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UJtEASE .. BASED VACCJNE AGAINST BELICQBA<:!ER 

Jl'lli'ECTIQN 

s The pce$tnt lnvtnuon relates to the prevention md tn:atment of 

gastric infection in mammals, in(;ludiag huntaiu. More particularly. the 

present invention relates to a vaccine suit.able fer use in the prevemion and 

treatment of' He/lcobact~r infection in mamma.l.11, including humans, and to a 

method of treatment of humans suffering from ga.s'Erie infection. its 

10 c:onsequcm .. -cs such as chronic gastritis or peptic ulccr1 and prevention of 

gastric cancer. 

l5 Hclicobacter infection of human gastric epithelium cause gastritis, 

are a major factor in ~ devolopmem of peprie ulcers and ga.mic 

lymphoma, and may b! a risk f'aeior for the development of gaSuic cancer 

n:.:n The rnost frequent infection agent is He/i1;ohar:lcr pylori> followed at 

a much lower frequency by Helicobacter heilmanii. H. py/t)l'i is a slender S-

io shaped grun negative inlCJ'O(lrg.ani$m. which is routinely recovered from 

· gamic biopsies of adults ao.d childte11 with bistologie evidence of psui.tis 

or peptie ulccra.tion. £vidence for ·a causal relationship between·H. pylori 

and gasttoduodcnD.1 disease .eomes from stli~ies in human volunteers, 

patie:nts with ulc;er.; a.ad gastric ~er, gnotbbiotic piss. 11.lld germ-free 

2S rodents. Regarding i:tiolo~y, :Koch's postul.ateS wt~ satisfied by acating 

h.istologically confirmed gastriti$ in previoLISly uninfected individuals 

following consUm.ption of viable microorgll.llisms [ 4-111, and by treatment 

to eradicate H. [IJ'lori, · with resolution. of the gasuiti$ and. in patients with 

peptic ulcer diseallt:, is doccease in the recurrence rate [12}. 

30 !n spite of in vitro susceptibility to 1nany anti.mic;robial agc:nts, in 

.. ·itro er:adic:ation of established H. pyl<>ri Infections with antimicrobial 

agenrs is often diffic;ult to aehiev~ [13J. The microorgl\nism is found within 
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the mucous coat ovorlyia.g the gastric epithelium and in gastric pits. These 

are loeations wlllch do not appear to allow for adequate antimicrobial IC'lels 

to be achieved even when antibiotics are given orally at high doses. At the 

present time, most authorities recommend a "triple therapy", namely a 

s bismuth salt in combination with dntgs such as tetracycline and 

mettonidazole for 2-4 weeks. However, the effectiveness of this or olher 

chemotherapeutic .regimens remains suboptimal. Funlmmorc, tbi:I trea.tnleilt 

may product serious adverse ili\tg reactions. 

AJ, thi: p'e.sent time. tittle is known regarding the role of the mu®sai 

10 immwe system in the stomach. The distribution of immonoglobulin (I!) 

producing cells in the nonn.a.1 gastric anhllm indicate& that IgA pl.a.sma cells 

make up 80% of the total plasma. cell population. In addition, the number of 

plasma Ia."\ <:ells prc3c:nt in the gastric antrum ia c:omparcble to other 

mucous membratlcs {14, lS]. A a.umb« of i;tudies in hwnans [16] aGd in 

is aaimal models (S, 10] have demonstrated specific IgG and IgA responses in 

SttUm and in gasttic sec;n,Uons in response to Helicobacter infection. 

Hawt:Vec, the observation that H. pylori infection persists u a chronic 

iafection for yeaB, despite inducing 11. looal and systematic immune 

~pon.sc, is not encou!'llging the development of' imm\ini7Ation i;tra.regies. 

zo Lee et al reported me ability to infect seon-ftee rodenu with 

Helicobaclsr ftli.s, a bacterium closely ri;l~ ro H. pylori, md reprodu(;iblc 

documc:nt h.istologic; gMtritia [9. 10]. Sinee then, this bscterium-haat pairing 

has been ac:c:epted as a good mod.el to study Helicobadu-mediated gastritis 

and its wtiating faerors { l 7J. Czinn et al have shown that repetitive oral 

2s immunization with a aude !ysate of H. pylori plus cholera toxin adjuvant 

induces a vigorous gastrointestinal I.BA and.JI.. pylori response in miee and 

ferrets [l 3]. In addition. Chen et al and Czinn et al have recently repocted 

that oral immunization with a crude lysalc: of H. falt.s induced prateetion 

against H. fells infection in mkel?.1, 22]. The exact nature of the 

JO a.ntige11(s) r1.-sponsible for the induction of this protection, however, had not 

been determined, and no information sUggtSted that rhc {)roi:ective. 

antigen(s) of H. f P.li.t thar induced procection asafost this pathogen "''Ould 

, •. ti. 
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induee a eross-relletive proteedofl ext.endi!i.g to another Heli~obacrtr 

species. 

We have demonstratod for the first timl'l that H. wlori and H. folis 

SOaiQaU:S and showing Iha< some O( chciie anlibudia, directed agairm H. 
5 pylori, would croaarcact with H. fa/is II.Del vice versa [24, 25]. The bui5 f'or 

these cross-reactivities were u.nknown. 

Based on the homology existing between the different known IJfeASe 

uniiuo aeid sequw~. it bas bci:.n prop()Bed ihac urease eoµld be used.as a 

vaccine against H. pylcri (26]. Ncvcnhclcss., crasa-~vity i5 not the rule.. 

IO Gt.IO and Liu have shewn yem aso that ureases of Protlltl$ mirabi/J$, 

Proteus vu/garis and Providencia nttgeri show cro$s~rea.ctivity to ea<:h 

other. while ureases of jack bean and Morganella morgan1t art 

imm1.1nologica1ly distinct from the three fo~er ureases [23J. Sven if an 

antigenic Cl'OS8'-l'eactivity of H. pyltiri urea5e with other Helicobr!ICt~r 

1s . ureases. was a msonable postulate, no data existed demoo&trating that this 

was really Ule case until we showed \lW llOmc H. felis monoclonal 

antibodit:a crossreactcd with H. pylori urease [25]. 1. Pappo has timher 

demonatrated that .mice which have been infected by H folis produce 

antibodies which ct'038tcact with H. pylori urease but not jaclc bean ureac 

20 (J. Pappa, unpubli$hed data., J 993 ), 

The use of II. pylori urease. or of n:lat!d urwcst as a· \'accino 

against H. pylori infec:tion has previously been propQsed by A. Labiguc in 

EPO 367,644 [28]. However, that application oontaiIL$ ·no evidence of 

vaccination of any mammal against any Helicobtrcter infedion with urease. 

zs Moreover, white sequ1n1ce homology wilh other ba.ctmal urea.ses 

might support the use of urease as a vaccine candidate ag11inst H. py/Qri 

infe<:tion. the current knowledge of human H. pylori inf'cetio.11 would 

certainly not. f int, despite the !a~ that in!ec:ted indiVic:hWs often mount a 

slrong antibody r=spunsi; lu \lrr:a:io, the anti-urea.st immune response docs 

jO nut result in cleatanec or co11trol or •he infection. Secondly, H. pylori is 

able to transport urease out or the cell and to ;!ted ii Crom its surf'11ee (19, 

20]. Thus, ure~ may not represent an appropriate target for the 

1ii1iiiii 
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development of a protective ruucosal illl.lnune n~sponse. Indeed, mucolial 

immune proteetion is thought to be mainly mediated by seorerory IgA, t11e 

agglutinating activity of which would be impaired wben the recognized 

antigen can be shed by the target pathog¢n and thereby serve as a deeoy for 

s the prorecrive antibody. Thirdly, urcase appl:aIS to be toxic for epithelial 

cells in culture, and has been suspecwd io play a role in muco~ 

degr.idatiou and Ui peptic ulceration in vivo. Thus. its use as antigen r.m.1 be 

tOKiC. 

