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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
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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 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



1 13 APRIL 2004 devel oped countries such as the US, imunization 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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may be on the increase, in the absence of an effective gl obal imunization
pr ogr ami§ 8YchEese impestat as Hermumbér| of vaccines that are becoming part of childhood

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 becagse 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 info developed countries from

developing countries.




continue to be inportation of hepatitis B disease into devel oped countries
from devel oping countries. 2 13 APRIL 2004 An alternative to r al

i mmuni zations for a few di seases are vaccines that can be deﬁogég'td%(ﬁ"'
orally. As previously discussed, oral vaccines are generally not effective
agai nst non-enteric pathogens. A specific approach to oral inmunization has
been proposed by expressing antigens in transgenic plant tissue followed

by | ngestion. [ ni .00 .en. m have the potential to
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them even t hough HBsAg isolated from
addition, plant tissues, such as potato tubers, have a distinct advantage in that
vegetables, even in the raw state, bave a long history of safety in the markc‘tplace.
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.




pl ants have been found to rai se an i mmune response when adm ni stered

parenterally. As used throughout this specification, HBsSAg i ﬁ&ﬁﬂ%@ to
be exenplary and to represent other non-enteric pathogen ant‘\%gé to

rai se an i mmune response when parenterally admnistered. 3 13 APRIL 2004
Brief Description of the Invention Transgenic plants, e.g. potatoes, have
been devel oped that express hepatitis B surface antigen, an antigen known
to raise an i mmune response to hepatitis B when parenterally adm nistered.

Unfortunately it has been_fo t hat su n. i ne response is not raised
to an acceptable | evel m@%ﬁ@ﬁ@ﬁ%ﬁ%ﬁ%o, Is sinply fed to an
animal . It has, however, now been unexpectedly discovered that an inmune
response t o Tmosgennt plants, pat potporsahayeybean develppedbplaginress hopating & e
antigen ( HBsAg ) may be obtained when the antigen in a plant material is
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The ani mal may al so be i mmunoreceptive due to a prior , e.g. .primry,
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e.g. HBsAg nay be boosted in the animal by feeding the aninmal the plant
mat er i ao arCatfignal.ni Ng the antigen. In such a case it has been found that no

~adj uvant i s needed.

It has, however, now been uncxpectedly discovered that an immune 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
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pot at oes The HBsAg in the
pl ant rgﬁs&qull@ﬂtgtsfpd ro egﬁﬁgég&%%plgn?%%ggﬁgﬁ% t(?gﬁég%?ﬁ%)uop 0 genetic
alteration. Detail ed Description of the Invention Non enteric pathogen
antigen" (NEPA) neans an antigen that will parenterally raise an inmune
response to a non-enteric pathogen. HBsAg as used herein nmeans hepatitis B

surface antigen and is intBadied Besaiptionxxdiin livehtian non- ent eri ¢ pat hogen
antigen. The plant fromwhich the desired plant material is obtai ned may be
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non-enteric pathogen an ants

HBsAg and ot her. non- enterl C pat hogen antigens transgenl c alteration.
Al nost  akgTHLe; ﬁ‘t‘YEBd?%!bmém% TG5RE tPé‘ﬁwE' t‘EféCP%%h?%‘“fned to express HBsAg
and other NEPA's, but the -nost preferred plants are food plants, e.qg.

pl ant s 't hat piliBhigead nzeaditereignacans, hepatitis/Barfabe astigauatd iasnteadedas an

pot atoes and tomatoes. Especially preferred are plant materials that do

not cont akAmpleddt o AGRBMteric pathogen antigen.

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
aliered 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.
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"Expression of hepatitis B surface antigen in transgenic plants", Proc.
Nat | . Acheckesepnd aga, Toksicco 89 pafyptunatel 0ot eitabld 6@2ingTétion and iscihas it
i ncorporated by reference as background art. Tobacco is unfortunately not
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accordance with the invention, it has been di scovered that simTlar nethods
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especial ly potatoes. Details for altering potatoes are given infra. The
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and preferably fromabout 7 g to about 15 g of HBsAg per gram of plant

