8 MARCH 2005 ORAL | MMUNOLOGY USI NG PLANT PRODUCT CONTAINING A Ngﬁhgggﬁgl
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, abrqiﬁg r i in, _e.g. through

bl ood transfusion. E?&‘ J;Ig% : E%gﬁ%%@gggﬁgWWE&l c pat hogens
are: hepatitis B, hepa C, Qtﬁ% ,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
esti mat ed timetung gespodstSinrivamneis eopheriverathdgaispct@pl twidol 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 20 @b@lhell @A orabirdmbifisdtioh, BdpetiBY WRbLEAARAs o AEYaltoBths WRerk Vi W of
t he preval ence of
used as opposed to complete live or attenuated pathogens.
Such pathogenic microorganisms usually invade by non-enteric routes,
especially through pﬁnctures, 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
HBYV. Mortalit)( caused by this disease is estimated to be 1 million cases per year. In

. 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



1 8 MARCH 2005 HBV infection in the US between 1976 and 1994 i ndi cated that
there was no significant decrease in HBV infection during that pSYARCH 2005
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
i nportant as the nunber of vaccines that are becom ng part of chil dhood
i mruni zations increases since there are practical considerations in howto
saf el y and HRY riBteetione 15y theg MSnbettvisen 118€6 ant 1997 eindigetpdydbnt therst was @obeconi ng
part of the .pediatric inmunization schedule. Another concern is that a
si gni fi can®igpHispefr dactpaseoin HRY igfestien dyringbihdi periodndespit® theoavedatiility dfs
| ocalized in devel oping countries where HBV is endemi c. As an exanple, in
rural Mal ahepaiis ddnewinsf HBY, imfleciopsd onastribothect ism 7&@% tof impeswnthdel i veri ng
in hospital and chronic carriage was 13% In these settings, current
par ent er al avabibilitgsf andraecads td éffctieslalaeviaitivedio lchirdnt peeause vadcideheTmged for
cold storage and the significant cost of the vaccines. Wile significant

i i tiatisvess an endde Gpbriaft BUY ABShek BEvcSRBEMAT arhBWokhel RriirRKiIdSerat i ti s
B vacci nes to devel oping countries, alternative approaches are needed.

Al though i mHRhZAdne Indr@k&Sindd tHEY &leqRedichI0RL LS FHonIRY hiAE tggafap%nh ncrease,
in the absence of an effective global | munization program for-hepatitis B,
there will i . ig’gﬁ ' 0, Lt [ se i.nt.o

devel oped ggﬁﬁ{%%ilygs lﬁlgtr%pﬂlgeve ‘3%?%‘.15%@6511 nt t:]i%g?&%ﬁ%ﬁaglot? gﬁen'op\?(ilé} °to

par ent er al ii rrrmn%&oatsic ns for a few di seases are vaccines that can be

del i vered olpléﬁuf‘? A gr 3% ously discussed, oral vaccines are generally not

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.



effective agai nst non-enteric pathogens. 2 8 MARCH 2005 A specifi
to oral immunization has been proposed by expressing antigens |t§(i\/lgi)gié)%$15
transgenic plant tissue foll owed by ingestion. This technique, in one step
m ght have the potential to provide both a | ess conplex manufacturing
process and to provide the antigen in a "matrix" that would be suitable

for oral immunization. In 5 addition, plant tissues, such as potato tubers,
have a distinct advapntage in that vegetables, even in the raw state, have
a |l ong hi story ofspedfieapprogch; teeorghipatppatioa. has baen pypposedans epeméssingl ant

ti ssue expressing antigens that are delivered orally may have the added
advant age tahtigenbot tansgenie plantatisduarfotiowed by ingestiony Toisubahniyge sinionek@p ed,
resulting in the potential to protect nucosal surfaces nore effectively

t han par entneigll hat®thie potentidad porvidel tottea less ghitplacoanidhgng pdcetOandaw, it has
not been found that transgenic plant tissue expressing non-enteric

pat hogen arprévidnihe affidedr inal “niaitikd tHae woaldybd@iteble fféreshl Men@sza8n 0Al vacci ne
than direct oral intake of the purified antigen. Plants expressing

hepati tiss Bdgitbd,3518ntandshhe ubliBSs Abratb anerd, Mab@G dREEA acﬂgﬁes%eggfghafeut have

al so. di sappoi ntingly been found to create little or unaccep 15 | ow

| mne 1 eSRaRTst BT St BRSHLACH IOETGKS L ARUON, HESAppLated from

pl ants have en found to ralse an | mun€ response efed

1y, h h i if i S . ded
o ot iy, 5 S ARk DR 58 s A R T

be exenpl ary onfenteric | _
s AN | e SSRADRE ot RALSH Sl chsA ) S5 ve XS]
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 parenterally administered.

