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ORAL TREATNENT OF HEL‘ TER | NFECTI ON The pr nventi on
-reIaVes to the treatnent of gastric infection in nannal %i%@lng humans.
More particularly, the present invention relates to a ne r the
tteatment of Helicobacter®infection 05756
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ORAL TREATMENT OF HELICOBACTER INFECTION

The present invention relates to the treatment
of gastric infection in hammals, including humans.
More paﬁficularly, the present invention relates to a
method for the treatment of Helicocbacter infection
in mammals, including humans, and to vaccine
compositions and antibodies suitable for use in such
treatment.

BACKGROUND OF THE INVENTION

Helicobacter pvlori (H. pylori) infection of
human gastric epithelium is a major factor in the
development of gastritis and ulcers and may be a risk
factor for the development of gastric cancer1 3.

This slender S-shaped gram negative microorganism is
routinely recovered from gastric tissue of adults and
children with histologic evidence of gastritis or
peptic ulceration. Evidence for a causal relationship
between H. pylori and gastroduodenal disease comes
from studies in human volunteers, gnotobiotic pigs,
and germ-free rodents whereby postulates by Koch were
satisfied by creating histologically confirmed
gistritis following consumption of viable
microorganisms4 11. Although difficult to treat,

when eradication is achieved the underlying gastritis
resolves and, in patients with duodenal ulcer
disease, the recurrence rate of the ulcer decreases
dramatically

In spite of in vitro susceptibility to many
antimicrobial agents, in vive long-term eradication
of established H. pvlori infections with
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i%/%%Atal s, i ncl udi ng.-humans, and to vacci ne compositions and anti bodi es
sui tabl e for use in such treatnent. BACKGROUN -OF THE | NVENTI ON *

‘Hel"i cobacter pylori (H pylori) infection of human gastric epitheliumis a

maj or factor in the devel opment of gastritis and ulcers and may be a risk
1-3 factor for the devel opnent of gastric cancer Thi.s_s|ender S-shaped gram

negative mcroorganismis routinely recoveredsfrommast ; f adults
and children with histol ogic evidence of gastrltds or éﬁifl SUBEEN At i on.
Evi dence for a causal relationship between H pyl

di sease cones from studies in human vol unteers, gnotobiotic pil

germfree rodents whereby postulates by Koch were 18
antimicrobial agents is difficult to uchieve

microorganism is found-within the mucous coat
overlying the gastric epithelium. This is a location
which does not appear to allow for adequate
antimicrobial levels to be achieved when given
orally. At the present time, most authorities
recommend a "triple therapy", namely a bismuth salt
in combination with tetracycline and metronidazole
for 2-4 weeks. However, the effectiveness of this or .
other chemotherapeutic regimens remains suboptimal.

At the present time little is known regarding
the role of the mucosal immune system in the stomach.
The distribution of Ig producing cells in the normal
gastric antrum indicates that'IgA plasma cells make
up B0% of the total plasma cell population. In
addition, the number of plasma IgA cells present in
the gastric antrum is comparable to other mucous

. S membraneszs'zs. Although a number of studies have
looked at immunoglobulin levels in various endocrine
fluids, no data is available regarding the
concentration of immunoglobulins in gastric
secretions. Moreover there is only limited data to
suggest that patients infected with H.
pyvlori develop specific IgG and/or IgA antibodies in
gastric aspiaratesaz; Thus, once infection is
established, neither antibody nor antibiotics are
very effective at eradication.

Czinn et al have shown that repetitive oral
immunizations with H. pylori antigens and cholera -
toxin result in the inducement of a vigorous
gastrointestinal IgA anti-H. pylori response in
mice and ferretsla. waever, gince mice and ferrets
are resistant to H. pylori infection and since no
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satisfied by creating histologically confirned gastritis follow ng
congunption of viable mcroorganisns[err]. Athough difficult to treat,~
when eradi cation is achieved the underlying gastritis resolves and, in

pati ents with duodenal ul cer disease, the recurrence of the ulcer
decreases dramatically[err]. In spite of in vitrdﬂﬁgqgﬁE§| I o]
many anti m crobial agents, in vivo Iong-tergleradiqa I on OhEﬁi{EO iB§ H

pylori infections with 6

‘small animal model existed at that time to evaluate
protection, it was unknoqn whether the antibodies so
formed were protective.

Lee et al have reported the ability to infect
germ-free rodents with H. felis and reproducibly
document histologic gastritisg’lo
evaluation of protection has been reported.

There remains a need therefore for an effectivé
treatment of H. pylori gastric infection,
especially in humans. The present invention seeks to
£ill that need. :

. However, no

SUMMARY OF THE INVENTION

The present inventors have discovered,
surprisingly, that oral immunization of a host with
Helicobacter antigen results in the formation of
antibodies which are protective against acute
infection by Helicobacter microorganisms. The
formation of such protective anibodies was not -
predictable on the basis of prior work since, prior
to the present invention, no suitable model existed
to evaluate pfotection.

According to one aspect of the present
invention, there is provided a method of eliciting in
a mammalian host a protective immune response to
Helicobacter infection, comprising orally
administering to the host an immunogenically

g effective amount of Helicobacter antigen to elicit
the desired protective immune response.

According to another aspect of the present
invention, there is provided a vaccine composition
comprising an amount of Relicobacter antigen
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antimcrobial agents is difficult to achieve[err].

The mi croorgani sm

is found within the nucous coat overlying the gastric epithelium This is a
l‘'ocat i on whi ch does not appear to allow for adequate antimcrobial |evels
to be achieved when given orally. At the present time, nost authorities
reconmend a "triple therapy", nanely a bisnuth sal{.in_conbination with

tetracycline and netronidazole for 2-4 weeks. Howey&H|S SHeEEHASChR ess of
this or other chenotherapeutic regimens renéins su optl PLA D.
ipresent tine little is known regarding the role of

systemin the stomach. The distribution of Ig producing cells in the normnal

gastric antrumindicates that |gA plasma cells nake

effective to elicit a protective human response in a'
patient, in association with a pharmaceutically

acceptable diluent.

According to a further aspect of the present
invention, there is provided a method of imparting to
a mammalian host passive protection to Helicobacter

infection, comprising orally administering to the

host a immunologically effective amount of a
Helicobacter specific IgA antibody to impart the

desired passive protection.

According to yet another aspect of the present
invention, there is provided a murine H. felis

specific IgA or I1gG monoclonal antibody.

According to a yet further aspect of the

invention, there is provided a cell line

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described with
reference to the acéompanying figures, in which:

Figure 1 is is a bar chart of antibody titers in
various sera and secretions of germ free mice after
oral immunization with H. felis lysate in

association with cholera toxin; and

Figures 2A and 2B are bar charts of percent of

mice infected with H. felis after active

immunization (Figure 2A) and passive_immunization

(2B) compared with controls.

DETAILED DESCRIPTION OF THE I ION

The present inventors have demonstated that oral
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up 0% of the total plasma cell population. In addition, the nunber of
plasna | gA cells present in the gastric antrumis conparable to other -~
mucous menbranes[err]. Al though a nunber of studies have |ooked at
I mmunogl obulin levels in various endocrine fluids, no data is avail able
regardi ng the concentration of imunoglobulins in g

jastr-e—secretians,
Moreover there is only limted data to suggegt that Bﬁﬁl&i‘hﬁ§ HAT SEER V\Ath
H pylori develop specific 1gG and/or |IgA antibodigs in RHHACED
32 gastric aspiarates[err]. Thus, once infection is € her

antibody nor antibiotics are very effective at eradication. - Czinn et
al have shown that repetitive oral inmunizations with H. Pylori antigens
and chol era toxi nimeanizatiohhini mficecusbhgol. afglfisr ansigent r oi nt esti nal

L Tttt YLoTRebBRERI°R RTACELR°LhBLOR! Shebbhes BEKELn ShESGI' o0
gpecific protective antibodies are present in gastric
secretions. The effect of the protective immune
‘response is that immunized animals when challénged
with pathogen do not become infected in comparison to
non-immunized animals which do become infected. while
not being bound by any theorj, the present inventors
believe that oral immunization with the B, felis
antigen stimulates the common mucosal immune system
and perhaps local sites in the gastric mucosa
resulting in the appearance of H. felisg specific
IgA antibodies in the gastric secretions, which
prevent H. felis infection. Since H. felis and
H. pylori are simliar species from the same genus
{Belicobacter), it is reasonable to conclude that
immunization of for example a germ-free pig with H.
pylori antigen plus a mucosal adjuvant such as '
cholera toxin will be effective in preventing H.
pylori infection of the stomach. Since it is a
routine matter to conduct pre~clinical trials of
candidate vaccines for human use in animal models, it
is believed that the methodology of the present

' invéntipniiéfeffective in humans, especially in the
treatment of H. pylori infection in humans.

It has been discovered by the present inventors
that an H. felis germ-free mouse model can be -
employed to evaluate antibody protection levels

'{ _ following immunization with H. felis antigen.

Figure 1 relates to the results cbtained in
experiments with the H. felis germ-free mouse
model. Oral immunization of the model with bacterial -
antigens in association with cholera toxin resulted
—_—
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3 smal | ani mal nodel existed at that tine to evaluate protection, it
amas unknown whet her the antibodies so formed were protective. Lee et

al* have reported the ability to infect germfree rodents with H felis and
reproduci bl y docunment histologic gastritis[err]. However, no

THIS SHEET HAS BEEN |
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in elevated serum, gastric and intestinal anti-H.
felis antibody titers and protection from acute
infection of the stomach by H. felis pathogen. In
the experiments, groups of Swiss-Webster germ-free
mice (Taconic) were orally immunized & or 5 times
over a one month period with 2-4 mg of sonicated H.
felis lysate plué 10 pg of cholera toxin. The mice
were then challenged orally with approximately 106
viable H. felis bacteria. The mice were sacrificed
and intestinal and gastric secretions collected as
described in the following working Examples. Anti-B.
felis antibedy titers were determined by ELISA. The
black solid bars in Figure 1 represent mean titers
(£ 5.D.) from immunized mice and the open bars
represent mean titers (£ S.D.) from the control
non-immunized mice. The results presented graphically
in Pigure 1 are summarized in Table 1 below.

TABLE 1

ANTIBODY TITER (LOG,)

Serum | Gastric : Intestine

IgA IgG IgA IegG IgA IgCG

CONTROL 3.1 3 o - 0 1.6 1.1
IMMUNIZED 11.8 16.8 2.1 4.25 4.5 4.4
H. FELIS INFECTION | PROTECTION

H. felis (+) H. felis (-)
Control n=18 14 4 23%
Immunized n=17 4 13 78%

\M .
- This Sheet Has Been Rep

I il

21. FEB * 96 (WED) 07:40 COMMUNICATION No. 2 " PAGE. 16 -

0



02/20/98 18:41 617 542 8 e

eval uation of protection has been reported There remains a need

; therefore for an effective treatment of H pylori gastric infection, .
especi;ally in humans. The present invention seeks to fill that need.
SUMVARY CF THE | NVENTI ON The present inventges._have di scovered,
surprisingly, that oral immnization of a host with Wﬁﬁlsﬂggpqy@ysantlgen
results in the formati on of anti bodi es which, are protectR B AR i NST" Acut e
i nfection by Helicobacter m croorgani sns. The for ctive
ani bodi es was not predictable on the basis of prior work since, prior to
the present invention, no suitable nodel existed to evaluate protection.
According to one aspect of the present

It cah be meen from the above results that
significantly higher antibody titers are observed for
the immunized mice than for the control animals.