mat er i al edpeciably pongess. Eletailh foraleiTf poRitdds afe fveRMfrphoul d i ngest
sufficient plant material to provide fromabout 10 to about 100 m crograns
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total fromabout 2 to about 5 granms of plant material per
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
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by parental injection or nust be_ orall mgm njstered in conjunction with a
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other NEPA to raise a protective response. Prior to the present invention
it was noNMPA&diiednathe ldnb atateinl iwaslngestedesifien by atsmbjoot hifRAg hud h pasvibiis Ag
could be raised to a plant material containing NWA when the plant
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| muni zat I n conjunction an adj uv Adj uvants that may be
effective incluyde bactﬁéi al pl
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toxin (CT), nodified E. coil heat stable |ynphotoxin, |ypophilic derivative
of  nur anititdidye poligteleoifaRiclamtides 18)tainaig mnmumgstiospatate OpGal muidified
sul fate, cytokines, or core protein of hepatitis C. A significant nunber
of human spIERGHSin (CT), modified E. coli heat stable lymphotoxin, lypophilic derivative of
muramyl dipeptide (MDP-Lys (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.
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i nventi on may be [ I | ustrated by the follow ng exanples. Animals were fed
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was neasured by enzyme immunoassay. 7 13 APRIL 2004 The potato was chosen
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i nvention for a nunb reasons. rticular potato Is relatlvely
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potato with respect to its genetic character and possible transgenic
modi fi catdtonto s ke pempersoarper yrapeoddwids. ableS.aavetagplindivobel eonsunsptizin
I ndi vi dual consunption is estimated at 1 to 100 kg per person per year
wor | dwi dehaslbedn edtffafideat! Tk ipBt2AmARN IHABHItRA, potato is eaten in the U.S. as a
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




has been estimated at 36 kg per annum In addition, potato is eaten in the
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inserted into transformation plasmid vectors (pHB-7 and pHB114) that werc

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(3M)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 tubér weight and

HB114-16 averaged 8500 ng + 2100 ng of HBsAg per gram of tuber weight.




“these exanples are transfornmed lines fromS. tuberosumlL. c.v. Frito-Lay
1607 HB-7. The transforned |lines are designated FL-1607 HB-7

114-16. To obtain these lines, the HBsAg gene froma pMr- SAﬁgﬁgiETzog‘*
Chi nese adr isolate of HBVY was inserted into transformation .plasmd
vectors (pHB-7 and pHB 114) that were nobilized into Agrobacterium

tumef aci ens (LUBAdddifibn! iRd cx@sctéd GIBLSE dpbatantowsiys fofme Sehankke tpapeaesum L
cv. "Frito-Lay 1607 The pl asm d vectors used to construct the potato

i nes pH u £ eSeapt t h ne for
neonyci nE%ﬁ“]aggh ggeglgea(eﬂk’éﬂ TM I(gccl)ﬁﬁﬁn% %P(%(rg@)al iﬂ@sﬁ% g}/Lq,gene

al so beco egrate nto the pot ) expressed in the

pot at o er»féop IS o fé | IR gﬁaeg@@@ﬁ leﬁﬁ $ S‘B“BEC (FERTessad v
equi val ent to plant expressed NPTII. The E. coli derived NPTII degrades

rapi dl y uardigen éondiigtingnishable fainmytadt derivechantigean di gesti on and has been
shown to cause no deI eterious effects when purified protein was fed to

mce at up to ft f oS t he
A. tunef aci ensﬁg%l cI onal %&@t?%ﬁgﬁ? glf iulgg%e@% 7 and EiB %14 16

i nes were se]ected for thelr h, L ey sAg [essi 0 .Extracts of
the FL- 16’@7594 0 Jrrdneey the HE’&TSWé &d flééﬁee&x?‘&l-" 7&5 ¢ &Wgt figgs wgre £L) sA
techni ques. HB-7 averaged 1100 ng HBsAg per gram of tuber weight and HB
114- 16 avepdpidedb9n nigro daod pnopagiatiblBsAg per gram of tuber weight. 9 13
APRIL 2004 In addition, the extracted HBsAg spontaneously forns virus |ike

5«3% l cles (Vs uhiighstoafledatenipdtitt BAIEFDEGT7! Wassmiidsiheddy ¥REaHBSAg
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

