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JmLtXMEBIC. BECOllBXIANT tJBEASI VACCnm 
B8ctground ot the :Invention 

This invention relates to methods ancl compositions 
5 for preventing and/or treating Hel1aobaater infection. 

Bel1cobacter i8 a genus of spiral., gaa-1uiHJu.ive 
bacteria which colonize the gastrointestinal tracts of 
aamals. Several species colonize the stoaach, •oat 
notably. 11. py.lori, B. heil.man1i, H. :feJ.is, and B. 

l.O austelae. Although H. pylori is the species most 
cOJ11Donly associated with hwaan infection, H. he1J.11UUJ11 
and B. fel1s have also been found to infect hUlDans, but 
at lower frequencies than H. pylori. 

Belicobacter infects over sot of adult populations 
15 in developed countries, and nearly 100• in developing 

countries and soae Pacific rim countries, makinq it one 
of the most prevalent infections of humans worldwide • 
.Infection with H. pylori results in chronic stomach 
inflammation in all infected subjects, althoUCJh the 

20 clinical 9astroduodenal diseases associated with 
Belicobacter infection generally appear from several 
years to several decades after the initial infection. B. 
pylori is tbe causative agent of aost peptic ulcers and 
chronic superficial (type B) qastritis in hwaans. H. 

25 pylori infection is also associated with atrophy of the 
gastric mucosa, gastric adenocarcinOJDa, and 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; Nort:Jifield et a.I., 
Helicobacter pylori, Inrection, Kluwer Acad. Pub. , 

Dordrecht, 178 pp, 1994). 
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summaa of the invention 

TH1S SHEET HAS BEEN 
REPLACED 

PCT/US9'/0S800 

We have shown that vaccine compositions containinq 
multimeric, recombinant Helicobacter ureaae are effective 
in preventing and treating Heitcobacter infection. J.:n 

s addition, we have shown that a composition containing 
H. pylori urease and a nucosal adjuvant, in coaDi•tion 
with an antibiotic and a bismuth salt, is more effective 
at treating Belicobacter infection than any of these 
components alone, or any combinations of three or less of 

10 these components. 
Accordingly, in a first aspect, the invention 

features a vaccine for inducing an immune response to 
Helicobacter (e.g. , H. pylori) in a patient (e.g. , a 
hwnan patient) that (a) is at risk of developing, but 

15 does not have, a Belicobacter infection (a •protective• 
immune response), or (b) is already infected by 

Bel:icobacter (a "therapeutic• immune response). 'l'his 

vaccine contains multimeric complexes of recombinant, 
enzymatically inactive Hel1cobacter (e.g., H. pylori) 

20 urease, and a pharmaceutically acceptable carrier or 
diluent (e.g. , sterile water or a 2t weight/volume 
sucrose solution). The vaccine aay contain a lDUltimeric 
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 multi.meric 
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 
beat-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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(see, e.g., Dove et a1., supra, for the sequence of c. 
difLicile Toxin A) may be used. FUrther, the multimeric 
complexes of recombinant, enzymatically inactive 
Bel1aobacter urease·may be freeze-dried prior to use in 

5 tbe vaccines of the invention. 
Zn a second aspect, the invention features a 

.. tb04 of inducing a protective and/or therapeutic 
JDUCosal imnune response to Belicobacter (e.g., H. pylori) 

in a patient (e.g., a human patient). In this method, a 
10 composition containing an i.Jmaunogenically effective 

amount of multimeric complexes of recombinant, 
enzJ11atically inactive Be.licobacter (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. ~ composition 
may contain a multimeric complex containing eight Urease 
A subunits and eight Orease B subunits, a multimeric 
complex containing six urease A subunits and six urease B 
auJ:Nnits, a m.ultimeric complex containing four urease A 

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

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

25 the composition used in tbis method may further contain a 
mucoaal adjuvant. For example, the composition may 
contain the beat-la!>ile enterotoxin of enterotoxiqenic 
Bschericlda coli (LT), a cholera toxin (CT), a 
CJ.ostridium dif:rJ.cil• 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 
fra9J1l8Jlt containing the 794 carboxyl-terminal amino acids 
of c. diZZic:ile Toxin A (see, e.g., Dove et al., supra, 

35 for the sequence of c. diLficile Toxin A) may be used. 
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Further, the .. ultimeric complexes of recombinant, 
enzymatically inactive Helicobacter urease in the 
composition may be freeze-dried prior to use in this 
method. 

5 In a third aspect, tbe invention features a 
coaposition for treating H•.licobacter (e.g., B. pylori) 
infection in a patient (e.g., a hWDan). 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 containinq multimeric 
complexes of recmabinant, enzymatically inactive 
Beljcobacter urease, as is described above. other 

15 Belic:obacter 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 furtber 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 

cmnposition include, but are not limited to, amoxici1lin, 
clarithromycin, tetracycline, Jlletronidizole, and 
erythromycin; and biSllluth salts which may be included 

25 are, e.g., J:>is .. uth subcitrate and bismuth subsalicylate. 
Antisecretory aqents which may be included in the 
composition are, e.g., proton pump inhibitors (e.g., 
omeprazole, lansoprazole, and pantoprazole), H2-receptor 
antagonists (e.g., ranitidine, cimetidine, famotidine, 

30 nizatidine, and roxatidine), and prostaqlandin analoqs 
(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. 

1mi1it11nr 
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pylori) antigen (e.g., the antigens listed above), and 

(b) an antibiotic, an antisecretory aqant, a bismuth 
sa1t, or a combination thereof, is administered to the 
patient. Any standard mode of administration, or a 

s c01Dbination of standard modes, may be employed. For 
example, aucosal administration (e.g., adJDinistration to 
an ora1 or intranasal surface, or administration to a 
rectal surface by, e.g., anal suppository) may be used. 
A composition administered to a mucosa1 surface in this 

10 method may further contain a mucosa! adjuvant (or a 
COJDbination of mucosal adjuvants), e.g., the mucosal 
adjuvants which are described above. Antibiotics, 
biSJDuth salts, and antisecretory agents which may be 

included in the composition used in this aethod are 
15 described above. 

By •vaccine" is meant a composition containinq at 
least one antigen (e.g., an antigen from a pathogenic 
microorqaniam, such as H. pylor1) which, when 
adainistered 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 microorganima), or in the treatment of a pre­
existing disease. 

By "immunogenically effective amount" is meant an 
25 uaount of an antiqen (e.g., aultimeric complexes of 

recombinant, enzymatically inactive Belic:obacter urease, 
or any of the other antigens listed above) which is 
effective to elicit an illmune response (e.g., a bumoral 
or a aucosal i11JDW1e response) when administered to a 

30 patient, such as a bU11an patient. 
By •Hellcobac'ter" is meant any bacterium of the 

genus Helicobacter, particularly a Helicobacter which 
infects humans (e.g., H. pylori). By •ureaae" is meant 
an enzyme (e.g. , B. pylori urease) which catalyzes the 
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conversion of urea into ammonium hydroxide and carbon 
dioxide. 

By •multiaeric complex• is meant a macromoleoul.ar 
complex of polypeptides (e.g. , urease polypeptides) • The 

5 polypeptides may be associated in the complex by a 
variety of intermolecular interactions, such as covalent 
bonds (e.g., disulfide bonds), hydroqen bonds, and ionic 
bonds. 

By "mucosal adjuvant" is meant a compound (e.g., 
10 an i1B11lunomodulator) which non-specifically stimulates or 

enhances a mucosal immune response (e.g., production of 
XCJA antibodies). Administration of a mucosal adjuvant in 
combination with an illlDlUD.oqenic composition facilitates 
the induction of a mucosal immune response to the antiqen 

15 in the composition. 
By "antibiotic" is meant a compound derived from a 

mold or bacteriwa that inhil>its the growth of other 
microorqanisas. 

other .features and advantages of the invention 
20 will l>e apparent f:roa the followinq detailed description 

and from the claims. 

25 

Petai1ed Description 
The drawin9s are first described. 

Drawings 
•iq. 1 is a diagram showing the restriction enzyme 

map of the 2.5 kl> PCR product cloned from pSCP1. The 
numbers above the :map indicate nucleotide positions using 
the first base pair ():)p) of BLl as nucleotide #1. 
Locations of ureA and ureB qenes 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'lg. 2 is a diagram of the genetic map of the 
expression plasmid PoRV214. The ureA and ureB genes are 
shown as open bars with arrows. 'l'he solid arrow and 
solid bar represent the T7 promoter and terminator 

5 sequences, respectively. Thin lines represent pBR322 
DNA. The phage and plasmid origins of replication on the 

plasmid are shown by large shaded arrows, denoted "fl 
origin• and •or!,• respectively, and indicate the 
direction of DNA synthesis. The qenes encoding kanamycin 

10 resistance (kan) and the lactose repressor (lacI) are 
shown as shaded bars. The .BaJDBX and .&'coRZ sites used for 
cloning the PCR product are indicated. Arrows within 
bars representing lacI, ureA, ureB, and Jean genes 
indicate the direction of transcription. 

15 l'ig. 3 is a schematic representation of the 
nucleotide sequence of the H. pylori locus encoding the 
ureA and ureB genes, as well as the transcriptional 
regulatory sequences from pORV214 (SEQ ID NO:l). The 
predicted amino acid sequences of ureA (SEQ ID N0:2) and 

20 ureB (SEQ ID NO:J) are shown above the DHA sequence. 
Numbers to the left of tbe sequence correspond to 
nucleotide positions and those on the right indicate 
amino acid positions. The sequences corresponding to the 
PCR primers are underlined and the BamBI and BcoRI 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 bindinq site {RBS) is indicated.. The sequences 
which regulate transcriptional initiation (T7 promoter 

30 and lac operator) and termination are underlined and 
l.abeled. 

l'iq. • is a graph showinq analytical size 
exclusion HPLC for recombinant urease. 

l'iq. 5 is a series of graphs showing the bacterial 
35 score versus the levels of serum IgA, serwa :IgG, and 
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fecal IgA antibodies frma mice immunized with recombinant 
B. pylori urease and cholera toxin (C'l'). 

Fig. • is a series of qraphs showinq the bacterial 
score versus the levels of serum IqA, serum IqG, and 

s fecal ICJA antibodies frOlll mice i111111nized with recombinant 
B. pylori urease and enterotoxiganic E. c:oli beat-labile 
toxin. 

ri9. 7 is a table showing the experimental 
protocol used for comparing intranasal and oral 

10 inmlunization routes for recombinant urease. 

15 

Fi9. 8 is a series of graphs showinq the serum IqG 
(Serum G), serum IVA (Serum A), fecal IgA (Fecal A), and 
salivary IgA (Sal A) levels in groups of mice treated 
accordin9 to the protocol illustrated in Fig. 7. 

Fi9. 9 is a table showinq the experi.aental 
protocol used for cmnparing intranasal and intragastric 
ilmnunization routes for recombinant ureaae. 

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

20 to the protocol illustrated in Fig. 9. 

25 

30 

rig. 11 is a graph showing that rurease (10 pq) 

given by the intranasal route with CT (5 µ9) is at least 
as effective as rurease (25 pq) given by the ora1 route 
with C'l' (10 114) in preventing infection with H. relis. 

Wiq. 12 is a graph showing that immunization of 
mice with rUrease + 10 ~CJ LT reduces or eradicates 
established B. felis infection. When these animals were 
reinfected with H .. felis, they were protected aqainst 
challenqe. 

J'l9. 13 is a graph sbowinq the mean antibody 
response of mice 4 and 10 weeks after therapeutic 
immunization with either recOlllbinant B. pylori urease and 
CT, or CT alone. 

rig .. 14 is a qraph showing numbers of I:qA antibody 
35 secreting cells in qastric mucosa of immunized and 
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unimmunized mice before, and at intervals after, 
infection with H. Lelis. 

Pi9. 15 is a graph showing the clearance of 
H. Lelis infection in mice previously immunized with 

5 recombinant B. pylori urease and CT. 

Cloning of t;he q,reA and ureB genes 
The structural genes encoding urease, ureA, and 

ureB, have been cloned (Clayton et al., Nuc:l. Acids. Res. 
18:362, 1990; Labigne et al., J. Bacter1ol. 173:1920-

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

15 Dr. soad Tabaqchali, st. Bartholomew's Medical Collage, 
university of Lon4on. A genoaic DNA library of strain 
CPM630 was prepared in the lambda phage vector EMBL3. 
Plaques were screened for reactivity with rabbit 
anti-Helicobacter urease polyclonal antibody, and a 

20 single reactive plaque was isolated. This cl.one 
contained a 17 kb Bali fragment that encoded the ureA and 
ureB genes. The 17 kb fragment was subcloned onto pUC18 

and designated pSCPl. A 2.7 kb !'aqI: fragment was 
subcloned (p'l'CP3) and completely sequenced. The 2.7 kb 

25 !'aqi fragment encoded both ureA and ureB. 
The primers BLl (CGG GAT CCA CCT TGA 'l'TG CGT TAT 

G'l'C T; SEQ ID N0:4) and BL2 (CGG AAT TCA GGA TTT AAG GAA 
GCG TTG; SEQ I:D N0:5) were used to amplify and clone a 
2.5 kb fragment from pSCPl. BLl and BL2 correspond to 

30 nucleotides 2605-2624 of GenBank accession number H60398 
(the BLl primer) and nucleotides 2516-24998 of EMBL 
accession number X17079 (the BL2 primer). A restriction 
enzyme map of the 2.s kb fragment PCR product is shown in 
Fiq. 1. The 2.5 kb fragment contains the entire codinq 
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region of ureA and ureB, as well as translational start 
siC)llals from B. pylori upstreaa of ureA. 

lxpressiqn pf reggmbinant »re••• 
'l'he purified 2.5 kb PCR fragment containing the 

5 9'1118• encoding ureA and ureB was digested with Bco.R:C and 

BamBI and inserted into the expression vector pE'.r24+ 
(Novagen, Madison, Wisconsin) to produce the plasmid 
pORV214 (Pig. 2). pE'.r24+ contains the co1E1 origin of 
replication, the f ilaaentous phage (fl) oriqin of 

10 replication for single strand rescue, and the kanamycin 
resistance qene of Tn903. The fragaent was inserted 
downstream of the '1'7 promoter, which provides 
transcription initiation for the urease genes. Lactose 
operator (lac:O) sequences are present between the T7 

15 promoter and the cloning sites to provide inducible 
expression of tbe urease genes. A T7 transcription 
terminator sequence is located downstream of the cloninq 
sites. The vector also contains the lactose repressor 
gene (laaI) to ensure C011plete repression of expression. 

20 Other sequences present in the vector are derived from 
pBR322, which served as the backbone for vector 
construction. 

