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2, CKGROUND OF THE INV ON

Microbial pathogens can infect a host by one of
several mechanisnms. They may enter through a break in the
integument induced by trauma, they may be intrdduced by vector

20 transmission, or they may interact with a mucosal surface. The
majority of human pathogens initiate disease by the last
mechanism, i.e., following interaction with mucosal surfaces.
Bacterial and viral pathogens that act through this mechanism
first make contact with the mucosal surface where they may

25 attach and then colonize, or be taken up by specialized

' absorptive cells (M cells) in the epithelium that overlay
Peyer's patches and other lymphoid follicles [Bockman and _
COopér, 1973, Am. J. Anat. 136:455-477; Owen et-al., 1986, J.
Infect. Dis. 153:1108-1118). Organisms that enter the lymphoiad

30 tissues may be readily killed within the lymphoid follicles, °
thereby provoking a potentially protective immunological
response as antigens are delivered to immune cells within the
follicles (e.g., Vibrio cholerae). Alternatively, pathogenic
organisms capable of surviving local defense mechanisms may

35 spread'ffom the follicles and subsequently cause local or

systemic disease (i.e., Salmonella spp., poliovirus, rotavirus .

in immunocompromised hosts).
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serum phase preventingainvaskeni of(the. host cells. While extensive
research has been conducted to determine the role of cell
mediated immunity and serum antibody in protection against
15 infectious agents, less is known about the regulation,
induction, and secretion of sIgA. Parenterally administered
inactivated whole-cell and whole~virus preparations are
effective at eliciting protective serum IgG anq_aelayed type
hypersensitivity reactions against organisms that have a
20 significant serum phase in their pathogenesis (i.e., '
Salmonella typhi, Hepatitis B). However, parenteral vaccines
are not effective at eliciting mucosal sIgA responses and are
ineffective against bacteria that interact with mucosal
surfaces and do not invade (e.g., Vibrio cheolerae). There is,
25 however, recent evidence that parenterally administered
vaccines may be effective against at least one virus,
rotavirus, that interacts primarily with mucosal surfaces
{Conner et al., 1993, J. Virol. 67:6633-6641). Protection is
presumed to result from transudation of antigen épecific IgG
30 onto mucosal surfaces for virus neutralization. Therefore, '
mechanisms that stimulate both serum and mucosal antibodies
are important for effective vaccines.
Oral immunization can be effective for induction of
specific sIgA responses if the antigens are presented to the T
35 and B lymphocytes and accessory cells contained within the
Peyer's patches where preferential IgA B-cell development is
initiated. The Peyer's patches contain helper T (TH)-cells
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Mucosal Immunity, Gallin and Fauci (ed.), Raven Press, New
York. p.p. 1-30; Tomasi and Plaut, 1985, In: Advances in host

15 defense mechanisms. Vol. 4. Mucosal Immunity, Gallin and Fauci
(ed.), Raven Press, New York. p.p. 31-61]. The existence of
this common mucosal immune system explains in part the
potential of live oral vaccines and oral immuniéation for
protection against pathogenic organisms that initiate

20 infection by first interacting with mucosal surfaces.

A number of strategies have been developed for oral
immunization, including the use of attenuated mutants of
bacteria (i.e., Salmonella spp.) as carriers of heterologous
antigens {[C&rdenas and Clements, 1992, Clin. Microbiol. Rev.

25 5:328-342; Clements et al., 1992, In: Recombinant DNA
Vaccines: Rationale and Strategy, Isaacson (ed.), Marcel
Decker, New York. p.p. 293-321; Clements and Cardenas, 1990,
Res. Microbiol. 141:981~993; Clements and El-Morshidy, 1984,
Infect. Immun. 46:564~569], encapsulation of antigens into

30 microspheres composed of poly-DL-lactide-glycolide (PGL),
protein-like polymers - proteinoids [Sanitago et al., 1993,
Pharmaceutical Research 10:1243-1247], gelatin capsules,
different formulations of liposomes [Alving et al., 1986,
Vaccine 4:166-172; Garcon and Six, 1993, J. Immunol.

35 146:3697-3702; Gould-Fogerite and Mannino, 1993, In: Liposome
Technology 2nd Edition. Vol. III, Gregoriadis (ed.)],

adsorption onto nanoparticles, use of lipophilic immune
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plasma cells, conplexed wi th nenbrane-bound Secretory 10 Conponent, and
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he extenszve diarrhea of cholera is the result of a

15 potent exo-enterotoxin which causes the activation of
adenylate cyclase and a subsequent increase in intracellular
levels of cyclic 3'-,5-adenosine monophosphate (CAMP). The
cholera enterotoxin (CT) is an 84,000 dalton pq;}meric protein
composed of two major, non-covalently associated,

20 immunologically distinct regions or domains (“cholera-A" and
"cholera-B") [Finkelstein and lLoSpalluto, 1969, J. Exp. Med.
130: 185-202). Of these, the 56,000 dalton region, or
choleragenoid , is responéible for binding of the toxin to the
host cell membrane receptor, G

25 (galactosyl-N-acetylgalactosaminyl- (sialyl)-
galactosyl-glucosyl ceramide), which is found on the surface
of essentially all eukaryotic cells. Choleragenoid is
composed of five non-covalently associated subunits, while the
A region (27,000 daltons) is responsible for the diverse

3o-hiologica1 effects of the toxin.

The relationship of the two subunits of CT with
respect to the immunologic properties of the molecule has been
a source of considerable debate. One the one hand, CT is an
excellent immunogen that provokes the development of both

35 serum and mucosal antitoxin antibody responses when delivered
orally. This finding is not new in that cholera patients are
known to develop rises in titers of antitoxin antibodies
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In addition to being a potent oral immunogen, CT has
15 a number of other reported immunologic properties. As
indicated above, Elson and Ealding [Elson and Ealding, 1984,
J. Immunol. 133: 2892-2897] observed that orally administered
CT does not induce tolerance against itself. Moreover,
simultaneous oral administration of CT with a soluble protein
20 antigen, keyhole limpet hemocyanin (KLH), resulted in the
development of secretory IgA responses against both CT and KLH
and also abrogated the induction of oral tolerance against
KLH. These findings were subsequently gonfirmed and extended
by Lycke and Holmgren [Lycke and Holmgren, 1986, Immunology
25 59:301-308). The confusion arises when one attempts to define
the role of the A and B subunits of CT with respect to the
adjuvant properties of the molecule. The following
observations, as summarized by Elson [Elson, 1989, Immunology
Today 146:29-33), are the basis for that confusion:
30 ¢ CT does not induce oral tolerance against itself [Elson and -
Ealding, 1984, J. Immunol. 133: 2892-2897].
e CT-B does not induce oral tolerance against itself [Elson
and Ealding, 1984, J. Immunol. 133: 2892-2897].
e CT can prevent the induction of tolerance against other
3s antigens with which it is simultaneously delivered and also
serve as an adjuvant for those antigens [Elson and Ealding,
1984, J. Immunol. 133: 2892-2897; Lycke and Holmgren, 1986,
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of essentially all eukaryotic cells. Chol eragenoid is conposed of five
non-coval ently associ ated subunits, while the A region (27,000 daltons) is
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o023 I Hair UL Red kbR .80 200 a0 RARES KGR HI o
oral inmunoger98%, hfis Immunol. 133: 1818-1824].

A number of researchers have concluded from these
findings that the B-subunit must possess some inherent
adjuvant activity. The findings of Cebra et al. [Cebra et al.,

15 1986, In: Vaccines 86, Brown et al. (ed.), Cold Spring Harbor
Laboratory, New York. p.p. 129-133], Lycke and Holmgren [Lycke
and Hélmgren, 1986, Immunology 59:301-308], and ;iang et al.
{Liang et al., 1988, J. Immunol. 141: 1495-1501)] would argue
against that conclusion. Cebra et al. [Cebra et al., 1986, In:

20 Vaccines 86, Brown et al. (ed;)} Cold Spring Harbor
Laboratory, New York. p.p. 129-133) demonstrated that purified .
CT-B was effective at raising the frequency of specific
anti-cholera toxin B-cells in'Peyer's patches when given
intraduodenally but, in contrast to CT, did not result in

25 significant numbers of IgA committed B-cells. Lycke and
Holmgren [Lycke and Holmgren, 1986, Immunology 59:301-308])
compared CT and CT-B for the ability to enhance the gut
mucosal immune response to KLH by measuring immunoglobulin
secreting cells in the lamina propria of orally immunized

30 mice. They found no increase in anti-KLH producing cells in
response to any dose of B-subunit tested in their system.
Finally, Liang et al. [Liang et al., 1988, J. Immunol. 141:
1495-1501] found no adjuvant effect when CT-B was administered
orally in conjunction with inactivated Sendai virus.

35 Where adjuvant activity has been observed for isolated
B-subunit, it has typically been for one of two reasons.
First, a traditional method of preparing B-subunit has been to
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PCT/ US95/ 09@hiosenantigens 2 e3EufFiBiently csmall as todbedpoomby for CT-B
[El son and Eﬂ“@d&&enic, they can be made immunogenic in a traditional
hapten-carrier configuration. Likewise, there is a
"theoretical" immune enhancement associated with B-subunit,

15 especially for oral presentation, in that B-subunit binds to
the surface of epithelial cells and may immobilize an attached
antigen for processing by the gut associated lyqphoid tissues.
However, any potential advantage to this mechanism of antigen
stabilization may be offset by the distribution of the antigen

20 across non-immunologically relevant tissueé, i.e., the surface
of intestinal epithelial cells. In context of the mucosal
responsiveness, the immunologically relevant sites are the
Peyer's patches, especially for antigen-specific T
cell-dependent B cell activation (Strober and Jacobs, 1985,

25 In: Advances in host defense mechanisms. Vol. 4. Mucosal

- Immunity, Gallin and Fauci (ed.), Raven Press, New York. p.p.
1-30; Tomasi and Plaut, 1985, In:! Advances in host defense
mechanisms. Vol. 4. Mucosal Immunity, Gallin and Fauci (ed.),

_ Raven Press, New York. p.p. 31-61; Bréndtzaeg, 1989, Curr. _

30 Top. Microbiol. Immunol. 146: 13-25]. Thus, the events up to
isotype switching from IgM cells to IgA B-cells occurs in the
Peyer's patches. Antigens localized on the epithelial cell
surface may contribute to antigen induced B cell prollferatlon
in that the class II positive villous epithelial cells may act

35 as antigen presenting cells for T cell activation at the
secretory site, thereby increasing cytokine production,
terminal B cell differentiation, increased expression of

-7 -
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comi t1ed B colls. T5cid SRS choe  JaRivant PEPRAFEY. foRbe PrAskitey,

59: 301- 388 resigesednCthantiolotbxfior irherhdlwhl iB~sulmrethde créqueirpd forcosal
| mmune resppaéégger@pfts&nmaw i 33@%@%@&@ RIS B nd the

| am na propria ora I nmuni ze NOo I NCrease I n

anti- KLH prdugebugiteingo; §hec§eddoc The mmtoflsa@mmqqumcbdfmn
their systesajavant! dctivity,eprabunably"@stla Functitit of -itgmunol . 141 ‘

ADP-ribosylating enzymatic activity and ability to increase
15 intracellular levels of cAMP (see below). The B-subunit alone
may act as a carrier of other antigens in that when conjugated
to those antigens they can be immobilized for processing by
the gut associated lymphoid tissues. '
Although LT and CT have many features iﬁ common, these
20 are clearly distinct molecules with biochemical and
immunologic differences which make them unique, including a
20% difference in nucleotide and amino acid sequence homology
[Dallas and Falkow, 1980, Nature 288: 499-501). The two toxins
have the same subunit number and arrangement, same biological
25 mechanism of action, ahd the same specific activity in many in
vitro assays [Clements and Finkelstein, 1979, Infect. Immun.
24:760~-769; Clements et al., 1980, Infect. Immun. 24: 91-97].

There are, however, significant differences between

30 these molecules that influence not only their enterotoxic
properties, but also their ability to function as adjuvants.
To begin with, unlike CT produced by V. cholerae, LT remains
cell associated and is only released from E. coli during cell
lysis [Clements and Finkelstein, 1979, Infect. Immun.

35 24:760-769]. CT is secreted from the vibrio as soon as it is
synthesized and can be readily identified in, and purified
from, culture supernatants. Consequently, in contrast to CT,
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1495-1501] found no adjuvant effect when CT-B was adm nistered orally in
conjunction wi'th inactivated Sendai virus. 35 Wher e adj uvant
activity hawolseeés2dbserved for isolated B-subunit, it has tymcrwsosobmsn
for one of two reasons. First, a traditional nethod of preparing B-subunit
has been to -6- VO 96/ 06627

PCT/ US95/ 0903F diojnet TRl Riolegierllivcaative whennfiiostapsplagedeitrom

filtration i ReHdee¥®S mﬁtﬁlﬂlﬁﬁﬂel €héNA-BIRBAeli £8r. bERRBIrYLAC tEYing",
formc acid). . The isaqlated sub s ar ssoci at 1.ng

agent renmovedT EEHRRS ?ﬁﬁﬁ ?H$ s?ggﬁﬂFqEEHPEEEHPaF Pakbey fully
contan1natedantﬂvaxzinathﬂnﬁbseméeAaﬁupnotéokythctpabcaas&ngen&hhratiOn a

|1 t o, d
wth the dd CHeAALEy (St 00 08 Wolely: (F' SRR L] CRUR Dridn
pr ot ei ns, B-§ﬁuuﬂhtcemnoaenveaa§ anmnﬁumaagy(1t§)tﬁ§9€ﬁ<sdh8t¢amsentat|on
of antigens tddyidtaing é]&é%ﬁmoﬂftﬁgoﬁfséﬂét%ﬁi 8ufradk! bg' ghk! y small

can | mmunogenic 1n a traditional

as to be poor,l nageni ¢
hapt en- carrléﬁaﬁﬁﬁ iﬁhe1§§%wﬁ%%l tFaig is ﬁlsPhEBPBtf9§ICTunhuﬁe
enhancenent gtnhﬂ&ﬁeuiﬂntﬁhé}énitﬁwé sdﬁeﬁﬁSEShﬂL|tofﬁhlehathéreaﬁﬂhahbon

: nmrE)B?T | E-e an ?n@&aﬁ{fqt a’f%%@is?ﬁf)%ﬁﬁmtﬁ% F°§§§3¥F&Feds”‘°e LT

| ynphoi d ti sdgenotHdndar bxn%ogﬁma&&yaacaﬂvantagelsodﬁﬁfscn&thaolideutlfy
anti gen st abihiriHg Bl T ¥t Qi Sy iﬁevﬂtfarb?uglhgmcgi hHga9a' UG 2l

across non- |nnuno evant ssues )
Y-1" adrenal cell assay or permeability factor assay.

This difference in activation of the isolated material

15 results in differences in response thresholds for LT and CT in
biologic systems. For instance, CT induces detectable net
fluid secretion in the mouse intestine at a dose of 5-10 ug.
LT induces detectable net secretion in the mousd intestine at
levels above 100 ug. In the rabbit ligated ileal loop, the

20 difference is dramatic and clear cut. Moreover, in primates LT
has been shown not to induce fluid secretion at any dose
tested up to 1 milligram. This is 200 times the amount of CT
reported to induce positive fluid movement in humans. When LT
is exposed to proteolytic enzymes with trypsin-like

25 specificity, the molecule becomes indistinguishable from CT in
any biologic assay system. This was demonstrated clearly by
Clements and Finkelstein [Clements and Finkelstein, 1979,
Infect. Immun. 24:760-769].

In addition to the above reported dlfferences, LT has

30 an unusual affinity for carbohydrate containing matrices. o
Specifically, LT, with a molecular weight of 90,000, elutes
from Sephadex columns (glucose) with an apparent molecular
weight of 45,000 and from Agarose columns (galactose) with an
apparent molecular weight of 0. That is, it binds to galactose

35 containing matrices and can be eluted from those matrices in
pure form by application of galactose. LT binds not only to
agarose in columns used for purification, but more
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of intestinal epithelial cells. In context of the nucosal responsiveness,
the immunol ogically relevant sites are the Peyer's patches, especially for
antigen-specific T cell-dependent B cell activation (Strober_and Jacobs,
1985, 25 | WOXMSE%ces in host defense nechanisns. Vol . 4. MIEGIHS 0 ¢y,
Gallin and Fauci (ed.), Raven Press, New York. p.p. 1-30; Tonmasi and Pl aut,

1985, In: Adyances_ ip,hosg_d €yl i I . | mmunity,
Gllin and #ﬂﬂﬁﬁrﬁiﬂa}¥'Rﬁ$e§L§$§5238§§§g$§gEP°§%§F¥%ﬁ-g¥§ﬁgﬁéﬁdﬁ&aeg,

1989, Curr. galacpose) cinbivdingngilyobproteins3and) 1ipepolysacahayidesip to
I sotype sw teghy L e I = | 1S o ;
patchos. Ant TS ALl ShEOLATIAG BEBREEY BEPLY. TReflre A’ @ Hrcnder
to antigen iFRERREPE distributicn,oni sampaldpn celdd scifeys LT thaxe CT
villous epstwiticla! bLRtsSofily 861GgR Thid mGeadiaettingpart | fof othd cel |

activation at the secretory site, .thereby_i,ncreasin t oki ne producti.on
form nal b OepordcaLherteRbaS’ LhoEbScanidinias, Y, Bhesd, Wod ek o
PCT/ US95/ 09085 imdueeodifferpntchelpeandTi Aymphoeytex raspanses{Modhieoiet
antigen specific T | T'n*a} l,.au A , , es in
host defensgé%%bhggfggs. %%#514; 88§§§Yﬁﬁﬁﬁﬁgfy,%Egﬁ%%ﬁ¥§%}'F§%%. ed.),
Raven Press PressyolNew ¥opk.3R-621)-5 The rel ationships of these events
have not pgen cleariph d9iddecbtiudide Stdpot-tedSof MEEheE e a®l NElcBRREIBES
and use of the tern1"aqhuvant" woul d een1|n%g%ropr|ate for. such, an effect.
al., 1994, Mucosal Immunology Up e, Spring 1994, Raven
Press, New York. p. 21), it was shown that oral immunization
of mice with vaccines such as tetanus toxoid (TT) with CT as a (
mucosal adjuvant selectively induces Ty2 type cells in Peyer’s
15 patches and spleens as manifested by TH cells which produce
IL-4 and IL-5, but not IL-2 or INF-gamma. [For a more complete.

review of the cytokine network see Arai et al., 1990, Ann.

