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PATHOGEN ANTI GEN Background of the Invention Pathogenic mcroorg 2805
known that do not raise a protective enteric imrune response in mamal s
(non-enteri®c pathogens). Up to now it has been believed that protection
agai nst infection by such non-enteric pathogens could not be 5 obtained by
oral imrunization, especially when antigens fromthe pathogens were used

as opposed to conplete live or attenuated pathogens. Such pat hogenic

m croorgani snms usual ly invade by non-enteric routes, especially through

punct ures, aer§hg r i (ﬁ%n, e.g. through
bl ood transfusion. E?B‘ %%g%gﬁ g%ﬁ%%%@ggg WAQHF\ZQ c pat hogens
are: hepatitis B, hepa C, A ,19 Mw fever, Lassa fever,
dengue henoragi c fever, rabies, = tetanus, staphyl ococcus aureous
i nfections, yaws, relapsing f@@@@?ﬂﬂépiﬁﬁﬂﬁﬂﬁgwér, buboni ¢ pl ague, typhoid
fever and spotted fever. As an exanple of the above, hepatitis B virus
(HBV) is responBathegsnicanicropsganisgsi 4c¢ knewn hat hodiot yaismd prutedtiak iehiericn spit e
of .the availability of efficacious parenteral vaccines. In 1996 it was
estimat ed tinaung gespodstSinniraneis eopherivepathogadspctepl twido BMs Bdeptal ity
caused by this disease is estimated to be 1 mllion cases per year. In
devel oped ®elieved ittes pruafion agdifie itfSstion Y5061 Abr-@flericipBogb R colfdMidi 88BI N bel ow
targeted objectives and there are over 300,000 new cases annual ly and 5, 000
deaths 5 obtained by oral immunization, especially when antigens from the pathogens were
used as opposed to complete live or attenuated pathogens.
Such pathogenic microorganisms usually invade by non-enteric routes,
especially through punctures, abrasions, cuts or other breaches in the skin, e.g.
through blood transfusion.
10 - Examples of diseases caused by non-enteric pathogens are: hepatitis B,
hepatitis C, hepatitis delta, yellow fever, Lassa fever, dengue hemoragic fever, rabies,
tetanus, staphylococcus aureous infections, yaws, relapsing fever, rat bite fever,
bubonic plague, typhoid fever and spotted fever.
As an example of the above, hepatitis B virus (HBV) is responsible for
15 significant morbidity and mortality in spite of the availability of efficacious parenteral
vaccines. In 1996 it was estimated that some 115 million people were infected with
HBV. Mortality caused by this disease is estimated to be 1 million cases per year. In
N
. developed countries such as the US, immunization rates for HBV remain below

targeted objectives and there are over 300,000 new cases annually and 5,000 deaths

20 each year as a result of HBV infection. In addition, a review of the prevalence of



20 each year as a result of HBV infection. In addition, a review of the
preval ence of 1 8 MARCH 2005 HBV infection in the US between 19768 MARGHZH0S
i ndi cated that there was no significant decrease in HBV infection during
that period, despite the availability of hepatitis B vaccine. Thus, in
devel oped countries there is a need to inprove the availability of and
access to effective alternatives to current parenteral vaccines. This 5 is
even nore inportant as the nunber of vaccines that are becom ng part of
chi | dhood Hinninfestien ghdhg Ky beteieen dP¥e andnki94 iadisatpd bati thee wamsider at i ons
in howto safely and effectively admnister the nultiple antigens that are
beconi ng paienifishnt; dpsreagseini BBV infaction diring thehpasiodedrsbie tharronitahilitgaficern i s
that a significant proportion of the global norbidity and 10 nortality is
| ocal i zed ihnpatiéiv & opioirg. c st fin dsveldped eobiBied theendenneed BsSingowx@spl €, in
rural Mal aw evidence of HBV infection was found in 72% of wonen delivering

i N hospi t avaikbility bf i accesato éftgtverdterdadiVes thRuirbif perehieial L @fes CHKIL €Nt
parenteral vaccines are of limted availability because of the need for

col d st Gr ageevan ehdrdBnSor@it & itEARimRo of vacefned M8k a‘f@s&;bfﬁﬁx%-pa%f'cﬁmg{ogﬂi ficant
initiatives have begun to address the issue of how 15 to provide hepatitis

B vacci nes jhRuHeN@Edne R dhs G "th&S areBlrh@ichiBdoh Y er ARIAL %ﬁ(ﬂ’g %Oo ?}Jf?x gxqg eded.

Al t hough i nmuni zation rates I n devel oped countries may I ncrease,

Al though | mmini ZatTon rat cs A TR Tncrease,
tner oo 11 Crgan b Bler e M| CReel TOME Bl B P o E The Bl ™ ' °

devel oped (1;1%1%{25,[?0%8%%& devel opi ng countri es.

Another concern is that a significant proportion of the global morbidity and

10 mortality is localized in developing countries where HBV is endemic. As an example,

in rural Malawi evidence of HBV infection was found in 72% of women de_:liveringvlin

hospital and chronic carriage was 13%. In these settings, current parenteral vaccinés

are of limited availability because of the need for cold storage and the significant cost

of the vaccines. While significant initiatives have begun to address the issue of how

15 to provide hepatitis B vaccines to developing countries, alternative approaches are

needed. Although immunization rates in developed countries may be on the increase,

in the absence of an effective global immunization program for hepatitis B, there will

continue to be importation of hepatitis B disease into developed countries from
developing countries.

20 An alternative to parenteral immunizations for a few diseases are vaccines that

can be delivéred orally. As previously discussed, oral vaccines are éenerally not

effective against non-enteric pathogens.



20 An alternative to parenteral inmunizations for a few di seases _ar
vacci nes that can be delivered orally. As previously discussed, SwEBCHZOOS
vacci nes are generally not effective against non-enteric pathogens. 2 8
MARCH 2005 A specific approach to oral inmunization has been.proposed by
expressing antigens in transgenic plant tissue followed by ingestion. This
technique, in one step mght have the potential to. provide both a | ess
conpl ex manufacturing process and to provide the antigen-in a "matrix"

that woul d be sbispemiie appypachy @l orphiyRiDigatioprhas [bects peasasetli tonexppéssing ti ssues,
such as potato tubers, have a distinct advantage in that- vegetables, even
in the rawastiganein Wansgenic plenigissicstodpyedby ggbstioy. Thistthehnivae kietopt aiep. ‘
Lastly, transgenic plant tissue expressing antigens that are delivered

oral | y may nhightdhav¢ the pattdeal taguevintedgeh 4 leat cdngtidx hanfacalringpdoddbicagab | mmuni t y
could be stinulated, resulting in the potential to protect nucosal

surfaces mpr&idf ﬂleahugeﬁl i d hasripadenweuRl belSithbTosH gl indhuddieg, T ght
acconplish. Up to now, it has not been found that transgenic plant tissue

