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Cct ober 19, 1999. Background of of the Invention Pathogenic m croorgani sns
are known that do not raise a protective enteric inmune response in
manmal-s (non-enteric pathogens). Up to now it has been believed that
..protection agai nst .infection by such non-enteric pathogens could not be
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t hrough punctures, abrasions, cuts or other breaches in the skin, e.g.
t hrough bl ood transfusion. Exanples of di seases caused by non-enteric

pat hogens ar eThizepati Coftighationepatart iof 0.S.hEfeht Kipplidaidra Sevigl MNymbgyer
Lassa fever, dengue henoragic fever, rabies, tetanus, staphylococcus
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virus (HBV) is responsible for significant norbidity and nortality in
spite of the availability of efficacious parenteral vaccines. In 1996 it
was estimated that sone 115 Mackirowundedthelnuenton nf ected with HBV.
Mortality caused by this disease is estinmated to be 1 mllion cases per
year. In 1  Pathogenic microorganisms are known that do not raise a protective enteric
immune response in mammals (non-enteric pathogens). Up to now it has been
believed that protection against infection by such non-enteric pathogens could not be
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.

Examples of diseases caused by nonm-enteric pathogens are: hepatitis B,
hepatitis C, hepatitis delta, yellow fever, Lassa fever, dengue hemoragic fever, rabies,
tetanus, staphylococcus aurcous 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
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



13 APRIL 2004 devel oped countries such as the US, imrunization rates for

HBV renmai n below targeted objectives and there are over 300, 008 ?(?W cases
annual ly and 5,000 deaths each year as a result of HBV inf ectd 0RRIL. 2004
addition, a review of the prevalence of HBV infection in the US between
1976 and 1994 indicated that there was no significant decrease in HBV
i nfecti ocp during that period, despite the availability of hepatitis B
vacci ne.deTalgped [goualicsl sisbdat dba iU eimmnaization ratep ot HBV npnaivebelhe
availability of and access to effective alternatives to current parenteral
vacci nedarg€hidsobjestivesemdnthere irpomet 300,080 revecaveshanulfy yad Gj000sddaiat ar e
becom ng part of childhood i mrunizations increases since there are
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mul ti ple antigens that are becomng part of the pediatric "I nmmuniZ n
schedul other cancern is.that a _sjgnifi t . pr.oportjon of the gl obal
nor bi di %BQﬁthmq aﬂli'?’ﬁ PJ§ P%%?e{lz@qg ﬁnéeﬁ"z‘iﬁob’?‘{\@ﬁ@gdh% thege \Was &oHBY i s
endem c. As an exanple, _in rural Ml aw evidence of HBV infection was
found i wig2ficaft deormse de HR¥rinfigtion dunmgpibhtperand) despivmitlee aeaitabilgge ofas 13%
In these settings, current parenteral vaccines are of limted availability
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vacci-nes. Wile significant initiatlves have begun to address”the Issue of
o L2 GRS REBRLbHs B AESHF Rt RAREe SR Splh BB 1%,
may be on the increase, in the absence of an effective global imrnization
pr ogr ami§ BYemheese imperiant as Hermumbér of veoeinesithet ate bseomingopartof dildifood
hepat i ti_s B o]i sease into devel oped countries from devel oping countri es.
immunizations increases since there are practical considerations in how to safely and
effectively administer the multiple antigens that are becoming part of the pediatric
immunization schedule.
Another concern is that a significant proportion of the global morbidity and
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 delivering in
hospital and chronic carriage was 13%. In these settings, current parenteral vaccines
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
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 couniries from

developing countries.




2 13 APRIL 2004 An alternative to parenteral inmmunizations for a few

di seases are vaccines that can be delivered orally. As previﬁgm

di scussed, oral vaccines are generally not effective against Rl 2904
pat hogens. 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 |less

conpl ex manuf a i v . i antigen in a "matrix"
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such as pot at)o c&vb%a, hﬁve di stinct advantage in that vegetables, even
in the rafstat® VHEdeod I”ongS HITeYigRsly gfiscigsed, yorpk, vagrinasaatkegricsadly not
Lastly, transgenic plant tissue expressing antigens that are delivered
orally na%ffmlx?@ag&ihletmudaueédpaﬂmggs.that bot h hunoral and nucosal imunity

could be stinulated, resulting in the potential to protect nucosal
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antigen. Plants expressing hepatitis B surface antigen (HBsAg) have in fact
been devEighbdave e nniontial ite pravidabethianiesngpmplor amfufantatingopaicest #nd id t | e
or unacceptably |ow i mmune responses in animals ingesting them even though
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when adninistered parenterally. As used throughout this specification,
B |2 a2 35 a0 e RSB R A
vegetables, even in the raw state, bave a long history of safety in the marketplace.
Lastly, transgenic plant tissue expressing antigens that are delivered orally may have
the added advantage that both humoral and mucosal immunity could be stimulated,
resulting in the potential to protect mucosal surfaces more effectively than parenteral
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
low immune responses in animals ingesting them even though HBsAg isolated from
plants have been found to raisé an immune tesponse 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.




