalicylate,
15 Dbicitropeptide, and pepto-bismol (see, e.g., Goodwin
et al., Helicobacter pylori, Biology and Clinical
Practice, CRC Press, Boca Raton, FL, pp 366-395, 1993;
Physicians’ Desk Reference, 49‘P edn., Medical Economics
Data Production Company, Montvale, New Jersey, 1995). In
20 addition, compounds containing more than one of the
above-listed components coupled together, e.g.,
ranitidine coupled to bismuth subcitrate, may be used.
Amounts of the above-listed compounds used in the
methods and compositions of the invention may readily be
25 determined by one skilled in the art. In addition, one
skilled the art may readily design treatment/immunization
schedules. For example, the non-vaccine components may
be administered on days 1-14, and the vaccine antigen +
adjuvant may be administered on days 7, 14, 21, and 28.
30 In addition to urease, other Helicobacter antigens
may be used in the methods and compositions of the
invention involving combination therapy. For example,
Helicobacter heat shock proteins A or B (HspA or HspB; WO
94/26901), Helicobacter adhesion lipoprotein A (AlpA; The
35 nucleotide segquence encoding AlpA is set forth in SEQ ID
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- 51 - as neasured by higher mean gastric urease activity in
uninnunized animals (p < 0.0001, one-way ANOVA), possibly expl ai ni ng

t he | ower ??% ses I n Sw ss-Webster versus Bal b/c mce. Differences
in susceptl 33 of nouse 5 strains to H felis has beenPREVEWOSBM K agani
et al., . Gastroenterol 89:1345, 1994). By histol ogic
assessnent, al | unlonnnized Bal b/ c m ce had 4+ infections (> 100
bacteri a/ section), whereas reduced ggact eri al scores were seen in 43% of
I mmuni zed 10 m ce at four weeks. At ten weeks, four of six had reduced
urease acti Q36 amk AHggROEEE§PON@ing minmaﬂbial sequeadeceﬂ AXpA cis al

score. i isEq cbenof:nntxbmﬂw&m b?hbfi?pa pB The

(rzlola:r chgng:‘(ﬂpﬁlgﬁ Froml e{él?%gflslgr%nge’e%? Bﬂﬁpa% by ]?I ,rst e
i nf ecti ng BRasteriadcskrajn XLOLR KR QP whdichs waBodepusited afith
i nfect | 05, it I)lat&ol'ﬂILECOlle@Eﬂ:ﬂlét( ofMEHAERS 1t B ﬁQQiﬁér? rrfﬁfigrfb'ozfnt
20 At pen iR AREasEhy Beqliand Bid aes Ghntion wirh, Hores g
accession number 40748), or the 16-19 kD Helicobacter
antigen recognized by monoclonal antibody IgG 50 (IgG 50
may be obtained from hybridoma cell line #50-Gg~B,, which
10 was deposited with the ATCC and designated with ATCC
accession number HB-11952) may be used. In addition,
Helicobacter surface-exposed or secreted antigens
identified using the transposon shuttle mutagenesis
method of Haas et al. may be used as vaccine antigens in
15 the invention (Haas et al., Gene 130:23-31, 1993; Haas et
al., Abstract from the VIth Workshop on Gastroduodenal
Pathology and Helicobacter pylori, Brussels, September
21-25, 1993; Odenbreit et al., Gut, An International
Journal of Gastroenterology and Hepatology, Abstract from
20 the VIII®*! International Workshop on Gastro-duodenal
Pathology and Helicobacter pylori, Edinburgh, Scotland,
July 7-9, 1995). In this method, cloned H. pylori genes
are mutagenized by transposon insertion mutagenesis in
Escherichia coli. The inactivated genes are reintroduced
25 into H. pylori by DNA transformation, and allelic
replacement results in the generation of corresponding H.
pylori mutants. The transposon used in one variation of
this method carries blaM, which is a 5/-truncated version
of the A-lactamase gene. Use of this transposon
30 facilitates tagging of genes encoding leader peptide-
containing exported proteins, and thus direct selection
of clones containing mutants of exported proteins (e.g.,
cell surface proteins such as adhesins and cytotoxins, as
well as other potential cell surface virulence factors),
35 which are strong candidates for vaccine antigens. In



Animal s were sacrificed 4 and 10 weeks after the | ast i muni zati on, and

serum and fecal sanples—were coldeeted for—ELISA — M ce
infected with H felis produced serumanti- 25 urease |gG antibodi es, but
no secretory anti-urease |IgA response was detected. However, infected
ani mal s | muni zed with urease/ CT exhi bited high secretory anti -

urease | gAWERSPHIYy responses (Fig. 13). There was no PCTYS6/05800t
difference in urease specific nmucosal |gA 30 | evels between imunized nice

that remai ned infected and those with reduced bacterial scores.

These data indicate that H felis inLegyion does not elicit a secretory
anti-urease response. Thus, suppression of the IgA antibody response
may Elaybaladﬂktion to ﬁbljdauaat337aﬂrigens, antigens from non- -52-
in the abi &ﬁﬁaa g&ﬂgﬁ ne system In
contrast, |%%%%€é%é#ﬁ§£34 FSF%QSaS b %@%Xﬁhasgﬁ ﬁf?hggrease and a
mucosal adj BeEReds Aand t"t—RPP°SitiPﬁss frPEnBreYRREing ARd/ox; &xeatiagponses,

whi ch correinfectién vedusexd dyr a:he&roi'esbecﬁvé eathdgenact i on.
.Oonirﬁﬁ'ea?eggﬁﬁi‘é@‘ﬂfﬂ | 30 AN bohRh LAPRF PEStd A aBR/or Wi Lh gastric
therapeutic epitopes of the above-listed antigens may
also be used in the invention.
Adjuvants which may be used in the methods and

compositions of the invention include mucosal adjuvants,

10 e.g., the heat-labile enterotoxin of E. Coli (LT), a
cholera toxin, a €. difficile toxin, or derivatives
(e.g., fragments, mutants, or toxoids having adjuvant
activity), or combinations thereof. For example, a
fragment containing the 794 carboxyl-terminal amino acids

15 of C. difficile Toxin A (see, e.g., Dove et al., supra,
for the seguence of C. difficile Toxin A) may be used.
The amounts of vaccine antigen and adjuvant which may be
used in these compositions and methods of the invention
are described above.

20 The efficacy of a composition containing a vaccine
(H. pylori urease + LT), an antibiotic (amoxicillin), and
a bismuth salt (pepto-bismol) in the treatment of
Helicobacter infection is illustrated below.

Combination therapy for Helicobacter infection of mice
25 One month after infection with ~107 ¥. felis, mice
were treated with amoxicillin (1.5 mg/30 g mouse) and/or
pepto-bismol (0.2 mg/30 g mouse) once per day for 14 days
(days 1-14), and/or a vaccine composition containing
100 ug recombinant H. pylori urease + 5 pg LT on days 7,
30 14, 21, and 28 (see Table 9 for an illustration of the
combinations used). Helicobacter infection in these mice
was measured by quantitative gastric urease assay (see
above) 1 week and 4 weeks after termination of the
treatment (day 28). As is illustrated in Table 9, the



Several of the experiments using the nouse I nfection nodel showed t hat
SO ndered—16— r esi st ant—to—tnfect+on by reconbi-ranrt—u+rease—
vacci ne | acked detectabl e anti body responses, or had | ow anti body

| evel s, in serum saliva, or feces. Thus, the immune response was
measured i the astric nmucosa itself, in order to determ ne whet her
measur eneny 03f3 I mmune 15 response could be nore preci | at ed

W th protection. | Mmune responses in gastric nucosa were

assessed by detecting IgA antibodies and | gA-positive anti body
secreting cells in intestinal and gastéic-nurine tissue 20 by

| mmunohi stochem stry. Portions of the stonach

contalnlng

pyl or us- pr onpat| egfretinantreatment regiwen, aachievimgnifiod were nounted in
vaREiie Yareksles | 1 ck)

oCT corrpounéuéi—m f rafAi ved daminiSE¥REEGH | GP L
mere fixed

t.,one, an 05|t|
st ai ni ntfg?M tn b%f[jf%c “ﬂ'ﬁ?férsﬂ'gﬁﬁ an?‘? 1P W%\ﬁ@&
conjugated (peptothigmal)od gl ucose oxi dase ( ABC- GO, Vect or
Laboratories, Burlingane, CA), and counterstai ned with nethyl
Ur ease- gpecrable 9 anti body secreting cells (ASC) were identified by 30
r abbi t

sequential |y incubating sectlons with reconblnant
anti - ur easeXx. i@ e fe i g

det er m ne
amoxicillin

10 pepto-bismol
amoxicillin + pepto-bismol
vaccine
vaccine + amoxicillin

vaccine + pepto-bismol
5 ~70%

v:::ine + amoxicillin + pepto-bismol
b §

(vaccine = urease + adjuvant)

ur ease,

e ce were identified by

by avidin

gr een.

fie \saned| of 3dsi Infied (Amrersham Arlington
Hei ghts, IL), ABC-GEz TNBT and nethyl green Control sections were
i ncubat ed urease or urease plus rabbit laMSekureade to

60%
0%
80%
70%
89%
~70%

100%

Identificatijon of human patients for administration of

20 recombinant H. pylori urease vaccine

40%
0%

40%
70%
56%

The recombinant H. pylori urease vaccine of the
invention may be administered to uninfected individuals
as a prophylactic measure or to individuals infected with
Helicobacter as an antibacterial therapy. 1Individuals

25 selected for prophylactic administration of recombinant
urease include any individual at risk of Helicobacter
infection as based upon age, geographical location, or
the presence of a condition which renders the individual

susceptible to Helicobacter infection.

Individuals at

30 particularly high risk of infection, or who would be most

severely affected by infection, include

individuals in
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- 53 - react i vi-ty—wth—t he donrkey secondary+ eagent—and backgr ound

endogenous gl ucose oxi dase activity. Cryosections of cell pellets from
a hybridoma which produces a nonocl onal |1gA antibody against H felis
ureB 5 (NAB?l% and an irrelevant |IgA nonoclonal (HNK[err]O against P
gl ycopr ot ei%@ ¥,piratory syncytial virus served as PRORVINAHBOBNd
negative controls, respectively. Swi ss-Webster mce were

| mmuni zed orally with four weekly doses of 100 [err]g reconbi nant
urease plus adjuvant 10 (CT). Controlggmice received adjuvant only.

G oups of three mce each were necropsied at 3, 7, 14, or 21 days

after the | aisvelopimg sbuntri®eyeinfama s ciildren ihed®VEIbgimyn t he

I ntestines lsaym i A L re.lsol by
separation gir%ﬁ%i 0- OAR%QEPE?%%HiﬁmR&%“%gg %ggiﬁt ﬁyé'f%@tj 1% were
det ect ed by 3rt fgisﬂé? ¥ gAstRig RG] |pH, submagine cerewy candy t h 1
[err] g/ wel | aidddndrynpersonnete and bl ocked with bovine serum al bumi n.

Ten-fol dgserial dil 444 t |ls, starting at 1
x 10[err] cells. %ﬁ&%‘%ﬁ%\?ﬁgfﬁgﬁgﬁ2&%%&#@4@‘5‘%i otinyl ated
anti-nouse E- BYJRricNEease; vaceire as atherapeutin- ingiwde cthose

phosphat ase, imtivigoailsi withesisprons o Gasttikis or StREPSCOPY.

Anti - ur ease - M I 5 .in int i nal | am na
propria as éﬁ#ggktgh#gg %?%ﬁ%g%i%%ﬁgéﬁﬁ#%#gﬁabeaked at
seven days, Ean&dyiorigipfactien. | fthe Akinicalasymptons asseaiatedific ASC
repr eseaved with¥gabtriieispt ah inftdibstion ofcthe SB&RAME ducosa)n

R g T T
confirm t hatinadedyatfig treated, symptoms such as indigestion,

"heart burn," dyspepsia, and excessive eructation. A
general discussion of gastritis appears in Sleisenger and

15 Fordtran, In Gastrointestinal Disease, 4th Edn., Saunders
Publishing Co., Philadelphia, PA, pp. 772-902, 1989,

Individuals who have a gastrointestinal disorder

may also be treated by administration of the vaccine of
the invention. Gastrointestinal disorders includes any

20 disease or other disorder of the gastrointestinal tract
of a human or other mammal. Gastrointestinal disorders
include, for example, disorders not manifested by the
presence of ulcerations in the gastric mucosa (non-
ulcerative gastrointestinal disorder), including chronic

25 or atrophic gastritis, gastroenteritis, non-ulcer
dyspepsia, escphageal reflux disease, gastric motility
digorders, and peptic ulcer disease (e.g., gastric and
duodenal ulcers). Peptic ulcers involve ulceration and
formation of lesions of the mucous membrane of the

30 esophagus, stomach, or duodenum, and is generally
characterized by loss of tissue due to the action of
digestive acids, pepsin, or other factors.
Alternatively, it may be desirable to administer the
vaccine to asymptomatic individuals, particularly where

'35 the individual may have been exposed to H. pylori or has




anti-urease. | gA response occurs at the |level of the I nt esti nal
af-ter—orat—anti geni e—st++ul at i on—Fre——<ctronol ogy and ki net+es—of—t+his
response are simlar to 35 those described for other oral vaccines
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McGhee andW@A§A332| nfect. Agrents Hum Dis. 2:55-73,

Table a 5 Kinetics of induction of anti-urease |IgA secreting cells

PCT/ US96/ 05800
(Czerkinsky et al., Infect. Inmun. 59:996-1001, 1991,

nmucosa

6/05800

DAY 7

0

after oral inmmunization with reconbi nant urease

NUVBER OF ASC/ 10[err] LANI NA PROPRI ALLg4d/PLCOCYTES DAY 3

DAY 14 DAY 21 r econbi nant 17[err] 7400 10
2. ur eaacconditidd rerdiringCthe individual susceptibld@d to

0 a Da!nf&&@iaﬂhe | ast oral i mruni zation. b Chol era toxin.

10

15

20

25

30

Infection with Helicobacter can be readily

diagnosed by a variety of methods well known in the art,
including, e.g., by serology, 13c breath test, andfor
gastroscopic examination.

The process for formulation of recombinant urease
involves combining urease with a stabilizer, (e.g., a
carbohydrate mannitol) and freeze drying (i.e.,
lyophilizing) the product. This process prevents
degradation by aggregation and fragmentation. 1In
addition, the product is stable for months following
lyophilization. The process which leads to instability
involves formation of disulfide bonds between protein
subunits, and is effectively inhibited by lyophilization.

Recombinant urease is freeze-dried following the
final purification step. The purified protein product
(approximately 4 mg/ml) is dialyzed against 2% sucrose,
and this solution is transferred to lyophilization vials.
The vialed solution is either: (1) frozen in liquid
nitrogen, and then placed into the lyophilizer, or (2)
cooled to 4°C, and then placed in the lyophilizer, where
it is frozen to -40°C, or lower. Lyophilization is
carried out using standard methods. The freeze-dried
product may be reconstituted in water.