The initial liqation mixture, containing the 2.s 
kb PCR BaoRI-BamBZ fragment and the pET24+ vector 

25 digested with EaoRI and BIUDllX, was used to transform 
XL1-Blue (Stratagene, La Jolla~ CA) prepared by the cacl2 

method. XL1-Blue is an E. coli strain that does not 
express T7 RNA polyaerase. 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 (Qia9en, 
Chatsworth, CA) and checked for the correct restriction 
digestion pattern. 
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PUrif ied pORV214 DNA was used to transform the 
B. coli strain BL21-DE3 (Novagen, Madison, Wisconsin) 
prepared by the cacl2 aethod. BL21-DE3 is an E. coli B 
strain that is lysoqenized with lalllbda phaqe DE3, a 

5 reCOJDbinant phaqe that encodes T7 RNA polymerase under 
tbe control of the lavuvs proaoter. BL21 is deficient in 
lon and 011Jp11' proteases, as well as the bsdSa 
restriction/modification system and dCllJ DNA methylation. 
DNA was prepared from kanaaycin resistant colonies with 

10 Qiagen mini spin columns and screened by restriction 
enzyme analysis usinq Bamlll: and BcoRI 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 1'9/llll), 
harvested, and stored at -ao•c in LB containing sot 

20 glycerol. A research cell bank was prepared by growing a 
sample from the qlycero1 stock on LB plates containing 
kanaaycin, selectinq an isolated colony, and inoculatinq 
a LB broth culture containing kariamycin. This culture 
was qrown to oo,00 of 1.0, pelleted, and resuspended in an 

25 equal volume of LB containi119 50' glycerol. These 

research cell bank (RCB) aliquots (100 '°'l) were then 
stored at -ao•c. A aaster cell bank (HCB) was similarly 
prepared usinq an isolated colony from the research cell 
bank, and a manufacturer's workinq cell bank (MWCB) was 

30 prepared usinq an isolated colony from the MCB. 
The MCB and MWCB cells were viable, kanamycin 

resistant, and displayed a normal E. coli colony 
morphology. T7 BNA polymerase expression and lambda 
phage lysogeny was confirmed usinq appropriate tests, 

35 which are well known in the art. UJ;ease expression was 

/ 
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J:PTG-inducible in the HCB and MWCB cells, as determined 
. by examination of cultures grown in the presence of J:PTG, 

and analysis of lysatea from these cell cultures on 
SDS-PAGE. Production of 60 kD and 29 kD proteins (UreB 

5 and UraA, respectively) by the MCB and MWCB cells 
increased with the incubation time. 

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

10 sequence analysis to confirm. plasm.id structure. The MCB 
contained a pl.asaid with the appropriate restriction 
endonuclease digestion pattern with no deletions or 
rearrangements of the plasaid. Likewise, there were no 
differences between the RPLP fingerprint of pSCP1 and the 

15 RFLP fingerprints of plasmid DNA from KCB and MWCB, 

indicating that the urease genes had not underqone 
detectable (> 50 bp) deletions or rearrangements in the 
cloning process or in the •nufacture of the cell bank.a. 

The coding regions of ureA and ureB, and tbe 
20 sequences of the promoter and termination regions of the 

plasmid isolated from MCB cells, were seguenced. 
se(iuencing reactions were perforaed using the Di-Deoxy 
cycle sequencing Kit, according to the •nufacturer's 
instructions (Applied Biosystems, Inc., Poster City, CA), 

25 using fluorescent-labeled dideoxynucleotides. The 

sequences of tbe ureA and ureB CJenes, with predicted 
protein sequences, as well as the DNA sequences of 
flanJcinq regions are shown in Piq. 3. 

30 

Large-scale production of recoJllbinant urease 
The fermentor(s) to be used was cleaned and 

sterilized according to approved procedures. The culture 
medium contained 24 q/L yeast extract, 12 q/L tryptone, 
6-15 9/L glycerol, in RO/DI water. Since pORV214 was 
sufficiently stable in the absence of antibiotics, no 

/ 
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antibiotics were present in the large-scale fermentation 
cultures. Antifoam was added and the unit was sterilized 
in place. 

For production in the 40 liter feraentor, a vial 
5 of the MWCB was thawed and used to inoculate a four liter 

llhaker fl.ask containing one liter of LB bl:Dth (1% 
tryptone, o.5% yeast extract, 1% NaCl) without 
antibiotics. The culture was shaken at 37°C for 
16-24 hours. The inoculwa was then transferred to the 40 

10 liter :fermentor (30 liter working volwae) containing the 

production media described above. Fermentation was 
carried out with aeration and agitation until the cell 
density determined by on600 was approximately a-10. 
Isopropyl P-D-thioqalactopyranoside (IPTG) was then added 

15 to a final concentration of 0.1 JDM, and induction was 
allowed to proceed for 16-24 hours. The cells were 
harvested by centrifugation and the wet paste was 
aliquoted into polypropylene storage containers and 

stored at -so•c. Por production at the 400 liter scale 
20 (300 l.iter working volume), the inoculum. and culture in 

the 40 liter vessel were prepared as described above. 
When the 40 liter vessel reached an 00600 of approximately 
s.o, it was used to inoculate the 400 liter fermentor. 
The culture was further incubated to an OD600 of a-10. 

25 The culture was then induced, harvested, and stored, as 
is described above. This procedure required 2-3 

9enerations more than the 40 liter process. 

Purification of recolPbinant H. Qylpri urease 
containers of cell paste produced by the 

30 fermentation processes described above were removed from 
storaqe, thawed at room temperature, and resuspended in 
20 mM sodium phosphate/1 mM EDTA buffer, pH 6.8. The 
resuspended cells were disrupted by extrusion throuqh a 
narrow orifice under pressure (Microfluidizer Cell 

I 
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Disruptor). The disrupted cells were centrifuged at 4°C 
to sediment cell debris and the supernatant containing 
soluble urease was collected. 

A solution of 3 M sodium chloride was added to the 

5 cell supernatant to a final concentration of 0.1 M. The 

supernatant was then applied to a OEAE-Sepharose column 
equilibrated in 20 mM sodium phosphate/1 mM EDTA, and the 
pass-through was collected for further processing. The 
pass-through was diafiltered into 20 1DM sodium 

10 phosphate/1 mM ED'l'A, pH 6.8, with a 100 kD cutoff 
membrane to remove low molecular weiqht contaminants and 
to reduce ionic strength. 

This material was applied to a second 
DEAE-Sepharose column equilibrated in 20 BM sodium 

15 phosphate/1 1llM BDTA. The pass-throuqb was discarded and 
the column rinsed with 20 mM sodium pbosphate/1 mM EDTA, 
pH 6.8. The bound material was eluted with approximately 
three column volumes of 0.1 M NaCl/1 mM 

P-mercaptoethanol. Effective elution of the bound urease 
20 was controlled by the volume and flow rate of the elution 

buffer. 
The partially purified urease was diaf iltered 

aqainst 25 1DM Tris-HCl, pH 8.6, and applied to a 
Q-Sepharose column. '.rhe column was washed with 

25 approximately two column volumes of the same buffer and 
the pass-through containing highly purified urease was 
collected. Tbe pass-throuqb from the Q-Sepharose step 
was then concentrated and diaf iltered into 2t sucrose in 
water for injection (WFI), pH 7.5. 

30 Cbaracterization of the antigenicity and subunit 

composition of purified reco1Dbinant H. RYlori µrease 

To compare the antigenicity and subunit 
composition of recombinant H. pylori urease to native 
H. pylori urease, native H. pylori urease was purified 
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and used as an antigen to produce polyclonal anti-urease 
antibodies, as well as mono-specific polyclonal 
anti-ureA, anti-OreB, and anti-ureasa holoenzyme 
antibodies. 

5 Bative B. pylori ureasa was purifie4 usinq a 
m.oclif ication of the proce4ure reported by Hu and Mobley 
(Iat'act. IJlllWl. 58:992-998, 1990). B. pylor1 strain 
ATCC 43504 (American Type CUlture Collection, Rockville, 
llD) was grown on Mueller-Hinton agar (Difeo Laboratories, 

10 Detroit, HI) containing 5% sheep red b1ood cells (Crane 
Labs, Byracuse, HY) an4 antibiotics (5 µg/al 
trimethopriJD, 10 p,g/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 7t co2 and 90t 

15 humidity, and bacteria ware harvested by centrifugation. 
The bacteria were suspended in water or 20 mM phosphate, 
1 aM EM'A, 1 1llM Jr-mercaptoethanol (pH 6.8) containing 
protease inhibitors, lyaec:l by sonication and clarified by 

centrifugation. The clarified. supernatant was mixed with 
20 3 M sodiWI chloride to a final sodium chloride 

concentration of 0.15 M and passed throuVh DEAE-Sepharose 
(Fast Flow). Active urease that passed through tbe 
column was collected, concentrated in a Filtron 
xacrosep 100 centrifugal filtration unit, and then passed 

25 through a SUperoae-12 or Superdex 200 size exclusion 
column. Size-exclusion chromatography was performed 
using Pharmacia FPLC pre-packed colwans. The fractions 
containing urease activity were pooled, concentrated, and 
further purified. by FPLC anion-exchange chromatography on 

30 a Mono-Q sepharose column prepack.ad by Pharmacia. The 
bound urease was eluted using a sodium chloride qraclient. 
The fractions with urease activity were pooled and 
concentrated using Macrosep 100 centrifugal filters frOlll 
Filtron Inc. For some lots, a final purification was 
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achieved by analytical size-exclusion FPLC on superose-12 
columns. 

Polyclonal antiserum to B. pylor.1 urease was 
produced by immunizinq three female New Zealand white 

5 rabbits with purified native B. pylori urease. The 
animals were pre-bled to confirm non-immune status and 
then immunized subcutaneously with 150 -g urease in 
complete Freund's adjuvant. Two booster doses of 150 pq 

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 aqainst purified urease, the animals were 
exsanquinated. The blood was clotted at 4°C overnight 
and serum was harvested by centrifugation. serum IgG was 

15 purified by aDJBonium sulfate precipitation (SOt) 
overniqht at 4°C. The precipitate was resuspended in PBS 
and dialyzed to remove ammonium sulfate. 'l'he anti-urease 
titer of the IgG from each anilaal was ~ound to be 1:107 

and the antibodies from the three animals were pooled. 
20 The protein concentration was determined to be 

17.3 mq/ml. Aliquots of 0.2 ml each were prepared and 
stored at -ao•c .. 

House polyclonal ascites aqainst B. pylori urease 
holoenzyme ("MPA3") was prepared by injecting five mice 

25 subcutaneously with 10 ,.iq native urease holoenzyme in 
complete Freund' s adjuvant on Day O.. The mice were 
boosted on Days 10 and 17, bled on day 24 to confirm 
anti-urease immune response, and boosted aqain on Day 26. 
on Day 28 the mice were injected intraperitoneally with 

30 sarcoma 180 cells. A final intraperitoneal booster dose 
of 10 µg 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 
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10,000 rpm £or 10 minutes. After overnight incubation at 
4•c in plastic tubes, the fluids formed solid clots. 
These were homogenized, diluted five-fo1d with PBS, and 
re-clarified by centrifugation at 10,000 rpm for 

5 10 minutes. Thirty-six ml of diluted ascitic fluids were 
collected and frozen at -2o•c in 300 ~l aliquots. 
Western blot analyses confirmed that the antibody reacts 
with ureA and OreB subunits. An endpoint titer of 
1:300,000 was achieved in ELISA against urease. 

10 House polyclonal ascites against H. pylori UreA 
("MPA4") was prepared :by injecting mice subcutaneously 
with native UreA subunit B. pylori urease isolated by 

electroelution frOJll sos-PAGE gels. Subsequent steps in 
the preparation of anti-ureA ascitea were performed as 

15 described above for generation of antibodies against tbe 

boloenzyme. 
Mouse polyclonal asci tes against native B. pyiori 

UreB subunit (•MPA6•) was prepared by injactinq mice 
subcutaneously with native UreB isolated by 

20 electroelution from SDS-PAGE gels. subsequent steps in 
the preparation of anti-UreB ascites wera performed as 
described above for generation of antibodies against tbe 
holoenzyme. 

MAB71 is an IgA :monoclonal antibody against 
25 H. relJ.s urease which recognizes a protective epitope on 

the B subunit. Preparation of this antibody is described 
in czinn et al., J. Vacc1ne 11(6):637-642, 1993, and the 
hybridollla cell line whicb 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. 
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SDS-PAGE and Western b1ot ana1Vsi1 of recpmbinant urease 
Recombinant urease was first analyzed by SDS-PAGE 

(12.5t) run under reducing conditions. 'fWo major protein 
bands (29 kD and 60 ltD) and several lighter bands 

5 (approximately 38 kD) were evident. 'l'o identify the 
proteins in these bands, Western blots were performed 
using the anti-urease and anti-urease subunit antibodies 
described above. 'fhe 60 kD protein reacted with MPA3 

(anti-urease holoenzyae) and HPA6 (anti-ureB), wt not 
10 with MPA4 (anti-UreA). The 29 kD protein reacted with 

MPA3 (anti-urease holoenzyme) and MPA4 (anti-ureA), but 
not with MPA6 (anti-uraB). The lighter 38 kD band 
reacted with MPA3 anti-urease holoenzyme) and MPA6 (anti­
DreB), indicating tbat 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 reCODlbinant urease subunits form . 
covalent units resistant to sulfhydryl reduction under 

20 the conditions used. Ho 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 cooaassie-stained SDS-PAGB qel was scanned 
25 using an Ultroscan XL laser densitometer and a Gel Scan 

XL software program (Pharmacia-LIC8 Biotechnology, 
Piscataway, HJ). 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%. 
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Analytical size-exclusion HPLC of purifieci recOllbinant 
urease 

The purity and molecular composition of purified 
recombinant urease was determined by analytical 

5 size-exclusion high performance liquid chromatography. 
Chromatography was performed using a Beckman System Gold 
HPLC consisting of Pump 126, diode array dual wavelength 
detector 168, system Gold Software Version V7.11, 
Progel-TSIC 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. o. The column was 
calibrated usinq 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 (HW 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 differe~t lots of 

25 product. 
A second proainent protein peak with a lower 

retention time (higher molecular weight) was also 
detected. The area of this peak ranqed from s-2ot. 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 
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atoraqe for this period of time, octomeric uraaae 
increases while the hexameric form decreases. The 
separated peak fractions were analyzed by reducing 
SOS-PAGE and ELISA reactivity with monoclonal and 

5 polyclonal antibodies to urease. On SOS-PAGE, both peaks 
showed urease A and B bands in comparable ratios. Zn 
addition, both showed nearly identical imaunoreactivity 
in ELZSA with polyclonal anti-urease holoenzyme 
antibodies (JIPA3) and a monoclonal anti-UraB antibody 

10 (MAB71). 

Enznatic <urea hydrolvtic> aptiyity of recQ1Dbinant 
urease 

Three •et.hods were used to investigate the 
enzymatic activity of recombinant ureaae: 

15 urease-specific silver staining following 
electrophoresis, the pH-sensitive phenol red urea broth 
assay, and direct detection of a11111onia. Urease-specific 
silver staining, described by deLlano et al. (Anal. 
Biochea. 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 facil.itates a 
photographic redox reaction leading to disposition of 
metallic silver. Enzymatic activity of native H. pyJ.ori 
urease was detected with only a 1. o µg sample. Zn 

25 contrast, 20 pg purified recombinant uraase 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 Orease activity was demonstrated with as little as 
0.2 p.g/ml purified H. pylori urease. I:n contrast, no 
urease activity was associated with purified recOJnbinant 
urease, even at concentrations up to 750 pq/ml. 
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Direct estimation of ammonia produced by 
hydrolysis of urea by urease was quantitated usinq 
Nesslers' reagent (Koch et al., J. Am. Chem. soc1ety 
46:2066-2069, 1924). Urease activity of native B. pylorl 

5 urease waa detectal:>le at a concentration of 1 µq/ml. No 
activity was detected in assays containinq up to 
SOD 119/ml purified recombinant urease. 

Based on the results of the urease-specific silver 
staining assay, the pH-sensitive phenol red broth assay, 

10 and direct estimation of ammonia, there is no detectable 
urease activity in the recoml:>inant urease product. 