when parenterally adm nistered. 3 13 APRIL 2004 Brief Description of the

I nvention Transgenic plants, e.g. potatoes, have been develogégAgEﬁi
express hepatitis B surface antigen, an antigen known to rai - Affe
response to hepatitis B when parenterally adm nistered. Unfortunately it
has been found that such an immune response is not raised to an acceptable
| evel when the plant, e.g. potato, is sinply fed to an animal. It has,
however, now been unexpectedly di scovered that an i mmune response to

non-enteric pathogen anti gen e.d. hg i ie%ﬁanurface antigen ( HBsAg )
may be obtained when thegﬁm%%mnﬂ%erial is fed to the ani nal
when the animal is inmunoreceptive to the HBsAg. It has now been
di scover ed tTransgdnic phintsake.grpptabess, have beamdersiaed hal epressihepatin Bent er i ¢
pat hogen antigen, e.g. HBsAg, by admnistering the plant materi al

cont ai Ndyghck RALIBEA, ALAtigenCBRIVHNES gt ¥ InAins tedjRinke to AdpatitanB. whdie ani nal
may al so be i mmunoreceptive due to a prior , e.g. primary, imrunization in

whi ch case an.d ne.r.espon to thg. non- [ t e.g.: g may
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containing the antigen. In such a case it has been found that. no adjuvant
i s neededponsars adf tarsedt tormmaccepiallgdevel pehenstag PR BHROERa IS %fnpg'b?‘?d ni ng
even higher imune response. For exanple, an aninmal, e.g. a human, that
previ ous ah didghal positive response to primary inmmunization agai nst
~hepatitis B, can have a booster response to HBsSAg by feeding the ani nal

the antigen j Rad }f())lm?e%%r, rﬁ%%éeﬂ'uncﬂ?@ctml?mscﬂ%r@ﬂ b3k ah $mfrune response to

non-enteric pathogen antigens, e.g., hepatitis B surface antigen ( HBsAg ) may be
obtained when the antigen in a plant material isr fed to the animal when the animal is
immunoreceptive to the HBsAg. It has now been discovered that the animal may be
made immunoreceptive to the non-enteric pathogen antigen, e.g. HBsAg, by
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,
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 p!ant material
containing the antigen. In such a case it has been found that no adjuvant is needed.
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 positive
response to primary immunization against hepatitis B, can have a booster response to
HBsAg by feeding the animal the antigen in a plant material. 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




substance conprising a physiologically acceptable plant material froma
plant (e.g. juice, pulp, |leaves, stens, roots, fruit seeds, S0 %ﬁr&b hhe
whol e plant), especially 4 13 APRIL 2004 pot at oes, contai ni n&i‘,'nég - 2P04p
surface antigen (HBsAg). The HBsAg in the plant results from expression by

the plant of HBsAg due to genetic alteration. Detail ed Description of the
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parenterally rai se an I mmune response to a non-enteric pathogen. HBsAg as

used her eldy 1 BANS 1 [ i S.1d nded as an

exanpl e géfé?lé non- en e?%lléﬁ?))gtﬂﬁeo@g%{%ﬁ?g@%.&gﬁ%@%&?ﬁa ltfs%&)l%n\'/\hi ch the desired
plant material is obtained may be essentially any plant provided that the
pl ant material contains the non-enteric pathogen antigen, e.g. HBsSAg.
Plants may be made to express HBsAg and ot her non-enteric pathogen
antigens by transgeni c al tBetatledDesciiptipatofalwy Ileation sui t abl e for i ngestion
can be altered to express HBsAg and ot her NEPA' s, but the -nost preferred

plants are fooﬁon%@%g({sqé%&ﬁhggenmﬁﬁiggg’t hgﬂgﬁgxzd%ngr o t%nti%rﬂ f}ﬁ%r gdt}@r r ed

veget abl es, such as as,” pot at mat oes. Espec

are plant materjals that do not contain significapt quantities of acid,
e.g. tub&PEILHRYY Hasq )} Upuae TespARsS 1P RAORGTHERGPIBPEES n pl ant materi al s,

such as tomatoes or citrus fruits, may cause degradation of the HBsAg.
Furt her, pl antiBsfex ay isddsherdiatmenstiepatitss Bravtfacenntigpmamtd isiistendéd ps ah ease
enzynes, e.g. papayas, may not be desirable since such enzynes could al so

degrade eREMPRSAD ndh-cfteAE bhth6ga antigtant ity as used herein, neans a
guantity that will cause antigen degradation to the
The plant from which the desired plant material is obtained may be essentially

any plant provided that the plant material contains the non-enteric pathogen antigen,
e.g. HBsAg. Plants may be made to express HBsAg and other non-enteric pathogen
antigens by transgenic alteration. Almost any plant suitable for ingestion can be
altered to express HBsAg and other NEPA’s, but the most preferred plants are food
plants, e.g. plants that produce fiuits, 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 fiuits, may cause degradation of the HBsAg. Further, plant
matf':rials that contain significant quantities of protease enzymes, e.g. papayas, may
not be desirable since such enzymes could also degrade the HBsAg. A “significant”
quantity as used herein, means a quaniity that will cause antigen degradation to the
extent that immune response is noticeably reduced.

Methods for genetic alteration of tobacco plants to express HHBsAg and other

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




'ext‘ent t hat i nmune response is noticeably reduced. Met hods for genetic
alteration of tobacco plants to express HBsAg and other anti

al ready known to those skilled in the art, e.g. as described %ﬁ%{a%m&
al. 13 APRIL 2004 "Expression of hepatitis B surface antigen.in transgenic
plants”, Proc. Natl. Acad. Sci USA, Vol. 89, pp. 11749, Dec. 1992. This
article FBxbREALROFBLERRYE fsﬁlff%cezﬁﬁ eftin nlaﬁgé&a@gﬁqmarfa oo RIRRGd Nl 1

unfortunat e y not sul |nge I on an us ho

accept ab cgprda nt| L.t.has been discovered that
sinilar t'%I’Ah’ofﬂ}glan@) qﬁ?&ﬁn gﬁgejt ‘é’ ¢ & “Pf"f’ﬁ@ratﬁﬁam’t tefeignes 9g ess
HBsAg and ot her NEPA' . EspeC| aI ly sui tabl e plants, are plants of the

fam |y sbrekgzeendart. ergtpi@@p@ll?p ynfootuan s noDswitable fcblomgaﬂt(mramblspﬂmatms are
given infra. The plant used in accordance with the invention should contain

at | east phygologhwllpraet&tablby Ih raesordRees with ghé m@aﬁuﬁ &%ag b8én h‘ﬁé&%@ gram

of pl ant mat er| aI to be i ngest ed. The ani mal human, I ngest
sufficie rd al vi de out 10 t 0. about 10Q.mi crogr ams
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g&i mnll usual I'y ingest sufficient | ant material to provide a
tot al St NBPAS. o Bapecid g suitabloplaptsanre nés phithe Gmilk isblognemepf body
melght | Mmmune response may be increased if a series of ingestions of the

pl ant  medpeciallly posatossd eDétaltefor abtefing Pofatdcs @fe Qiveh WfiRr three with each
I ngestion bei ng separated by at least five and preferably by at |east
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absence of the requi red nethod steps of the
and preferably from about 7 pg to about 15 pg of HBsAg per gram of plant materiat to
be ingested. The animal, e.g. arhuman, should ingest sufficient piant material to
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
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 feast about seven to fourteen days.