. Figures 2A and 2B depict the results of studies
to establish the protection against infection by BH.
felis by conducting active and passive immunization
experiments. Referring to the active immunization
experiments, gastric biopeies were collected at
sacrifice from the H. felis challenged mice in the
experiments described above in connection with Figure
1. The biopsies were scored for the presence of H.
felis by rapid urease test and/or culture

positivity, described in the following working
Examples. Figure 2A shows the results of pooled data

- from 3 experiments (n = 17 immunized animals and 18
contrel animals). The black (solid) bars represent
challenged immunized mice and the striped bars the
control non-immunized mice.

It will be seen that from a total of 17
immunized animala,-only 4 became infected, as
compared to 14 of the 18 control animals. In other
words, 78% percent of the immunized animals were
protected from H. felis infection as compared to
23% of the non-immunized animalse.

The fact that protection was the direct result
of IgA antibodies was :established by passive
immunization of germ-free mice with H. felis
sepecific IgA monoclonal antibodies and comﬁarison of

¢ the resulting protection with that exhibited by mice
given no antibody or irrelevant antibody (for example
Sendai virus specific IgA monoclonal antibody). The
results are set forth in Figure 2B.

An IgA monoclonal antibody reactive with H.
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i nvention, there is provided a nethod of eliciting in a mammalian host a
. protective i mmune response to Helicobacter infection, conprising orally _
adnini stering to the host an i mmunogenically effective amount of

Hel i cobacter antigen to elicit the desired protective i nmune responseé.
Accordi ng to another aspect of the present invention, there is provided a
vacci ne conposi.tion conprising an anount of gielicobacter antigen

THIS SHEET HAS BEEN
REPLAGED

felis was isolated and subcloned after an _
immunization protocol similar to that described in
Figure 1. Ascites containing H. felis specific IgA
monoclonal antibody produced from the cell line
#71- Gs-Ae, prepared as described in the working

Examples, or Sendai virus specif;c I1gA monoclonal
antibody or saline were orally administered to
germ~free mice at the time of 1n£ection with H.
felis, and 4, 8, and 24 hours later. Seven days
after infection, the mice were sacrificed and gastric
 biopsies scored for H. felis (n = 7 mice received
H., felig specific monoclonal antibody and 13 mice
received no antibody or Sendai virus specific
monocleonal antibody). The black sold bars represent
the mice which received the H. felis specific
monoclonal antibeody and the striped bars represent
the mice which received either Sendai virus specific
monoclonal antibody or saline (no antibody).
~ These results establish that IgA alone protects
against H. felis infection of the gastric mucosa.
It is also observed that oral administration of
H. felis antigen results in significantly increased
levels of anti-H. felis IgG antibodies as well as
IgA antibodies. There are a number of possible
explanations for this phenomenon. First, it has been
observed that cholera toxin can, in some cases,
enhance both antigen-specific IgA and IgG
responseszz. Secondly, cell traffic studies have
{ shown that mesenteric node IgG lymphocytes are a
component of the mucosal immune system and can give
rise to mucosal IgG plasma cells which have been
observed in gastric muceosa. Thirdly, at least a
portion of the observed gastric 1gG could be the
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4 effective to elicit a protective hunman response in a patlent in
assoolatlon with a pharmaceutically acceptable diluent. According to a
further aspect of the present invention, there is provi ded a net hod of

i mparting to a mamual i an host passive protection to Helicobacter infection,
conprising orally admnistering to the host a inmunol pgical |y effective
anount. of a Helicobacter specific IgA antibody to inp THISt Bnggjeﬁngegi:- ]
passi ve protection. According to yet another aspfct o%@bﬁqﬂi‘esent
invention, there is provided a murine H felis specifre~tgr

mnocl onal anti body. According to a yet further aspect of t he

i nvention, there is provided a cell line

result of transudation of serum antibody into the
gastric lumen secondary to mild to moderate
inflammation observed in both control and immunized
animals. ,

The above discussion has focussed on the use of
H. felis antigen in the treatment of H. felis
infection. It will be appreciated however that the
present invention is not limited to the treatment of
H. felis infection. _

Thus, the present invention also includes within
its scope the treatment or prophylaxis of mammals,
including humans, for H. pvlori infection, wherein
the patient is orally immunized with an '
dmmunologically effective amount of E. pylori
antigen in order to elicit the formation of
protective antibodies to H. pvlori pathogen.
Preferably, the H. pyvlori is administered in -
association with a mucosal adjuvant, for example
cholera toxin. _

Moreover, the present invention includes within
its scope the passive immunization of mammals,
including humans, against H. pylori infeétion. This
is achieved by orally administering an effective
amount of an H. pyvlori specific antibody to the
patient. Preferably an H. pylori specific IgA
monoclonal antibedy is orally administered to the
patient.

The vaccine of the invention is administered
-orally in amounts readily determined by persons of
ordinary skill in this art. Thus, for adults, a
suitablé dosage would be in the range of 10ug to 10
mg, for example 50ug t6 5 mg. .Similar dosage_ranges
would be applicable for children.
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#71- Jerr]-Aerr]. BRI EF DESCRI PTI ON OF THE DRAW NGS The invention
;Wird | .now be further described with reference to the acconpanylng figures,
i n which: Figure 1 is is a bar chart of antlbody titers in various

sera and secretions of germfree mice after oral ‘i muni Is felis
| ysate in association with cholera toxin; and Fi gures*2 @ﬂdH&BEﬁE
bar charts of percent of mce infected wwth ¥ felis af aéEPMHED

i mruni zation (Figure 2A) and passive i nmruni zation (2B) conpared VUt et
control s. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

As noted above, a suitable mucosal adjuvant is
cholera toxin. Others which may be used are non-toxic
derivatives of cholera toxin, including its B subunit
and/or conjugates of antigen plus cholera toxin or
its B subunit, microcapsules, or immune stimulating
complexes (ISCOM's) or liposomes and attenuated live
vectors such as viruses or Salmonella bacteria. The
amount of mucosal adjuvant employed depends on the
type of mucosal adjuvant used. For example, when the
mucesal adjuvant 1s cholera toxin, it is suitably
used in an amount of S5ug to 50ug, for example
10ug to 35ug. When used in the form of
microcapsules, the amount used will depend on the
amount employed in the matrix of the microcapsule to
achieve the desired dosage. This is something within
the skill of a person of ordinary skill in this art.

. Suitable carriers and diluents are enteric
coatgd capsules and/or 0.2N Na_Hco3 and/or saline.
EXAMPLES

The invention will now be further described by
the following non-limiting examples.

{a) The Mice

The mice used in the experiments were germ-free
Swiss Webster mice (8 weeks old) were obtained from
Taconic {Germantown, N.Y.). The animals were housed
in microisolater cages under germ-free conditions and
they were allowed fiee accgsé_to autoclaved
laboratory chows and water. With the exception of
occasionally isolatiné-diphtheroids, animals were-
maintained in a germ-free state throughout the
immunization protocol.

e on
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"The present inventors have denonstated that oral
Jinmuni zation in mce using H felis antigen produces a protective i mune,:
response wherein antigen : '

1 THIS SHEET HAS BEEN
L REPLAGED

{b) Bacterial Strains

Bacteria recovered from gasfric biopsy specimens
of a cat were identified as H. felis based on
morphology, Gram stain, and the production of urease,
catalase and oxidaseg. Organisms were stored in 50%
-phosphate-buffered saline (PBS). 25% glycerol: 25%
heated fetal calf serum at -70°C. Bacteria used in
the the following examples were passaged in vitro
two to three times after isolation. o

{c) Bacterial Antigens.

The test strain was inoculated onto Columbia
agar (Difco, Detroit, MI) containing 7% horse blood
and incubated microaerophilically at 37°C for 5-7
days. The organisms were harvested in PBS and the
resulting suspensions were sonicated to lyse the
bacteria at 40°C; cleared of cellular debris by
low-speed centrifugation, and sterile filtered. These
whole-cell sonicates were stored as 100yl aliquots
at ~70°C until needed for oral immunization of
animals.

{d) Outer membranes :

Outer membranes were prepared as described19
"Briefly, bacterial suspensions were treated with 1 mg
of ribonuclease and deoxyribonuclease (Sigma
Chemical, St. Louis) in 0.5 M Tris-EDTA buffer (pH
7.8) at 4°C immediately prior to sonication and-
low-speed centrifugation as above. Bécterial
envelopes were then separated from the cleared lysate
by ultracentrifugation at 150,000 x g for 1 h. Outer
membranes were separated from the cell envelopes by
differential solubilization in sodium
n-lauroylsaréoaine and recovered by , o
ultracentrifugation. The resulting pellets were

’l his Sheet Has Been:Rep laced
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specific protective antibodies are present in gastric secretions. The

.effect of the protective inmmune response is that immunized ani nals when _

chal | enged with pat hogen do not becone infected in conparison to

non-i mruni zed ani mal s whi ch do becone infected. Wile not belng bound by
any theory, the present inventors believe that oral prrR+—Zatton he
H felis antigen stinulates the comon nucosal |nnun=TH¥%§BEE%HAS EWaps
| ocal sites in the gastric nmucosa resulting in the appear aRERLAGEDH. felis
specific I gA antibodies in the gastric secretions, mrchprevent H felis
i;nfection. Since H felis and H pylori are simiar species fromthe sane
genus (Helicobacter), it is reasonable to conclude that i mrunization of for
exanpl e a gern}fﬁéepﬁpéedn#n P OpyMophosphatenbpffera(RHcdsAl.adj uvant such

as chol era toxi nayiridelcintbesliytots, pﬁﬁ&eBEbBGdHaﬁyL?chl npestegn of the
stomach. Since it

candi dat e vaCC|n%3n$8Ptﬁﬁ#%ﬁgﬁgggtﬁegﬁiﬁﬁﬁoﬁng Egre C thgk gbgls °
_ et al for use in ELISA :
EXAMPLE 1
Mice were lightly anesthesized by i.p. injection
cf 1.0 mg ketamine prior to intragastric
immunization. Then, whole cell sonicate preparations
plus 10 ug of cholera toxin (List Biologicals,
Campbell, CA) were suspended in 0.2 M NaHCOa, and
0.5 ml was delivered to the stomachs of mice by
intubation through polyethylene tubing attached to a
hypodermic syringe. This procedure will be referred
to as oral immunization.
To examine the possibility of develop;ng

functional immunity, three oral immunization
protocols were evaluated. Protocol 1 consisted of 4
oral -immunizations over 1 month consisting of 2 mg
H., felis lysate plus cholera toxin (a known mucosal
adjuvant). Protocol 2 increased the H, felis to 4
mg per immunization plus cholera toxin, and protocol
3 consisted of 5 oral immunizations over 6 weeks each
containing 4 mg of H. felis lysate plus cholera
toxin. Unless othérwise-noted, animals were
challenged 7-10 days after the last immunization and
sacrificed 3-7 days later.
. The following tissue fluids were collected:
serum, gastric secretions, ang intestinal secretions.
L These. samples were then titrated for the presence of
anti-HE. pylori antibodies by enzyme-linked
immunesorbent assay. (ELISA). In addition, gastric
biopsies were obtained for rapid urease test and
culture. Infection was defined as positive if either
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I's believed that the nethodol ogy of the present invention is effective in
humans,..especially in the treatnent of H pylori infection in humans. )
It -has-been di scovered by. the present inventors that an H felis gern}freé

nouse nodel can be enployed to evaluate antibody protection |levels
foll owi ng i nmmuni zation with H felis antigen. Figure| tHisebuErdsHA® BERY
results obtained in experinments with the H 2@8lis gef mfreagpmese nod

. W th

Oral i muni zation of the nodel with bacterial antige
cholera toxin resulted '

{

culture or rapid urease test (see below) was
positive. Serum was obtained by tail veiq bleeding
and letting the blood clot at room temperature.
Gastric and intestinal secretions were collected by a
modification of the procedure of Elson et'alzl'zz.
Briefly, gastric and intestinal secretions from mice
were collected separately. Stomachs and intestines
were removed and injected with 2.0 ml of a
polyethylene glycol-based lavage plus anti-protease
solution. The gastric lavage contained Tris buffer to
neutfalize gastic acid.