Prot@ctiye and tberapeutic efficacy of purified 
reCOlpbinant ureas• 

The B • .telis-mouse model was used to test the 
15 efficacy of recombinant H. pylori urease in the 

prevention and treatment of HeJ.icobacter inf action. :tn 
this model, colonization of the stmaach is readily 
established and is accmnpanied by gastric inflaJlllllation. 
This aniJDal model is a well established system for the 

20 study of Helicobacter, and has been used extensively in 
laboratory investiqations of the pathogenesis and 
treatment of Helicobacter-inducec:l disease (see, e.g., 
Fox et al., Inrect. IJIUllU11. 61:2309-2315, 1993; Goodwin 
and Worsley, Belicobacter pylor1, Biology and Clillical 

25 Practice, cac Press, Boca Raton, PL, 465 pp, 1993). 

Antiqenic cross-reactivity between H. pylori and B • .fel:is 
ureases allows use of the human vaccine candidate of the 
invention, recombinant B. pylori urease (rtJre), to 
immunize animals infected, or subseql,Jently challenged, 

30 with H. :felis. 
Both qerm-f ree and conventional mice are 

susceptible to infection by B. :fells, and develop 
life-long infection of the qastric epithelium, 
characterized by infiltration of inflammatory cells 
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(Fox et al., supra). Dose response studies indicated 
that 100' of swiss-Webster specific pathogen-free (SPF) 
mice become infected after a single oral challenge with 
10• H. :felis. Unless otherwise specified, a single dose 

5 of 107 was used to infect aice prior to therapeutic 
i1111unization or cha11enge mice after prophylactic 
iamunization. A challenge of -103 times the infectious 
dose (J:.D. 90) with this Belicobacter represents a severe 
teat of i111111unity. 

10 Assays tor qastrig infection 
several aethods were used to detect Helicobacter 

in qastric tissue, incluc:linq measurement of qastric 
urease activity, histoloqic examination, and culture of 
gastric tissue. Gastric urease activity was lleasured 

15 both qualitatively {presence or absence) and 

quantitatively. ::en the qualitative assay, stomachs were 
divided longitudinally into two halves from the 
gastroeaopbaqeal sphincter to the pylorus. one 
lonqitudinal piece, representing approximately 1/4 of the 

20 stmaach, was placed in 1 JDL of urea broth (0.1 CJ yeast 
extract, 0.091 q aonopotassium phosphate, 0.095 q 
disoclium phosphate, 20 q urea, and 0.1 9/L phenol 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 
quantitative determinations, urease activity was 
determined by measuring absorbance at 550 ma 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 q stomach tissue. This assay provides the 
saae 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 
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biopsy/histology (Szeto et al., Postgrad. lied. J. 64:935-

936, 1988: Borromeo et al. J. Clin. Pa'thoi. 40:462-468, 

1987). 

Quantitative gastric urease assays by 

s apactrophotoaetric measurement of A 550 were slight1y more 

sensitive than visual determinations, and allowed 

estimation of the severity of infection. The cut-off 

value for a neqative urease assay was defined as 

2 standard deviations above the mean A550 for 

10 uncballenqed/uninfected mice. The cut-off for a positive 

gastric urease assay was def inad by 2 standard deviations 

below the mean A550 of unimaunized/challenqed mice .• 

Individual animals with 1ow-qrade infections had values 

intermediate between the negative and positive cut-offs. 

15 Visual qradinq of the urease response identified 11/ 12 

(92%) of the positive samples. 
Histol09ic examination was perforaed by fixing 

stomach tissue in lOt formalin.. Tbe 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 B. relis, and by hematoxylin and eosin stain to 

assess infla111J1atory responses in the tissue. stained 

sections were examined by an experienced patholOCJist 

25 blinded to the specimen code. 
A semi-quantitative grading system was used to 

determine the nUlllber of bacteria and intensity of 

inflammation. The system used is a modification of the 

widely-accepted Sydney system for histological 

30 characterization of qastritis 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 
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0•4+. Grading the density of B. felis was accomplished 
by countinq the mDDber of bacterial cells with typical 
spiral morphology in an entire lonqitudinal section of 
gastric antrwa (or corpus, if specified). Grades were 

5 assigned accorc:linq to a range of bacteria observed ( o -
none; 1+ • 1-20 bacteria; 2+ = 21-50 bacteria; 3+ = 
51-100 bacteria; and 4+ • >100 bacteria). 

Boute pf iJDIDUJ)izatign 
The effect of the route of administration upon the 

10 efficacy of the vaccine of the invention was examined in 

the mouse infection 110del. Six to eight week-old female 
specific pathoqen free (SPF) swiss-Webster mice were 
immunized with 200 pg recombinant H. pylori urease, 
either with or without 0.24 K NaHC03 • The recombinant 

15 urease was co-administered with 10 PCJ of cholera toxin 
(C'l') as a mucosal adjuvant in all animals. Intragastric 
(IG) iJD11unization was performed by deliverinq the antigen 
in o.s ml through a 20-gauge feeding nea41e to 
anesthetized animals. Oral iDmunization was performed l:>y 

20 delivering the antigen in a 50 pl volwne via a pipette 
tip to the buccal cavity of unanesthetized animals. For 
parenteral immunization, mice received 10 l!9 recombinant 
urease subcutaneously. Freund's complete adjuvant was 
used in the first subcutaneous immunization and Freund's 

25 incomplete adjuvant was used in subsequent 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 B. Lelis infection was detected l:>y 

urease activity and histology. Protection in an 
individual mouse was defined by a negative urease assay 
and l:>y a o or 1+ bacterial score l:>y histology. 
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Oral and intraqastric administration of 
recombinant urease provided significant protection to 
challenge with H. ~elis (86-100%) (Table 1). oral 

administration was effective both with and without co-
s administration of HaHC03 with the recoabinant ureaae. 

lntragaatric administration was JDC>re effective when the 
recombinant urease was co-adainistered with NaBC03 • 

Parenteral injection of the vaccine antigen was least 
effective. Immunized mice had significantly lower 

10 numbers of bacteria in gastric tissue after challenge 
than uni1DJ1unized controls. XqA antibocly responses in 
serum and secretions were highest in mice immunized by 
the oral route. XgA antibOdies were not elicited by 

parenteral i11111Unization. 
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Becombinant H. Rflm:1 urease protects mice from ch1glleng1 xitb H. teli1 after •ucosal but 
not par1ntal immunization 
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PBS oral C'J.' No 0 (0/8) 0 (0/7) 

200 ua rUra oral C'J.' RO 100 (8/8)* 100 (7/7)* 

200 µg rure oral C'J.' Yea 100 ("1/7)• 86 (6/7)* 

200 1111 rUre intraaastric CT .NO 75 (6/8)• 38 13/8) 

200 IA9 rUre intragaatrio C'J.' tea 100 (7/7)* 100 (7/7)* 

10 µg rure subcutaneous Freund'• lfA 38 (3/8) 25 (2/8) 

a 0.24 M sodium bicarbonate was administered with vaccine and adjuvant. 

b Percent protected (number mice with 0-1+ bacterial score/number tested). 

• p<0.01, Fisher's exact test, compared to mice qiven CT alone. 
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The effect ot immunization route upon the 
anti-urease antibody response was examined in mice. 
swiss-Webster mice were i11111unized four times at ten day 
intervals with either: 1) 200 1'9 recombinant purified H. 

5 pylori urease with 10 p.g CT, either with or without 
lfaHC03 , by oral administration; 2) 200 pg recombinant 
purified B. pylori urease and 10 1'9 CT with NaBC03, by 
intraqastric administration; or 3) 10 1'9 recombinant 
purified B. pylori urease with Freund'& adjuvant by 

10 subcutaneous administration. one week after the fourth 
vaccine dose, JDUcosal and serum antibody responses were 
examined by ELISA usinq aicrotiter plates coated with 
o.s pq of native H. pylori uraase. Serum samples were 
diluted 1:100 and assayed for urease-specific IqA and 

15 IgG. Fresh fecal pellets, exi:ractec.i with a protease 
inhibitor buffer (PBS containing 5% non-:fat dry milk, 
0.2 l&K AEBSF, 1 l'CJ aprotinin per al, and 10 l'M 
leupeptin), were examined for :fecal anti-urease 'I9A 
antil)ody. '.In S011le experiments, fecal antibody values 

20 were normalized for total :IgA content determined by 

ELISA, with urease-specif ic fecal I9A expressed in 
A,05 unita/aq total IgA in each sample. saliva samples 
were collected after stimulation with pilocarpine under 
ketaaine anesthesia, and tested for urease-specific IqA 

25 at a dilution of 1:5. 

Ho significant differences between antibody 
responses of mice immunized orally with or without NaHC03 
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 aucosal 
routes (oral or intragastric). 

Mice immunized either orally or intraqastrically 
with urease/CT were challenged with 10' H. Lelis. The 

35 pre-challenqe antibody levels of orally or 
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intragastrically immunized aice were correlated with 
histoloqically-determined bacterial scores after B. :felis 
challenge (Pig. 5). Although IgA responses varied 
conaideral:>ly between individual mice, on the whole, mice 

5 with higher serum and fecal lg.A levels had reduced 
bacterial acores. These data indicate a role for IqA in 
suppression of, and protection from, infection. Zn 
contrast, serum J:gG antibodies did not correlate with 
protection. While some protected mice had no detectable 

10 IgA antibodies, hiqh levels of anti-urease J:gA were not 
observed in animals that developed 4+ infections after 
challenge. These results not only support a role for 
mucosal iamune responses in protection, but also sugqest 
that immune mediators other than fecal. and serum XgA play 

15 a role in eradication of B. ~elis infection. 
These data show that: i) mucosal imnmization is 

required for protective immunity; ii) the oral route of 
i11111unization is as effective, or more effective, than the 
intraqastric route; iii) neutralization of gastric acid 

20 with RaHC03 is required for effective intragastric (but 
not oral) immunization: and iv) parenteral imaunization 
does not stimulate mucosal immunity or provide effective 
protection aqainst challenge. 

Sqbedule of immgnization 
25 Alternative iJllllWlization schedules were compared 

in orc:ler to determine the optimal immunization time-table 
to elicit a protective mucosal immune response. 
Swiss-Webster mice were immunized with 100 l'fJ recombinant 
urease in two, three, or four oral administrations, on a 

30 schedule shown in Table 2. The 11ucosal adjuvant CT 

{10 µg) was co-administered with the recOJDbinant urease. 
As assessed by qualitative qastric urease assay, mice 
which received four weekly doses of antiqen exhibited the 
highest levels of protection. Significant protection was 
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Table 2 
Effect of different •cbedules of gral imm,unization on tb• 
prophylactic efficacy of urease yaccine 

ftCCDIB DOSB/ SCliBDVLB (DaY 
DRDaSUIOK or 

' nomcnD GllODP (pg)• • DalUlr?ZM!mR) (#/TODL)b 

1 25 o, 7, 14, 21 70 (7/10)* 

2 50 o, 14 20 (2/10) 

3 50 o, 14 30 (3/9) 

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

5 50, 25, and o, 7, 21 60 (6/10)* 
25 

6 None o, 7, 14, 21 0 (0/10) 

• Each qroup of mice were immunized orally with a total 
dose of 100 p.q recombinant H. pylori urease. CT (10 pq) 
was used at each immunization, suspended in sterile 
distilled water, as the mucosa! adjuvant. Group 6 

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

b Percent protected (No. protected/No. tested) rrom a 107 

20 challenge dose of H. ~al.is two weeks post-i11D1Unization. 
Mice were sacrificed two weeks after challenge and 
protection was determined by the qualitative qastric 
urease assay. 

• p<0.05, Fisher's exact test, compared to mice qiven CT 
25 alone. 

The effect of different immunization 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 
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Table 2 were examined. Significant protection was 
observed in mice that received vaccine in four 
weekly doses or two weekly doses with a boost on day 21. 
Mice i11munized by either of these two i11111unization 

5 schedules also had the highest average imnune responses. 
The serum IgG and salivary IgA levels were hiqbast in 
mice vaccinated on a schedule of four weekly doses. 

pose-prptection relationship 
Graded doses of recombinant urease were orally 

10 administered to mice to determine the minimal and opti.Jaal 
doses required for illlmunization and protection. 
Recombinant urease doses ot 5 1 10, 25, 50, and 100 1'9 

were administered to groups of eight :mice by the oral 
route with 10 µq C'l' in PBS. The antigen was qi ven on a 

15 schedule of four weekly doses. As assessed by qastric 
urease and bistologic bacterial score, significant 
protection of mice against challenge with B. ~eiis 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 hiqhest immune 
response at the 100 ~g dose level. 



5 

10 

Table 3 

Becomtzinant H. RflorJ. urease at do&es of s ug or wore. 0rotect1 mice against challenae with 
H. t§Jis 

'~ ROUB OF 
'' PROnC'l'lm/t.'ftAI.) YACCJRB AINVVAft !MMUllllAUOll 

UltBUB UU.Y Bl8'l'OLOCl'I 

none 10 IJ.9 CT oral 0 (0/7) 0 (0/7) 
5 11q rOre 10 1'9 CT oral 86 (6/7)• 71 (5/7)* 

10 1'9 rUre 10 IJ.9 er oral 88 (718)* 63 (5/8)* 
25 1'9 rOre 10 µq CT oral 100 (9/9)* 100 (9/9)* 
50 µ9 rure 10 JJ9 er oral 100 (8/8)* 88 (7/8)* 

100 µg rUre 10 µq CT oral 100 (7/7)* 71 (5/7)* 
A Percent protected (number mice with 0-20 bacteria per aection/number tested) as determined by examination of silver-stained stomach sections. 

* Comparison to sham-immunized controls, Fisher's exact test, p~o.02. 
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The effect of recombinant ureaae dosage upon the 
anti-urease antibody response was examined in mice. 
swiss-Webster mice were immunized orally with graded 
doses (O, 5, 10, 25, so, or 100 119) of recombinant ureaae 

5 plus 10 1£9 CT as a mucosal adjuvant. IgA antibody 
responses in serma, feces, and saliva increased with taa 
amount of recombinant urease administered. A 100 pg dose 
of recombinant ureaae produced the hiqhest antibody 
levels. 

10 swiss-Webster mice were orally immunized with 
graded doses (O, 5, 25, or 100 "'9) of recombinant urease, 
with 25 µg enterotoxigenic z. coli heat-labile toxin (LT) 

as a mucosal adjuvant. One group of :mice received 25 l'CJ 

recombinant urease and 10 µq CT as a :mucosal adjuvant for 
15 comparison. The mice were immunized orally 4 times every 

7 days. Serum, feces, and saliva ware collected 10 to 
13 days after the last i11111111nization and urease-specif ic 
antibody levels were determined by ELISA. Mice immunized 
with recombinant urease and LT developed serum and 

20 secretory antibodies aqainst urease, with a clear dose­
response effect. Strong salivary XgA antibody responses 
were observed in these animals. 