10




" El ect rophoretic nmobility and western blot analysis indicates that the tuber

expressed antigen is indistinguishable fromyeast derived an{ | Rgﬁw_%s
lines were clonally propagated to nmultiply the nunber of plan % fred

in soil to produce the tubers used in the exanples. The transformed |ines
were maintained by in vitro clonal propagation. The untransforned parent

potat o | irembikattQBsAPASHEBABY & BRGh LY n6HRAH summag%‘%hi@ru@eyiawohgd to

produce tubers that were used as the placebo control. The tissues from

ot oct  +ECAg IR Ao BN SuttVe Al fitba pl o BNIOORALIKE hiebiRRE ° °

slices or control  non- transformed potatoes. Each group of m ce was gli ven
three 5 grasiiedomisntly 186k alNo MMayaQissegondary FesPPASe Yie SEen iibthe eorgfo
cholera toxin (CT) (Signm) was used as an oral adjuvant. Ten g of the
adj uvant nvas fp acadtramsgehe potait and |CT.eWithoat ltheqpalr adyevdam) theaadvaonabr ol )
and consunmed by the animals in conjunction with the antigen. The animals

fed HB-7 : ' average of 5.5 g HBsAg per feeding, or a
t ot al avg} S‘E&I gé%péﬁ&?gﬁgg%ggHBsAg over the 3 feedings provided. Mce fed

HB- 7 devel oped serum I gM and |gG reﬁgonsle that were specific to HBsAg,
whereas the group of animals fed colt3BP'°rfon-transforned potatoes failed to
make any antibodies. After the third feeding an i nmune response was
observed t hat Fuphekexpeaitmentoha wedithe Hiito-Ray d602 HB W1 ling. In this lilnat i o
of 0.5 g of yeast derived 10 :
expression 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

11



13 APRIL 2004 reconbi nant HBsAg (rHBsAg) in alum (a normally subi mmunogenic

dose) a strong secondary response was observed that peaked
1700mM U m . This response was predom nantly 1gG No pri mry%ﬂéﬁg%gﬁy

response was seen in the control mce fed non-transgenic potato and CT.
Wthout the oral adjuvant, there was no significant response to |-TBsAg.

Exanpl e 2ihifiuibafteL¥PSEO0RANS 1 awhidtS RehdikRl &vdrt Do ULEP fo Bt Ldntndd e
In this line expression is driven fromthe 35S pronoter and average tuber

expr essi Opria t . t e eri S . 8. 37 BsAg/ gm wet
wei ght of B{ tﬁ@eere%g“g%%ts @‘f%&%@/ cgrecﬁ%c%%ij%/ é'r gﬁf%S \?\%@@13?185 t&?‘t Y HB
114-16 or . with. control non-transgenic potato. |In both cases 10 g CT was
added to PREUBHRECS getefated ydigen §Poribic inpuaedacaay ¢alls thelovorsakepidlaned. The
total average dose to each nmouse of HBsAg in the transgenic potato was
125. 55 g sivangly hecalledmpbn pesondary Bdusting.at the later of 70 days foll owi ng
the first feed or at 3-6 weeks after the initial inmune response had

¢ d to basel i e . . ) b
| rinogeni o (- big eOfrefKRrAls fPTTRBEIRER MR et (holkiiic potmio, an
by subcuw%ﬁ gs. c.) injection. At these dose levels an initial immune
response fot REaIpInedespse o PREEHPPRY secprlary phallaage

response continued to rise and peaked at around 6 weeks at 1OOMU m. A
titer of withyhe enbibimindgens dusapas ddstrbed dhowe, NosEsndiryaespuse enis sbéicensed
i njectable hepatitis B vaccine is considered to reflect successful
Figure 2 ) establishing the specificity of the results shown in Figure 1. Controls given
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




i muni zation. The response returned to baseline at 13 weeks and at 16 weeks
the aninmals were given the booster dose of rHBsAg. This led }o0

i mediate rise in 11 13 APRIL 2004 inmune titer to >3000m U/n*3Av%%"cI?0°4
remai ned over 1000m U m for the remainder of the experinent. (40 weeks).
See Figure 1. This established that the primcy imunization generated

antigen pffhd ifniuRiARSn HRIGE Yeblphihg. SeaFinaes. Nan ainyroﬁ@ﬂ)up% ARGue
recal | ed upon secondary boosting. The control animals for this experl ment

t hat wer r]; nQ e n deyv ap i nmune

res ponse&i gbll-?% %R%HSQ?}% @8@%%%@{9%8 Hatﬁqgﬁgljug poel% $71eeﬂ‘1§ nogeni c
dose, as descrlbed above no secondary response was seen ( Flgure 2)
establishing the specificity of t heP¥#aRIEds shown in Fi gure 1. Controls
given transgenic potato without CT only developed a low |level, i.e. 10