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 accordagce 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.

by parental injection or must be orally administered in conjunction with a suitable




i nvention, i.e. protection fromthe i mune response. |In accordance wth the

I nvention, the plant nmaterial containing HBsAg or other NEPA’%E’? 'g%
orally admnistered either to a subject that has previously l 'olqﬁry
I mmuni zation, e.g. by parental injection or nust be orally admnistered in
conjunction with a suitable 6 13 APRIL 2004 adjuvant that effectively

causes t hgdjtiBeAoihat ePlebivelMNEROsdO tHea PR AR BF W&t NBPA (8SRABSE prifebfife t O
the present invention it was not predictable that an inmune response to an

NEPA such S A | d,;he raise . ter) I . n NIVPA
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previous primary inmunization or in con‘{l) nctj on w tlg an adj uvant.
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ant i body, ol i godeoxynucl eotides containing i munostinulatory CpG nodified
chol er a t BMPA (Whon, thepllint nederkal wesiihgdséal eitticably @ dupjgehbavixg had bypegbid i ¢
derivative of nuranyl dipeptide (MDP-Lys (L18)), alum num phosphate or

al um num ﬁﬁ}&g‘#g;n ﬁ%‘b’%ﬁ%ﬁéﬁé‘* Bﬁgnﬁo‘r?]%mfcﬁﬁﬁ.“Hflp%l‘gﬁclﬂu%nthepat itis C. A significant

nunber of previ ous ecelved a primary imunization
agai nst hepatitis B show an i mrupe booster, response en.t ted jn
accordance W tAdI‘Wén'ﬁe&ﬁbdmﬁf heheﬁﬁqt%emc?udenf?@ﬁ?n%‘npﬂgm@d ’éﬁ}%’o vaeHEent or
nore of subjects. It nust, however, be understood that a nunber of

subj ect s amybadyt olig@lenxmuvbagideabtentbinggt eimmaseutimadatonf t €pGf omadéfsbns
not well understood. Anbng such reasons may be that the subject, even
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suffici en}nutreiu{lgl?l ld?ﬂ%%ﬁdg i(RXISP-LIPyes (L18)), aluminum phosphate or aluminum sulfate,
cytokines, or core protein of hepatitis C. A significant number of human subjects
| having previously received a primary immunization against hepatitis B show an
immune booster response when treated in accordance with the method of the present
‘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
primary immunization that there are too few memory cells remaining in the subject.
Similar results may occur with known vaccines, no matter how they are administered,
i.e. there masr be subjects that do not respond.

The invention may be illustrated by the following examples.

Animals were fed potatoes that expressed and contained HBsAg and anti-

hepatitis B response was measured by enzyme immunoassay.




primary inmmunization that there are too few nenory cells remaining in the
subject. Simlar results my occur with known vacci nes, no t gk[;_% t hey
are adm nistered, i.e. there may be subjects that do not rers%)‘h RI 04
invention may be illustrated by the follow ng exanples. Animals were fed
pot at oes t hat expressed and contai ned HBsAg and anti- hepatitis B response

was neasur ed Dphepawie wabUBSRSHNY proferrdd ARRINLIOPS piiif (At @&hbdasedc hosen
as a preferred exanple of a plant that can be used in accordance with the .
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acid neutra en conhpare ant materia espetia

fruits. Further, there have been a numher of studies ¢aonducted _on the
potato w ‘leii‘tlvre[i’s B@Btnwaf@egmnaéﬂﬂ Wd&‘a‘é t Pi?ﬁ@ %%%fﬁbl ePeFighy Feram
nodi fication. Most inportantly, potatoes are a staple food and usual

i ndi vi duafruiton$unther, thedeshavet beeat 2 dumber bf tstudi@Ochpluped @etlsopotaes withar
wor | dwi de. U. S. average individual consunption has been estimted at 36 kg

per annumeghdyt aﬁﬂiigée%gz ROt Aladis SRl _o'bs!?bl%hgraHg&ici‘gnllagiﬂcgﬁﬂeg%ﬁpﬂ e and

is cited in the Co Federal Regul ations [21 .anong the
20 nost frequently eaten raw vegetaQl eg. The specific cultivar of potato
Gsed to CPEEHNPERoERATe LEPRERro0 Al 5l o Bra SonTiBaigs aaHEBR | |
these specific exanples, has al so been used to create transgenic plants

expr essi rj loth&90 kgpter gerssn pRawraipwetldwideot BtS dvemgetindiselugl eonssingdtionel | as
untransfornmed potatoes fromthe same parent |ine of potato have been safe
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raw vegetable and is cited in the Code of Federal Regulations {21 CFR 101.44(b)]
among the 20 most frequently eaten raw vegetables. The specific cultivar of potato
used to create the current HBV-EPV transgenic plants, in accordance with these
specific examples, has also been used to create transgenic plants expressing other
antigens. Raw, peeled potato from those plants 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;
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 expresse& at a leve] of