AENINISTratlion R_Ouman pacients -

Recombinant H. pylori urease is administered to a
mucosal surface of the individual in order to stimulate a
mucosal immune response effective to provide protection

to subseguent exposure to Helicobacter and/or facilitate




c -Average val ue from duplicate wells containing I ntestinal |ynphocytes
fromthree separatemrte—i5 To determ ne whettrer- | gA-positive

cells are recruited into the gastric nmucosa, stomachs of orally

I mmuni zed m ce were exam ned by inmunohi stochem stry, as i s described
above. IgA-positive cells were virtually absent in gastric mucosa of

i mmuni zed B'E‘PW?R? control 20 mice, indicating that the st 6/p3800

i mmunol ogi cal |y "silent" until stimulated by Helicobacter challenge.
The role of the stomach as an inmunol ogi cal effector organ in
chal I enged, inmmunized m ce was exaggned. M ce were given four weekly
oral doses of 25 200 [err]g reconbinant urease with 10 [err]g CT. Control
mce r eclieardncé ofl 3. pXercexistidrgyf Hel icobaotant infection.m ce wer e

chal | enged. p?&%r%&gfnga& iﬂh@rdﬁaskoiﬁhﬁhllg?ﬂﬂ&ered & to 14, 28,

(oA osi 11 vELERt, 8, BagEeRh, FHTE ZasPORmR,asRPELELEd MHHE: chall enge | gA
positive ASProduetipnsefit anti-tarepse Igic antibodles gand for WO
96/ 337325  jnfiltration of lymphocytes into thelGdstEPo/Ankh. The
T recombinant urease may be administered to any mucosal
surface of the patient. Preferable mucosal surfaces are
intranasal, oral, and rectal (e.g., by use of an anal
suppository). In addition to being administered to a

10 single mucosal surface, the vaccine of the invention may
be administered to combinations of mucosal surfaces
(e.g., oral+rectal, oral+intranasal, or
rectal+intranasal). In the case of oral administration,
it is preferable that the administration involves

15 ingestion of the vaccine, but the vaccine may also be
adninistered as a mouth wash, so that an immune response
is stimulated in the mucosal surface of the oral cavity,
without actual ingestion of the vaccine. Alternatively,
a systemic mucosal immune response may be achieved by

20 administration of the vaccine to a mucosal surface of the
eye in the form of, e.g., an eye d4rop or an intraocular
implant.

Dosages of recombinant H. pylori urease
administered to the individual as either a prophylactic

25 therapy or an antibacterial therapy can be determined by
one skilled in the art. Generally, dosages will contain
between about 10 ug to 1,000 mg, for example, between
about 10 mg and 500 mg, 30 mg and 120 mg, 40 mg and 70
mg, or 60 mg recombinant H. pylori urease.

30 At least one dose of the recombinant H. pylori
urease will be administered to the patient, for example,
at least two doses, at least four doses, or with up to
six or more total doses administered. It may be
desirable to administer booster doses of the recombinant

35 urease at one or two week intervals after the last



nmucosae of .imunized mce, with a peak at seven days (Fig. 14). The

nunber of—tgApPUSTtTve—ASC gr eat i y—exceeded—that i n uni mhized—(EF—

only) mce, especially 7-28 days after challenge. The anatom cal

| ocalization 5 of IgA-positive ASC also differed, with imunized m ce
havi ng celwy%_’sgghout t he mucosa, in the | am na propria, and around
the crypts, rely under the surface epithelium [f§§6 cific
and | gA-positive ASC reveal ed that the majority of urease-specific
cells in 10 gastric nucosa were | gA-positive. These
observations indicate that the gastricgs - nucosa of aninmals prinmed by
prior inmunization becones I mmunol ogi cally activated only after

anti geni c immunization,ogeperallyebhe. bavetersidee wpntadningr tepsnse 15 is

charact eri Zesaby diiRinb saie®aiBuntnir) OpbediSinditt &, %ﬁ?}!' L T
gA-positive B.cells, ny, 0 i ar e urease speciflc. I'S response

is quantitall \%ﬁ/ tgtr;g‘r fose \éﬁﬂﬁn?'ﬁé?MhoI% c?éﬁ“% ai Fg°m' ce after

chal | enge. vaccing Zegimen may beasdmimistensd |ip\ fousi dosescat| enen 20

i muni zegd ngréék dirdtiedvalls’.0OMrhia riiﬂiﬁ:?‘%’i@'ﬁﬁgéﬁz' ¥ioa@kVfay be C€ that are

chal | enged %@ectorregzgsi tently in gﬁ d W th H fe?i s. The enhanced
| gA-posi tiV FEESHSE She sméag’fr mycosal; SULfacess for the

protecti on In thewase of Bifferent znucesalgninfaces, ffekri exahplégnge. 25

These dat a g el EfigANy Wobl BhyIbeSel1A $2 intrakagaiNer i N Which

I mmunol ogi cal ry responses triggered wi thin hours after bacterial
chal | enge @?@wﬁﬁﬁfgveﬁf’ ?‘Btfﬁ%%& Mrining doge ma¥ikeand Hol noren,
Scand. 19. |fedkened Dy 6¥3A1402, ré€ta) . boosiers) ol at rectal phimimgtric

| TUne T eSRASRE xdY piATedibitkba by offPbr intranasa1BSokELPL. ONShip between

2t thes ! Cstr ot RagoRbbant oy SriaglsuEPaRs RAYRR GaMni zod W th
administered with a mucosal adjuvant. The mucosal
adjuvant may be any mucosal adjuvant known in the art

15 which is appropriate for human use. For example, the
mucosal adjuvant may be cholera toxin (CT),
enterotoxigenic E. coli heat-labile toxin (LT), or a
derivative, subunit, or fragment of CT or LT which
retains adjuvanticity. The mucosal adjuvant is co-

20 administered with recombinant H. pylori urease in an
amount effective to elicit or enhance a mucosal immune
response, particularly a humoral and/or a mucosal immune
response. The ratio of adjuvant to recombinant urease
may be determined by standard methods by one skilled in

25 the art. For example, the adjuvant may be present at a
ratio of 1 part adjuvant to 10 parts recombinant urease.

A buffer may be administered prior to
administration of recombinant H. pylori urease in order
to neutralize or increase the pH of the gastric acid.

30 Any buffer that is effective in raising the pH of gastric
acid and is appropriate for human use may be used. For
example, buffers such as sodium bicarbonate, potassium
bicarbonate, and sodium phosphate may be used. In the
case of oral administration, the vaccine may be buffer-
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PCT/ US96/ 05800 56 - -- 4 weekly doses
of 200 [err]g reconbi nant urease with 10 [err]g CT. One week after the
| ast i mmuni zation, the mce were chal l enged with 10[err] H felis.

Ani mal s were sacrlflced 0, 1, 7, 14, 28, 70, and 133 days after

chal | enge, R8BI felis col oni zati on was assessed by | i RFWUSIFBSEY cct r on
m croscopy. Wthin 24 hours after chaltenge, both immunized

and uni muni zed m ce had substantial nunbers of H felis within the

| umen of gastric pits (Fig. 15). Wthi ggseven 10 days after challenge, the
bacteria were cleared fromthe i mmuni zed mce, but were still present

i n high nunitees,i i.e., bbcamasit iof pi pH-radstihg buptes cﬁmpuunmwunlzed m ce.

Bacteri a wel@rakgdvase ckfﬁﬁgk a ’Eﬁﬁy aﬂ&i

mucus- secref?% F 8 e d%éﬂ¥¢¥] E% é & clearance of

bacteri a fr&ﬂFgﬂg’ gted; o nt °iFHﬁEnPE§ﬁrHF%e‘ﬂbrresponded to the
appear ance ubnbgﬂitant 1ﬁth1|adnﬂ&i§tmutiahtbfutnasendﬁihdrlthe gastric

tissue. 5 recombinant urease.

The vaccine formulation containing recombinant
urease may contain a variety of other components,
including stabilizers, flavor enhancers (e.g., sugar),
or, where the vaccine is administered as an antibacterial

10 therapeutic, other compounds effective in facilitating
clearance and/or eradication of the infecting bacteria.

For prophylactic therapy, the vaccine containing
recombinant H. pylori urease may be administered at any
time prior to contact with, or establishment of,

15 Helicobacter infection. Because the vaccine can also act
as an antibacterial therapy, there is no contraindication
for administration of the vaccine if there is marginal
evidence or suspicion of a pre-existing Helicobacter
infection (e.g., an asymptomatic infection).

20 ' For use of the vaccine as an antibacterial
therapy, recombinant H. pylori urease may be administered
at any time before, during, or after the onset of
synptoms assocliated with Helicobacter infection or with
gastritis, peptic ulcers or other gastrointestinal

25 disorder. Although it is not a prerequisite to the
initiation of therapy, one may confirm diagnosis of
Helicobacter infection by, e.g., a 13C breath test,
serology, gastroscopy, biopsy, or another Helicobacter
detection method known in the art. The progress of

30 immunized patients may be followed by general medical
evaluation, screening for H. pylori infection by
serology, 13C breath test, and/or gastroscopic
examination.



These resul ts suggest the foll ow ng sequence of events: 1) challenge of
| mumized mce resurtsTm 20 transtent cofront ZatTronm—of gast riceprtietium

W th H felis; 2) unimmnized aninmals renmain infected, while

ani mal s i nmuni zed with reconbi nant urease clear the bacteria fromthe
stomach dury first week after chal | enge; and 3) hs of

I nfection i"gaa ated 25 wth the recruitnent of |gA- pog t’ﬁ%fz%%"
urease-specific ASC to gastric nmucosa. A simlar nmechani smnay be
responsi bl e for the clearance of bacteria fromthe gastric nmucosa of
chronically infected aninmals that are 67 =subjected to therapeutic

| mruni zati on. 30 Antigenic conservation of urease anong strains of

H py| ori EX& 2 Ol ACRIBLASLYIFTAQN O recombiRanScllis PHRIOrLANease nl e
clinical is H pylori was tested. The antisera i ncl uded MPA3,

Aot Deos) g0 0'A ViR ehRbEda of 60 ng o MU .
purified H B¥losdi ureagseinahdtatal vaigme of 35cmdt pEnwatemstric wick
sanpl es gnd contaialng’ 28 Weight/volunEétickee PR 70601Pi Srdll1y!r ease.
Anti body pr W&%@Q&d to the patient. Administration of the
vaccine is repeated at weekly intervals for a total of 4
doses. Symptoms are recorded daily by the patient. To
determine adverse effects, physician interviews are
10 performed weekly during the period of vaccine
administration, as well as 1 waek and 1 month after the
last immunization. Anti-urease antibodies are measured
in serum and saliva, and antibody-secreting cells are

monitored in peripheral blood collected 7 days after the
15 last immunization.



were tested by i mmunoblotting for recognition of the 5 honol ogous H.

pylori strain (Hp638—AFEE 43504—+ype st+at#, and +—e—lini cal

i solates fromulcer patients at St. Bartholomew s Hospital, London,
collected within the | ast five years. Al'l antisera
recogni zed the UreA and U eB subunits 10 of all H pylori strains, as well
as purified®FPR2 and reconmbi nant H. pylori ureases, AL ale!
reconbi nant H felis urease, and native H nmnustelae urease. In
addition, ursase-specific IgA antibodies in gastric secretions and
saliva of inmmunized mce reacted wth-lggth 15 UeA and UeB of all H
pylori strains, as well as het er ol ogous ureases. | nmunol ogic

recogni ti on was greater for Ur SERUEBRCE LESFINGr eA. Sham i nmuni zed i ce

showed no { paeldanh ! Merbhbldrafy urease subunits. These results
denonstrate that H pylori strains express 20 ureases that are highly
conserved at #he ABPRICANTY Oravayxe|Inc. Thus, antigenic variation anong H.
pylori straingyj i or mevertolwbt fifthed, 2Rk hiin (R4 of a

r econbi nant v iur ease vaccli ne. nblﬁinatl%n met o£ an s‘(n:orrpositions
for treatindgi2b) NPEBERCOR) SEQERNCESH @cti on Gast r oduodenal

i nfections, ug cBRredPoNDERES Gbbkess; | Nfection,. may be treated by oral
adm ni strati on of (m) ADDRESSEE: Rest&iRigABrdwen(e.c.H pylori urease) and a

mucosal adj uv g ¥ AR5 Preankdin ®Fxdetan anti biotic, an 30
antisecretory age ; s;,\ Iy °R salt, an antacid, sucral fate, or a
conbi nati on ther eqg) t amaof such conpounds whi ch nmay be

admi ni stered w t hifh&IR% 0832808 5ntj gen and the adjuvant are:

anti biotics, i$lebkbvRfr reapasRe PporgiBCrol i des, tetracyclines, [err]-lactans,
{A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC~DOS/MS~DOS
{D) SCOPFTWARE: PatentIn Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
{A) APPLICATION KUMBER: PCT/US96/~=—=«
(B} PILING DATE: 23-APR~-1996
{C) CLASSIFICATION:

{vii} PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 08/431,041
(B) FILING DATE: 28-APR-1995
{C) CLASSIFICATION

{vii) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: 08/568,122
(B) FILING DATE: O06-DEC-1995
{(C) CLASSIFICATION

{(viii) ATTORNEY/AGENT INFORMATION:
{A) NRME: Clark, Paul T.
{B) REGISTRATION NUMBER: 30,162
{C) REPERENCE/DOCKET NUMBER: 06132/020001

(i1x) TELECOMMUNICATION INFORMATION:
{A) TELEPHONE: (617) 542-5070
(B} TELEFAX: (617) 542-8%06
{2} INFORMATION FOR SEQ ID NO:1l:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 2735 base paire
{B) TYPE: nucleic acid
{C} STRANDEDNESS: double
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(x1) SEQUENCE DESCRIPTION: SEQ ID NO:1l:
TAATACGACT CACTATAGGG GAATTGTGAG CGGATAACAA TTCATCCACC TTIGATTIGCGT 60

TATGTCTTCA AGGAARAACA CTTTAAGAART AGGAGAATGA GATGAAACTC ACCCCARARRG 120
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- 58— anrogtycosides, qurmotomesT—permrerttrnass—and dert+vattves——
t hereof (specific exanples of antibiotics that may be used in the

i nvention include, e.g., anoxicillin, clarithromycin, tetracycline,

met r oni di zol e 5 erythronycin, cefurOX|ne and erythronyc i
antisecret679b§ s, including, e.g., Herr]-receptor ﬁﬁ@ ts
(e.g., cinetidine, ranitidine, fanDtidine, ni zati di ne, and roxati di ne),

proton punp inhibitors (e.g., oneprazole, |ansoprazole, and
pant oprazole), 10 prostaglandin analog® &e.g., msoprostil and enprostil),
and anticholinergic agents (e.g., pirenzepine, t el enzepi ne,

car benoxmm&mmmmmmcmm mmcsmmi ng &8 1| oi dal

bi smut h Sylerddodk Grancrarehd IRAGAS @z‘gie% M deRnceS TUT Beo
subsalicylate, 15 ABI cltropeptide, and pepto-bi srml (see, e.g., Goodw n

et al., Mtw |WM9‘GMR nsmcacr CTITIAMASe, CRRO Press,
Boca Rat Qgen .F&,Ec ,ﬁgﬁc ﬁ)ﬁg&@,{r&nce 3é9th
edn., Medica onom CS ta Pr ggﬁct I on Oorrpany, ntval e, New Jersey,
1995) . | rFTRETCATEE | GACTAMACES 9TAARFITCE HTACACATAR) TARRGSCART IS TIMATRIG t he 420
above- | i W l*ﬂh%&ﬂg%&% £r Sancearedc® ”ﬁg‘hﬂé‘% coupggd to
bi smut h subcitrate, nmay be use c* Anmounts of the above-listed

Corrpounds'ﬂﬂémh mﬂ‘f IATFEREGACH FHCERSADEs ARTCSRCTR cL(S'Fé":!:!fl'\?ent | 840 may

readily géf ﬁﬁ&rﬁ( }uﬂ@r&&éc aeifc! | ONgoPne

skilled the art may rea esign treatnent/1 mmuni zat | on schedul es.