m U m titer Forty twohuhimarsbjeespeste: frhﬁbfl—]ﬂ&ftanﬂdieiﬂgﬂﬂtévioﬁlsl?,aﬁﬂhhﬂﬁed n only
one week. Further challenge wth the subi mmunogeni c dose as descri bed

above OnkVYth g&%é&ﬁpﬂ@%@ﬂ&s?ﬁd‘gﬁﬁ% xRy Hheaﬁh%ggt%ﬂ;] @iﬁé)ﬁré g c%%

mUm in on two wee e transgenic as a
used to ost I stin - | )”Munogeni ose of rHBsAg in mce. In
this ex pB F’lfs » BFre ‘étaFﬁeéé’(m lesg%gﬁfm &N Hpshgzbee wptato a

sub-i nmunogeni ¢ dose of rHBsAg (Merck) delivered s.c. in alum 5 weeks
| at er eactmntradunea wasddeiredi ddubie biint siRlyl 14hén dhe cuil¢ lwasobtokeh, it was
non-transgenic potato. In both cases 10 g CT was added to the potato.
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




The feeding was repeated one and two weeks |ater. The total average dose to
each nouse was 125.55 g over the 3-week period. A secondary f.e S

devel oped that had started to appear at the tinme of the thi (P gggﬂfﬁgoﬁnd
which rose to approxi mately 1000m U m 11 weeks after the initial 12 13
APRI L 2004 primng inmuni zation before declining. See Figure 3. In a

control @imgeniOpdATIReivES TP 1088 e 1880l 2 126§ 006 OHBsA@add Subjects
non-transgeni ¢ potato. See Figure 4. Exanple 4 Forty two human subject's

| ' 4 ; | ' ' ' ial HB
Vaesi ng tceRifl altd/dB0d e RIGK! SELY0 WITRLAE o MR ol d TFLGHs o

mum, W fed potatoes containing HBsAg or an HBsAg free potato control
in a ran da6- doubl e bl i nd study. Wien the code was broken, it was
determ ned that G oup | was a control group that received three doses of
100 granms of Oneath aag @fdiosingqtayso),H4- 4tl0TR) the approdriveceimbet éfpoigeses of
100 grans each of transgenic potato FL-1607 HB 114-16 and one dose of

nomt s houd SHTcER) 30 o Bt ERBIGANER AP Blecd
thei rbodgadygntoF fopbltEelh Wormoby wiRrRE GocronEk FOne, ClsRe (oRmidues: of o
of about 16 g dose of HBsAg in about 15 gm of potato is imunogenic in a
pri mary Beeflgsseitthd gpotaoed vaalg mweshed, fdededavdacddabhd plddedi iméd adaica-cold h
ot her potato
water bath. Peeling of the potatoes was done to remove the skin that contains the
alkaloid solanine. This alkaloid can cause abdominal discomfort or nausea and may
cause a bitter taste. Following peeling and dicing, 100 to 110 gm doses of potato was
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

14




vaccines indicate that (1) consunption of 100 gmof raw potato is generally
well tolerated and (2) on a weight basis, 100 gm consuned by, .a Eg;kgg
person would represent 0.14% of body wei ght. This anount islﬁkﬁ k pély
178-fold | ess than has been consuned, by weight, in mce in-.pre-clinical
experinments. Thus, in the exanple for humans, 100 to 110 gm of potato was

i ngest ed EPAY@ANIN:ER5 SnPefs é?i%eb B8 forl pHhdly HE vacdetited
this study contai ned 8. n p gd”B HBS&H pg? gnlgf pot§#§ bgﬁgjgﬁﬁgzmho

recei ved ) 13 APR 2004 t ransgenic to recei ved a
total  dosSiet %‘é@sqﬁaﬁei@a@@a S LR Lot RRR TN B BRUTAS Rek e Goses
received a total of 1,920 to 3,180 g of HBsAg over the course of 28 days.
On each dApnas ietitiagly(teryavap therentisn gowsy of Hie elspetien.at e nunber of
potatoes for each group (placebo and control) were separately renoved and
processed into individual 100 to 110 gm doses by pharnmacy personnel using
clean techniques. Briefly, selected potatoes were washed, peel ed, diced
and placed into an ice-cold water bath. Peeling of the potatoes was done
to renove the skin that contains the alkaloid solanine. This al kaloid can
cause abdom nal disconfort or nausea and may cause a bitter taste.
Fol | ow ng peeling and dicing, 100 to 110 gm doses of potato was weighed
out for each study subject according to group assignnent and Subj ect