20 Brief Description of the Invention

Transgenic plants, e.g. potatoes, have been developed that express 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



Transgeni c plants, e.g. potatoes, have been devel oped that expre
hepatitis B surface antigen, an antigen known to raise an innungﬁﬂé§gaﬁ§805
to hepatitis B when parenterally admnistered. Unfortunately it has been
found that such an i mune 3 8 MARCH 2005 response is not raised to an
acceptabl e I evel when the plant, e.g. potato, is sinply fed to an animal.
It has, however, now been unexpectedly discovered that an inmune response
to non-enteric pathogen antigens, e.g., hepatitis B surface antigen (
HBsAg ) mayesBense & mpiaseddq argseriakle 1aval mhiem therplant . motatmtsesimaly fd fed to
t he ani mal when the aninmal is inmmunoreceptive to the HBsSAg. It has now been
di scover edt@¥wanimple ani nal may be made | Mmunoreceptive to the non-enteric
pat hogen antigen, e.g. HBsAg, by admnistering the plant naterial
cont ai ni ng t he Iahasi evevien nowrhicemetexpeetadiyt dis@venad thabireimmuiewvoiise tdhe ani mal
may al so be i munoreceptive due to a prior , e.g. primary, 10 inmunization
in which caseesterié puthogenr asipams e.gt, hepdiitis I Buigitt @htigend HBIARR ) BaPbe HBSAQ
may be boosted in the animal by feeding the animal the plant nateri al

cont ai nisng obtARe@AhEAER. antiBerb e plantGRR&idl s 8% MR ARixA Wiy thakniAg ;adi uvant
is needed. An adjuvant nmay, however, be used with the goal of obtaining

even hi ghefminBH@ptif CRARE BBsABO Tt BXHIR teen AkedVotddBhat fe Snimd MURL. hat
previously had a positive 15 response to prinmary | muni zatl on agal nst

he anti geryth SRl dBCH) dho "ERRALRE bRholdiaent LI HRf fee

conprising_a physiologically agceptable plant material. froma plant (e.qg.
juice, pul 6&m“mesia/f’\?él ,tﬁeg laé"?rtsrflgt‘ra%%tcg itaning g%@«‘eggg n %‘Hv‘f"&b"‘bwpﬁé"&ﬁg? e plant),
especially

=

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.



pot at oes, containing hepatitis B surface antigen (HBsAg). The HBsSAg .. n th
plant 20 results from expression by the plant of HBsAg due to g§ﬂ§ﬁ3§jﬁ2%05
alteration. 4 8 MARCH 2005 Detail ed Description of the Invention
"Non-enteric pathogen antigen” (NEPA) neans an antigen that w |l
parenterally raise an i mmune response to a non-enteric pathogen. HBsSAg as
used herein neans hepatitis B surface antigen and is intended as an 5
exanpl e of a non-enteric pathogen antigen. The plant fromwhich the desired
pl ant materi al ajleth Degosiption ofthe Invention pl ant provi ded that the
pl ant material contains the non-enteric pathogen antigen, e.g. HBSAg.

Pl ants may be n@d¥em-¢nderex pradegerHBatigerdh dNBPAGr nivams et edntigenp ahftoGaN
antigens by transgenic alteration. Al nost any plant suitable for ingestion
can be 10 phicatcedlytraiseapinttmeiBpbascand noi-beteritNeMbesn. but the nost preferred
plants are food plants, e.g. plants that produce fruits, grains, and

veget abl es, suchB§&g RaRRAASreiPRAbRs MRSatitd MWsrABRMARS kP RERkAdDas R ef er r ed
are plant materials that do not contain significant quantities of acid,

e.g. tuber %meopgn&p&g&@@l%m@ggm}%ge acid in certain plant materi al s,

such as tomatoes or citrus fruits, y cause degradation of the HBsAg.