expr essisng 4Q@ifoLNSIBKt GssBE, RAGENs Gkt el s, Rl Erd aisnmuz{cﬂaas o BDhdTO"
effective as an oral vaccine than direct dral intake of the puri

anti gen. v@ga%lﬁﬁtp&eﬁslﬁ'tﬂg RERAL, bk ?ﬁgrﬁl@&& AP GeHRMdplaYe | 0 T act

been develo ave a éapp0|nt|ng been oun to create little
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resulting in the potential to protect mucosal surfaces more effectively than parenteral
10  immunization alone might accomplish. Up to now, it has not been found that
transgenic plant tissue expressing non-enteric pathogen antigenic material would‘ be
- any more effective as an oral vaccine than direct oral intake of the purified antigen. |
Plants expressing hepatitis B surface antigen (HBsAg) have in fact been
developed but have also disappointingly been found to create little or unacceptably
15 low immune responses in animals ingesting them even though HBsAg isolated from
plants have been found to raise an immune response when administered parenterally.
As used throughout this specification, HBsAg is intended to be exemplary and to
represent other non-enteric pathogen antigens known to raise an immune response
when parentérally administered.
20 | Brief Description of the Invention
| Transéenic plants, e.g.‘ potatoes, have been developed that expreés hepatitis B
surface antigen, an antigen known to raise an immune response to hepatitis B when

parenterally administered. Unfortunately it has been found that such an immune



represent other non-enteric pathogen antigens known to raise an i e
response when parenterally adm nistered. 20 Brief Description o#{&&QkCIIZOOS
I nvention Transgenic plants, e.g. potatoes, have been devel oped that

express hepatitis B surface antigen, an antigen known to rai-se an i mmune
response to hepatitis B when parenterally adm nistered. Unfortunately it
has been found that such an i mune 3 8 MARCH 2005 response is not raised to
an acceptable | evel when the plant, e.g. potato, is sinply fed to an

ani mal . |t T§TRLISE pouRtvaised tﬁ&was@@rfblfde%g@é%mplm@m\p@rw it $implyafed i nmune
response to non-enteric pathogen antigens, e.g., hepatitis B surface
antigen ( MBYYimaligy be 5 obtained when the antigen in a plant materia

is fed to the animal when the animal is immunoreceptive to the HBsAg. It

has now been dilshasykovearet, maw betreuenpertddlyndiycovered thatian immuteasposettb ve to t he
non-enteri c pathogen antigen, e.g. HBsAg, by admnistering the plant

mat eri al  caod-aiteii gathbgenanitiggs eigr) hepatjtid B sindive Wintigend( SWsARD! Bay 86 uvant .
The ani mal may al so be i mrunoreceptive due to a prior , e.g. primry, 10

i Ui 23t | GBtainBd WhEE theGAGigerRih 4 PIARRatERS RORA R0 IHR ahiteal RARN R Sfiha &Nt i gen, .
e.g. . HBsAg may be boosted in the animal by feeding the aninmal the plant

material  sanbalRipayd BanaEsAgn 1t b mWilkeR dBBSRrdd 1digfic A haypd that no

adj uvant i s needed. An adjuvant may, however, be use goal of

obtai i ng_Gyan MARRLecbHINNE heSRANSRric "RRNSEA e, 2 2 ViHBLy, 69~ 2

human, that previously positiv

administering the plant material containing the antigen in conjunction with a suitable

adjuvant. The animal may also be immunoreceptive due to a prior , e.g. primary,
10  immunization in which case an immune response to the non-enteric antigen, e.g.
HBsAg may be boosted in the animal by feeding the animal the plant mateﬁal
| containing the antigen. In such a case it has been found that no adjuvant is needéd.
An adjuvant may, however, be used with the goal of obtaining even higher immune
response. For example, an animal, e.g. a human, that previously had a posiﬁvc
15 response to primary immunization against hepatitis B? can have a booster response to
HBsAg by feeding the animal the antigen in a plant materiél. The plant material is a
substance comprising a physiologically acceptable plant material from a plant (e.g.
juice, pulp, leaves, stems, roots, fruit seeds, solids or the whole plant), especially
potatoes, confaining hepatitis B surface antigen (HBsAg). The HBsAg in the plant

20 results from expression by the plant of HBsAg due to genetic alteration.



15 response to primary inmmuni zation agai nst hepatitis B, can have aé&%ﬁﬁ %r
response to HBsAg by feeding the aninmal the antigen in a plant 2005
The plant naterial is a substance conprising a physiologically acceptable
plant material froma plant (e.g. juice, pulp, |leaves, stens, roots, fruit
seeds, solids or the whole plant), especially potatoes, containing
hepatitis B surface antigen (HBsAg). The HBsAg in the plant 20 results
from expression by the plant of HBsAg due to genetic alteration. 4 8 MARCH
2005 Det ail ed Descri pti on &etailaé Degoyiption ofthe Niventéomt er i ¢ pat hogen anti gen”
(NEPA) neans an antigen that wll parenterally raise an inmune response to
a non-enteric pa¥dmoegderic HBthagerasaniged HAEPA) means zhmemtlgéﬂ sthiz suflf ace
antigen and is intended as an 5 exanple of a non-enteric pathogen antigen.
The pl ant fpaemeyiliychisé ficind@sicrepomcant nomeaeti@pathsperbt ai ned may be
essentially any plant provided that the plant material contains the

non-enteric patHBEeH adied BBRin méard -hepBHAB sulaBOhititRYn PR iMBAG AL AHXPr €SS
HBsAg and ot her non-enteric pathogen antigens by transgenic alteration.

Al most - any oplant ofithéRbt&id Rlindg Ipn can be 10 altered to express HBsAg
and ot her ﬁEﬁ%mso ﬁ QL st pr%ﬁghred plants are food pl ant s, e.g.

pl ants t hat proﬁH r I vV, s ba anas,
potatoes and to %‘Iets%niig%lecglt% ymf)r glglétr'r%% ar seg% 13?141 geéf”isg‘? @ ?’ hat do
not contain SI f|c antltle t uhers_such as pot at oes,
since the 4BY 4 P%%??@“ﬁggPdﬂ?ﬁ %Vﬁﬁ mnégﬁaﬁnggmpswgpgggn%v% st rus
fruits, nay caus d%gradatlg the HBsAgQ. Further, plant

HBsAg nts may be made to express HBsAg and other non-enteric pathogen

antigens by transgenic alteration. Almost any plant suitable for ingestion can be

10 altered to express HBsAg and other NEPA’s, but the most preferred plants are food

plants, e.g. plants that produce fruits, grains, and vegetables, such as bananas, potatoes

~and tomatoes. Especially preferred are plant materials that do not contain significant

quantities of acid, e.g. tubers such as potatoes, since the acid in certain plant materials,

such as tomatoes or citrus fruits, may cause degradation of the HBsAg. Further, plant

15 materials that contain significant quantities of protease enzymes, e.g. papayas, may

not be desirable since such enzymes could glso degrade the HBsAg. A “significant”

quantity as used herein, means a quantity that will cause antigen degradation to the

extent that immune response is noticeably reduced.