I dentification Nunber (SID). Peels and any unused portions of potatoes were

col | ected and processed for destructlon Al'iquots of potato for each study
subj ect was

15




kep.t under water to prevent browning from oxidation between the tinme the
potato was diced until the study subject consuned it. An ap J

sanpl e of processed potato from each group at each feeding %@RP@;?HQ&
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 increasquBFlﬁpﬁnse to the adm ni stered HBsAg
NEPA antigen as a result of ingesting of the genetically transfornmed

pot at oes. Over 6 e of t subj s receiving three doses of

pot at oes cont ai ni E%P@é’sﬁ\gﬁﬁﬁ\?ﬁf&&HBw&?ﬁ‘E]tgﬁ?%eEEd?ﬁfiF&?@&gb in i mmune
response. The tables clearly indicate that, in nany cases, ingesting of

pl ant material containing geneticalllifer épimalised HBsAg 14 13 APRI L 2004 NEPA
can act as an effective booster for primary 1113 vacci nation. None of the

control [Siyrdets [Dagl [ PaEd VEDaylar|amydns @y a8 mmi’ﬂmeW@sﬁ &6
pot at oe§_had any| change in janti bddy titler over the|lentirje courlse of {the
observat|i on.1 15 13 68PR| L 52004 3FABLE &7 Gloug) 1| (Rece| vgd J dgsey 043
Nont r anggeni£ pofata tpbeg) T Teserr (i )yevoltnteersPay0Bay-—+4bay—14Day
21Day 28Bay 2’:25Da %Da. I e el 748{6()()’2 B PRy %0

3 9 T 12 18 18 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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26678S2625474676980 312912181816171966 4342824323329343330
51049983110120100999222 6726473747878635722 717141212251096 8&8}%&(_)%{)64
9911121187998 16 13 APRIL 2004 TABLE 2 G oup 2 (Received 2 do

Transgenic & 1 dose of Nontransgenic potato tuber) Titer (mMUm)

Vol unt eersDay ODay 7Day 14Day 21Day 28Day 35Day 42Day 56Day 70
12929292929294793105 2815274941407372%?%%%0161158144130144144132178
4323231343323234260 5433746776985857 3747578089773375

71171141141361%9%?1;1)%08%e%gived 2 doses of Transgenic & 1 dose of Nontransgenic

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 14 | 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 63 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
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 i1 17 17 18
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8104126262269318313357390445 9332622212125252931 1010792968993839590100
11212255112120219395458462 126568666389103137258304 132024181@%@%%;5?2%%1
14000000000 159793112109128294454432347 162634197330353360707
17131515141111171718 17 13 APRIL 2004 TABLE 3 G oup 3(Received 3 doses of
Transgeni c potato tuber) Titer (nmlU nl) Vol unteersbay ODay 7Day 14Day
21Day 28Day 35Day 42Day SGDay 70 11@%@ 269428401463496
29487100998879878899 33334323327343 9953747485641100

764 12 724152452647
5204157844524758976 %Zé‘[? 3?[§§ce?ve9(16} ?lose%%?ﬁlsr?lnsgen?c pgta%) tgger)

Titer (mlU/ml)

Volunteers | Day0 | Day7 | Day1d | Day21 | Day28 | Day35 | Day 42 | Day 56 Day 70
1 17 20 70 140 209 | 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 | 478R%
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 4067 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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7131919152814202124, 8120236282390605667158317171712
97277137270349523109812261225 1085768474111215175163108 13 APRIL 2004
1140353971119122330430342 1256515985252407520745834
13115213511105419643069296634493266 14000000000 1591114131318111518

16000000000 18 13 APRIL 2004 Cdains: 1. A physiologically acceptable plant
material containing a non-enteric pathogen antigen (NEPA) for providing an

i mune re§}om8e to the NEPA characterized in that the animal is previously
nmade i mmunoreceptive to the NEPA and in that the inmunoreceptive aninal is

fed withia subghgsieR rdcéé g%ﬁg@@%&?&gh@gmﬁ% accm Y laﬂtp@ugqp

mat eri al cont ai ni ng t

the NEPA GVERAphioni IZ'aYlndmg agannmhe aesponsectdt &éINBPﬂaéHa%é‘eﬁled)F}gm the %éllﬂxg]l is