Rev. Biochem. 59:783-836] Importantly, when CT was used as a
. nucosal d'. an also enhanced antigen-speclf )
20 s j i e Such enhancement of

IgE responses seriously compromises the safety of CT as a
mucosal adjuvant due to the prospect of inducing
-immediate-type hypersensitivity reactions. In contrast, LT
induces both T,1 and Ty2 cells and predominantly

25 antigen-specific IgA responses without IgE responses when used
as an orally administered mucosal adjuvant.

‘The two molecules also have many immunologic
differences, as demonstrated by immunodiffusion ‘studies
'[c1ements and Finkelstein, 1978, Infect. Immun. 21

30 1056-1039; Clements and Finkelstein, 1978, Infect. Immun.
22: 709-713], in vitro neutralization studies, and the partial
protection against LT associated E. coli diarrhea in
volunteers receiving B-subunit whole cell cholera vaccine
[Clemens et al., 1988, J. Infect. Dis. 158: 372-377].

35 Taken together, these findings demonstrate that LT and
are ique molecules, despite their aren imilaritjes '
d _that is - racti oral adjuvant while CT is not.
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It is clear that the adjuvant property of the nolecule 10 resides in the
hol otoxin in which B-subunit is required for receptor recognition and to
facilitat ewoessateszt i on of the A-subunit into the cell. The Arenusss/iioods

al so required for adjuvant activity, presumably as a function of its
ADP-ri bosyl ating enzymatic activity and ability to increase 15
intracel lul ar | evel SThe dﬂ@ﬂhitxitiéncﬂﬁ thecagjuvianhi prapentigeyoficLTas a

carrier of ofhed éﬁ{:' 8¢Nani ﬂnbaahwe%aoﬁowfu%fee%ﬂdéwee %L’?’é Qi ey

can be i nmob I|z for ce ut, aSSOCIated tlssues.

Al t hough LT gﬁi’ av&pﬁﬁ ‘y’° 8 3&995'%0% e;&) isans by

di sti nct molcmell ef théehpbesehtniaventotsi. m:rmwacsgmﬁdld]femenmm gdsr e
t hem uni qu 2 re (M Q_acCl
Sequence ng; ﬁ“?ﬁaﬁeés 385 Hhhglel 1h8, sBalibsl o AU SUREARS o

t oxi ns have € lgahetbebadnuvnmbstfmSademWedseﬁq; O cgpi van me
mechani sm Ofosséwaa aﬁlﬂf&%néé&eb%l&%bfn' %h%CtEv)H 61 dbu Y. gbﬁ’ééﬁd’eﬁéfﬂ S

(d ements and Fi nkel steln 1979, Infect,. I nmun. 24:760-769; enen
al ., 1980, IthecPresapfninventors. expmined, @ nuaber,Rf, HATranefif%s cant
di f f erences iwtyedingOthbeagreeiecot e blihabrlarlf Fudﬂmnw wlovX hed the

bog n vt k0 TEPRCEE £he Bib ShBRS1RE DetRin Uk eh cHHRAEY Fedlidiadl i the
and is only etfeatedff vanyingcthe #iming and nqnmesqﬁ]datﬂuerxunf LT, the
Fi nkel stein, of8dQ¢ 6Ef§fiorlﬁ§§5su§§a%§ 6% 6kend Hfiéﬁgﬁégled In"]the

vibrio as soon as it I ze can be readi apd
purified frokR %‘&?FGFetQGuBEPﬁﬁﬁaﬁPsOVéonQ‘QJ@ﬁﬁ Pf 1T asiamadiwant with

two unrelated antigens, and the effect of route of
15 immunization on anti-OVA responses. The results obtained from
these studies [Clements et al., 1988, Vaccine 6:269~-277;
Clements et al., 1988, Abstract No. B91, 88th Ann. Meet. Anm.
Soc. Microbiol.] are summarized below: :
1.Simultaneous administration of LT with OVA was shown to
20 prevent the induction of tolerance to OVA and to increase
the serum anti-OVA IgG response 30 to 90 fold over OVA
primed and PBS primed animals, respectively. This effect
was determined to be a function of the enzymatically active
A-subunit of the toxin since the B-subunit alone was unable
25 to influence tolerance induction. '
2.Animals fed LT with OVA after an initial ova prime developed
a significantly lower serum IgG and mucosal IgA anti-OvVa
rééponse than those fed LT with OVA in the initial
immunization, indicating that prior exposure to the antigen
30 reduces the effectiveness of LT to influence tolerance and =
its ability to act as an adjuvant. LT was not able to
abrogate tolerance once it had been established. This was
also found to be true for CT when animals were
pre-immunized with OVA prior to oral ovalbumin plus CT and
3s offers some insight into the beneficial observation that
antibody responses to nontarget dietary antigens are not
increased when these adjuvants are used.
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WD 96/ 06627 PCT/ US95/ 09005 LT is not

fully biologically active when first isolated fromthe cell. Consistent
W th the : for bacterial toxins, LT requires proteol -
di sulflde re %Sjcl)n to be fully active. In the absence of prp\é?"gﬁgwgs

pr ocessi ng, the 5 enzymatically active A, noiety is unable to dissociate

fromthe A[grggraarrmgaeahaaﬁdc%'a'iotxqﬁm;s&n%éé’"ﬂ?ta%e| <5 {gﬂﬁg s

cycl ase) on the basolateral surface | nt esti nal
is also true fO VRY s Qﬁ%d%%%a$ﬁ°9hetEﬁFtBFénSuHBPﬁaF&ﬁFt ¥PASUER t he

toxin is 10 emmmnng’mléwmanantpmsf pespbhsepr atee!ryth&eesbm?nw

t full t tif
buri 11 cati on EEYEFR L AAIERNS ohae) Sotaltnelh 15 rePREne Yelgns) bocuz
assay or Jermesanly tand apon Hixsy. eXhosudefterentégen.aitlvasladsof t he

i sol at ed ”ﬁterdéﬂoxis'i:fé’ééﬁ ténae chéfgipace h“ FegRan ssgaas %L:daﬁplar”
and CT in biologic systens. | nst ance, uces cta | e net
secretion in ¥ q#ﬁ¥ﬁﬁ?¥ﬁpa¥gﬁ ﬂBs@uﬁPssl1§9PeFFPgbeL¢°FﬁHGéé§d by

ldet teﬁt abl gbnetwtmeﬁ i nclit t&lqoaw?uﬁeaz-gl gﬁb?éﬁeﬁt dbe&egs aaamléegrblar rlg.
nthe ra a i,s dra and cl gar
cut . NbreovéFSkPﬁigggﬁgpg aE?3ﬁ§§tEE§H-§h6W£Iﬁ% rih?i%i%ﬁﬁﬁ%&?on
at any da®e teeﬂémﬂnstnsﬁmlusliqrdgvelhpnent dﬁOserumsanaemaunsaﬂ of CT
reported to i %ﬁ%&&’ﬁ%'é’{aim n%a%egﬁei éﬂshﬂfa’eﬁe $Hak Tnhs ﬂépgﬁ@

proteolytic enzynes Wt eC|f|C|t e nol ecul e becones
i ndi sti ngui shdmmunQlegicr Q*PQF%emﬁ%I%ng eithersy?® éﬁ]"ﬁﬁlénméQPOrtant

" denonstrat ed cﬁleaﬂﬂg hyd feerone Speesiblakappl ebatichesenie asdahl BEguYaREN. ! |
1979, Infect. womTJ<:{1 1::e24fo:>7rgs Othe 9Aevelv::r_:ment of mucosal antibodies against
1s complex antigens, such as killed bacteria or viruses, where
the ability to respond to multiple antigens would be
important. .
Studies by Tamura et al., [Tamura et al., U.S. Patent
No. 5,182,109] demonstrated that LT and/or CT administered
20 intranasally enhanced the antibody titer against a co-
administered antigen. However, nowhere in Tamura et al. is it
taught that these toxins can induce a protective immune
response when administered orally.
Clearly, LT has significant immunoregulatory
25 potential, both as a means of preventing the induction of
tolerance to specific antigens and as an adjuvant for orally
administered antigens and it elicits the production of both
serum IgG and mucosal IgA against antigens with which it is
delivered. This raises the possibility of an effective
30 immunization program against a variety of pathogens 1nvolv1ng '
the oral administration of killed or attenuated agents or
relevant virulence determinants of specific agents. However,
the fact that this "toxin" can stimulate a net lumenal
secretory response when proteolytically cleaved, as by gut
35 proteases, or when administered in high enough concentrations
orally, may hinder investigation into its potential or prevent
its use under appropriate conditions. This problem could be
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In addition to the above reported differences, LT has 30 an unusual
affinity for carbohydrate containing matrices. Specifically, LT, with a
mol ecul ar WO WN66HF 90, 000, el utes from Sephadex col ums (gl BEBASYSAMWH an
‘appar ent nol ecul ar wei ght of 45,000 and fron1Agarose col ums (gal act ose)

wi th an apparent. nol.ecul t , of That o 1Lt, hinds to gal act ose 35
cont ai ni ng HE???%gﬁdaﬁg g@ncBB aleﬁed Hﬁﬁiﬂa é§9H§;4¥F¥ﬂ& shing thg
appl i cati on adjguantt propertibsnds thie muileculemarlts order dorEppreeiator
urificatio r

PCT/ USO8/ 095’6%‘9?%%%%%%??* bteog\gtcﬁ%qbq‘% Syi & 18, 8SResaTY, §o firiper
gal act ose, |%¢M¥ﬁgtbﬁy§85hépé5ns ofnactiiem ¢ify he 14 mmt C'I'I'hami the
lectin-lik (o] t S

s sbwdeaaral aaa ruﬁi:thisnhq %Iél%ﬁl'br\%ﬂé#% ¥ Cl%sgqp S : rﬁle? As

di stribution, o o] t han

o] e afd CRERE meeviSualy . ¢ both, LY

abilities ofmgleisubunitotexihsswithi ndamel (] fdcmpmiedﬁ .p@(f'EEﬂ' WH&ISIE‘ﬁi@ial
1 0 t rin

esponses [Mihefegt16h or BE sHHIRBeh B0, WA SiqnAd Felieor,

M Ghee et althe I\EGiegletl facilivstes\thes penetnatdionofikhe e‘s-s.?qbumg: 1994,

Raven Pregg.tR¥edu ﬁhepceii]mehbrW%S S@ﬂ“%ﬂ#§¥ fﬂ&ﬂcﬂfﬁﬂ”“ g Q) of mce

W th vacci nes suc éet anu tOXOI rrucosa ad] uvant
sel ectively ?M’é@n‘?[ F'Ff?c apescdp tﬁ’°P§§“@r 1@"'1?%@%&@%9%
mani f est ed yf Tthesé| sthii Ah p:re:aw,cecﬂanyﬂéwl the SADPUiBEsylaticA of the

| NF- ganma. [é¥{m€1296§yc8ﬁplﬁlndlng protein (Gs) in the adenylate cyclase

enzyme complex on the basolateral surface of the epithelial

15 cell and this results in increasing intracellular levels of
CAMP. The resulting increase in cAMP causes secretion of water
and electrolytes into the small intestine through interaction
with two cAMP-sensitive ion transport mechanismsg involving 1)
NaCl co-transport acrosé the brush border of villous

20 epithelial cells, and 2) electrogenic Na‘* dependent Cl-
secretion by crypt cells [Field, 1980, In: Secretory diarrhea,
Field et al. (ed.), Waverly Press, Baltimore. p.21-30). The A
subunit is also the principai moiety associated with immune
enhancement by these toxins. This subunit then becomes a

25 likely target for manipulation in order to dissociate the
toxic and immunologic functions of the molecules. A recent
report by Lycke et al. [Lycke et al., 1992, Eur. J. Immunol.
22:2577-2281] makes it clear that alterations that affect the

ADP-ribosylating enzymatic activity of the toxin and alter the
30 ability to increase intracellular levels of cAMP also prevent '

the molecule from functioning as an adjuvant. Consequently,
another approach to detoxification must be explored.
3. Y T NVENTION
The present invention is based on the surprising
35 observation that a mutant form of LT, which has lost its toxic
effect and is devoid of ADP-ribosyltransferase activity, still
retains its activity as an immunological adjuvant. The mutant
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review of th
59: 783- 836]

e cytokine network see Arai et al., 1990, Ann. Rev. Biochem
| nportantly. when CT was used as a nucosal adjuvant it al so

enhanced a -specific 1 gE 20 responses in addition to th 4ﬂﬂ§ nse.
Such enhanS%?gﬁﬁmg? | gE responses seriously conproni ses the ?a e 3&@®B as

a mucosal ad
hyper sensi ti
T[err]2 cel

| gE response
nol ecul es al
i mmunodi f fus
30 1036-1039
in vitro néu

juvant due to the prospect of inducing inmediate-type

g.bi* Befgfjli)%aﬁgr?ﬁé y 2 aﬁcﬁe edr?':&sd ecifi ? O%Arsrglg%éh]s%néﬁ\?\ngt %llfti
SuBRE IO ARGl Y s e PR B KROBEIN SRR LELVE 1RLEE vo
ifnsensdtive) THE N1Ysicr dHd Prasttaslyttitc deibe SpréveftHythe

b2 Bp1ShTE, ECRIRNITG e LS, Ut T U o il

NatlivealTodss hoti doxianahedre fiarst dsqlated t£rom athe nisactérium

lated E Iy g0 I3 140 VA 2 ' I |1
Cholora vacclug PRFotae. Potert el 4, B eyl Saith il Sanodld fo°u

Taken togeth
nol ecul es de
oral adjuvan
PCT/ US95/ 090
of an i nvas
to orally ad
cl ear whet he

is

30

3s

Protrases; syghnase J&ﬁﬁ?stﬁ%’@ timither W@i%ﬁei’%?ﬁﬁ'bn& The
Apthnt! fori JTPUTMNo Jdtider iHd=L i potwnitidl i to Bbecosiéi tokic
B e PR RBAVR o RO ATAORY (VAR TBFARY (VRS RPERInATERF out
nHT) i retafinshdéhenidapakdd idfy |OF enhdrecitsy campaminadf st mwunece
?Egk%h%t'é“le%ﬁi,g&%,b&&r)e & dd it fee unfY AL @4 Sto | LTVEE RPT
with no toxic side effects. Experimental evidence shows that
mLT has utility as an adjuvant for orally administered
antigens; such administration results in the production of
serum IgG and/or mucosal sIgA against the antigen with which
the mLT is delivered. The present invention provides a method
for induction of a serum and/or mucosal immune response in a
host to any orally administered antigen which pémprises
administering to the hoSt'an éffective amount of nLT in
conjunction with oral administration of an effective amount of
the antigen. Preferably, the antigen and the mLT are
administered_initially in a simultaneous dose.

The present method and compositions provide an
improved mode of oral immunization for development of serum
and mucosal antibodies against péthogenic microorganisms.
Production of IgA antibody responses against pathogenic
microorganisms which penetrate or invade across mucosal
surfaces can be directed to that surface, while a significant

serum antibody response can be developed to prevent infection

by pathogenic microorganisms against which serum antibody is
protective. The present invention is useful for any specific
antigen where a specific neutralizing antibody response would
be useful in ablating the physiological or disease state
associated with that antigen.

The present invention also provides a composition
useful as a component of a vaccine against enterotoxic
bacterial organisms expressing cholera-like enterotoxins and
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5 LT woul d al so influence the induction of oral tolerance or exhibit the
adj uvant effects denonstrated for CT, given the observed differences
between t hwdoemwesxrl ecul es. Consequently, the present invent oPETHRHINRT a
nunber of paraneters, including the effect of LT on oral tolerance to OVA
and the 10 role of the two subunits of LT in the observed response, the
effect of veomethmods hfori ktaguaed route of delivery of LT, the effect of

prior exposure to %f&ﬁd&ﬁtad id s Hvi&esnélaeﬂﬁsﬂehehaagem MA,
the use of LT as an a %uvant W t nrel ated anti e effect, of
route of 15 FhessiBgthedsonThft F°m5.1§§&8n§8§‘1°1‘%59 @éhlef&]%ﬁﬁ”}; & AR,
these studi est [#Lenent eanbmhti::ﬁ%&thVam ieff etite murm aofe rerst Byend .
1988, Abst act No. B91, 88th Apn . lpdl € surmarlzed

bel ow. |.SPrul t aneous adniii s&f ° : ffown to 20
prevent the inducti d]heafpneﬂmmvmntmm be un@e§§§9°@h90§er fmlly by

anti-O/n | 9GégsPafise 20 Ae%8 nbdiaxgege%wa Fes A Ih RS fo# NEie ani s,

respectivel et erm ne be a f,unction f th
enzynat i cal I-’yn%t't%‘@nA- QEBEH;'FSOP f; ppecdfiic emhadimants invenrtien
unable 25  jgai aﬁéueﬁﬁanaahefagaeesndmmmh-z Aninals fed LT with OVA

ft tial d |

micosal I BB, anti - OvA VBT o SrieRetEe A PREHER R, fnbRiheRla Wiz, o

i muni zat i orwhichli encodgst bathpsubnqusosﬁm@d @ tundemtthe rcautrol of ckhe
the ef fecti VeReSsrghotdrlO PHbLNIACEIECICHAED FHK! L1 SNg1dbageact as an

adj uvant e to a )l 0ga ol erance once 1t

est abl i shed. substitutionsats aminor acid wesdidus 192 vﬂferﬁ'&?ﬂ'ﬂg\: AycFeding
pre-imuni zegop gy C¥atRerOtnbf Ay, WHidN Priedirifed i reading frame but

15 eliminates the proteolytic site. The amino acid sequence
corresponding to the region of trypsin sensitivity and the
site of the amino acid substitution Arg,-Gly,, is shown.