0.01% of the total soluble leaf protein. HBsAg particles that were equivalent to those

derived from recombinant yeast derived HBsAg were found in extracts of the leaf




Met hods for transform ng plants to express HBsAg and ot her antigens are
known to those skilled in the art, e.g. as described in U S. Pa ﬁ S
5,484, 719; 5,914,123 and 5, 612, 487 whi ch are i ncor por at ed hé&e@‘ %2004
reference as background art. HBsAg has been previously expressed in
transgeni c tobacco plants (a menber of the sol anaceae (potato) famly). In
that syst dispudsBsAhenathisempteeas eds aidnéinisexed imtfapeRtdhbitp{i.p hen Tceﬁ%linagﬁ:nub' e
| eaf protein. HBsAg particles that were equivalent to those derive rom
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APRI L 2004 tissues. Wien this mater was adm ni stere p

(i.p.) in abi.pat i.0 with conpl ete Freund's adjuvant (CFA) to mce,

anti - HBS 3@\%%%8@%%65538?@&%”5@& no significant adverse events noted. The
| i nes of potatoes expressing HBsAg sel ected for use in accordance with

t hese exanpl es Thedines anfspasatoes ekpressing e/ R selatted dorinsd_in aceordizidet @ithay
1607 HB-7. The transforned |lines are designated FL-1607 HB-7 and HB

114-16. TeheblehiplddQss trahifBffied lifes HBRAS MBHSshh IMed. BMlG-PAY f;a
Chi nese adr i sol a%)e of Hgv vvase ilnserted into fr’gng‘céoyr mﬁ}?ﬁygdﬂ%{% 7.

vectors ( - HB. 114) that we I ,Zed | Agrobacteri um
t umef aci eﬁslﬁg(t{f’é‘gﬁ%ﬁ’%?q{“ﬁﬁta}%%“%%{ E%élg%? c}{bfzfﬁl?ftﬂ%ﬁr]n“%rﬁoaﬂﬂ r?gf%él?%éum L
cv. "Frit ? Lay 1607." The plasm d vectors used to construct the potato
lines pHBIRehrihe g gene foar aipMTHYA slencapid &hitrse tade ésolatierof HBY gase f or
neonyci n phosphotransferase (NPTIl, also known as APH(3")II). This gene
al so becomessricdt ags atregkfortNidnhplaatidt 0egeROTBHBAY Akd PIPBEEHLIhAN Wde
pot at o
mobilized into Agrobacterium tumefaciens (LBA4404) that was then used to
transform Solanum tuberosum L cv. “Frito-Lay 1607.” The plasmid veciors used to
construct the potato lines pHB-7 and pHB114-16 used in these examples both contain
the gene for neomycin phosphotransferase (NPTII, also known as APH(3"I). This
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 plant
expressed NPTII. The E. coli derived NPTII degrades rapidly under conditions of
simulated mammaltian digestion and has been shown to cause no deleterious effects
when purified protein was fed to mice at up to 5Sg/kg body weight. The transformed
FL-1607 was cured of the 4. 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.




cells. E. coli derived NPTIl has been shown to be bi ochenical | y equi val ent

to plant expressed NPTII. The E. coli derived NPTII degrades ' der
conditions of sinmulated nanmal i an di gestion and has been sho%‘g%&lc@bg no

del eterious effects when purified protein was fed to mce at- up to 5g/kg
body wei ght. The transfornmed FL-1607 was cured of the A tunefaciens and

clonal | y propagahdditiand thdexiractd® FTBsAB-spoatde Byl ¥4rmé ihmeBkavgiagtiged ect ed
for their high |l evel of HBsAg expression. Extracts of the FL-1607

transf or AN t r cept I O t I ques.
M7 averaadd) 1000 55 TRy o Colthe W RYCES, LOK| PAufid il FTI
averaged 8500 ng 2100 ng of HBSAg p ram of. tuber weight. 9 13 APRIL
2004 In & '&P&r?ﬁ?ﬂm%@f&tﬁ%@c{;ﬁreﬂ%@a@0£ geﬁwﬁéﬂiﬁfﬂtﬁs 38 e Vailies exprageed
particles (VLPs) that sedinent at the sane density as yeast derived HBsAg

VLPs. El atigenphordéstinguishbbleiftom yaakt dedvet antigent anal ysi s i ndi cates that
the tuber expressed antigen is indistinguishable fromyeast derived

antigen. The |fReg, I @@&gﬁt | b
pl ants and potrltﬂed %@?[?gi 18{531&6#8}35% t eﬁgﬁmgﬂéugggi#rﬁ?ﬁaﬂ%?tg@ The

Lt ranst ol 8 TERRuGo R thterm, BSeckg 146 Pkoigpbsrnt B drRRBPE i Bapere
propagation and potted to produce tubers that were used as the placebo
control . Mmhmtainedbyés vitrcoctondlgsepagabens do not express any proteins that
are reactive with reagents to detect HBsAg. Exanple 1
The untransformed parent potato line, FL-1607, was maintained by clonal
propagation and potted to produce tubers that were used as the placebo control. The
tissues from these tubers do not express any proteins that are reactive with reagents to
detect HBsAg.
Example 1
BALB/c mice were fed either peeled HB-7 potato slices or control non-
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 oral
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 ng HBsAg per feeding, or a
total average dose of 16.5 pg HBsAg over the 3 feedings provided.
Mice fed HB-7 developed serum IgM and IgG responses that were specific to
HB‘sAg, whereas the group of animals fed control non-transformed potétoes 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
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"BALB/c mice were fed either peel ed HB-7 potato slices or control non-

transf orned potatoes. Each group of mce was given three 5 gmf E’?@: ﬁg f
potato on days 0, 7 and 14. The B subunit of cholera toxin M % ?