Metho‘ds for genetic alteratipn of tobacco plants to express HBsAg and other

20 antigens are already known to those skilled in the art, e.g. as described in Mason, et al.

“Expression of hepatitis B surface antigen in transgenic plants”, Proc. Nétl. Acad. Sci
USA, Vol. 89, pp. 11749, Dec. 1992. This article is incorporated by refefence as

background art. Tobacco is unfortunately not suitable for ingestion and is thus not



15 materials that contain significant quantities of protease enz ,
papayas, may not be desirab?e si nce sﬂch enzynes cogld al so deg%gﬁzygﬁggoos
HBsAg. A "significant” quantity as used herein, neans a quantity that wll
cause antigen degradation to the extent that imune response is noticeably
reduced. Methods for genetic alteration of tobacco plants to express HBsAg
and other 20 antigens are already known to those skilled in the art, e.g.
as described in Mason, et al. "Expression of hepatitis B.surface antigen

i Nt ransgermphgsiglbgioill) sccéptaide. Noddcordda@twittSehie intdhfion, Wiohas b3&h dREbvered 749, Dec.
1992. This article is incorporated by reference as background art. Tobacco

i s unf or t unidt8lnyilad Oetlfods @kt sed td AGREEATIOMIBNEthrIATND Btesd HBNARCH 2005
physi ol ogi cal ly acceptable. In accordance with the invention, 1t has been

di scover ed an§ Rgfer NEPA S’ BIRIHA %uml{l% gﬁnté;ssa@ ﬁl&@g?@teifmh x%@gzc%{, ot her

plants to express HBsAg and ot her 's. Especi y sulta p %nts, are

pl ants of teg?ec{aﬂgiﬁbtl}i%) gg-g&%@gaueriggpgﬁbﬁ L%ﬁ%ﬂﬂﬁﬁ?s' Details for altering

pot at oes are gl Vv p sed 1M accordance with the invention
shoul d gontain at |east %ﬂ? agf referably fromahout 7 g to about 15 g of
HBsAg pér gram Of° Bllmitd{se &P an‘FeoW‘tﬁéhei Wé‘@’é‘f’@gl}o godpin r?‘éﬁe,a“es. 48 a human,
shoul d i ngest sufficient plant material to provide fromabout 10 to about
100 mi cr ograagprefiratle famiabpyt Rigsierabetd S afdBis Agmer grrin df glaatmeterilady wei ght .
The animal, e.g. a human, will usually ingest sufficient 10 plant materi al
to provide ba ihgdseed. f Tloenasinel te.g? at buradg showld dugestssudficiplt aslint miteddlab per
kil ogram of body wei ght.
provide from about 10 to about 100 micrograms of hepatitis B surface antigen per
kilogram of body weight. The animal, e.g. a human, will usually ingest sufficient
10  plant material to provide a total from about 2 to about 5 grams of plant material per
kilogram of body weight.
Immune response may be increased if a series of ingestions of the plant
material is undertaken, e.g. a series of two or three with each ingestion being
separated by at least five and preferably by at least about seven to fourteen days.
15 The plant material of the invention does not raise a significant immune
response when administered orally in the absence of the required method steps of the
invention, i.e. protection from the immune response. In accordance with the
invention, the plant material containing HBsAg or other NEPA, must be orally
administered either to a subject that has previously had a primary immunization, e.g.
20 by parental injection or must be orally administered in conjunction with a suitable
adjuvant that effectively causes the HBsAg or other NEPA to raise a protective

response. Prior to the present invention it was not predictable that an immune

response to an NEPA such as HBsAg could be raised to a plant material containing



| mmune response may be increased if a series of ingestions of th I
material is undertaken, e.g. a series of two or three with each %Aﬁé@ﬁ%ﬁm
being separated by at |least five and preferably by at | east about seven to
fourteen days. 15 The plant nmaterial of the invention does nat raise a
significant imune response when adm nistered orally in the absence of the
requi red nmethod steps of the invention, i.e. protection fromthe inmune
response. In accordance with the invention, the plant material containing
HBsAg or otNEiPANERA, theplstt rhaterdal atak yngestaditithiesbyes abjeet hivéig iad Ppréwibjsect t hat
has previously had a primary immunization, e.g. 20 by parental injection or
must be or girnyarpnimnisitioned i confumcjiotneith anadjvaht. a sui tabl e adj uvant that
effectively causes the HBsAg or other NEPA to raise a protective response.

Prior to the pragdpiRints RHANhhPbel EffoMESe Hfluder %&&iﬁﬁ?ia@mﬁ&'@N&naﬂtmpe
response to an NEPA such as HBsAg could be raised to a plant’ material

cont ai ni ng AGMERCHRAAINEAMIEN Ldi6ithe L8 Ao KA SCAAIGEA ! L her by
a subject having had a previous prinary inmunization-or 1 conjunction

wi th an @dj t.. -Adj t f i.ve includ acteri plasm d
DNA, antf’?- @Xﬁghntto f@ggwq{é{)ﬂﬁg%g&oﬁﬁgﬁ% ellggxﬁ ASH ’ar f)ﬁﬁﬁ‘f %ﬁmﬁ%ﬁt ‘?aijrr_ul atory
CpG nodified 5 cholera.taxin ( di.fied . E. .coli heat stab]le

| ynphot oxi rr?urrlwsbémew QPP &B@f gﬁ'ﬂ?&%ﬂ’“&ﬂ’ﬂj‘é‘ﬁt ?fdgl“tfmm sykate. 18))

al um num phosphate or al uni ng sul,fgte, ,c;ggoki nes, or _core protein of
hepatitis CYWOKIEHGRCPICPEAENQ itig - Ay sighifcanj Bumber A Jupgn psubisctsus| y
received a primary inmmunization agai nst hepatitis B show an inmmune booster
response wHBHING REYigwly fecsived ra RHEIIRHURipRioReagainat Bepatifie Boshaeye mn

immune booster response when treated in accordance with the method of the present
10  invention, e.g. sixty percent or more of subjects. It must, however; be understood that
a number of subjects may not obtain a measurable booster response, often for reasons
~not well understood. Among such reasons may be that the subject, even though
previously receiving a primary immunizing treatment, may not in fact have had a
strong primary immune response or there has been sufficient time lapse since the
15 primary immunization that there are too few memory cells remaining in the éubject.
Similar results :may occur with known vaccines, no matter how they are administered,
i.e. there may be subjects that do not fespond.
The invention may be illustrated by the following examples.
Animals were fed potatoes that expressed and contained HBsAg and anti-
20 hepatitis B response was measured by enzyme immunoassay.
The potato was chosen as a preferred example of a plant that cén be used in
accordance with the invention for a number of reasons. In particular, the f)otato is

relatively acid neutral when compared with other plant materials, especially certain