Furt her, plant i . i Lani.f.i cant _quantities. of protease
enzynes, e.g. pﬁlgeaé}% ?{Onnggvﬁlchgﬁé %%Rgde@f’{rﬁa %tgnaslilsn‘g%anslﬁ‘gwa%h%?%’glaﬁéﬁuI d al so
degrade the HBsAg. A .'si.gnificant” antity as used .herein, neans a
quantity tR& %%“?Pm(‘f'élﬁé él%émei é@ﬁ %ﬁ%!ﬁ%‘ft?l thtcd“’f‘ﬁ@te“&f?@ﬂ%"j"t%‘&ﬁelbrmune
response i s noticeably reduged. Met hods for gengtl c alteration of tobacco
plants to g)gpﬂgé gHég%?éS may, b ade 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



20 antigens are already known to those skilled in the art, e.g.

described in Mason, et al. "Expression of hepatitis B surface a%tsM@‘&?IiIﬁOOS
transgenic plants", Proc. Natl. Acad. Sci USA, Vol. 89, pp. 11749, Dec.
1992. This article is incorporated by reference as background art. Tobacco
is unfortunately not suitable for ingestion and is thus not 5 8 MARCH 2005
physi ol ogi cally acceptable. In accordance with the invention, it has been

di scovered that simlar nethods may be used to genetically alter other

pl ants to ehpsielegickiBsdgeptatiiel bi fveordhlideAvish tHeSpeatial, lityhas WetaBlseveleant s, are
plants of the fam |y sol anaceae, especially potatoes. Details for altering

pot at oes afkat Ginvild nofidda may bENBed tAgdncticd altbr REGPIAAN e 1R 1 Nventi on
shoul d contain at least 5 g and pref er?ﬂt}?y from&?gout 7X\gmto aboét 15 g of

HBSAg per GhawuRf NHPANS, MBARIMNG suftfble BRnlsNSENE o a human,
shoul d i ngest suffici entEBilgar?t 9r$gt er?g ntso é{”lOVI df-er from i Jt))lg?(?cfgeto about

100 m cr ogrg %laﬂilgt}tﬁ%@é'lﬁééﬂﬁo?mefnﬂ Bofftch B %iRR fnfral| ogram of body wei ght

The ani mal , uman usua y I nges ICI ent 10 plant materi al

to provide a to from bout to a t 5 grans | ant terial per
i | ggra M of bod ‘?/\BIF‘IQ‘H{SC AR a?c(?sﬁgﬁglée% tlﬁgshﬁwg‘gg@aaﬁ cagt SUB| gs of

ingestions of the plant material is undertaken, e.g. a series of two or
three with aéééf?fﬁf#lj)éﬁpmcﬂboﬁe? gyto abewdSatecaf HRpAgtpet gramtofplanematedlalgpef er abl y
by at | east about seven to fourteen days. 15 The plant material of the
i nventi on dedsgastet. r'Hiesanimak iegniaf hwamnt, shootdirisgestr effcias eplmhanatathriai st er ed
orally in the absence of the required nethod steps of the invention, i.e.
prot ecti on pkévade frb@ dbGBLIIELD SHRONEE mitdgREE VTdRpERis\B blifich@ntigen 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



invention, the plant material containing HBsSAg or ot her NEPA, rrusst

orally admnistered either to a subject that has previously had MB&%FQOS
i mruni zation, e.g. 20 by parental injection or nust be orally adnm nistered
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 i mmune response to an NEPA such
as HBsAg could be raised to a plant material containing 8 MARCH 2005 NWVPA
when the plNMPAmsharthaplanasatena) est égested tither bya subjacbh@dig v frevibad a
previous primary inmunization or in conjunction with an adjuvant.

Adj uvant s tgriharyraymineizetioh@e i somjunctidiielith hagdj@ranal pl asmi d DNA, anti-HB
anti body, ol i godeoxynucl eotides containing i munostinulatory CpG nodified