was used as an oral adjuvant. Ten g of the adjuvant was placed on the
potato slices (both experinmental and control) and consuned by the aninmals

i n conj uRgdonMindhtt NBEAE (@HBEH@?in gﬁﬂn (@RbABAISy bedntBinbgbhier &fse) 8 siengi ved
eedi ng

an average of 5.5 g HBSAg per , or a total average dose of 16.5 gg
HBsAg ov f i.n [ OVi f -1 7) d rum | gM and
lgG res pgélcsote"?% fﬁé%ssﬁsf; e”gisp CSI%P]I/ eglel(tii%t B%ggxg?gﬁgrd ela@‘6 W%EOQ%O%S%O#%| S
fed control non-transformed potatoes failed to nmake any antibodies. After
the t hi r dVaSdugdogatly dﬁﬁnedigyawafeorvﬁgm&g% AGRPNEH HAS Speth Kb theagordund
70mMU m. After a single i.p. inoculation of 0.5 g of yeast derived 10 13
APRI L 2006dice efed nrraisgeitieApotatoHBsdd)T.i Withouinthia onalr adjhivants theremaarogeni ¢
dose) a strong secondary response was observed that peaked at around

1700m U A predomi nantly IgG No prinmary or secondary
response@\%éﬂ-éﬂe@ﬁés?ﬁﬂ% ﬂqu%%?gol m ce fed non-transgenic potato and CT.

Wthout the oral adjuvant, there waE no igni ficant response to |-TBsAg.
Exanpl e 2 Further experinents have RPlerfe Frito- Lay 1607 HB114-16 |i ne.
In this line expression is driven fromthe 35S pronoter and average tuber
expressi on i nFunhet etperinseads have useddbe Exprebayd 006 Hidkl 481 Bling HB&higlipm wet
wei ght of tuber. Goups of BALB/c mce (5/group) were fed either with HB
114- 16 OrexPicsSion is driven from the 35S promoter and average tuber expression in the lot

used for these experiments was 8.37 pg HBsAg/gm wet weight of tuber.

Groups of BALB/c mice (5/group) were fed either with HB114-16 or with
control non-transgenic potato. In both cases 10 ng CT was added to the potato, The
feeding was repeated one and two weeks later. The total average dose to each mouse

~ 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 afier 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.

" 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 successful

immunization. The response returned to baseline at 13 weeks and at 16 weeks the

animals were given the booster dose of rHBsAg. This led to an immediate rise in
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“control non-transgenic potato. In both cases 10 g CT was added to the

potato. The feeding was repeated one and two weeks | ater.
average dose to each nouse of HBsSAg in the transgenic potat o&/\égﬁégogé g

over the 3-week period. Then, at the later of 70 days followng the first
feed or at 3-6 weeks after the initial inmmune response had returned to

basel i ne iameing titth® FRGCOMAT/L WRkH Z@thivdd bv@ RIDMIURNIQ98R Snlaifis 9)
dose of rHBsAg (Merck) delivered in aI um num adj uvant by subcutaneous

o at oy ot Capefigh BT A0, R el ¢ ‘fm”tﬁsksst?éi“%sﬂstilsﬁﬁlﬁﬁi&%éwfﬁe”

ri se and peaked at around 6 weeks at LoCOmM U mM. Atiter of only lTOMU m
in a humaHiEWPERLER geacgissdbantigen spedlie impune peaRewdcalls thel weeaabisbpnndi s B
vaccine is considered to reflect successful immunization. The response

returned storgdy etdatied apod Secundhssy lvudiiag. 16 weeks the aninmals were given
t he booster dose of rHBsAg. This led to an inmmediate rise in 11 13 APRIL

2004 i mmune ti m. fo the
remai nder  of ? ecgﬁﬁgﬁﬁﬁen SL#() %hl\ﬁeek%hé@@hgﬁg %lgén}'gﬂ gé?néﬁlpo

that the pr ni zati.on generated a en ecific inmmne rrermry
cells tha ‘;ﬁ%ég P&bam" 6joR AR lﬂﬁwrﬁﬁmw%é%ﬁ%%&wﬁuﬁ%5%&&&9%@@%1@@@ The
control animals for this experinment that were given non-transgeni c potato

+ CT di d with thevebiopmamwgeninudusey esimnslecd dbovBsiysanddaryasspoaso paasyen (
challange w th the subi munogeni c dose, as described above, no secondary

response PRuré29 Q:s{abhﬂhﬁg tRe SPecARliBP BB kIt BRoWR9E Figiid 1Y CBhrbliil &gyl t'S
shown in Figure 1. Controls diven
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
50miU/ml and return to only 10 mIU/ml in only two weeks.
Example 3
The 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)
~ delivered s.c. in alum. 5 weeks later each mouse was fed either with HB114-16 or
with control non-transgenic potato. In both cases 10 pg CT was added to the potato.
The feeding was repeated one and two weeks later. The total average dose to each
mouse was 125.55 pg over the 3-week period.

A secondary response developed that had started to appear at the time of the

third feeding and which rose to approximately 1000mIU/ml 11 weeks after the initial

12




'tra'nsgeni c potato without CT only devel oped a |low |l evel, i.e. 10 Mun

titer for a primary response that that returned to baseline j
week. Further challenge wth the subi munogeni c dose as descﬁﬁgﬁlgﬁﬁgg

only gave a secondary response of 50m U m and return to only 10 MU m in
only two weeks. Exanple 3 The transgenic potato has al so been used to boost

a pre- eX?ﬁiﬁiﬂgirﬁﬁﬁgniiaﬁHH%ﬂﬁ-Bid@cmﬁg. Ske FIRSAG. ITR aedfrol bRbup S ifiRRL | ment
groups of BALB/c mice (5/group) were immunized with a sub-inmunogeni ¢ dose

of rHBsA C I e ' ks.| atern.each, nouse was fed
ot hor e espUEs st opBl Y Miftofip fea (o sdhitlns el B0 S EImERR D hE 1o (o0