Nevertheless, we reasoned that this:1llltigen could be a potentially 

m efficito.t vaccinit if: 
,•. 

• fust, we would deliv~r it orally at a $Ufficicntly high dose to elicit 

a stronger immune tesponse than the naruraJly occurring one 

• second, the amount cf antibodies produced would be high enough 

to bind all tb.e urease, shed or not shed 

ts • third, we would use subunits of ur~e or a molecular spe~ic:s that 

was non-toxk. 

In summary, there remains a need for effective treatment and 

prevention of H. pylori-induced gastric iDfeetion in humans. Recent data 

suggested the poHibility to generate a ~cln~ against t.~is inf'=on, but 

20 have not pt'ovided a clear identification of defined antigen(s), common to 

all strains of H. pylori, that could be incorporated inm a safe and effective 

vai::cille. 

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

as a e:uulidate vaccine and demonstrated its efficiency in an animal m.Odel. 

15 These results were unexpected in the light of the natural history 
· Hell"cof)acter i11ffl(tions. 

SUMMARY OF THE INVENTION 

We have diS«1vered that immunity ~n be induced in mAmmals 

30 susceptible to gaslrointestinal Helicobacter infection by. exploiting ur!lle 

epitopes disph1.yc<l un or abouL tile: ·sutfacx ut Hdii.'Q/;acter organisms &\d 

. using them as a vaccine target. The immunity can be induced by 
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immwlizatioo with nature urea.se, bul ean also be induced with recombinant 

ureasc subunit. produced as an '-'DZYlnl,tically inactive, therefore non-toxic 

fon:i. The invention providC3 a. method of inducing immunity to 

Helicobocter infection by administering to a mucosa.I surfa1:e of a. mammal 

s a polyaminoacid preparation, i.e. a mixture ·~r peptides and/or proteins, . 

togcUler with 111 appropriate adjuvltll.t. This polyaminoai:;id pri::paration 

presents a plurality of cpitopcs charact~. of and exhibited by a urease 

eneyme endogenous to be infecting Hfli~rer organism. The 

adminlstrarton of the polyaminoacid preparation may be perfonned by the 

10 oral routt. 

The adivt: ingredient of the preparation may comprise natural or 

biosynthetic epitopes and may take various forms. A non ex:haustive list of 

possible prepanitions include.~ purified, naturally occurring or recombinanUy 

pmduc:cd urease preparations of bacterial or other origin, digestS of lltetise, 

is fUsion proteins comprising urease epitopes. truncated forms of urcasc 

enzyme. or peptides homologous with the aminoacid sequence of ureue. 

Since development of immunity. depends on induction of b.wnoral andfor 

cellular immune responses which b~d to the infecting Helico/Jucte.r 

organism, preferred preparations are those which most .closely duplicate the 

20 r::pitopC3 of the urease endogenous to the infecting organism. For example, 

preparmians displaying the epitopes of urea.c;e of H. pylori arc preferred for 

Administration in humans suscepiible to JI. pylori. However. in accordance 

with an important aspect of the invention, it has been discovered that urease 

from other apc:c:ics m~y.be wed. For example, we have shawo that H.falis 

25 infection in mice can be prevented by adminiscration. of urease from H. 

pylori. 

According to one aspect of the inv¢ntion, there: is. provided a· method 

of eliciting in a. mammalian ho~t a prote~ve immune response to 

Httllcohat:ter infection whereln an immunologically effective amount of a 

Jo urea.~e antigen capable of eliciting su'h 4 proteetive immune rcspomc, 

preferably H. py/Ol'i urease or H. pylori urease D &Ubunit, is adminincrcd to 

a mucosal swtl\Ce of the host. 

·:' 
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Accordiog to another aspect of the ;present invention, there is 

provided e vaccine <:omposition suitable for prevention of Helicohactar 

infection, comprising :m effective amount of a urease antigen, preferably H. 

pylori urease ot H. p;ylari urease B 5ubunit. capable of di.citing in a host a 

s protective immune response to Helil.:UUIJl.!litr infection, in 11.SSUciation with a 

pharmaceutically acceptable carrier or diluent. 

According to a furthm- aspect of the present mven~on, there is 

provided a method of impatting to a mammalian host p.usive protection Lo 

He/icuhucter infection, comprising administering to a muc:osal surface of 

10. the host an immunologically effective amount of a. urcasc specific. antibody 

produced in a host immun~ed with a urease, preferably H. pylori urease or 

H. pylori urease B subunit. capable of elioiting a protective immune 

response to He/icohac1er infection. 

IS 

20 

BRIEF DESCRrPTmN OF THE URA WlNGS 

The invention will now be further described with reference 

to the a~mpmying drawings. in which Fipes l tbroush 6 ·are graphical 

~rcsentati0ns o! the te$Ults set forth in Tables l through 6. 

DE"l'AILEIJ DESC:fil.PTIDN OF THE INVF.NTION 

The prese:nt inventors have discovered that oral administration to 

mioe of polya.minoacid preparations exhibiting the epitopes of H. pylori 

urease give1 me to a profective immwiological response against H. ft/is in 

2.s mice, an animal model of generally-accepted value for the srudy of me 
immune respoose to Ilelicohactar infec;tion (9]. The effect of the pro~tive 

immune, response is· that immunized animals, when challenged with 

pathogen, have a greatly red\lced ineidence of infeetion, m comparison to 

non-i.llllnunized a.nlanals. Furtl\ermot"e, the iiWMtOC"S have diseoveted lhat 

30 oral immunization in mice using ll pylori urease B subunit, produc;ed as au 

enzymatic:dly-inactive recombinant protein, gives rise to a protective 

itnmunnlngical re.ttJ'lonse in mice against H. fa/is. The effect ot' the 
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protective immune respomc is that im.munfaed arumats. when challenged 

with pathogen. ha.ve also a greatly reduced incidence of infection, in 

comparison to non-immunized aninu1ls which do become inf'ected. 

Thus, in a tirst aspect, the present invention provides a method of 

5 eliciting in a mamn'lalian host a protective immune response: to H11lico/J(J(;ter 

infection. The m11:thod comprises the step of adminiswriag to a mueosal 

surface of Ebe mammal. including humans, a.n immunolosically effective 

am.OUllt of a urease antigen, preferably H pylori urease, capable of eliciting 

SYcb a protective immune response. 

10 In a s\:<lond aspect, the present invelltion provides a. method of 

eliciting in a mammalian host a protective immune response to Halicobactar 

inf~tion. The method comprises the step of administering to a mueosaJ 

surface: of the animal, ini;luding huntaJlS, an immunologically effective 

amount of recombimmt. cnzyaiadca.tly inactiVe urease B subur1it au antigen, 

is· preferably recombiniun H. pylDl'i u.rease B subwit,·capable of eliciting 

such a protective immune response. 

The invention also includes within. its scope the treatment or. 

prophylaxis of mammals, includina humans, for HellwbUC11u infection, 

wherein an immunologically cffi:etivc amount of a. ureaac, or its subunit!, 

20 capable of eliciting a protective immune respon.se to Helicohacter infecti~n, 

is administered to a mucosa.I surface of a patient Preferab(y, the urease ·is 

H. pylo1'1 urea.se or H. pylori urease B subunit, and the urease may be 

adminmered either alone or linked to a hydroxylated calcium phosphate, for 

example bydrmcyapatitis M a earner particle. Morrsovc:r, it jg preferred to 

25 admi.J'lisrcr the H. pylori urease in assoc;:iation with a mucosa! adjuvant. the 

B St1bunit of cholera toxin. muramyl dipeptide or other such adjuvants. 