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

25 'l'he pre-Challenge antibody responses of the urease/LT 
ilDlllUnized mice were correlated with histologically­
deterained J:>actarial scores (Fig. 6). Fully protected 
animals (O J:>acterial score) and those with low-grade 
infections (l+ bacterial score) had higher levels of 

30 antibodies in all compartments than animals with more 
severe infections. A few protected mice bad no 
detectable immune response, suggesting that immune 
mediators other than IqA antibodies play a role in 
eradication of H. relis infection. 
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The ability of high doses of recombinant urease to 

elicit a mucosal immune response was examined by 

administering intragastrically 1 l'C), 200 p.g, or 5 mg 

without adjuvant. one group of mice were 

5 intragastrically immunized with 200 p.g urease plus 10 1'9 

C'l' as a control. Blood, feces, and saliva were collected 

5 to 8 days after the last immunization. Animals were 

then challenged with 107 H. felis 10 days after the last 

i111JD.Unization and sacrificed 14 days after challenge. H. 

10 felis infection was detected by urease activity in 

stomach tissue. 
High doses of recombinant urease elicited 

urease-specific serum IgG, but elicited cmnparatively low 

levels of mucosal antibodies as detectecl by ELISA. 

15 Animals which exhibited a urease-specific serum IgG 

response were fully susceptible to H. felis cballenqe, 

indicatinq that serum IgG does not play a role in 

protection. 
:en smmary, 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 :CqA antibody and serum IgA and :CgG responses. 

Secretory :IqA antibody provides protection, while serum 

ICJG responses do not. When protection is measured l>y 

histological bacterial counts, animals with higher :IgA 

antibody titers were fully protected, or had 

30 significantly reduced infections, as compared to animals 

with lower XCJA antibody titers. Animals which did not 

exhibit detectable XqA antibody levels developed severe 

infections after challenge. Antibody responses were 

dose-dependent and differed by the schedule of 

35 administration of antigen. The hiqhest levels were 
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achieved at antigen doses of 100-200 pg. Administration 
of four doses of antigen at one weak intervals provided 
the optimal schedule for immunization. An additional 
ad.ministration route, intranasal, was investigated, as 

5 follows. 

Intranasal yaccination witb recgmbinant urease 
swiss Webster mice were bamnizad either orally or 

intranasally (IN) with rec01lbinant urease or 
formalin-fixed urease. The amounts of antigen and 

10 adjuvant, routes of ad11inistration (XH or oral), and 
immunization schedules are shown in Fig. 7. 'l'he 
formalin-fixed urease (Fora-ure) was prepared according 
to the following protocol: 

15 

20 

(1) a vial containing 1 mg recombinant urease is 
reconstituted with 150 pL of RO/DX water; 
(2) so µL 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. 
Serum :IgG, :IgA, fecal IgA and salivary l:gA 

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 (Pig. 7 and Table 4). 
Protection was measured by the ureaae test, as well as by 

25 determininq bacterial scores on stomach tissues of 
sacrificed animals. one hundred percent protection was 
found in the IN qroup, as compared to sot 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 Fiq. 8). 

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



W096133732 PCT/US%/05800 

- 36 -

administered with LT as mucosal adjuvant (see Fiq. 9 for 
details of the experiment and the immunization schedule). 
:In this experiment, serum ICJG, serum :IgA, and salivary 
I9A responses in the IN + LT group were higher than in 

5 the IG + LT group, despite higher doses of antiqen and 
adjuvant that were used for :IG immunizations (Fiq. 10 and 
'l'ab1e 5, groups 4 and 8) • Mice in the IN + LT group were 
fully protected against B. Lelis challenge (10/10 
compared with 3/9 untreated group), as determined by 

10 urease test (see groups 4 and 5 of Table 5). 



~ahle_4 
... ,, 4-nnt •at:io" ..,.,.,.,, - · .. --... •""' -'--' --- ... _,, 

Ureue 

Mouse# tleltnlent soute/adjMAI ... taO --Ill\ 
lAl 10 ua/HCHO IN/none 3.398 3.318 

1A2 3.119 3.218 

1A3 2.967 2.535 

1A4 3.064 2.390 

1A5 3.009 2.647 

181 2.994 2.068 

182 3.099 2.611 

183 3.306 1.823 

184 3.424 2.931 

115 3.175 o.832 

2Al 10 ua tlC/nona 3.021 2.562 

2A2 2.971 2.806 

2A3 2.894 1.943 

2A4 2.918 2.804 

2A5 2.926 3.264 

281 l.220 3.505 

282 3.383 2.708 

283 3.092 1.814 

284 3.033 3.090 

lallgA •limrfst\ 
3.377 3.339 

0.786 3.249 

o.893 3.153 

1.065 3.311 

0.617 3.244 

o.497 3.329 

-0.010 3.235 

0.323 3.295 

0.522 3,372 

o.ao3 2.439 
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0.411 3.253 

2.672 3.266 

~ row..,... -+ 
+ 

+ 
+ 

-
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
... 
+ 
... 

Bid. .. 

w 

" 

~ 

I 

~ 
I 



285 3.05!5 2.076 

3Al 10 JJQ II/CT 2.969 0.405 

3A2 2.871 0.097 

3A3 2.984 0.677 

3A4 3.092 0.563 

lAS 3.335 0 .. 256 

381 3.013 0.148 

382 J.068 0.388 

383 3.008 0.25!5 

314 2.908 0.985 

385 2.879 0.186 

4"1 100 110/RCH.O oral/non• -0.006 0.024 

4A2 o.oso 0.097 

4A3 0.001 0.097 

4A4 3.195 0.598 

4AS 1.211 0.021 

481 0.096 0.045 

482 0.021 0.033 

483 1.109 0.055 

484 0.006 0.022 

485 0.013 0.021 

1.193 3.263 

0.192 1.670 

0.154 0.526 

o.oa1 0.473 

1.824 3.398 

1.052 0.587 

0.142 0.586 

0.867 2.410 

0.468 0.778 

1.086 1.112 

1.904 1.317 

0.021 0.009 

0.079 0.041 

0.056 ... Q.019 

0.190 2.097 

0.034 0.010 

0.165 0.309 

0.043 0.059 

o.oao 0.019 
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SA1 100 ual-- oral/none 0.032 0.042 
SA2 0.756 0.077 
SA3 2.362 0.075 
5A4 0.012 0.034 
SAS 0.011 0.035 
581 0.012 0.042 
582 0.017 0.011 
583 1.583 0.058 
584 o.&02 0.030 
585 1.672 0.059 

&Al 25 ual-- oral/CT 0.698 0.267 
6A2 2.139 0.065 
&Al o.oo& o.ou 
6A4 2.957 0.354 
6AS 0.011 0.019 
681 o.ooo 0.022 
682 0.009 0.002 
683 0.320 0.022 
684 0.010 0.009 
685 2.633 0.090 

7Al none 0.011 0.018 

0.151 0.030 + 
2.957 0.156 + 
0.104 0.262 + 
0.146 0.065 + 

0.163 0.013 + 
0.089 0.011 + 
0.076 0.049 + 
o.osa 0.182 +/-

0.093 0.093 + 
0.060 0.093 + 

0.076 0.387 -
0.089 0.206 -
0.098 0.011 -
0.185 2.999 -
0.042 0.02& -
0.041 o.oos -
0.067 0.069 -
0.041 0.048 + 
-0.021 0.023 + 
0.047 0.647 -
0.01• 0.019 + 

1 2 

1 2 

3 2 

1 2 
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1 2 

2 2 
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7A2 0.007 ·0.025 0.042 -0.004 + 4 2 

7Al o.ooo 0.019 0.082 o.01e + 4 2 

l 

~ w 
7A4 0.004 0.028 0.024 -0.002 + 4 2 

7AS 0.011 0.005 0.041 0.029 x 
781 0.019 0.004 0.089 -o.oos + 4 1 

782 0.006 -0.003 -0.009 0.008 + 4 2 
783 o.oo& 0.024 0.066 0.167 + 4 2 

784 o.01s 0.018 0.063 0.018 + 4 1 
785 0.001 0.023 0.111 0.011 + 

plate 1 conttols 
' 

+ 2.265 3.280 1.651 3.315 g 

- -0.010 0.040 0.065 0.056 

plate 2 mnh'Ols 

+ 1.969 3.289 1.700 3.298 

- -0.001 0.034 -0.004 0.019 
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~ 
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Ipt;r•naa•l ipgunization with rePC!l!thin•R' '"'" ancl LT 

Ureaae 

Mouse I Treatment •erwn IaG eerutl laA 

Ult 25 ua Sx IN 3.530 0.350 

lAL 200 uo 2x IG 3.263 0.154 

lJUl 3.231 0.630 

lALL 3.233 0.318 

181' 3.344 o.401 

lBL 3.322 0.124 

lBll 3.424 o.22s 

lBLL 3.285 o.591 

lBRR 3.262 0.141 

2M 25 uo Sx Ill 3.164 0.054 

2AL 200 11q 1x IC 3.232 0.231 

2AR 3.236 o.te1 

2ALL 3.303 0.122 

211' 3.357 o.&9o 

2BL 3.264 1.002 

28Jl 3.2H 1.37'1 

2BLL 3.241 .0458 

••U.•arv IcrA 
0.340 

1.544 

0.204 

0.251 

0.112 

2.01s 

0.426 

0.719 

0.202 

0.014 

0.747 

0.412 

0.832 

0.993 

0.840 

.0934 

0.191 

2 week 
eacr.lf ice 

AbsorbancL ... 

0.102 

0.768 

o.eos 
0.806 

0.'126 

0.168 

0.748 

0.807 

0.675 

0.814 

0.823 

0.695 

0.813 

0.747 

0.704 

0.161 

0.748 
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2BRR 3,280 

3AN 25 ua 2x II 0,165 

3AL 200 ua 2x IG 3.364 

3AR 1.731 

3ALL 3.321 

3ARR 3.358 

3BN 3.199 

lBL 3.114 

3BR 3.274 

3BLL 3.284 

3BRR 3.254 

4AN 25 110 4x IN 3.375 

4AL with 2 ua LT 3.482 

4AR 3.330 

4ALL 3.343 

4ARR 3.220 

4BN 3.287 

4BL 3.305 

4BR 3.283 

4BLL 3.313 

4BRR 3.474 

0.129 0.134 

0.031 0.001 

0.332 0.356 

0.031 -0.003 

0.450 0.541 

0.158 0.001 

0.276 0.212 

2.463 2.838 

0.607 1.517 

1.279 2.593 

0.427 1.684 

0.118 0.212 

o.346 0.546 

3.237 3.302 

3.067 3.229 

1.625 2.156 

1.263 2.943 

0.496 2.029 

0.809 2.307 

1.019 3.346 

0.674 1.683 

0.120 

0.191 

0.824 

0.810 

0.798 

0.675 

0.820 

0.839 

0.481 

0.829 

o.852 

0.111 

0.101 

0.109 

0.103 

0.106 

0.224 

0.139 

0.114 

0.106 

0.119 
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Si\N none 0.075 

SAL o.oos 
SAR 0.011 

SARI\ 0.005 

SBH 0.033 

SBL 0.013 

SBll 0.025 

SILL 0.028 

581\1\ 0.095 

6M 25 µq Sx D 3.353 

6J\L 200 pq lx IG 3.470 

&Alt l.387 

6ALL 3.362 

&ARR 3.244 

681' 3.211 

&BL 3.286 

&Ba 3.269 

6BLL 3.347 

68RR 3.321 

7M 25 ua 4x IN 3.415 

7'AL with 2 µg LT 3.428 

0.023 

0.016 

o.ooa 
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 

0.001 

-0.002 

-0.001 

o.ooo 
0.001 

0.004 

0.001 

o.ooa 
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 

0.126 

0.881 

0.839 

0.834 

0.134 

0.814 

0.833 

0.155 

0.818 
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7.Aa 3.249 

1ALL 3.269 

7Ull 3.255 

78N 3.310 

7BL 3.439 

78R 3.359 

7BLL 3.370 

781Ul 3.330 

8Alf 200 utt 4x IO 0.281 

SAL with 10 utt LT 3.234 

8A1l 3.285 

SALL 3.313 

BARR 3.363 

8BN 3.407 

BBR 3.315 

8BLL 3.271 

9AN none 0.011 

9AL 0.017 

9AR 0.007 

91'1.L 0.011 

9ARR 0.006 

2.054 

1.010 

0.713 

3.081 

2.298 

1.026 

1.441 

0.689 

0.031 

0.925 

0.827 

0.547 

0.382 

1.189 

1.608 

0.438 

0.003 

o.oos 
0.002 

0.011 

0.019 

3.188 

3.240 

3.243 

3.274 

3.222 

1.751 

3.025 

1.16' 

o.ooo 
1.872 

2.751 

0.395 

1.144 

1.880 

2.536 

O.SH 

o.ooo 
0.001 

0.001 
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-0.002 

t 

~ 

I 
~ 

~ 
~ 
I 



W096133732 PCl'/US96/05800 

- 45 -

... N N 
0 0 0 in c 
0 0 0 0 8 • . • 0 
0 0 0 • . 
I • I 0 0 

0 G) " 'I> ... .... c .... ... ... 
0 0 0 0 0 . • • . • c 0 0 0 c 

.... 0 ... "' 0\ ... C'll "' 0 ... 
0 0 0 0 0 . . . . . 
0 0 0 0 0 

I i = a a 
0\ 0\ 0\ OI 



W096/33732 PCTIUS96/05800 

- 46 -

Further support for the etf icacy of intranasal 

illllllunization is shown in Fig. 11. Briefly, this 

experiment showed that rurease (10 µq), administered by 

the intranasal route with CT (5 1'9), is at least as 

5 effective as rurease (25 "9) given by the oral route with 

CT (10 pq) in preventing infection with H. Lelis. 

Seleption of a mucosal ad1uyant 

B. coll heat-labile toxin (LT) is a 111Ultisubunit 

toxin which is closely related, both biochemically and 

10 immunoloqically, to c.r. Because the toxicity of W is 

lower than CT, LT is a practical mucosal adjuvant for use 

in humans (Walker and Clements, Vaccine Res. 2:1-10, 

1993). 

Hice were orally immunized with s 119, 25 l''li or 

15 100 "9 recombinant urease and 25 pg recoml:>inant LT (Swiss 

Serum Vaccine Institute, Berne, SWitzerland) for a total 

of four weekly doses. Control mice received LT only or 

25 119 urease vaccine with er. Mice were challenged two 

weeks after the fourth dose and necropsied two weeks 

20 after challenqe. 
Gastric urease assays indicated significant 

protection or suppression of the infection in imaunized 

aniJDals at all vaccine doses (Table 6). Histoloqical 

assessment confiraed significant reductions in bacterial 

25 scores in mice which received ~ 5 µg urease and LT. 

Protection was directly correlated with dose as 

determined by both qastric urease assay and histological 

examination, with the highest protection conferred by 

100 ~g of recombinant urease co-administered with Ill. 

30 Antibody deterainations confirmed a dose-response 

relationship, with highest mucosal immune responses at 

the 100 pg dose. When recombinant urease was 

administered at equivalent doses (25 l'CJ), LT was superior 

to er as a mucosal adjuvant. These data indicate that 
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whi1e CT enhances the mucosal immune response to orally 

administered recombinant urease, LT is a better mucoaal 
adjuvant and is thus the pref erred over CT for co­
administration with recombinant urease. 

5 Bbl• 6 

10 

B. coli heat-labile ent@rotoxin CLTl as a mvcosal 

adiuyant for ippnunization with recoipbinant B. p_ylori 
urease 

' PllO'DCDD VACClD ~ (# noD:C'DD/m'DL) a 

URBASS ASSAY :UsmL08Y 

None 25 ua L'l* 0 (0/9) 0 (0/9) 

25 "CJ rure 10 p.q CT 70 (7/10)* 60 (6/10)• 

5 µ.9 rure 25 "9 LT 787 (7/9)* 56 (5/9)* 

25 µ.q rure 25 l'CJ LT 90 (9/10)* 80 (8/10)* 

100 p.9 rure 25 119 LT 100 (8/8)* 100 (8/8)* 

15 • Percent protected (number of mice with negative urease 
assay or bacterial score 0-1+/nmnber tested) determined 
by bacterial scores of silver-stained stomach sections. 