For exanpACRTTOOGAG RGGCACHEES mmmeﬁm AGARARATCC GTAGAATTGA 660
TTGACATTGG CGGTAACAGA AGAATCTTTG GATTTAACGC ATTGGTTGAT AGACAAGCAG 720
ACAACGARAG CAARAAAATT GCTTTACACA GAGCTAAAGA GCGTGGTTTIT CATGGCGCTA 780
ARAGCGATGA CAACTATGTA AAAACAATTA AGGAGTAAGA AATCAAAAAG ATTAGCAGAA 840
ARGAATATGT TTCTATGTAT GGTCCTACTA CAGGCGATAA AGYGAGATTG GGCGATACAG 900
ACTTGATCGC TGARGTAGAR CATGACTACA CCATTTATGG CGAAGRGCTT AAATTCGGTC 960
GCGGTAAAAC CCTAAGAGAA GGCATGAGCC AATCTAACAA CCCTAGCARA GAAGAGTTGG 1020
ATTTAATTAT CACTAACGCT TTAATCGTGG ATTACACCGG TATTTATAAA GCGGATATTG 1080
GTATTAAAGA TGGCAAMATC GCTGGCATTG GTAAAGGCGG TAACARAGAC ATGCAAGATG 1140
GCGTTAAAAA CAATCTTAGC GTAGGTCCTG CTACTGAAGC CTTAGCCGGT GARGGTTTGA 1200
TCGTARCGGC TGGTGGTATT GACACACRCA TCCACTTCAT TTCACCCCAR CAAATCCCTA 1260
CAGCTTTTGC AAGCGGTGTA ACAACCATGA TTGGTGGTGG AACCGGTCCT GCTGATCGCA 1320
CTAATGCGAC TACTATCACT CCAGGCAGAA GAAATTTAAA ATGGATGCTC AGAGCGGCTG 1380
AAGCAATATTC TATGAATTTR GGTTTICTTGC CTAAAGGTAA CGCTTCTAAC GATGCGAGCT 1440
TAGCCGATCA RATTGAAGCC GGTGCGATTG GCTTTAAAAT TCACGAAGAC TGGGGCACCA 1500
CTCCTTCTGC AATCAATCAT GCGTTAGATG TTGCGGACAA ATACGATGTG CAAGTCGCTA 1560
TCCACACAGA CACTTTGAAT GAAGCCGGTT GTGTAGAAGA CACTATGGCT GCTATTGCTG 1620
GACGCACTAT GCACACITTC CACACTGAAG GCGCTGGCGG CGGACACGCT CCTGATATTA 1680
TTAAAGTAGC CGGTGARCAC AACATTCTTC CCGCTTCCAC TAACCCCACC ATCCCTTTCA 1740
CCGTCAATAC AGAAGCAGAG CACATGGACA TGCTTATGGT GTGCCACCAC TTGGATAAAA 1800
GCATTAAAGA AGATGTTCAG TTCGCTGATT CAAGGATCCG CCCTCAMACC ATTGCGGCTG 1860
AAGACACTTT GCATGACATG GGGATTTTCT CARTCACCAG TTCTGACTCT CAAGCGATGG 1920
GCCGTGTGGG TGAAGTTATC ACTAGAACTT GGCAAACAGC TGACAAAAAC AAGAAAGAAT 1980
TTGGCCGCTT GAARGARGAR ARAGGCGATA ACGACAARCTT CRGGATCARA CGCTACTTGT 2040



be adm ni stered on days 1-14, and the vaccine antigen +
adm ni stered on days—+—344—21, anrd—28. 30 I n addi-tion to urease,
ot her Hel i cobacter antigens may be used in the nmethods and conpositions
of- t he i nvention involving conbination therapy. For exanple,

Hel i cobact er heat shock proteins A or B (HspA or HspB; WO 94/ 26901) ,

Hel i cobact ¥0%88#8%i on | i poprotein A (Al pA; The 35 nucleo nce
encoding AlpAis set forth in SEQID WO 96/ 33732

PCT/ US96/ 05800 -59 - NO 6 and the
correspondi ng am no aci d sequence of -ApPA-i S in SEQID NO7),

Hel i cobacter (e.g., H pylori) clpB (clpB is encoded by the insert in
t he pl asraTAAATACAC CATTIACCTN GOSATCEETS NTGCGELAGHFEACFIBIG T HGTICAGTSS depdidt ed Wit h

%;Pgegﬁ%cot F@(?E%m gna%sm Waccesm on nun%er 40748) ,

or the 1GCATSHTCATSRARMAGOGER STCATTGCGT]TAAGGCMAATCGASGAATGOE AMPGETNCDR | on2d20ant i body

;I#gg ?;eg l’]%%?%w‘f cQ@ﬁﬁe8“3}\/\“/%‘Bﬁiejpos| ?%‘M% Wﬁgtdey gnat ed

Wi th ATCBCGATCCAN: CATHCTTTT) GRERSACANS- CAAPTPATGACARARCQATE (RARGARGANTI t | 2340

Hel i COba%&Eﬂsﬁé W%&E@fﬁciﬂn t aaafﬂﬁﬁ bATi eshggsi Nng the
transposon shut t'Fe mut agenesi s #ﬂ as et al. may be used as
vacci ne JGCARTIARA CAAGASTAGTH GCTAMERTRG mm TAAAMFTTAC VFETGITCC 23- 460 1993;

adj uvant may be

Haas el woeATGGOAR AGAAGTAACT TCTARACCAG CCAATAAAGT GAGCTTGGCG CAACTCTTTA 2520
GCATTTICTA GGATTTTTTA GGAGCAACGC TTCCTTARAT CCTGAATTCG AGCTCCGTCG 2580
ACAAGCTTGC GGCOGCACTC GAGCACCACC ACCACCACCA CTGAGATCCG GCTGCTAACA 2640
AAGCCCGAAA GGAAGCTGAG TTGGCTGCTG CCACCGCTGA GCAATARCTA GCATAACCCC 2700
TTGGGGCCTC TAAACGGGTC TTGAGGGGTT TTTTG 2735

{2) INFORMATIOR FOR SEQ ID KO:2:

{i) SEQUBNCE CHARACTERISTICS:
{A) LENGTH: 238 amino acids
{B} TYPR: amino acid
(D} TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Lys Leu Thr Pro Lys Glu Leu Asp Lys Leu Mat Leu
1 5

His Tyr ala
10 15

Gly Glu Leu Ala Lys Lys Arg Lys Glu Lys Gly Ile Lys Leu

20 25 30
Ala Val Ala lLeu

Asn Tyr

val Glu Ile Ser Ala His Ile Met Glu Glu Ala Arg

Ala Gly
50

Leu Lys

65

Val Gly

His Thr

Leu Lys

Vval Lys
130

35
Lys Lys Thr Ala

Pro Asp Asp Val
70
Ile Glu Ala Met

Pro Ile Glu Ala
100

Asn Glu Aep Ile
115

Val Lye Asn Val

40

Ala Glu Leu Met
58

Met Asp Gly Val
Phe Pro Asp Gly
20

Asn Gly Lys Leu
105

Thr Ile Asn Glu
120

Gly Asp Arg Pro
135

Gln
Ala
75

Thr
val

Cly

val

45

Glu Gly
€0

arg

Ser Met Ile

Lys Leu Val

Glu
110

Pro. ély

Lys Lys Ala

125

Gln Ile
140

Gly

Thr Leu

Ris Glu
80

Thr Val
85

Leu Phe
Val Ser

Ser His



al., Abstract fromthe VIth Wrkshop on Gastroduodenal Pat hol ogy and
Hel icobacter—pytrorT—Brusset s, —Septemper———2125, 1993; Cdenbrett—et-
al., Gut, An International Journal of Gastroenterol ogy and Hepat ol ogy,
Abstract from20 the VIIIth International Wrkshop on Gastro- duodenal

Pat hol ogy | cobacter pylori, Edinburgh, Scotland, Jul

1995). In fﬂ’g’s%'ﬁ‘glsﬁod cloned H. pylori genes are nut A& ‘l‘fy
transposon insertion nutagenesis in . Escherichia coli. The inactivated
genes are reintroduced 25 into H pylori by DNA transformation, and
allelic repl acenent results in the ggneration of correspondi ng H
pylori nmutants. The transposon used in one variation of this net hod
carries blaM i Bis Phe Bh& 'Glp Madcharclry Sysilen Asp Piel Aepar§ aitn]|Lpsact anase
gene. Use of tfiPs transposon O facilitates t¥gi ng of genes ¥codi ng

| eader pepti derhr Phe ENNLYs Ard Lo XK TR ADs Geeidly, TN d Wus adigr@et sel ection
of clones containing nutani83of exported prid@Peins (e.g. 175cel | surface

proteins such qig sdNES By 30d gtp;roq“ ) tHeragot enti al
cell surface virul ence et or 3!39 1n 1;%61%};611& ronglgauglét}gtle’gl for

vacci ne antig I 337
PCT/ US96/ 05808‘3 Arg ﬂo Phe Gly Phe hmvégog ?‘\l% § Asp Argagln Ala Aop MR i 0N to
Hel i cobact er antlgens anti gens from non-
Glu Ser Lya Lys Ile Ala Leu His Arg Ala Lys Glu Arg Gly Phe His
210 215 220

Gly Ala Lys Ser Aop Asp hsn Tyr Val Lys Thr Ile Lys Glu
225 230 235

{2} INPORMATION FOR SEQ ID NO:3:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 566 amino acids
(B) TYPE: amino acid
{D} TOPOLOGY: linear
¢(1i) MOLECULE TYPE: protein
{xl) SEQUENCE DESCRIPTION: SEQ ID NO:3:

I;et Lys Lys Ile ger Arg Lys Glu Tyr \1781 Ser Met Tyr Gly g:o Thr

Thr Gly Asp Iz.gu Val Arg Leu Gly Asp Thr Asp Leu Ile Ala Glu Val
25 30

Glu RHis g;p Tyr Thr Ile Tyr Gly Glu Glu lLeu Lys Phe Gly Gly Gly
40 45

Lys :‘g: Leu Arg Glu Gly Mat Ser Gln Ser Asn Asn Pro Ser Lys Glu
55 60 :

Glu Leu Asp Leu Ile Ile Thr Asn Ala Leu Ile Val Asp Tyr Thr Gly
65 70 75 80

Ile Tyr Lys Ala :-p Ile Gly XIie Lys Asp Gly Lys Ile Ala Gly Ile
5 90 95

Gly Lye Gly Gly Asn Lya Asp Met Gln Asp Gly Val Lys Asn Asn Leu
100 108 110

Sexr Val Gly Pro Ala Thr Glu Ala Leu Ala Gly Glu Gly Leu Ile Val
118 ' 120 125

Thx Ala Gly Gly Ile Asp Thr His Ile His FPhe Ile Ser Pro Gln Gln
130 135 140

Ile Pro Thr Ala Phe Ala Ser Gly Val Thr Thr Met Ile Gly Gly Gly
145 150 158 160

Thr Gly Pro Ala Asp Gly Thr Asn Ala Thr Thr Ile Thr Pro Gly Arg
16§ 170 175



Hel i cobact er gastroduodenal pathogens may be used in met hods and
conpositions for prewepting-and/or—treating— infection-caused by their
respecti ve pathogens. 5 Polypeptide fragnments containing protective and/ or

t herapeutic epitopes of the above-listed antigens nmay al so be used in
t he i nvention. Adj uvants which may be used in the nethods and
conposi ti OM@9§337¥he i nvention include nucosal adjuvants, KOIEs96Nssot he
heat-1abil e enterotoxin of E. Coli (LT), a cholera toxin, a C
difficile toxin, or derivatives (e.qg., fragnments, nutants, or toxoids
havi ng adj uvant activity), or cqri,nations thereof. For exanple, a

fragnment containing the 794 carboxyl-term nal amno acids 15 of C
di fficile Toxig adn (teecyscTih MetDDUE 225 Mla a1aSUR Blu Tyr $ néthResequence of

C. difficile Toxin A) ¥y be used. 18phe anpunts of 3P8ccine antigen and
adj uvant whi g, €8y PA6 ren alSER by WAG S COPRS BpgR afd HR}Hg.dS of the

I nvention are aescri bed above. 280 2sf1 cacy of a
conposition gontaining.a vaccine (H. | ori urease + LT), an antibiotic
(anoxi ci | | i n??" %?ar}l“q“a biashitk g3 dite T¥eptulpt Iip M iHu MP FfRat nent  of

Hel i cobacter infection is illustrated bel ow Conbi nation therapy for
Hel i cobact er $}hfBE (ThEPraf Sef f1a Jte Asn His A u R Vel lacher Bfection with
-10[err] H %e is, mce Were treated witfiTanoxicillin (1.25° ng/ 30 g

nmouse) and/ ofyr Asp VeptQinlVelndla (e HiaTrhaOasp TIMISE) ABRCAuPAYa dBy for 14 days
(days 1-14), and/or a vact¥®e conpositi om%nt ai ni ng 20 [err]g

reconbi nant s pil @ik AMpORARENdt R1d Wik ]G 108 fr 130 mibim21, and 28
(see Table 9 fsor an i I%st ration of thzsg c)f)!ﬂbaiy?lgt | @r® l?Jseg).