Whik not being bound by any theory~ the present inventors believe 

that administration of the urcuc llntigcn. or B subunit thereof, to a mucosa! 

surface stimulates rhe common mucosa! im~une .system and perhaps local 

Jo · sites in the gutric mucosa! including an immune response, including tlte 

app_earanGe of II. p)llor_i specific lgA antibodies in the gasuic: secretions, 

which prevent Helic:obt:lc:tttr infection. Sinc:e it is a ro1.1tinc matter tO conduct 

iitiiliUf 
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pre-clinical trials of a candidate vaccines for human use in animal models, 

it is tielieved that rhe methodoJogy of the preient invention is effective in 

humans. especially in the prevention and treatment of peptic ulcers, 

gastritis, gastric; malignmei" and other c;onditions arising as a n:sult of the 

5 presence of H. py/Mi an.d/or H. hsibnaniJ". · 

A - Bacterial cultures and urease purification 

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

with a duodenal ulcer, and has been subculmred on BHI agarose plate! co 

homogeneity. H. pylori is cultured in a. suitable medium, typically, BHI 

10 (Brain-Heart Infusion) medium, eontaining O.lS% yeast extract and lQl'Ai 

fela.I c;alf scrum and supplc:men~ with 0.4% Campylobacz1r selective 

complement (Skirrow supplc:ment:; Oxoid 69). The bacteria. a.re inQi~ated 

overnight Ul\der microaerophilic; c;onditions at 37°C in bottles that are then 

sealed and shaken at 37"C for 2 to 3 days to produee a liquid culture. A 

15 culture may als:o be prepared in agarose plates consisting o! BHI with 

0.25% of yeast extract and 5% of sheep blood under microat:rophilic 

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

optical density of the B"RI solution at 660 nm, with one optical density writ 

corresponding to I 01 b:u:teria Cultures. on apros'= plates ate first 

20 resuspended in 1S4mm NaCl. 

One currently preferred source of polyaminoacid displaying ureu& 

epitopes is purified urease, e.g., H. pylori urease obtained by following the 

s~eral method of Dunn et al._ J. Biol. Chem. 265, 9464-9469, modified as 

described below. Following culturing, the H..'P)llori is harvested in water, 

1:s spun vortex:ed and spun again to produce .a supernatant. The solution 

conmining the urease activity of H. pylori (a.ucsscd by rapid ureaae test, 

see below) i$ then cbromaiographed 011 a C~-6B si%illg column and the 

fractions which prese11.t a str0ng urwsc 11.cLivily arc pooled and dialf2ed 

overnight and again cbromat.ographed on an anion exchan~T gel. The 

:io fractions are eluted in increasing NaCl buff"er and the collected fractiong 

with a .mnng urease activity ace individually submitted to a. SDS gel 

followed by Coon1assie sta.inis1g.. Two dislinct bands corresponding to a. 

~ . . I 
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molecular weight of about 63 and about 29 kDa are identified as urease. 

The fractions containing urea..<1e are pooled to give purified H. p)'ltJr/ urwe 

having a purity in lhe fegion of 95% to 99%. 

B • Oral icnmunlzation with urease purified from H. pylori 

While: it is preferred to employ purified H. pylori urease obtained as 

described as the antigenic material, it will understood that it is also possible 

to use. as ihe antigenic m.atetlaJ. any urwe or subunit of ureasr::, eitller 

natUrally oceurriog ol' obtained by r~mbinant DNA techniques, as well as 

digcated fragment thereof, fusion proieins comprising the fragments or the 

10 whole urease, tru11cated urease consmiCTS, or other peptide or protein . 
prepararions exhibiting urease ~pitaptS which are capable: ot elicic.ins a 

proteetive immune response to Helicobacter infection (sec below). Thus, it 

is possible to employ a urcue having a substantial homology with resplt:t 

to H. pylor-i urease and which is effective in raising a cross-protective 

u immune response to H11lico/J<a;ter. An example of such a urease is jack 

bean urea.se. which possesses about 70% homology with H. pylori urcuc. 

The invention is therefore not limited to the use of intact Ut'eA.Se, and covers 

the use of any polyaminoac:id preparaticin whicfl displays u~e epimpes 

md is effective t.o generate a protective inunu11ologial response in a host to 

20 H11lifiobactl!r infection. Typically, a urea.sr: lit&'lling o. hqmology of 70-95% 

homology, for -example, 80·90"Ai homology, with re5pec:t to H. pylori urease, 

may be employed as the ure&se antigen in· the inventio11. 

A nOA-limitUlg lisi of soureB of potentially uscful urcase 

preparations includes endogenous urwe enzymes of lhe differellt 

%5 Hetico/Jacter spt.-cics, urease from other bacteria such as Kltbsiclla 

pneumoniatt or Proteus mirabilis, and, by analogy, any other urea.se with 

the condition that these urea.ses share cross-reacrlve epitops with H. pylori 

urease. The urease genes of all the organisms mentioned above represent a 

potential mol,for e-icpressing rccombiriant urease prodi.xets u a whole protein 

JO OJ" as a part thereof. 

A non-limiting list of potentially \1seful urease preparations includi;s 

peptide.11 generated from purifii:d uf~e (rht sources are mentioned ubove), 

iiiiU1iiUf 
-

·.<! 
.·.:p ··--· .. - ••• 
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using physiQl and/or chemi~ cleavage procedures (i.e. CnBr) and/or 

proteolytic cleavage (using proteases e.s. vs.prote.a..o;e, uypsin or othm); or 

peptid~ i;ynthesized chemically artd sharing conseeutive epitopes with 

urwe. 
s Othi;r sources or potentially useful. epitopes include epitopes 

identified by their <:IOssreactivity with urease, as the result of screening 

with anti-urease antibodies. Tbe$e peptides can be naturally OCQJ1'liDg 

pt¢des or peptide$ resulting from chemic;a} synthesis. Fwthc:nnorc such 

peptides cm result from tile expression of recombinant random 

10 oligonucleotide. 

Another source of polcntially useful itpit0pes inc:ludcs epliopes 

similar to urease as a result of the generatioD of anti·idiotypic antibodies to 

1,1rease. Such anti·idiotypic antibodies. generated in any immunocoml)etent 

host. are obtained by immunization.of chis host with ani-urcase antibodies, 

IS with the goal of generating antz"bodies dll'~led against .a.nti-ureue 
mtibodies, which share structural. homologies .with urease. 

The discussion herein focusc:a on tbe use of urease naturally 

produced by H. pylf»'i (section B) •. Howeve.r, it will bio appreciated that the 

urea.st or subunits or c:onstructs thereof mentioned above, capable of 

20 r;ficitina thll des.ired protective immune (esponse, may be produt:&ld by 

recombinant DNA teehlliqucs well known in the att. The efficacy of 

panieular preparations may be determined by routine adminmration usins 

a.nlmal models. oral administration of Lhc candidaU: vaccint, and challenge 

with pathogen. usbig a protocol subswatio.1ly similar or identical to the 

is procedure des~bed below. 

Table 1 and 2 below md Figures 1-S describe the rcsultS obtained 

when Oliee were orally immunized with Purified H. pylori urcase. In this 

first ~perim.ent. administration of the H. pylori antigen was Ql'ried out by 

orally admlni.stering to the .mice H. pylori urease purified as described in 

lO scc:tion A. 11.nd coupled m hydroxyapa.tite crystals, used as a carrier to 

enhance M cell binding and uptake. Ch~iera luxin (Sij;ma) was givtn u a. 

mucosa! adjuvant. In this experiment. groups of female SPF BALB/c six-
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v.-eek old aiice were each orally immunized wirh 30 ug of purified H. pylori 

w·l:l!l!i.:: cwph:d tu 1 mg of hydroxyapatite plus 10 ug of cholera toxin 

a.djuvant llt day 0, 7, 14 and 21. The mi<:e were then chaJlengr:d twice with 

101 H. felis, at day 28 and 30. For comparison purposes., similar female: SPF 

s BALB/c six:-w11:~ old mic;e were orally immuni7:ed with whole H. pylnt·i 

lysar.e {soujcaie) 1U1d 10 1.1g c:holera. toxin ac day 0, 7, 14 and·21. The mice 

were ehl111eiigcd at day 28 and 30 with H. foliJ. The //. pylori sonicate was 

prepared by collecting H. pylori from ~n cultures, pelleting by 

centrifugation md resuspcnding the pellet in 0.9% sodium chloride followed 

10 by souii.=ation. 