10 invention, e.g. sixty percent or nore of subjects. It nust, however, be
understood that a nunber of subjects may not obtain a neasurabl (§M§S§¢gr2005
response, often for reasons not well understood. Anbng such reasons may be
t hat the subject, even though previously receiving a primary inmmunizing
treatnment, may not in fact have had a strong primary inmune response or
there has been sufficient tinme | apse since the 15 primary inmunization that
there are too few nenory cells remaining in the subject. .Simlar results
may occur Viiuits. Kivether, aareihaessbeencn pembesrof isowliasroydwted adthie piosteméd, . e.
there may be subjects that do not respond. The invention may be illustrated
by the fol lrespectg texitsnmgerdic Ahiradérs and rmsfibld potsatrie smbiitatexpr egsead and

cont ai ned HBsAg and anti- 20 hepatitis B response was neasured by enzyne

i Munoassayimpdfimtlppp@itoes/as achphepodsndusaalheivides @xamtien f estinfleant t hat
can be used in accordance with the invention for a nunber of reasons. In.

particul ar ,at t{he 1pOkater b&soﬂ}%r%&r@&rﬂwﬁ&&dg@‘d@& el}%ﬁmuﬁloémar i th other

plant materials, especially certain 7 8 MA 20 ruits. Further, there

have been qlayueéaeésﬁa&eataw%%g g@PE&%ﬁ{ o agaidogﬁq%?st&tm ik/gg? {&SRegt to its

genetic character and possib transgeni c no I cation. Importantly,

ot oy ScRiAL 5,8 8Pl et b AL 4Ol RORLEPLLAE o LT
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Regul at | Onsusl: %o %:Ealezl\)telt ]e'éllfrlr g? }-IBV-EPV' transgenic plants, in accordance with these
specific examples, has also been used to create transgenic plants expressing other
10 antigens. Raw, peeled potato from those planfs as well as untransformed potatoes
from the same parent line of potato have been safe and well tolerated in Phase I
_ clinical trials for other expressed enteric antigens.
Methods for transforming plants to express HBsAg and other antigens are
known to those skilled in the art, e.g. as described in U.S. Patents 5,484,719;
15 5,914,123 and 5,612,487 which are incorporated herein by reference as background
art.
HBsAg has been previously eXpressed in transgenic tobacco plants (a member
of the solanaceae (potato) family). In that system, HBsAg was expressed at a level of
0.01% of the total soluble leaf protein. HBsAg particles that were equivalent to those
20  derived from recombinant yeast derived HBsAg were found in extracts of the leaf
| tissues. When this material was administered intraperitoneally (i.p.) in. combination

with complete Freund's adjuvant (CFA) to mice, anti-HBS developed and thére were

no significant adverse events noted.



anong the 20 nost frequently eaten raw vegetables. The specific cultivar of
potato used to create the current HBV-EPV transgenic plants, in8MAREHI085
with these specific exanples, has al so been used to create transgenic

pl ants expressing other 10 antigens. Raw, peeled potato fromthose plants
as well as untransforned potatoes fromthe sane parent |ine of potato have
been safe and well tolerated in Phase | «clinical trials for other

expressed enteric antigens. Methods for transform ng plants to express

HBsAg and ot her Tienlihg&TSpobiices dcpR¥ind ABsA%6lesKd Fdrafe iif abddeaAtd wih: 9- @S
described in U S. Patents 5,484,719; 15 5,914,123 and 5,612,487 which are

i ncor por at gebshesiglestie fefsedRIRE BinaSibia K BB 21 &.Z.aﬁﬁgfgg%?@&ﬁ%?ﬂe

previ ously expressed in transgenic tobacco plants

sol anacea 1hpqaliiindidlel W dokinkbipL 3403 ALY FESARL DB, SxPrASSeHat a | evel

of 0.01% of the total prot el n. HBsAg par wer e
equi val ent . rived fromfeconbi.ngnt yeast. deri HBsAg were
found in ex rsaglik:ﬁgfgg g‘% feré da?l}@gguég.one\fiﬁ%%e ﬁ%tléﬁf‘tﬁlo\f V 3 ni st ered
intraperitoneal ]y (i.p.). in.conination w conpl ete Freund' s adj uvant
(CFA) tg nilg&re r’[{“ig’- ﬁ%%‘)f%%?‘b PR vEet e‘lp\%@r—g and,PHB It thetinveradver se
events noted. 8 gMARCH 2005 The lines of potatoes expressing HBsAg

[

sel ect ed f &obled | into, Agsphesietismnumefacians s -RAGHIA) dhatawas tthemaket ted | i nes
fromsS. tuberosum L. c.v. Frito-Lay 1607 HB-7. The transformed lines are

desi gnat ed trensfagpolpmury tebhetpsuprila qv. 1 Titorbay B h Thielaemid vectors used to

construct the potato lines pHB-7 and pHB114-16 used in these examples both contain
the gene for neomycin phosphotransferase (NPTIIL, also known as APH(3")II). This
10  gene also becomes integrated into the potato genome and is expressed in the potato
cells. E. coli derived NPTII has been shown to be biochemically equivalent to pl%mt
~expressed NPTIL. The E. coli derived NPTII degrades rapidly under conditions of
simulated mammalian digestion and has been shown to cause no deleterious effects
when purified protein was fed to mice at up to 5g/kg body weight. The transfonﬁed ‘
15 FL-1607 was cured of the A. tumefaciens and clonally propagated and the FL-1607
HB-7 and HB114-16 lines were selected for their high level of HBsAg expression.
Extracts of the FL-1607 transformed lines were tested for HBsAg concentration by
ELISA techniques. HB-7 averaged 1100 ng HBsAg per gram of tuber weight and
HB114-16 averaged 8500 ng + 2100 ng of HBsAg per gram of tuber weight.
20 In addition, the extracted HBsAg spontaneously forms virus like particles
(VLPs) that sediment at the same density as yeast derived HﬁsAg VLPs.
Electrophoretic mobility and western blot analysis indicates that the tuber e);pressed

antigen is indistinguishable from yeast derived antigen.



| ines, the HBsAg gene froma pMI-SA clone of a Chinese adr isolate of HBV
was 5 inserted into transformation plasnid vectors (pHB-7 and pHEIMARGHA005
were nobilized into Agrobacteriumtunefaci ens (LBA4404) that was then used
to transform Sol anum tuberosumL cv. "Frito-Lay 1607." The plasm d vectors
used to construct the potato lines pHB-7 and pHB 114-16 used in these
exanpl es both contain the gene for neonycin phosphotransferase (NPTII,
al so known as APH(3')I1). This 10 gene al so becones integrated into the

potato genome amhk fises &Ry €6l propaizited ROmaltiply thehintber 6f plafk kndlgsidmed NPTI |
has been shown to be biochem cally equivalent to plant expressed NPTII.