5 chol era t oxi nA@faVints Al b heFeffeOlé iRfRle SicRbhE pladiRNSNXI - frypophi I c
derivative of nuranyl dipeptide (MDP-Lys (L18)), alum num phosphate or

al um num sul,igdds, ol_@bﬁ@&éyﬂﬁcﬁeqtﬁ[ﬁs‘ Ca{nannﬁé)}iﬁlnshn%ﬁﬂﬂg@g ¢ Cmddidlq@ni f i cant

t
nunber of human”subjects aving previously recelve primary 1 niruni zati on

againt. DeRkL R AP EUM ORI uRARIRS RN SR

accordance w e pres per cent
or nore of subjects. | _ho r,.be understood that . a nunber of
subj ect's nﬁ?urﬁ%'?lfgﬁ’leﬁti‘#? @i%é@ﬁr Qﬁ?ég’ glguREp &8 8@ alypinn splfate.easons
not wel |l understood. Anong such reasons may. be that the subject, even

t hough pr é:‘}’fo(!ﬂf‘:‘?F’frF‘ér@é’FQﬂ%ﬁQ?gelﬁ‘PPﬁér;; istepifisreti Aynbsreat fuman subjectiot i n

fact have had a strong primary inmune response or there has been

suf fi ci ent hayving prayiewslsirereived e PHimapy; ipmpRizatiop Agpingh henstitin &} shaverae are too
few menory cells remaining in the subject. Simlar results may occur with
known vacciimauine hoosigtresponsgoihantisgatedrip agadrdanfes wikh ¢, 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



i.e. there may be subjects that do not respond. The invention nmay be
illustrated by the foll owi ng exanples. Aninmals were fed potatoes¥§WEﬁR£312005
expressed and contai ned HBsAg and anti- 20 hepatitis B response was
nmeasured by enzyne i nmunoassay. The potato was chosen as a pr.eferred
exanpl e of a plant that can be used in accordance with the invention for a
nunber of reasons. In particular, the potato is relatively acid neutral
when conpared with other plant materials, especially certain 7 8 MARCH 2005
fruits. Furfier Further; dharehavebbesn aanyrobsedf sofdiestaeudwetedcantheqioeto ovitht he
potato with respect to its genetic character and possible transgenic
nmodi fi cat i amspedibsa itsi igpueticachdrysterpabdit mesiblar Gamsgsiiapmedifieadnandyvigsual
i ndi vi dual consunption is estimated at 1 to 100 kg per person per year

wor | dwi de. itdpGitardlyepagees ardliastapleatood absusiplt in@iRiddalRasudgRion estskifRlad at 36
kg per annum In addition, potato is eaten in the U S as a raw vegetable

and is citegiitp 1bbeg @@fjﬁe@én @%ﬁ@hor@ﬁ&@. atﬁS?@@erﬁgelin%Bu;-locjon?u%[gi)o}l anmong

the 20 nost frequently eaten raw vegetabl es. The specific culti'var of

potato 41sqgls benClshhed'al 85 &4 e Minu P\ TR RRAE T Gudl AMhSp o, B docor dance

with these specific exanple een to create transgenic

o ants, eXPrge Rl i S Sy BrManiOLUalalahe (PR RGE, B2

as well as untr romithe sa par ato have

been safe and | ,folerated in Phase | clinical trjals for other

expr essed &mﬁ% %\@ﬂoéteﬁ%que ﬁaéﬂasrayonegﬁagfﬁ%f @ﬁ%fﬂ?ﬁ‘fﬁwamvgr Pfgp‘g%ﬁr ess
HBsAg and ot her antigens are to those skil|led in the art, e.g. as
descri bed i4§ed tagcrepiet tcglrrg{xtél %ﬁg\’ 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.



15 5,914,123 and 5,612,487 which are incorporated herein by reference as
background art. HBsAg has been previously expressed in transgeni & Médcda005
plants (a nmenber of the sol anaceae (potato) famly). In that system HBsAg
was expressed at a level of 0.01%of the total soluble |eaf protein. HBsAg
particles that were equivalent to those 20 derived from reconbi nant yeast
derived HBsAg were found in extracts of the |leaf tissues. Wen this
material was administered intraperitoneally (i.p.) in conbination wth

conpl et e FreundTise ReljswigitatdecroAprebindTHBBA g aBlebted B HE VL LRSI AN D4 here were
no significant adverse events noted. 8 8 MARCH 2005 The |ines of potatoes

expr essi ng kdgs SnFRast Gansidted 5ified RorASC AHEARGE L%.L.mrits.gggqgggﬁw.es are

transforned lines fromS. tuberosumL. c.v. Frito-Lay 1 The

t ransf or negy) | i : { - 114-16.. To obtain these
li nes, theqﬁ%ﬁg&%‘g’@ lgl‘ré%?nlggi% %)lgﬂ%tgdg%ﬁgﬁ]eﬁ?f?%@?ggsga%r ObigiRy thesg of HBYV.