A3 a. control, female SPF BA.L:B/c; six-week old mice w11:re orally 

sham-immunU:ed with 10 us of cholera toltin and 1 mg of hydroxyapatite at 

day O, 7, 14 and 21. All mice were hou.o;ed·, immunized, and challenged in 

paradlcl. AU mice subject to the study were sacrlficed on day 35. 

ts C· Oral immunization with rccombin;uit urease subwtits or H. pylori 

Genes encoding the structural A and B subunits of H. pylori urease 

were obmined by polymerase chain reaetion (PCR) i::lonins according. to 

swidard procedures. based on previously published sequence.! (29]/ These 

gcne1 wc:re inRrted in a vemr (named pEV40) designed for high 

· lO expression and easy purification of foreign genes ill £. coli. Briefly, the 

forcien gene is inserted downmeam. of a tb.ermo-repressible promoter, and 

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

gene is present on this vector for sel=tiQn of transfamiams. Under the 

appropriate temperature conditions, the recombinant protein obtained is 

'25 supplemented by six histidines at the N-terminal, which allow for :i one. 

step affinity pu(ification on a nickel column. Both H. pylori rec)mbina11t 

urease A and B subunits were eii;prcssed separat~ly in E. coli, and purified 

on nickel column to .95% purity. 

While it is preferred to employ recombinant H. pylori urease 

JO obtained as described above as the anti~cni1: material. it will be understood 

that it is also possible to use, as the antigenic mair .. -rial, llllY urcee or 

subunit of urease obtained by recombinnnt tcchniq1.1a (e.g. fwion protein) 
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expressing antigenic sites of urease, which is capable of eliciting a. 

protective immune response to Helicobacter infection. ThU8, it is possible 

to employ in a. construct a urcase gene having a substantial homolugy with 

respect to /{. pylori urease and y.rhich is effective ln raising a cross-

~ protective immune response to Helicahacter. Examples of such a urease is 

jack bean urea~e. which possesses about 700/o homology with H. pylori 

urease, or H. felLf urease, which possesses about 88% homology with fl 

pylori urease. The ·invention is therefore not limited to the use of H. pylori 

urease genes and their ~ene products, and covers the use of any 

10 reco1nbimml urease, or the subunits thereof, which is effective to generate a 

protective immunological response in a. host to Helicohocter infection. 

Typically, a recombinant urease :having a homology of 70-95% homology, 

for example, 80-90% homology with respect to fl pylori urease, ma.y be 

employed as the recombinant urcase antigen in the invention. 

15 The discussion herein focuses on the use of recombinant H. pylori 

urease A and B subunits produced by Ji:. coli (section C). However, it will 

be appreciated that recombinant urease or subunir.s or constructs thereof 

mentioned above, capable of eliciting the desired protective ilnmune 

response, may be produced using otber rei;ombinant DNA teclmiques and 

20 other eukaryotic or proka.ryotic expression vectors well known in the art. 

Table 3, 4 and S below and Figure 6 describe the results obtained 

when mice were orally immunized with recombinant H. pylori urease 

subunits produced in E, coli. In this experiment, administration of the H. 

pylori antigen was c;;arried out by orally administering to t:he mice · 

25. recombinant H. pylori urease A or B subunits produced in E. coli and 

purified as de..~crihed above, and co:upled to hydroxyapatite crystals, .used as 

.a carrier to enhance M cell binding and uptake. Cholera toxin (Sigma) was 

given as a mucosa{ adjuvant. ln this experiment, groups of female SPF 

BALB/c she-week old mice were ~ch orally immunized with 30 ug of 

30 recombinant H. pylori urease A md B subunit, coupled tO l mg of 

hydroxyapatite plus 10 ug of cholera toxin adjuvant at day 0, 8, 14 and 21. 

The mice were then challenged twice with 101 B. felis, at day 32, 34 and 
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36. For comparison purposes. similar female SPF BALB/c six.week old 

mice were orally immunized with 30 ug of recombinant H. pylori urease :S 

subunit coupled to hydroxyapatite plus 10 ug cholera. toxin at day o, 8, 14 

and 21. The mice were challenged three times, at day 32, 34 and lo, with 

s H. feli.s. As a control, female SPF BALB/c six-week old mice were each 

orally sham-immunized with 10 us .of cholera toxin and 1 mg of 

hydroxyapatitc at day o, 8, 14 and 21. The mice were then challenged at 

day 32, 34 and 36 with H. felis. All mice subject to the study were 

immunized and challenged in parallel. Animals were sacrificed on da.y 48 

10 (12 days after challenge) or 10 weeks after challenge. 

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

Biopsies were taken from the.stomach and blood was obtained trom 

the· heart. The intestine were removed and washed with lmM · PMSF 

(Boeringer) in PBS buffer to obtain intestinal secretions for ELISA analysis. 

15 To evaluate protection against H. folis co1onizntion, gastrfo biopsies · 

from each animal were screened for the presence of H. fells by assessiog 

rapid urease activity by the Jatrox· HP test (Rohm Pharma), according to the ... 
supplier's directions. Briefly. gastric biopsies are immersed in O.S ml 

supplier's mixture of urea and phenol red, a pH indicator. Urease activity 

20 generates anlm.ania and bicarbonate from urea, and is followed by the 

colometric change of the. solution towards a higher absorbance at 550 nm. 

Urease activity ~ quantified by spemrophotometric analysis. 

Gastric biopsies of each animal included in the experiment described 

in section B were also cultured on BH!agarose plates-1 supplemented as 

25 above. for the detection of H. fells. After incubation for 3 to I 0 days in 

microaerophilic conditions, the presence of H. felis was confinuw by 

Gram staining and determination of urease a<;;tivicy. As a very significant 

correlation was obtained for ·the deteGtion of H. felis cultures during the 

first set of experiments (see Table 3), only gastric biopsies urease tests were 

· JO performed for the detection of fl felis in the experiment described in the 

experiment described in section C. Detection of H. felis was confirmed by 
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microscopy by two independent investigators. using two different stains 

(acridine orange and cresyl vklfet). · 

Blood samples were allowed to clot for 3 hours at RT~ and sera 

harvested and frozen at -2011C until analyzed. Intestinal secretions were 

s spun for 5 min. at 4°C to remove debris. Ellld kept frozen at -201:1c. Serum 
~ . 

and intestinal samples of ea.ell ariimal were analyzed by ELISA for 

evaluation of mti-Helicohacter activity. according to standard procedures. 
i 

Briefly, 96-well plates were coated with a sonii::ate of H. pylori, followed 

by saturation with 5% fat-free milk. Samples were serially diluted from 1:1 

IO to 1: 1000 and incubated overnight at 4°C on ELISA plates. Biotinylated 

anti-mowie IgG (serum) and.anti-mouse IgA. followed by strept.a.vidin­

Horseradish p!!roxydase was used for the determination of the antibody 

levels. 

The results of H.fr:lis' challenges following immunizations with 

13 purified H. pylori urease are set out in Tables 1·3 and Figures 1-4 and the 

results of H. J~lis challenges following iinmunizations with recombinant H. 

pylori urease A and :S .subunits are set out in Tables 4-6 and Figures S and 

6. 

, . .. 
... ;.: 
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mouse 
number lmmJnization 

1 Urease+HF 
2 Urease+HF 
3 Urease+HF 
4 Vrea5e.a.HF 
s Urease+HF 
6 Urease+HF 
7 urease+HF 
s Urease+HF 
9 Urease+HF 

10 Urease+HF 
11 Urease 
12 Urease 

~·-
, .. 
. •·. 