Figure 2. Graphic demonstration of the dose-dependent
increase in the levels of ADP-ribosylagmatine'is a function of

20 increasing amounts of CT. '

Figure 3. Fluid accumulation after feeding 125 ug of
native LT but not after feeding 125 pg of mLT to mice. The
gut-carcass ratio is defined as the intestinal weight divided
by the remaining carcass weight.

25 Figure 4. Ability of mLT to act as an immunological
adjuvant. Figure 4A, Ability of mLT to induce a serum IgG
response to OVA. Figure 4B, Ability of mLT to induce a mucosal
sIgA response to OVA.

Figure 5. Experimental demonstration that mLT retalns

30 the ability to prevent induction of oral tolerance to LT.
Figure 5a, Ability of mLT to induce a serum IgG response to
LT. Figure 5B, Ability of mLT to induce a mucosal sIgA

' response to LT.
" B D_DES ON THE INV ON

3s The present invention encompaéses a composition and
methods for its use to promote the production of mucosal and
serum antibodies against antigens that are simultaneously
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35 offers some insight into the beneficial observation that antibody
responses to nontarget dietary antigens are not increased when these

adj uvant s : WO 96/ 06627
PCT/ US95/ 8\85)&&3‘%%& um |1 gG and nucosal |gA responses in ani PCTYSP80%, i ng
LT on only a single occasion, that being upon first exposure to antigen,

were equi vahbeny140aaaiAq8tesed Waltn ? %%n@éi?/daﬁl? iﬂ@fi?ié'&jiﬁééé&giéfat
commitment O [ E5ponsi Veness occurs earl'y and upon First. exposure to
antigen. |ttQ%dnal Thegmpaidies: Eoximis Re T QE Fhorheak-lakblpse to

ei ther predentegstbyinenum! o® . G¢I4s #¥hidA throudh Gurietid ashPinadringr
or not a parent rat,? osher dqese i.sS ni st.ered. 4. Siul t,aneous

S i sir PSR SPRETIER: KEVREIR; AcheitivR HiFe Ferantiin BIY Bt eque
devel opneSt noh-texdm but yetoesunexpectedilys, awptiaigis bidtsh abiiliEynsto facteas
ani mal has | | ogj [ ' [ ' L Ss

| mport ant f?ﬁd?%gaéf%ggagag %g ngIe'appllgﬁy%QH?&?pL aﬁ?%ﬁ?%ﬁﬁ%ﬁéﬁﬁ woul d
be for the YBLEl'opTbRt 1DVeRtdoNaisyhasestion thaidigcovery ddmt SLBNiS @@ss,

such as kiléfflebBSVer ag T We' ARCimmilRIDGitA 1 RKd Uvarit, raF écted
mul tiple antigens_wo be rtanm%i_:F Studi es b Tanq&a et_al.. (Tanura et

| d [
al., US. = nquB?ggffngfﬁ t'de s ¥t G anPﬁ?r /?RZXﬂaEﬂﬁh ni st ered
20 i nt r an@sattivitiraofeADPhaibosylatbion thecarss the A cubunit ncan anaed

o oo EHSEr DRSS LB Py edhd | IR (Y5501 Pk
studies of Lycke and colleagues, which made it clear that
alterations that effect the ADP-ribosylating activity of LT ‘
also prevent the molecule from functioning as an immunologic

15 adjuvant [Lycke et al., 1992, Eur. J. Immunol. 22:2277-2281],
the presently described mLT retains activity as an
immunological adjuvant although, as demonstrated in the
examples, it does not have ADP-ribosylating acgf&ity.

The novel mutant form of the heat-labilé enterotoxin

20 of E. coli, mLT, described herein, behaves as an adjuvant and
elicits the production of both serum IgG and mucosal sIgA
against antigens with which it is delivered. The utility of
this surprising discovery is that an adjuvant effective amount
of mLT may be utilized in an effective immunization program

25 against a variety of pathogens involving the oral
administration of an effective amount of mLT adjuvant in
admixture with killed or attenuated pathogens or relevant
virulence determinants of specific pathogens with no fear of
the real or potential toxic side-effects associated with oral

30 administration of CT or LT.

The present invention supersedes the prior art in that
the present invention may be used in a variety of
immunological applications where CT, LT, or subunits of CT or
LT may have been used, but now with mLT there are no real or

35 potential side-effects, such as diarrhea, associated with its
use. In contrast to LT, which although not toxic when first
isolated from the bacteriﬁm, has the potential to be fully
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Clearly, LT has significant inmunoregulatory 25 potential, both as a neans
of preventing the induction of tolerance to specific antigens and as an
adj uvant f ¢fo ogiseley adm nistered antigens and it elicits thePporasesodoon of
both serum 1 gG and nucosal |gA against antigens with which it is delivered.
This raises the possibility of an effective 30 i mmuni zati on program agai nst
a variety of tpaitowben iexpusedda prafedsesisuthtasitthosef faundeinothe

at t enuat ed aﬂ?ﬂhﬁlﬁ nr&kﬁ@?ﬁiﬂgﬂwﬂﬁ¥uébé§“ﬁﬁfﬁKEVEStﬁﬁ f@@éﬁéiﬁlaﬁsnbécome

a .
However, the tact that I's "toxin", can stfinu]ate a net 1unenal secretory

response wheRoyi6: d9ey o PnoFeqlytik) ackiY3tRR. 35 proteases, or when

adm ni stered in h: IRRGERER é8B6alhenti agsmeablmsemy imvesrtriom\iastdsgat i on
into its patential or prevent it.s use under appropf] L tLons | S

pr obl em co I8°BB°3‘EP§ _%f a \VAcsins; 2gALins er?@erc%&ﬁg ggagﬁiéﬁg WhIgh
PCT/USQS/OQOéﬁprgssIchdhdrdflihnﬂtbxins<knThefpmﬁBGMWthpuen§0n$nh339nghpwa
adj uvant pr Oﬁﬁért' SEr0Y o oty &S td t%ﬂﬁf‘*] %x?d@n?@éethﬂﬁﬁehﬁwéf‘hﬁc@ ght
be acconplished, 1t is necessary to further dhalyze the nechanism of actian

of the LT anWher adainistered Qﬂeﬂe¥9ﬁpfLﬁhﬁ#%ﬁeﬁerE*%tFBHsﬁPBEtEPntH§§e
nol ecul es. Asgi RdghaycdeWiPed ud Ya dsripondn st Gladttnégnairected against
mul tisubunit toxing wi,th A and B compgnents. After fhe initialk Ln action
of the t oﬂione%gﬁﬁ é‘lﬁoﬁrwﬁsqﬁamr%%r?’&eé??}m°iﬂg Bp¥8§$8ﬁ5f gg litates
the penet rat vascdheshagainsghiio Xera+l ik tokin cexpressingnerganisnsol
Lﬁg?ﬁts' O&et Bbit2i FIMRP I Y SHIEIES114  dnd Yohe B §&5uﬂ§£yaf Pthdetoxin.
By replacing the B subunit with mLT in the vaccine, the
vaccine is improved in two different ways. First, mLT, which
15 has both the A and B subunits will now induce an immune
response not only to the B subunit but to the A subunit as
well. This provides for more epitopes for effective
neutralization. Second, the adjuvant activity inherent in mLT
will enhance the immune response against the killed whole cell
20 component of the vaccine.
Further, other investigators [Hise et al., 1994,
Infect. Immun. 62:3051-3057] have shown that the A subunit,
modified so that it is no longer toxic by altering the active
' site of the ADP-ribosylating enzymatic activity, (as opposed
25 to the proteolytic site which is the subject of the current
invention) can induce an immune response against the wild type
A subunit. However, the A subunit so modified now lacks
immunologic adjuvant activity and is therefore less desirable
as a vaccine component than mLT. .
30 Moreover, since antibodies against mLT cross-react
with LT and CT, nLT can be used in vaccines directed against
many types of enterotoxic bacterial organisms that express

cholera-like toxins, such as Escherichia spp. and Vibrio spp.

5.1 PRODUCTION OF mLT
35 The wild-type LT toxin is encoded on a naturally

occurring plasmid found in strains of enterotoxigenic E. coli
capable of producing this toxin. The present inventors had
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of these, the A, piece, catalyzes the ADP-ribosylation of the stipulatory
GTP-binding protein (Gs) in the adenylate cyclase enzyme conplex on the
basol ateral surface of the epithelial 15 cell and this results in

I ncr easi ngwWord6l066221 | ul ar | evel s of cAMP. The resulting incr RHUS00 P
causes secretion of water and electrolytes into the small intestine through

i nt ti ith t A t h

NAG o t F ARRRYACURIE SLoned Hie b oFane BFSD P bEBAB) LeRiANe h) Hrofmedd
and 2) el ectaegizmated - HIGpeNdcThi€lsuabcloheoaohgistgpofcal 5s 2( RbeDFA 1980,
| n: Secret ol A idofon! S gﬁifﬁi-otéﬁgn) 1MBush! ¥ePiasorBakideFhied into

p.21-30). rinci nolI ety associ_at ed vm th i mune
enhancement the tPetk sike nef lﬂ#%méébBﬁRaz héRlpmepkss et 23, L4983, "dafgat.

for mani pug &g | rw-’@lﬁ { orNi s speéshBihAntt ﬁlhﬁm&ﬂd a@mwact@ac pDFeE,i Ons

f th | 'ecul t al E
3. 1 mmunol . 188 Jeen %5 ece%‘na%xéiy. eRraUESE1Shac npal ipihetagtiur ahilE B
ADP-ri bosyl attm@r@nzafmthe nativet LToprometerxi Fhanatexitt etephdmEhdls | i ty

to increase | ntéigg %%/Z%? 8@1‘-3 PheC @?{P hgou Ei@fe%het %d@o@.c‘&feaf 'StPong

functioni ng BRO nsequen proac
det oxi fi cat mrpmrc@rbeinx‘phi;s egasg. the RYPGPNPHEI'I %mmlﬂwéuﬁ%eﬂhls

i nventi 0ong reyi $5 befkY glenes ifleat I.ﬂ'-imfaafﬁ BN of
LT, WhICh ost |tsi?§t>§|é§ B? : 8§a§§n|§s evgb of A rlbo tran ferase

activity, st$¢Pa¥'%FﬁhﬁsaF@srﬁﬁPWi’-P}nﬁstgﬁml H’ﬁ'uﬁoﬁ?&is

mitant - 13 plasmid. This was an important step because J.t permltted
purification of reasonable quantities of LT and derived .
mutants for subsequent analysis. This plasmid, designated
15 pBD94, is shown diagrammatically in Figure 1.

Both CT and LT are synthesized with a tfypsin
sensitive peptide bond that joins the A, and 3, p:i.eces. This
‘peptide bond must be nicked for the molecule to be "toxic".
This is also true for diphtheria toxin, the prototypic A-B

20 toxin, and for a variety of other bacterial toxins. If the
"A,-A, bond is not removed, either by bacterial proteases or
intestinal proteases in the lumen of the bowel, the A, piece
- cannot reach its target on the ‘basolateral surface of the
intestinal epithelial cell. In contrast to CT, LT is not fully

25 biologically active when first isolated from the cell. LT also
requires proteolysis to be fully active and the proteolytic
activation does not occur inside of the bacterium. Therefore,
one means of altering the toxicity of the molecule without
affecting the ADP-ribosylating enzymatic activity would be to .

30 remove by genetic manipulation the trypsin sensitive amino
acids that join the A, and A, components of the A subunit. If
the molecule cannot be proteolytically cleaved, it will not be
toxic. One skillled in the art would predict that the molecule
should, however, retain its ADP-ribosylating enzymatic

35 activity and consequently, its adjuvant function.

Figure 1 shows the sequence of the disulfide subtended
region that separates the A, and A, pieces. Within this region
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WD 96/ 06627 PCT/ US95/ 09005 form of LT
differs fromthe wld-type by a single am no acid substitution,.
Arglerr]-Gloderisdr, rendering a trypsin sensitive site insenpctmsesnodése | 0ss
of the proteolytic site prevents the proteol ytic processing of the A
subunit into its toxic form 5 Native LT is not toxic when first isolated
fromthe batsecaisingle Rzginimepresidue whdche isulbel itewed tohdre ebnmsszrté o
pr ot eases e e ] S f
%hcfﬁawgﬁ nEBBQQai-gl rt-.B @EVI%E ‘Ene”%g:%d‘ r ;B()Lfreéos‘l% ot £ '€Hd"

of LT no | onger otentl ecorre t oxi c

acti vati on.nqHecules aﬁbléTrGEéF’El Héﬁt changedy by sdt@ W%’a;ﬁlﬁa‘m%eﬂs
enhanci ng ajn agheR! aSwh?“HBetbei'Eﬁa%Q' tBelmolledizle q/éosetuhaﬂ@tﬂcgen

unrelated_to LT o toxi g side effec er| ntal evidence
shows t ha? PEI-H iygh:l &4{‘933238& 2 v&ﬁf‘sieg?‘eé‘% I' ‘ered anti gens;
such adm n| st rat | oS itedirected rmnpa@ehlesisnisfadoonplilaheg@gnd/ or

mucosal ﬂéinghgoaakhﬁga E-Pn%'dC?Nﬁh% @y?.féh%tfi% o‘fﬁ 7 ucl¥otide
pr esent I nv t | on pro ho ction®o serum nucosal
i mune r espiti@h is scapplemeniayyots thegingile staanded gemmf@] except

conpri ses mruﬁ-egwﬂ b2 mismBezh i\@aef kaeh npraunttofigdithid réyion

conj unct | qtmﬁth g nkg strat.loga i&ﬁiffec ve anount _of the antigen.

Pr eferab?g hat crebainsafhe; Agsired, muc genian Ahanges 4

sinultaneou&onmsnlnghhyprédélkt&ohhudthn&heommmqns(stramaed(hangetlnmuoved
de of d

S bt o0 ik AL ILERRE ok Rhe 04 ORIRHea iR W BAVRIIEE Yo create

anti bodi es agai ns m Cr O0r gani sns.
r esponses a@e#mlpashngaded structugeni Sine vwiucdm lgemammaied rWidthe DNA

across ”UCQ§ﬁ§a§§rﬁﬁ&eﬁhﬁaaugieﬁ'E%Eh%@u&% ggakfﬁﬂﬂ?ﬂriedMlﬂéb n E. coli
significant. serum anti body respgnse can evel oped to prevent I nfectron
15 host. The theoretloal yield of mutants using thls procedure is
50% due to the semi-conservative mode of DNA replication. In
practice, the yield is much lower. There are, hoVeVer, a.
number of methods available to improve Yield and' to select for
oligonucleotide directed mutants. The system eﬁbloyed utilized
20 a second mutagenic oligonuoleotide to create altered
restriction sites in a double mutation strategy.
The next step was to substitute another amino acid for
Arg (i.e., GGA = Gly replaces AGA = Arg), thus preserving the
reading frame while eliminating the proteolytic site. mLT was
25 then purified by agarose affinity chromatography from one
mutant (pBD95) which had been confirmed by sequencing.
Alternate methods of purification will be apparent to those
skilled in the art. This mutant LT, designated LT (gne) was
then examined by SDS-polyacrylamide gel electrophoresis for
30 modification of the trypsin sensitive bond. Samples were
examined with and without exposure to trypsin and compared
with native (unmodified) LT. mLT does not dissociate into A
and A, when incubated with trypsin, thereby indicating that
sensitivity to protease has been removed.
as 5.2 MODE OF ADMINISTRATION OF mLT AND UNRELATED ANTIGENS
In accordance with the present invention, mLT can be
administered in conjunction with any biologically relevant
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30 by pat hogeni c m croorgani sns agai nst which serum-anti body is protective.
The present invention is useful for any specific antigen where a specific
neutralizing antibody response would be useful in ablating the

physi ol ogi w@I9606620i sease state associated with that antigen. PGEUSISO0900S The
present invention also provides a conposition useful as a conponent of a

vacci ne agai nst, enterotoxi c bacteri al orgaﬂi nNB_ex reSS|n8 chol era-1i ke
ent er ot oxi n@nkkgen @nd/or W&?%&ﬂ%ﬁG%?dh that an increased immune response

PCT/ US95/ 09QQp giid it {gein i disd Loe. vdbeihavist achielved.pr dn depraferred

t ff
ipdliipod &"%ﬁ@%ﬁ% 5 (40, adPEqBRTRRE! bufldnigiRrence An pffective
4. BRIEF DmmmmmﬂxHmm:qeupiegénpomWEﬁm mym'ésing an
under st 000g rE¥ Fadili ¢ \?ﬁé%frﬁﬁrtan&hSnf ehke&aeedawumdo@eaw iqn of

the i nventTon, exanpl es eci f di nen e invention and the
appended fi Fhefede pf c?\dm-ﬁ istratiop; bﬁr Eritl'Scﬁ‘gﬁaFieC‘p& chjvenameunts of
pl asm d pBDYLT ind hawtigeéle swbDl hvsnpuaepanmagduaomm anermimyr @f dhet he

nci d'r oot duANGSSH CRBiRvea LR OLRR bp8rTRlof RRiGaY 4 e nifhofla el N0

preserves t Hin roneli émpbéd imentytthe dnikimdt QWMSM@*@&WHQ nT @ndrhe

fhe site 57 LR o £6EP000 Wy 8 bOBELTBE En8 ’ﬁ}%?%"*. g, e

another embodlment no boost is given. iming of oosting

may vary, depending on the antigen and the species being
treated. The modifications in dosage range and timing of
boosting for any given species and antigen are readily

15 determinable by routine experimentation. The boost may be of
antigen alone or in combination with mLT. The mode of
administration of the boost may either be oral,;pasal, or
parenteral; however, if mLT is used in the boogt, the
administration is preferably oral.