The ELISA was carried out as follows. Murine
samples were assayed for H. felis antibodies as
follows. Ninety-six well polystyrene microtiter
plates were coated with 100 ul/well of appropriate
outer membrane proteins (20 pg/ml) overnight at
4°C. Non-specific binding sites were blocked with 1%
BSA in PBS for 90 minutes at room temperature and '
then the plates were washed with 0.1% BSA in PBS.
Samples were tested in duplicate at dilutions ranging
from neat to 1:512,000 and 100 ul of each dilution
per well was added to the antigen-coated plates.
Following incubation at room temperature for 90
minutes, the plates were washed three times with 0.1%
BSA in PBS, and 100 ul of a 1:1000 dilution of goat
anti-mouse IgA or IgG alkaline phosphatase conjugate
(Zymed, San Francisco, CA) was added to each well for
90 minutes. After washing, the plates were developed

"with 100 ul per well of a 1 mg/ml solution of
p-nitrophenyl phosphate in glycine buffer (pH 9.6)
for 1 hour. The absorbance at 410 nm was measured in
each well using a Dynatech MR 700 Microtiter. Plate
Reader. The antibody titer was defined as the

-t
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6 In elevated serum gastric and intestinal anti-H. felis
.anti body titers and protection fromacute infection of the stomach
by H felis pathogen. In : t he experinments, groups of Sw ss-Wbster
germfree m ce (Taconic) were orally inmmunized 4 or 5 tines

over a one nonth period with 2-4 ng of sonicated H. felis |ysate
plus 10 [err]g of cholera toxin. The mce wer | enged
orally with approxi mately 10[err] vidte H fleff fﬁﬁfﬂ"e}msaBE m ce
were sacrificed and intestinal and gastric s cretlﬂﬂqA@ blec as
described in the follow ng worki ng Exanpl es. Anti-H. body
titers were determned by ELISA. The bl ack solid bars in Figure 1

represent mean t|terispr°ca1 of.( é’ ﬂiéh ﬂ'ﬁ%ﬁ%ﬂe&%ﬁ.@ J‘tle open bars
optical density of 0.05 above wells which contained
antigen and which were incubated with the antibody
conjugate but without the primary antibody sample18

The rapid urease test was carried out as
follows. Two gastric'biopsy specimens of 10 mg wet
weight from each mouse were immediately placed in 0.2
mL Stuart urease test broth28 and incubated at room
temperature. The presence of urease was determined by
color change from yellow to pink in the test broth
after 4 hours2

Cultures were obtained as follows. Gastric
antral biopsies were homogenized and plated onto
Columbia agar containing 5% sheep blood, and
incubated at 37°C under microaercphilic conditions
{gas generating kit; Oxoid Ltd., London, UK). A
positive culture was defined as visible growth after
5 days. All isolates were identified as H. felis
based on morphology, gram stain and the production of
urease, catalase and oxidase.

Despite minor changes in experimental design
among the three groups, no appreciable differences in
immune response were noted. Thus, the data were
pooled and the geometric means of gastric lavage, .
intestinal lavage, and serum antibody titers from the
13 control and 12 immunized animals studied are set
forth in Table 1 and Figure 1 discussed above.

Although these animals were both immunized and
challenged, the antibody titers did not differ
significantly from mice which were immunized and not
challenged. In these experiments, gastric, intestinal
and serum IgA and IgG antibody titers were
significantly higher than that observed in the
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represent nean titers ( S.D.) fron1the control non-i mmuni zed m ce.

. The results presented graphically : in Figure 1 are summarized in .
Tabl & 1 bel ow. - TABLE 1

ANTI BODY TITER (LOJ err]) Serum T

| htestine - 1gA 19gG | gA 1 gG - THIS SHEGR HAS BgEN
CONTROL - 0 3.1 3 0 0 - 15 1.6 1. 1REW@@$§ZED 1.8
16. 8 2.1 4. 25 4.5 4.4 H—FEt5

| NFECTI ON . PROTECTI ON
unimmunized control animals. Specifically, there was -
a 2-fold increase in gastric IgA (p=.001), an B-fold
increase in intestinal IgA (p=.0038) and a 350-fold
increase in serum IgA (p=.000l1) compared with
unimmunized control animals. Similarly, a significant
elevation of gastric IgG (p=.0009), intestinal IgC
(p=.0001), and serum IgG (p=.0001) was observed.

To evaiuate.protection from B. felis
inféction, gastric biopsies were taken from all
animals at sacrifice and evaluated by both rapid
urease test and culture, as described above. In
addition, to determine whether control animals
developed a chronic infection and-whether'immunized
animals were definitely H. felis negative,
additional immunized and control animals were
challenged as above but were not sacrificed until 4
weeks after challenge. The rate of protection among
all immunized groupé of animals was not appreciably
different.
In order to not exclude possible_loﬁ—level

infection, scoring of the gastric biopsy specimens as

' positive or negative for H. felis growth was not
done until S'days after plating. From plating serial
dilutions of known numbers (by hemacytometer count)
of culture grown H. felis, it was observed that the
sensitivity of this endpoint is approximately 10
~organisms. In later experiments, biopsy culture
plates were sometimés kept even longer than 5 days
and wvhen plates which remained negative for visible
growth were scraped and examined by wet mount, an
isolated spiral shaped organism could occasionally be
seen. The identity of these isolated organisms could
'not be confirmed, and it could not be determined 1f

“This Sheet. Has Been Replac
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they were viable. In any case, based on the culture
results for serially diluted B. felis, it is
believed that biopsy spéciments'which remained
negative for visible growth at 5 days contained 10 or
fewer bacteria. '
EXAMPLE 2
IgA and IgA monoclonal antibodies specific for
H. felis were produced by a modification of the
15. BALB/c mice obtained
from the Jackson Laboratory (Bar Harbor, Maine) were:

procedure of Mazanec et al

immunized intragastricaliy four times over a 6-week
period, the first three times with 2 mg of sonicated
H. felis plus 10 pug qf cholera toxin (Sigma

Chemical Co., St. Louis, MO). For the last
immunization, cholera toxin was omitted, and the mice
also received an intravenous boost with 2 mg of H.
felis protein. Three days later, the mice were
sacrificed, and their spleen cells were hybridized to
SPZ2/0 myeloma cells. Clones, obtained by limiting
dilution, were screened for secretion of anti-H. -
felis IgA antibody by an enzyme-linked immunosorbent

. &ssay (ELISA). The resulting cell line, identified as:

#71-Gg-Ay, was found to be a stable IgA secreting
hybridoma. After multiple subclonings, stable IgA and
1gG secretors were injected intraperitoneally into
pristane-primed BALB/c mice, and the ascitic fluid
was harvested and clarified.
The cell line #71- G5 AS' as of April 13,

1992, is deposited in and maintained in viable

~condition in the Laboratory of Steven J. Czinn, M.D.,

Rainbow Babies and Children's Hospital, Room 465,
Case Western University, 2074 Abington Road,
Cleveland, Ohio, U.S.A. 44106. Access to the deposit
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5|gntf|cantly hi gher antibody titers are observed for the inmmunized nice
than for- the control aninals. Fi gures 2A and 2B depict the results, of
st'udi es to establish the protection against infection by H felis by
conducting active and passive inmunization experinments. Referring to the
active inmmunization experiments, gastric biopsies were VEHKPGHEPT@MS
sacrifice fromthe H felis challenged mce 44 the expefi nentﬁ#ﬂgﬁﬁjl%ew
above in connection with Figure 1. The bi opsi es were scoret—

presence of H felis by rapid urease test and/or culture positivity,
described in the foll ow ng working Exanpl es. Figure 2A shows the results of
pool ed data from 3 experinments (n = 17 immni zed ani mal s and 18 control

ani mal s). The bl aidX e jayaiiakle &o & prrzon|deternined by /e H& and

the striped bars ddignie¥idrndr 'PM#%dﬂ'Pﬁademarkéttd\ﬂlbé éer Sy t hat
ed. anlnal onI becane s, conpar ed

| of nfecte
Lo 14 of “the 18 COTDIS SATATY PIHEeRGEIE ¢hS BrEaedt ‘Gf1cdirdd

and all restrictions on availability of the deposit
to the public will be irrevocably removed upon grant
of a patent on the application. .
The cell line #71—GS-A8 is being deposited
in the American Type Culture Collection, located at
12301 Parklawn Drive, Rockville, Maryland 20852,
U.S.A., under the identification number
#71-GS-A8. The ATCC accession number and deposit
date are - . respectively.
EXAMPLE 3 ,
Passive immunization studies were carried out as

follows. Ascites containing IgA monoclonal antibody
produced from.#?l-GS-As {200ul) was
administered intragastrically simultaneously with
106 viable organisms. Preliminary studies indicated
that gastric IgA titers of animals which received a
single 200 ul dose of monoclonal IgA antibody
declined to levels below that seen in actively
immunized animals by 8 hours. Therefore, three
additional doses of MAb were given over the next 24
hours. Control animals were challenged identically
but received either saline or Sendai virus specific
IgA monoclonal antibody (an irrelevant IgaA monoclonal
antibody). One week later, the mice were sacrificed.
Gastric tissue was inoculated on Columbia blood agar
plates and incubated for 5 days at 37°C. Infection

- wae defined as a positive culture or a positive
Stuart's rapid urease broth test.

To invest;gate whether IgA antibodies, the
hallmark of the mucosal immune system) could by |
. _,;_;——¥—-~‘”’”’df”'-
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monds, 78% percent. of the imunized animals were protected fromH felis
infection as conpared to 23% of the non-inmuni zed ani nal s. - The fact:
that protection was the direct result of IgA antibodi es was established by
passi ve inmuni zation of germfree mce with H felis specific IgA

nonocl onal anti bodi es and conpari son of the resulting protection with that
exhi bited by mice given no antibody or irrel&vant ardty anpl e
Sendai. virus specific | gA nonoclonal antibody). The|[results BrHi\SsBEEN ort h
in Figure 2B. ° An | gA nonocl onal antibody reacti

themselves protect against H. felis infection of
the gastric mucosa, H. felis IgA monoclonal
antibodies were generated as described above. One of
these antibodies (#71—GS-A8) was then passively
orally administered to germ-free mice at the time of
and after challénge-with H. felis. Control animals
received either saline or Sendai virus specific Iga
monoclonal antibody specific for the :
'hemagglutinin-neufaminidase'glycoprotein of Sendai
virus16

The results are presented in Table 2.