IS 

TABLE 1 

urease culture 
test Gmrn 
12n 

+ HfeOs 
0 0 
0 0 
+ HflJllS 
0 a 
+ 0 
0 D 

0 D 
0 0 
Q 0 
0 0 

0 0 

F&R BOS 

\ .._. 

lmmunoglobullns 
Serum I lnte:stinal secretion 

lg IQG IQ IQA 
27 0 25 258. 

264 273 221 246 
84 44 318 354 
81 42 12 s 
98 137 126 234 

988 2093 31 22 
98 0 96 34 

247 1010 214 128 
N.D. N.D. 48 23 
50 0 124 99 

319 205 44 53 
14 0 88 87 
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13 Urease 0 

14 Urease 0 

15· Urease 0 

16 urease 0 

17 Urease 0 

18 Uraase 0 
19 Urease 0 

20 Urease 0 

21 CT+HF ·o 
22 CT+HF + 
23 CT+HF + 
24 CT-1-HF + 
25 CT.,.HF + 
26 CT+HF + 

27 CT_.HF + 

28 CT+HF + 
29 CT+HF + 
30 CT+HF + 
:31 HP sanicate+HF + 
32 HP sonicate ... HF + 

33 HP sonicate+HF + 

34 HP sonlcate+HF 0 

35 HP sonicate+HF + 

36 HP sonicate+HF + 
37 HP sonicate+HF 0 

38 HP sanicate+HF + 
39 HP sonicate1'HF 0 

40 HP S!)nicale 0 

41 HP sonic.ate 0 
42 HPs~rucate 0 

43 HPsi;micate 0 

44 HP sonicare 0 

45 HP sonicate 0 

46 HP sonic:ate 0 

47 HP .sonleate 0 
48 HP sonioate 0 

2 2. FEB ' 9 6 {THU) 21 : 1 4 
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Cl 0 0 0 

0 0 0 43 

0 58 D 110 

.0 140 63 21 

0 84 240 114 

0 N.O. N.D. 93 

0 45 0 135 

0 261 197 1$1 

0 0 0 0 

Hfel1s 83 0 S10 

Hfe/IS 90 0 N.D. 
Hfelis 31 0 1SO 
HfeliS 197 250 250 

. Hie/is 105 13S 214 

Hfelis uo 47 109 

0 0 0 16 

l'Jfelis 0 0 0 

HfellS N.D. N.D. N.D. 

His/is 0 0 76 

Hfelis 77 0 11 
Hie/is 549 74S 57 

0 660 153 180 

Hfeli8 .730 192 0 

Hfells 32 0 5 

0 400 400 312 

His/is 1007 1360 149 

0 220 186 133 

0 873 1016 352 
0 727 S99 126 

0 109 88 44 
0 147 949 167 

0 845 1094 246 
0 1217 1198 210 
0 81 0 256 

0 .329 210 241 

0 1049 737 197 
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37 
280 
148 

216 

261 
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N.D. 
192 
440 
138 
55 
15 
0 

N.O. 
103 

33 
3S 

286 
5 
64 

1149 

26 
122 
514 

191 
83 
97 
64 
157 
218 
276 
211 

iai 007 

THIS SHEET HAS BEEN 
REPLACED 



·02122796 08:15 F&R BOS Ill 008 
·.1 

.\.._... 

17 

In Table 1, which refers to the experiment described iJl section B, 

"h" means b.ours, "Ig" means immunoglobul.in, "ND" means "not 

determined", "urease +HF" means rhat the mice were immunized with 

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

with H. felis, 11urease11 means that the mice were immunized with urease 

(c:ouplcd to hydroxyapatitc, with cholera toxin) and not challenged, 

THIS SHEET HAS BEEN 
REPLAC::ED 

· "CT +HF'' meilll.5 that the mice were sham-immunized with cholera toxin 

and challenged with H. felis, "HP sonicate + HF" means that the mice were 

10 immunized with H. pylori sonicate with cholera toxin and challenged by H. 

f6lis. and 11EP sonicate" means. that the mice were immunized with H. 

pylori sonicate with cholera toxin and not challenged. In Table 1, the 

.numbers for the 8.lltibody results are given as a measure of absorbance at 

595 nn1 multiplied by lOOO.·TI1e background measured in absence of the 

ts antibodies, was subuacted. 

The results of experiment described in section B obtained on the 

basis of the gastric biopsies urease tests and on Gram staining of H. feiis 

cultures are set out in Table 2. Infection was defined by mice with one or 

more markers of colonizatioJl by H. feli.s, including ureue test or Gram 

20 staining of culmres. 

TAB.LE Z 

Immunization Challenge· o/o infected % protected 

: 

Urease H.fe/is ., 3/10 (30%) 7110 (70%) * .. 

Sonica.te H.felis 6/9 (66%) 3/9 (33%) .. 

25 CT .. H.ftli.t 9/10 (90%) l/10 (10%) 

" p-=0.019lS I two ta.ilea Plsner e~act teSt) eomparea to \Jl control 
** p=0.303 (two tailed Fisher exact test) compared to CT control 

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

:io statistically significant protection against H jelis challenge is obtained with. 

oral immunization using H. pylori urease as compared to that obtained 
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uliing either H. pylori sonicate or cholera toxin. Referring to Table 2, it wiU 

be seen that tram a total of 1 O immunized animals. only 3 became infected, 

as compared to 6 of the animals immunized with H. p)'lori sonicate and 9 

of the animals immunized with cholera toxin. Table 2 shows that 70% of 

5 the animals were proteeted from challenge by H. felis as compared to 33% 

of the animals immunized with H. P>'iori sonicate and 10 of the animals 

immunized with cholera toxin and then subjected to H. felis challenge. Jn 

other words, 90% of the control mice exposed ro H. felis became infected 

by that pathogen wherCii.'I, in contrast, in mice immunized with H. pylori 

10 urease 28 days before exposure to H. fa/is, the infection rate was only 30%. 

This representi; a significant reduction· in infection (p=0.0198 in the Fisher 

exact test, as compared to the control mice). When the mice were orally 

immunized with H. pylori sonica.te. the infection rate was 67% (not 

significant versus the control). The protection obtained using H. pylori 

IS urease.is unexpected and could. not have been predicted on the basis of the 

results observed using H. pylori sonicate. 

Referring to Figures 1-4, Figure I represents graphically the- results 

of test~ for antibodies in serum (IgQ) and inrestinal secretion _(IgA) in mice 

not protected after immunization with urease. These are mice numbers l, 4 

20 and 6 appearing in Table 1, and con_stiwte Group A. Figure 2 shows the 

antibody response of mice that were protected after immunization with 

urease (Group B), i.e. mice 2, 3, S and 7-10. 

Figures 3 and 4 relate to the results ubtained wilh mice numbers J l· 

39. Figure 3 (Group C) depicts antibody responses of mice not protected 

.25 after immunization witJ.1 H. pylori sonicate (mice numbers 31, 32, 33, 35. 