Hel i cobact er,ﬂenggsctﬂ,g 1iu”51tyh§fae &%ggflﬁe%ﬁfﬁ{%%ig\rﬁggéxa uantitative

gastric urease assays(see a ®F% er ni nat i on

of the treatnent (day 28). As is illustrated in Table 9, the
val 2;.3 Gly Glu His Asn ;gg Leu Pro Ala Ser Thr Asn Pro Thr Ile
300

Pro Phe Thr Val Asn Thr Glu Ala Glu His Met Asp Met Leu Met Val
308 310 as 320

Cys His His Leu Asp Lys Ser Ile Lys Glu Asp Val GIn Phe Ala Asp
325 c k 1+ ] 335

Ser Arg Ile Arg Pro Gln Thr Ile Ala Ala Glu Asp Thr Leu His Asp
340 345 350

i

Met Gly Ile Phe Ser Ile Ser Ser Asp Ser Gln Ala Met Gly Arg
355 360 365

Val Gly Glu Vval Ile Thr Arg Thr Trp Gln Thr Ala Asp Lys Asn Lys
370 378 380

Lys Glu Phe Gly Arg Leu Lys Glu Glu Lys Gly Asp Asn Asp Asn Phe
k1-19 3%0 : 3ass 400

Arg Ile Lys Arg Tyr Leu Ser Lys Tyr Thr Ile Asn Pro Ala lle Ala
405 410 415

His Gly Ile Ser Glu Tyr Val Gly Ser Val Glu Val Gly Lys Val Ala
420 425 430

Asp Leu Val Leu Trp Ser Pro Ala Phe Phe Gly Val Lys Pro Asn Met
435 440 445

Ile Ile Lys Gly Gly Phe Ile Ala Leu Ser Gln Met Gly Asp Ala Asn
450 455 460

Ala Ser Ile Pro Thr Pro Gln Pro Val Tyr Tyr Arg Glu Met Phe Ala
465 470 475 480

His His Gly Lys Ala Lys Tyr Asp Ala Asn Ile Thr Phe Val Ser Gln
485 490 495

Ala Ala Tyr Asp Lys Gly Ile Lys Glu Glu Leu Gly Leu Glu Arg Gln
500 505 510



WD 96/ 33732 - x PCT/ US96/ 05800

- 61 - nmost—effective treat nermt—Teyrmem —achievi ng 100% ctearance,
i nvol ved adm ni stration of a vaccine (urease + LT), an antibiotic
(anoxicillin), and a bismuth salt (pept o- bi snol ). 5 Table 9 %
M ce d ear H _felis Infection t reat ment
1 week Q&k18353712 amoxicillin PCT/USISHERNY
40% 10 pept o-bi snol 0% 0%
anoxi ci Il l'in + pept o- bi snol 80% 40% vacci ne
70% 70% vacci ne + anoxicildizg - 89%
56% vacci ne + pept o- bi snol -70% 15 -70%
) Val Leu Pro Val Lys Asn Cys Arg Asn Ile Thr Lys Lys Asp Met Gln
515 5§20 525
Phe Asn Asp Thr Thr Ala His Ile Glu Val Asn Pro Glu Thr Tyr His
530 535 540

Val Phe Val Asp Gly Lys Glu Val Thr Ser Lys Pro Ala Asn Lys Val

545 550 585 560

Sor Leu Ala Gln Leu Phe

565

(2) INFORMATION FOR SEQ ID NO:4:
(1) SBQUENCE CHARACTERISTICS:
(A} LENGTH: 28 base pairs
{8) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: both
{11) MOLECULE TYPE: CDNA
{xl) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CGGGATCCAC CTTGATTGCG TTATGTCT 28
{2) INFORMATION FOR SEQ ID NO:S:
{1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA
{x1) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CGGARTTCAG GATTTAAGCA AGCCTTG 27
(2) INFORMATION FOR SEQ ID NO:6:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 1557 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: both
{D) TOPOLOGY: both
{ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

ATGATAARAR AGAATAGAAC GCTGTTTCTT AGTCTAGCCC TTTGCGCTAG CATAAGTITAT 60
GCCGAAGATG ATGGAGGGTT TTTCACCGTC GGTTATCAGC TCGAGCAAGT CATGCAAGAT 120
CTCCAAAACC CAGGCGGCGC TAAAAGCGAC GAACTCGCCA GAGAGCTTAA CGCTGATGTA 180
ACGRAACAACA TTTTAAACAR CAACACCGGA GGCAACATCG CAGGGGCGTT GAGCTAACGCT 240
TTCTCCCAAT ACCTTTATTC GCTITTAGGG GCTTACCCCA CAAARCTCAA TGGTAGCGAT 300

GTGTCTGCGA ACGCTCTTTT AAGTGGTGCG GTAGGCICTG GGACITGTGC GGCTGCAGGG 360



vacci ne + anoxickllin + pepto-bisnol 100% 100% (vaccine =
ufease + adjuvant) ————Jtdentificaten of human—pati ents—o6+ adm nstration
of 20 reconbinant H pylori urease vaccine The reconbi nant H
pyl ori urease vaccine of the i nvention may be admi nistered to

uni nfected i ndi vi dual s as a prophylactic measure or to individuals

i nfect ed wi WR96/3373}He| i cobacter as an anti bacterial therapyPCPNEP¥8al s 25
sel ected for prophylactic adm nistration of reconbi nant urease incl ude

any individual at risk of Helicobacter i nfection as based upon age,
geogr aphi cal |ocation, or the presepge.of a condition which renders the
I ndi vi dual susceptible to Helicobacter infection. Individuals at 30

parti cul ardcgctieghe IGCBETTIOTCT MABCACTCAR NEIBTTACIOE Seved20l y
affected b | :r:h @ﬁJ ‘dgﬁ-ﬂm Vi g&i@':éada o 6/ 33432
PCT/ US96/ déﬁb%‘t‘gg =3 Ao GCCASREHR CTN Evel Op‘i%ng
countri es,ANCRCGMATT TSACCABLAT WQMWMWMGMI opekio
countrles

[ gasf i c acid
t b o ehielbd SRRl ndlarocaa cBlokdict Bldrarddy &Jo

PR AGTGGTGOGA CTGGTTCAGA TGGTCAARACT TACTCCACAC AAGCTATC@ ATACCTTCAA
GGCCARCAAA ATATCTTAAR TAACGCAGCG AACTTIGCTCA AGCAAGATGA ATTGCICITA 720
GAAGCTTTCA ACTCTGCCGT AGCCGCCAAC ATTGGGAATA AGGAATTCAA TTCAGCCGCT 780
TTTACAGCTT TGGTGCAAGG CATTATTGAT CAATCTCAAG CGGTTTATAA CGAGCTCACT 840
ABRRACACCA TTAGCGGGAG TGCGGTTATT AGCGCTGGCA TAAACTCCAR CCRAGCTAAC 300
GCTGTGCAAG GGCGCGCTAG TCAGCTCCCT AACGCTCTTT ATAACGCGCA AGTAACTTTG 960
GATAAARTCA ATGCGCTCAAR TAATCAAGTG AGAAGCATGC CTTACTTGCC CCAATTCAGA 1020
GCCGGGAACA GCCGTTCAAC GAATATTTTA AACGGGTITT ACACCAAAAT AGGCTATAAC 1080
CAATTCTTCG GGAAGARAAG GRATATCGGT TTGCGCTATT ATGGTTTCTY TTCTTATARC 1140
GGAGCGAGCG TGGGCTTTAG ATCCACTCAA AATAATGTAC GGTTATACAC TTATGGGGTG 1200
GGGACTGATG TGTTGTATAA CATCTTTAGC CGCTCCTATC AMAACCGCTC TGTGGATATG 1260
GGCTTTTTTA GCGGTATCCA ATTAGCCGGT GAGACCTTCC AATCCACGCT CAGAGATGAC 1320
CCCAATGTGA AATTGCATGG GAAAATCAAT AACACGCACT TCCAGTTCCT CTTTGACTIC 1380
GGTATGAGGA TGAACTTCGG TAAGTTGGAC GGGAAATCCA ACCGCCACAR CCAGCACACG 1440
GTGGAATTTG GCGTAGTGGT GCCTRCGATT TATAACACIT ATTACAAATC AGCAGGGACT 1500
ACCGTGAAGT ATTTCCGTCC TTATAGCGTT TATTGGTCTT ATGGGTATTC ATTCTAA 15857

{2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 518 amino acide
{B) TYPE: amino acid
(D} TOPOLOGY: linear

{ii} MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ 1D
Met Ile Lys Lys Asn Arg Thr Leu Phe Leu
b -3

Ser Ile Ser Tyr Ala Glu Asp Asp Gig Gly
20

Gln Leu Gly Gln Val Met GlIn A:g Val Gln
35

Ser Asp Glu Leu Ala
50

Arg Glu Leu Asn Ala

55

10

NO:7:

60

Ser Leu Ala Leu Cys Ala
15
Phe Phe Thr Val Gly Tyr
30
Asn Pro Gly Gly Ala Lys
45

Agp Val Thr Asn Asn Ile



5 b ndi vi dual s who nmay recei ve the reconbi nant H. pylori urease
vaccie—as—a-tirerapeutic—i ncl ude—ttose—— i viduats with synptoms—of—
gastritis or other gastrointestinal disorders which may be associ at ed
with H. pylori infection. The clinical synptons associated 10 with
gastritis,d,gn i.nfl anmati on of the stomach nucosa, i ncl ude a broad range
of poorly- ??%?&’,2 and generally | nadequately treat ed, P such as
i ndi gesti on, "heart burn," dyspepsia, and excessive eructation. A
general discussion of gastritis appears in Sleisenger and 15 Fordtran, In
Gastroi ntestinal D sease, 4th Edn., Saggders Publ i shing Co.,

Phi | adel phia, PA, pp. 772-902, 1989. | ndi vi dual s who have a
gastroi nt%t Ao jhsy) jAsp Bher Cly Glyrdgn JleAlscCly dhs ddu [Berakhm Alstration of the
vacci ne of the inventiBh. GastrointestThal disorders i %l udes any 20

di sease orheOSée GlaliTyeridar Tf sé:h@egaehralynAbs i @ro (Thacilys Leu Of a human or

other mammal. Gastroi nt8¥st i nal di sor der®® I ncl ude, f%?r exanpl e, .

di sor der sadhOg1y BRE Wepivel St AL aen ALR'GRCDGE s0f eﬂy@&amoe in the gastric
mucosa (non- ulwper ati ve gastroissestinal disoraap), 1ncluding chronic
25 or atrgophjc stritis,.gasfroenteritis, non-ulcer dyspepsi a,
esophaged réﬂ &Egcfrﬁ'geé}ge?ﬁgggﬁ ShE 1ﬁﬁt'?ll‘i $ir o1y ﬁgsWo‘@’s',‘X'hnd peptic ul cer
di sease (e.g., gastric and duodenal ulcers). Peptic ulcers involve

ul cer at i oFhrafip Ser Thy Gy Thin Vel Ale GlyRyxofyx H? fere Rxe $mnbewne of the 30
esophagus, stoOnach, or duode and is genef" W y characterized by | oss

of tissuermtussy arg [TdeJaini Sur Dir Ile clygmat Gl TRE iAdS , TyROEIY hr Or Ot her
factors. 195 Alternativel3® it may be dest¥%able to adm ni 3®r the

vacci ne txna@pdTRED PRb | Kol Al Mitd 4dh T1n NAiint Léut eRE lryr WaG! £sn3R1d Ne i ndi vi dual
may have been exposed X6 H. pylori or 1vas 175

Gly Asn Val Phe Phe Asn Ala Met Asn Lye Ala Leu Glu Asn Lys Asn
igo 185 190

Gly Thr Ser Ser Ala Ser Gly Thr Ser Gly Ala Thr Gly Ser Asp Gly
195 200 205

Cln Thr Tyr Ser Thr Gln Ala Ile Gln Tyr Leu Gln Gly Gln Gln Asn
210 215 220

Ile Leu Asn Asn Ala Ala Asn Leu Leu Lys Gln Asp Glu Leu Leu Leu
225 230 235 240

Glu Als Phe Asn Ser Ala Val Ala Ala Asn Ile Gly Asn Lys Glu Fhe
245 250 255

Asn Ser Ala Ala Phe Thr Gly Leu Val Gln Gly Ile Ile Asp Gln Ser
- 260 265 270

Gln Ala Val Tyr Asn Glu Leu Thr Lys Asn Thr Ile Ser Gly Ser Ala
275 280 285

Val lle Ser Ala Gly lle Asn Ser Asn Gln Ala Asn Ala Val Gln Gly
290 298 300

Arg Ala Ser Gln Leu Pro Asn Ala Leu Tyr Aen Ala Gln Val Thr Leu
308 310 315 320

Asp Lys Ile Asn Ala Leu Asn Asn Gln Val Arg Ser Met Pro Tyr Leu
k¥ 11 330 335

Pro Gln Phe Arg Ala Gly Asn Ser Arg Ser Thr Asn Ile Leu Asn Gly
340 345 350

Phe Tyr Thr Lys lle Gly Tyr Lys Gln Phe Phe Gly Lys Lys Arg Asn
358 360 365

Ile Glg Leu Arg Tyr Tyr Gly Phe Phe Ser Tyr Asn Gly Ala Ser Val
37 375 380

Gly Phe Arg Ser Thr Gln Asn Asn Val Gly lLeu Tyr Thr Tyr Gly Val
a8s 390 395 400



WD 96/ 33732 ¢ ’ PCT/ US96/ 05800

- 63 - a coneit+romr—renderi ng—the | ndi wvegad-suscept+ble to

i nfection. Infection with Helicobacter can be readily
di-agnosed by a variety of nmethods well known in the art, 5 including,
e.g., by serology, [err]C breath test, and/or gastroscopi ¢ exam nati on.
Pr epar at i oﬁ"b?"’g{ﬁli fi ed reconbi nant urease for adni ni FCTAISPHITEL,
patients The process for fornulation of reconbinant urease 10

i nvol ves conbi ning urease with a stabilizer, (e.g., a car bohydrat e
manni tol) and freeze drying (i.e., « 7gyephilizing) the product. This
process prevents degradati on by aggregation and fragnentation. In

addi t i on, Siyh@hipAep Vel Jay TyraBswe IlePhapferhbrd 6k Fwr IRIn1%en Axgophi |l i zati on.
The process which | ead®to instability?® involves fot¥fation of disulfide
bonds betswectapnep diet cly Pillbhdises c1gnrlei Gireiiealia Al )eiundibi t ed by

| yophi li zati on. 420 Recorf@®nant urease i #3Preeze-dried foll ow ng
the f hridPb1P bs fohe AeluaOkegd Asg oo bl ¥d1°8lyd 18k §i10 AL OCt 20
(approxinmately 43sg/m) is dikgﬁpyngd agai nst gx/o Qgsr 0se, Y and this
solution js transferr to | hil i zation vials. The vialed solution is
ei t her: (iﬁ'ig&mgﬁﬁeﬂ'qﬁf’dég)’kﬂixf?oﬂ?ﬁaﬁg Bhe Mok Arg MY nt o t he

| yophilizer, or (2)

Asn Phe Gly Lys Leu Asp Gly Lys Ser Asn Arg His Asn Gln His Thr
468 470 478 480

Val Glu Phe Gly Val Val Val Pro Thr Ile Tyr Asn Thr Tyr Tyr Lys
485 490 495

Ser Ala Gly Thr Thr Val Lys Tyr Phe Arg Pro Tyr Ser Val Tyr Trp
800 505 510

Ser Tyr Gly Tyr Ser Phe
515

What is claimed is:



cooled to 4[err ] i‘ﬁlaced in the IEophiIizer Where 25 it is

frozen to -40[err]C or HI'" '"”"ll% m onis carried out using

standard met hods. The free ct may be reconstituted in

wat er . Mbde of adninistration uman patients

Reconbi nanwoldssgm on urease i s adnministered to a 30 nucosacTrusvéessen of t he
individual in order to stinulate a nmucosal i nmune response effective to
provi de protection t o subsequent exposure to Helicobacter and/or
facilitate WO 96/33732  _ -¢ .