IABLE 2

Evaluation of Passive Administration of Antibody
To Germ-Free Mice Before and After Challenge with H. felis

. Antibody Administered Number of Per Cent

of mice Infected
None-Control ' : 7 .57%
Irrelevant IgA Monoclonal . ' 6 83%
IgA anti-H. felis monoclonal 7 14%

H. felis or Sendai virus specific IgA monoclonal éntibody were
given intragastrically 4 times over 24 hours concurrent with
challenge with 106 viable H. felis. Gastric biopsies were
obtained 1 week after challenge and infection was determined by
‘culture and/or rapid urease test.

_ Of the 13 control animals receiving no antibody
or Sendai virus antibody, 70% were infected (Figure

//
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8 . felis was isolated and subcloned after an i mmunization protocol
sinrlarto that described in Figure 1. Ascites containing H felis ..
“specific I gA nonocl onal antibody produced fromthe cell line

#71-Jerr]-Alerr], prepared as described in the working Exanples, or

Sendai virus specific | gA nonocl onal anti bo or sal I ne were oral I y

admnistered to germfree mce at thetirre 9 i nf F w_yﬁ lis,
ec %E t

and 4, 8, and 24 hours |ater. Seven days after i FJ@S rﬁEEH wer e
sacrificed and gastric biopsies scored for H fell P171L\GEDce regei ved
“felis specific nonoclonal antibody and 13 m ce recei ved no antt™body or

Sendai Vi rus specng)c oA Cﬁlﬁ}erﬁ@im{ﬂeném? g}iﬁcg(1§olgii,pa‘5§ré epr esent
protected and only 1 {14%) was infected. 'By Chi
Square analysis, the difference was gignificant
(p=.019).
Comparison of antibody titers among experimental
groups was evaluated by analysis of variance and

Fisher's prqtected T test. For protection, absence or
i ' presence of experimental infection among groups were
evaluated by Chi Square analysis.

;*____—“——————_ﬁ;___; .
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A al one protects against H felis infection of the gastric
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n significantly increased levels of anti-H. felis 1gG
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result of transudation of serum antibody into the gastric |unen secondary
fo hiid'to noderate i nflammati on observed in both control and i mmuni zed
animal’'s? The above di scussion has focussed on the use of H felis
antigen in the treatnent of H felis :

21
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“infection. It will be appreciated however that the present invention is not
Jdimted to the treatment of H felis infection, Thus, the present

i nventi'on also includes within its scope the treatnent or prophyl axis, of
manmal s, including humans, for H pylori infection, wherein the patient is
orally |nnun|zed wi th an |nnunolog|cally effective agpunt of H pylori

pyl ori pat hogen.

antigen in order to elicit the formation of pgotectijipy FHRNEE s .
Preferably, the H pylori is adm nifstered ! %%Pﬁ i on
wi th a nucosal adjuvant, for exanple chol era toxin. ¢

present invention includes within its scope the passive i ' Lon pf
mammal s, i ncludi ng humans, against H pylori infection. This is achieved by
orally adninistering al7ef Wénnere BobuptMatkandH, Welbzin, sRegific anti body

to the patient.

orally. adn1n|stere

gkﬁiﬁﬁb& ajg, H.,pkkgéheﬁﬂﬁﬁlf'ﬁ PO aHBNRELLRE] @DRLPOdY is
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patient. . The vaccine of the invention is admnistered orally in

anount s readlly determi ned by persons of ordinary skill in this art. - Thus,
for adults, a suitable dosage would be in the range of 10[err]g to 10 ng,
for exanple 50[err]g to 5 nyg. Simlar dosage ranges woul d be applicable for
chi | dren. 10

23
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As neted above, a suitable nucosal adjuvant is cholera toxin. Qhers which
may "be- used are non-toxic derivatives of cholera toxin, including its B
stibunit and/or conjugates of antigen plus cholera toxin or its B subunit, «
m crocapsul es, or imune stimnulating conpl exes (I SCOM or |iposonmes and
attenuated live vectors such as viruses or Sal nonell A 3 s s

of mucosal .adjuvant .enpl oyed depends on theaigype of ( ﬂSdHEN ed.
For exanpl e, when the nucosal adjuvant is cholera to¥ i
used in an anount of 5[err]g to 50[err]g, fof exanple 10[err]g 1 érr]g.
When used in the formof mcrocapsul es, the amount used will depend on the
anount enployed in the matrix of the mcrocapsule to achieve .the desired
dosage. This is somet B8ngKazihi &.the Sdnniad, R. peaSETSY .o MiPnar PLE@ | | in

this art. 0D &bl 9.5 Hidbetid U W R, ALonated capsules
dﬁé ] “and/ ¢

and/ or 0.2N NaHC( err r_sal ine.
ellular and humoral immune response in

campylobacter pylori-associated chronic gastritis” J.
Pathol. 1989, 159, 231-237.
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EXAMPLES The invention will now be further described by the

fold owing non-limting exanpl es. (a) The M ce The mce used in
the experinents were germfree Swiss Wbster mce (8 weeks old) were
obt ai ned from Taconi c (GErnantomn N.'Y.). The aninmals were housed i'n
n1cr0|solate ermfree conditions and they mere allomed free

access to au?ﬂw ator chows and wa®ser. Wt ' S :
occasional |y 0|ds ani mal s were. maifn A5 GEERTfree
°t e 1

-

state throughdut on protocol

WE _CLAIM

1. A method,nf/;f eliciting in a mammalian host
& protective immune response to Helicobacter
infection, comprising orally administering to the
i host an immunogenically effective amount of
Helicobacter antigen to elicit said protective

Human response.

2. A method according to claim 1, wherein said
Helicobacter antigen is'ﬁ. pylori antigen.

3. A method according to claim 1, wherein said
Heliccbacter antigen is H. felis antigen.

4. A method according to claim 1, wherein said
Helicobacter.antigen is administered in association
with a mucosal adjuvant.

5. A method according to claim 4, wherein said
mucosal adjuvant is cholera toxin.

6. A method according to claiﬁ 1, vwherein said-
mammalian host is human. .

7. A vaccine composition suitable for the :
treatment of Helicobacter ‘infection, comprising an
immunogenically effective amount of Helicobacter

. antigen for elictlng a protective immune response in
a mammalian host, in association with a
pharmaceutiéally acceptable carrier or diluent.

8. A vaccine composition according to claim 7,
and further comprising an effective amount of a
mucosal adjuvant. '

8. A vaccine composition according to claim 8,
wherein said mucosal adjuvant is cholera toxin.

10. A vaccine according to claim 7, vherein said
Helicobacter antigen is H. pylori antigen.
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o ~ (b) Bacterial Strains Bacteria recovered fromgastric
| opsy .specinmens of a cat were identified as H- felis based on nnrphology
Gr

anwstainheiggségiénggggLLogjof urease, catal ase and oxi dase[err].
Organi sns %ephosphat e- buffered saline (PBS). 25% gl ycerol:
25% heat ed f. gm H‘!EMW 70[err]C. Bacteria ujg eﬁjﬂé %H@fg AREBEEN

fol |l ow ng ex ‘l aged in vitro t to threge ti E #t r

 sol ation. (%)‘Bacterlal Ant i gens gghe test tsfral. ted

nto Col unbi a

!

11. A vaccine according to claim 7, wherein said
Helicobacter antigen is H. felis antigen. ' |

12. A method of imparting to a mammalian host
passive protection to Helicobacter infection,
comprising orélly administering to said host a
immunoclogically effective amount of a Helicobacter

- specific IgA antibody to impart said passive
protection to said host. : '

13. A method according to claim 12, wherein said
antibody is a murine H. felis specific IgA
antibody.

14. A method according to claim 13, wherein said
antibody is a murine H. felisg specific IgA
monoclonal antibody produced by cell line
#71-G5-A8.

15. A method according to claim 12, wherein saig
mammalian host is human.

16. A murine H. felis specific IgA monoclonal

antibody.
17. A murine H. felis specific IgG monoclonal
antibody.

18. The cell line #71- GS-AS
19. A monoclonal antibody produced by cell line
-#71-05-5 .
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agar .(Difco,. Detroit, M) containing 7% horse bl ood and incubated
nlcroaerophlllcally at 37[err] C for 5-7 days. The organi sns were harvested
in PBS and the resulting suspensions. were sonicated to |yse the bacteria .
at 40[err]C, cleared of cellular debris by | ow speed centrifugation; and
sterile filtered. These whol e-cell soni cates were stored as 100[err]l

aliquots at -70[err]C until needed for oral ni zation of aninals.

(d) Quter nmenbranes Qut er nmenbranes we prep rbﬂsqgk.w' Lerrj.
Briefly, bacterial suspensions were treated with 1jng of p£ ik ¢ and
déoxyri bonucl ease (Sigma Chenical, St. Louis) in 0. 5T EEFA buffer (pH

7.8) at 4[err]Cimrediately prior to sonication and | ow speed
centrifugati on as above. Bacterial envel opes were then separated fromthe
cleared lysate by ultracentrifugation at 150,000 x g for 1 h. Quter
menbranes were separated fromthe cell envel opes by differenti al
solubilization in sodium ABSTRACT OF THE DISCLOSURE

Methpd of eliciting in a mammalian host a
protective immune respohse to Helicobacter
infection, by orally administering to the host an
immunogenically effective amount of Helicobacter
antigen. Vaccine compositions are also provided.

Has Been Replaced
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n- | aur oyl sar cosi ne and recover ed by ultracentrlfugatlon The resulting
pel1et’s -wer e 12 suspended in O. 05

M phosphate buffer (pH 7.0), divided into aliquots, and stored at
-7Q[err]C. Protein concentration was determ ned by the method.of Lowy
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20 et al, for use in ELISA EXAMPLE 1 Mce were lightly

anest#esi zed- by i.p. injection of 1.0 ng ketamine prior to intragastric

i mruni zation. Then, whole cell sonicate preparations plus 10 [err]g of *
chol.era toxin (List Biologicals, Canpbell, CA) were suspended in 0.2 M
NaHCO err], and 0.5 m was delivered to the stomachs of mce by intubation
t hrough pol yet hyl ene tubing attached to a hypoderm c syringe. "This
procedure will be referréd to as oral +i nmuni zati on. To exam ne the

“possibility of developing functional immunity, thf N
protocols were evaluated. Protocol 1 consisted of jﬁbﬁﬁt?fm% gﬁkns over
1 nonth consisting of 2 ng H felis lysate plus chol eraREPchED(a kn

nmucosal adjuvant). Protocol 2 increased the H. felis to 4 ng per

i nruni zati on plus chol era toxin, anfl u%oioc_ol 3 tonsisted of 5 oral
I muni zations over 6 weeks each '

I'ius Sheet Has Been Rep

g T Ill!
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coritaining 4 ng of H felis |lysate plus cholera toxin. Unless otherw se
noted, animls were challenged 7-10 days after the | ast inmunization and
sacrlflced 3-7 days |l ater. The follow ng tissue fluids wer e col | ected:
serum gastric secretions, and intestinal secreti wer e
then titrated for the presence of anti-H pylori tREﬁbﬂCEﬂENﬁ/SHEET

enzyne- | i nked i mmunosorbent assay (ELISA). In addjtfon, gastrit i gpsies
were obtained for rapid urease test and cul ture. eClyl effi ned as
positive if either Y ' H?Ro\oequg

—

ORAL TREATMENT OF HELICOBACTER INFECTION

The present invention relates to the treatment'
of gastric infection in mammals, including humans.
More particularly, the present_invention relates to a
method for the treatment of Helicobacter infection
in mammals, including humans, and to vaccine
.compositions and antibodies suitable for use in such
treatment.