10 g CT was added to the potato. The feeding was repeated one and two
weeks |ater. The total average doseF¥amlgdn “nouse was 125.55 g over the
3-week period. A secondary response devel oped that had started to appear at

the tinme of tRertythohinfadedbjegtsatestivdirediof BH¥ dnd ey pevivatil imkO@Gsd U/ n
11 weeks after the initial 12 13 APRIL 2004 prim ng |1 nmuni zation before

dect | 1 Gt PEolhHE B Lich @B Rbe B BURnREY EE N ind GRRIEE Sy s| OPed

in the group f e nhon-transgeni c potato. St : : _ l'?:orty
= Commor Y LES Wl e vtk i Betosh SRPNEBCIErAG cha HEshet ForBekED 1 L er s
below 115 mU mM, were fed potatoes containing HBsSAg or an HBsAg free
potato caonitolain & raadomizddndanble Btindlstudyl.i AdThen dwhly coldavast brwkendéa was
broken, it was
determined that Group 1 was a control group that received three doses of 100 grams of
nontransgenic potato FL-1607. Group 2 received two doses of 100 grams each of
transgenic potato FI.-1607 HB114-16 and one dose of nontransgenic F1.-1607 potato. -
' Group 3 received three doses of 100 grams each of transgenic potato FL-1607 HB1 14-
16.
Available pre-clinical data indicate that (1) on a weight basis, mice frecly
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 6ra1 adjuvant. The available clinical data with other potato
vaccines indicate that (1) consumption of. 100 gm of raw potato is generally well
tolerated and (2) 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
been consumed, by weight, in mice in pre-clinical experiments.
Thus, in the example for humans, 100 to 110 gm of potato waé ingested by

volunteers per dose. The clinical lot scheduled for use in this sfudy contained 8.5 +:

2.1 pg of HBsAg per gm of potato. Subjects who received two 100 gm doses of

13




determned that Goup | was a control group that received three doses of
100 grans of nontransgenic potato FL-1607. G oup 2 received tvxg gﬁfga 2f
100 grans each of transgenic potato FL-1607 HB 114-16 and o 4B 0
nontransgeni ¢ FL- 1607 potato. Goup 3 received three doses .of 100 grans
each of transgenic potato FL- 1607 HB 114 16. Avail able pre-clinical data

i ndi cat etriufidgfeniclpotaid feckiRed it toRAHose ofi1CB0f bEBH Y0 PGOMBHIRAGS aP % of
t heir body wei gﬁ in potato without evidence of toxXicity a(r%dal (%‘glﬂg&?m al

of about : | f IS, Al mrunggenic in  a
primry geé:%vgllsgd\jmﬂﬁﬁﬂésné?g?%qv%d;? E@gﬁf 11’?‘?’1(2 %ag’aligﬁgliﬁaéﬁé | ﬁ‘igc%‘fer t 5°%°t h
ot her pot vacci nes indicate that (1) consunption of 100 gm of raw
pot at o i%ta%“gﬂ@fsally well tolerated and (2) on a weight basis, 100 gm
consuned by a 70 kg person would represent 0.14% of body weight. This
amount i s app@oachidalf HéSmiqdayd @slst afb2B)ths appepriatomaub&cf futats ght ,
in mce in pre-clinical experinents. Thus, in the exanple for humans, 100

schedul g rarh P ORRebO 3R CALBY, WU SRRREES BRI PREREIMRE of
P ansgerifiondl; 407 deef Eath dostaby dBsamary pepspneluaii 0o drmpamy. and
subjects receiving three doses received a total of 1,920 to 3,180 g of
HBsAg ovBriefliiesadocied epotatbe Svetlaymshelh pabdd, digedandipddced intapa @e-cbid and
28) the appropriate nunber of potatoes for each group (placebo and
control ) wikk ®aBiEPPelifg Yf IRIDBIoRNHaP HOSEL RS RébVY 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
weighed out for each study subject according to group assignment and Subject
Identification 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
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
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
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i ndi vidual 100 to 110 gm doses by pharnmacy personnel using.clean
techniques. Briefly, selected potatoes were washed, peeled,,&ggsg@ﬁgg
placed into an ice-cold water bath. Peeling of the potatoes P4
remove the skin that contains the alkaloid solanine. This alkaloid can

cause abdom nal disconfort or nausea and may cause a bitter taste.

Fol | owl ngNEeal baW a8 ds HnCeitEotivEObhdster LR (HhaSS BB YhcdiRifi0 \{%&gj @fgiﬂ%hed

out for each study subject according to group”assignnent and

| dentificati ry (,SD).. el s ,and unused portions of t at oes were
col l ecte allrtlrg)rl]'b;%ggtgstgét rpg%w rFﬁgPF??n&n%l}“g%ﬁgfn fcoﬁl&(’étp@%l{‘%ﬁgo@gcwyst udy
subj ect was kept under water to prevent browning from oxidation between-
the time $HBEEHH antibofyditerdoves thaentire cowse of theyobsamptien. consumed it. An
appropri ate sanple of processed potato from each group at each feedi ng 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 adm ni stered
HBsAg NEPA antigen as a result of ingesting of the genetically transformnmed
pot at oes. Over 60 percent of the subjects receiving three doses of
pot at oes contai ni ng HBsAg NMPA showed a significant increase in inmune
response. The tables clearly indicate that, in many cases, ingesting of

pl ant material containing genetically expressed HBsAg 14 13 APRIL 2004 NEPA
can act as an effective booster for primary 1113 vacci nati on. None of the
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
observati on.
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15 13 APRIL 2004 TABLE | Group 1 (Received 3 doses of Nontransgenic potato
tuber) Titer (ImMm) VolunteersDay ODay 7Day 14Day 21Day ZSD%eégﬁ)E)éoﬁaDay
. S6Day 70 1635156676974888993 26678S2625474676980 312912181816
4342824323329343330 51049983110120100999222 67264737478786357-22
717141212251096 80001000711 9911121187998 16 13 APRI L 2004 TABLE 2 G oup 2
(Received 2 doses of Transgenic & 1-@goggprof Nontransgenic potato tuber)
Titer (MU m) VolunteersDay ODay 7Day 14Day 21Day 28Day 35Day 42Day 56Day