The E..col iindeninqodBT ke dnaraied ARk Samplagderme andidanp iRk sl at ed

manmal i an di gestion and has been shown to cause no eteri ects

when puri fi&ﬂm%@&ﬁ&thmcmﬁ})}e%ag%&% at up to 5g/ kg body weight. The

transforned 15 FL-1607 was cu the A tunmefaciens and clonally

pr opagat ed and e - HB- 114- lines were | ected for
their high Ievejrﬂeofl E‘k@éﬁg&@ Ereeétsggt%t.ol_lﬁg(gﬁéi&g ’ &astlﬁﬂn{g}fl-ei 7°1PR3inst or med
i nes e tested for S concentratjion b LI SA techni ques. HB-7

aver ag\(,a%r 1115??3‘58‘%@&’5&@%@%9}1’8 of fubefipt ‘ﬁ%‘¥§ a3riee plegebosontpolaideaged 8500
ng 2100 ng, of HBsAg per. gram of tuber weight. 20 In addition, the

extract ed MSES TOPIAEsE ASERIQ NGt GXRFESSADY PEOPINKbatse Fepetiveswitl rgpgesls tohat

sedi ment at the sanme density as yeast derived HBsAg VLPs. Electrophoretic
nobi ity arf§tegiddBeXs bl ot anal ysis indicates that the tuber expressed

antigen is indistinguishable fromyeast derived antigen. 9 8 MARCH 2005
Example 1

BALB/c mice were fed either peeled HB-7 potato slices or control non-
10  transformed potatoes. Each group of mice was given three 5 gm feedings of potato on
days 0, 7 and 14. The B subunit of cholera toxin (CT) (Sigma) was used as an (;:ral
~adjuvant. Ten pg of the adjuvant was placed on the potato slices (both experimental
and control) and consumed by the animals in conjunction with the antigen. The
animals fed HB-7 therefore received an average of 5.5 pg HBsAg per feeding, or a

15 total average dose of 16.5 ng HBsAg over the 3 feedings provided.
Mice fed HB-7 developed serum IgM and IgG responses that were specific to
HBsAg, whereas the group of animals fed control non-transformed potatoes failed to
make any antibodies. After the third feeding an immune response was observed that
peaked at around 70mIU/ml. After a single i.p. inoculation of 0.5 pg of yeast derived
20 recombinant‘I-IBsAg (rHBsAg) in alum (a normally subimmunogenic dose) a strong
secondary response was observed that peaked at around 1700mIU/ml. This response

was predominantly IgG. No primary or secondary response was seen in the control

10



The lines were clonally propagated to nmultiply the nunber of plants and
potted in soil to produce the tubers used in the exanples. The SMARH 2805
lines were maintained by in vitro clonal propagation. The untransfornmed
parent potato |ine, FL-1607, was maintained by clonal 5 propagation and
potted to produce tubers that were used as the placebo control. The

ti ssues fromthese tubers do not express any proteins that are reactive
with reagents to detect HBsAg. Exanple 1 BALB/c mice were fed either

peel ed HB-7 potato slices or control non- 10 transforned potatoes. Each
group of mice wmise ditdveen-trisgeniS patatol mell CHg Withou dicadal &Duvaﬂ@Yﬁcx'QWaé fnd 14.
The B subunit of cholera toxin (CT) (Sigma) was used as an oral adjuvant.
Ten g of the adjpulRakt repondelietPdApn the potato slices (both experinental
and control) and consuned by the animals in conjunction with the antigen.
The animals fed HB-7 therefore receivegg @B gverage of 5.5 gg HBsAg per
feeding, or a 15 total average dose of i lg gg HBsAg over the 3 feedings

provided. Mce. fed HB-7 devel gped ser X nd esponses that were
specific to HBsAg&'mg?‘g‘é’gr‘?’ﬁ‘gg 5‘?"&1&‘5‘%’&iﬁmys‘@ggi@ﬂrlﬁdm In this line
non-transfornmed potatoes failed to make any anti bodies. After the third
f eedi ng an PrmiHEesSR s dggenfemdhe 455 pepmatartand suergaituber expessich Ok W .
After a single i.p. inoculation of 0.5 g of yeast derived 20 reconbi nant
HBsAg (r HBsAg) ubad faf these(eaparonentd Was &3igiiBsiqggnivet degh)ofaulsi.r ong secondary
response was observed that peaked at around 1700m U/ m . This response was
predom nantly | gG Gioupy 6fBALDA niec(igtaip) wes ahsitheraathSHBM AL LG FoNt r ol
control non-transgenic potato. In both cases 10 pg CT was added (o the potato. The
feeding was repeated one and two weeks later. The total average dose to each mouse
10 of HBsAg in the transgenic potato was 125.55 pg over the 3-week period. Then, at
the later of 70 days following the first feed or at 3-6 weeks after the initial immune
response had returned to baseline levels, the mice were immunized with a sub-
immunogenic ( 0.5 pg ) dose of rHBsAg (Merck) delivered in aluminum adjuvant by
subcutaneous (s.c.) injection. A
15 At these dose levels an initial immune response was seen immediately after the
second feeding. This immune response continued to rise and peaked at around 6
weeks at 100mIU/ml. A titer of only 10mIU/ml in a human after three doses of a
current licensed injectable hepatitis B vaccine is considered to reflect successfil
immunization. The response returned to baseline at 13 weeks and at 16 weeks the
20  animals were given the booster dose of rHBsAg. This led to an immediate tise in

immune titer to >3000mIU/ml, which remained over 1000mIU/ml for the remainder

of the experiment (40 weeks). This established that the primary

11 ¢



10 8 MARCH 2005 m ce fed non-transgenic potato and CT. Wt hout the or al

adj uvant, there was no significant response to HBsAg. Exanple 2 SATAR{H 2005
experinents have used the Frito-Lay 1607 HBl 14-16 line. Inthis line 5
expression is driven fromthe 35S pronoter and average tuber expression in
the ot wused for these experinments was 8.37 g HBsAg/ gm wet wei ght of
tuber. Groups of BALE/c mce (5/group) were fed either wwth HB 114-16 or
with control non-transgenic potato. In both cases 10 g CT was added to the
potato. The feeding was repeated one and two weeks |later. The total
average dose tB“‘E&'Eﬁa"r?ﬂ&?é‘”mdGf‘t'HqB§l¢(§f'ﬁ°n'“t"H§lctm<mmget?ﬂSdhqwtcaimpM@smﬁz5 55
g over the 3-week period. Then, at the later of 70 days follow ng the '
first feed or #ronglygeomdlel speif seepndatyeboostingi al | nmune response had ret ur ned
to baseline levels, the mce were imunized with a sub- inmunogenic ( 0.5