PCT/ US96/ 05800 - 64 - cl earance of a

pre- exi stgipomideidy ORE Qe ryrASE 208 Phe Ser Efgefsem%mnrmpm nant urease is

adm ni stered so as to405 elicit a nuces®al | mmune respusse associated with

pr oductl :ﬁﬁ d t i on of
Iyrrphocyt e |nt %ﬁ ﬁ‘?‘gﬁ‘n'ﬁ?%%%‘ﬁ oLk 4'9“ n ﬁaq ?J'%ease may be
adm ni stered to an rrucosal surface of the atl ent. Preferabl e nucosal

sur f aces PARPIn Sax ThY I Atk AP ’&ﬁcP'}“eET‘aF'Yf .'f"b?‘yu?é" of an anal

suppository). ?n addition to being admnistered to a 10 single nucosal
surface, Iam deri Bbr dHisiPhe smem ilon PheyAsp ?ht)éladhf—nm ¥oted to
conbi nati ons micosal surf&s

Asn Phe Gly Lys Leu Asp Gly Lys Ser Asn Arg His Asn Gln His 'l:h:
465 470 475

Val Glu Phe Gly Val Val val Pro Thr Ile Tyr Asn Thr Tyr ry: Lys
485 490

s-:;ucxy'rh:mvumryrrgongmryrSo:vury:m
505 510

Ser Tyr Gly Tyr Ser Phe
515

What is claimed ims:



g&ﬂllilﬂﬂﬁﬂllﬁﬂhﬂﬂ@lliﬁ&:ﬂ TS preferabie-thaiet ho. adm ni stratron——

i nvol Ves® 15 i figedtion of the vaccine, but the vaccine may al so be

adm ni stered as a nmouth wash, so that an i mMmune response s stimulated
in the nucgiﬂ%?iérface of the oral cavity, wi t hout actual ingestion of
t he vacci ne. ?natively, a system c nucosal i mune PFE may be
achi eved by 20 adm nistration of the vaccine to a nucosal surface of the
eye in the formof, e.g., an eye drop or an intraocul ar i mpl ant .
Dosages of reconbinant H pylori ureasezr = adnmnistered to the individual
as either a prophylactic 25 therapy or an anti bacterial therapy can be
det er mi ned by dne 3kvareine rfomdinducingremacogaldimagne will contain

bet ween abopbspénéé€€d WeéIE cbtAededU in' arggﬁm,e,siﬁ WeRitine about 10 ng

and 500 ny, | 120 ng, 40 ng and , or 60 ng reconbinant H
pyl ori ureagégpggsfﬂgt At | east one dose of the reconbinant H pylor

urease will be adnﬂﬂisngltﬂn@xﬁQrﬂpqn%éxgn:pffapgomhﬂpaat, at least two
doses, & |@AgymaOidallls Shactivel HB1¥Boblcter Whendy; Mie total doses

adm ni stered. It b esirabl e to adm ni ster booster doses of the
recombi nant 35 uredse gtp%ﬂﬁﬁ%ﬁe¥ ol & GPTEIeY ¥ | ast
WO 96/ 33732diluent. PCT/ US96/ 05800

2. The vaccine of claim 1, comprising a
multimeric complex comprising eight Urease A subunits and
10 eight Urease B subunits, a multimeric complex comprising
six Urease A subunits and six Urease B subunits, and a
multimeric complex comprising four Urease A subunits and
four Urease B subunits, or a mixture thereof.

3. The vaccine of claim 1, comprising a
15 multimeric complex comprising eight Urease A subunits and
eight Urease B subunits, a multimeric complex comprising
six Urease A subunits and six Urease B subunits, and a
multimeric complex comprising four Urease A subunits and
four Urease B subunits.

20 4. The vaccine of claim 1, further comprising a
mucosal adjuvant.

5. The vaccine of claim 1, wherein said mucosal
adjuvant is the heat-labile enterotoxin of
enterotoxigenic Escherichia coli, a cholera toxin, a

25 Clostridium difficile toxin, a subunit or derivative
thereof lacking toxicity but still having adjuvant
activity, or a mixture thereof.

6. The vaccine of claim 4, wherein said mucosal
adjuvant is the heat-labile enterotoxin of
30 enterotoxigenic Escherichia coli, or a subunit or



- 65 - - I muni zat um Hmw ﬂ HEIe booster dose containing |ess
than, or the sane-amu S iirtAmt H—pytori urease— as the

initial dose adm ni stered. For exanple, the vacci ne regi nen may be
adm nistered in four doses at one 5 week intervals. The primng and
boost er doses may be adm nistered to the same or different nucosal
surfaces. WO933132 the case of different nmucosal surfaces PCTEIS988My| o

an oral primng dose may be followed by intranasal or rectal boosters,
an intranasal primng dose nmay be 10 followed by oral or rectal boosters,
or a rectal primng dose may be_f ggl owed by oral or intranasal

boost ers. Reconbi nant H pylori urease may be co-

adni ni st er @érivativenthiesedf ddcking toxiedtyuput atetainiagdj uvant nmay be any

mucosal adj n ' he art 15 which is appropriate for human use.
For exarrpljg',u%?ﬂé”Jé gﬂﬁ%%%kgh adj uvant may be cholera toxin (CT),

enterotoxigenic E. coli heat-labile toxin (LT), or a derivative,
subunit, or fragnment gheCVaetihd obiclhaim 4, aihdreinaghidambecsdy. The

noan aiiRhnk 160, Glordi et BE R RIGRLE B Milavdely 01 0reRse

respons®, hereef) dacking Hemplaity, hwtorefaining pdjuvante activityoonse. The

rati o of adjuvant to reconbi nant urease may be determ ned by standard

nmet hods by one skié'l eq,hi‘fnv%gcébpeggjréhifoib%%gﬁ sLE'ﬁ ﬁg'gggft may be

present at a ratio o uvan S reco I hant urease.
A buffer magiyvantnisiaielestridiym dirficidantoxin, H% ¢h sbudtonbi nant H.

pyl ori urepzedepivattve therdofldckingz tonticitgrvas erdtheimingof the gastric
acid. 30 A e |s effective in raising the pH of gastric
acid and iggﬁgggé%rﬁgﬁga%%*'hunan use may be used. For exanpl e, buffers
such as sodi um bi carbonate, potassium bi car bonat e, and sodi um phosphat e
may bejgised. In tRe, The vaccine of claim 8, wherein said mucosal

adjuvant comprises the carbohydrate binding domain of

Clostridium difficile Toxin A.

10. The vaccine of claim 1, wherein said
multimeric complexes of recombinant, enzymatically
15 inactive Helicobacter urease have been freeze-dried.

11. The vaccine of claim 1, wherein said
Helicobacter urease is Helicobacter pylori urease.

12. A composition for treating a gastroduodenal
infection in a patient, said composition comprising (a)
20 an antigen from a gastroduodenal pathogen, and (b) an
antibiotic, an antisecretory agent, a bismuth salt, or a
combination thereof.

13. The composition of claim 12, wherein said
gastroduodenal pathogen is a Helicobacter.

25 14. The composition of claim 13, wherein said
Helicobacter is Helicobacter pylori.
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- 66 - free, i.e., no*arfourt & pH-raising buffel THIS"SQEERTUHAS BEEN
effective to significantly affect gastrlc acid pHis adnm@pfhggﬁd to
the patient either prior to, or concomtant with, atH-RSs .ut;apvef +he
vacci ne 5WAMFABZnant ur ease. The vacci ne f or¥fffey

cont ai ni ng reconbi nant urease nay contain a variety of other

conponents, i ncluding stabilizers, flavor enhancers (e.g., sugar),

or, where the vaccine is adm ni stered 3¢ an anti bacterial 10 therapeutic,
ot her conpounds effective in facilitating cl earance and/ or eradication
of the infecting bakier The composition ¢frclaimiiaashereinesapd, the
vacci ne confagitligest is al@F@dgdNant H pylori urease nay be administered at
any time prior to contact with, or establishnment of, 15 Helicobacter

I nfection. Because the vaccine can also act as an anti bacteri al
therapy, there i s rk$.coTheacouposition of ¢laimdd,nwhersinosadd the vaccine

if there isageigepdt idds %I'Eﬁﬂn@%@m?l@&e&f of PéSomdrdrnt)d
H6|ICObaCte%ﬁ§ng%3 g £ééFE§% as mati c |nfect|on) ZO
For use ®f S RBPSpy, reconbinant H.
pyl ori urease may be adn1n|stered at any tlne before, during, or after
the onset of 17. The composition of claim 13, comprising a

maltimeric complex comprising eight Urease A subunits and

eight Urease B subunits, a multimeric complex comprising

six Urease A subunits and six Urease B subunits, and a

10 multimeric complex comprising four Urease A subunits and
four Urease B subunits, or a mixture thereof.

18. The composition of claim 13, comprising a
multimeric complex comprising eight Urease A subunits and
eight Urease B subunits, a multimeric complex comprising

15 six Urease A subunits and six Urease B subunits, and a
multimeric complex comprising four Urease A subunits and
four Urease B subunits.

19. The composition of claim 12, wherein said
Helicobacter infection is Helicobacter pylori infection.

20 20. The composition of claim 12, further
comprising a mucosal adjuvant.

21. The composition of claim 20, wherein said
mucosal adjuvant is the heat-labile enterctoxin of
enterotoxigenic Escherichia coli, a cholera toxin, a

25 Clostridium dirficile toxin, a subunit or derivative
thereof lacking toxicity but still having adjuvant
activity, or a mixture thereof.

T



synpt ons associ at ed w tumﬂﬂmmaauﬂrul fection or with gastritis,
peptic ulcers or ottrer 25 -disorder. —Akthaugh.it is.net-a
prerequisite to the initiati on of therapy, one may JOiMiS SHEET HASOBEEN bf
Hel i cobacter infection by, e. g. , a 13C breath test, ser RERIAGED
gastroscop | y, or another Helicobacter det ect iter—ethod—krmomwmT TN
the art. ¥ﬁ%gg§g ress of 30 immunized patients may be fdm16%gﬂm§9‘general
medi cal eval uation, screening for H pylori infection by ser ol ogy,
[err]C breath test, and/or gastroscopic exami nati on. WO
96/ 33732 - 80 - PCT/ US96/ 05800

- 67 - Exanpl e of adm nistration of reconbinant H pylori urease

to a human 22. Ahecomposisiposed clabu 2@y omersdanisaddnt H.

pyl ori ureastuddsal adijavant! Usereé H&ﬁduﬁn\mbﬂter&oﬁmt@t ning 2%

wei ght / vol U t%%&geﬂgc xécizérfé)gii gﬁélah' (?qrm ni s gg to the patient.

Adn1n|strat|on vaccl ne r iffervals for a
total of 4 deriy G§éé’e SPRE?@?{BI%%&QMWaW}Z syilhchpeingnt. To

determ ng adugnmemtfﬁegﬁeityhy3|C|an interviews are 10 perfornmed weekly
during the period of vaccine adm nistration, as well as 1 week and 1

nonth after the | ast i nmmuni zation. Anti-urease anti bodi es are neasured
23. The composition of claim 20, wherein saig

- mucosal adjuvant is a cholera toxin, or a subunit or
derivative thereof lacking toxicity but still having
adjuvant activity.

10 24. The composition of claim 20, wherein said
mucosal adjuvant is a Clostridium difficile toxin, or a
derivative thereof lacking toxicity but still having
adjuvant activity.

25. The composition of claim 24, wherein said
15 mucosal adjuvant comprises the carbohydrate binding
domain of Clostridium difficile Toxin A.

26. The composition of claim 12, wherein saiad
antibiotic is selected from the group consisting of
amoxicillin, clarithromycin, tetracycline, metronidizole,

20 and erythromycin.

27. The composition of claim 12, wherein said
bismuth salt is selected from the group consisting of
bismuth subcitrate and bismuth subsalicylate.

28. The composition of claim 12, wherein said
25 antisecretory agent is a proton pump inhibitor.

29. The composition of claim 28, wherein said
proton pump inhibitor is selected from the group
consisting of omeprazole, lansoprazole, and pantoprazole.

“ﬁﬁ‘iiif mi :iﬂin



in serumand sali vﬁ'llnmﬂlﬂm“ﬂu Iﬁecreti ng cells are nonitored in
per Hphetr-at—btood C T RIHRR! dysT fter—theI5tast—i muni Zatrion.

WO 96/ 33732 BEERD

- 68 - SEQUENCE LI STI N (B Eﬁ'ﬂwﬁﬂgl

| NFORMATI ON (i) APPLI CANT: OraVax, Inc. ( L

| NVENTI O\PV‘%\?E!E*F‘?VEH C, RECOVBI NANT UREASE VACCI NE (i FFYU oF
SEQUENCES: 7 (i v) CORRESPONDENCE ADDRESS: (A) ADDRESSEE: Fi sh
& Richardson P.C, (B) STREET: 225 Franklin Street (O

TI TY: Boston (D) STATE: MA g1 - (E) COUNTRY: USA
(F) ZIP: 02110-2804
. 30. The composition of claim 12, wherein said

antisecretory agent is an H,-receptor antagonist.

31. The composition of clainm 30,' wherein said Hp~
receptor antagonist is selected from the group consisting
% of ranmitidine, cimetidine, famotidime, nizatidine, amd
roxatidine.

32. The composition of claim 12, wherein said
antisecrstory agent is a prostaglandin analog.

33. The composition of claim 32, wherein said
10 prostaglandin analog is misoprostil or enprostil.

i ﬂn
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(57) Abstract

Methods and compositions are provided for ing and/or

treating Helicobacter (e.g., H. pylori) infection. The compesitions

of the invention, which are used in the methods of the invention (which include mucosal administration of the compositions), include

compositions containing multimeric complexes of recombinant, enzym

atically inactive Helicobacter urease in a pharmaceutically acceptable

carrier or diluent; and compositions containing (a) a Helicobacter antigen, and (b) an antibiotic, an antisccretory agent, a bismuth salt, or a

combination thereof.




(ii) MOLECULE TYPE: cDNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1:
TAATACGACT—GACTATASSES-CAATTGTGAG TTGATTEEET—60—
TATGTCTTCA AGGAAAAACA CTTTAAGAAT AGGAGAATGA GATGAAACTC ACCCCAAAAG 120
WD 96/ 33732 PCT/ US96/ 05800
- 69 - AGITAGTAA GTTGATGCTC CACTACGCTG GAGAATTGGC TAAAAAA q&&w
180 GCATTWRGHISTFAACTATGTA GAAGCAGTAG CTTTGATTAG TGCCCATA

240 CGAGAGCTGG TAAAAAGACT GOGGCT{AAT TGATGCAAGA AGGGCGCACT CTTTTAAAAC
300 CAGATCATGT GATGGATGGC GTGGAAGCH TGATCCATGA AGTGGTATT GAAGCGATGT
360 TTCCTGATGG GACTAAACTC GTAACCGTGC ATACCCCCTAT TGAGGCCAAT GGTAAATTAG
420 TTCCTGGTGA GTTGTTCTTA AAAAATGAAG ACATCACTAT CAACGAAGGC AAAAAAGCCG

Restriction enzyme map of urease PCR product

12&4&6&3&!@12&14&1”1“2@&”2@

— 1 L

ureA -—-'- J ureB o ]
Bam#it 3’ EniDn 1 660 HInDI11 1397 Bt 2125 |
BsiX1t Sant 1347 Bsmu12100 ExpR1281
mu 147 Pwil 1920

Rsa) 169 Soe1 1857



TTAGCGT

TCTTTGAAGT GAATAGATGC CTAGACTTTG A

ACATTGCGAG
TTGACATTGG
ACAACGAAAG
AAAGCGATGA
AAGAATATGT
ACTTGATCGC
GCGGTAAAAC
ATTTAATTAT
GTATTAAAGA
GCCTTAAAAA
TCGTAACGEC
CAGCTTTTCGC
CTAATGCGAC
AAGAATATTC
TAGCCGATCA
CTCCTTCTGC

TCCCACAGA CACTTTGAAT GAACCGGIT GIGTAGAA

GITGGCGACA GACCGGTTCA AATCGGCTCA  CACTTCCATT

GITAAGITTG AGCCTGGECGA AGAAAAATCC GTAGAATTGA

CGGTAACAGA

AGAATCTTTG GATTTAACGC ATTGGTTGAT AGACAAGCAG

TT GCTTTACACA GAGCTAAAGA GCGIGGITTT CATGGCGCTA

CAACTATGTA
TTCTATGTAT
TGAAGTAGAA
OCTAAGAGAA
CACTAACGCT
TGGCAAAATC
CAATCTTAGC
TGGTGGTATT
AAGCGGTGTA A
TACTATCACT
TATGAATTTA
AATTGAAGCC
AATCAATCAT

AAACGCTTAG_ .