BACKGROUND OF THE INVENTION

Helicobacter pylori (H. pylori) infection of
human gastric epithelium is a major factor in the
development of gastritis and ulcers and may be a risk
factor for the development of gastric cancerl™3,

This slender S-shaped gram negative microorganism is
routihely recovered from gastric tissue of adults and
children with histologic evidence of gastritis or
peptic ulceration., Evidence for a causal relationship
between H. pylori and gastroduodenal disease comes
from studies in human volunteers, gnotobiotic pigs,
and germ-free rodents whereby postulates by Koch were
satisfied by creating histolegically confirmed
géstritis foliowing consumption of viable
microorcanisms4'11. Although difficult to treat,
when eradication is achieved the underlying gastritis
‘resolves and, in patients with duodenal ulcer
: disease, the recurrence rate of the ulcer decreases
dramat;callylz S e
In spite of in vigro susceptibility tq many #; i;
antimicrobial agents, in vivo long- ~-term eradication

‘of established B. pylori infections with



13 culture or rapid urease test (see below) was positive. Serum was
obtained by tail vein bleeding and letting the bl ood clot at room

t enper at-ur-e-—-

‘@astric and intestinal secretions we gtiecte

nodi fi cati on of the procedure of Elson et al[err] @PLAWW?‘%§§EETC
intestinal secretions frommce were collected sef
intestines were renoved and injected with 2.0 n
gl ycol - based | avage . pl us anti-protease sol gtion.
contained Tris buffer to neutralize gastic acid. : o
out as follows. Mirine sanples were assayed for H fells antlbodles
fol | ows. Nlnety six well polystyrene mcrotiter

antimicrobial agents is difficult to achievela. Tﬁe

microorganism is found withln the mucous coat

overlying the gastric epithelium. This is a location

which does not appear to allow for adeguate

. antimicrobial levels to be achieved when given

orally. At the present time, most authorities
recommend a "triple therapy", namely a bismuth salt
in combination with tetracycline and metronidazole
for 2-4 weeks. However, the effectiveness of this or
other chemotherapeutic regimens remains suboptimal.
At the present time 1ittle is known regarding

and
and

carried
as

the role of the mucosal immune system in the stomach.

The distribution of Ig producing cells in the normal
gastric antrum indicates tﬁat.IgA plésﬁa cells make
up 80% of the total plasma cell population. In
addition, the number of plasma IgA cells present in
the gastric antrum is comparable to other mucous
membraneszs 26. Although a number of studies have
looked at immunoglobulin levels in various endocrine
fluids, no data is available regarding the
concentration of immunoglobulins in gastric
secretions. Moreover there is only limited data to
suégest that patients infected with H.

pylori develop specific I1gG and/or IgA antibodies in
gastric aspiafatessz. Thus, once infection is
established, neither antibody nor antibiotics are

" very effective at eradication.

‘Czinn et al have shown that repetitive oral

‘immunizations with H. pvlori antigens and cholera -

toxin result in the inducement of a vigorous

gastrointestinal IgA anti-H. pylori response in
mice and ferretsle.'nowever, since mice and ferrets.
are resistant to H. pylori infection and since no



plates were coated with 100 [err]l/wel| of appropriate outer menbrane
proteins (20 [err]g/m) overnight at 4[err]C. H-+-e—pt-ading sites
were bl ocked with 1% BSA in PBS for 90 mi nutes .4t REBOAEMENTeSBRETr ¢ and t hen

the plates were washed with 0.1% BSA in PBS. Sanpl Were Testeq i|n

duplsicate at dilutions ranging fromneat to 1:5 2,008 ﬁ l@@6[érﬁ]l of
each dilution per well was added to the angigen-jcqat éﬂg Xt . Folll owi ng

i ncubation at roomtenperature for 90 m nutes, the plates—were—laghed three
times with 0.1% BSA in PBS, and 100 [err]l of a {1:1000 dilution of goat
anti-nmouse |1 gA or 1gG al kali ne phosphat ase conj r anci sco,
CA) was added to each well for_ 90 minutes. After washing, the pl ates were
devel oped wit hstedl] animalpmodedl lexiisted aty/thatdiime e Fvalyate ophenyl

phosphate in 9%@&%&4 ery ¢ m& ki Jwﬂlﬁiﬂer Hrfe SO HEdEEs Ao 410 Nm
was measured in each u5|n9 Ez%gtech 700 Mcrotiter Plate Reader .

The anti body tﬁFEFeﬂayﬁﬁﬁ
Lee et al have reported the ability to infect

germ-free rodents with H. felis and reproducibly
document histologic gastr:.tlsg 10. However, no
evaluation of protection has been reported.

There remains a need therefore for an effectivé
treatment of H. pylori gastric infection,
especially in humans. The present invention seeks to
fill that need.

SUMMARY OF THE INVENTION

The present inventors have discovered,
surprisingly, that oral immunization of a host with
Helicobacter antigen results in the formation of
antibodies which are protecfiVe against acute
infection by Helicobacter microorganisms. The
formation of such protective anibodies was not "
predictable on the basis of prior work since, prior
t6 the present invention, no suitable model existed
to evaluate protection.

According to .one aspect of the present
~invention, there is provided a method of eliciting in
a mammalian host a protective immune response to '

Helicobacter infection, comprising orally
administering to the host an immunogenically
effective amount of Helicobacter antigen to elicit
the desired protective'immune_response.

According to another aspect of the present
invention, there is provided a vaccine composition

comprising an amount of Helicobacter antigen




14 reci procal of the highest dilution yielding an optical density: of

0. 05 above wells which contained antigen and which were incubated-wth the
antlbody conj ugat e--but-—wt hout the primary anthOdREﬁgWEMQNEﬁﬂEET The
rapid urease test was carried out as .
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effective to elicit a protective human response in a
patient, in association with a pharmaceutically
acceptable diluent. |

According to a further aspect of the present
invention, there is provided a method of imparting to
a mammalian host passive protection to Helicobacter
infection, comprising orally administering to the
host a immunologically effective amount of a
Helicobacter specific IgA antibody to impart'the'
desired passive protection.

According to yet another aspect of the present
invention, there is provided a murine H. felis
specific IgA or 1gCG monoclonal antibody.

Accordlng to a yet further aspect of the
invention, there is provided a cell line
#71-G5—A8.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described with
‘reference to the'acéompanying.figures, in which:.

Figufe 1 is is a bar chart of antibody titers in
various sera and secretions of germ free mice after
oral immunization with H. felis lysate in -
association with cholera toxin; and
) Figures 2A and 2B are bar charts of percent of
mice infected with H. felis after active
immﬁniZation (Figure 2A) and passive immunization
(2B) compared with controls. '

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have demonstated that oral



follows. Two gastric biopsy specinmens of 10 ng wet weight from each nmouse
were immedi ately placed in 0.2 nL Stuart urease test broth[err] and

i ncubat ed at room t enper at-ure--The presence of u CREE e _H-t -ned by
col or change fromyellow to pink in the test brofh a -4 ) _

Cul t.ures were obtained as follows. Gastric antralf Ihi opsi es were hopogeni zed
~and pl ated onto Col unmbi a agar containi ng 5% sheep bl obF NGWVdI9§clibht ed at
37[err] C under nicroaerophilic conditions £gas g nrratlng klt O(OLd Ltd.,
London, UK). A positive culture was defined as vifsible @ e[ 5 days.
Al | |solates were identified as H felis based o nDrphoquv qraW stain
and the production of urease, catal ase and oxi dase. - Despite m nor
changes in experimental design anong the three groups no appreciabl e

di fferences . in immamiezatepone mbee waing. H.Thfslis hentibgenwer e pool ed and

the geonetric ﬁd&é’{%g&‘%{é&e&@i’@geimh&ﬁgsééé}?énéé‘vﬁg&efﬂdar?ﬂé’gﬂ

anti body titer
specific protective ant1bodie§ are present in gastric

secretions. The effect of the protective immune
response is that immunized animals when challenged
with pathogen do not become infected in comparison to
non-immunized animals which do become infected. While
not being bound by any theory, the present inventors
believe that oral immunization with the H. felis
antigen stimulates the common mucosal immune system
and perhaps local sites in the gastric mucosa

.resulting in the appearance of H. felis specific'

IgA antibodies in the gastric secretions, which
prevent H. felis infection. Since H. felis and

H. pylori are simliar species from the same genus
(Helicobecter),-it is reasonable to conclude that
immunization of for example a germ-free prig with H.

- pylori antigen plus a mucosal adjuvant such as .
cholera toxin will be effective in preventing H.
pylori infection of the stomach. Since it is a
routine matter to conduct pre-~-clinical trials of
candidate vaccines for human use in animal models, it
is believed that the methodology of the present

' inventidnﬁis*effective in humans, especially in the
treatment of H. pylori infection in humans.

It has been discovered by the present inventors
that an H. felis germ-free mouse model can be
employed to evaluate antibody protection levels
following immunization with H. felis antigen.

Figure 1 relates to the results obtained in

.experiments with the H. felis germ-free mouse
model. Oral immunization:of the model with bacterial
antigens in association with cholera toxin resulted




13 control

Figure 1 discussed above.
the antibody titers did not differ significantlyfiom-nice

and, chal l-enged,

whi ch were i muni zed and not chal | enged.
and serum I gA and 1gG anti body titers werg
than that observed in the

I nt esti nal

and 12 i nmuni zed animal s studied are set forth in Table 1 and

Al t hough these animals were both inmuni zed

In these exﬁewgp‘gﬁl’;ﬁﬁ%&j’a%ﬁtmc
i dher
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&

in elevated serum, gastric and intestinal anti-H.

- felis antibody titers and protection from acute

infection of the stomach by H. felis pathogen. In

. the experiménts, groups of Swiss-Webster germ-free

mice (Taconic) were orally immunized 4 or 5 times

' over a one month period with 2-4 mg of sonicated H.
- felis lysate plus 10 pug of cholera toxin. The mice

were then challenged orally with approximately 106

viable H. felis bacteria. The mice were sacrificed
and intestinal and gastric secretions collected as
described in the following working Examples. Anti-H.
felis antibody titers were determined by ELISA. The
black solid bars in Figure 1 represent mean titers
{x 5.D.) from immunized mice and the open bars
represent mean titers (% S.D.) from the control

non-immunized mice. The results presented graphically

in Figure 1 are summarized in Table 1 below.