• Comparison to sham-immunized controls, Fisher's exact 
test, p<0.03. 

20 To determine the adjuvant activity of lower doses 

25 

of LT, mice were orally immunized with 25 µg of 
recombinant urease administered with 1, 5, 10, or 25 p.q 

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 antiqen alone at a high dose. Cholera 

toxin B subunit (CTB) was compared with CT as.a mucosal 
30 adjuvant for urease immunization. No protective effect 

! ..... 
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was observed when 200 µq urease was co-administered 
intragastrically with 100 p.g crB (calbiochem, La Jolla, 
CA) in 0 .. 24 M sodium bicarbonate, whereas the same amount 
of ureaae with 10 µq CT gave 100.t protection, as 

5 determined J::>y gastric urease activity. 
An orally-active sea1""'9fnt'tJSltic analogue of 

muramyl dipeptide, GMDP, 
(N-acetylglucosaminyl-(bl-4)-N-acetyl­
muramyl-L-alanyl-D-isoglutamine), was co-administered 

10 with 25 p.q urease at doses of 2, 20, and 200 p.q. GHDP 

co-administered with recombinant urease failed to protect 
mice against H. Lelis challenqe. 

Large doses (200 ,,.g, 1 mq, or 5 mg) of recombinant 
urease with or without CT were intraqastrically 

15 administered to mice once a week for four weeks. The 

intraqastric route was required because volumes for high 
antiqen doses exceeded those that could be given orally 
in a reproducible fashion. NaHC03 was co-administered to 
neutralize gastric acid. A total of four doses of 

20 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 B. Lelis, and infection was determined by urease 
activity in stomach tissue. 

25 I:n the absence of er, high antigen doses did not 
con:fer protection against H. :telis challenge, whereas 
controls given 200 µq of reCOlllbinant urease with C'l' were 
significantly protected (Table 7). Orease-specific serum 

IgG was induced at the high recombinant urease doses 
30 without adjuvant, but serum, fecal, and salivary IgA 

responses were absent or minimal. Histological 
examination of coded specimens from animals given 5 mg 
doses of urease revealed no differences in bacterial 
scores or leukocytic infiltrates, compared with 

35 sham-immunized animals. 

BAD ORIGINAL 
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10 

1able 7 A mucosal adjuyant facilitates Protegtiqp by recOllbinant ur•••8 

Mean aatibo47 level• (tlD) 
before aballenge• 

Vaccine 
% protected 

serum Serua J'eoal 8alivar:r A4juvaat Cl proteote4/ 
teated) 19'• %4JCI If& ICJA 

none PBS 0 (0/5) 0.01 0.03 0.01 0.02 
(:t0.00) (:t0.07) (±0.0 (:t0.03) 

2) 

200 µq rure 10 µ9 CT 88 (7/8)• >2.97 >1.02 0.16 0.59 
(:tl.84) (±1.41) (t0.1 (±0.73) 

4) 

200 µq rUre none 0 (0/9) >2.06 0.01 0.02 0.06 
(±1.98) (±0.11) (tO.O (:t0.13) 

2) 

1 nq rUre none 0 (0/9) >3.28 0.12 0.02 0.18 
(±1.48) (±0.17) (±Q.O (:t0.40) 

3) 

5 mq rure none 0 (0/9) >2.68 >0.22 o.p2 0.08 
(±1.98) (±0.17) (±Q.O (±0.11) 

2) 

• Mean (±SD) urease-specif ic serum IqG or IqA expressed as A405 units of ser\Uft (diluted 
1:100), fecal extract (diluted 1:20), or saliva (diluted 1:5). Means are s~own as> when 
individual values of 4.0 (the maximum A405 reading) were included in calcula~inq the mean 

·values. 
• comparison to sham-ill1llunized controls, Fisher's exact test, pao.oos. 

I 

~ 

~ 
m s 

~ 
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Therapeutic immunization of mice with H. Lelis aastritis 

The efficacy of the recombinant urease vaccine in 

treating Belicobacter infection in mice was evaluated by 

intragastrically infecting Balb/c mice with 10' H. ~elis, 

5 and, four weeks after infection, orally administering to 

'the infected mice four weekly doses of 200 pq recombinant 

urease with 10 pg LT. Control mice received LT only 

(Fig. 12). 
Ten of the mice in each group were necropsied 

10 four weeks after the final immunization tor examination 

of the degree of Hel1cobacter infection by quantitative 

gastric urease. Hine 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 

B. ~elis. Ten weeks after tbe challenqe, the animals 

were sacrificed to determine the extant of infection by 

quantitative urease assay. Of nine animals which were 

20 qiven 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 mice 

(93t) 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 

Belicobacter infection, but also protects the host 

against reinfection. 
30 Five of fourteen (36%) imaunized 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 BalbJc mice, 



-----··-··- - ---~---------

W096133732 PCTIUS9610SIOO 

- 51 -

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 

5 strains to B. felis has been noted (Sakaqami et al., Am. 

J. GaS"t:zT;7enterol 89:1345, 1"'4). 
By histoloqic assessment, all unimmunized Balb/c 

mice had 4+ infections (> 100 bacteria/section), whereas 
reduced bacterial scores were seen in 43t of i11111lUnized 

10 mice at four weeks. At ten weeks, four of six had 

redUCed urease activity, although only one of six had a 
reduced bacterial score. 

The ro1e of antihgdies in He1.:lqpb§gter therapy 
The role of anti-urease antil:>odies in Helicobacter 

15 therapy, i.e. , the clearance of H. felis from infected 
mice, was examined by first infecting Balb/c mice with 
107 B. Lelis.. Four weeks after infection, the mice were 
orally i1111DUDized with 200 pq recombinant urease plus 
10 1MJ c.r. Control mice were qiven 10 1'9 c.r only. 

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

Hice infected with H. £elis produced serum anti-
25 urease XgG antibodies, but no secretory anti-urease ICJA 

response was detected.. However, infected animals 
immunized with urease/C'l' exhibited high secretory anti­
urease IgA antil:>ocly responses (Fig. 13). There was no 
si9nif icant difference in urea~e specific JaUcosal I9A 

30 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 Z9A antibody response may play a role 
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in the ability of H. Ze11s to evade clearance by the 
iaaune system.. :tn contrast, i1111lunization of B. :felis­
infected aice with urease and a mucosa1 adjuvant resulted 
in strong aucosal anti-urease reaponsea, which corre1ated 

5 with clearance of the H. £el.is infection. 

Cprre1ation of proygtiqn against Heliqoblqter infection 
with gastric ipune responses 

several of the experilllents using the mouse 
infection aodel showed that some aniaal.s rendered 

10 resistant to inf action by recombinant urease vaccine 
lacked detectable antibody responses, or bad iow antibody 
levels, in serum, ·saliva, or feces. Thus, the iJDmune 

response was measured in the gastric mucosa itself, in 
order to determine whether measurement o:f an i1111lune 

15 response could be aore precisely correlated with 
protection. 

Immune responses in qastric mucosa were assessed 
by detecting IgA antibodies and IgA-positive antibody 
secreting cells in intestinal and gastric murine tissue 

2 o by ilmaunohistochemistry. Portions of the stomach 
containing pylorus-proximal duodenum, antrum, corpus, and 
cardia were mounted in OCT compound, flash-frozen, and 
cryosectioned. Sections (7 µm thick) were fixed in cold 
acetone, and XqA-positive cells were identified by 

25 staining with biotinylated monoclonal anti-IgA, followed 
by avidin conjugated to biotinylated glucose oxidase 
(ABC-GO, Vector Laboratories, Burlingame, CA), and 
counterstained with methyl green. Urease-specific 
antibocly secreting cells (ASC) were identified by 

30 sequentially incubatinq sections with recombinant urease, 
rabbit anti-urease, biotinylated donkey anti-rabbit lg 
{Amersham, Arlington Heights, IL), ABC-GO, 'l'NBT, and 
methyl green. Control sections were incubated without 
urease or urease plus rabbit anti-urease to determine 
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reactivity with the donkey secondary reagent and 
background endogenous glucose oxidase activity. 
cryosections of cell pellets from a hybridOll\a which 
produces a monoclonal XgA antibody against H. relis ureB 

5 (MAB71) and an irrelevant IgA 11onoclonal (HNX20) against 
P glycoprot:ein of respiratory syncytial virus aerwed a& 
positive and negative controls, respectively. 

swiss-Webster mice were iJDJDUDized orally with four 
weekly doses of 100 pg rec01Dbinant ureaae plus adjuvant 

l.O (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. XgA-positive B cells were detected l:>y 

ELXSPOT assays in 96-well filter plates coated with 
1 ~g/well recombinant urease and blocked with bovine 
serum albwain. Ten-fold serial dilutions of LPL were 
added to the wells, starting at 1 x 10' cells. XgA-

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

microscopy. 
Anti-urease IgA-positive ASC were found by ELISPOT 

25 i.n intestinal lamina propria as early as three days after 
the last i111Dl111lization, peaked at seven days, and 
diminished thereafter (Table 8}. Urease-specific ASC 

represented -10% of the total IgA-positive cells observed 
on i:maunohistochemistry. TWo-color immunofluorescence 

30 microscopy confirmed that urease-specif ic 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 
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(Czerkinsky et al., Infect. Illllllun. 59:996-1001, 1991; 
XCGbee and Xyono, In:fect. Agents Bum. Dis. 2:55-73, 
1993). 

Table 8 

!> 1Unetics of induction of anti-urese JCIA secratim galls 
lfter or•l immunization with ra;ombinant urease 

10 

15 

llUlmD OP ASC/10' LUDD PllOPll%A L'lllPBOCIBS 
DDIUll%SU%0W 

DAJ: 3• DAT 1 

recombinant 17c 7400 
urease + crb 
PBS + CT 1 200 

• Day after the last oral immunization. 

~ Cholera toxin. 

MT 1C 

10 

0 

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

DAT 21 

2 

0 

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 
"silent" until stimulated by Belicobacter challenge. 

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

25 200 "g recombinant urease with 10 µ.g CT. Control mice 
received CT only. 
were challenged. 

one week after immunization, the mice 
Mice were necropsied prior to challen9e 

and at 7, 14, 28, 70, and 133 days after challenqe. 
Prior to challenge, no IqA-positive ASC ware 

30 found. At all time intervals after challenge, IqA­
positive ASC were present in large numbers in the gastric 
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•ucosae of immunized mice, with a peak at seven days 
(Fig. 14). The number of I9A-poaitive ASC greatly 
exceeded that in unimmunized (CT only) mice, especially 
7-28 days after challenge. The anato•ical localization 

5 of IqA-positive ASC also differed, with immunized mice 
lravin9 cells throughout the aucoaa, in t:he> 1-i­
propria, and around the crypts, but rarely under the 
surface epithelium. Urease-specific and XgA-positive ABC 

revealed. that the majority of urease-specific cells in 
10 gastric mucosa were IgA-positive. 

~hese observations indicate that the qastric 
mucosa of animals primed by prior immunization becomes 
imaunolo9ically activated only after antiqenic 
stimulation by B • .felis. The resu.lting tissue response 

15 is characterized by rapid, intense, and long-lasting 
recruitment of IqA-positive B cells, many of which are 
urease specific. This response is quantitatively greater 
than in immunologically naive mice atter challenqe. 
Moreover, the localization of IqA-positive cells in 

20 immunized mice differs from that in immunologically naive 
mice that are challenged and bec01De persistently infected 
with B. Lelis. The enhanced XgA-positive ASC response in 

gastric mucosa suqqests a basis for the protection 
conferred by immunization against H. Lelis challenqe. 

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 Ho.llllC}ren, 
scand. J. I.mmunol. 25:407-412, 1987). 

30 Cgrrelation of tbe gastric immune response and bacterial 

The re.lationship between the gastric tissue immune 
response and bacterial infection was defined at the 
structural level. swiss-Webster mice were immunized with 

.. 
BAD ORIGINAL 
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4 weekly doses of 200 llCJ recombinant urease with 10 1''1 

er. one week after the last imunization, the mice were 
challenged with 107 H. :tel1s. Animals were sacrificed o, 
1, 7, 14, 28, 70, and 133 days attar Chal1enge, and 

5 B. :feljs colonization was assessed by light and electron 
micrescopy. 

Within 24 hours a:fter challenge, both immunized 
and unimaunizecl mice had substantial numbers of H. :fel1.s 

within the lUDlen of gastric pits (Fiq .. 15). Within seven 
10 days after challenge, the bacteria were cleared from the 

imaunized mice, but were still present in hiqh numbers in 
the gastric pits and the 1uaens of unimlunized mice. 
Bacteria were also associated with the apical membrane of 
mucus-secreting· cells of the unimmunized ldce. 'l'he 

15 clearance of bacteria from the gastric mucosa of 
illlmunized mice corresponded to the appearance of IgA­
posi ti ve ASC and anti-urease ASC in the qastric tissue. 

These results suggest tbe following sequence of 
events: 1) challenge of immunized mice results in 

20 transient colonization of gastric epithelium with 
B. :telis; 2) unbmnmized animals remain infected, while 
ani .. ls i1111Unized with reCOllbinant urease clear the 

bacteria from the stomach during the first weeJt after 
challenge; and 3) clearance of infection is associated 

25 with the recruitment of IqA-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 i.JD'munization. 

30 &ntigenic cpnseryation of urease amPDa strains of 
H. pylori 

The ability of various antisera to bind multiple 
clinical. isolates of B. pyl.ori was tested. The antisera 
included HPA3, a hyperimmne rabbit serum prepared 
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aqainst purified. H. pylori urease, and sera and 
secretions (gastric wick samples and saliva) from mice 
immunized with recombinant urease. Antibody preparations 
were tested by imnunoblottinq for recognition of the 

5 homologous B. pyl.ori strain (Hp630) , A'!CC 43504 type 
strain, and five clinical ilft>lat:ea frail ulear patients •t 
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 
B • .felis ureaae, and native B. mustelae urease. In 
addition, ureaae-speeific XqA antibodies in gastric 
secretions and saliva of immunized mice reacted with both 

is UreA and ureB of all H. pylori strains, as well as 
heteroloqous ureases. XJllJDUnologic recognition was 
greater for ~aB than for UreA. Sham-immunized mice 
showed no reactivity with any urease subunits. These 
results demonstrate that B. pylori strains express 

20 ureases that are highly conserved at the antigenic level. 
'l'hus, antigenic variation among B. pylor1 strains is not 
a significant factor tor development of a recombinant 
urease vaccine. 