540
600
660
720
780

AAAACAATTA AGGAGTAAGA AATGAAAAG ATTAGEARIs60ssoe 840

GGTCCTACTA  CA TAA AGTGAGATTG GGCGATACAG
CATGACTACA CCATTTATGG CGAAGCTT AAATTCGGTG
GGCATGAGCC AATCTAACAA CCCTAGCAAA GAAGATTGG
TTAATCGTGG ATTACACCGG TATTTATAAA GCGCGATATTG
GIAAAGECGG TAA GAC ATGCAAGATG

GITAGGTCCTG CTA & CTTAGCCGGT GAAGGTTTGA

TOCACTFCAT. TTCA CAAATCOCTA
Gk aRic ape O%mmmommmcm

CCAGGCAGAA GAAATTTAAA ATGGATGCTC AGAGCGECTG
GGTTTCTTGG CTAAAGGTAA CGCTTCTAAC GATGCGAGCT
GGTGCGATTG  GCTTTAAAAT  TCACGAAGAC TGGGEGCACCA
ATACGATGTG CAAGTICGCTA

900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560

1620



GACGCACTAT GCACACTTTC CACACTGAAG GCGCTGGECGEG CGGACACGCT CCTGATATTA 1680
TTAAAGTA TCTTC CEECTTCCACTAARCCECACC ATCCCTHHcA—140—
CCGTGAATAC ACAAGCAGAG CACATGGACA TGCTTATGGT GIGCCACCAC TTGGATAAAA 1800
GCATTAAAGA AGATGITCAG TTCGCTGATT CAAGGATCCG CCCTCAAACC ATTGCCGCTG 1860
AAGACACTTT %G@AF%TG GGGATTTTCT CAATCACCAG TTCTGACTCT CAAGCCGATGG. 1920
GCCGTGTAEG TC ACTAGAACTT GGCAAACAGC TGACAAAAAC AA %0 1080
TTGECCCCTT GAAAGAAGAA AAAGCCGATA ACGAGZASTT CAGGATCAAA CCCTACTTGT 2040
WO 96/ 33732 : PCT/ US96/ 05800
- 70 - CTAAATACAC CATTAACCCA GCGATCGCTC ATGGGATTAG CGAGTATGTA GGTTCAGTAG
2100 AAGIGGEGCAA AGTGECTGAC TTGGTATTGEFI&EGAGTCCAGC ATTCTTTGEC GIGAAACCCA
2160 ACATGATCAT CAAAGECGGA TTCATTGCGT TAAGCCAAAT GGGCGATGCG AACGCTTCTA
2220 TCCCTACCCC ACAACCGGTT TATTACAGAG AAATGITCGC TCATCATGGT AAAGCTAAAT
2280

Complete nucleotide sequence of ure4 and ureB with regulatory sequences
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g Gy 4op Als Aem dlis A Sle Jow TRe PR Gla Fvw Vol TYT TR abw ot
2300 AJD GDY M0 SED LML SEV VY AT GET MG SCA S24 s VY VAF VAR AS

e Gen P Ale S G Sip bew Ada Lo T aon Ale s (e TOr Phe 45
306 A APV VIR NEY GAF SAF GV ShL BET JAA TBE GAT SEA MAR AFC MV VY

Vb Guy Nia Ala LA VPO Lo Aow Gi3 Lie Avw Sl Aly lam Sip bm Sie 10
$513 GTR TV Gha ASR WET VAT Saf Ada ANC ATV Ase Bas GBa TR GER STV aAb

Aty S Yel hem Fee Vai ev ssw TV Mew hes 306 YRR e Wew Asy mea WY
INED A0 Shk GTE TS TP WVS MMM AAR THE ASA Al ATE ATV sda Mhh Sad AFS

Gn Pas Avm Aon Tor Yho hie Aks fle i Yot bva ut Aln TRs TV Kbs Mus
S500 GAa TUG Add Saf ACY MR GOV €0 SPY G U LAY VRN Gkh AFY S4E TAF

ol Man Tok b Gi7 L0V S0 Fal YRY Sus taw Pev Ale dam bem Pad e WP
7464 OIS TIG U LT GIE Shh Tas SPA JET ICY Adh EEX MR MT MA €T Mk

ke She kow Fos Suw 33a S sten LY pervnet baid
3500 VIO AN gha SVE VIV MR AFY TVR e eAFTTEITAAnLe CALIESSENTAMIST.,

e maltice

en . AEVISR AZhi.,
2% eomupands

LU — " e




ACGTGCAAA * CATCACTTTT GTGTCTCAAG CGGCTTATGA CAAAGGCART AAAGAAGART 2340
TAGGACT TGA AAGACAAGTG TTCOCGGTAA ARAATTGCAG ARATATCACT AAAAAAGACA 2400
TGCAATTCAA CGACACTACT GCTOCATTG  AAGTCAATCC TGAAACTTAC CATGTGITCG 2460
TGGATGGCAA AGAAGTAACT TCTAAACCAG CCAATAAAGT GAGCTTGGCG CAACTCTTTA 2520
GCATTTTCTA GGATTTTTTA GGAGAACGC TTCCTTAAAT CCTGAATTCG AGCT 2580
ACAACTTGC BREPACC ACCACCACCA CTGAGATCCG GCTGCTAACA P 075800
AAGOCCGAAA GGAAGCTGAG TTGGCTGCTG CCAGEEETGA GCAATAACTA GCATAACCCC 2700

TTGEEECCTC TAAACGEGTC TTGAGSSGIT TTTTG 2735
(2) | NFORMATI ON FOR SEQ I D NO 2: (i) SEQUENCE CHARACTERI SI TI CsS:
(A) LENGTH. 23B am no aci ds (B) TYPE: am no acid (D)
TOPOLOGY: |inear (ii) MOLECULE TYPEG.p#¥otein (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 2: Met Lys Leu Thr Pro Lys GQu Leu Asp Lys Leu
Met Leu His Tyr Al aAnaiytical size-exciusion HPL(Gprofile of purified recombinaft urease
15 Gy Qu Leu Ala Lye Lys Arg Lys Qu Lye Ay Ile Lys Leu Asn Tyr
20 25 30 Val Qu Ala Val Ala Leu lle
Ser Ala His Ile Mt Qu Gu Ala Arg 35 40
45 Adacroante
o . (X, (8] 0.1
1.9 - » . ! . . . . . . . . ) {
|
{
]
.0 -
._! '_'\: .M
P
- L3 Qegomer

— 1,83 Eexsaer
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Al a
55~
Met
80

85

Asn
105
Lys
125
130

150

Gy Lys LysThrAIaAIaGIuLeuNEtGInGIUGIyArgThr Leu 50
60 Leu tys—ProAsSp ASp val ©Wet Asp @y valr Ara Ser—
lle Hs Qu 65 70 75
Val Ay Ile Gu Ala Met Phe Pro Asp Gy Thr Lye Leu Val Thr Val
90 95 H's Thr Pr | u Ala
Ay LYORI3gal Pro Ay Ju Leu Phe %JSIDM
_ 110 Leu3¥38 Asn Gu Asp Ile Thr Ile Asn Gu Qy
Lys Ala Val Ser 115 120
Val Lys Val Lys Asn Val Ay Asp Arg Pro Val @n Ile Ay Ser H's
135 140 WD 96/ 33732
PCT/ US96/ 05800 - 71 - Phe His
Phe Phe G u Val Asn Arg Cys Leu Asp Phe Asp Arg G u Lys 145
155 c 160 Thr Phe Ay Lys Arg Leu
Asp Ile Ala Ser Ay Thr Al a Val Ag‘PRe
Serum igA ' Fecal igA
25"
4™ . . .
s 3 207
i ] Pl o0
i : : £ s
g 2 = : -
. . * -
2 - _ RS rE : I
3 D £ y
- ! 1 . + 2 s
£ P -
-t ' : a0 Tt T
i ] [} $ 2 3 4 «t o 1 2 3 P
Bactern! scom Bacrens! score
Sernum igG
ol ' e . ¢ ingwiduel casen
g . -.- === MeAn SATDOOY levas
5 _3 -:' — *  Batseriai szoms of O-4 (O: no sacena: 1: 1-20 Daciena;
-3 2 21-50 dactens: 3: 51-100 bactens; 4: >100 baciens}
§ 2-1 [ -7- mu:umimmm.mmﬂm
R
- o_ - . [}
(3] * )
-1 o ¥ 2 3 4
Bactaras scors
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A —— Y — T

165 170 175 Gu Pro dy Ju Qu Lys

Se.tVaI_G_u—L—eu—J—I—e-As-p—-l—l—eGyG,mu 180
185 190 Arg Arg Ile Phe Gy Phe Asn Ala Leu Val Asp
Arg G n Ala Asp Asn 195 200
205 Gu Ser Lys Lys Ile Ala Leu Hs Arg Ala Lys Gu Arg (d s%ge Hi s
210 w09633732 215 220 dy Ala E’Vz §’é‘¥° p Asp
Asn Tyr Val Lys Thr Ile Lys GQu 672825 _ 230
235 (2) | NFORVATI ON FOR SEQ | D NO 3: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 566 am no acids (B) TYPE: am no acid (D)
TOPOLOGY: |i near (i1) MOLECULAR TYPE: protein (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 3: Met Lys Lys Ile Ser Arg Lye Gu Tyr Val Ser
Met Tyr Gy Pro Thr 1 5 10
15 . Thr Ay Asp Lys Val Arg Leu G%Asgg Thr Asp Leu Ile Ala Qu Val
20 25 G. Gu H's Asp Tyr Thr Ile Tyr
Gy Qu Qu Leu Lys Phe Gy Ay dy 35 40
45 - Lye Thr Leu Arg Gu @y Met Ser An Ser Asn Asn Pro Sar Lys Gu
50 60 15 G Leu Asp lou Ile lle Thr
Asn Ala Leu Ile Val Asp Tyr Thigafdeyiga Fecal igA
4% -4 L] 20~ .
< L]
g’ LE r Sl
H : i o
17 - .
- " 1 s - T & = o5 ) .
' : % I
° s 2 3 . ot o 3 2 3 <3
Bactens! scove’ Sacierisl score’
38 «s
. Serum igA - . . o SeumigG
25 = . .
u-
3 201 g i — -
£ s : § as
% 109 - i 207
3 osq - g 1.
2 . (2-Be
%0 ! . - T - ® 48 ) *
b i e
o8 : : : ? 0 o8 L : ; T——t
o) ] 1 2 3 4 1 1 2 3 4
Sactanal scors Bactens| score
" Incivicus! Gatum

= idean sAubOTY level
+  Bacenai scoms of 0~ {0; 10 Dactens: 1: 1-20 Barzens: 2* 21.50 bactena: 3: 51-100 bactana: 4: 2100
BasSEna} wers USed I SADICT INCTRANIAG NUMDErS Ot CONSCIOW SNEDOU /Y. 8hS DOF ST sechon.
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65 70 75 80 Ile Tyr
Lys AIa—-As-p—‘I—I-e Gy-1-|—e—|:ys Asp Gy tystte AT Gy lle -

95 Gy Lys Ay Ay Asn Lys Asp
th G@n Asp Ay Val Lys Asn Asn Leu 100 105
110 Ser Val Gy Pro Ala Thr Qu Ala Leu Ala Gy GQu dy Leu Ile Val
115 WO09633732 ~ 120 125 Thr Al a éﬁ/“ e Asp
Thr Hs Ile H's Phe Ile Ser Pro @n 9?;5 130 135
140 Ile Pro Thr Ala Phe Al a Ser y Val Thr Thr Met Ile Ay Ay Gy
145 150 155 160 Thr
Gy Pro Ala Asp Ay Thr Asn Ala Thr Thr Ile Thr Pro Ay Arg
165 170 175 WD 96/ 33732
PCT/ US96/ 05800 - 72 - Arg Aen Leu
Lye- Trp Met Leu Arg Ala Ala Gu G u Tyr Ser Met Asn 180
185 190 FIG. 7
Groups #owi.We | Route [Antigen CT [ Tx sche.
1 10 IN M 10ug  tU™ |[No © 1 15x 14 (83-22)
2 10 IN {10uesy No 15 = 1d (d3-22)
3 10 N 10ug U Sug 4 0 1I'W (407,
14, 21y
4 10 PO [ 100ug U | No 4 x 1W {40, 7,
: +HCHO 14, 21)
b 10 PO 100 ug rJ No 4 x 1W(d0. 7,
14, 21)
§ 10 PO 25ugcy [Cug 4x IW(d0, 7,
14, 21)
7 10 untreated

Blood and feces collected on day 32, and saliva ccllected on
day 33. Challenge on day 36. Sacrifice on day 50.