was 5 inseg: i n f ti asmd.vegtors HB- 7 HB114) t hat
were nobi :illhgsg(!]ﬁ § %?%Aég&%b%é rrgdr ?@?ﬁ@%c ST f@n ’W%%éﬁ@ﬁ?tetﬁg&‘gd‘?st hen used
to transform Spl.anum tuberasum.L cv. "Frito- 1607, " The plasm d vectors
used 103 cONENRLAROY FRnRTRBn | Pt pastors (RHEpLesnd 1RSI Dot | Were hese
exanpl es both contain , the gene for neonycin phosphotransferase (NPTII,

al so known mebilizeqy iato) \gyobagierium drmplecdens| Q@“b@@é}ré%ati Weedghent aded oo t he
potato genome and is expressed in the potato cells. E. coli derived NPTI
has been skauHombSe/anyn ddmeasiedl Py “Eein-Le 8607.t The plesmid escpresssddo NPT | .

The E. coli derived NPTI| degrades rapidly under conditions of
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.



si mul ated manmal i an di gestion and has been shown to cause no del eteri ous
effects when purified protein was fed to mce at up to 5g/ kg bodyMARgH2005
The transfornmed 15 FL-1607 was cured of the A tunmefaciens and clonally
propagated and the FL-1607 HB-7 and HB 114-16 |ines were sel.ected for

their high I evel of HBsAg expression. Extracts of the FL-1607 transforned
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 HEskksmere @omillypropagiied tovauply. the2fhrher 3 fiahds A pdihg
extracted HBsAg spontaneously fornms virus |I1ke particles (VLPg) t hat

sedi ment atintsBR 6 3ABARENR tbeRASuBAR! thRKANSE. HBAG W BSned Fh&CLLRPNOr etic
nobility and western bl ot analysis indicates that t]he t uber expressed

antigen is I}lg}%ﬁww;ﬁi@p@abg&l%ﬁ?ﬂkéﬁ%@st derived antigen. 9 8 MARCH 2005 The
lines were clonally propagate o multiply the nunber of plants and potted

0 S0l 2 Brotife 0 RS Sutieth HhE SRR S TR S S 1S

were naintai ned in roclon pr op par ent
potato |ine, FL-1607, s, mai nt ai ned by clonal . 5 propagation and potted to
produce t uﬁ’é?p?g?t}?éltanﬁ@\fl’\@e%@éﬁoi@e t“ﬁ@rsp%ﬁtc‘@‘ﬁ‘c’) usess th plaaghe cortrls Jds f r om

t hese tubers do_not_ express, any proteins that are reactive with reagents to

det ect HBs AfjSuckamphese fubsyq qgy ROt frivess a8y Prateips bipk dieFoagiive| veidh 1eRReRtsgot at o
slices or control non- 10 transforned potatoes. Each group of mce was

gi ven t hr edetseldiBsAgdi ngs of potato on
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



days 0, 7 and 14. The B subunit of cholera toxin (CT) (Sigm) was used as
an oral adjuvant. Ten g of the adjuvant was placed on the pot at § MARCH 2005
(both experinental and control) and consuned by the animals in conjunction
with the antigen. The animals fed HB-7 therefore received an average of

5.5 gg HBsAg per feeding, or a 15 total average dose of 16.5 gg HBsAg over
thée 3 feedings provided. Mce. fed HB-7 devel oped serumIgMand 1gG
responses that were specific to HBsAg, whereas the group of aninmals fed
control non-transformed potatoes failed to meke any anti bodies. After the

third feeding amcé filinen-fraspans powas aab €Er Withouhéie ol adi@@nQthdd %845,
70muUm. After a single i.p. inoculation of 0.5 g of yeast derive 0

reconbi nant HBs#wif(caiBePelseitd L@sAm (a normal |y subi munogeni ¢ dose) a
strong secondary response was observed that peaked at around 1700m U/ m .

This response was predom nantly |1gG Iﬂa@éﬂ nery or secondary response was
seen in the control 10 8 MARCH 2005 m ce d non-transgeni c potato and CT.