70 129292929292947(?130111%51 (Received 3 doses of Nontransgenic potato tuber)

Titer (Im/ml)

Voluntecrs | Day0 [ Day7 |[Dayld [ Day21 | Day28 Day 35 | Day 42 | Day 56 | Day 70

1 63 51 56 67 69 74 38 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 &3 110 120 100 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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281527494140737966 3170161158144130144144132178 4323231343323234260
5433746776985857881 6673747578089773375 711711411413617619120@%38,
8104126262269318313357390445 9332622212125252931 101079296899 Kb 2884
11212255112120219395458462 126568666389103137258304 13202418151212152017
14000000000 159793112109128294454432347 162634197330353360707863790
17131515141111171718 17 13 APRIL 208?‘#1#«5%/5 3 G oup 3(Received 3 doses of
Transgenic potato tuber) Titer (ml ol unt eer sbay ODay 7Day 14Day

21Day 28Day 35@?1%11?‘5%&%%@’2 Jgse% %)H‘?#Zg%gdég?g?flzQgsoeleffesl‘?éngt?ansgenic
potato tuber)

Titer (mIU/ml)

Volunteers | Day0 [Day7 | Dayid | Day2i | Day28 | 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| o 0 [0 0
15 97 93 (112 109 128 294 | 454 432 347
16 26 34 197 330 353 360 | 707 363 790
17 13 15 15 14 11 11 17 17 18
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29487100998879878899 3333432332734313234 49953747485641100
520415784452475897652745 68576496121230583572415245264788
7131919152814202124, 8120236282390605667158317171712
97277137270349523109812261225 1085768474111215175163108
1140353971119122330430342 1256515985252407520745834
13115213511105419643069296634493266 - 0000 1591114131318111518
16000000000 18- 13 APRIL 2004 d ai m; physi ol ogi cal | y acceptabl e plant
mat eri al containing-.a no nte at ho anti NEPA) for providing an
i mmune response to Gﬁ'é“ﬂlg ‘éﬁdg%ﬁgﬁs gg[nraﬂsg ?pPH’& | is previously
made i nmunor eceptive to the NEPA and in that the i mmnorecept ive animal is

fed with a substance conprising tFieerdm8/millogi cal |y accept abl e pl ant
material containing the NEPA where the animal is-nade i nmunoreceptive to

13 APRIL 2004

t he NEPA Vajuité8RD&@8 | DDy 0 ) Duyti4 DWDT §Wa@ls $Day 35 | Day 42 | Day 56 | Day 70
1 17 20 70 140 269 428 401 463 496
2 94 87 100 99 88 79 87 88 99
3 33 34 | 32 33 27 34 31 32 34
4 9 9 53 74 74 85 64 61 60
5 20 41 57 84 452 | 475 | 897 | 652 | 745
6 85 76 496 | 1212 | 3058 | 3572 | 4152 | 4526 | 4788
7 i3 19 19 15 28 14 20 21 24
8 120 | 236 | 282 | 390 | 605 | 667 | 1583 | 1717 | 1712
9 72 77 137 | 270 | 349 | 523 | 1098 | 1226 | 1225
10 85 76 84 74 111 | 215 | 175 | 163 | 108
11 40 35 39 71 119 | 122 | 330 | 430 | 342
12 56 51 59 85 252 | 407 | 520 | 745 | 834
13 115 | 213 | 511 | 1054 | 1964 | 3069 | 2966 | 3449 | 3266
14 0 0 0 0 0 0 0 0 0
15 9 11 14 13 13 18 11 15 18
16 0 0 0 0 0 0 0 0 0
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pat hdgen containing the NEPA prior to feeding the substance to the animal.

2. The plant material containing an NEPA of Caim1 where th |
HBsAg. 3. The plant material containing a. non-enteric pat hog]éir\llggﬁlﬁ'ggﬂ‘t

(NEPA) conprising a physiologically acceptable plant material containing
an NEPA contained in the pathogen characterized in that it is used for
boosting an imune response to a non-enteric pathogen in a hunman, by

f eedi ng t RdaiEEbst ance to the human, where the human previously had a
positive response to primary immunization against the pathogen. 4. The

plant matésri alA $ialosidag \ ' rein the non:enteric
pat hogen is hecpah'? it ic?B %ﬁddac%}he h@kﬂ%@@ézkﬁg&%ﬂg aﬂ?&ﬁﬂ?ﬁmpﬂ%&g@ma&rlgen
cont ai ni nGNERANERprovid@igramiinmhe responsd® OleAVEP ABHFdoizb$ éﬁ R R ?;Bh@['ﬁs
~ that has ﬁr%%?)g_gﬁnet' cally altered to express said antigen. 6. e plan

mat eri al tontal i[??dfedﬁnﬂégﬁ’c@?w@ igithe Mﬁ%ﬁﬁ@dmﬂlﬂethplim@mwﬂmlanhﬁalﬁsm a
pl ant t hayithasubfa LEex-1) 0 express,said antigen., 7., . The
pl ant, mat 1?ri al C(_)nf %?ﬁﬁllgﬁgré @gﬁoygq %lg,l %C%ﬂeﬁspéﬂﬂhm@@%mﬁéﬁmnﬂg&wm
suf fi ci erfvherp thevminal ismizle imoupbeesestireits am WOPAL Jj-gmé ; e | Crogr ans
of 'NEPA per, kil ogram of b?\&‘* wei ghI{i gf t he huﬁé){ 1 %%%ghg%ﬂ%(?@?%f%%@e
- pl ant rratpé’iﬂ?oﬁnff%m-'&ﬂ%th@ &R Anpios, T feeding; the substsacetathe hginlaliman i ngest s
sufficient plant material to provide fromabout 10 to about 100 m crogranhs

of HBsAg per kilogram of body weight of the human. 9. The plant material.
cont ai ni g anTREPANtmaterial coninihg ae NEPASE QMR &H&G@ﬁfemﬁéﬁﬁgﬁ . plant
e

material to provide fromabout 2 to about 5 granms of plant erial per
ki | ogram of body