36 and 38) and Figure 4 (Group D) depicts the antibody responses of mice 

p1·utected after immunization with H. pylori sonicate (mice numbers 34, 37 

and 39). It is of interest to note with respect to Figun:s 3 and 4 that the lgA 

antibody responses (hut not IgG) are higher in the m.ice exhibiting 

30 protection than in the mice that arc not protected, suggesting a correlation 

between protection and IgA response. Serum IgG responses did not exhibit 
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a correlation. Mucosa! IgA but noL st=rum IgG antibodies 8.!'_~..k.pown to play 

a role io protectio11 against bacterial infections of the gut···[fj". ) 
The results of the correlation between the detection 'irr1I. felis in 

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

s TABLE 3 

10 

Urease Test + Urease Test- Tow 

H.feiis 16 0 16 
c;ulture + 

H. feli.t culture - 2 30 32 

Total 18 30 48 
Two-tailed F1sner's Ex.act Test: p <U,IJ()O 1 

Table l shows that a. very significant· correlation exists bewecn the 

results of urease tests performed on gastric biopsies and th.e identification of 

1.S H. felis infection than urease tests", urease tests were preferred for the 

diagnosis of H. feli:1 infection in mice in the next· experime.o.rs, due ta il'i 

bt!Ller sensitivity. nus !ipproach allowed duplication of urease tests with 

larger fragments of the stomach of each mouse. and a further increase in the 

sensitivity of the urease test. Furthennore, the use of the method with the 

20 highest sensitivity prevent an overestimation the protection obtained by the 

vaccine preparation to be tested. When positive c:ulture ls used as the 

sta.adatd for inf ectio.n, the protection induced after urease imm1,rnization 

during the experiment depicted in section B is as significant a.q with the 

combined use of tirease test and culture (F0.021 versus p=0.019). 

25 The results of the experiments de.scribed in section C (recombinant 

urease subunits), obtained on :the basis of the gasLrh: biopsit:S urease tests. 

are set out in Table 4, 5 and 6 ·and depic:tcd in Figure 6. 
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CT 

ureA +HAP+ CT· 

uree +HAP+ OT 

ureA.,. HAP+ CT 

urea+ HAP+ CT 
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TABLE4 
micen• Uteast test Infection 

20 0.49 • 
21 0.31 + 
22 0.62 + 
23 0.67 + 
24 0.55 + 
50 o.so + 
51 0.37 + 
52 0.29 + 
53 0.79 ... 
S4' 0.32 + 
40 0.67 + 
·41 0.48 + 

!;: 42 0.42 + 
43 0.65 + 
44· 0.56 + 
45 0.52 + 
48 0.33 + 
47 D.&3 + 
48 0.:22 .... 4a 0;37 ... 
25 0.1~ . 
26 0~07 • 
27 0.03 -
2S 0.64 + 
29 Q.13 -
30 0.02 . 
31 0.66 + 
32 o.oo . 
88 0.00 -
69 0.07 -
10 0.42 ... 
71 o.oo -
72 0.00 . 
73 0.37 + 
74 o.oo -
75 0.37 + 
76 .Q.01) . 
77 o.oo -
78 0.00 . 
79 0.39 -+ 
80 o.oo -
81 0.37 .... 
82 0.00 . 
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In Table 4, "CT" means cholera. toxin; 11UreA11 means recombinant 

H. pylori urease A subuni~ "UreBN mean recombinant H. pylol'i urease B 

subunit; alld "HAP" means hydroxyapatite crystals. Mice 20 to :S4 were 

sacrificed 12 days post challenge and mice 68 to 82 10 wi:.eks (106 days) 

s post challenge. The results of th~ urwe mst performed from biopsies of the 

stomach of each animal are expressed as OD values at 550 nm. The 

positive and negative signs depi~ts the final status of infection of each 

animal, according to the positivity or negativity of the urease test for 

det~tion of H. felis. Positivity: 00550 values >0.2 

10 

X,ABLt 5: Protection as measµred 12 d!!lyes pOSJ: c;baUense 

Immunizatigu ) infe~d t protected 

Urease A sUbunit 
Urease B subunit 

C'l' 

u •. feli:; 
.H. fcH:: 
B -Fel;$ 

10/10 {ti) 
3/10 (30,) 

10/10. (100') 

0/10 (Oil) 
7/10 (70\) * 
0/10 (OU 

* p-0.0031 (two tailed.Fisher e~~~t test) compared to CT con~rol 

Challenge i inf,,.cted '1 prgt ec;tgd 

Urease A subunit H feli$ 
U%ease B subunit H felis 

1/5 (20\) 
4/10 (40t) 

4/S C80t) * 
6/10 ( 60t) ** 

s p~0.003 ccwo tailed Fisher exact te3t) compared to CT control 
** p•0.01 (two tai1ed Fisher exaet test) compared tc CT control 

25 

It will be seen from the results set out in Tables 4, S and 6 that 

statistically significant protection aga.iost H. felis challenge is obtained with 

oral immunization using recombinant H. pylori urease B subunit as 

compared to that obtained using either recombinant H. pylori urease A 

30 subunit or cholera toxin. Referring to Table 4. it will be seen that, 12 days 

po.st challenge, from a total of 10 immunized animals. only 3 were found 

infected in the urease B subunit group, as compared to all 10. animals 
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immunized with H. py!rJri A subunit of urease and 10 out of 10 of the 

animals immunized with cholera toxin. Table 4 shows that 70% of the 

animals were protected from challenge by H. fe/is as compared to 0% of 

the animw inununized with H. pylori urease A subunit and 0% of the 

s animals immunized with cholera toxin and then subjected to H. felis 

challenge. ln other words, I 00% of the control mice challenged with H. 

ft/is became infected whereas, in contrast, in mice immunized with 

recombinant H. pylori urease B subunit the infection rate was only 30%. 

This represents a significant reduction in infection (p=0.0031, Fisher eKact 

to test) as compared to the control mice. 

Thi: fact that the protection observed wich H. pylori urease is 

entirely conterred by immunization with the B subunit of ureasc, and that 

the A subunit has no .such effect, was not expected on the bas.is of our 

experiment with purified ureo.se .. This ,defutltion of the roles of the 2 

LS structural subunits of urease in· the development of 11. protective immune 

re$pon~e is therefore novel. The protection obtained using recombinant 

urea.111e B subunit, which is enzyrnatically inactive also teaches that non­

toxic forms of urwe ca.n be used as oral vaccine against Helicohatter 

infection. Furthermore tb.ese results strongly suggest that recognition of the 

20 active sile is not required for protection, as an inactive urease B subunit is 

very unlikely to induce anlibodies that will recognize and inhibit the 

catalytic site of native utease. 

Referring to Table 6, it will be seen tb.a.t, when mice are sacrificed 

I 0 weeks post infection. 60% (6 mice out of 10) of the animals immunized 

2.s with urease B subunit and 80% ( 4 mice ·out of S) of the animals immunized 

with H. pylori urease B subunit were protected against H. felis infection. 

The fact that protection obtained tl1rough immunization with urease B 

subunit lasts over time 11.nd that immunization with ur~e A induces a 

protection which is displaced compared to the ~ne induced by urease B 

JO subunit could not be expected fro~ our experiment with purified urease or 

with other experiment performed ~artier. The fact that urease B subunit 

immunization confers protection definitely proves that recognition of the 
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active site is not required for protection. Figure 6 summarizes results 

obtuined after ural immunization with. recombinant urease A and B subunits 

(described in Tables s and 6). 

The present invention also provides vaccine compositions suitable 

5 for the prevention of Helicobacter infection. The compositions comprise an 

effective amount of a urcase antigen. preferably H. pylori urease or 

recombinant H. pylori urease subunits, capable of eliciting in a host a 

protective immune response to Helicobacterl infection, in association with a 

pharma<:eutically acceptable carrier or diluent. 

10 The vaccines of the invention are administered in amounts readily 

detennined by persons of ordinary skill in thls art. Thus, for adults a 

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

example 50 ug i.u SO mg. Similar dosage ranges will be applicable for 

children. Carrier systems in humans may include. entericselease capsules 

15 protecting the antigen from the acidic environment at" the stomach. and 

including urease antigen in a insoluble form as fusion· proteins. The vaccine 

can be administered BS a primary prophylactic agent in adults or in children, 

as a secondary prevention, after successful eradication of H. p_ylori in an 

infected host. or as a therapeutic agent in the aiin to induce an immune 

20 response in the host susceptible to contribute to the era.dica.tion of H. pylori. 