20 The methods and compositioﬁs of the present invention
are intended for use both in immature and mature vertebrates,
in particular birds, mammals, and humans. Useful antigens, as
examples and not by way of limitation, would include antigens
from pathogenic strains of bacteria (Streptococcus pyogenes,

25 Streptococcus pneumoniae, Neisseria gonorrheae, Neisseria
meningitidis, Corvnebacterijum diphtheriae, Clostridium
botulinum, Clostridium perfringens, Clostridium tetani,
ozaenae, Klebsiella rhinoscleromotis, Staphylococcus aureus,.

30 Vibrio colerae, Escherichia coli, Pseudomonas aeruginosa,
Campylobacter (Vibrio) fetus, Aeromonas hydrophila, Bacillus
cereus, Edwardsjella tarda, Yersinia enterocolitica, Yersinia
pestis, Yersinia pseudotuberculosis, Shigella dysenteriae,

. shigella flexneri, Shigella sonnei, Salmonella typhimurium,

35 Treponema pallidum, Treponema pertenue, Ireponema carateneun,
Borrelia vincentii, Borrelia burgdorferi, Leptospira
icterohemorrhagiae, Mycobacterium tuberculosis, Toxoplasma
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Figure 2. G aphic denonstration of the dose-dependent increase in the

| evel s of ADP-ribosyl agmatine as a function of 20 increasing amounts of CT.
Figure 3. Wiousemseascunul ation after feeding 125 pg of native kdr/08d5/090ds
after feeding 125 [err]g of nLT to mice. The gut-carcass ratio is defined
as the intestinal weight divided by the remai ning carcass weight. 25
Figure 4. Agondid of

Abrlity of = munngnﬂguraﬁ@;ﬁ
n1_ll' It'z)yi (r)lduge 5 wcodﬂ?ﬁggﬁgrespon% EIES‘L%—M E%% éﬁg"

denonstr at i d&&dﬁﬂ!ﬁﬁaoral

tol erance t app.) Fi gpathédenidi Fuhyiof(cobeing oli degc I A dﬂ%

to LT. Fi gglr | i §;%_Eﬂi&§%;h response to

5. DETA ﬁ%@%ﬁﬁ%@%&%@#&%ﬁ#& Ssgmes S on
enconpasses SxyRigeeceus meofioxmansdsHistoplasmac capswlartum) ;t rqbcxbect i on
of mcosal ;ﬁzﬁewa' £24cABROHSES ceiils, *TTUNBAGEIC0 O 1Y
15 -

orally adm mvaWhe

modi fied toXuypandsdmd nrlebdédtehed!l - fabphAoc8ting feberMarfia CO! i

Fender | gty RIS Y ﬁ&m&%%aﬁaein&a&séiae R S.I ts
ability to &#neumocystis pneumonja, Plasmodium vivax,
falciparum, Plasmodium malarja); or Helmlnlths (gntg;ob;us
vermicularis, Trichuris trichiura, Ascaris lumbricoides,
Irichinella spiralis, Stronavloides stercoralis, Schistosoma
15 japonicum, Schistosoma nsoni, Schistosoma haematobium, and
hookworms) either presented to the immune system in whole cell
form or in part isolated from media cultures designed to grow
- said organisms which are well know in the art, or protective
antigens from said organisms obtained by genetic engineering
20 techniques or by chemical synthesis.
Other relevant antigens would be pathogenic viruses !
(as examples and not by limitation: Poxviridae, Herpesviridae,;
Herpes Simplex virus 1, Herpes Simplex virus 2, Adenoviridae,
Papovaviridae, Enteroviridae, Picornaviridae, Parvoviridae,
25 Reoviridae, Retroviridae, influenza viruses, parainfluenza
viruses, mumps, measles, respiratory syncytial virus, rubella,
Arboviridae, Rhabdoviridae, Arenaviridae, Hepatitis A virus,
Hepatitis B virus, Hepatitis C virus, Hepatitis E virus, Non-
A/Non-B Hepatitis virus, Rhinoviridae, Coronaviridae,
30 Rotoviridae, and Human Immunodeficiency Virus) either
presented to the immune system in whole or in part isolated
from media cultures designed to grow such viruses which are

well known in the art or protective antigens therefrom
obtained by genetic engineering techniques or by chemical
35 synthesis.
Further examples of relevant antigens include, but are
not limited to, vaccines. Examples of such vaccines include,
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an i nmmunol ogi cal adjuvant. The nutant LT is herein ternmed "nLT". The

I nvention is based on the discovery that nLT is as effective as LT as an

i mmunol ogi cal adj uvant, an unexpected and surprising result. nLT no | onger
has the enWASOF&T10 activity of ADP-ribosylation because t HRCHKUSIS005 can
no | onger be proteolytically processed. In contrast to published studies of

Lyck d II h It ¢l that alt t t hat, effect, th

ROP T hosy! FHEER aot  FEBIERE 5 o IpFLUERES: MBCHIPEe PETHIARIS KAGTETG
as an immuuﬂxphthéfﬁad;udanetéhuskerbidIcpmbiﬁéd Wwith perftussid vaccine,
22: 2277 228 d{’&f’é RPhLYiAE>ChbBETLELT BOVALRIAAC MUK AT vaccine,

|nnunolog|ca van enonstrated in th
not have ADFh¢9 YiatE ngaeewe»t-}apanesﬁerPept;ﬁAAttisowmnqwe herpes

heat - | abi |9ﬁt§@1ﬁ Oxlhé‘agﬂeé?fv&:ciﬁe ,rﬁbzudesaebhaé N alusips \}a@a\f@ as an
adj uvant and gli itS the pr? uct i f bot h ser.u ‘and nu Sl

agai nst anti WRFECHR? cRE | Reas ﬂﬁ?l?ﬁpgﬁ a?ﬁerﬁkg& QQX#%qgﬂ ng
d}?covery|swa¢uﬁneu1putuuaﬁrusfﬁecciue,areepﬁretornyyijMianwdﬂﬁusi|n an
effective i 0 at

t he oral adﬁgﬁg% at?gﬂgé Sig&%%?e g?égﬁ%ﬁngﬁia bﬁf%ln%'uvgﬁg&&ﬁigﬁﬁ ure
with killed vﬁrmeblmmreqcmhogenernheaewacennwl mNewa@cdaeer m nants of

speci fi ¢ ptdapEitodbhiadfs  9atcohe! hfo{:sabaeelaat € Biyicdlp 1la®fiaC valctayRd fect s
associated with oral 30.adninistration of Lf. “The present inventjon

super sedes tHREYWROGPCERL Yﬁc?haf'tHE“EPQQSRFCPAVERFF&Hewﬁydbé’ i n These
variety of leamrmé qaromhcaapbycmwmcmbﬁ ﬁfoch}ise@r s Ihyererail ,Chush LT
may have been qg Qgt e; EL Eg n%&e ng r%%lg%'d%5vggagptla
si de-effect s, % 3s %‘FB’Frlﬁﬁa ‘éE‘éc. BB ER PES '
and isolated by techniques well known to the skilled artisan
15 or comprise relevant antigens of these organisms or viruses
which are produced by genetic engineering techniques or
chemical synthesis. Their production is 1llustrated by, but
not limited to, as follows: .
Influenza vaccine: a vaccine comprising the whole or
20 part of hemagglutinin, neuraminidase, nucleoprotein and matrix
protein which are obtainable by purifying a virus, which is
grown in embryonated eggs, with ether and detergent,'or by
genetic engineering technigues or chemical synthesis.
Pertussis vaccine: a vaccine comprising the whole or a
25 part of pertussis toxin, hemagglutinin and K-agglutin which
are obtained from avirulent toxin with formalin which is
extracted by salting-out or ultracentrifugation from the
culture broth or bacterial cells of Bordetella pertussis, or
by genetic engineering techniques or chemical synthesis. ‘
30 Diphtheria and tetanus toxoid combined with pertussis
vaccine: a vaccine mixed with pertussis vaccine, diphtheria
and tetanus toxoid. |
Japanese encephalitis vaccine: a vaccine comprising
the whole or part of an antigenic protein which is obtained by
35 culturing a virus intracerebrally in mice and purifying the
virus particles by centrifugation or ethyl alcohol and
inactivating the same, or by genetic engineering technigues or
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use. In contrast to LT, which although not toxic when first isolated from
the bacterium has the potential to be fully -16- WO 96/ 06627

PCT/ US95/ @28 9&ods®X1 C When exposed to proteases such as thosechrasssiodsoss t he
manmal i an i ntestine, nLT does not have the potential to becone toxic due to
proteol ytic activation. Another enbodi nent of the present invention is as a
5 conponent chiemd calc aynthegdisnst ent erot oxi ¢ organi sns whi ch express

chol era-1i ke toxin SENY, A ) t,oLs h . |
subject to orally is%%%-%gic'ieligm*rgnga#gﬁggénée@%\ggn}d%ﬂg{lgl# }'s#éez v@ieﬁlgw)o,r
t her ef or e nPRX& P @ BN%H SR PrPtRigh whirh | iejohtainednbynifelatingcandes

vace! nes Zgg“ﬁiﬂéﬁ‘{gﬂ F’f‘?‘&ﬁ“{gﬁfﬂ‘:@ﬁ@:&“’ggﬁs'g¥pgdkl | ed

whol e cel 1% Ultracents ishgation, qukaingd frey Depftifly CAEr¥LoacHAPPdw
m.T iahthﬁ uacﬁ&ngpﬂdtieuungﬂneéringqfenhnﬁqufsvurdbffEhemicahysynﬁhesﬁs.

nmLT, ich 15 has .S ' ' ' |

response not only Pgé%'ﬁie.gﬁ %gggP?bgt U?(E):rc?ﬁ\g éo%ﬁﬁwsﬁm%ﬁﬂéﬁﬁi:%

provi des foPaxt Ofe@ Migus fanows figvta euliured| chick oambE¥eorgllsher

adj uvant  acempriybriattd g, orilal prdte@vé Cant {Geh "BBERiNBAPBYSGend Rl BST
the killed wholé cell 20 conpogent of the vaccine. Further, other

i nvest i g ehginesring gr c al #ynthesisy . 62: 3051-3057] have shown
that the A subunit,Rrubédilacdaseihbat ai vaceine lcomprriging thHy whdke ioxy t he

active part of a virus grown in cultured chick embryo cells or
embryocnated egg, or a protective antigen obtained by genetic
engineering technigues or chemical synthesis.

15 Mumps vaccine: a vaccine comprising the whole or part
of a virus grown in cultured rabbit cells or embryonated egg,
or a protective antigen obtained by genetic engineering
techniques or chemical synthesis. ' ' .

Mixed vaccine of measles, rubella and ﬁumps: a vaccine

20 produced by mixing measles, rubella and mumps vaccines.

Rota vaccine: a vaccine comprising the whole or part
of a virus grown in cultured MA 104 cells or isoclated from the
patient's feces, or a protective antigen obtained by genetic
engineering techniques or chemical synthesis.

25 Mycoplasma vaccine: a vaccine comprising the whole or
part of mycoplasma cells grown in a liquid culture medium for
mycoplasma or a protective antigen obtained by genetic
engineering techniques or chemical synthesis.

' Those conditions for which effective prevention may be

30 achieved by the present method will be obvious to the skilled
artisan.

The vaccine preparation compositions of the present
invention can be prepared by mixing the above illustrated
antigens and/or vaccines with mLT at a desired ratio. The

35 preparation should be conducted strictly asept§ca11y, and each
component should also be aseptic. Pyrogens or allergens
should naturally be removed as completgly as possible. The
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site of the ADP-ribosylating enzymatic activity, (as opposed 25 to the
proteolytic site which is the subject of the current invention) can induce
an immune response against the wild type A subunit. However  the A subunit
so nodi fi WO MWE62Tacks i mrunol ogi ¢ adj uvant activity and is Fﬁgf,ﬂggﬁ@goq ess
desirabl e as a vacci ne conponent than nlLT. 30 Mor eover, since

anti bodi es agai nst nLT cross- t wth LT and ,CT T b d |
vacci nes di2REigenaBEPRAr aﬁiﬂgﬁe?’%p ﬂ%Pr&ﬁ%%m?r%ﬂf 2‘%’5&% f‘g%ﬁ#

that expr esprepareng- thecahtigen peuciseasants diner ndl¥ wepaxately Vi brio spp.
5. 1 PRODUCTI ON OF ?u}é?erﬂ the gPEsdht 1hVeRtkdn! BfibBnbas8REOUCHIRN 2
ou In s
Hat

natural 'y occurring plasm 1 rains of enterotoxigenic, E. coli
capabl e of gempuis ans ef§eickivenanguntc of antdgen andAn adjiuvant,,

96/ 06627 ;
s effective amount of mLT. In use, tHEJHpHN&IND opree ok
cloned the LT gene _from,a n i,sol ate of E v sty

] hu . colj Jdesi ted, H10407. Th
subcl one cofighsedther, first W’ﬁerdad:rﬂgﬁt%rﬂr{%ea?ﬁﬂl %n%’f’g%'?ﬁ PF8ni d ijfs
Fﬁ?4oz |25F6fam1yzgﬁ6t§§ Compotientsoican dsariatinilfiiAteed coral by cseparatéBg,

ect. : : : LS T Ny asm d, designated pDF82, has
been extensgggﬂ}ncﬁaﬁig%&;gg§ gﬁg%gx%‘r ggshee?'LT under control O]E) t he native
LT pronoter. The nePhesvagcimetpreparatiop cewpesifisns ofcthe presentder

the contrql s s i , :
19 AtibhoRAnP e naogah rida With @thda | Biqwid et esobidp! asmi d
pUC18. Thlslggemas acconpl i shed g | so] at.i ng trmegﬁnes for LT-A?andpkg-B

separ at el y Rharmasemtiigady carEher, ANSdNR RPTRPTHoLGNRGan be In't

form of tablets, capsules, powders, granules, suspensions or
solutions. The compositions can also contain suitable
preservatives, coloring and flavoring agents, or agents that
15 produce slow release. Potential carriers that can be used in
the preparation of the pharmaceutical compositions of this
invenéion include, but are not limited td, gelat}n capsules,
sugars, cellulose derivations such as sodium carboxymethyl
cellulose, gelatin, talc, ﬁagnesium stearate, vegetable oil
20 such as peanut oil, etc., glycerin, sorbitol, agar and water.
Carriers may also serve as a binder to facilitate tabletting
of the compositions for convenient oral administration.
The vaccine preparation composition of this invention
may be maintained in a stable storage form for ready use by
25 lyophilization or by other means well knowh'to those skilled
in the art. For oral administration, the vaccine preparation
may be reconstituted as a suspension'ip buffered saline, milk,
or any other physiologically compatible liquid medium. The
medium may be made more palatable by the addition of suitable
30 coioring and flavoring agents as desired.
Administration of the vaccine preparation compositions
may be preceded by an oral dosage of an effective amount of a
gastric acid neutralizing agent. While many compounds could
be used for this purpose, sodium bicarbonate is preferred.
35 Alternatively, the vaccine compositions may be delivered in
enteric coated capsules (i.e., capsules that dissolve only
after passing through the stomach).
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plasm d. This was an inportant step because it permitted purification of
reasonabl e quantities of LT and derived mutants for subsequent analysis.
Thi-s pl asmiwlp ogiessegnat ed 15 pBD94, is shown di agrammaticall y_ﬁd&,ﬁsﬁ}g béds -
Both CT and LT are synthesized with a trypsin sensitive pepti 0 t hat
joins the A, and A2 pieces. This peptide bond nust be nicked for the
mol ecul e to be "toxic". This is also tgue Mtheria toxin, the