g) dose of rHBsAg (’l]‘i/brookt)oldﬁirha/leﬁﬁdhik BxpR¥ithEh a0 vast: Pwamhmb&ans ﬁ(;tgtneous
(s.c.) injection. 15 At these dose levels an initial imune r spo se was

seen | medi at eh\CRkiSHor bbloPgefuloseoRg o Hish ol JTYRS, ESSRANSG fignt i nued

to rise and peaked at aroun 6 week 100m pee

oM Ul inga r thre S urrent |i ensedlnjectable
hepatitis B vag'gr?itge il rﬁ%ﬂ%?%%‘?e(%&? gécrl%sf) lilbeegta%g\(fcegggcpﬁnfary [SPARSE Wag fesn. The
response returned to b line at 13 wee and_at 16 weeks the 20 ani mals
were given the boost efst %@é‘é"%fhcrs%f%‘yoﬁ}cs@“gﬂ to an i mediGntolsigieni n

transgenic potato without CT only developed a low level, i.e. 10 mIU/ml titer for a
primary response that that returned to baseline in only one week. Further challenge
with the subimmunogenic dose as described above only gave a secondary response of

10 50mIU/ml and return to only 10 mIU/ml in only two weeks.

Example 3
Thc transgenic potato has also been used to boost a pre-existing sub-
immunogenic dose of rHBsAg in mice. In this experiment groups of BALB/c mice
(5/group) were immunized with a sub-immunogenic dose of rHBsAg (Merck)
15  delivered s.c. in alum. 5 weeks later each mouse was fed cither with HB114-16 or
with cbntrol non-transgenic potato. In both cases 10 pg CT was added to the potato.
The feeding was repeated one ana two weeks later. The total average dose to each
mouse was 125.55 pg over the 3-week period.

A secondary response dcvclopcd that had started to appear at the time of the
20 third fcéding and which rose to approximately 1000mIU/ml 11 weeks after the initial
priming immunization before declining. In a control group no immune

response developed in the group fed the non-transgenic potato.

12 o



imune titer to >3000mM U m, which remained over 1000m U m for the

remai nder of the experinent (40 weeks). This established that tﬁé\’lﬁﬁ(ﬁﬂ@os
11 8 MARCH 2005 i muni zation generated antigen specific inmune nmenory cells
that were rapidly and strongly recall ed upon secondary boosting. The
control animals for this experinment that were given non-transgeni c potato

+ CT did not develop an i nmune response to HBsAg and upon secondary
challange 5 with the subi mmunogeni c dose, as described above, no secondary
response was seen establishing the ppggiiékcity of the results . Controls
given transgenic potato without CT only developed a low |level, i.e. 10

mUumn titer fofgdg tﬂrﬂuﬂﬁh)ﬁuﬁj\%ﬁ%’%ﬁﬁeﬁiﬁﬁﬁﬁﬂﬁndr&ﬁ&gcﬂ? outspyaign%i@lé%ﬂe in only

one week. Further “chal |l enge i mrunogeni ose i bed

above only gav o) 0 od Um. and.r rn.to only 10
0t i SRy o ERRRE Yok enRRIRunln eheed B sl 0 T AEiES been
used to bogsi a e-exi.stin ub- i mmunogeni ¢_dose of rHBsSAg in mce. In
this experi%ﬁ%)ﬁ’t“g’;%génloweﬁ%élpetweéémm@g‘}‘&gﬁﬁ’gg\%f"é HE#fgritecerptatpt h a
sub-i nogeni ¢ .dose gf I HBs A (M?_rﬁk) 15 delivered s.c. in alum 5 weeks
| ater edch M\ Bnf eyIZe Fﬁ\gl?le\}w spdy1 4When ghe coder Wasc brekew| it was
non-transgenic potato. In both cases 10 pg CT was added to the potato. The
f eedi ng wadgletcapaed bat Group A veps @wentiel @kap| that seceive dhreendoads 160 ggensddse t o
each nmouse was 125.55 pg over the 3-week peri od. _

nontransgenic potato FL-1607. Group 2 received two doses of 100 grams each of

transgenic potato FL-1607 HB114-16 and one dose of nontransgenic FL-1607 potato.
Group 3 received three doses of 100 grams each of transgenic potato FL-1607 HB114-
10 16.

Available pre-clinical data indicate that (1) on a weight basis, mice freely
. consume of up to 25% of their body weight in potato without evidence of toxicity and
(2) a total of about 16 pg dose of HBsAg in about 15 gm of potato is immunogenic in
a primary series with an oral adjuvant. The available clinical data with other potato
15 vaccines indicate that (1) consumption of 100 gm of raw potato is generally well
tolerated and (ﬁ) on a weight basis, 100 gm consumed by a 70 kg person would
represent 0.14% of body weight. This amount is approximately 178-fold less than has

beeﬁ consumg:d, by weight, in mice in pre-clinical experiments.
Thus, in the example for humans, 100 to 110 gm of potato was ingested by
20 , volunteers per dose. The clinical lot scheduled for use in this study contained 8.5 +
2.1 pg of HBsAg per gm of potato. Subjects who received two 100' gm doses of

transgenic potato received a total dose of 1,280 to 2,120 pg of HBsAg and subjects

13



" A secondary response devel oped that had started to appear at the tine of

the 20 third feeding and which rose to approximately 1000m U m SMARCIE 2005
after the initial primng i mmunization before declining. In a control

group no i mmune response developed in the group fed the non-transgenic
potato. 120 8 MARCH 2005 Exanple 4 Forty two human subjects testing free of
H V and being previously imuni zed wth a conmmercial HB vaccine and after
an extended tine having anti-HBsAg titers below 115 mU/ m, were fed