TABLE 1
ANTIBODY TITER (1L06,)

Gastric

Serum_ . _ Intestine
IgA IgG IgA IegG _ IgA IgG
CONTROL 3.1 3 0 0 ' 1.6 1.1
H. FELIS INFECTIOR PROTECTION
. H. felis (+) "H. felis (-) )
Control n=18 1. 4 - 23%

Imminized n=17 4 13 ' : 78%



uni mmuni zed control animals. Specifically, there was a 4-fold increase in
gastric 1gA (p=.001), an 8-fold increase in intesfl 8) and a
350-fold increase in serum-gA .(p=-0001)-conpared \AF?‘}%L’W%M.F?@EE tont r ol
animals. Sinmlarly, a significant elevatlon of gagtnjic 1gG (p=.00 9 ,
intestinal 1gG (p=.0001), and--serum-1gG (p=.0001) {wgs 6 BNOV 4896 To
evaluate protection fromH felis infection, gastrliq biopsies were¢ faken
fromall aninmals at sacrifice and evaluated7by,both rapl d urease tegt and
culture, as described above. In addition, to deterimi _ne whether. .contnol

ani mal s devel oped a chronic infection and whet her inmunized animals were
definitely H felis negative, additional inmmunized and control animals were

chal | enged as above by Mg§@h80%eSRCEESH C6f UNdde 4-uEkes abh e chal | enge.

The rate of protectlon annng
significantly higher antlbody titers are obsexved for

the immunized mice than for the control animals.
- Figures 2A and 2B depict the results of studies
to establish the protection against infection by H.

felis by conducting active and passive immunization
experiments. Referring to the active immunization
experiments, gastric biopsies were collected at
sacrifice from the H. felis challenged mice in the
experiments described above in connection with Figure
1. The biopsies were scored for the presence of H.
felig by rapid urease test and/or culture
positivity, described in the following working
Examples. Figure 2A shows the results of péoled data
from 3 experiments (n = 17 immunized animals and 18
contrel animals). The black (solid) bars represent'
challenged immunized mice and the striped bars the
control non-immunized mice. _ '

It will be seen that from a total of 17
immunized animals, only 4 became infected, as )
compared to 14 of the 18 control animals. In other
words, 78% percent of the immunized animals wvere
protected from H. felis infection as compared to
23% of the non-immunized animals.

The fact that protection was the direct result
of IgA antibodies was established by passive
immunization of germ-free mice with H. felis
specific igA monoclonal antibodies and cpmbarison of
the resulting protection with that exhibited by mice
given no antibody or irrelevant antibody (for example
‘Sendai virus specific IgA monoclonal antibody). The
results are set forth in Figure 2B.

~ An IgA monoclonal antibody reactive with H.



al |l immuni zed groups of animls was not appreci ably different. In
order to not egcluge possi bl e | ow | evel rnfectlvnr—seOﬁtﬁg—eF—F_ gasérlc“
bi opsy specimens-as--pesi‘tive or negative for H |fREALACGWENE I(SHEEE ot rrgne
until 5 days after plating. Fromplating serial]dfTutTons of R nuh ers
(by. hemacytonmeter count) of culture grown H fellE, 135Mﬁp“@ﬁ:erledlttat
the sensitivity of this endpoint is approxingte]y| 10 organi A 1n ﬁ er5
experinments, biopsy culture plates were sonet i meseey ggr than
days and when plates which remained negative fof V|S|blg grqmﬁh re .
scraped and exami ned by wet nount, an isolated SprTar—staped UlgdﬂlSﬁ]COUb
occasi onal |y be seen, The identity of these isolated organisns could not be

confirnmed, and it£ebleWastiselasedr andegubéloned after an
immunization protocol similar to that described in

' Figure 1. Ascites'containing H. felis specific IgA
monoclonal antibody produced from the cell line

#71-G5~A8, prepared as described in the working
Examples, or Sendai-virus specific IgA monoclonal
antibody or saline were orally administered to
germ~-free mice at the time of'infection-with H.
felis, and 4, 8, and 24 hours later. Seven days
after infection, the mice were sacrificed and gastric

' biopsies scored for H. felis {n = 7 mice received.
H. felis specific monoclonal antibody and 13 mice
received no antibody or Sendai virus specific
monoclonal antibody). The black scld bars represent
the mice which received the H. felis specific
monoclonal antibody and the striped bars represent
the mice which received either Sendai virus specific
moncclonal antibody or saline (no antibody).

These results establish that IgA alone protects
against H. felis infection of the gastric mucosa.

It is also observed that oral administration of
H. felis antigen results in significantly increased
levels of anti-H. felis IgG ahtibodies as well as

- IgA antibodies. There are a number of possib;e
explanations for this phenomenon. First, it has been
observed that cholera toxin can, in some cases, |

enhance both antigenfspecific IgA and IgG
N responseszz, Secondly, cell traffic studies have
{ ' shown that mesenteric node IgG lymphocytes are a
component of the mucosal immune System and can give
. rise to mucosal 1gG'p1§sma cells which have been
observed in gastric mucosa. Thirdly, at least a

portion of the observéd-gastric IgG could be the



16 they were viable. -In any case, based on the culture results for
serially diluted H felis, it is believed that biopsy apcu1ncu[b W Eh
remai néd negative for visible growth.at 5 days- conraﬁ r
bacteri a. EXAMPLE 2 | gA and | gA nonocl ongl antlbodles Spgec| fic
for H felis were produced by a nodification of the profgime s Mazpnec et
al[err]. BALB/c m ce obtained s : : _

9

result of transudation of serum antibody into the
gastric lumen secondary to mild to moderate
inflammation observed in both control and immunized
animals. _ |

The above discussion has focussed on the use of
‘H. felis antigen in the treatment of H. felis
infection. It will be appreciated however that the
present invention is not limited to the.treatment of
H. felis infection.

' Thus, the present 1nvention also includes within
its scope the treatment or prophylaxis of mammals,
including humans, for H. pylori infection, wherein
the patient is orally immunized with an
immunologically effective amount of H. pylori
antigen in order to elicit the formation of
protective antibodies to H, pvlori pathogen.
Preferably, the H. pylori is administered in
association with a mucosal adjuvant, for example
cholera toxin.

Moreover, the present invention includes within
its scope the passive immunization of mammals,
including humans, against H. pylori infection. This
is achieved by orally administering an effective
amount of an H. pylori specific antibody to the

~patient. Preferably an H. pylori specific IgA
monoclonal antibody is orally administered to the
"patienﬁ. .

The vaccine of the invention is administered
orally in amounts'readily determined by persons of |
ordinary skill in this art. Thus, for adulﬁa, a
suitable dosage would be in the range of 10ug to 10
mg, for example 50ug to 5 mg. Similar dosage ranges
would be appl:cable for children.



‘fromthe Jackson Laboratory (Bar Harbor, Mine) werefl |
I ntragastrically four tines over a 6-week period, thg ﬁﬁﬁgﬁgﬁ Wﬁéﬁﬁﬁﬁe

with 2 ng of sonicated H. . felis-plus 10 [err]g of chgl era toxin (Sig

Chem cal Co., St. Louis, MJ). For the last inmunizat|oh, THNGY GLX]| n| was
omtted, and the mce also received an intravenous bo$t with H.
fel'is protein. Three days later, the m ce waOe sacri i ced;—amdt bl een
cells were hybridized to SP2/0 nmyel ona cells. Clones{ obtained by lim}ling.
dilution, were screened for secretion of anti-H felis IgA antibody by an

enzynme-|inked i mmunosorbent assay (ELISA). The resulting cell |ine,

identified as #71-(d er Al.er mas found to.be a sta A sec
o ﬁ# Jﬁﬁé: %%ngRugﬁgaﬁgG' 34 qbﬁs wer e

hybri doma. After

mul ti

i njected intrapehhniuaﬂI%pxuu(Jthqnamuhth may Bal Bisedriaxe nord-tdwic
ascitic fluid "Va%éﬁrw)é‘iﬂt\féb He HAddd @bxin in'EﬁﬁdCi‘%Jd i'ﬁd“% subunit

#71-derr]- A[err]néy%r iy, ril 13, 1992, .is deposit

vi abl e

2ang

jugates of antzgen plus c olera oxin or
its B subunit, microcapsules, or immune stimulating
complexes (ISCOM's) or liposomes and attenuated live

‘yvectors such as viruses or Salmonella bacteria. The

amount of mucosal adjuvant employed depends on the
type of mucosal adjuvant used. For example, when the
mucosal adjuvant is cholera toxin, it is =suitably
used in an amount of Sug to 50ug, for example
10ug to 35ug; When used in the form of
microcapsules, the amount used will depend on the
amount employed in the matrix of the microcapsule to
achieve the desired dosage. This is something within
the skill of a peréon of ordinary skill in this art.

Suitable carriers and diluents are enteric
coated capsules and/or 0.2N NaHCO3 and/or saline.
EXAMPLES

The invention will now be further described by
the following non-limiting examples.

{a) The Mice | .

The mice used in the experiments were germ~-free
Swiss Webster mice (8 weeks old) were obtained from

_ Taconic (Germantown, N.Y.). The animals were housed
in microisolater cages under germ-free conditions and i

they were allowed free access to autoclaved
iaboratory chows and water. With'the_exception.of
occasionally isolating diphtheroids, animals were
maintained in a germ-free state throughout the
immunization protocol. '

reting

nal ntai ned in



condition in the Laboratory of Steven J. Czinn, MD., Rainbow Babies and
Children's Hospital, Room 465,- Case Western UnlverS|ty 2074 Ablngton
Road, O eveland, Chio, U S. A 44106. Access to the gepesit—zz

17 wi Il be available to a person determ ned by t eﬁﬁFDBCEMENﬁn&ﬁEEBn r
Patents and Trademarks to be entitl ed.
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{b) Bacterial Strainsg

Bacteria recovered from gastric biopsy. specimens
of a cat were identified as H. felis based on
morphelogy, Gram stain, and the production of urease,
catalase and oxidaseg. Organisms were stored in 50%
phosphate-buffered saline (PBS). 25% glycerxol: 25%
heated fetal calf serum at -70°C. Bacteria used in
the the following examples were passaged in vitro
two to three times after isolation.

{c}) Bacterial Antigens

The test strain was inoculated onto Columbia
agar (Difco, Detroit, MI) containing 7% horse blood
and incubated microaerophilically at 37°C for 5-7
days. The organisms were harvested in PBS and the
resulting suspensions were sonicated to lyse the
bacteria at 40°C; cleared of cellular debris by
low-speed centrifugation, and sterile filtered. These
whole-cell sonicates were stored as 100ul aliquots
at -70°C until needed for oral immunization of
animals.