A-B 20 t ot her r t OXi ns.
protetyprc A8 20 toiya. eaidldhenol (e, 3r ) prinatiied 4k pipgsss, of
i ntestinal phdddgdration nlymnd dre roboikrtended bpelinipi the szopet of
reach its tacget 1@&4;{1-_3_&,3&@{ Ay a&a)surface of the intestinal epithelial

cell. Incqntrast to CT, LT is not_fully 25 biologically active when first
i sol at ed f%gm the cell. LT also §eﬁui$@ésﬁwgm95ibe fully active and
t he proteol yt i c activYhei whldeegpeoLTotowin iy @hdii‘déd\&:xbfwtﬁtu!‘ally

ai oot i ng. t nexobepng RAsPd, Yol 48 SEkud oF SnFRrRESr ot rchy ot

genetic nmani sapahlen Otfn@ naduesing ddvies ttosximur 'nbeaprelsenhaﬁn]vennorbehéﬁer r
and Alerr] c EEQ&%Ts&yOfclfd?ﬁdA‘tﬁi@Lﬂ'tgeﬁé hbsm”?'ﬁﬁﬂéﬁ f881dte bge Ee Soli,
proteol ytica cleaved, it wll be toxi | e fheta

predict t ﬁégmt@éuﬁé%m (')"hifﬁ)vml°¢%t%?ﬂ5¥$'§sA9ﬁ fi Be2ykht PN

enzymati c 35faagmenu:¥fm é&&ﬁn?ﬁd%xiﬁ eléé%ﬂi/dlgéra]fIﬁﬂéhb?”g?gfggéahénto |
Aert] and ALhEr PEER.gad® R Riasid %ﬁ% (¢igheRp 0Bt oAL . L
PCT/ US95/ 0900Bfect. Immun. 40:653). This recombinant plasmid, des;gnated
PDF82, has been extensively characterized and expresses LT
15 under control of the native LT promoter. The next step in this
process was to place the LT gene under the control of a strong
promoter, in this case the lac promoter on plasmid pUCl18. This
was accomplished by isolating the genes for mei and LT-B
separately and recombining them in a cassette in the vector
20 plasmid. This was an important step because it permitted
purification of reasonable quantities of LT and derived
mutants for subsequent analysis. This plasmid, designated
PDF94, is shown diagrammatically in Figure 1.
Both CT and LT are synthesized with a trypsin
25 sensitive peptide bond that joins the A, and A, pieces. This
peptide bond must be nicked for the molecule to be "toxic".
This is also true for diphtheria toxin, the prototypic A-B
toxin, and for a variety of other bacterial toxins. If the
A;-MA, bond is not removed, either by bacterial pfoteases or
30 inteétinal proteases in the lumen of the bowel, i.e.,
proteoclytic processing or activation, the A, piece cannot
reach its target on the basolateral surface of the intestinal
epithelial cell. In contrast to CT, LT is not fully
biologically active when first isolated from the cell. LT also
35 requires proteolysis to be fully active and the proteolytic
activation does not occur inside of the bacterium. Therefore,
one means of altering the toxicity of the molecule without
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Is a single Arginine residue which is believed to be the site of cleavage
necessary to activate the toxic properties of the nolecule. This region was
changed by site-directed nutagenesis in such a way as to render the

mol ecul e iWeme®sa27ve to -5 proteol ytic digestion and, conseqURAHVSHSI09005
nontoxic. Site-directed nutagenesis is acconplished by hybridizing to
single stranded DNA a synthetic, ol igonucl eotide which is cqonplenmentary to
the single Afterlking the ARPzxibosyiating, eprymasichASdvdty,dould he to
center. |t irendVvé wggmﬁﬂcthshipamauaa the deypsdn Hﬂﬂs&(ﬁmvte-aﬂian:ge or

o'+ gomucl codeias end? ASLAhe Tt gh) copREhEpTe’ 3R the & Bipddih. 2K
structure. Tiiee makecsle I“emae'el ke proteblixtiicgddy sieaved,dud! edlst mak e
|'s transtogngd, |t OoRg El%g/f%a 11:? E?Et arzhﬁohliﬁo Ak Eh@cfd t‘?{e B e

using this procedure Ts m - cons rvatlve no
repl i cati on.shonld achowever herotain |'1-§snﬂ8ﬁ'lré\hasy Tagdng zﬁ*’&?mﬁﬁﬁ/er, a.

i o il S ansepngars 1 o Ty
i gonu | | s s
mut ggenl ¢ ol i gonucl 3‘3&1\}'@“3-0 etq?;ﬁ %?W?%g??f yﬁ’ é%ﬂ‘églﬁﬁ 3“8%58?58

mut at i on st rrrégiyn that neepasateswshet A, sarod tad, piecasct Withdm rthzai:irtbg‘inn

A :
w[ngl (el el | m nat i ng%'ﬁ%i J\?@fﬁi Ic es@ﬁqgn{r%ﬂ% &fg%%\eiln&%tﬁl | e (l%/ﬂ% éa{rtgésrg
affinity chr@trmbgaupgg nemgnwmpanptépsbssﬁthHmwm Py

sequenci ng. iéﬁ@f&e fﬁigogégganpﬂﬁbfbﬁﬁhbﬂa |sﬂ%%¢ﬁ¥¥§6ﬁ8dtﬁhﬁ dsifesis
skilled in the art. This nutant LT, .designated er was t hen exam ned
by SDS—ponak?y?%ﬁ?d% yay %?eEPrBﬁﬁ3F€S| efﬁplﬁﬁqiﬁjHJQ%ﬁq rg
trypSInfﬁﬂﬁpf¢ﬂ€oD9ﬁdc &fgesktioneand, consequently, nontoxic.

15 - Site-~directed mutagenesis is accomplished by
hybridizing to single stranded DNA a synthetic oligonucleotide
which is complementary to the single stranded template except
for a region of mismatch near then center. It is this region
that contains the desired nucleotide change or changes.

20 Following hybridization with the single stranded taiget DNA,
the oligonucleotide is extended with DNA polymerase to create
a double stranded structure. The nick is then sealed with DNA
ligase and the duplex structure is transformed into an E. goli
host. The theoretical yield of mutants using this procedure is

25 50% due to the semi-conservative mode of DNA replication. In
practice, the yield is much lower. There are; however, a
number of methods available to improve yield and to select for
oligonucleotide directed mutants. The system employed utilized
a second mutagenic oligonucleotide to create altered

30 restriction sites in a double mutation strategy.

The next step was to substitute another amino acid for
Arg (i.e., GGA = Gly replaces AGA = Arg), thus preserving the
reading frame while eliminating the proteolytic site. mLT was
then purified by agarose affinity chromatography from one

35 mutant (pBD95) which had been confirmed by seguencing.
Alternate methods of purification will be apparent to those
skilled in the art. This mutant LT, designated LT(pne) Was



exanm ned with and without exposure to trypsin and conpared with native
(unmodi fied) LT. nmlT does not dissociate into Alerr] and Al err] .when

i ncubat ed wWo ds/desyPsi n, thereby indicating that sensitivity PCTAISos/emeE has
been renoved. 35 5.2 MODE OF ADM NI STRATI ON OF nLT AND UNRELATED

ANTI GENS I n accordance with the present invention, nLT can be adm nistered
in _conj unct | Shen examipeas dnvFlAtpglyageylanide el eleqkrophosésis for

PCT/ US95/ 09095ad #iiicatl o Y01t he (s i 15 Ué“éhé:i\?ivé‘fbéﬁtfr éE“U fe

response to said,ant and/ or vacci.ne is achieve erre
. enbodi ment, EXARIpE &ag’a ang ¥ %ﬁﬁ%ﬁ'ﬁ%&%lmﬁﬁ@oﬁgﬁycmpared

p]t]?r mtaceut i cwh.tbomaﬂs.lvte qurodit isd)g L. Enmlfd fasds Vx;xbﬁ@i@&o@ilaﬁh-r%ﬁﬂd ap
effective adni, ni strati .S qQra

respective a %ﬁ%ggglﬁ]a;gﬁ? nggﬁhm%f'y"?éf'y %‘éﬁgﬁ' Vnd'ﬂd&ﬁ' %dﬁﬁ ity
of the anti gsnnsdrltli&}w mmmum cbeemrmtovﬁbe i muni zed. In one

enbodi ment, the initial gdgin foI | oned by
a boost of the relevant anti gi ven.

gen. '
The tining of boostiHy 91‘3aP9 PHEﬂéﬁHFﬁgbUn"PﬁesKﬁtlll&én %G%@@pé&%
bei ng treat efiLT Wonl@ ot ¥ iaUtive WS YW Garerhl i GelD 85sRP0StThig

exper | yenty: PERBSSEIS Hel W balea it Pegviis, £ (RA fRug, Fét pBRRA: Ana
mLT. The nod¥ivkedstieinst 1879 n Ioffedts [Immin 24 £160T69F that, unandtkedr
parenteral | ROVGUE' morle Bnbr 3,00 £d1d Med¥Witivd'®in this assay system
than was CT and that trypsin treatment activated LT to the
same level of biological activity as CT in this assay. It was
15 presumed that the residual activity of LT observed in this
assay in the absence of trypsin activation was a function of
some residual protease activity which could not be accounted
for. For instance, trypsin is used in the process of
subculturing Y-1 adrenal cells. It was therefore assumed that
20 LT that could not be nicked would be completely inactive in
the Y-1 adrenal cell assay. Results are shown in Table I.

!
1
25 §
|

| Cholera Toxin

B% - 60

| Lr
30

| 'Minimum dose (picograms per well) required to produce
(>50%) cell round1ng.

3as

Table I demonstrates the unexpected finding that mLT
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adm nistration is preferably oral. 20 The met hods and conpositions
of the present invention are intended for use both in inmture and nature
vertebrates, in particular birds, mammual s, and humans. Useful antigens, as
exanpl es aWM09610662Dy way of |imitation, would include antigerR 005

pat hogeni c strains of bacteria (Strept ococcus pyogenes 25 Streptococcus

pneunoni ae, Neisserja onorrhea Nei sserj a ni n r.ynebacteri,um
di pht her i aeretadded & hasik J9¥RM % 3CEIYH ¥|rﬂ'8 Ha ﬁgé d\é gt FFé’ um

tetani, Hemhhbuewdmfﬁuwmm ddebdi not be pptuﬁaoﬂ.yt;.calmybprebbssed

0zaenae, K ghSLiichd "1} HAKILTLIYh % m?tS‘Q@YWCB&‘Cﬁgaé'déﬁugitﬁoti?@bérI 0
Y&

col er ae, eudonbnas aer ual hosa
f et us, Aerommqusqm |laev9acnf|mtim'ens$1§dnmd9ne ra pdrghalyeedifia

ent er ocol a t eudo o o I
4 Bc mﬁ'l S A O (6, 966 Sh4) AwdS CHUobYDCEBIOTeke SEkACE) Ehan

dysenteri ae a flexneri a sonnei n um 35

Tr eponema p&M |Q¥urﬁatﬁr‘(@p&|'?ér?d‘$(a‘?? ot Bgopckiv gggt EXe?rﬁV%%g

\|\//|y ncgntl i, E@rsrﬁuaa ll?ﬂs}ﬂpr&cﬂfivﬂl'.ypﬁﬁdcubﬁedmyerelﬁemtsgag lda.eE,ferent and
cobact er i er cul osi_s., Toxop

PCT/ US95/ 09 B‘rﬂi‘ %%t?ié'é‘&?}’ n%? aﬁfﬁ"%\?se?rla ?%lzé‘r"gr?s’ﬂ‘ than

Brucel |l a abclzl'tats rdﬁuﬁr—ﬁﬂm snpaxaetqnebfathsl Af e‘nsﬁzs 11Wé§9|-asma spp. 1

Ri ckettsigy prowazekig, sRi gke 2 vl R £ y 8 PO

pat hogeni't” fungi (CocCi dFFOTUes “repar g% iy ‘Eldl da

al bi cans, Bl ast onycBecausgathe; Ma@%tﬂﬁlﬁéﬁﬁ‘%&ﬁ%mﬁ'ﬁ 1Y% £ 22%a

capsul at um ndt @1¥EF the enzymatic site of the A, moiety, one skilled in

the art would predict that mLT would retain its ‘
' ADP-ribosylating enzymatic activity. To examine this property,
15 the NADF-Agmatine ADP-ribosyltransferase Assay was employed
[Moss et al., 1993, J. Biol. Chem. 268:6383-6387]. As shown in
Figure 2, CT produces a dose-depencient increase :in the levels
of ADP-ribosylagmatine, a function of the
ADP-ribosyltransferase activity of this molecule.
20

30
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(Ent ompeba hi stol ytica, Trichononas tenas, Trichononas hom nis, Trichononas
vagi nalis, Trypanosona ganbi ense, Trypanosona rhodesi ense, Trypanosona
cruzi, Lei W 0 donovani, Leishmania tropica, Leishmani goh h%ééf 0doGdS1 S,
Pneunocysti's eufioni a, Plasnndlun1V|vax Pl asnmodi um f al ci parum asmodi um
mal aria); or Helmniths (Enterobius verntcularls Trichuris trichiura,
Ascaris lunbricoides, Trichinella spiralis, Strongyloides stercoralis,
Schi st osona 15 j aponi cum Schi st osoma nansoni, _Schi st osoma haenat obi um and
hookwor ns) eit her presented to the |nnuﬁgm§§§tﬁ$1ln whol e cell form or in
part isol at effF "TT s Fgned. Lo Ul oW sar o

wel | know i !ﬂﬁ?ﬂBﬁDOQX%# qn, QRQQQlk@ﬁEMitgeﬂﬁ €To QEFHQOLEQHAQﬁBLT R192
obt ai ned by [hepet ﬁfé}ﬂ{ teCf'{II qugs ory by ,her'rhcal synﬁ@g -t-§

Q her rel e ‘: VI I UJ\/\J ao C/\ullr.l \wxe ) ullu Y

limtation: rwuwﬂmxkﬁe Hbrpeuylrlnaes mErpes Si.6pl ek 2#cag 1, 586@22.48

Si npl ex viruf .2, Adenovi fi dae, Pappvay] r4.0ad, Lt el oy LLdge,
Pi ggrnaw ri dp IBICT ouic dnn% m&_@» ik ggb?gi di 1 20,39+2.68

viruses, parfivvidgeamza vilrusam mufpzo7neas!iesaitesp| maros <yrmm iﬁ+z 09
VI rus, rubeI1 a, DOVITT gae, Rhapdpvirtldae, [Arenavir|dae, Fegatlt

vi rus, Hepatromqqmr..q 35358 i § 263173 | BORAOS: | < RO |5 4Rra6£16.45
A/ Non- B Ha®} islgogfief US, [RNiAONLI i Haey 4 (g orjavid igiae] 3QuRot qvi §5088+1259

Human 0;-- ITCY VIIUD) CTCITET  PT Tsentier—toU—tTTE ||||IUI|€"§YS1."€I'I'I_I"I'I'_"'_
whol e or in pACOUugI at ed f¥ehakkd| al88l.88r gs18d83sPgnpd tND gr qWi68ch8x1PuBEsS

whi ch are wefj HTayp&in n the art orlprotectiVe antigeps therefirom obtained
by genetic € |ng t gc qeg enfi cgl ,R5 pynthesi g. r
exanpl es of %gebm t antifg 24 El’ncl Jdei]yb%{] §'36 W fé'._BJ?_%i.ss
151 l100ug . 14.73 8.90 10.47 ND 11.37+1.74
| LTgisc)
: +Trypsin _

i ND= Not Done

lrdata expressedmln”fnolesrmlnf _

Table II demonstrates in tabular form the unexpected
finding that mLT lacked any detectable ADP-ribosylating
enzymatic activity, with or without trypsin activation, even
though the enzymatic site had not been altered and there was a
demonstratable basal level of activity in the ¥Y-1 adrenal cell
assay. '

25

6.4 ENTEROTOXIC ACTIVITY OF mLT
Because of the unexpected finding that mLT lacks any
detectable ADP-ribosylating enzymatic act1v1ty, with or
w1thout trypsin activation, even though the enzymatic site has
not been altered and the additional finding that there is a
- basal level of activity in the ¥Y-1 adrenal cell assay, it was

unclear whether mLT would retain any of its enterotoxic

a5 properties. An ideal adjuvant formulation of mLT would retain
its ability to act as an immunological adjuvant but would lack
the real or potential side~effects, such as diarrhea,
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not limted to, vaccines. Exanples of such vaccines include, - 21 - WO
96/ 06627 PCT/ US95/ 09005 but are not
limted to, influenza vaccine, pertussis vaccine, diphtheria and tetanus
t oxoi d cornWiorseM66a7t h pertussi s vaccine, hepatitis A vacci ne, PGRPSES00905 B
vacci ne, hepatitis C vaccine, hepatitis E vaccine, Japanese encephalitis
vacci ne, herpes 5 vaccin neasl es vaccine, rubella,vaccine, nunps vacci ne,

m xed vacci RSeRciated cdiththe use PELLY| 9 Fipi | FIFRTEr ds dpmanistrates
parvovi rus wieft NELT r @6€s rador indyeeyhet! fruidsseeretion lipmthd patent

vacci ne, pol_i o vacci vac atiLgella v ign 0

vacci ne, H \}“?}éft%’f\%ge’lon%%ﬁﬁ‘ ?Bs%n?égssog égg gl; rot%gﬁva?ms%erlg 'irﬂ%%l zg‘rﬁf
vacci ne pneufiveectimes athe nadjneantgeffectiveadosee fomrd I8 Hay §=hiFnMQ;'lan
be pfoduceéeiniﬁre Ufie £91ERe PHOEERE EA1 Laxgemeyalof hElver st ah GIder

ei ther the i;anl smor virus grown and Tsolated by techniques well
known to t ha%ikhigdleyelsan 15 or conprise rel evant antigens of these

organi sms or viruses which are, $r EhoEVANY ACTEVITY COHi BT | ng t echni ques
or chem cal synthesis

to, as follows: Inf Ioﬁ‘c?nfg‘%{}r& Oducté'l%?ga&i'cﬁ ,-}'°‘-L%§I#$%§ﬂ%@¥%%§ R&e ﬁg’st ed

part of hemsggsessed nocdemonstyabde ADPFriposyditransderase ﬁq&m@m and
whi ch ar areq§ b%ﬁer angn XfB{-.'&kw gt gxhiaslaml sagu%a%omaﬁl IPr Y ed

eggs, g enetic engdi neering_tech nl$es or
cheni cal syrerediction vauids ?abéﬁﬁé “E°9a§8?n€eé’6ﬁﬁr oy fylee &th@le or

[Lycke et al., 1992, Eur. J. Immunol. 22.2277-2281] where it~
is made clear that alterations that affect the
ADP-ribosylating enzymatic activity of the toxin and alter the

15 ability to increase intracellular levels of cAMP also prevent
the molecule from functioning as an adjuvant. As demonstrated
above, mLT has no ADP-ribosylating enzymatlc actlvity and only
some undefined basal activity in ¥Y-1 adrenal cells, and
induces no net fluid secretion in the patent mouse model.