CoJlbination methods and compositions for treating 
25 Helieobac:ter infegtion 

Gastroduodenal infections, such as Helicobacter 
infection, may be treated by oral administration of a 
vaccine antiqen (e.g., H. pylori urease) and a mucosal 
adjuvant, in combination with an antibiotic, an 

30 antisecretory agent, a biS111Uth salt, an antacid, 
sucralfate, or a combination thereof. Examples of such 
compounds which may be adllinistered with the vaccine 
antigen and the adjuvant are: antibiotics, including, 
e.g., macrolides, tetracyclines, P-lactams, 
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aminoglycosides, quino1ones, penicillins, and derivatives 
thereof (specific examples of antibiotics that may be 

used in the invention include, e.g., amoxicillin, 
clarithroaycin, tetracycline, metronidizole, 

5 erythr01DYain, cefuroxille, and erythromycin) ; 
emtiaecretory agents, including, e.g., 92-recaptor 
antagonists (e.g., ci•etidine, ranitidine, faaotidine, 
nizatidine, and roxatidine), proton pump inhibitors 
(e.g., omeprazole, 1ansoprazole, and pantoprazole), 

10 prostaqlandin analoqs (e.g., misoprostil and enprostil), 
and anticholinergic agents {e.g., pirenzepine, 
telenzepine, carbenoxolone, and proqlwaide); and bismuth 
salts, including colloidal bismuth aubcitrate, 
tripotassium. dicitrate biamuthate, biSlllUth aubsalicylate, 

15 l:>icitropeptide, and pepto-l:>ismol (aee, e.g., Goodwin 
et al • , Helicobacter py.lori, Biology and Clinical 

Practice, CRC Press, Boca Raton, FL, pp 366-395, 1993; 

Physicians' Desk Reference, -19th edn., Medical Economics 
Data Production company, Montvale, Hew Jersey, 1995). Xn 

20 addition, compounds containing more than .one of the 
above-listed components coupled together, e.g., 
ranitidine coupled to bisDluth sul:>citrate, may be used. 

Amounts of the above-listed compounds used in the 
methods and compositions or 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 
l:>e administered on days 1-14, and the vaccine antigen + 
adjuvant may be ad.ministered on days 7, 14, 21, and 28. 

30 Xn addition to urease, other Belicobacter antigens 
may be used in the methods and compositions of the 
invention involvinq combination therapy. For example, 
Belicobacter heat shock proteins A or B {HspA or HspB; WO 
94/26901), Helicobact:.er adhesion lipoprotein A (AlpA; The 

35 nucleotide sequence encodinq AlpA is set forth in SEQ ID 
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H0:6 and the correspondinq am.inc acid sequence of Alp.A is 
in SEQ :ID tro:7), Belicobaater (e.g., B. pylori) clpB 
(clpB is encoded by the insert in the plasmid in 
bacterial strain XLOLR HP CP6, Which was deposited with 

5 the National Collections of Industrial & Marine Bacteria 
in Aberdeen, Scotland, and desiqnated with HCillB 
accession number 40748), or the 16-19 kD Belicobacter 
antigen recognized by monoclonal antibody IgG 50 (IqG so 
aay be obtained from hybridoaa cell line #50-G6-s7 , which 

10 was deposited with the ATCC and designated with ATCC 
accession number BB-11952) may be used. In addition, 
Helicobacter surf ace-exposed or secreted antiqens 
identified usinq the transposon shutt1e mutaqenesis 
method of Baas et al. may be used as vaccine antiqens in 

15 the invention {Haas et al. , Gene 13 o: 2 3-31, l.993 1 Haas et 
al. , Abstract from the VIth Workshop on Gastroduodenal 
Patholoqy and Belicobacter pylori, Brussels, September 
21-25, 1993; Odenbreit et al., Gut, An International 
Journal of Gastroenterology and Hepatology, Abstract from 

20 the VIIIth International Workshop on Gastro-duodenal 
Patholoqy and Beljco.bacter pylori, Edinburqh, Scotland, 
July 7-9, 1995). l:n this aethod, cloned B. pylori genes 
are mutagenized by transposon insertion mutagenesis in 
Bsaberichia coli. The inactivated qenes are reintroduced 

25 into B. pylori by DNA transformation, and allelic 
replacement results in the generation of correspondinq B. 
pylori mutants. The transposon used in one variation of 
this method carries blaM, which is a S'-truncated version 
of the '-lactamase gene. Use of this transposon 

30 facilitates taqqinq 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 antiqens. Zn 
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addition to Helicobacter antiqens, antiqens from non­
Belicobacter qastroduodenal pathoqens may be used in 
methods and compositions for preventinq and/or treatinq 
infection caused by their respective pathoqens. 

5 Polypeptide fraqments containing protective and/or 
therapeutic epitopes of tbe above-listed antiqans 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 B. Coli (LT) , a 
cholera toxin, a c. difficile toxin, or derivatives 
(e.g., fragments, mutants, or toxoids havinq adjuvant 
activity), or combinations thereof. For example, a 
fraqment containing the 794 carboxyl-terminal amino acids 

15 of c. di;f:ficil.e Toxin A (see, e.g., Dove e't a.I., supra, 
for the sequence of c. difficile Toxin A) may be used. 
The aJBounts of vaccine antiqen 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 
Hel.ic:obacter infection is illustrated below. 

Coml>lnation therapy for Beliaobacter infection o~ aice 
25 One month after infection with -107 H. :relis, mice 

were treated with amoxicillin (1.5 mq/30 q mouse) and/or 
pepto-bismol (0.2 mq/30 g mouse) once per day for 14 days 
(days 1-14), and/or a vaccine composition containing 
100 1'9 recombinant H. pylori urease + 5 µg LT on days 7, 

30 14, 21, and 28 (see Table 9 for an illustration of the 

combinations used). Bel.icobacter infection in these mice 
was measured by quantitative gastric urease assay (see 
above) l week and 4 weeks after termination of the 
treatment (day 28). As is illustrated in Table 9, the 
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aost effective treatment reqi11l8n, achieviDCJ 100% 
clearance, involved administration of a vaccine (urease + 
LT), an antibiotic (amoxicillin), and a bismuth salt 
(pepto-bismol). 

5 '1'.Abla 9 

' Kiae Ql•Ar•« of B. &el1s lpfec,iop 

treatment 
wetkl 

maoxicillin 

10 pepto-bismol 

amoxicillin + pepto-bislllOl 

vaccine 

vaccine + amoxicillin 

vaccine + pepto-biaaol 
15 -70t 

vaccine + amoxicillin + pepto-bismol 
100, 

(vaccine = ureaae + adjuvant) 

1 week 

60t 

ot 

80% 

70t 

89t 

-1ot 

lOOt 

Identif iqatign ot hµmon patients for adJpinistratign of 
20 recgmbinant H. RYlori urease vaccine 

40% 

Ot 

40% 

70% 

56, 

The recombinant II. pylori ureaae vaccine of the 
invention may be administered to uninfected individuals 
as a prophylactic measure or to individuals infected with 
Belicobacter as an antibacterial therapy. J:ndividual.s 

25 selected for prophylactic administration of recombinant 
urease incl.ude any individual at risk of Helicobacter 
infection as based upon aqe, qeoqraphical location, or 

the presence of a condition which renders the individual 
susceptible to Helicobacter infection. 7ndividuals at 

30 particul.arly biqh risk of infection, or who would be most 

severely affected by infection, include individuals in 
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developinq countries, infants and children in developing 
and in developed countries, individuals with naturally or 
artificially low gastric acid pH, sumaarine crews, and 
military personnel. 

Xndividuals who may receive the recombinant 
•· PTlor1 ureaae vaccine as a therapeutic include those 
individuals with symptoms of qastritis or other 
gastrointestinal disorders Which may be associated with 
H. pylori infection. The clinical symptoms associated 

10 with qastritis, an inflammation of the stomach mucosa, 
include a broad ranqe of poorly-defined, and generally 
inadequately treated, symptoms such as indigestion, 
"heart l>urn," dyspepsia, and excessive eructation. A 
general discussion of gastritis appears in Sleisenger and 

15 Fordtran, In <;,astrointestinal Disease, 4th Bdn., Saunders 
Publishinq Co., Philadelphia, PA, pp. 772-902, 1989. 

Individuals who have a gastrointaatinal disorder 
may also be treated by administration of the vaccine of 
the invention. Gastrointestinal disorders includes any 

20 disease or other disorder of the qastrointestinal tract 
of a human or other ma111J1al. Gastrointestinal disorders 
include, for example, disorders not manifested by the 
presence of ulcerations in the qastric mucosa (non­
ulcerati ve qastrointestiiial disorder)r includi119 chronic 

25 or atrophic gastritis, qastroenteritis, non-ulcer 
dyspepsia, esopha9eal reflux disease, gastric motility 
disorders, 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 o~ 
digestive acids, pepsin, or other factors. 
Alternatively, it may be desirable to administer tbe 
vaccine to asymptomatic individuals, particularly where 

· 35 the individual may have been exposed to H. pylori or has 
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a condition rendarinq the individual susceptible to 
infection. 

Infection with Halicobaoter can be readily 
diagnosed by a variety of methods well known in the art, 

5 including, e.g., by serology, 13c breath test, and/or 
qaatrascapic examination. 

Prepara1:ign of purified recpmhinant urease for 
adJ!linistration tg paj;ient§ 

The process for formulation of recombinant urease 
10 involves COlllbininq ureaae with a stabilizer, (e.g., a 

carbohydrate mannitol) and freeze dryinq (i.e., 
lyophilizinq) the prOduct. This process prevents 
degradation by aqqreqation and fragmentation. In 
addition, the product is stable £or aonths following 

15 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 

20 (approximately 4 mq/ml) is dialyzed against 2% sucrose, 
and this solution is transferred to lyophilization vials. 
The vialed solution is either: (1) frozen in liquid 
nitroqen, and then placed into the lyophilizer, or (2) 
cooled to 4°C, and then placed in the lyophilizer, where 

25 it is frozen to -40°C, or lower. Lyophilization is 
carried out usinq standard methods. The freeze-dried 
product may be reconstituted in water. 

M9de of administration to hmpan patients 
Recombinant H. pylorj urease is administered to a 

30 mucosal surface of the individual in order to stimulate a 
mucoaal illlJllune response e:ftective to provide protection 
to subsequent exposure to Helioobaoter and/or facilitate 
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clearance of a pre-existing Helicobacter infection. 
Preferably, recombinant urease is administered so as to 
elicit a mucosal immune response associated with 
production of anti-ureaae IgA antibodies and/or 

5 infiltration of lymphocytes into the gastric mucosa. The 

recombinant urease may be administer~ to any mucoaal 
surface of the patient.. Preferable mucosal surfaces are 
intranasal, oral, and rectal (e.g., by use of an anal 
suppository). In addition to beinq administered to a 

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

15 inqestion of the vaccine, but the vaccine may also be 

adainistered 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 drop or an intraocular 
implant. 

Dosages of rec01Dbinant 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, dosa9es will contain 
between about 10 µ.g to 1,000 lllCJ, for example, between 
al>out 10 mg and soo DJ, 30 mg and 120 mg, 40 mg and 70 
mq, or 60 mg recombinant B. pylori urease. 

30 At least one dose of the recombinant B. pyl.ori 
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 

3 5 urease at one or two week intervals after the last 
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immunization, generally one booster dose containing less 
than, or the same amount of, recombinant B. pylori urease 
as the initial dose administered. For example, the 
vaccine regimen may be administered in four doses at one 

5 week intervals. '!'he priming and booster doses may be 

administered to the same or different mucosal surfaces. 
:In the case of different n.ucosal surfaces, for example, 
an oral priming dose may be followed by intranasal or 
rectal boosters, an intranasal priming dose may be 

10 followed by oral or rectal boosters, or a rectal priming 
dose may be followed by oral or intranasal boosters. 

Recombinant B. pylori urease may be co­
administered with a mucosal adjuvant. The mucosal 
adjuvant may be any n.ucosal ad.juvant known in the art 

15 which is appropriate for h11111an use. For example, the 

mucosal adjuvant may be cholera toxin (CT), 
enterotoxigenic E.coli haat-labile toxin (LT), or a 
derivative, subunit, or ~ragment of er or L'l' which 
retains adjuvanticity. The mucosal adjuvant is co-

20 administered with recombinant H. pylori u:rease in an 
amount effective to elicit or enhance a mucosal immune 
response, particularly a hmnoral and/or a mucosal iD1J11une 
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 buff er may be administered prior to 
administration of recombinant B. pylori urease in order 
to neutralize or increase the pH of the gastric acid. 

3 o Any buffer that is effect! ve 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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free, i.e., no amount of a pH-raising buffer compound. 
effective to significantly affect gastric acid pH is 
administered to the patient either prior to, or 
concomitant with, administration of the vaccine 

5 recombinant urease. 
'l'he vaccine f oraulation containing recombinant 

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

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

For prophylactic therapy, the vaccine containing 
recombinant H. pyl.ori 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 marqinal 
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 B. pylori urease may be administered 
at any time before, during, or after the onset of 
symptoms associated with Helicobac:ter infection or with 
qastritis, peptic ulcers or other gastrointestinal 

25 disorder. Although it is not a prerequisite to the 
initiation of therapy, one may confirm diagnosis of 
Hel1cobacter infection by, e.g., a 13c breath test, 
serology, gastroscopy, biopsy, or another Belicobacter 
detection method known in the art. The progress of 

30 iJDJDUnized patients may be followed by general medical 
evaluation, screening for H. pyl.ori infection by 

serology, 13c breath test, and/or gastroscopic 
examination. 
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1Xample of administration of recombinant H. pylori urease 
to a human 

A vaccine composed of 60 mq of recombinant H. 
pylori urease in a total volume of 15 ml of water 

5 containing 2t weight/volume sucrose, pH 7.5 is orally 
adainistered 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 
deteraine adverse effects, physician interviews are 

10 performed weekly during the period of vaccine 
administration, as well as 1 week and 1 month after the 
last i111Dlunization. Anti-urease antibodies are measured 
in serum and saliva,·and antibody-secretinq cells are 
monitored in peripheral blood collected 7 days after the 

15 last imaunization. 
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(C) OPDATIRG SYSTBlb PC-l>OS/HS•DOS 
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(B) l'JLDG DAB: 28-APR-1995 
(C) CLUSIFICATIOB 
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(B) RBCillSTaATIOll RUMBBR: 30,162 
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(A} TELBPBOJCE: (617) 542-5070 
(B) TBLBFAX: (617) 542-8906 

(2) Ul'ORMATIOB !'OR SEQ II> R01l1 

(i) SEQumtCB CHARAC"rBRISTICSi 
(A) LBNGTHs 2735 base pairs 
(B) ftPB: :nucleic acid 
(C) S'l'RARDEDDSS: double 
(J>) TOPOLCCY s linear 

(ii) JIOLECULB TYPE: cDNA 

(xi) SBQVBlfCB J>2SCRIPT:IONt SBQ ID NO:l: 

TAATACGACT CACTATAGGG GAA'?'l'GTGAG CGCATAACAA TTCA'l'CCACC TTGATTGCCT 60 

TATGft:ftCA .10GAAAAACA CTTTAAGAA!' AGGAGAAmA GATGAAACTC ACCCCAAAAG 120 
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AGft~ Cft!CM'CCTC CACTACGC'rG GACAA'ft'CCC DA.~C:CC AAACA.~:V: 180 