{d) Outer membrane :

Outer membranes were: prepared as describedlg
Briefly, bacterial suspensions were treated with 1 mg
of ribonuclease and deoxyribonuclease (Sigma '
Chemical, St. Louis) in 0.5 M Tris-EDTA buffer (pH
7.8) at 4°C immediately prior to sonication and-
low-speed centrifugation as above. Bacterial

" envelopes were then separated from the cleared lysate
by ultracentrifugation at 150,000 x g for 1 h. Outer
membranes were separated from the cell envelopes by

differential solubilization in sodium
n-lauroylsarcosine and recovered by
ultracentrifugation. The resulting pellets were

of



thereto during pendency of the presenf application,] ?g%ﬁj resxr w%ons on
teh

availability of the deposit to the public w il be ifr & retive upon
grant of a patent on the application. - -—Fhe celll ljine #71-Jerr [err]
is being deposited in the Anerican Type Cul ture Colfl ect’il@rNO\yqq%ej t
12301 Parklawn Drive, Rockville, Maryland 20852, Uf{S{A., under
identification nunber #71-Jerr]- Alerr]. TH{he ATCC|acCCessToOmT UMD and
deposit date are - respectively. EXAMPLE
3 Passi ve i mmuni zati on studies were carried out as follows. ASCites

cont ai ni ng |1 gA nonocl onal anti body produced from#71-Gerr]-Alerr]

(200[err]l) was admi nistered |ntr§gastr|cally S|nultaneousu¥ with 10[err]
vi abl e or gani snesusRended rin 0 Q3 ehasphate byfifexn (FHTi R4 gA titers of

ani mal s whi ch r egshuest a 15661 ¥1 Ao e airld si@&@dofammmnaﬂrdﬂﬁ@ntl body

decl ined to | Vel Sp bl QUM PES UL ARHIERY M HASLE LS ©
et al for use in ELISA20
EXAMPLE 1 -

Mice were lightly anestheszzed by i.p. 1njectlon
of 1.0 mg ketamine prior to intragastric
immunization. Then, whole cell sonicate preparatiops
plus 10 pg of cholera toxin -(List Biologicals,
Campbell, CA) were suspendéd in 0.2 M NaHCO,, and
0.5 nl was delivered to the stomachs of mice by
intubation through polyethylene tubing attached to a
hypodermic syringe. This procedure will be referred
to as oral immunization.

To examine the possibility of developing
functional immunity, three oral immunization
protocols were evaluated. Protocol 1 consisted of 4
oral Immunizations over 1 month consisting of 2 mg
H., felis lysate plus cholera toxin (a known mucosal
adjuvant). Protocol 2 increased the H. felis to 4
mg per immunization plus cholera toxin, ‘and protocol
3 consisted of 5 oral immunizations over 6 weeks each
containing 4 mg of H. felis lysate plus cholera
toxin. Unless otherwise noted, animals were
challenged 7-10 days after the 1ast immunization and
sacrificed 3-7 days later.

The following tissue fluids were collected:
serum, gastric secretions, and intestinal secretions.
These samples were then titrated for the presence of
anti-H. pvlori antibodies by enzyme-linked
immunosorbent éssay-(ELISA). In addition, gastric
biopsies were obtained for rapid urease test and
culture. Infection was defined as positive if either
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Col unbi a bl ood agar plates and incubated for 5 days
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culture or rapid urease test (see below) was
positive. Serum was obtained by tail vein bleeding
and letting the blood clot at room temperature.

brot h

Gastric and 1ntest;na1 secretions were collected by a

modification of the procedure of Elson et a121 22

Briefly, gastric and intestinal secretions from mice
were collected separately. Stomachs and intestines
were removed and injected with 2.0 ml of a '
polyethylene glycol-based lavage plus anti-protease
solution. The gastric lavage contained Tris buffer to
neutralize gastic acid.

The ELISA was carried out as follows. Murine
samples were assayed for H. felis antibodies as
follows. Ninety-six well polystyrene microtiter
plates were coated with 100 Hl/well of appropriate
outer membrane proteins (20 pg/ml) overnight at
4°C. Non-specific binding sites were blocked with 1%
BSA in PBS for 90 minutes at room temperature and '
then the plates were washed with 0.1% BSA in PBS.
Samples were tested in duplicate at dilutions ranging
from neat to 1:512,000 and 100 ul of each dilution
per well was added to the antigen-coated plates.
Following incubation at room temperature for 90
‘minutes, the plates were washed three times with 0.1%
BSA in PBS, and 100 ul of a 1:1000 dilution of goat
anti-mouse IgA or IgG alkaline phosphatase conjugate
(Zymed, San Francisco, CA) was added to each well for
90 minutes. After washing, the plates were developed
with 100 ul per well of a 1 mg/ml solution of
p-nitrophenyl phosphate in glycine buffer (pH 9.6)
for 1 hour. The absorbance at 410 nm was measured in
each well using a Dynatech MR 700 Microtiter. Plate
Reader. The antibody titer was defined as the



18 thenmsel ves protect against H felis infection of

gastric nucosa, H felis |IgA nonocl onal anti o B RTSHEETal ed as
descri bed above. One of-: t hese anti bodi es: (#71- (Fetit- .

t hen passively orally adm nistered to germfnied mce at the {i

and after challenge with H felis. Control aninmals 13NQY 984 ¢

saline or Sendai virus specific IgA nonocl ongl lanti body speci

t he henmaggl uti ni n- neur am ni dase gl ycb#r ot ei n jof Sendai

[err]. The results are presented in Tablie_2

TABLE 2 :

réciprocal of the highest dilution yielding an

- optical density of 0.05 above wells which contained
antigen and which were incubated with the antibody
conjugate but without the primary antibody samplela.

The rapid urease test was carried out as

follows. Two gastric biopsy specimens of 10 mg wet
weight from each mouse were immediately placed in 0.2
mL: Stuart urease test broth28 and incubated at room
temperature. The presence of urease was determined by

color change from yellow to pink in the test broth

after 4 hogrszg. _ :

Cultures were obtained as follows. Gastric
antral biopsies were homogenized and plated ontd
Columbia agar containing 5% sheep blood, and
incubated at 37°C under microaercphilic conditions
(gas generating kit; Oxoid Ltd., London, UK). A
pesitive culture was defined as visible growth after
5 days. All isolates were identified as H. felis
based on morphology, gram stain and the production of
urease, catalase and oxidase.

Despite minor changes in experimental design
among the three groups, no appreciable differences in
immﬁne response were noted. Thus, the data were
pooled and the geometric means of gastric lavage,
intestinal lavage, and serﬁm antibody titers from the
13 control and 12 immunized animals studied are set
forth in Table 1 and-Figure 1 discussed above.

Although these animals were both immunized and
challenged, the antibody titers did not differ
eignificantly from mice which were immunized and not
challenged. In these experiments, qastric,'intestinal
and serum IgA and IgG antibody titers were
significantly higher than that observed in the



Eval uati on of Passive Adm nistration of Antibody To Germ Free M ce
Before and After Challenge with H felis Ant i body Adm ni stered

Nunber of

| nf ect ed None- Cont r ol

| gA Monocl onal
77

anti body were given intragastrically 4 tinmes over 2

Per Cent ‘ |
- REPLAC@RE@?%FETr dl evant

6 83% 1 gA antit felis nonoclional

14% H felis or Sendai virugsspecifif 1MdRANDYNEH9B0oNal
nhours concurrentt with

-

challenge with 10[err] viable H felis. Gastric bi opsres were obtal ned 1
week after challenge and infection was determ ned by cul ture and/or pid

urease test.

unimmunized control animals. Specifically, there was-
‘a 4-fold increase in gastric IgA (p=.001), an B-fold
increase in intestinal IgA (p=.0038) and a 350~fold
increase in serum IgA (p=.0001) compared with
unimmunized control animals. Similarly, a significant
elevation of gastric IgG {p=.0009), intestinal IgC
(p=.0001), and serum IgG (p=.0001) was observed.
To evaluate protection from H. felis
infection, gastric biopsies were taken from ail
animals at sacrifice and evaluated by both rapid
urease test and culture, as described above. In
addition, to determine whether control animals
developed a chronic infection and whether immunized
animals were definitely H. felis negative,
additional immunized and control animals were
challenged as above but were not sacrificed until 4
weeks after challenge. The rate of protection among
all immunized groups of animals was not appreciably
different. | _
In order to not exclude poésible low-level

infection, scoring of the gastric biopsy specimens as

- positive or negative for H. felis growth was not

. done until 5 days after'plating. From plating serial
dilutions of known numbers (by hemacytometer count)
of culture grown H. felis, it was observed that the
sensitivity of this endpoint is approximately 10 |
~organisms. In later experiments, biopsy culture

' plates were sometimes kept even longer than 5 days
and when plates which remained negative for visible
growth were scraped and examined by-wet'mount, an
isolated spirai shaped organism could occasionally be
seen. The identity of these isolated organisms could
not be confirmed, and it could not be determined if
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they were viable. In any case, based on the culture
results for serially diluted H. felis, it is
believed that biopsy speciments which remained
negative for visible growth at 5 days contained 10 or
fewer bacteria.
EXAMPLE 2
IgA and IgA monoclonal antibodies specific for
H. felis were produced by a modification of the
procedure_of Mazanec et alls. BALB/c mice obtained
from the Jackson Laboratory (Bar Harbor, Maine) were
immunized intragastrically four times over a 6-week
period, the first three times with 2 mg of sonicated
H. felis plus 10 pg of cholera toxin (Sigma
Chemical Co., St. Louis, MO). For the last
immunization, cholera toxin was omitted, and the mice
also received an intravenous boost with 2 ng of H.
felis protein. Three days later, the mice were
sacrificed, and their spleen cells were hybridized to
SP2/0 myeloma cells. Clones, obtained by limiting
'dilution, were screened for secretion of anti-H.
felis IgA antibody by an enzyme-linked immunosorbent
assay (ELISA) The resulting cell line, identified as
#71-05 As, was found to be a stable IgA secreting
hybridoma. After multiple subclonings, stable IgA and
IgG secretors were injected 1ntraperitoneally into
pristane-primed BALB/c mice, and the ascitic fluid
- was harvested and clarified. -
. The cell line #71- GS-AS, as of April 13,
1992, is deposited in and maintained in viabie
condition in the Laboratory of Steven J. Czinn, M.D.,
Rainbow Babies and Children's Hospital, Room 465,
Case Western University, 2074 Abington Road,
Cleveland, Ohio, U,.S.A. 44106. Access to the deposit
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will be available to a person determined by the U.S.
Commissioner of Patents and Trademarks to be entitled.
thereto during pendency of the present application,
and all restrictions on availability of the deposit
to the public will be irrevocably removed upon grant .
of a patent on the application.

The cell line #71- GS-AS is being deposited
in the American Type Culture Collection, located at
12301 Parklawn Drive, Rockville, Maryland 20852,
U.S.A., under the identification number
#71~ GS-AB. The ATCC accession number and deposit
date are : . respectively.

EXAMPLE 3 _ _ |

Passive immunization studies were carried out as
follows. Ascites containing IgA monoclonal antibody '
produced from #71- GS-AB {(200ul) was
administered intragastrically simultaneously with
106 viable organisms. Preliminary studies indicated
that gastric IgA titers of animals which received a
single 200 ul dose of monoclohal IgA antibody
declined to levels below that seen in activelj
immunized animals.by 8 hours. Therefore, three
additional doses of MAb were given over the next 24
hours. Control animals were challenged identically
but received either saline or Sendai virus specific
IgA monoclonal antibody (an irrelevant IgA monoclonal
~antibody). One week later, the mice were sacrificed.
Gastric tissue was ihoculated on Columbia blood agar
plates and incubated for 5 days at 37°C. Infection

- was defined as a positive culture or a pos:tive

Stuart's rapid urease broth test.