20 In order to examine the adjuvant activity of mLT the
following experiment was performed. Three groups of BALB/c

mice were immunized. Animals were inoculated intragastricalls
- with a blunt tipped feeding needle (Popper & Sons, Inc., New
Hyde Park, New York). On day 0, each group was immunized
25 orally as follows: Group A received 0.5 ml of PBS containing 5
mg of OVA, Group B received 0.5 ml of PBS containing 5 mg of
OVA and 25 ug of native LT, and Group C received 0.5 ml of PBS
containing 5 mg of OVA and 25 ug of mLT. Each regimen was
administered again on days 7 and 14. On day 21, all animals
30 were boosted i.p. with 1 ug of OVA in 20% Maalox. One week
after the i.p. inoculation animals were sacrificed and assayed
for serum IgG and mucosal IgA antibodies directed against OVA
and LT by ELISA.
Reagents and antisera for the ELISA were’obtained from
35 Sigma Chemical Co. Samples for ELISA were serially diluted in
phosphate buffered saline (pH 7.2)-0.05% Tween 20 (PBS-TWEEN).
For anti-LT determinations, microtiter plates were precoated
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25 part of pertussis toxin, hemagglutinin and K-agglutin which are obtained
fromavirulent toxin with formalin which is extracted by salting-out or

ul tracent riwvbegesé2on fromthe culture broth or bacterial cel lgc@iisoBasgest el | a
pertussis, or by geneti-c engineering techniques or chem cal synthesis. 30
D phtheria and tetanus toxoid conbined with pertussis vaccine: a vaccine

m xed with pérthjsb.is paqpeneyell pbf mikedagdngeﬁaamaeboxm'yfbe Jagynesten

hal it t .of
ant 1 poni ¢ L?’oi‘i‘fﬁi Ufy Hexf VLT Sof SBREARLRA LRE HAGiCo0h, BRS' afelmineg on
in mce and BAH ?Eft?k?ﬁ##LEI%@??F%ﬂeﬁltb é@n#glpegaWﬁdﬂ of GNhyISerum

al ‘2"2’“0' and aﬁﬁc-tnm/eanmgawﬁ-oweweﬁé Q¥tePnthea R1ghneabbit Eﬁ%%%'g 50 05

cheni cal %ﬁ%qéiﬁ W%ﬂﬁﬁ 19% ePnivgrted E°v§&5?ﬁé“EORBPF?PH§aFﬁe Msesady
part of anaantxyﬁryanﬂeantmﬁawm Inghenenadshyedswhahlggaandnnuseﬁwmng t he

HBs antlgené@éfﬁﬂé %%“IéxbeagéﬁiaQﬁgiﬁ' gggkgg]te§%§°9§§ Lrorgyblt

hepatitis carrying blo net engrneeri
cheni cal syﬁmésﬁ%rummwt/maﬁelgﬁ ¢annugetedrrpo| silkgline phosphatasar.t

of a virus mrewhdh@ vathd Lgt%b G EHDSMONSEHL S ealﬁa‘ef afeeakgé 299 182 2
protectlve antl Obtaﬁﬂgf d%vggnetlg 10 eng |ne$r|ng hem, o
synt hesi st A BtaRdprdsFHgVeny ﬁhoPE d£igd; moyse,
virus gr omnm‘ye]cmiat proteing K(MOBRC YD1SE| gA (DGAL2); MOPC 21, gGl: Litton
Bionetics, Inc., Charleston, SC).
6.5.1 SERUM IgG ANTI-OVA
As shown in the Figure 4A, animals primed orally with

15 OVA and LT developed a significantly higher serum IgG anti-ova
response following subsequent parenteral immunization with ova
(4,058 ug/ml) than those primed with ova alone and
subsequently immunized parenterally with ova (NS detectable
anti-OVA response) (Student t-test p= .031). significantly,

20 animals primed orally with OVA and mLT also developed a
significantly higher serum IgG anti-OVA response following
subsequent parenteral immunization with OVA (1,338 ug/ml) than
those primed with OVA alone and subsequently immunized
parenterally with OVA (No detectable anti-OVA response)

25 (Student t-test p= .0007). '

6.5.2 MUCOSAL sIgA ANTI-OVA
As shown in the Figure 43, similar results were
obtained when anti-OVA IgA responses were compared within
these same groups of animals. Animals primed orélly with ova

30 and LT developed a significantly higher mucosal IgA anti-OVA -
response following subsequent parenteral immunization with Ova
(869 ng/ml) than those primed with OVA alone and subsequently
immunized parenterally with OVA (No detectable anti-ova
response) (Student t-test p= .0131). As above, animals primed

35 orally with OVA and mLT also developed a significantly higher
mucosal IgA anti-OVA response following subsequent parenteral .
immunization with OVA (230 ng/ml) than those primed with OvVA
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enbryonated egg, or a protective antigen obtained by genetic englneerlng
techni ques or chem cal synthesis. 15 Minps vaccine: a vaccine
conprising the whole or part of a virus grown in cultured rabbit cells or
enbr yonat 80 8¢/0662br a protective anti gen obtai ned by geneti ®CIEH69005 ng
techni ques or chem cal synthesis. M xed vaccine of neasles, rubella and

munps: a vaccgi ne 20 produced by m xj ng neas| es, rubella and nunps vacci nes.
Rota vacci n@l %%é@d ngly imndzed RArenterally withsO¥AokNoi n

cul tured Nﬁdk&écmiﬂrb(HhﬁxﬂﬂvﬁfﬁhéﬁdﬁBéYKXSEﬁdéﬂﬁ §-€§§€3p=0r0§89?0teCt'Ve
antigen obtained by genetic engé\r}_g % hem cal synthesis

25 Mycopl asma vacci ne: TTI fE=eoMm ' re=whol e or part of
nycopl asma cel | s grthe ahihltyqodewuhndrmLmeuouEﬂﬁcutnpmoﬁn&SHEﬂDr a
protectiv | t S cal
Cynt hesi 5 $REIBEY FekRbe 4P #%ﬂ%%%ﬁ%ﬁ% AEE e R AR

achi eved byTha® yﬁésm%'&qﬂ?d in 1thate idpWOud tnmm%kwmdacman ofhe

\éaCCI ne pr eﬁh@t}tjﬂe(iﬂ wﬁwm Qfad p1E eé@rﬁréwe@tiﬂ&uéeﬁoﬁegfr epar ed

ORI TTTCRROG U R T e e AT

and each coﬁpm‘nerh:he.rh@:dqtefilm las atepin din FBicoeassd; ahimalsnprimed! d

natLral | eP8radiy’ s o AU Y AvEIBidd' £ sidifie1éint1y nibhaR’ 28RGh
IgG anti~LT response following subsequent parenteral
immunization with OVA (342 ug/ml) than those primed with ovA
alone and subsequently immunized parenterally with OVA (No '![
detectable anti-LT response) (Student t-test p= .0005).

15 Animals primed orally with OVA and mLT also developed a
significantly higher serum IQG anti-LT response following
subsequent parenteral immunization with OVA (552 pg/ml) than
those primed with OVA alone and subsequently inmunized
parenterally with OVA (No detectable anti-LT response)

20 (Student t-test p= .0026) '

6.5.4 MUCOSAL sIgA ANTI-LT
As shown in the Figure 5B, similar results were
obtained when anti-LT IgA responses were compared within these
same groups of animals. Animals primed orally with OVA and LT

25 developed a significantly higher mucosal IgA anti-LT fesponse
following subsequent parenteral immunization with OVA (4,328
ng/ml) than those primed with OVA alone and subsequently
immunized parenterally with OVA (No detectable anti-LT
response) (Student t-test p= .0047). As above,_énimals primed .-

30 orally with OVA and mLT also developed a significantly higher
mucosal IgA anti-LT response following subsequent parenteral
immunization with OVA (1,463 ng/ml) than those primed with OVA
alone and subsequently immunized parenterally with OVA (No
detectable anti-LT response) (Student t-test p= .0323).

35 7. QS OF MICROORGANISMS

The following plasmid was deposited with the American
Type Culture Collection (ATCC), Rockville, MD on August 18,
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antigen preparation of the present invention can be used by preparing the
antigen per se and the nLT separately. Further, the present invention

enconpassegygodidekaONMPri sing an effective amount of ant | gen vant
5 effective anount of nmlLT. In use, the conponents of the k|t§@gﬁE@?

first be m xed together and then adm nistered orally or the conponents can

be admi ni st eneg49r andy haRP B acdidied €né h%&x&éesdoéceaﬁglehhghmb&%
vacci ne preparation ﬁgggOSEtlons of the present 10 . nventjon can

conbi ned with either id or solid pharmaceuti &gc&sgion. Nunber | he

conposi tions can be pBD9SeihoEm ¢bliiabI®i1926capsul axcg@ebes, granul es,
suspensi ons or solutions. The conpositions can al so contai R”suitabl e
preservatives, coloring and flavoring agents, or agents that 15 produce

sl ow rel eade. Pot entThe inyentien: descriiede ande¢liaimed hurmin ats motoftd he
phar maceut | cBe smmesil 9ot Iy ﬁﬁé’%ﬁé@fii@ceﬂggdlﬁﬂﬁtérﬁg?ganl imted

to, gelatin §§§ #Ies ceIIquse rivations, such_as so
car boxymet hyP+2& PﬁP&sé §1§HQ§et efpRodinents ane sintended asgiligptration
20 such as peﬁneeverhl aspecty \oferthe invéntibn.agnmyaequﬂﬁagéntcarrlers

Ty al S0 serugpas sdeAtadatd dridiciddd U BEYALIGRL LhgacompostLons for

conveni ent ora dmeni St Catl on e vacci #Sof this
|nvent|onlﬂn}nﬁenﬁépﬁtalﬁ@éeﬁﬂuavﬂzﬂﬂusanﬁxtﬁcdtmmmsoofrehdylnvenbyoﬁ51n

| yophi | i zat i gaa@tibn ebh%hogea%deﬁl 'aﬂﬁ‘%éﬁﬁwsﬁe% ihl g1l ”b{a@?mg”

For oral adm ni st rai__ go gi‘Pe vacgci_ne preparation reconsti
S

suspensi on i APBAFER ge skilded,im theart i#@%l%h%gf@§§99ing
conpati bl e |desceipedonn Saeh aba4F iGut fshd Bilee WL So PEELRGEE éa ERe1
addition of GybhR €nd0sEBhe" ol Al ol dd b ARRL S as desiTed
15. It is also to be understood that all base pair and
amino acid residue numbers and sizes given for nucleotides and

peptides are approximate and are used for purposes of
description.

A number of references are cited hereln, the entire
20 disclosures of which are 1ncorporated herein, in their
entirety, by reference.

30

35
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Adm ni stration of the vaccine preparation conpositions my be preceded by

an oral

PCT/ US95/ 09005 6. EXAMPLES The fol | owi ng XaEoRd Rppldida No! Regnt ed f or

pur poses of

illustration onlv and are not intended to limt

dosage of ‘an effective anmount of a gastric acid neutralizing agent.
Wi | e many conpounds coul d be used for this purpose,
preferred. 35 Alternatively,

enteric c
t hr ough t(h%gbgg

sodi um bi carbonate is

the“vacci ne conpositions may be delivered in
los@Rsul es (i.e., capsules that dissolve only aj¢RsdaRo6isNg -
omach). - 24 - WD 96/ 06627

the scope of

the inventi g
wld-type LT
strains of e
present invg
E. coli 10 (
fragment frd
of plasm d {
r ecombi nant
and expresssg
In this prod
pronoter, irn
acconpl i shed

| toxin is encoded on a natura _
[Fpnapihexin geaestien with thapmisfoprogisfrettypdte Peop Sl fivts AE31IeIS ottexi n.-

T The

y occurring plasmd found]in

The

this case the lac pronoter on plasm d pUCL8. This was .
by isolating the genes for LT-A and LT-B

nbseb@nhad previously cloned the LT gene froma human iso] ate of
fesTgmated H 0207, T S SUDTIOTE CONsTISrsS o a 5. 2 KD
rﬁ-f‘ﬁ@%‘?ﬁ@hﬂ"&ﬂ%”ﬁl asmi d of H10407 inserted into the Psfl site
BRBAR derchitempifpptifedan anaddiionai 083 | nf ect. | mun. 40:653]. Thys

O OES] Z, Nnas DEeen extenstvery charactefi zed
Napoepof deposigpy #EPSR—GNnt rol of the native LT pronoter. The nexf step
careriopmEype Quitynd Gollection he | T gene under the control of a strojpg

Address of depositary institution {including postal code and country) *

12301 Parkiawn Drive
Rockville, MD 20852
uUs :

Date of deposit* August 18, 1994 Accession Number * 696883

B. ADDITIONAL INDICATIONS * (leave blank if not applicable). This information is continued on & separate attached sheet

*
A

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * & ts usissces ov ax a8 npuset Suien)

D. SEPARATE FURNISHING OF INDICATIONS * geave biank if not applicable)

The indicstions listed betow will be submitted to the international Bureau later * {Specify the general nature of the indications e.g.,
*Accession Number of Deposit®)

E. [ This sheet was received with the International application when filed (to be checked by the receiving Office)
' Einora Rivera.
Recelving Off'ce

T,

(

[ The date of receipt (from the applicant) by the International Bureau *

was

(Authorized Officer)

“Torm PCT/RO/134 (January 1981}
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separately and reconbi ning themin a cassette in the vector 20 plasmid.
This was an inportant step because it permtted purification of .reasonabl e

guantities d derived nutants for subse Si sp, m d,
desi gnat ed“ﬁfb%ﬁa’ns shown di agr am*ratnc Both CT andc?bﬁ are
synthesized with a trypsin 25 sensi tive mﬂl ﬂWHBIt joins the Alerr]
and Alerr] piega8Mms:This peptide bond frus the nol ecule to be
"toxic". This is also true for -di phthérla toxin, the prototypic A-B toxin,

and for a variety of other bacterial toxins. If the Alerr]-Alerr] bond is
not renoved, either Py bactempebipionceomprdsitgy ianmetiantalfqmtetides ¢oli

the | unen of th I cth
Alerr] pi eceh(? ng%\ﬁeiéaecrgn%er%&ﬁ? H‘Bi%&%&g?‘?a erg sagﬁ#ﬁaigie’ig thee

i nt esti nal Spdjmyant! asttivitm lwmlmks tADRy ibgsytatibngf eneymptdrogi cal | y
active when Likgl ;i tyﬁ GfbdhirBd lfﬁ{oaké . NAD-Rni&t BRe ! RBPLT es proteol ysis

to be fully actlve he E oteo I C actlvatlon does not occur inside of
the bact eri uflPAR¥ Hf altering the toxicity of the
nol ecul e wi t hout - 25 - WD 96/ 06627

Lo remove by genct| c2fm ”gﬁpﬁ PrERs oAl EoBpr b B 4 Bt dia Yot [effs
join t hg Al ihelataiabi = rénteargrorin sh@lotmm whibchi has| immynodpgdeul e
cannot be pr Y | e

the art woul H;’ %Hct t%%}% t‘ﬁ’a eﬁfedé% & %h % ?ﬁ%ﬁg%ﬁ?b?rg%l Rslitbg:'oi‘iri is
ADP-r i bosy| amiatg cdeanad trypsin.

3. The composition of claim 1 or 2 which is encoded

15 by plasmid PBD95 contained in E. coli LTR192G having the ATCC
accession number 69683, which expresses both subunit A and
subunit B of the E. coli heat-labile enterotoxifx. '

4. A vaccine preparation comprising an antigen in
20 combination with the composition according to claim 1 or 2.

5. The vaccine preparation of claim 4 in which the
antigen is selected from the group cdnsisting of influenza
vaccine, varicella vaccine, diphtheria toxoid, tetanus toxoid,

25 pertussis vaccine, Japanese encephalitis vaccine, mixed
vaccine of pertussis, diphtheria and tetanus toxoid, Lyme
disease vaccine, polio vaccine, malaria vaccine, herpes
vaccine, HIV vaccine, papillomavirus vaccine, hepatitis B
vaccine, rota vaccine, Campylobacter vaccine, cholera vaccinez

30 enteropathogenic E. goli vaccine, enterotoxic E. coli vaccine,
schistosomiasis vaccine, measles vaccine, rubella vaccine,
mumps vaccine, combined'vaccine of measles, rubglla and mumps,
and mycoplasma vaccine.