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

which may be used as muramyl dipeptide or its derivatives, non-toxic 

derivatives of cholera toxin, including its B subunit. md/or conjugates or 

genetically =igineered fusions of the urease antigen plus cholera toxin nr its 

25 B subunit Other suitable delivery methods include biodegradable 

microcapsules or immune stimulating complexes (!SCOM'S) or Hposomes. 

genetically engineered attenuated live vectors such as viruses or ba.oteria, 

and recombinant (chimeric) virus-Hice particles, e.g. bluctonguc. The amount 

of mucosal adjuvant employed depends on the type of mucosa! adjuvant 

30 l.lsed. For example, when the rquc:osal adjuvant is cholera toxin, it is 

suitably used in an amount of 5 ug to .SO ug, for example I 0 ug to 3 S ug. 

When used in the fonn of microcapsules, the amount used will depend o·n 
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the amount employed in the matrix of the microcaps.ules to achieve the 

. desired do.sage. The determination of this amount is within the skill of a 

person of ordinary skill in this art. Suitable clll'riers for the vaccines of the 

invention are ent.t:tlc coated capsules a.ad polyactide-glycolidc microspheres. 

s Suitable diluents ate 0.ZN NaHC03 and/or saline. 

Particulate hydroxylated calcium pbosphate (HCP) is especially 

useful as a carrier for the H. pylori urease to be applied to mucosa! 

.surfaces. It is believed that the H. pylori urense-hydroxylated ca.Jcium 

phosphate conjugare is transported across epithelium where it mises a poly 

IO Ig immune response. Preferably. the hydroxylated calcium phosphate is in· 

the form cf microparticles suitable for the transport across the epithelium. 

particularly by cells specialized for this purpose (M' eells). A pteferred form 

of hydroxylated calcium phosphate is hydroxyapatite, a commercially 

available crystalline hydroxylated calcium phosphate Ca10(POJ6(0Hh. 

lS Commercially available hydroxyapatite generally consists of slab-

like crystals that are chemically and physically analugous to inorganic: 

hydroxyapatite in normal bone tissue. Tngestion of hydroxyapalite should 

therefore be safe, as evidenced by the existence· of nutritional 

calcium/phosphorous supplements derived from ground bone, which are 

20 designed to be ingesLt:d. Commer~ially-high resolution h.ydroxyapatite (from 

CalBioChecm) consists of crystals· varying widely in liiize. Crystals over l 

um in length are unlikely to be taken up by M cells. Therefore. for use in 

the invention, eommercial hydrox:yapatite crystals are 'broken huo small. 

relatively unlfonn crystalline fragments suoh as by sonication. Preferably, a 

25 substantial· proportion of the hydrox.yapa.tite is pre5ent as fragments of about 

O.Ol~O.Oi.1m. Fragm.enration may be measured either by electron microscopy 

or light scattering, using standatd techniques. 

Pref erred modes of a$1.inistration of' the H. pylori urease 11ntigen are 

orally, nasally, rectally or ocula.rly. Oral administration can pr<Wide delivery 

30 to other G.I. mucosa including the intestinal mucosa. 

The vaccines of the present invention rnay be administered to a 

mucosa! surface in the form of an aerosol, suspension, capsule and/or 
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suppository. The method of administration will be readily apparent to a 

person of ordinary skill in this art 

Tbe present iilvention ftuth~r inoludes the passive immunization of 

mammals, including huma11s, against He/icobacrer infection. This is 

s achieved t>y admi.njstering to a mucosa! surface of the patient an effective 

amount of a urease specific antibody. Preferably, an effective amowlt of a. 

H. pylori urease specific TgA monoclonal antibody. 

Since the urease of H. pylori is shovm to represent the antigen 

involved in inducing proteci.ive immunity, a further aspect of the invention 

10 is the use of H. pylori urease·as a diaguostic reagent to measure _the 

immune response of persons who have received a vaccine b~ed 04 ureflSe 

or to determine whether an individual is immune or su.~ceptible (and thus in 

need of vacr;ination). The present invention also ineludes the use of urease 

and ureue-specific · antibodies;: to construct .:usa.ys and · 1cits for diagnosis . of · 

15 He/icobacter immunity, assessm~t of Helicohacter SU$ceptlhility, and 

definition of immune respons~ to .vaccines·. 

J.;,XAMPLES 

The invention will now be further described by reference to the 

20 following non-limiting examples. 

a) The Bacterial Strai!!S. 

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

· . Mass. Institute of Technology, Boston, USA). H. pylori wa..11; isolated from 

pa.tiears with ulcer disease (Cm.JV. Lausanne, Swi~er1and). 

is b) Bacterial Cultures 

Ligµid Culrure M Bacteria were cultured on BHI (Brain-Hean 

Infusion, .BioMerieux) liquid medium containing 0~25% of yeast extract 

(Difeo) and l OOIA of fetal calf serum (Tnotech) supplemented with 0:4% of 

Campylobaeter selected complement (Oxoid). The bacteria were incubated 

so overnight under mic:rophilic conditions at 37ac and then shaken at 37''C for 

2 to 3 days. 

iliii~f 
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Culture on Agarose plates· - The bacteria were cultured on agar plate 

consisting of Blfi 0.2S% of yeast extract and 5% of sheep blood under 

microphilic conditions at 37°C for 3 days. 

Quantification - The quantity of bacteria was determined by the 

s optical density of the BHI solution at 660 nm ( l optical density unit 

corresponding to 108 bru.:terial). 

c) lreparation of sonicntes 

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

and spun 5 minutes at I 400g at 4°C. The pellet was resuspended in 3 · ml of 

10 NaC 1 and sonicated for 4 minutes. The amuunt of ptoteins was evaluated 

by a Bradford assay (BioRad Kit ·according to supplier. 

d) Couplin~ of immunogen to· .Qydroxvapatite 

Immunogen (urease or .subllnit thereof) was incubated tor l hour at 

4ac with hydtoxyapatite. 1.0 mg 
0

0f hyclroxyapatite was used for .30 ug or 

1 s immunogen per mouse. At th~ end of the incubation. 10 ug of cholera toxin 

was added ;n .a final volume of 200ul PBS. 

EXAMPLE I 

a.) Extraction 

20 H. pylori from JO blood agar plates was harvestr:d in 0.15 M Na.Cl 

on ice. The solution was spun S minutes ilt l 400 g at 4'°C. The pellet was 

resuspended in 20 m1 of B:O and vonexed tor 45 seconds {maximum 

speed). The extract was then spun 20 minutes a.t 6700 g at 4°C. The 

supernatant was recovered and the quantity of protein was cvaluo.tcd (see 

is "Qulbltification" above) and precipitated with 70% of ammonium ·sulfate. 

b} Purific.ation of w:eas.e 

The solution was chromatographed on a· Sepharose CL~6B ·column 

(Pharmacia) with PBS {phosphate butlered saline) as mobile phase. The 22 

collected fractions which presented a strong urease activity were pooled and 

JO dialyzed overnight at 4°C against 3 liters of PEB (20 nM phosphate buffer, 

pH 1) and then chromatogra.phcd on a Q Sepharose fast flow (Pharmacia) 

with PEB as mobile phase. The fractions were eluted by O to 500 nM NaC I 
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gradient. Ten of the collected fractions with a strong urease activity were 

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

The 6 fractions presenting 2 distinct b:ands corresponding to MW·63 and. 

28 KDa were pooled and were consideted as th.e purified urease. 

EXAMPLE 2 (see also seetion_lll 

Mice employed in the immunization studies were lightly 

anesthetized with ether prior to intragastric immunization. A.11d then. 

sonicate preparation or purified urease, hydroxyapatite and cholera toxin 

lO was suspended in PBS and 200ul were delivered to the !ltomach of the 

!'espective mice using a polyethylene tubing attached to a. hypodermic 

syringe. This procedure will be referred LU a.s oral Unm.unization. 