—"-.n.“—-: B
| (Weweek; d=day)
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Leu Gy Phe. Leu Ala Lya Gy Asn Ala Ser Asn Asp Ala Ser Leu Ala
195 — —2060— 205 Asp Amtte G U Ara dy Ala
Ile Ay Phe Lys Ile H's Qu Asp Trp 210 215
220 Gy Thr Thr Pro Ser Ala Ile Asn H's Ala Leu Asp Val Ala Asp Lys
225 230 235 Tyr Asp
Val A n VaWopeR3T2e His Thr Asp Thr Leu Asn Gu Ala Ay pcr?u@suusano
245 250 255 Cys Val du Asp Thr Met Al a
Ala lle Ala Ay Arg Thr Met Hi s Thr 260 265
270 Phe Hs Thr Qu dy Ala Ay Gy Gy Hs Ala Pro Asp Ile Ile Lys
275 280 sn1s 285 Val Ala Ay GQu Hs Asn lle
Leu Pro Ala Ser Thr Asn Pro Thr Ile 290 295
300 ebsiThr. du Al a e{ i
305- [Serum G By Group 310 : | S
Hi s 2 al .
325 + 330 per Arg Ile Arg Pro G n Jlhr
e Ala Al-qa'dl hsp iThr Leu Hes As . 340 5
350 N%t_sialyllePheSerlleThr er SeanAIaI\/EtGyArg
355 | 360 - Val @y Gu Val Ile.Thr{jarg
Thr frp @¢Hd Thr Ala Asp Lys ASn Ly¢ . 375
380 jd4ye u Phe Gy Arg Leu Lys Glu Glu<Lyaodly Asp Asn Asp Asn Phe {|f 385
390 } § .81 395 Arg 11%e Lys Arg Tyr Leu Hpr
Lye qya Thyj!le Asn Pro.Ala lle Alq
0.5 ) . . T .
0.0 ! ' * . i 1 3 ; '
: -0.5 1 t ] + + ] s ‘ L ]
; t 2 3 4 S5 & 7 1 2 3 4 5 €& 7
‘ Group Greup o
—
’ 2.5 .
2.0~ T, ’
; 1.5~ . )
@ . .
o !
os i I . U
0.0~ - * ! i I ! 1 % i ; .
-3.5 Y 3 Y ) 3 1 3 4 S D
Tt 2 3 ¢ s & 7 3 & s & 7
Group Growo
—— /
1 = Form-ure, IN 5 = ure, oral
2 = ure, IN 6 = ure « CT, oral
3=ure+CT, IN 7 = no treatment

= Form-ure, oral




405 ' © 410 415 Hs Ay Ile Ser Au Tyr Val

Ay Ser valr Gu val gy Lys Val Ala 426 425
430 Asp Lou Val Leu Trp Ser Pro Ala Phe Phe Gy Val Lye Pro Asn Met
435 440 445 Ile lle Lys Ay Gy Phe Ile
Al a Leu Ser gn Gy Asp Ala Asn 450 455
460 Aa NP0 Thr Pro @ n Pro Val Tyr Tyr Arg G u REVUBGOSHP, 465
470 475 9/15 480 Hs Hs Gy Lye Ala Lys Tyr
Asp Ala Asn Ile Thr Phe Val Ser Gn 485
490 495 Ala Ala Tyr Asp Lys Ay Ile Lya Qu Gu Leu Ay
Leu Au Arg dn 500 505 510
WD 96/ 33732 PCT/ US96/ 05800
- 73 - Val Leu Pro Val Lye Asn Cys Arg Asn Ile Thr Lys Lys Asp Met
Adn 515 520 525

FIG.. 9

N/oral binati bedule of 4 izat]

"Group | n Scheduie Sacrifice-
1 | 10 |IN days3-7,1G days 14and 21 2 weeks
2 | 10 |INdays3-7;iGday 21 2 weeks
3 10 |INdays0,7,1Gdays 14,21 2 weeks
4 10 {IN + LT days 0, 7, 14, 21 (pos contol} 2 weeks
5 10 |no treatment (neg control) 2 weeks’
5 10 |IN days3-7;IG days 14 and 21 10 weeks
7 10 {IN+ LT days0,7, 14,21 10 weeks
8 10 |oral + LT days (0, 7, 14, 21 (pos contxol) 10 weeks
9 10 |no treatment {(neg control} 10 weeks
Urease dose: IN, 25 pg; IG 200 pg
LT dose: IN, 2 pg IG
10 pg
Challenge 2 weeks after immunization
Assays:
urease
histology for gastritis, bugs, mast cells, eosinophils
Farside assay

anti-urease in serum, feces, saliva
ASCs in stommach sectHons



Phe Asn Asp 'Thr Thr Ala Hs Ile Qu Val Asn Pro Qu Thr Tyr H's

530 535 ' 540 Var—Phe Val Asp—-Gytys—du —
Val Thr Ser Lys Pro Ala Asn Lys Val 545 550
555 560 Ser Leu Ala G n Leu Phe
565 (2) | J ON FOR SEQ | D NO 4: (1) SEQUENCE CHARACTERI SI TI CS:
(A) LENGTH: ase pairs (S) TYPE: nucl eic aci dPCTUS96/05800 ( ()
STRANDEDNESS: bot h (D TOPOLQ@y1sboth (i) MOLECULE TYPE:
cDNA (xi) SEQUENCE DESCRI PTION. SEQ I D NG 4: CGGATCCAC CTTGATTGCG
TTATGICT 28 (2) | NFORMATI ON FOR SEQ
| D NG 5: (1) SEQUENCE CHARACTERI STI CS: (A) LENGTH:. 27 base
pairs (b) TYPE: nucleic acid (C) STRANDEDNESS: both
(D) TOPOLOGY: both (ii) MOLECULE TYPe: cDNA (xi) SEQUENCE
DESCRIPITION: SEQ I D NO 5: CGGAATTCAG GATTTAAGGA AGCGITG
27
FIG. 10
1
o 8]
s caQ O |09 o gfog o° O Q0 O g
s a o o utl
ol @ 0O o
0.6~
2
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(2) | NFORMATI ON FOR SEQ | D NO 6: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 1557 base pair. —B)y—TPE——rueleic acid (Q).
STRANDEDNESS: bot h (D) TOPOLOGY: both (ii) MOLECULE TYPE:

cDNA (xi) SEQUENCE DESCRI PTION: SEQ ID NO 6: ATGATAAAAA AGAATAGAAC
GCTGITTCTT Aﬁg,f@:c TTTGCGCTAG CATAAGITAT 60 GCCGAAGATG ATGGAGEGIT
TTTCACCGIC GGITATCAGC TCGGGCAAGT CATGCAAGAT 120 GICCAAPETIOS96H$808°CCCGC
TAAAAGCGAC GAACTCGCCA GAGAGCTTAA CGCTGAF: 180 ACGAACAACA TTTTAAACAA
CAACACCGGA GGCAACATCG CAGGGECECGIT GAGIAACGCT 240 TTCTCCCAAT ACCTTTATTC

GCTTTTAGEG GCTTACCCCA CAAAACTCAA TGGTAGCGAT 300 GIGICTGCGA
ACGCTCTTTT AAGTGGTGCG GTAGCCTCTG GCGACEEGNAC GCCTGCAGGSG 360 WO
96/ 33732 PCT/ US96/ 05800

100

75

50

Percent protected

25 pg Ure (Oral) '

25 pg Ure + CT (Oral) -

Treatment



- 74 -
420—CTCECTACCT-TGACTAGAET—GAT T T TAASC-ACCATEESCA—CECAGACTAA CFACESCAGE

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

ACGECTGGTG GCACTTCTCT TAACACTCAA  AGCACTTGCA CCGITGCGG CTATTACTGG

AACACCAATT TCCCAACAT GCAACAACAG CTCACCTACT TGAATGOGGG GAATGTGTTT
TTTAATGCGA TGAATAAGGC TTTAGAGAAT AAGAATGGAA CTAGTAGTGC TAGTGGAACT
AGTGGTGCGA CTGGTTCAGA TGGTCAAACT TACTCCACAC AAGCTATCGA ATACCTTCAA
I3ZATATCTTAAA TAACGAGCG AACTTGCTCA AGCAAGARGEURISESEHCTTA
GAAGCTTTCA ACTCTGCCGT AGCCGCCAMZ/ATTGGGAATA  AGGAATTCAA TTCAGCCGCT
TTTACAGGTT TGGTGCAAGG CATTATTGAT CAATCTCAAG CGGTTTATAA CGAGCTCACT
AAAAAACACCA TTAGCGGGAG TGCGGTTATT AGCGCTGGGA TAAACTCCAA CCAAGCTAAC
GCTGTGCAAG GGCGCGCTAG TCAGCTCCCFIRAGECTCTTT ATAACGCGCA AGTAACTTTG
GATAAAATCA ATGCCCTCAA TAATCAAGTG AGAAGCATGC CTTACTTGCC CCAATTCAGA
GCCGGGAACA GCCGTTCAAC GAATATTTTA AACGGGTTT ACACCAAAAT AGGCTATAAG
CAATTCTTCG GGAAGAAAAG GAATATCGGT TTGCGCTATT ATGGTTTCTT TTCTTATAAC
GGAGCGAGCG TGGGCTTTAG ATCCACTCAA AATAATGTAG GGTTATACAC TTATGGGGTC
GGGACTGATG TGTTGTATAA CATCTTTAGC CGCTCCTATC AAAACCGCTC TGTGGATATG
GGCTTTTTTA GCGGTATCCA ATTAGCCGGT GAGACCTTCC AATCCACGCT CAGAGATGAC
CCCAATGTGA ARTTGCATGG GAAAATCAAT AACACGCACT TCCAGTITCCT CTTTGACTTC
GGTATGAGGA TGAACTTCGG TAAGTTGGAC GGGAAATCCA ACCGCCACAA CCAGCACACG

c
i3]
3
£
- 75
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3
3
= 80
=
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a
= 25
£
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& - = = = T
-1 - - - -
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o e 2
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at 4 wk post
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4 weeks 14 weeks
post imm post imm

Treatment



GIGGAATTTG GCGTAGIGGI GCCTACGATT TATAACACTT ATTACAAATC AGCAGGGACT 1500
AcEET GAAGTH—AHeestee—TFATAGCGT T

(2) I NFORVATI ON FOR SEQ I D NO: 7: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 5.18 am no acids (B) TYPE: am no acid
(D TOPOLOGY: |inear (ii1) MOLECULE TYPE: protein (xi
SEQUENCE DEWCR/®TIZON. SEQ ID NO7: Met Ile Lys Lys Asn ArBCHES Phe Leu
Ser Leu Ala Leu Cys Ala 1 5 5 10
15 Ser Ile Ser Tyr Ala Gu Asp Asp y Ay The Phe Thr Vval Ay Tyr
20 25 30 dn Leu Ay dn Val Met A n Asp
Val @dn Asn Pro Ay Ay Ala Lys 35 40
45 Ser Asp Gu Leu Ala Arg Au Leu Asn Ala Asp Val Thr Asn Asn Ile 50
55 .. 60
FIG. 13
4~
—_
3 -
n
s
<
s 27
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&)
=
1 -
0 - ]
cT 20019 rUrease cT 2001g rurease
4 weeks +CT 10 weeks +CT
4 waeks 10 weeks
Treatment

Mean serum igG
B mMean serumigA
B Mean fecat IgA



WD 96/ 33732 °

70 75
Leu Ay Ala Tyr Pro Thr Lys Leu

95 Asn Gy ywebehish Val Ser Ala Asn Ala Leu Leu Ser Ay Al a Val
110 Ser dy Thr

100 105

Ay Thr Ala Gy Gy Thr Ser Leu Asnjig/is
Ala Ay Tyr Tyr Trp Leu Pro Ser

125 Thr dn Ser Thr Cys Thr Val
130 135

85

115

PCT/ US96/ 05800

- 75 - Leu Asn Asn Asn Thr Ay Ay AsmHeAtaay—Aa Leu Ser—Asn.Ala 65
80 Phe Ser @ n Tyr Leu Tyr

Ay
CyRCTAIS#6/08800 Al a
120

Leu

Ser Leu
90

140 Thr Asp Arg Ile Leu Ser Thr

Ile Ay Ser An Thr Ann Tyr Ay Thr 145 150
155 160 Asn Thr Asn Phe Pro Asn Met A n Adn A@n Leu Thr
165 170

Tyr Lsu Asn Al a

175 "Gy Asn Val Phe Phe Asn Ala Met Asn Lys Ala Leu G u Asn Lys Asn

Ser Al a Ser

Ay Thr

180 185 190 dvy Thr Ser
Ser Ay Ala Thr Ay Ser Asp Ay e 14 200
205 @ n Thr Tyr Ser Thr Gn Ala lle An Tyr Leu dn Ay Gn d@n Asn 210
215 O lle Leu Asn Asn Ala Ala Asn Leu Leu Lys Gn Asp Qu
Leu Leu Leu 225 _ 250 —rT— 240

a cT i

w0 rUrease

-+

+ 501 +CT

aQ

o

<

=

3 407

o

a

) 301

°
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=
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E 20

[

€
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E’ 107 . T

OJ

0 7 14 28 70133 O 7 14 28 70 133

Days after challenge




A u Ala Phe *Asn Ser Ala Val Ala Ala Asn Ile Ay Asn Lys G u Phe

245 250 25— ASA—-Ser—A A Phe—Fhr—Gy—
Leu Val An dy Ilelle Asp @n Ser 260 265
270 dn Ala Val Tyr Asn Qu Leu Thr Lys Asn Thr Ile Ser Gy Ser Al a
275 280 285 Val Ile Ser Ala Ay Ile Asn
Ser Asn G WRPEEIIH Ala Val Gn Ay 290 PCTIUSP6/05800
300 Arg Ala Ser A n Leu Pro Asn Ala. Leu Tyr Asn Ala A n Val Thr Leu 305
310 315 15/15320 Asp Lys Ile Asn Ala Leu Asn
Asn A n Val Arg Ser Met Pro Tyr Leu 325 330
335 Pro dn Phe Arg Ala Gy Asn Ser Arg Ser Thr Asn Ile Leu Asn Ay
340 345 350 Phe Tyr Thr Lys Ile Ay Tyr
Lys A n Phe Phe Ay Lys Lys Arg Asn 355 360
365-1le Ay Leu Arg Tyr Tyr Ay Phe Phe Ser Tyr Asn Ay Ala Ser Val 370
375 380 Ay Phe Arg Ser Thr G n Asn Asn Val Ay Leu Tyr
Thr Tyr Ay Val 385 390 395
400
FIG. 15
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*WO 96/ 33732 ' T )
- 76 - dy Thr Asp Val Leu Tyr Asn Ile Phe Ser Arg Ser lﬁ%ﬁﬁéﬁ&Ngﬁﬁﬁf

405 410 415 Ser Val Asp Gy Phe Phe
Ser Ay Ile dn Leu Ala Gy du Thr 420 2 8 QCT 1998
430 Phe G n Ser Thr Leu Arg Asp Asp PF0o2ASn Val Lye Leu JHijs Ay Lye

435 440 Il e Asn Asn
Phe Leu Phe Asp Phe Gy Met AMgmaxy of ﬁi?\lnventlon 455

460 Asn Phe Ay Lys Leu Asp Gy Lys Ser Asn Arg Hs Asn Gn H's Thr 465

470 I’Asn cl%lrsdallﬁe 1t% a flrst aspevcag oq L{:J%S%r%s}/en\éal Val Val

Pro Thr Ile Tyr
495 Ser Anveityidms therd/als Lzy:sow.yde@h@ veerimeo for isguddaly By rmilegsal

500 immune res;?/@rgste to llcdbacteﬁlﬂ'x DPatdntd e wilcfille

515 o S c alne
comprising:

a) . multimeric complexes of recombinant, enzymatically
inactive Helicobacter urease; and

b) a pharmaceutically acceptable carrier or diluent.

In accordance with a second aspect of the present
invention, there is provided a composition for treating a
gastroducdenal infection in a patient, said composition
comprising (a) an antigen from a gastroduodenal pathogen, and
{b) an antibiotic, an antisecretory agent, a bismuth salt, orx
a combination thereof.

In accordance with a third aspect of the present
invention, there is provided a composition comprising an
immunogenically effective amount of multimeric complexes of
recombinant, enzymatically inactive Helicobacter urease for
use in inducing a mucosal immune response to Helicobacter in
a patient by mucosal administration.

We have shown that vaccine compositions containing
multimeric, recombinant Helicobacter urease are effective in
preventing and treating Helicobacter infection. 1In addition,
we have shown that a composition containing H. pylori urease
and a mucosal adjuvant, in combination with an antibiotic and
a bismuth salt, is more effective at treating Helicobacter
infection than any of these components alone, or any
combinations of three or less of these components.