GCA~ TAAC!'ATGTA CAAGCAGTM C'ZTTGATTAG WCCCAT.M'!l' ATGGAAGAAG 240 

OGAGAGCmG TA!l-•Jl..AGACT GCGGCTGAAT TGATGCAACA AGGGCGCACT CTTTTAAAAC 300 

Cl.CA'IOA'l'CT CAlfCOA'l!GCC C::'!fGCC!!AMCA. TCA'!CCA'MA Ac::SGC'?Aft GAAQCGAKT 360 

TTCc.l'GAmG GACDAACTC GDACCG'l'GC .UAccccrAT TGAOGCCU.T GGDAATTAG 420 

ftec.fGG'fGA GTmftCff'A AAAAATGAAG ACATCAcTAT CAACGAAGGC AA.a._u.:\GCCG 480 

'l"fAOCG'IG». 1'C'ftAUULt: CT'l'GGCGACA GACCCCTTCA AATCGGC'rCA CAC'fTCCAft 5'0 

TeftTGAAGT GAATMATGC CTAGACftTG ACAGAGAMA MCTftCGGT MACGCTDG 600 

ACAT'l'GCGAG OGGGACAGCC CTAACArl'TG AOCC'l'CC:CGA ACAAMATCC CTACAAftGA 660 

ftGACAftGG CQGTAACAGA AGAATC!n'TG GA'n'TAACGC A'n'GGftGAT AGACAAQC:M; 720 

ACAM:GAP.-W CAAAAl.l&Aft GCTftACACA GAGCTAAAGA GCGTGGTftT CATGGCGCTA 780 

MIGCGA'lGA CAACTM'GfA AMACA.AftA AGCACTAACA AATGAU.1'-AC ATTACCAGAA 840 

.MGAAD'l'GT ftCTA'l'GTAT GGTC:CTACTA CAGGCGATAA AGTGAGA'l'TG GGCGATACaG 900 

AC'ftGATCGC TGAAGTJUDA CATGACTACA CCATftA'fGG CGAAGAGCft UA'rl'CGGTG 960 

GCGG1'AAAAC CCTAAGAGM GGCATGAGCC AATCTAACAA CCC'J'AGCAAA GAAGAGftGG 1020 

A'ft'TMftAT CACTAAOGC'r 'l'TAATCG'1'GG AftACACCGG TAft!E'M'JUUL QCCGATATTG 1080 

CDftA&ACA TCGC>-v.A'rC CC'rGGCA'ft'G CTMAGCCGG TA.J\CA.~AC MCCAAGATG 1140 

GCGT'l'AMAA CAATC'l'TAGC GTAGGTCCTG CTACTGAA.GC CTTAGCCGG'1' GMGG~ 1200 

TCG'l'AACGGC TGG'!fGGTAft GACACACACA TOCACTTCA'r n'CACCCCAA CAAA'l'CCcTA 1260 

m.GC'f'H'?CC WCCG'fCTA ACAAC:CA'l'CA '.r'l'Cc::'J!CC'l'GG AACCGGTCC'r GCTGA"IGGCA 1320 

Ci'AATGOGAC TACTATCAC'l' CCAGGCl.GAA GUATf'TAAA A~TGCTC AGAGCGGCTG 1380 

AAGAATA!'TC TATGAATTTA GG'l'ftC'l"l'CC C'l'AAACCTAA CGc.l'TC'l'AAC GATGCCAGCT 1440 

TAGCCGATCA AAT'?GMGCC GG'l'GCGA'!TG GC'ftTA»aAT TCACGMGAC TQCGOCACCA 1500 

CTCCTTC'l'GC AATCAA1'CAT GCGft'AGATG 'l'TGCGGACAA ATACGATGTG CAAG'l'CGCTA 1560 

TCCACACAOA CAC:.n"l'GAAT GAAGCCQGTT GTGTAGAAGA CACTATGCCT GCTATTGCTC 1620 

GACGCACTA'l' GCACAcn'TC CACACTGAAG GC:CCTGGCGG CGGACACGCT CC'l'GATA'r'!A 1680 

ftAAAGTAGC CGGTGMCAC AACAftCn'C CCGCTTCCAC TAACCCCACC ATCCCTTTCA 1740 

CCGTGAATAC ACAAGCAOAG CACATGGACA TCCTTA!l'GGT GTGCCACCAC 'nGGATAAAA 1800 

GCATTAAAGA AGA'.rGTTCAG 'l'TCGCTGATT caAGGA'l'CCG CCC'l'CAAACC ATTGCGGCTG 1860 

AAGACAC'nT GCA'NACA'lG GQGA:b"h'CT CAA'.l'CACCAC f"l"C'l'GACTCT CAAGCGATGG 1920 

GCCGTGTGCG TGAAG'l'1'ATC AC'l'AGAACTT CGCAAACAGC TGACAAAAAC AAGAAAGAAT 1980 

'n'GCCCGCTT GA.~:\GAAGAA AAAGCCGATA ACGACAACTT CAGGATCAAA CGC'rACTTGT 2040 
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C'l'UA'l'ACAC CA'l"l'AACCCA OCCA'l'CCC'l'C ATGGGAftAG CGAGTA'l'CTA GG'l"l'CAGTAG 2100 

AAGTGCCCAA AGTGGCTGAC ftGO'l'AftGT GGAG'l'CCAGC AftC't'H'OGC CTCAAACCCA 2160 

ACA'IGA2?CA~ CAAAGGQGGA 'rrClt.ftGCGT DAGCCAAAT GGGOCA'MCG AACGCTTCTA 2220 

TCCCTACCCC AQ...ACOGGft 'l'AftACAGAG UA'l"C'n:CGC 'l'CA'l'CATGG'l' AAAGCTAAA"l 2280 

AOGA"l'GCMA CATCACT'!TT GTGTC'ICMG CCGCTTA'l"CA CAAAGGCAft ~.A'l' 2340 

TAQQAC'l'l"CA AAGACP..AGTG n'GCCGG'l'AA AMA'nGCAG MATATCAC't A..~-WACA 2400 

"lGCAA'n'CM. CGACACTACT GC'l'CACAT'l'C AAG~TCC 'IGAAACftAC CA'l'C'l'C'l"l'CG 2460 

TGCATCCCM AGAAG!l'AAC'I' ~ CCAATAMGT GAGC'n'GGCG CAAC1'mftA 2520 

GC&UU"CTA GGAft'l'!HA acrmccc ftccn'AAA"l CCTGAAft'CG AGC'l'CCGl'CG 2580 

ACAAGCft'GC GGccx:cACm GAGCACCACC ACCACCACCA C'l'GAGATCCG CCTGC'l'AACA 2640 

~.A GGAAGC2GAG '1"J.'GGC'lGC' CCACCGC'1'0A GCAATAACTA GCATUCOCC 2700 

rrGGQGCC'rC 'l'AAACGGG'?C T'l'CAGGCG'l"l' 'r1TlG 2735 

(2) lBl'OltllATIOB l'Oll SBQ Il> 11<>&2 a 

(i) SBQUDCB CllAMCDRlftICSs 
(A) LBROftt 238 amino acida 
(B) ftPB: amino acid 
(D) TOPOLOGY: 11.Mar 

(ii) KOLBCULB ftPE: protein 

(xi) SBQOBRC& DBSCRIPTIOlh SEQ ID ltOa2i 

Hat LYll Leu Thr Pro I.ya Olu I.au Asp Lys Leu Mat Leu Bia 'l'yr Ala 
1 5 10 15 

Gly Glu Leu Ala Lya Lye Ar9 I.ya Glu Lye Gly Ile I.ya Lau Aen Tyr 
20 25 30 

Val Glu Ala Val Ala i.eu Ile Ser Ala Bia Ile Mat Glu Glu Ala Arg 
35 40 45 

Ala Gly I.ya Ly• 'l'hr Ala Ala Glu Leu Ket Gln Glu Cly Ar9 Thr LeU 
50 55 60 

Leu Lya Pro ABP Asp Val Met Aap Gly Val Ala Ser Met :Ile His Clu 
65 70 75 80 

Val Gly Ile Glu Ala Met Phe Pre A•p Gly Thr Lye Leu Val Thr Val 
85 90 95 

Bia 'l'hr Pro Ile Glu Ala Aan Cly Lya Leu Val Pro Gly Glu Leu Phe 
100 105 110 

Leu LY• Aen Clu Aap Ile Thr Ile Asn Glu Gly Lys LY• Ala Val Ser 
115 120 125 

Val Ly• Val Ly• Aan Val Gly Aap Arg Pro Val Gln Ile Gly Ser His 
130 135 140 
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Ph• Bia Phe Ph• Glu Val A•n Ar9 Cy• Leu Aap Ph• Asp Arg Glu. :r.ya 
145 150 155 160 

~ Pbe Gly Lye Arg Leu A•p Ile Ala Ser Gly Thr Ala Val Ar9 Phe 
165 170 175 

Olu Pl:O Gly Glu Glu LY• Ser Val Glu Leu Ile Aap Ila Gly Gly Atm. 
180 185 190 

Arv k9 11• Pb• Gly Phe Aen Ala lieu Val Asp Arg Gl.n Ala Aap Jii-. 
195 200 205 

Glu 8er Lya Lya Ile Ala I.eu Bi• Arg Ala I.ya Glu Arg Gly Phe His 
210 215 220 

Gly Ala Lys Ser Asp Aap Aan Tyr Val Ly• Thr Ile Ly• Glu 
225 230 235 

(2) IllPOBHATIOll !'Oil SEQ ID llOt31 

(i) SBQUBRCB CBUACTlllIS'HCSs 
(A) LBRGTlh 566 mnino acida 
(B) TrPBs amino acid 
(D) !'OPOLOCYs linear 

(ii) KOLKCULB ftPZ1 protein 

(Xi) SBQU3llCB DBSCRXPT%01h SEQ ID ll013s 

Ket Lya Lye Ile Ser Ar9 Lye Glu '!yr Val Ber Met '!yr Cly Pro Thr 
1 5 10 15 

!rhr Cly A•p Ly• Val Arg I.au Gly Aap Thr A•P Leu Il• Ala Glu Val 
20 25 30 

Glu Bis Asp Tyr Thr Ile Tyr Gly Glu Glu I.au Lya Phe Gly Cly Gly 
35 40 45 

Lya Tbr Leu Arg Clu Gly Mat Ser Gln Ser Aan Asn Pro ser Lya Glu 
~ 55 60 . 

Glu Leu Asp Leu Ile Ile Thr Aen Ala Leu Ile Val Aap Tyr Thr Cly 
65 ?O 75 80 

Ile Tyr Lye Ala Asp %le Gly Ile I.ya Allp Gly Lye Ile Ala Gly Ile 
85 90 95 

Gly Lya Gly Gly Aan Lya Asp Met Gln Aap Gly Val Lya Asn Aan Leu 
100 105 110 

Ser Val Gly Pro Ala Thr Glu Ala Leu Ala Cly Glu Gly Leu Ile Val 
115 120 125 

Thr Ala Cly Gly Ile ASP Thr His Ile Kia Phe Ile Ser Pro Gln Cln 
130 135 140 

Ila Pro Thr Ala Phe Ala Ser Gly Val Thr Thr Met Ile Gly Gly Gly 
145 150 155 160 

Thr Gly Pro Ala Aap Gly Thr Aan Ala Thr 'l'hr I.le Thr Pro Gly Arg 
165 170 175 
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Arc; Aen Leu I.ya 'l'rp Met Leu Arg Ala Ala Glu Glu Tyr Ser Ket Aan 
180 185 190 

Leu Gly Phe Leu Ala Lye Gly Alm Ala Ser Atm Aap Ala Ser Leu Ala 
195 200 205 

Aap Gln J:l• Clu Ala Gly Ala Ile Gly Pbe I.ya U• Bia Glu Aap 'rrp 
210 215 220 

Gly Tbr Thr Pro Ser Ala Ile Asn Bia Ala Leu Asp Val Ala Asp Lya 
225 230 235 240 

Tyr Asp Val Cln Val Ala :Ile Bia Thr Aap Thr Leu Aen Glu Ala Gly 
245 250 255 

cys Val Glu Asp Thr Hat Ala Ala 11• Ala Gly Arg Thr Met Bis Thr 
260 265 270 

Pbe Bis Thr Glu Gly Ala Gly Gly Gly His Ala Pro Asp :Ile Ile Lys 
2?5 280 285 

Val Ala Gly Glu Ria Aan Ile Leu Pro Ala Ser Thr Aan Pro Thr Ile 
290 295 300 

Pro Phe Thr Val Aan 'l"hr Glu Ala Glu Hia Met Aap Ket Lea Ket: Val 
305 310 315 320 

cya Bi• Bis Leu Aap Lya Ber Ile LY• Glu Aap Val Gln Ph• Ala Asp 
325 330 335 

Ber Ar9 Ile A:rg Pro Gln '1"hr Ila Ala Ala Glu A•P Thr Lea Ria Asp 
340 345 350 

Met Gly Ile Pbe Ser Ile Tbr Ser Ser Asp Ser Gln Ala Met Gly Arg 
355 360 365 

Val Cly Glu Val Ila Thr Arg Thr Trp Gln Thr Ala Asp Lye Asn Lya 
370 375 380 

Lye Glu Phe Gly Arg Leu Lys Glu Glu Lye Gly Aap Asn Aep Asn Phe 
385 390 395 400 

Arg Ile Lye ArCJ Tyr Leu Ser Lya Tyr Thr Ile Aan Pro Ala Ile Ala 
405 410 415 

Hi• Gly Ile Ber Glu Tyr Val Gly Ser Val Glu Val Gly Lya Val Ala 
420 425 430 

Asp Leu Val Lau Trp Ser Pro Ala Phe Phe Cly Val Lya Pro Asn Met 
435 440 445 

Ile Ile Lya Gly Gly Phe Ile Ala Leu Ser Gln Met Gly Aap Ala Asn 
450 455 460 

Ala Ser Zle Pro Thr Pro Cln Pro Val Tyr Tyr Arg Clu Ket Phe Ala 
465 470 475 480 

Hi• Hi• Gly Lys Ala Lya Tyr Mp Ala Aan Ile Thr Phe Va1 Ser Gln 
485 490 495 

Ala Ala Tyr Aap Lya Cly Ile Lye Glu Clu Leu Gly Leu Glu Arg Gln 
500 505 510 
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Val Leu Pro Val Lya Aan Cy• Arg Aan Ile Thr Lys Lya Asp Met Gln 
515 520 525 

Phe Aen AapThr 'fhr Ala Bia Ile Glu Val Aan Pro Glu 'l'br Tyr His 
530 535 540 

Val Pbe Val Aap Gly Lye Glu Val Thr Ser Lye 1'ro Ala Aen Lye Val 
545 550 555 560 

Ser J.eu Ala Oln Leu Pbe 
565 

(2) IRl'OIUCATIOlf l'01l SBQ II> JIOt4t 

(J.) 8BQUJUrCB OSAltACDRlftIC:St 
(A) r.smm: 28 baaa palr• 
(B) nns nucleic aci.d 
(C) S'D.Ul>BDRBSSt bot:h 
(J)) !1.'0POLOGY t bot:h 

( U) llOLBCULB TYPB i cS>RA 

(Xi) BBQUB1fCS DBSCRIPTIOJh UQ D> 1'0t4t 

CGCGATCCAC CftGAft'Gc:G ftATGTCT 

(2 ) IRl'ORHATIOll J'OR BBQ II> ROs 5 a 

( i) SBQUBRCB c:BUACDIU8'r%CSt 
(A) LlllGTlh 27 ba•e pair• 
(B) ftPBt nucleic acid 
(C) SftWIJ>BDIUSS: both 
(D) 1'0POLOG:r: both 

(ii) HOLaCUt.B ftna c1>D 

(Xi) 8.BQOBRCI DBSCRIP1'%0lh DO ID llOtSt 

CGGAA".l"tCAG CMTTAAGGA ACCCT'l'G 

(2) lll!'ORMATIOlf POR SEQ ID NDr6r 

(i) SBQUDCB CBUACTBlllS"nCSs 
(A) LDC'flh 155? baae pair• 
(B) ":YPBr nucleic acid 
(C) 8'.rRANDBDDSSt IH>th 
(J>) 1'0POLOGYa both 