35 6. .A composition useful in producing a protective
immune response to a pathogen in a host comprising an
admixture of an effective amount of an antigen and an adjuvant

This Sheet Has Been Re[ilaced
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activity and consequently, its adj uvﬁnTHtS By 1 shows the
sequence of the disulfide s arat s the Alerr] and

Alerr] pieces. Wthin this region 10 is a :si n rgl nine residue which is
bel i eved o dsmesire site of c MH@“HHMJ activate tRCTUSS/E9005
properties of the nolecule.- ged by site-directed
nmut agenesis is such a way as to render thé nbl écul e insensitive to

prot eol yti ceﬂfgetﬁwenamtc@fs&hﬂamdn;posmtvmmcccsﬁdlng to ¢laimdirert 2d
nmut agenesi s i s acconplished by hybridizing to single stranded DNA a
synthetic oli gonucl eoti de which is_conpl enent ary to the single stranded
tenpl ate except for’a agkbh PRl ARCRTRENFING:A PEPtECtiVe jinmynes

L egl 03 t hat reepb?ﬁas inhha mﬁl eutb A PAHodken twﬁinﬁhwﬁl eSom SntEﬁngV\n ng
ybridr za n.w e _Sir rge ol | lde IS
ext ended \%I? ) g% h‘%’ eaﬂf"’&"r%éaﬁfcei %Pa%&?ﬁ % Qﬁﬁeﬁnsg‘?ﬂ'&?ﬁﬁ’ The
nick is theeffeatéuemmbumdﬁ gagmtant the mmaxeatflabme enterahokinned

into an E ﬁBEthBQEB whieh! Bad g Tdnﬁﬁ‘lo])’dr%idt.d fﬂg;% t'firi‘.'ﬂ%tﬂhé paggsgdure

is 25 50% due t sem -conservative |ca
practice, tABPyFdpgsydafdoy |%\ﬁama%r%ca#@tm&&masurﬁﬁmrtaﬁ N&Prods

av?l | ?bl e tngmaﬁ&a&empeh:d ﬂﬁrﬁiﬁﬁﬁaéérhﬁaﬁpr“ﬁéﬁihdﬁoﬁhrEEidd
mutants

he s ste utiliz a second ageni ¢ ol iggnucl otlde to
Create alberolbanepLs Bra i & RTHY AGEARSwTe, SeFEfed, plAcRB1ET, . Foxi
step was tocempsnehdtSemauotﬂeeradimmmeﬂfemth!g dfter, hiﬂng Begnr mpkedes
AGA = Arg), eser ' r L GEN g
prot eol yti ctéggéh%' %@- \é g’?ﬁe% f%%%yg%}%eeﬁﬁél ni téé%ﬁr?)%a ogr aphy
fromone 35 nutant (pBD95) whi ch had been confirmed by sequenci ng.
Alternate methods of, pufnéi E8hpeBitibh BE @283nFN! or0¢ i¥F%nich the A

15 subunit is not cleaved by trypsin.

m_m__ -

9. The composition of claim 4 in which the A subunit
is not cleaved by trypsin.

20 10. The kit of claim 7 in which the A subunit is not
cleaved by trypsin. :

11. The composition of claim 1 or 6 in which amino
acid Arg,, of the wild type E. coli heat-labile enterotoxin is
25 replaced by Glys.

12. The composition of claim 4 in which amino acid
Arg,, of the wild-type E. coli heat-labile enterotoxin is
replaced by Glys,. '
3o
13. The kit of claim 7 in which amino acid Arg, of
the wild-type E. coli heat-labile enterotoxin is replaced by

Glyn.

35 14. A method of creating or sustaining a protective
or adaptive immune response to an antigen in a host comprising

I
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skilled in the art. This nutant LT, designated LT([err]) was - 26 - VO

96/ 06627 : P05 .t hen
exam ned %%‘-ﬁp’ol yuwlll ule“I!l ullsl" l!ll ect OBW&r b '%E%B%Hi cSRisb&ebopé t he
trypsin sensitive bond.‘Saanes wer e examned _Withput exposure to
trypsin and conpared with native (unnodified) LT. nlLT does not dissociate
into tA,[ er :] ozadl§ téaﬁﬁd}a%ﬁéigiﬂ@taad mgxtﬁﬂgs%t; ,FaEié_fFeggeﬁtmg\l a$bt1;a% blgﬁk ]
sensitivity, to protease een, renopved. . 6. -

CELLS 11 woti® BEYIRER el 3y SHIREHT | S6fectiVe SPIPRapt RTUNEARE Bot be
active in tgeli beadr-dakiles|dnteysatyoxiihi solétpxini which hesl dmhaunbisgdc
upon previo Wala (Mg} 0lgEd | I : n

24: 760- 769 Htaﬁifé'tk'gg'rtf et G mr)gémsﬁ%‘gﬁy%%ﬁ“?egégg%?ﬁ%ﬁ n this
assay systheACtAydtiaascmeasnnedby rthe i ¥ARragratine sAPPvated LT to the

sane | evel Qﬁbb's?'l%ﬂ:'afiﬂ_fe%@éé”lis’sa? {d an ékdF1psas¥epthbles 15 presuned
that the residual acti,vity of LT observed in this assay in the absence of
trypsin act 3?%&?%&%??? FRES U of sone residual protease activity which
coul d not be accounted for. For instance, trypsin is used in the process of

subcul turing Y-1 adggnal gﬁ%' lngthhfi W"fsftlgqhemr %@@%ﬁ%@%&;ﬁs

coul d not be ni cked woul e conpletélyinactive inthe

assay. R&sproduged.chown in Table |. TABLE | 25 Toxi n .
[ Trypsin Activated Specific Activity Cholera Toxin

15 '

16. The method of claim 14 where a mucosal response
is produced.

15 17. The method of claim 14 wherein a subsequent boost
of antigen is provided.

18. The method of claim 14 wherein thg‘antiQen is
derived from the group consisting of bacteria, viruses,
20 protozoa, fungi, helminths and other microbial pathogens.
19. The method of claim 14 wherein the admixture is
~ delivered in a single dose.

25 20. A method of inducing a protective immune response
against an enterotoxic bacterial organism comprising using mLT
as a component of a vaccine directed against the enterotoxic
bacterial organism.

30 21. The method of claim 20 wherein the enterotoxic
bacterial organism is selected from the group consisting of
enterotoxic bacterial organisms which express cholera-like
toxins. '

35 22. The method of claim 20 wherein the enterotoxic
bacterial organism is selected from the group consisting of

Escherichia spp. and Vibrio spp.
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LT

+
15 30 LT([err]) 48,800 M ni rrun“mulél"llmll [!E [J!I' per ﬁl Fg)orléggi[_(ra.recrj]%o

produce (39B8%kn0Eah! rounding. 35 Table | denonstrates the UNECIESISHI00S

finding that nLT - 27 - VWO HMERDEY. CLAIMS '

PCT/ USO5f QQ9%ed By athtednterdasddndleBiteanl omaRi Yaduary magbe( 2. D1098)gnal cel |
assay even tdﬂggﬂm clgmy d-2trepRadedobealeyt ¢ Keilnk y1 {250¢3mgds ) As shown in
Table I, CT and native LT treated with trypsin have the sanme |evel of

activity (15 pg) omly-1 ohrcemposition somprisingaa: mutant £PTMPHA was

>1,.000 f‘ﬂ#&@éﬁf‘%ﬁ waﬁimneioaakmewhlcanﬁaeomm %ﬁf‘diwtw by
trypsin e residual asal act | vity un oub P% r.ef | ect.s dlqé_frent "and
|

her e- t o- 5t RAHHYRRR PREAGRIVerd 98fen P CEP IR0 Yairing
separ at i gletifvitye, Alerr] - Alerr] l|inkage. 10 ., 6.3 ADP-RI BOSYLATI NG
ENZYMATI C ACTIVITY OF nlLT Because the nutation replacing Arg[err] with
Gy[err] does not alter the enzymatic site of the Alerr] noiety, one
skilled in the art 2wul dThecdbpposhition pfncladm di,amhich iprendaredating

enzymat i G aldyi{ive 1o fataslwié aeea%wonw the NAD-Agnati ne

ADP-ri bosyltransterase say was enpl oye (Moss et al., 1993, J. Bi oI.
Chem 268 '6383-6387]. As shown in

3. The composition of claim 1, which is a mutant
form of E. coli heat-labile enterotoxin holotoxin which is
distinct from native LT in that is has immunoclogic adjuvant
activity but reduced ADP-ribosylating activity.

4. The composition of claim 1, which is a mutant
form of E. coli heat-labile enterotoxin holotoxin which is
distinct from native LT in that the A subunit of the holotoxin
is rendered insensitive to proteolytic activation.

5. The coﬁposition of claim 1 which is encoded by
the plasmid pBD95 contained in E. goli LTR192G having the ATCC
accession number 69683, which expresses both subunit A and
subunit B of the E. coli heat-labile enterotoxin.

, 6. A vaccine preparation comprising an antigen in
combination with the composition according to claim 1.

7. An oral vaccine preparation comprising an _
antigen in combination with the composition according to claim
1.

8. The vaccine preparation of claim 6 or 7, in
which the antigen is a bacterial antigen of pathogenic
bacteria selected from the group consisting of Streptococcus
spp., Neisseria spp., Corynebacterium spp., Clostridium spp.,
Hemophilus spp., Klebsiella spp., Staphvlococcus spp., Vibrio
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Figure 2, CT produces a dose-dependent iln s of
ADP- 1 i bosyl agmatine, a function of the ADH@@B’M“ aie activity of
t hi s nol ecwlomen862725 30 35 - 28 - PCT/US95/09005

PCT/ US95/ 09005 TABLE Il ADP-Ri bosyl transferase Act|V|ty—eL_€T native LT,

and LTn([spp],) Esgletrivhia spp.,lPseudomormas spp-. &mm_bm SpPRA&anSEM

o " ergmallh spp- . Bdcilue gyb, Sy

107. 32 2gshigelda spmm [%?Pr] E :

308 09 ;!#9 ?ﬂg 1 71chibpladia 4pp. , 13. 86
1 %gﬁl 0 err]glL . 189,89 5 6

168 98+1M2—ﬁ ]g Efaﬂmji% 95%#25% !&9—?@—@

12. 07+1. SSpp.T{ [Mmmlspper ahd. _bl.amm;zl st . 8. 90 10. 47 ND
11.37+1. 74 +Trypsin ND= Not Done data expressed in fMles mn[err] 20 Table
Il denonstrates in tabular formthe unexpected

. 9. The vaccine preparation of claim 6 or 7, in

which the antigen is selected from the group consisting of
influenza vaccine, varicella vaccine, diphtheria toxoid,
tetanus toxoid, pertussis vaccine, Japanese encephalitis
vaccine, mixed vaccine of pertussis, diphtheria and tetanus
toxoid, Lyme disease vaccine, polio vaccine, malaria vaccine,
herpes vaccine, HIV vaccine, papillomavirus vaccine, hepatitis
B vaccine, rotavirus vaccine, Campvlobacter vaccine, cholera
vaccine, enteropathogenic E. coli vaccine, enterotoxic E. coli
vaccine, Salmonella vaccine, Shigella vaccine, schistosomiasis
vaccine, measles vaccine, rubella vaccine, mumps vaccine,

. combined vaccine of measles, rubella and mumps, and mycoplasma
vaccine.

10. A composition useful in producing a protective
immune response to a pathogen in a host comprising an
admixture of an effective amount of an antigen and an adjuvant
effective amount of the composition according to claim 1.

11. An oral composition useful in producing a
protective immune response to a pathogen in a host comprising
an admixture of an effective amount of an antigen and an
adjuvant effective amount of the composition according to
claim 1.

12. A mutant enterotoxin as claimed in claim 1 for
use in medicine.

13. A kit useful in producin§ a protective immune
response in a host to a pathogen comprising two components;

REPLACEMENT SHEET
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finding that nlT | acked any detec ing enzymatic activity,

with or without trypsin activation e enzymatic_site had
not been altered and there was a ﬂ#mgm ! | evel of activity in
the Y-1 adr¥Qap0ed7| assay. 6.4 E |OF nLT BYSHUSS/08§05t he

unexpect ed f| ndi ng t hat, nLT | acks an 30, det ect abl e ADP-ri_ho ‘)/I ating
enzymat i c (2dt AR H% fegtive gy, L t??'f)%gﬁnaﬁf‘?lvép?oﬁn adaNvVARSugh t he

enzymatic emftefeﬁim riourite rofil4 amechrtidEt heopiidhéatrahbliiled emelrlm:iﬂrer e
e hoaS e i Y dibt{ied a8l SRRLVECHE 330kr i WRMIIRSD

whet her erotoxic properties.
adj uvant ﬂommmtorofofchMQmmhm begnanendgyedolaspmtarve to

I t I f
;mngsog%ﬂmﬁl aéwvm&zgw%gé £hé h8BbtokiROrRRRIAL ImIRMATIRAIS

PCT/ US95/ B8dsants ;?&fa'it"e'cFXM %?‘F@“&s’@ﬂ‘ E¢13r°@P°PFQﬁFe arejdfo At r at es
that T ¢eallyo Taddﬁbtabmtcéi_'rxtﬂ.ﬁk'smdekaﬂﬂ campﬁﬁeﬂfatsemhyrrmse rr:lodel
even at a re than nes the

adj uvant @%%3& ji% Jf@eq{f%éﬁ(ﬁqésﬁﬁﬁe eg Wrﬁﬁfit ﬁ%’ e pot enti al
toxicity Gfeptaa‘.tameelyt_wmrba shortitine sofceath 6tBesR) UVANT ACT I VITY OF

m.T One skilled in the art would predict that since nLT possessed no

denonstrabl e ADP-ri bosyl t ransf erase activity and 10 is not enterotoxic, it
woul d | ack adj uvant ot i \Ehey. comppesition of claim 1 or 10, in which

amino acid Arg,, of the wild type E. coli heat-labile
enterotoxin is replaced by Glyg.

15. The vaccine preparation of claim 6 or 7, in
which amino acid Arg,, of the wild~type E. coli heat-labile
enterotoxin is replaced by Gly,. '

16. The kit of claim 13, in which amirio acid Arg,g,
of the wild-type E. coli heat~-labile enterotoxin is replaced
by Glys. '

17. A method of creating or sustaining a protective
or adaptive immune response to an antigen in a host comprising
orally administering an admixture of an effective amount of
the antigen and an adjuvant effective amount of a mutant E.
¢oli heat-labile enterotoxin holotoxin which is distinct from
native LT and CT in that the A subunit of the holotoxin has
been rendered insensitive to proteolytic activation, but the
holotoxin retains immunologic adjuvant activity in an orally
acceptable pharmaceutical carrier. '

18. The method of claim 17, where a serum response
is produced.

19. The method of claim 17, where a mucosal

respor-xse is produced. REPLACEMENT SHEET
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predi cti on woul d be based upon the report [ Lycke et al.,
1992, Eur. J. Immunol. 22:2277-2281] Wne “Il mmulﬂn r that
al t er at i OrWO96@6623f f ect t he ADP-r | i bosyl at gcenzymatlt: act i VIPEI/USISI0PHfS

toxin and alter the 15 ablllt%Fto i NCr e; se in rac [ | ul,ar Ie@s of cAMP
al so prevent the mt@cul TherB FﬁﬁcPlfoﬁ AgTad 7an¥: TRAhE S rat ed

above, npbdEts o® AMEigenhoiy| prowgdedazymatic activity and only sone
~undefined basal activity in Y-1 adrenal cells, and induces no net fluid
secretion in the patent nouse nodel. 20 In order to exam ne the
adj uvant activity ozlnLTThaeme‘bhbdv\pﬁgcéﬁp@r ilfenwhereize the Antigen cs

aroups ofaGifie féf Eﬁ%ﬁ%ﬂ'ﬂ’gnbéﬁﬂiséﬁh@b? B drLvEAGes,

i ntragastr ed feedi’n dl e pper, .& Sons I nc.
New Hyde H’éﬁ#@z%w Sengs, bR 9g8 n\%ﬁq"fﬁﬁ(}n iPARhOZENF ) |y as

follows: Goup Areceived 0.5 nl of PBS conta| ning 5 ng of OVA, G oup B

and G oup C recei vet2o, coip BRERAE oBncdai®d 7" wyieke 5 b HoBfedte T
mL.T. Eachis elplhivered hdrr'an'ssngieddaga-n on days 7 and 14. On day 21, all.

animal s 30 were boosted i.p. with 1 [err]g of OVA in 20% Maal ox. One week
after the i.p. inoculation aninmals were sacrificed and assayed for serum

| gG and nucosal | gA23nt i Bomethod pfcdadusdfch& RyPEeqkiver yne sa
Reagent s Ghsé S& gé:.ﬁﬁt afcehtePbtuxie Wdﬁ(i]f rdtl‘gaﬁﬁéi gFompirtel

Co. Sanples, fTor ELISA were serially diluted S I ne
(pH 7. rz? NEiRg, BT A58 ?%gmi‘lﬁEEN%f :9olrJ a‘oﬁﬁilnq_%m %)cqf#n ,ﬁé@d%i% l)t iter
pl at es wesstexretoriedbac8érial organism.

24. The method of claim 23, wherein the enterotoxic
bacterial organism is selected from the group consisting of
enterotoxic bacterial organisms which express cholqra-like
toxins.

25. The method of claim 24, wherein the enterotoxic
bacterial organism is selected from the group consisting of

Escherichia spp. and Vibrio spp.
REPLACEMENT SHEET
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WD 96/ 06627 PCT/ US95/ 09005 with 1.5
[err]g per well of mxed gangliosides (Type Il1), then with 1 [err]g per
wel | of pukiofdsgskT- Anti-OVA was determi ned on microtiter ppcrraEsospoedsSoat ed
with 10 [err]g per well of OVA Serum anti-LT and anti-OVA were determ ned
with rabbit antiserum5 agai nst nmouse |1gG conjugated to al kaline

phosphat ase. Mucosal anti-LT and anti-OVA | gA were assayed w th goat

anti serum agai nst nouse | gA (al pha-chain specific] followed by rabbit

anti serum agai nst goat 1'gG conjugated to al kal i ne phosphat ase. Reacti ons
were stopped with 3N NaOH Values for 1gG and IgA 10 were determned from
a standard curve with purified nouse nyel otﬂ proteins (MOPC 315, gA(lgAl 2);
MOPC 21, gd@: Litton Bionetics, Inc., Charleston, SC). 6.5.1 SERUM | gG
ANTI - OVA As shown in the Figure 4A anl mal s pri n'ed orally with 15 OVA and
LT devel oped a significantly higher serumIgG anti-OVA response foll ow ng
subsequent parenteral inmunization with OVA (4,058 [err]g/m) than those
primed with OVA al one and subsequently inmunized parenterally with OVA (No
detectabl e anti-OVA response) (Student t-test p= .031). Significantly, 20
animals prinmed orally with OVA and nLT al so devel oped a significantly

hi gher serum | gG anti - OVA response foll owi ng subsgguent parenteral

i mmuni zation with OVA @, 338 [err]g/m) than thos® prinmed with OVA al one
and subsequent |y i mooi ed parenteral |y we=t heVA et gt abl e anti - OVA
response) 25 (Studengy{@test p= .0007). QS QNUC@AIES &\ ANTI - OVA AS
shown in the Figure % simlar resul ts yeare gbt eq_vvngp anti-OVA | gA

responses were conpar Wit hin a — O 5‘ < © A3 o
O] = &= = - =
i
Sl g & =g £ |8
wili = a | -l = " T |
< 0 < 0
@ §o< S < g
o 2 52> 5 = IR o
-~ o 8 o 8o |28
= 18 ©
SE 33£| 2
ud - <« < -
E|lE2 EE2 | &
b < = < <L = =
|
SE 33| B
El =% 3 = £ O
- b - | e L
= 225 BB3lT ¢ v
L 7,1 =S5 S S5 e
7] <€ - € L (7]
QQ
& é.ea E8a| =
TR =) - o - a
(2] < 0
33—— S 2L S < %
B * < > < >
o o R =
0 85 83
2 THE B 2
= O = O
— > — >
T 8 o
3 2
88— 8
Q. Q.