The invention features a vaccine for inducing an immune
response to Helicobacter (e.g., H. pylori) in a patient
(e.g., a human patient) that (a) is at risk of developing,
but does not have, a Helicobacter infection (a "protective®
immune response), or (b) is already infected by Helicobacter
(a "therapeutic" immune response). This vaccine contains

490



'-79 - 15. The conposition of claim 13, wherein said aﬁREBEACENﬁﬁﬂ?SHEET

ur ease. 16. The conposition of claim 13, wherein saidjadiigen conprises
mul ti meric conpl exes of reconbi nant, enzymatically |nact|Je Fbiggﬂ?g%k%r
ur ease. 17. The conposition of cl ai 13, conprising a Itlnerlc
conpl ex conprising eight Uease A suburf®s” and ei ght Ur eade B—stiti-t9-
mul timeric conplex conprising six Urease A subunits and sijx Urease B

ubUN! £ @il fe L AR 60"BECKEBIBELSRRT LM bt PR8I FRBUITTS AT

f our Ureasé OfF a m Xture €er eo Bn of
claim 13, Hebng@bschgra(Mt i Her prlowipl exeeaﬁpramﬂn@ ehaytmadpeasea Ny

subuni ts 20del ot e (kepseel SHbUNhEnca (UL | MBELES FOTPAEK: GOIRE T B4NO S X

Urease A su ts and six Urease. timeric conplex
conpri si ngeiguk/ wplage &u@mawﬁ@lwahaonbur tﬁbgs'éa@mm}rscontamga The

conposi t i @M @i n&tBk n&éaplé!aeé@neaﬁﬁiﬂggé%n@du@é@é@m | S\iEh 1 ©F éusda
Fbllcobacter i nfection. he copposition of claim 19, wherein said

Hel i cobac®*? ?h?%%??%hBl%uh%F?E%bait@V IPSHLF nFURRISH containingpix
conposi t i Phe®e CA asgtbirRit & ushdesigoUpeaseny slibaditwand .multimeric

complex containing four Urease A subunits and four Urease B
subunits, or a mixture thereof. In addition, the vaccine may
contain a mucosal adjuvant, such as the heat-labile
enterotaxin of enterotoxigenic Escherichia coli (LT), a
cholera toxin (CT), a Clostridium difficile toxin, or a
subunit or derivative thereof lacking toxicity but still
having adjuvant activity (e.g., a fragment, mutant, ox
toxoid), or a mixture thereocf. For example, a fragment
containing the 794 carboxyl-terminal amino acids of C.
difficile Toxin A



-22. The conposition of claim 21, wherein said adjuvant is :

SHEET

adj uvant. 23. The conposition .of claim22, wherein sa
adjuvant is the heat-|abile enterotoxin of enterotoxigenic SOCT“@gB

Escherichia coll, a cholera toxin, a dostridiumdifficile}tpxin, "a subun
or derivative thereof lacking toxicity but still having ad] u t-vt
or a mxture thereof. 24. The conposttion of claim22] wherein said

ucosa

e+

mucosal adjuvant is the heat-|abi|le enterotoxin of enterotORtgentc

Escheri chi a (8898, 9o HWRi ¢t oRLder SHRFRve TPt FRUERRLt1D%iCity but

a}] i1l havi ngsmw@lr& 'Pé@tirvi%)’_-may bﬁZ'léseahte FRIFRSE Y ) Cﬁhégfm&%ﬁiﬁéﬁﬁc
ereln sal nucosal adj] uvan S a ol era X!l n,. Oor a supuni or
derivative tF&¥ x?%uﬂ#rﬁF??&#EP??gbu?n§yﬁ4%ﬁﬁi%¥ﬁy%Rﬁ?ﬁ%ﬂ? activity.

26. The conpslidopacierareage, mapebel fredizé-Arciashpribriveatuss in

Clostridiumgdifficile toxin , or a_ derivative thereof lacking toxicity but
still havgngtqh%jm%n%%t?€iY99 fnvention.

In a

method of inducing a protective and/or therapeutic
mucosal immune response to Helicobacter (e.g., H. pylori)
in a patient (e.g., a human patient), a

10 composition containing an immunogenically effective
amount of multimeric complexes of recombinant,
enzymatically inactive Helicobacter (e.g., H. pylori)
urease is administered to a mucosal surface (e.g., an
oral or intranasal surface; or to a rectal surface by,

15 e.g., anal suppository) of the patient. The composition
may contain a multimeric complex containing eight Urease
A subunits and eight Urease B subunits, a multimeric
complex containing six Urease A subunits and six Urease B
subunits, a multimeric complex containing four Urease A

20 subunits and four Urease B subunits, or a mixture
thereof. The composition may be administered without
gastric neutralization by, e.g., sodium bicarbonate.

In addition to the multimeric complexes of

recombinant, enzymaticaliy inactive Helicobacter urease,

25 the composition used in this method may further contain a
mucosal adjuvant. For example, the composition may
contain the heat-labile enterotoxin of enterotoxigenic
Escherichia coli (LT), a cholera toxin (CT), a
Clostridium difficile toxin, or a subunit or derivative

30 thereof lacking toxicity but still having adjuvant
activity (e.g., fragments, mutants, or toxoids having
adjuvant activity), or mixtures thereof. For example, a
fragment containing the 794 carboxyl-terminal amino acids
of ¢. difficile Toxin A (see, e.g., Dove et al., supra,

35 for the sequence of C. difficile Toxin A) may be used.
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'27. The conposition of claim26, wherein said nucosal adjuwaiLAgEt‘NIeéiHEET
t he carbohydrate binding domain of Clostridiumdifficile Tpx{n A :
The conposition of claim 12, wherein said antibiotic is se| ekt &80CIn008e
group consisting of anoxicillin, clarithromycin, tetracycljng,
met roni di zol e, and erythronycin. 29, The conposition pf claim 12,

wherein said bismuth salt is selected fromthe group consibting-of . hisnmuth

subcitrate 3‘%&'&!&“%&%@1&@9% Som [glexe@ ofTr}ee%,ﬁé on of claim 12,

wherei n sai tlsecretory agent punp 1 31. The
conposi t i on esRYSR&LAddY MW%éiailmqﬁaﬂtqmmrease in the

- 8l - n@o@ﬁo%&ﬁl%nsﬁiaﬁrcfb%d PRI IUP P i H S W [ @pEprazol e,
| ansopr azol e, and pantoprazo e.
meth
5 The invention also features a

composition for treating Helicobacter (é.g., H. pylori)
infection in a patient (e.g., a human). This composition
contains (a) a Helicobacter (e.g., H. pylori) antigen
(e.g., urease), and (b) an antibiotic, an antisecretory

10 agent, a bismuth salt, or a combination thereof. &an
example of a Helicobacter urease antigen which may be
used in this composition is one containing multimeric
complexes of recombinant, enzymatically inactive
Helicobacter urease, as is described above. Other

15 Helicobacter antigens which may be used include, e.g.,
HspA, HspB, AlpA, AlpB, ClpB, and the antigen recognized
by monoclonal antibody IgG 50 (see below). This
composition may further contain a mucosal adjuvant (or a
combination of mucosal adjuvants), such as those which

20 are listed above.

Antibiotics which may be included in this
composition include, but are not limited to, amoxicillin,
clarithromycin, tetracycline, metronidizole, and
erythromycin; and bismuth salts which may be included

25 are, e.g., bismuth subcitrate and bismuth subsalicylate.
Antisecretory agents which may be included in the
composition are, e.g., proton pump inhibitors (e.g.,
omeprazole, lansoprazole, and pantoprazole), H,-receptor
antagonists (e.g., ranitidine, cimetidine, famotidine,

30 nizatidine, and roxatidine), and prostaglandin analogs
(e.g., misoprostil or enprostil).

In a final aspect, the invention features a method
for treating Helicobacter (e.g., H. pylori) infection in
a patient (e.g., a human patient). In this method, a

35 composition containing (a) a Helicobacter (e.g., H.
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H2-r ecept or 3 The conposition of claim{33, wherein said
H2-r ecept or ant*agonl st M S sse ect ed fromthe group consistijnd o2 & @0Tt1H3B ne

cinetidine, fanotidine, nizatidine, and-xatidine. 34.| The

conposition of claim12, wherein said antisecretory agent jis a

pr ost agl andi n anal og. 35. The conposition of claim34_wherein sajd 2
prostagl andi ny @n t st ition

O ol arm 12, ior o (GREPERPIOR bt PlaBREiES iorein oty SNCLEONTRSI
urface<ﬁu¥¢%$%at|ent. 37. The conposition of claim36, wherein the
mucosal surface is oral, intranasal or rectal. 38. A conposition

conprising an_ i nogenlcall .effective, anpunt of nultineric conplexes of
r ecombi nant , g“ﬁ%ﬁ.?%ﬁ?%ﬁ%$&&%i%€ HAR obhe (8RO # G RIRERR ng, a

mucosal i mmiwmasﬁimeﬂi&i | ceisicders I0E arduRintdianity, BitgeRitically
adm ni stration. The coqgﬁ5|t|on of claim 38, mhereln sai d

nul ti neri & Ve?e%e'ﬁlomaf%% Rithi®Fease A subunits and ei ght Urease B

subunits, six Urease A subunits and six Urease B subunits, four Urease A

subunits and {?erﬁgEggﬁbéﬁf%g%ﬁnéf’cfgiﬁl13, comprising a multimeric
complex comprising eight Urease A subunits and eight Urease B
subunits, a multimeric complex comprising six Urease A
subunits and six Urease B subunits, and a multimeric complex
comprising four Urease A subunits and four Urease B subunits,
or a mixture thereof.

18. The composition of claim 13, comprising a multimeric
complex comprising eight Urease A subunits and eight Urease B
subunits, a multimeric complex comprising six Urease A
subunits and six Urease B subunits, and a multimeric complex
comprising four Urease A subunits and four Urease B subunits.

19. The composition of claim 12, wherein said
gastroduodenal infection is a Helicobacter infection.

20. The composition of claim 19, wherein said Helicobacter

infection is Helicobacter pylori infection.

21. The composition of claim 12, further comprising an
adjuvant.

22. The composition of claim 21, wherein said adjuvant is
a mucosal adjuvant.

23. The composition of claim 22, wherein said mucosal
adjuvant is the heat-labile enterotoxin of enterotoxigenic



m xture thereof. . ] ACEMEND . SHEET
conposi ti ontlmlmmﬂﬂmammn ein said nultinmeric conpl exep EONMprirse e git
Urease A su rease B subunits, six Ureasel A s ' d
six Urease B suﬁunfts? ahd ¥ our Urease A subunits and fo Urgggébgﬁgﬁ¥

subuni ts. 41. The conposition of ©I¥] m 38, wherein shi ld—r+e0sah——-
surface is intranasal, oral, or rectal. 42. The co sition of claim

38, whereip said,conposition i m_ni st ered w thout SUTTC, —cv o

noutral1 s dirchetiSRIRGEE1 L0 BRSOkl Aol MR Wi cisite
conposi ti orotin} herswoupit sms demivashre adjensod . lackingl4 oxfel topripasi tion
of claim43,. ' i . ' nt_Js_t IHSQt' Il e enterotoxin
of enterot%ﬁ%@%%@gﬂée% Cﬁl a g%)‘f%wéﬁbl%# a tr@% n,” a ae(tg"lseto(rafl di um
difficile toxin, a subunit or derivative of one of said toxins |acking

toxicity but siiltnhaving@ft tANLr aGTA¥ht Y2, Mhndrdi i tdd & LSS 1
adjuvant is the heat-labile enterotoxin of enterotoxigenic
Escherichia coli, or a subunit or derivative thereof lacking
toxicity but still having adjuvant activity.

25. The composition of claim 22, wherein said mucosal
adjuvant is a cholera toxin, or a subunit or derivative
thereof lacking toxicity but still having adjuvant activity.

26. The composition of claim 22, wherein said mucosal
adjuvant is a Clostridium difficile toxin, or a dexivative
thereof lacking toxicity but still having adjuvant activity.

27. The composition of claim 26, wherein said mucosal
adjuvant comprises the carbohydrate binding domain of
Clostridium difficile Toxin A.

28. The composition of claim 12, wherein said antibiotic
is selected from the group consisting of amoxicillin,
clarithromycin, tetracycline, metronidizole, and
erythromycin.

29. The composition of claim 12, wherein said bismuth salt
is selected from the group consisting of bismuth subcitrate

and bismuth subsalicylate.

30. The composition of claim 12, wherein said
antisecretory agent is a proton pump inhibitor.

31. The composition of claim 30, wherein said proton pump
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The conposi wherein said nultinmeric conpl ¢xés ﬁOCT‘i‘?%
reconbi nant, enzymatically inactive Helicobacter urease haye b
freeze-dried. 47. The conpositi of 8 ¢l ai m 38, wherei

Hel i cobacter urease is Helicobacter pylori urease. 48] The conposition
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Hel i cobacteateppdzarlie,. lansopi@zollks econpesirttiopraziklel.ai m 38, wherein said

patient is at risk of devel oping, but does not have, a Helicobacter

i nfection. 50. The conposition of claim38, wherein said patient is
32. The composition of claim 12, wherein said

antisecretory agent is an H,-receptor antagonist.

33. The composition of claim 32, wherein said H,-receptor
antagonist is selected from the group consisting of
ranitidine, cimetidine, famotidine, nizatidine, and

roxatidine.

34. The composition of claim 12, wherein said
antisecretory agent is a prostaglandin analog.

35. The composition of claim 34, wherein said
prostaglandin analog is misoprostil or enprostil.

36. The composition of claim 12, wherein said antigen is
for administration to a mucosal surface of the patient.

37. The composition of claim 36, wherein the mucosal
surface is oral, intranasal or rectal.

38. A composition comprising an immunogenically effective
amount of multimeric complexes of recombinant, enzymatically
inactive Helicobacter for use in inducing, a mucosal immune
response to Helicobacter in a patient by mucosal
administration.

39. The composition of claim 38, wherein said multimeric
complexes comprise eight Urease A subunits and eight Urease B
subunits, six Urease A subunits and six Urease B subunits,
four Urease A subunits and four Urease B subunits, or a

mixture thereof.
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H err]-receptor antagonist. 31. The conposi}ipn of claim3

he

wherein said Herr]- recept or antaggﬁl I s sel ected [rommthegroup ’
consisting 5 of ranitidine, cinetidine, fanntidine ni zati di ne, and
roxatidine. e com os?i?t oﬂ‘%ﬁcgﬂ% %Bonxﬂer%li%' V3% o é@t{éh]sc@' d
antlsecretory agen ros |"andi'n ana

conp05|t|@@mpﬂeﬁﬁ§|mpg@rbﬁﬁeeég ts drgase Apﬁ@bﬂ@gt&nénd gaghégUrsase B
M sopr ost khp0h 188" @3 yrease A ‘subunits and six Urease B subunits,

and four Urease A subunits and four Urease B subunits.

41. The composition of claim 38, wherein said mucosal
surface is intranasal, oral, or rectal.

42. The composition of claim 38, wherein said composition
is administered without gastric neutralization.

43, The composition of claim 38, wherein said composition
further comprises a mucosal adjuvant.

44 . The composition of claim 43, wherein said mucosal
adjuvant is the heat-labile enterotoxin of enterotoxigenic
Escherichia coli, a cholera toxin, a Clostridium difficile
toxin, a subunit or derivative of one of said toxins lacking
toxicity but still having adjuvant activity, or a mixture
thereof.

45. The composition of claim 44, wherein said mucosal
adjuvant comprises the carbohydrate binding domain of
Clostridium difficile Toxin A.

46. The composition of claim 38, wherein said multimeric
complexes of recombinant, enzymatically inactive Helicobacter
urease have been freeze-dried.

47. The composition of claim 38, wherein said Helicobacter
urease is Helicobacter pylori urease.

48. The composition of claim 38, wherein said Helicobacter
to which said mucosal immune response is raised is
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Helicobacter pylori.

49, The composition of claim 38, wherein said patient is
at risk of developing, but does not have, a Helicobacter

infection.

50. The composition of claim 38, wherein said patient is
infected by Helicobacter.