Wt hout the oral adjuyant, there was n i.gnj fi esponse to HBsAg.
Exanpl e 2 Furt her Mfﬁ ?f@ﬁ?@e?fab%“’d%‘ﬁ"*?ﬁe%x @E&ﬁ@éd? ling| Inthisilgnel i ne.
In this [i ng 5 expression is driven fromthe 35S pronoter and average
t uber expressi GHPIESsionHa drien fromathe &P Pramote aad saeiapeber expeesgoBin e RS Ag/ gm
wet wei ght of tuber. Groups of BALE/c mice (5/group) were fed either with
HB 114-16 or wiugdd focibescresperimpmts wasrfsijars B/ st ovet waightadfimbeases 10 g CT was
added to the potato. The feeding was repeated one and two weeks | ater. The
total average dose GougachBADBIE mice (S/group) were fed either with HB114-16 or with
control non-transgenic potato. In both cases 10 pg CT was added (o the potato. The
feeding was repeated one and two wecks 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 rtHBsAg (Merck) delivered in aluminum adjuvant by
subcutaneous (s.c.) injection. A
15 At these dose levels an initial inmune 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 successful
immunization. The response returned to baseline at 13 weeks and at 16 weeks the
20  animals were givén the booster dose of rHBsAg. This led to an immediate rise in

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

of the experiment (40 weeks). This established that the primary
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10 of HBsSAg in the transgenic potato was 125.55 g over the 3-week period.
Then, at the later of 70 days following the first feed or at 3-8 H 2005
after the initial immune response had returned to baseline |evels, the
mce were immunized with a sub- inmmunogenic ( 0.5 g) dose of rHBsAg (Merck)
delivered in alum num adj uvant by subcutaneous (s.c.) injection. 15 At
these dose levels an initial immune response was seen imedi ately after the
second feeding. This imune response continued to rise and peaked at around
6 weeks at 100mMU/ m, Atiter of only |1OMUm in a human after three
doses of a- culP@Rpizatiopgrsaerated apiigep pgediicisame memary oells dhat aveiesrapidlysdider ed
to reflect successful immunization. The response returned to baseline at
13 weeks and afiropglywweestied nhen sQomhaiyriwiostinger e gi ven t he booster dose of
rHBsAg. This led to an imediate rise in imune titer to >3000m U

whi ch remai ned overheQAmdIWnithals G5 thi expofimRhr MR werd kiveR RoR kRREIERN (40
weeks). This established that the primary 11 8 MA 2005 i immuni zat'i on

generated anti gem RSk Hbseld i dl nd _
strongly recal |l ed upgﬁkggﬁe})‘s dar ﬁ%‘%rsftg{p\nsg&%rhg)‘s% ﬁd:n?o &g%elrc%@ag %8 angki s

experinment that,. e diven non-tyan ni otato + CT did not devel op an
i mune res pgnsgltWﬁ%gxﬁmg'ﬁ%eﬁl&gﬁ&s é%@%sarg*;e@ a&fﬂ‘éﬁ’ P9 fgFandagy §Gspanse Was seen
subi mmunogeni ¢ dose, escri bed g?ove, no Sfcondary response was seen

as
establ i shing the spec?sltqbgf’lf‘ﬂ}gm" qiyofithedesulignng r ol s gi verfontrelagivgani c

potato without CT only developed a low level, i.e. 10 MU titer for a
prinary respon¥#sgee petater withauy Cleenly devstoped p dew ileveb ey 1mdUd giter f5tint her
Cha,l | enge 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.
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wi th the subi nmunogeni ¢ dose as descri bed above only gave a secondar
response of 10 50mM U mM and return to only 10 mUm in only tvﬁ%ﬁ‘@ﬂmos
Exanpl e 3 The transgeni c potato has al so been used to boost a pre-existing
sub- i mmunogeni c dose of rHBSAg in mce. In this experinent groups of

BALB/c mce (5/group) were imunized with a sub-i munogeni c dose of rHBsAg
(Merck) 15 delivered s.c. in alum 5 weeks | ater each nouse was fed either
with HB114-16 or wth control non-transgenic potato. In both cases 10 pg
CT was added to the potato. The fepginjle yas repeated one and two weeks

| ater. The total average dose to each nouse was 125.55 pg over the 3-week

period. A SeCO”MWtﬁo%%H%%j%y%W%JMIWM B} ﬁr&ﬁo&sﬁa%{f\?@%éfnl U ['ﬂe 11

time of the 20 third feeding and rose to approxi ma

weeks af t erwi{hhz!le c&ﬂﬁl[ﬁxlcﬁﬁ HBOHG%Q gnh gg]\f/@nzg&%%?% %{e}{? ragirng %ﬁ!#—ﬂ%&%ﬁg&? a