SUBSTITUTE SHEET (RULE 26)



t hese sane groups of animals. Animals primed orally with OVA 30 and LT
devel oped a significantly higher nmucosal |gA anti-OVA response foll ow ng
subsequentwpasmeeser al i nmuni zation with OVA (869 ng/ m) tharpdrosss/opeosned
wi th OVA al one and subsequently i mmuni zed parenterally with OVA (No

detect abl e anti - OVA response) (Student t-test p= .0131). As above, aninals
primed 35 orally with OVA and nLT al so devel oped a significantly higher
mucosal 1gA anti-OVA response foll ow ng SEZEequent parenteral i mrunization
with OVA (230 ng/m) than those prined w OvVA - 31- WD 96/ 06627

PCT/ US95/ 09005 al one and subsequently i muni zed parenterally with OVA (No
det ect abl e anti - OVA response) (Student t-test p= .0189). 6.5.3 SERUM I gG
ANTI - LT The ability of LT and to elicit an anti-LT 5 ant | body response
in these sane animals was al so ed. This was inmportant in that it
woul d provide an indicati of whether the nutant LT was able to prevent

i nduction of tolerance to(g,s.el‘t5 b ddition to fugctioning as an adj uvant
for other proteins. As sh(gv—l Q gure 5A, aninmal ¢ primed 10 orally with
OVA and LT devel oped a si %\%cantl hi gher serurf 1 gG anti-LT response

foll owi ng subsequent pare ni zation wt

2 OVA (342 [err]g/m) than
those prinmed with OVA an d bslequent |y i ni zed parenterally with:
OVA (No detectable anti - &ponse)| (Student t-test p= .0005). 15 Aninals

Ir)glc;rrggt Ior E[I_I )r/e\é\n.pz)gsg\/ﬁoﬁlncg\_/ig fbeo evel ope significantly higher serum
0 4 } : .
0O 1 10 100
CT (ug)
-' —e— NATME LT
0.25 | —o— mlT

0.22 -
0.19 -
0.16
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HOURS
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subsequent parenteral immunization with OVA (552 [err]g/nml) than those
primed with OVA al one and subsequently i nmuni zed parenterally wi.th OVA (No
det ect abl ewanbéinged7 r esponse) 20 (Student t-test p= .0026). 6PETAISHAAOGIIAL
SIgA ANTI-LT As shown in the Figure 5B, simlar results were obtained when
anti-LT I gA responses were conpared within these same groups of aninmals.
Animals prined orally wwth OVA and LT 25 el oped a significantly higher

t mucosal IgA anti-LT response foll owi ng subSequent parenteral inmunization
with OVA (4,328 ng/n) t6;800tHose primed with OVA al one and subsequently

i muni zed parenterally with A (No detectab nti-LT response) (Student
t-test p= .0047). As=ab 6 afimal s prined 30 prally with OVA and nlLT al so
devel oped.a signif iﬁntlcs}/ qu er nmucosal I1gA apti-LT response follow ng
subsequent par ent ergoi muni zdtion with OVA (1} 463 ng/m ) than those prined
wi th OVA al one and segggm y 1 muni zed pa erally with OVA (No

detectabl e anti-LT g@sponse) (Student t-test
7. DEPCSIT OF M Cl?%?%t\lbaa/s The foll ow ng
American Type Cul tugge WUVt ffon (ATCC), Roc
WD 96/ 06627 > ,

has been assi gned t% irz:'ogatg_d accession nu
Accessi on Nunber pBRB5.i ~ qoli LTR192G

i nvention descri bedﬁnd cl ai mgd herein is no

.0323). 35 .

m d was deposited with the

| e, MD on August 18, - 32 -
PCT/ US95/ 005 1994, and
Plasm d

TCC 69683 5 The
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0 | .
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T X X
ip.  OVA OVA Y
12007
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} .
[ —4
S el
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® w0l
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be limted in scope by the specific enbodi mrents herein disclosed since

t hese enbodi nents are intended as illustration of several aspects of the

i nventi on. wAWesdeps val ent enbodi ments are intended to be w thcvusésnsgesope
of this 10 invention. |Indeed, various nodifications of the invention in
addition to those shown and described herein will becone apparent to those
skilled in the art fromthe foregoing des%ptption. Such nodifications are
also intended to fall within the scope of e appended cl ainms. 15 I t
is also to be understood ZQ(t+al | base pair and amino acid residue nunbers
and sizes given for nucleotides and peptides are approximate and are used
for purposes of desexipti nunber of references are cjted herein, the
entire 20 disclosurgs of Ich are incorporated herein, o their entirety,
by reference. 25 30355-}§§§- WD 96/ 06627

PCT/ US9S/ 09005 | nt ¢Raat | plication No: PCT/ M
Sheet in connection with the mcroorganismreferred to
35-37 and 1-3 of tHELdesdHth on A. | DENTI FI CATI ON OF
deposis are identiffed on an fjdditional she

300
200
100 |
0 —p —
po. OVA  OVA/LT OVA/LT(R1926)
3X 3X |

3X
ip.  OVA OVA OVA

FIG.oA

NI SM5 Opt i onal
ages 32-33 lines
| T Further
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Name of dep05| tary i nstitution Anerican TyBUdn tg;r eJCoI | ecti‘on’ Adnlress

depositary-insti tut i o JH ﬂﬂlﬂ code and cour]uyl ) 12301 “Parki‘a
Dri ve Rockville, H m mmugpom t Alj s)AN 8522994 Accession
Nunber 69933IM3: ADDI TI'ONAL ENDMCASTI OGNS C. DESI GNATED STATES FOR VWHI CH
| NDI CATI ONS ARE MADE D. SEPARATE FURNI SHI NG OF | NDI CATI ONS The i ndi cati orus

| i sted bel ow will submtted to the Internationel Bureau | ater *Accessi on
Nurmber of Deposit Ei1.0 T sonfpositioncconmmeis g avhbcdme fokwrontaonal

R vera pRpsteblelsshbendtadi %?ﬁ?@l"%ﬁ“ﬁ%ﬁ%g e

t he | nteraat @ldamvamteafﬁmx\mmusezémﬂremr)s FommuaREToqRE 18aj ivantiar y

1981) 34 LctFRANS: 1. A conposition conprising a mutant formof a
bacterial enterotoxin hol otoxin which has reduced toxi city at an adjuvant
effective dose, but retains imunol ogi c adjuvant activity. 2. The

COWDOSI tion of claim1l1, \Mliéfbdxfpdﬁ’tﬂﬁrﬁcbf %ﬁlﬁitl Ve.vﬁibmri)é ePddéfed
activat| OrJJ.nsens:Ltlve %%n%%%teooﬂrtoifc Calcatl{pra]tlgw.l ch I's a nutant

3. The composition of claim 1, which is a mutant
form of E. coli heat-labile enterotoxin holotoxin which is
distinct from native LT in that is has immunologic adjuvant
activity but reduced ADP-ribosylating activity.

. 4. The composition of claim 1, which is a mutan't
form of E. coli heat-labile enterotoxin holotoxin which is
distinct from native LT in that the A subunit of the holotoxin
is rendered insensitive to proteolytic' activationf '

5. The composition of claim 1 which is encoded by
the plasmid pBD95 contained in E. coli LTR192G having the ATCC
accession number 69683, which expresses both subunit A and
subunit B of the E. coli heat-labile enterotoxin.

6. A vaccine preparation comprising an antigen in
combination with the composition according to claim 1.

7. An oral vaccine preparation comprising an
antigen in combination with the composition according to claim
1. -

8. The vaccine preparation of claim 6 or 7, in
which the antigen is a bacterial antigen of pathogenic
bacteria selected from the group consisting of Streptococcus
spp., Neisseria spp., Corynebacterium spp., Clostridium spp.,
Hemophilus spp., Klgbsiella spp., Staphylococcus spp., Vibrio
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e s ﬁﬁ%@jgﬁ%&i%hr’?giz@aﬁ B
R |

ADP- 1 i bosyl attnge aat| wi The conpos i$aim 1, which is a

mutant formof E. coli heat-labll enterotoxm hoIo XII’] i C tlnct
from nati ePrT Eschexichia g dxr%q%!%@% s%

L\Eseﬂsi ti 39;9_3935_& spby i g.mmg SEIP.. .SEmmmmam-onMn 1

ich is gpgode ?%:T&% 1ed qidy | TRl%_E_?@_{?g
t he ATCC a eésrgﬁ)r&ﬁé'ﬁf% 968 ses Tl usr#pt ‘ATand subuni t
B of the eppcmmméeu.m EbPent Myeobacterium sPR-ac AORCHIASHE ARRyy

conpri si nﬁnagm%&gqga Pt ONFrANd @R 1ial *spt;hq ERRsild GPAGC Myboyldsma

claimi1. 7. n,oral_ vaccine preparation Gonmprising an antigen in
conbi nat i §prt5-l§'$€$§§d®§lpﬁ'oﬁ“$cm% im1. 8.  The vaccine

preparation of claim6 or 7, in which the antigen is*a bacteri al antlgen of

pat hogeni ¢ bacteria sel e gg‘gg&g’{ h%r%[?%%%%lc&t 9:191{ olde cus

spp., Neisseria spp?’, ostridium spp. ", | | us
spp., Kl ewbichl &heppntiglenph._\,sl sedected; firom \Khe jgroup congis Qferichi a
Sep- . dspfg;fﬁ?ﬂaﬁ%as%cciﬁ@”pWani%@lq_ra WecinsS SHila ,tcBaﬁdJ us spp.,

spp. , BorFGFP&u§p’§°xgrE§pP!0§ﬁsﬁgg oV %S% al%mﬁ%%émjﬁgegggé?a

Pneunpeysiyagcsfg,  miieac vacdihes &t ,pdimm:lsa, sHijphthériep|astittetanus
toxoid, Lyme disease vaccine, polio vaccine, malaria vaccine,
herpes vaccine, HIV vaccine, papillomavirus vaccine, hepatitis
B vaccine, rotavirus vaccine, Campylobacter vaccine, cholera
vaccine, enteropathogenic E. coli vaccine, enterotoxic E. coli
vaccine, Salmonella vaccine, Shigella vaccine, schistosomiasis
vaccine, measles vaccine, rubella vaccine, mumps vaccine,
combined-: vacc:.ne of measles, rubella and mumps, and mycoplasma
vaccine. '

10. A composition useful in producing a protective
immune response to a pathogen in a host comprising an
admixture of an effective amount of an antigen and an adjuvant
effective amount of the composition according to claim 1.

11. An oral composition useful in producing a
protective immune response to a pathogen in a host comprising
an admixture of an effective amount of an antigen and an
adjuvant effective amount of the composition according to
claim 1.

12. A mutant enterotoxin as claimed in claim 1 for
use in medicine.

13. A kit useful in producing a protective immune
response in a host to a pathogen comprising two components;

36

AMENDED SHZET (ARTICLE

ny
Jl-- lu.



ol LS s a5 b

sTOp , Ri ckettwmmﬁul" di a spd ZQMN The vacci ne prepar ation of
claimé6 or 1' r"amen Is selected fromthe group consisting of
i hf | uenza vacci ne, ‘vati cBl | & wacci ne, di phtheria toxoid, tetanus toxoid,

pert ussi s(ypC&h nefféaewessmeaﬁepael hh’tig)éﬁcﬁhae (b 480 a¥3avane S‘; o

th
Daccine. SEFSPPLVS aRoRiE HE, Bobutant: e, ALY Daairiebije,Areskekoxis
vacci ne, ehotoxis ihyehCLsedlstinutrﬁsomanatﬂve Cwnanhobacuarthatctna
chol er 2 VRCkuiGn: €66 PhE' HBIGBLE LR neS! beXACPEAGRrER THREAKIE1Te ¢8)

vacci ne, a vaccl ne a_vaccl ne oSom asi s
measl es \RketeRlytigecactivatione bﬁﬁntbevheéPKQXLooWBFnéaSvammnnologlc

measl es, ddHAVARE JAGLIVIRP, FNEr8YAOBbRA "Baydc Ebﬂ?on&ﬁtsAﬁgQ”HﬂS ! On

usef ul uci ectlve | nune response en in a host
corrpnswf@fg’a;ﬁfl é%ﬂﬁgbﬁ? ﬁﬁrE%FEc?P@esﬂﬁﬂuﬁPmBP"SHtﬁnPFQe €and an

adj uvant adhinisveredvefther abtefon@oinyi Béeﬁcmkddngot;emb&l grl. 11. An
or al ngga! uc a_pratect nmune response to a
pat hogen i Jfé¥;#§q%#%9*£ % Qﬂ rédﬁ%&?u?g 8fcln EbFECtlve anount of an
antigen and an adj uvant effectlve anount of the conposition according to

claiml. 12. A nutajy, eng @%é&ffl&ﬁabfegl%ﬂmciabp iof °in“§ﬁibﬂ

medicine. 13. A klt usefu oducing a prote response in a
host to AMANARM AMFfhwm ofhFhewidémtdren & @1 heat-lablle

enterotoxin is replaced by Gly;e-

15. The vaccine preparation of claim 6 or 7, in
which amino acid Arg,, of the wild-type E. colj heat-labile
enterotoxin is replaced by Gly;s,.

16. The kit of claim 13, in which amino acid Arg,,
of the wild-type E. coli heat-labile enterotoxin is replaced
by Gly,s.

17. A method of creating or sustaining a protective
or adaptive immune response to an antigen in a host comprising
orally administering an admixture of an effective amount of
the antigen and an adjuvant effective amount of a mutant E.
‘coli heat-labile enterotoxin holotoxin which is distinct from
native LT and CT in that the A subunit of the holotoxin has
been rendered insensitive to proteolytic activation, but the
holotoxin retains immunologic adjuvant activity in an orally
~acceptable pharmaceutical carrier.

18. The method of claim 17, where a serum résponse
is produced.

19. The method of claim 17, where a mucosal
response is produced.
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(a) an effect ’M!H Ium”ﬁm' gen and (b) an adjuvant effdcg afmunt of
a nutant E. | nterotoxin holotoxin which is di's |n‘c't'0from

native LT and CT in that the* A subunit of the hol otoxin has been rendered
insensitive to proteaodytiTheatetladd oof clainhe7 howhepein aesabsequent

| munol ogiy e%ﬁasqu:b\?crngrﬁ% |{Q/ %%%{gé@ both said conponents are in an

orally acc and conponents may be adm nistered either
after having been m xed together or separately within a short tine of each

ot her. 14. The conpagy ! i Ofh@imétiodn df aE1dfm 17, V‘@héi‘eﬁmﬂﬂea&hé [ 5T ]
of the wl G col.i heat-labllegssfrotoxm I S rfglac ylerr].

e
15. The vﬁﬁ,r @dprfﬁ?oﬂ ﬂ%rﬁ‘fﬂ“&l%‘?’?ﬁ ng of bafter mﬁb’:‘éﬁ%ﬁ' Arglerr]
of the w lprdtyzoa. funigi hadlnhithe od csthexi microbial apathobgyefsy[err].
16. The kit of claim 13, in which amno acid Arg[err] of the wild-type E.
coli heat-labile enterotoxin is replaced by @y[err]. 17. A nmethod of
creating or sustaini2® a Themethad of cliapnilz, i whenein cthenadmivture

antigen i qsam%tvefc!q?rehglrﬁ%ﬁl aénéd@éw] nistering an adm xture of an

effective anount o an adjuvant effective anount of a
mutant E. coli heat-labile enterotoxin holotoxin which is distinct from

native LT and CT inaqnat g h@ﬂgﬁlfb{]lindﬁci @oﬂ,ﬁmﬂlmslmrendered
insensitive to proteolytic activation, but hpl ot oxin retain
i munol ogFE&SR &"@\?aﬁtga&a%ﬁ snteRPtRxXiS yb%% Tt |%r$m+mc%‘eﬂ'%wng

carrier. h8inghalTetasoc domparient] ©f védhevaceinerdirected sgainsprheced.
enterotoxic bacterial organism.

- 24. The method of claim 23, wherein the enterotoxic
' bacterial organism is selected from the group consisting of
enterotoxic bacterial organisms which express cholera-like
toxins. :
25. The method of claim 24, wherein the enterotoxic
bacterial organism is selected from the group consisting of

Escherjchia spp. and Vibrio spp.
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e nethod o m D INTRLLS b aizatbn Ngen g ovi ded.
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(57) Abstract

Methods and compositions are provided herein for the use of a novel mutant form of E. coli heat-labile enterotoxin which has lost its
tox1c1ty but has retained its immunologic activity. This enterotoxin is used in combination with an unrelated antigen to achieve an increased |
immune response to said antigen when adminsitered as part of an oral vaccine preparation.