3. Tﬁe plant material confaining a- non-enteric pathogen antigen (NEPA) comprising a
physiologically acceptable plant material contzining an NEPA contained in the pathogen
: characten'zgd in that it is used for boosting an immune response to a non-enteric pathogen in a
- human, by feeding the substance to the human, where the human previously had ;:1 positive
. Tesponse to primary immunization against the pathogen. |

4. Tﬁe plant material contain_ing an NEPA of Claim 3 wherein the non-enteric pathogen is
hepatitis B and the NEPA is HBsAg.

5. The plant material containing an NEPA of Claim 3 wherein the plant material is from a
', plant that has been genetically altered to express said antigen.

6. The plant materjal containing an NEPA of Claim 4 wherein the plant material is from a
plant that has been genetically altered to express said antigen.

7. . The plant-material containing an NEPA of Claim 5 wherein 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.
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wei ght of the human. 10. The plant material containing an NEPA of Claim6

wherein the human ingests said plant material a plurality of,.di
times, said times being separated from each other by at Ieast1£ékh2£?@.b4ll.

The plant material containing an NEPA of Claim8 wherein the human ingests
said plant naterial a plurality of different tines, said tinmes being
separated fromeach other by at least 5 days. "12. The plant materi al

cont ai ni ng, an &IEPAl o[ Clajm9 wherein the human ingests said plant o
Material & pl ur-df PaH Bralcial peraining aniEPAxi @ain Geehersi g lnenarabet fufTent
each ot her : : he pl aj terial containing an NEPA
of Oaim 6&1%%112&;%1?&;]%? h’éé‘b‘flg?\‘ﬁ‘? Pé&életﬁorfﬁ’g“Piom9femﬁ§ﬁ§% penhkilogramtof
mat eri al body sieightgf the lMERA, of Claim .11 wherein the plurality of tines is
" three tinmes. 15. The plant material containing an NEPA of Claim 12 wherein

the plurality of times is three tines. 20 13 APRIL 2004 16. The plant

mat eri al @ont adnl - : of .Claim erejn the plant material is a

mat eri al ? rom gﬂépi an@%@ﬁgﬁ%@@fﬁng?ﬂﬁ%%% § wherpfnethg | human ingestsisafficient
cont ai ni nglaatmferial &f piokilefrdin WHSIS & #ﬁ{?ﬁg ial g a material
froma plant of the fan | y sol anaceae.éb?gt.ﬁ e p@%ﬂt;{ﬁﬁtﬁﬁﬁ&ﬂ“@&ﬁfﬁrﬂ?h@dﬁn
. NEPA of CFsight ebthghamann, "the plant is a pot ato. :

10.  The plant material containing an NEPA of Claim 6'wherein the human ingests said plant
- material a plurality of different times, said times being separated from each other by at least 5
days. ' |

- 11 The plant material containing an NEPA of Claim 8 wherein the human ingests said plant
‘material a plurality of different times, said times being separated from each other by at least 5
days. ‘ )

12.  "The plant material containing an NEPA of Claim 9 wherein the human ingests said plant
‘ @ateﬂd a plurality_ of different times, said times being separated from each other by at least 5

days.

 13. The plant material containing an NEPA of Claim 10 wherein the plurality of times is
" three times. ‘

14. The plant material containing an NEPA of Claim 11 wherein the plutality of times is
thiree times.

- 15."  The plant material containing an NEPA of Claim 12 wherein the plurality of times is.
three times.
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19. The plant material containing an NEPA of Claim17 wherein the plant is
a potato. ORAL | MMUNOLOGY USI NG PLANT PRODUCT CONTAI NI NG Afﬁ?@gﬁ%g
PATHOGEN ANTI GEN Abstract of the Disclosure A nethod for obta

i mmune response to a non-enteric pathogen antigen (NEPA) such as hepatitis
B surface antigen (HBsAg) by feeding the antigen in a plant nmaterial to an
ani mal that is inmmnoreceptive to the NEPA. It has now been discovered
-that the animal may be made i mmunoreceptive to the NEPA such as HBsAg by
prior prirnkky heplintanierial Wiesiniigeat NEFA dr<CiHRds WHRRLRP HRCRRN Yol ifa
prior, e. ﬂnﬁltﬁlrgélﬁl% irmugl zatlion, an Inmune response to the A y é
boosted i PaB‘f/O %M@Y@'ﬂé"mml the plant material containing
the NEPA. For exanple, an aninmal, e.g. a human, that previously had a
positive &gsponse to primary i mmuni zati on agai nst hepatitis B, can have a
boost er rd3ponThe tplantiBaAgidlycontaemi ani : i 0 i,n .a plant.
material . The.plant material is a gffﬁ‘s?’ﬁ?ﬁc@% ?gﬁ"ﬁ%}a&l ﬁ]%y%l%tl gﬁ‘eggllt sy
accept abl E’%T%Eﬁoﬁ%ﬁﬁhp@fth@mmlm;acm atoes, containing the NEPA e.g.
hepatitis B surface antigen (HBsAg). The NEPA, e.g. HBsAg in the plant
results fromexpression by the plant of the NEPA due to genetic alteration.

Figure : MBNE The plant material containing an NEPA of Claim 16 wherein the plant is a potato.

19.  The plant material containing an NEPA of Claim 17 wherein the plant is a potato,
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