To investlgate whether. IgA antibodies, the
hallmark of the mucosal immune system, could by
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themeelves protect against H. felis infection of
the gastric mucosa, H. felis IgA monoclonal

antibodies were generated as described above. One of
these antibodies (#71—GS-A8) was then passively
orally administered to germ-free mice at the time of
and after challénge with H. felis. Control animals
received either saline or Sendai virus specific IgA

monoclonal antibody specific for the

hemagglutinin-neuraminidase glycoprotein of Sendai
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The results are presented in Table 2.

TABLE 2

Evaluation of Passive Administration of Antibody

To Germ-Free Mice Before and After Challenge with H. felis

. Antibody Administered Number of Per Cent
of mice Infected
None-Contrel _ 7 57%
Irrelevant IgA Monoclonal . ' 6 83%Z
IgA anti-H. felis monoclonal 7 14%

H. felis or Sendai virus specific IgA monoclonal éntibody were
given intragastrically 4 times over 24 hours concurrent with

challenge with 106 viable H. feiis. Gastric biopsies were
obtained 1 week after challenge and infection was determined by

culture and/or rapid urease test.

Of_fhe 13 control animals receiving no antibody

or Sendai virus antibody, 70% were infected (Figure
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1. A method of of eliciting in a mammalian host
a protective immune response to Helicobacter
- infection, comprising orally administering to the
host. an immunogenically effective amount of
Helicobacter antigen to elicit said protective
human response.

'2. A method according to claim 1, wherein said
Helicobacter antigen is H. pylori antigen.

3. A method according to claim 1, wherein said
Helicobacter antigen is H. felis antigen.

4. A method according to claim 1, wherein said
Helicobacter.antigen is administered in association
with a mucosal adjuvant.

5. A method according to claim 4, wherein said

mucosal adjuvant is cholera toxin.

6. A method according to claim 1, wherein said:
mammalian host is human.

7. A wvaccine composition suitable for the ]
treatment of Helicocbacter 'infection, comprising an
immunogenically. effective amount of Helicobacter

v antigen for elictlng a protective immune response in
a mammalian host, in association with a
pharmaceutically acceptable carrier or diluent.:

8. A vaccine composition according to claim 7,
and further comprising an effective amount of a
mucosal adjuvant.

8. A vaccine composition according to claim 8,
wherein said mucosal adjuvant is cheolera toxin.

10. A vaccine according to claim 7, wherein said
Helicobacter antigen is H. pvlori antigen.
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12 A method of imparting to a mammalian host
passive protection to Helicobacter infection,
comprising orélly administering to said host a
immunologically effective amount of a Helicobacter

' specific IgA antibody to impart said passive
protection to said host. _ _

13. A method according to claim 12, wherein said
antibody is a murine H. felis specific IgA
antibody.

14. A method according to claim 13, wherein said

- antibody is a murine H. felis specific IgA
monoclonal antibody produced by cell line
#71-GS-A8.

15. A method according to claim 12, wherein said
mammallan host is human.

16. A murine H. felis specific IgA monoclonal
antibody.

17. A murine B. felis specific IgG monoclonal
antibody. .

18. The cell line #71- GS-A .

" 19. A monoclonal antibody produced by cell line

#71 =CGg-Ag.

[ THIS SHEET HAS BEEN
REPLACED

Thls Sheet Has Been Re lacc.d

IIIIHIIIII i




1986, 39, 863-870. 24 33..

Kazi,, J.1., Sinniah, R, Jaffrey, NA, AlamS M, Zaman, V., Zuberi, S.J.
and Kazi, A M “Cettular-and hunoral inmune response in canpyl obacter
pyl ori-associ ated chronic gastritis" J.

N

27

@.‘ TREATMENT OF HELICOBACTER INFECTION

ABSTRACT OF THE DISCLOSURE

ABSTRACT OE 1Hh UZloblsiput—

Method of eliciting in a mammalian host a
protective immune response to Helicobacter
infection, by orally administering to the -host an
immunogenically ‘effective amount of Helicobacter
antigen. Vaccine composit;ons are also provided.
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1. Anethod of eliciting in a mammali.an host a protective i mune
response to Helicobacter . infection, conprising orally adm nistering
to the’ host an i.munogeni-cal-+y--effecti-ve anount of - Hel i cobact er
antigen to elicit said protective | mune response. 2. A

nmet hod according to claim1, wherein said Hel i cobacter antigen is H
pylori antigen.’ 3. A nmethod according to clalm.1 V\/nerel n said
Hel i cobacter antigen is H felis antigen. . 4. /ﬁEpPA
to claim1, wherein said Helicobactﬁ tigen is{agm-b
associ ation with a nmucosal adjuvant 272 5

to claim4, wherein said. _ -, rucosal nt. is chof ef a 'k@mgy
6. A nmethod according to clalml wher ein sai:d
human. .7. A vaccine conposi ti on suitable fgr .the

of Helicobacter i ‘nf ection, corrprl Si ng an prGURE utiglel.
anount of Helicobacter

8
8

»|

Per Cent of infected Mice
2 |




antlgen foreI|C|t|ng a protective i Mmune response in kﬁ:ﬁﬁ#ﬁJ?ﬁﬂzhost

i n association-w-th—a— ipharnmaceutical |y acceptapte—carrrer ent -
8. A vacgj W“m ¢cording to claim7, aﬂEPHAGEMEM sé"@gr[)r si hg
an effecty ‘ﬁl ‘“ mucosal adjuvant 9. A vacc|ng
conposi t| ccor dimg St o cl\al m 8, wherein said mjc%gldm@ncw;an S
chol era toxin.

WEAT IS CLAIMED 1S:

1. A method of eliciting in a mammalian host a
protective immune response to Helicobacter infection,

comprising orally administering to the host an
immunogenically effective amount of Helicobacter antigen to
alicit said protective human response.

2. A method =zccording to claim 1, wherein said
Helicobacter antigen is H. pylori antigen.

3. A method according to claim 1, wherein said
Helicobacter antigen is E. felis antigen.

4. A method accorcang to ¢laim 1, wherein said
Halicobacter antigen is azministered in association with a

mucosal adjuvant.,

5. A method according to claim 4, wherein said
mucosal adjuvant is c¢holera toxin.

6. A method according to claim 1, wherein said
mammalian host is human.

7. A vaccine composition suitable for the treatment
of Helicobacter infection, comprising an immunogenically
effective amount of Helicobacter antigen for eliciting a

protective immune response in a mammalian host, in
association with a pharmaceutically acceptable carrier or
diluent.

8. A vaccine composition according to claim 7, and
further comprising an effective amount of a mucosal
adjuvant.

RS

9. A vaccine composition according to claim 8,

wherein said mucosal ad1uvant is cholera toxin.
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26 ~° , 10. A vaccine according to claim?7, wherein said Helicobacter
anti.gen is ri__antigen. 11. A vaccine according to claim?7, -
wherei n said ter antigen is H felis anfTOen, ~ry A nethod
of inparting mm HM"IUMSt passi ve prot ectFJFFW‘éCE%W §H§%¥ r

i nfection, comries dm nistering to sa host a i munal glcally
effective anmount of a Fbllcoba&ter specific I gA L B \UNT99Mpar t] sai d
passive protection to said host . : 13. A nef hpd according tjo [cl aim 12,
wherein said antibody is a nmurine H fel2& specifi ody.

10. . A vaccine according to claim 7, wherein said
Helicobacter antigen is E. nxlorl anhlgen.

11. A vaccine according to claim 7, wherein said
Helicobacter antigen is E. felis antigen.

12, A method of imparting to a mammalian host passive
protection to Helicobacter infection, comprising orally

administering to said hest a immunologically effective
amount of a Helicobacter specific IgA antibody to impart
said passive protection to said host.

13. A method according to claim 12, wherein said
antibody is 2 murine H. felis specific IgA antibody.

la. A méthod according to claim 13, wherein said
antibody is a murine H. felis specific IgA monoclonal
antibody produced by cell line #71—GS-A8.

15. A method according to claim 12, wherein said
mammalian host is human. '

16. A murine H. felis specific IgA monoclonal
antibody.

7. A murine H. felis specifi¢c IgA monoclonal
antibody.

18, The cell line #71-GS-A8.

19. A monoclonal antibody produced by cell line

#71-GS-A8 .



14. A nmethod according to claim13, wherein said antibody is a nurine H
felis specific I gA nonocl onal antibody produced by cell line

#71-derr] - Aerr]. 15. A method according to claim 12, wherein said
mammal i an h 16. A murine H felis specific |IgA

gﬁ{lf)ggggal an“lmmlll ||||H||$|a|| I"lln ﬁerrzgllna Zr?%el&[ er]pem fic 1gA nonocl onal

WE_CLAIM

1. A method of eliciting in a mammalian host
a protective immune response to Helicobacter
infection, comprising orally administering to the
host an immunogenically effective amount of
Helicobacter antigen to elicit said protective

. immune response. :
N _ " 2. A method according to claim 1, wherein saild
Helicobacter antigen is H. inori antigen. :
3. A method according to claim 1, wherein said
Helicobacter antigen is H. felis antigen.
4. A method according to claim 1, wherein sazd
Helicobacter antigen is administered in association
with a mucosal adjuvant.
5. A method according to claim 4, wherein said
mucosal adjuvant is cholera toxin. _
6. A method according to claim 1, wherein said:
mammalian host is human.
7. A wvaccine composition suitable for the
treatment of Helicobacter 'infection, comprising an
A immunogenically. effective amount of Helicobacter
antigen for eliciting a protective immune response in
a mammalian host, in association with a
pharmaceutically acceptable carrier or dilﬁent.
8. A vaccine composition according to claim 7,
and further comprising an effective amount of a
mucosal adjuvant. '
8. A vaccine composition according to claim 8,
vherein said mucosal edjuvant is cholera toxin.
10. A vaccine according to claim 7, wherein said
Helicobacter antigen is H. pvylori antigen.
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19. A nonocl onal antibody produced by cell line #71-Jerr] -Alerr]
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WE _CLAIM

1. A method of eliciting in a mammalian host
'a protective immune response to Helicobacter
infection, comprising orally administering to the
host an immunogenically effective amount of
Helicobactex antigen to elicit said protective

U immune response.

2. A method according to claim 1, wherein said
Helicobacter antigen is H. ggiori antigen.

3. A method according to claim 1, wherein said
Helicobacter antigen is H. felis antigen.

a. A method according to claim 1, wherein said
Hellcobacter ant1gen is administered in assoczatzon
with a mucosal adjuvant.

5. A method according to claim 4, wherein said
mucosal adjuvant is cholera toxin. ' ,
' 6. A method according to claim 1, wherein said:
mammalian host is human.

7. A wvaccine composition suitable for the

] ' treatment of Helicobacter ‘infection, comprising an
imminogenically. effective amount of Helicobacter
antigen foreliciting a protective immune response in
a mammalian host, in association with a
.pharmaceutically acceptable carrier or diluent.

8. A vaccine composition according to claim 7,

- and further'comprising an effective amount of a
mucosal adjuvant. '

9. A vaccine composition according to claim 8
wherein said mucosal adjuvant is cholera toxin.
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