(ii) MOLBCUI.B ft'PB: cDWA 

(xi) SBQUBHCB DBSCRil"HOlh SBQ ID lr0s6i 

28 

27 

A'l'CATAAAAA AGAATAGAAC GCTGTr?CTT AGTC1'AGCCC TT1'GCGC'J.'AG CATAAGT'l'A1' 60 

GCCGAAGA1'G ATGGAGGGi'T 1"ft'CACCGTC GGT'?UCACC 'l'CCGGCAAGT CA'l'GCAAQA1' 120 

CTCC>-•-•.ACC CAGGCGGCGC TAAAACCGAC GAACTCGCCA GAGAGCftAA CGCTGATGTA 180 

ACGAACAACA nT.rAAACAA CAACACCOOA CGCAACATCG CAGCGCCC1'T CAGTAACGCT 240 

ftCTCCCU'? ACC'.l"ft'AftC GCftftAGOG CWl'ACCCCA CAMACTCU "l'GGTAGCGAT 300 

GWTC:1'GCGA ACGCTC1nT AAGTGGTGCG GTAGGCTCTG GGAc.rTG~C GGCTGCAGGG 360 
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ACGCC'.l'GG'1'0 ~ DACACTCAA ACCACft'GCA CCQftCCQC;G C'l'Aft'Aeme 420 

CTCCCTMCT TGAC'NACaG CIA'?'l"ftMGC ACGATCQGCA GQCAGACTM C'l'ACOGQCG 480 

AACACCAAft 7CCCCAACAT CQ..ACAACAG ~ACT i'GMTOCGGG GAATG'lGft'T 540 

ftTAA1'GCGA TCAADAGGC ~T AACAJ\TGGM CDC'l!AGTGC ftGTGCMCT 600 

AQTGGTGCGA CTCGTTCAGA TGG'l'CUACT TACTCCACAC MGCTATCCA A'l'Acc.rTCM 660 

GGCCAACUA ATATCftAAA TAACGCAGCG AAC'rTGCTCA AGCAAGATGA ATTGC'l'Cft'A 720 

GMCC"l"!TCP. ACTCTGCCC'r AGCCGCCAAC Aft'CGGAATA AGGAAftC'AA T'l'CACK:OQC1" '780 

r.rTACMJG'lT 1'GG!l'GCAAGG CA'l'TArmA'r CAA'1'C'l'CAAG mGft'TATAA CGAGC'l'C.CT 840 

A.U..•..ACACCA ftAGCGGCAG TCCGG'f'l'Aft AGCCCTGCCA TAAACTCCAA CCAAGCDAC 900 

GC'J'GTGCAAG GGCGCGC'l'AG TCAGCTCCCT AACCC'l'CftT ATMCGCGCA AGTAAC1'ft'G 960 

GATAAAATCA A'l'GOGC'lCAA TAATCMGTG AGAAGCATGC cr.rACTTGCC CCAA'l'l'CaGA 1020 

GCCGGGAACA GCCGft'CAAC GAATAftftA AACCCCT'l'TT ACACCAAAAT MCCTATAAG 1080 

CMT'lC'fi"CG GGAMJAUAG GAAD.TCGGT ftGCGC'l'ATT A'M<n"HC't'r TTC'l'TATMC 11'0 

CGACOGAQCC TCCCCft'fAG A'l'CCACTCAA AATAA'l'CTAC QGftATACAC '?'?ATGGCG'l'C 1200 

GGGAC'?GA'l'G 'l'GT'.l'GTADA CATCT'l'TAGC OGC'l'CCT.UC MMCCGCTC TGTGGATA"l'G 1260 

GGC'tri"lT.rA GCGGTATCCA AT'J!AGCCGGT GAGACCTTCC AATCCACGC'r CAGAGA'l"GAC 1320 

CCCAATGS'CA AAT'.l'GCATGG GJWUl'l'CAAT A.~C.C'l' 1'CCAC'nCC'l' Cft'TGACftC 1380 

GGTATGAGGA TGAAC'ftCGG 'l'UG'l"l'GGAC GGGAAATc::cA ACCGCCACAA CCAGCACACG 1440 

G'l'GGAA1"1'1'G GCGTAGTGGT GCCTACGA'l'T TATAACAC'lT AftACAMTC AGCAGGCACT 1500 

ACCGTGAACT ATTTCCG'?CC TTATAGCG'l"r TATTCGTC'l'T A'MGCTATTC ATTCTAA 1557 

(2) XRFORMA'l'IOll FOR SBQ I.D ll'Ot7& 

( i.) SBQUBNCJ: CJIARAc.rERXSTXCS s 
(A) I.BNGTHs 5-18 .. ino aci.da 
(BJ TYPE: amino acid 
(I>) TOPOLOGY: linear 

(ii} HOLBCULE ftPBI protein 

(xi) SEQU.BNCB DESCRIPTION: SEQ ID lt0s7s 

Ket Ile Lya Lye Aan Arg Thr Leu Phe Leu Ser Leu Ala Leu Cya Ala 
l 5 10 15 

Ser Ile Ser '1'yr Ala Glu Asp Asp Gly Gly Pbe Phe Thr Val Gly Tyr 
20 25 30 

Gln Leu Gly Gln Val Ket Gln Asp Val Gln Aan Pro Gly Gly Ala Lya 
35 40 45 

Ser Asp Glu Leu Ala Arg Glu Leu Aan Ala Asp Val Thr Asn Asn Ile 
50 SS 60 
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l.eu Aan A•n Alln Thr Cly Gly Aan Ile Ala Gly Ala Leu Ser Aan Ala 
65 70 15 80 

Phe Sar Gln Tyr Leu 1'yr Ser Leu Leu Gly Ala 'l'yr Pro Thr Lys Lau 
85 90 95 

A8n Oly ser Asp Val Ser Ala A•n Ala Leu Leu ser Oly Ala Val Gly 
100 105 110 

&er Gly Thr Cy• Ala Ala Ala Gly Thr Ala CJly Gly Tbr Sm:' Leu Aan 
115 120 125 

'J?br CJln ser 'l!br eye 'lhr Val Ala Cly Tyr Tyr 'J!rp Leu Pro Ser l.eu 
130 135 140 

Thr A•P Arg Ile Leu Ser Thr Ue Gly Ser Gln Tbr Asn 'l'yr Gly Thr 
145 150 155 160 

Aan Thr Aen Phe Pro Aan Met Gln Gln Gln Leu Thr Tyr Leu Asn Ala 
165 170 175 

Gly Atln Val Phe Ph• Aan Ala Hat Aan Lye Ala Leu clu Aan Lye Aan 
180 185 190 

Gly Tbr Ser ser Ala Ser Gly Thr Ser Gly Ala Thr Gly ser Aap Gly 
195 200 205 

Gln Thi: !ryr Ser Tbr Gln Ala Ile Gln Tyr Leu Gln Oly Cln Gln A•n 
210 215 220 

Ile Leu Alln Aan Ala Ala Aan Leu Leu LY• Gl.n Aap Glu Leu Leu Leu 
225 230 235 240 

Cllu Ala Phe bn Ser Ala Val Ala Ala A•n Ile Gly Aan Lye Glu Pbe 
245 250 255 

Alln ser Ala Ala Phe Thr Cly Leu Val Cln Cly Ile ll• Aap Cln Ser 
. 260 265 270 

Gln Ala Val 1'yr Alln Glu Leu Thr Lya Asn Thr Ile Ber Gly Ser Ala 
275 280 285 

Val Ile Ser Ala Cly lle Asn Sar Aan Oln Ala Aan Ala Val Gln Gly 
290 295 300 

kg Ala Ser Gln Leu Pro A•n Al.a ldnl 1'yr Aen Ala Gln Val Thr r.e11 
305 310 315 320 

Asp Lya Ile Aan Ala r.eu Asn Asn Gln Val Arg Ser Net Pro 1'yr Leu 
325 330 335 

Pro Gln Phe Arg Ala Gly Asn Ser Arq Ser 'l'hr Aan Ile Leu Asn Gly 
340 345 350 

Phe flyr Thr Ly• Ile Cly 2yr Lya Gln Ph• Phe Gly Ly• Lys Arg Aan 
355 360 365 

Ile Gly r.eu Arg Tyr 'l'yr Gly Pbe Phe Ser Tyr Aan Gly Ala Sar Val 
370 375 380 

Gly Pbe Arg Ser Tbr Gla Aan Asn Val Gly Leu Tyr Thr Tyr Gly Val 
385 390 395 400 
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Gly !'hr Aep Val Leu l'yr Aan Ile Ph• Ser Arg 8ar Tyr Cln Aan Arg 
405 410 415 

Ser Va1 Aap Ket Gly Phe Phe Ser Gly %1• Gln Leu Ala Gly Glu Thi: 
420 425 430 

.... Gln Ser Thr I.au Ar9 Aap Aap Pro Aan Val Lya Leu Bia Cly I.ya 
435 440 445 

Jl• Alm .... Tbr Sia Ph• Gln Pha Leu Phe Mp Pbe Gly llet Arv Het 
450 455 460 

Aan Phe Gly Lye Leu Aap Gly I.ya Ser Aen Arg Bia Aan Cln Bia !'hr 
415 470 475 480 

Val Glu Ph• Cly Val Val Val Pro Thr Ile Tyr Asn Thr Tyr Tyr Lya 
485 490 495 

Ser Ala Gly Thr Tbr Val Ly• Tyr Pbe Arg Pro Tyr Ser Val Tyr 'rrp 
500 505 510 

&er Tyr Gly '!yr ser Phe 
515 

What i• claimed iar 
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Gly 1'hr Aap Val Leu 'lyr bn ?le Phe Ser Arg Ser Tyr Cln Aan Arg 
405 410 415 

Sar Val Mp Met Gly Ph• Pbe Ser Gly ll• Gln r..u Ala Gly Glu 'rhr 
420 425 430 

Pbe Gln ••r Tbr t.eu kg Mp Atlp Pro bn Val Ly• t.eu Iii• Cly LY• 
435 4&0 445 

11• UI\ Mn Tbr 819 Phe Gln Pba I.- Phe .a.p Phe Gly Hat kg Mat 
450 455 460 

a.n Phe Gly Ly• Leu Aap Gly Ly• Ser &an kg Bia Mn Gln Bl.9 ftr 
465 4"10 415 480 

Val Glu Pbe Gly Val Val Val Pro 'rhr Ile 'ryr Aan Thr '!yr Tyr Lya 
485 490 495 

Ber Al.a Oly Thr Thr Val Lye Tyr Phe Ar9 Pro Tyr ser va.1 Tyr Trp 
500 505 510 

ser Tyr Oly Tyr Sar Pbe 
515 

What ia c:laiaed iea 
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1. A vaccine for inducinq a mucosal imune 
response to Hel1cobact:er in a patient, said vaccine 
comprisinq: 

a) aultiaeric complexes of recombinant, 
s enzymatically inactive Helicobacter urease; and 

b) a pharmaceutically acceptable carrier or 
diluent. 

2. The vaccine of claim 1, comprising a 
aultimeric complex comprisinq eiqht Urease A subunits and 

10 eight urease B sul:>units, a multimeric complex comprisinq 
six urease A subunits and six Urease B subunits, and a 
multimeric coaplex comprising four ureaae A subunits and 
four Urease B sul>units, or a mixture thereof. 

3. The vaccine of claim 1, comprisinq a 
15 multimeric complex comprising eight ureaae A subunits and 

eight Urease B subunits, a mu1timeric complex comprising 
six Urease A subunits and six Uraase B sul>units, and a 
multi.aerie 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 tbe heat-labile enterotoxin of 
enterotoxigenic Escherichia coli, a cholera toxin, a 

25 Clostridium difficile toxin, a subunit or derivative 
thereof lackinq 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 
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derivative thereof lacking toxicity but retaining 

adjuvant activity. 

7. The vaccine of claim 4, wherein said mucosal 

adjuvant is a cholera toxin, or a subunit or derivative 

5 ~raof lackinq toxicity bUt rataininq adjuvant activity. 

8. The vaccine of claim 4, wherein said mucosal 

adjuvant is a ciost:ridium di:L:Licile toxin, or a subunit 

or derivative thereof lacking toxicity but retaining 

adjuvant activity. 

10 9. The vaccine of claim a, wherein said mucosal 

adjuvant comprises the carbohydrate binding domain of 

Clostridium·diLLicil.e Toxin A. 

10. The vaccine of claim 1, wherein said 

aultiaeric coaplexes of recombinant, enzymatically 

15 inactive Helicobacter urease have been freeze-dried. 

11. The vaccine of claim 1, wherein said 

Belicobacter urease is Helicobacter pylori urease. 

12. A coaposition for treating a qastroduocienal 

infection in a patient, said composition coaprising (a) 

20 an antiqen from a gastroduodenal pathoqen, and (b) an 
antibiotic, an antisecretory agent, a bismuth salt, or a 

combination thereof. 

25 

13. The composition of claim 12, wherein said 

qastroduodenal pathogen is a Helicobacter. 

14. The composition of claim 13, wherein said 

Bel.icobacter is Helicobacter pylori.. 
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15. The composition of claim 13, wherein said 
antigen is a urease. 

16. The com.position of clai• 13, wherein said 
antigen comprises lDUltimeric complexes of recombinant, 

5 m1zywtically inactive Helicobacter ~-· 

17. 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 Orease 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 
ei9bt Ureaae B subunits, a multimeric complex c01Dprisin9 

15 six Urease A subunits and six Urease 8 subunits, and a 
m.ultimeric complex comprising four Urease A subunits and 
four Urease B subunits. 

20 

19. The composition of claim 12, wherein said 
Helicobacter infection is Bel1cobacter pylori infection. 

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

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

25 Clostrid1wa di~:t1c1le toxin, a subunit or derivative 
thereof lacking toxicity but still having adjuvant 
activity, or a mixture thereof. 

iili1iUT 
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22. The composition of claim 201 wherein said 
aucosal adjuvant is tbe heat-labile enterotoxin of 
enterotoxi9enic Bscberichia coli, or a subunit or 
derivative thereof lackinq toxicity but still having 

s adjuvant activity. 

10 

23. The composition of claim 20, wherein said 
mucosal adjuvant is a cholera toxin, or a subunit or 
derivative thereof lacking toxicity but still havinq 
adjuvant activity. 

24. The composition of claim 20, wherein said 
aucosal adjuvant is a Clostridium di~~1cile toxin, or a 
derivative thereof lackinq toxicity but still having 
adjuvant activity. 

25. The composition of claim 24, wherein said 
15 mucosal adjuvant comprises the carbohydrate bindinq 

domain of Clostridiwn di~~icile Toxin A. 

26. The composition of claim 12, wherein said 
antibiotic is selected from the qroup consisting of 
amoxici1lin, clarithromycin, tetracycline, metronidizole, 

20 and erythroaycin. 

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

28. 'l'he 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. 
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30. The composition of claim 12, Wherein said 
antisecretory agent is an H2-receptor antagonist. 

31. !rile com.position of claim 30, wherein said H2-

raceptor antagonist is selected from the group consisting 
9' flt rani tidine, cimetidine, faotidine, nizatidine, and 

roxatidine. 

32. The com.position of claim 12, wherein said 
antisecretory agent is a prostaglandin analog. 

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

iiiiff 