pot at oes ¢ ol SAYeRived 51BF A9 3PS ntrol .in a random zed
doubl e bl i g%gﬁr@lofggeaﬁeﬁ ?‘%evec%c{e was ’ irogtgeh, ﬁ{g%tgg?s(}‘cge?vgf He 8™ hat G oup
1 was a confégl%group that received three doses of 100 grans of
nontransgeﬁ % ato FL-1607. Group 2 received two doses of 100 grans each
of transgenic potato, FL-.16Q7 114-16 g one dose of nontransgenic
FL- 1607 pot at 0. 0% sy 5t Aeves (B Oriuand it 8 sppone grmhe claehion
transgenic potato FL-1607 HB114- 10 16. Available pre-clinical data
i ndi cat e t ferteach erop Plagebeyard serdtod) wasecssparpigly) spmogesh sudrprasessed into 25% of
their body weight in potato wi thout evidence of toxicity and (2) a total
of about 1éndigduidsidOote Hisam deseahyuphatiBagynpessonpelt wsing icksan rfeabnogeni c in  a
primary series with an oral adjuvant. The available clinical data with
ot her pot aBeieflp, schereidn@gatdesdivet washbdit peplk)l, dioas ampplacsd dito hAGcgoeldf raw
potato is generally well tolerated and (2) on a weight basis, 100 gm
consuned byyagr Dathk JPqeting @ teopbtstoes was done to remove the skin that contains the
alkaloid solanine. This alkaloid can cause abdominal discomfort or nausea and may
cause a bitter taste. Following peeling and dicing, 100 to 110 gm doses of potato was
10  weighed out for each Stllldy subject according to group assignment and Subject
Idenﬁﬁcation Number (SID). Peels and any unused portions of potatoes were
. collected and processed for destruction. Aliquots of potato for each study subject was
kept under water to prevent browning from oxidation between the time the potato was
diced until the study subject consumed it. An appropriate sample of processed potato
15 from each group at each feeding was retained and frozen for further processing to
verify antigen content.
The subjects were tested for anti-HBsAg titer on the days shown in Tables 1, 2,
and 3. The results clearly show an increased response to the administered HBsAg
NEPA antigen as a result of ingesting of the genetically transformed potatoes. Over
20 60 percent of the subjects receiving three doses of potatoes containing HBsAg NMPA
showed a significant increase in immune response. The tables clearly indicate that, in

many cases, ingesting of plant material containing genetically expressed HBsAg

NEPA can act as an effective booster for primary HB vaccination. None of the

14



" represent 0.14% of body weight. This ampunt is approximtely 178-fold |ess
than has been consumed, by weight, in mice in pre-clinical expeSi 2005
Thus, in the exanple for humans, 100 to 110 gm of potato was ingested by

20 volunteers per dose. The clinical lot scheduled for use in this study
contained 8.5 2.1 g of HBsAg per gm of potato. Subjects who received two
100 gm doses of transgenic potato received a total dose of 1,280 to 2,120
g of HBsAg and subjects 13 8 MARCH 2005 receiving three doses received a

total of 1c8RRkehjdutsLBat Bcsived BIAIRULHS ddibrdSsthReontbl Fiatb@Rd ) each day
of dosing (days 0, 14 and 28) the appropriate nunber of potatoes “for each

group (pl acghie dFhibOMY fife} dvelBle@nBRRBLAL 6f the bEXRMEG, and processed into 5
i ndi vidual 100 to 110 ‘gm doses by pharmacy personnel using cl ean

techni ques. Briefly, selected potatoes were washed, peeled, diced and

pl aced into an ice-cold water bath. Peeling of the potatoes was done to
remove the skin that contains the alkaloid solanine. This al kal oid can
cause abdomi nal disconfort or nausea and may cause a bitter taste.
Fol l owi ng peeling and dicing, 100 to 110 gm doses of potato was 10 wei ghed
out for each study subject according to group assignnent and Subj ect

| dentification Nunber (SID). Peels and any unused portions of potatoes were
col l ected and processed for destruction. Aliquots of potato for each study
subj ect was kept under water to prevent browning from oxidation between
the tine the potato was diced until the study subject consunmed it. An
appropriate sanple of processed potato

15



" 15 from each group at each feeding was retained and frozen for further
processing to verify antigen content. The subjects were tested BWARCH 2005
anti-HBsAg titer on the days shown in Tables 1, 2, and 3. The results
clearly show an increased response to the adm nistered HBsAg. NEPA anti gen
as a result of ingesting of the genetically transforned potatoes. Over 20
60 percent of the subjects receiving three doses of potatoes containing
HBsAg NVPA showed a significant increase in inmune response. The tables
clearly indicate that, in many casgggpgyesting of plant nateri al

contai ning genetically expressed HBsAg NEPA can act as an effective

booster for primar J. gl $ﬂﬂ@ . Nﬁﬁ%ﬁ 2005 control
subj ects that rece¥¥§§p¥ﬁ§%%l oéﬁ@mg ndﬁﬁ%?ggﬁﬁéﬁhé?%xwl ol pot at oes had
gnnﬂ&%&nggognTigEEbgdgytitea ozfr fﬁgéﬁ@%hge cou;sibof the observation. 15
tuber) Titer (lmpd) \ 2:JRnr (Recel Ve S\e;s1gnml 22 F)gcsgennla\(j 22}32;042%)/
56Day 70 163%18%% 1881 ddb8da| D8ass 5%%‘@@85 3Pat I Pam B Py 1016

63 51 56 67 69 74 88 89 93

[y

2 66 78 52 62 54 74 67 69 80
3 12 9 12 18 18 16 17 19 16
4 34 28 24 32 33 29 34 33 30
5 104 99 83 110 120 100 99 92 92
6 72 64 73 74 78 78 | 63 57 62
7 17 14 12 12 2 5 10 9 6
8 0 0 0 1 0 0 0 7 11
9 9 11 12 11 8 7 9 9 8
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' 4342824323329343330 51049983110120100999292 6726473747878635762
717141212251096 80001000711 9911121187998 16 8 MARCH 2005 TABLE 2FMF@Ha32005
(Recei ved 2 doses of Transgenic & 1 dose of Nontransgenic potato tuber). 5
Titer (mMmUWm) VolunteersDay ODay 7Day 14Day 21Day 28Day 35Day 42Day 56Day
70 12929292929294793105 281527494140737966 3170161158144130144144132178
4323231343323234260 5433746776985857881 6673747578089777375
7117114114136176191200136 8104126262269318313357390445 9332622212125252931

TABLE 2
Group 2 (Received 2 doses of Transgenic & 1 dose of Nontransgenic
potato tuber)
5 Titer (mlU/ml)

Volunteers | Day0 | Day7 | Day14 | Day21 | Day 28 | Day 35 | Day 42 [ Day 56 | Day 70
1 29 29 29 29 29 29 47 93 105
2 8 15 27 49 41 40 73 79 66
3 170 | 16l 158 | 144 130 | 144 144 | 132 | 178
4 32 32 31 34 |33 23 23 | 42 60
5 43 37 46 77 69 85 85 78 81
6 67 37 47 57 80 89 77 73 75
7 11 7 114 | 114 136 | 176 191 | 200 | 136
8 104 | 126 262 | 269 | 318 | 313 357 | 390 | 445
9 33 | 26 22 21 21 25 | 25 29 31

10 107 92 96 89 93 83 95 90 100
11 21 22 55| 112 120 | 219 395 | 458 | 462
12 65 68 66 63 89 | 103 137 | 258 | 304
13 20 24 18 15 12 12 | 15 20 17
14 0 0 0 0 0 0 0 0 0
15 97 93 (112 109 128 | 294 | 454 432 | 347
16 26 34 197 | 330 | 353 ] 360 | 707 | 863 | 790
17 13 15 15 14 11 11 17 17 18
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1010792968993839590100 11212255112120219395458462 126568666389103137258304
13202418151212152017 14000000000 159793112109128294454432347 8 MARCH 2005
162634197330353360707863790 17131515141111171718 17 8 MARCH 2005 TABLE 3
G oup 3(Received 3 doses of Transgenic potato tuber) Titer (iU m)
Vol unt eersDay ODay 7Day 14Day 21Day 28Day 35Day 42Day - 56Day 70
1172070140269428401463496 29487100998879878899 3333432332734313234
49953747485646160 520415784452475897652745 68576496121230583572415245264788
7131919152814202124 81202362823906056G#}5§317171712