control group no I nmine response ope

non-transgenj ¢ a 120 8 2005 Exa e 4 Forty two human subjects
testing fr Z)giong Pﬁ \‘?r“g/ﬁ’&’ H&i%%%ewgm’wwﬁhﬁ%m aW%Aé feesnpaiatei al HB
vacci ne .and after an ﬁxten ed ti T having anti-HBsAg titers below 115

m U, Swercgniddn gotaaenpized davble hling sidyaqWoren dhe emieayas bokepot atas 5
control in a random zed double blind study. Wien the code was broken, it
was det er fictaningdiiat @royp b was dgentzol geavprtbit repeiyeg thréeadosesadd D gohntslofee  doses
of 100 grans of nontransgenic potato FL-1607. G oup 2 received two doses
of 100 gr_amgnmgﬁn&_q 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



" transgenic potato FL-1607 HB 114-16 and one dose of nontransgeni ¢ FL-1607
potato. Goup 3 received three doses of 100 grams each of transéé‘ﬂﬁgCHZOOS
potato FL-1607 HB114- 10 16. Available pre-clinical data indicate that (1)
on a weight basis, mce freely consune of up to 25% of their. body weight
in potato without evidence of toxicity and (2) a total of about 16 gg dose
of HBsAg in about 15 gmof potato is inmunogenic in a primary series with
an oral adjuvant. The available clinical data with other potato 15 vacci nes

i ndicate t . ' f r 0 is generally well
t ol er at ed g%gwii%th%g@%‘%Agﬁ{éd%&a@%ﬁ?f %%P%r%’@gﬁ%uottn?dé) HF L ?@ekcg?uﬁ rson
woul d reprngnt 0. 14% of body weight. This amount is approximtely
178-fold I & ?Eﬁ'ﬁ‘n has been consuned, by weight, in mce in pre-clinical

experinments. Thus, in the exanpJe for h , 100 to 110 gm of potato was
i ngest ed by zﬁggqcb,ﬂaéé)?go%ggnp%&@_lmgrgfﬁ}qiaggppqlm nuphafineitdcsr use in
this study contained 8.5 2.1 g of HBsAg per gm of potato. Subjects who
recei ved t @5 cPoly e5PHPIPIaseby and pwwébé!ﬁiecsew@*ﬁ}yoren@wf vedi processedilintdose of
1,280 to 2,120 g of HBsAg and subjects 13 8 MARCH 2005 receiving three
doses r éceindixddunl tid0ato b0 gmodeses dy3pleg0aqy pirsddBel Agsing elean Hechoouese of 28
days. On each day of dosing (days 0, 14 and 28) the appropriate nunber of
pot at oes  Boieflgasdhecgdopmppatoe werebwashod] weoletly dicyd wet plaseparataliye-cddoved and
processed into 5 individual 100 to 110 gm doses by pharnmacy personnel

usi ng cl earyateg Gathi. (R&Sing BF itlef potatossewarciad tpatabdbecthe SRimcthuesheias meel ed,

di ced and placed into an ice-cold

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 eaéh 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 c;ontent.

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



" wat'er bath. Peeling of the potatoes was done to renpve the skin that
contains the alkaloid solanine. This alkal oid can cause abdom n#iMARCH 2005
di sconfort or nausea and nay cause a bitter taste. Foll ow ng peeling and
dicing, 100 to 110 gm doses of potato was 10 wei ghed out for .each study

subj ect according to group assignnent and Subject Identification Nunber
(SID). Peels and any unused portions of potatoes were collected and
processed for destruction. Aliquots of potato for each study subject was

kept under cé@ictfsubjectihay fRRkived M6 d@ed 6OIBnRdnG@hicAdnREE YR ABes G ah% me the
potato was diced until the study subject consuned it. An appropriate

sampl e of RLALEISHRILOG] AbLovkr el AMERERe Bf AUBbRIvaRELh feeding was retai ned
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 adm ni stered HBsSAg
NEPA antigen as a result of ingesting of the genetically transforned
pot at oes. Over 20 60 percent of the subjects receiving three doses of
pot at oes cont ai ni ng HBsAg NVPA showed a significant increase in i mune
response. The tables clearly indicate that, in many cases, ingesting of

pl ant material containing genetically expressed HBsAg NEPA can act as an
ef fective booster for prinmary HB vaccinati on. None of the 14 8 MARCH 2005
control subjects that received three doses of non-transgenic control
pot at oes had any change in antibody titer over the entire course of the
observation. 15 8 MARCH 2005