Three oral immunization protoc.ols were evaluated. These are 

described below. 

lS Protocol Bl - Vaccination with purified ·urease 

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

30 ug of"purified of H. pylori urcase and 1 mg of hydroxyapatite and 10 ug 

of cholera roxin at day o. 7, 14 and 2L Ten mice were challenged a.t day 

28 and 30 with Sx l 07 and I 01 H. felis from liquid culture. 

20 Protoc.ol Bl - Vaccination with Helicobacter sonicatf' .. 111 

Female BA.LB/c six-week old mice (20) were omlly immunized with 

2 mg or H. pylori sonic:ate soiulion at day 0, 7, 14 and 21. Ten mfoe ~ 

challenged at day 28 and 30 with 5xl07 and 101 H. felis . 

. Protocol B3 - Control 

2.s Female BALB/c six-week old mice (20) were orally immunized 

'.!0 

with l hydrozapatitc and lOug of cholera toxin atday O. 7. 14 and 21. The 

mice were challenged at day 2S and 30 with Sxl07 and 101 H. foliS. 

At da.y 3 5 all ~ic~ were sacrificed and biopsies from the stomach 

were taken as well as intestinal secretions and blood. 

Protection and evaluation 

iiiii1ii1~r 
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To evaluate protection. biopsies were screened for the urease at:tivity 

by the Jetrox HP lest (Rohm Pharma) according to the instructions of tb.e 

supplier. The urease is quantified by a spectrophotometric measurement at 

.SSO nm. The biopsies were also cullured in tile preserice of H. feiis a.ad was 

s estimnted by Gram staining. C".rastric antral biopsies were homogenized iµid 

diluted (1:10 and 1:1000) in 0.15 M NaCl and plated onto blood agar 

plates and incubated under microaerophilie conditions a.t 37°C tbr 4 to 10 

days. 

10 ELISA 

Intestinal secretions and blood were analyzed by ELISA for the 

evaluation of antibody titer. The EUSA was carried· out as follows. 

Polystyrene plates (96 wells)· were coated with ·rugtwcll of'purified urease tl.t 

379 C for 2 hrs. Non specific; binding sites were blocked with 5% powdered 

1s milk in PBS 0.1% Tween at 37°C for 30 minutes. The plates were wi!Sheu 

onr.:e with PBS 0.1% Tween Blood samples. were te.'t ·at dilution 1:100 and 

intestinal secretions I : 1. l ooul of each sample were added to th.e antigen 

coated plates. After 2 hrs of incubation, plates were washed 3 times with 

PBS 0.1% Tween. Anli-mouse biotinylated whole antibody from goat and 

20 anti-mouse TgA, I,gG and IgM biotinylated (Ammham) were added (lOOul) 

at dilution 1 :500 except for lg.A (1 :250) and incubated at 37111C for 1 hr .. 

The plates were washed 3 times with PBS 0.1% Tween and lOOUl of 

1:1000 dilution of streptavidin Horseradish peroxidase in PBS 0.1% Tween 

were added and iucubated at 37ttc for 30 minutes. The plates were washed 

:?S 3 rime." and SOul of 1:50 dilution of o-phenyl-diamine in citrate buffer pH 

S.O with lul/ml of 30% H202 were added and incubated atroom tempera.Lu.re 

for 20 minutes. The absorbance at 495 nm was measured in ea.ch well. 

E.."XAMPLE 3 (see also seetioo C) 

Mice employed in the immunization studie..o;: were slightly 

30 anesthesizcd with ether prior to intragastric immunization. Then, 30 ug 

recombinant H. pylori urea.se A and B subunit produced in E. coli bound 

hydroxyapatite and supplemented ~ith cholera lOXin was suspended in PBS 

·. 
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and 200ul were delivered to the stomach of the respective mice using a 

polyethylene tubing a~hed to a hypodermic syringe. This procedure will 

be referred to as oral immunization. 

Three oral immllllization p1·otocols were evaluated. These are 

s described below. 

l.rotocol Ct - Vaccination with reeombinan[ urease A subunit 

Female BALB/c si."<-week old mice (10) were orally immunized with 

JO ug of purified recombirumtH. pylori urease A subunit and 1 mg of. 

hydroxyapatite and IO ug of cholera toxin at day 0, s. 14 and :21. Ten 

IO mice were chaJlenged at day 32, 34 and 36 with 101 H. felis from liquid 

culture. 

Protoco.J C2 • Vaccination with recombinant ures!le B subunit 

Female BALB/c · six .. week old mica (10) were orally immunized with 

30 ug of recombinant H. pylori ureasc B subuni~ and l mg of 

lS hydrox:yapatite and 10 \Jg of cholera r:oxin at day 01 :8, 14 and 21. Ten 

mice were challenged at da.y 32, 34 and 36.with 10' H.jelis from liquid 

culture. 

Prot()COl C3 - Control 

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

20 1 mg hydroxyapa1:ite and 10 ug of cholera toxin at day o, 8, 14 and 21. 

The mice were challenged at day 32. 34 and 36 :With 101 H. felis. 

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

from the stolIUtCh were taken. 

25 Protedinn and Evaluation 

To evah.tate protection; biopllics of the corpus and antrum of the 

. stomach were screened for urease activizy by U1e Jatrox IIP test (Rohm 

Pharma) according to the insuuctions of' the supplier. The urtase is 

quantified by a·spcctrophotometric measurement at 550.nm. The total of 

30 corpus and antrum OD values were added to obtain a final 00 value for 

each mouse. 
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1. A method of eliciting in a mammalian. host a protective immune 

i response to Helicobacter infection, said method comprising the step of: 

-; . administering to a mucosa! surface of said mammal an 

4 immunogenically effective a.moun[ of a polyam.inoacid preparation 

s presenting a sufficieot number of epitopes exllibited by a urease endogenous 

6 to said Helicobactcr organism to elicit a protective immune response to 

7 i.Dfection by silid organism. 

8 

1 2. A mechod according co cfaim 1. wherein said preparation c:umprises an 

2 intact urease purified from an organism. 

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

2 peptides homologous with enzymatically .inactive portions of th.e aminoacid 

3 sequences uf a urease. 

1 4. A method according to claim l , wherein said preparation rompris.es 

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

3 displaying cpitopcs cross-reacting of a urea.se. 

1 s_ A method according ro claim 1, wherein said preparation comprises H. 

:z. pylbrl urease. 

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

2 least subunits of a urea.se, with or without enzymatic activity. 

l 7. A method according to claim l. wher~i1n1aid preparatiun co111prises 

2 anti-idiotypic antibodies to a urease. 

8. A method according to claim 1, _wherein said preparation comprises 

2 peptides immunologically cross-reacting with urease. 
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I 9. A method according to claim 3 and 9, wherein said peptides are 

2 obtained by chemical synthesis. 

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

2 urease antigea.s producing using DNA recombinant techrtiques. 

11. A method according to claim 1, wh.ctcin said preparation comprises 

2 subgenic fragments of urease·produc:ed with recombinant techniques. 

12. A method according to claim l, wherein said preparation comprises 

l. urease subgeuic fragments ·produced as genetically fused proteins. 

I 13. A method according co claiw 12, wherein said fuset proreins comprise 

2 cholera toxin subunits. 

t 14. A method according to claim I, wherein said preparation is 

2 adminisrered in association with a mucosa! adjuv.a.nt. 

IS. A method according co claim 14. wherein said mucosa! adjwant is 

2. cholera toxin. 

16. A mr:lhod according to claim 1, wherein said marnma.lian host is. 

2 human. 

l 17. A method according co claim l. wherein saidi preparation is 

2 administered in: association with a hydroxylaLed calcium phosphate. 

1 18. A metb.od according to claim 17, wherein said hydroxylated calcium 

l phosphate is hydro:zya.patite. 
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27. A method according to claiin 27, comprising the additional step of 

administering a. Helicobacter vaccine to said mammal prior to said 

administration. 
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