Group 3(Received 3 doses of Transgenic potato tuber)

Titer (mlU/ml)

Volunteers ( Day0 | Day7 | Day14 | Day21 | Day 28 | Day 35 | Day 42 | Day 56 Day 70

17 20 70 140 | 269 | 428 | 401 463 496
94 87 100 99 88 79 87 88 99
33 34 32 33 27 34 31 32 34
9 9 53 74 74 85 64 61 60
20 41 57 84 452 | 475 | 897 652 745
85 76 496 | 1212 | 3058 | 3572 | 4152 | 4526 | 4788
13 19 19 15 28 14 20 21 24
120 | 236 282 | 390 | 605 | 667 | 1583 | 1717 | 1712
72 77 137 | 270 | 349 | 523 | 1098 | 1226 | 1225
85 76 84 74 111 215 175 163 108
40 35 39 71 119 122 | 330 430 | 342
56 51 59 85 252 | 407 | 520 745 834
115 213 511 | 1054 | 1964 | 3069 | 2966 | 3449 | 3266

= Al B DS = S| oo N o\ L] AW N

0 0 0 0 0 0 0 0 0
9 11 14 13 13 18 11 15 18
0 0 0 0 0 0 0 0 0
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97277137270349523109812261225 1085768474111215175163108
1140353971119122330430342, 1256515985252407520745834 8 MARCH 2005
13115213511105419643069296634493266 14000000000 1591114131318111518
16000000000 18 8 MARCH 2005 19 0 CLAIMS 1. A physiologically acceptable
plant material froma plant that has been genetically altered to express a
non-enteri c pathogen antigen (NEPA) characterized in that it is for feeding
to an aninmal that is already i munoreceptive to the NEPA to raise an

i mmune response in the animal to the NEPA. 2. The nethod of Claiml
characterized in that the NEPA is hepatitis B surface antigen (HBsAg). 3.
The nmethod of Claim1 characterized i A% h& the aninmal is nade al ready nade
i mmunor eceptive to the NEPA by prior feeding of the plant material to the
animal in conjunction wth an adjuvant that renders the anim

i mmunor eceptive to the NEPA. 4. The nethod of Caim3 characterized in that

the NEPA is HBsAg.

CLAIMS

1. A physiologically acceptable plant material from a plant that has been genetically altered
to express a non-eénteric pathogen antigen (NEPA) characterized in that it is for feeding to an

animal that is already immunoreceptive to the NEPA to raise an immune response in the animal
to the NEPA.

2. The method of Claim 1 characterized in that the NEPA is hepatitis B surface antigen
(HBsAg). |

3. The method of Claim 1 characterized in that the animal is made already made
immunoreceptive to the NEPA by prior feeding of the plant material to the animal in conjunction

with an adjuvant that renders the animal immunoreceptive to the NEPA.
4. The method of Claim 3 characterized in that the NEPA is HBsAg.
5. The method (_)f Claim 1 characterized in that the animal is human.
6. The method of Claim 1 characterized in that the human ingests sufficient plant material to

provide from about 10 to about 100. micrograms of NEPA per kilogram of body weight of the

human.

7. The method of Claim 6 characterized in that the human ingests sufficient plant material to
provide from about 2 to about 5 grams of plant material per kilogram of body weight of the

human.



5. The nmethod of Claim1l characterized in that the animal is hu .
nmethod of Caim1l characterized in that the human i ngests suffi 2?83}4{\%})?&%05
material to provide fromabout |.0 to about 100 m crograns of NEPA per

kil ogram of body weight of the human. 7. The nmethod of Claim®6
characterized in that the human ingests sufficient plant material to
provide fromabout 2 to about 5 grans of plant material per kil ogram of

body wei ght of the human. 8 MARCH 2005 0 20 8. The nethod of daim?7
characterized in that the human ingests said plant material a plurality of
different tines, said tinmes being separated fromeach other by at least 5
days. 9. The nethod of Caim8 characterized in that the plurality of tines
is three tinmes. 10. The method of Caim9 characterized in that the plant
material is a material froma plant of thﬁ fam |y sol anaceae. 11. The

met hod of Claim 10 characterized in tl2a the plant is a potato. Decenber 19,
2003 8 MARCH 2005 21 ORAL | MMUNOLOGY USI NG PLANT PRODUCT CONTAI NING A
NON- ENTERI C PATHOGEN ANTI GEN Abstract of the Disclosure A nethod for

obt ai ni ng an i mune response to a non-enteric pathogen antigen

8. The method of Claim 7 characterized in that the human ingests said plant material a

plurality of different times; said times being separated from each other by at least 5 days.
9. The method of Claim 8 characterized in that the plurality of times is three times.

10.  The method of Claim 9 characterized in that the plant material is a material from a plant

of the family solanaceae.

11. . The method of Claim 10 characterized in that the plant is a potato.December 19, 2003




(NEPA) such as hepatitis B surface antigen (HBsAg) by feeding th Nt
ina plant material to an animal that is inmunoreceptive to thegﬁgﬁkﬁgf?OOS

has now been 5 di scovered that the animal nay be made i nmunoreceptive to

t he NEPA such as HBsAg by admi nistering the plant material containing the
NEPA in conjunction with a suitable adjuvant. The plant material is a
subst ance conprising a physiologically acceptable plant material,
especi al |y potatoes, containing the NEPA ce.g. hepatitis B surface antigen
(HBsAg). The NEPA, e.g. HBsAg in the plant results fromexpression 10 by
the plant of the NEPA due to genetic alteration. FIGURE: NONE

ORAL IMMUNOLOGY USING PLANT PRODUCT CONTAINING
A NON-ENTERIC PATHOGEN ANTIGEN

Abstract of the Disclosure

A method for obtaining an immune response to a non-enteric pathogen antigen

'(NEPA) such as hepatitis B surface antigen (HBsAg) by feeding the antigen in a plant
material to an animal that is immunoreceptive to the NEPA. It has now been

5 discovered that the animal may be made immunoreceptive to the NEPA such as
HBsAg by administering the plant material containing the NEPA in conjunction with

- a suitable adjuvant. The plant material is a substance comprising a physiolvogica]ly
acceptable plant material, especially potatoes, containing the NEPA, e.g. hepatitis B
surface antigen (HBsAg). The NEPA, e.g. HBsAg in the plant results from expression

10 by the plant of the NEPA due to genetic alteration.

FIGURE; NONE