15



" TABLE 1 Group 1 (Received 3 doses of Nontransgenic potato tuber) Titer

(1mm) Vol unteersDay ODay 7Day 14Day 21Day 28Day 35Day 42Day 56BdYJARCH 2005
1635156676974888993 2667852625474676980 312912181816171916
4342824323329343330 51049983110120100999292 6726473747878635762
717141212251096 80001000711 9911121187998 16 8 MARCH 2005 TABLE 2 Group 2
(Received 2 doses of Transgenic & 1 dose of Nontransgenic potato tuber) 5
Titer (mMUWm) VolunteersDay ODay 7Day 14Day 21Day 28Day 35Day 42Day 56Day
70 12929292929294793105 281527494149LBf 66 3170161158144130144144132178

Group 1 (Received 3 doses of Nontransgenic potato tuber)

Titer (Im/ml)

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

1 63 51 56 67 69 74 88 89 93
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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' 4323231343323234260 5433746776985857881 6673747578089777375
7117114114136176191200136 8104126262269318313357390445 9332622212@¥§§§§§§@05
1010792968993839590100 11212255112120219395458462 126568666389103137258304
13202418151212152017 14000000000 159793112109128294454432347
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 294871009988:#98%8899 3333432332734313234

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
3 170 161 158 | 144 130 | 144 144 | 132 178
4 32 32 31 34 133 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

17



49953747485646160 520415784452475897652745 6857649612123058357241

7131919152814202124 8120236282390605667158317171712 8 MARCH
97277137270349523109812261225 1085768474111215175163108 ;
1140353971119122330430342, 1256515985252407520745834 .
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-enteric pathogen antigen (NEPA) ofigr@gterized in that it is for feeding
to an animal that is already i munoreceptive to the NEPA to raise an

' ' R Bl 2. .Th f daiml
characteri sed in ¢ nal oA QEesvhes s P FansencpfalR i, Gen” (HBsAg).

Titer (mlU/ml)

Volunteers | Day0 | Day7 | Day14 | Day21 | Day 28 | Day 35 | Day42 | 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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3. The method of Claim1l characterized in that the aninmal is nade al read\é
made i mmunoreceptive to the NEPA by prior feeding of the plant S ARCH 2005
the animal in conjunction wth an adjuvant that renders the ani mal

i mrunor eceptive to the NEPA. 4. The nethod of Caim3 characterized in that
the NEPA is HBsAg. 5. The nethod of Claim1 characterized in that the
animal is human. 6. The nethod of Claim1l characterized in that the human

i ngests sufficient plant material to provide fromabout |.0 to about 100
m crogranms of NEPA per kil ogram of body weight of the human. 7. The net hod
of Claim®6 characterized in that the human ingests sufficient plant

material to provide fromabout 2 to dBouP 5 grans of plant material per

ki | ogram of body wei ght of the human. 8 MARCH 2005 0 20 8. The nethod of
Claim 7 characterized in that the human ingests said plant material a
plurality of different tines, said tinmes being separated from each ot her by
at least 5 days. 9. The nethod of Claim8 characterized in that the
plurality of times is three times. 10. The nmethod of Claim9 characterized
in that the plant material is a material froma plant of the famly

sol anaceae. 11. The method of Caim 10 characterized in that the plant is a
pot at 0. Decenber 19, 2003 8 MARCH 2005 ZJC CEIAL | MMUNOLOGY USI NG PLANT
PRODUCT CONTAI NI NG LAIMS

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.



A NON- ENTERI C PATHOGEN ANTI GEN Abstract of the Disclosure A neth
obt ai ni ng an i nmune response to a non-enteric pathogen antigen %%§$§C§G@H5
as hepatitis B surface antigen (HBsAg) by feeding the antigen in a plant
material to an animal that is inmunoreceptive to the NEPA. It has now been

5 discovered that the animal may be nmade i mmunoreceptive to the NEPA such
as HBsAg by adm nistering the plant material containing the NEPA in
conjunction with a suitable adjuvant. The plant naterial is a substance
conprising a physiologically acceptable plant naterial, especially
pot at oes, containing the NEPA, e.g. hepatitis B surface antigen (HBSAQ).
The NEPA, e.g. HBsAg in the plant results fromexpression 10 by the plant"
of the NEPA due to genetic alteration. FIGURE: NONE

20 °

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