- NEPA prio reﬁ%u&%ed' he substance to the ani nmal
cont ai ni n% ‘Eﬁoﬁ?cfPWFe'Péh@ R PMEmd ilsthMAgmnﬁmoﬂéhq)tpAeemimal is fed

st of 00t Ay aaae conpSmEth bhi AR L oA Phat RieRbrorE O b ERA

physi ol ogi cal | y accepta
t he pat hoyhkere the animal is made i Immunoreceptive to the NEPA by immunization against a non-enteric

' pathogen containing the NEPA prior to feeding the substance to the animal,

: 2. The plant material containing an NEPA of Claim 1 where the NEPA is HBsAg.

. 3. The plant material contammg a- non-enferic pathogen antigen (NEPA) comprising a
physiologically acceptable plant material contzining an NEPA contained in the pathogen
- characterized in that it is used for boosting an immune response to a non-enteric pathogen ina

_ human, by- feedmg the substance to the human, where the human previously had a positive

. Tesponse to primary immunization against the pathogen. |

4. The plant material contaxmng an NEPA of Claim 3 wherein the non-enteric pathogen is
hepatxtls 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 genetlcally 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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characterized in that it is used for boosting an i mmune response to a
non-enteric pathogen in a human, by feeding the substance t P%r@g
where the human previously had a positive response to pri ma&# i f‘i on
agai nst the pathogen. 4. The plant material containing an NEPA of Caim3

wherein the non-enteric pathogen is hepatitis B and the NEPA i s HBSAAg.
5-' The plant material containing an NEPA of C aim3 wherein the plant

mat eri al |§s fr a FI ant, that has been genetically altered to express said
antigen. 6 ThélpPhR n}z}gq:@i Fentaigmng: ay IHEBS ArCINBPA vdferdth dhehunahiap @ty sufii@ent
pl ant mat eldqdlmdesidin : t.shas . be enetically altered to
express s?ild ant%%gﬁ”ﬁ;&w@ Qﬁg& Bﬁ(g‘ﬁtl,o ﬁa%bgllfiﬁ’@egwp&qamsrfg HBsAgper bilognimiofh
5 wher ei n botg weighhof thedwsiaa, sufficient plant material to provide from

" about 10 to about 100 micrograns of NEPA per kil ogram of body weight of
the human. 19 13 APRIL 2004 8. The plant material containing an NEPA of

Claimé6 er ei - i ngests sufficjient .plant material to provide

from abo\lljv'?' 10 ?](l)é Q@gﬂ%@@e‘ ?ﬂ%garlyagzﬁﬂé‘f‘%ﬁ HEQA@%%Whﬂ%@pm ingresthsuffisicpnt
of the hupient nfteriihe plodidle 6th bbiR!2 ¢ g}a?[g PAOf G aim 8 wherein
t he human i ngests suflﬁoci ent plant &C%g??% 0 %&gﬁdﬁat I?%rﬂe’ékﬁ]?ﬁra’?‘)%(’dy
- about 5 gl& t thﬁlhamannateri al per kilogramof body weight of the human.

10. The.plant material containing an NEPA of Claim6 wherein the human
ingests.said plant material a plurality of different tinmes, said tines

bei ng sep#b.at ebhefplannedtetial YohiRiniky aR NHPASE Clafin 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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days. 11. The plant material containing an NEPA of Claim8 wherein the
human i ngests said plant material a plurality of different t

ti mes being separated fromeach other by at |least 5 days. @Tﬁéﬁéﬁg"gﬁt
materi al containing an NEPA of Claim9 wherein the human ingests said plant
Material: a plurality of different tinmes, said times being separated from
each other by at least 5 days. 13. The plant material containing an NEPA
- of Galmé&qv\h%ﬁel@? the plurality of times is three tines. 14. The pl ant
mat eri al t ailfpe rgantnmbtERfl oéntdiniignan NEPX QT

three tines (a The gm?g% mat er. i aI cont ai ni ngtglrrlﬁﬁlaz E%P?@ ¥la8{l§{a%f§fé

t he pl uralqn?@n ffr haeidy selawecea20 13 APRIL 2004 16. The pl ant

mat eri al containing an NEPA of Claimb5 wherein the plant nmaterial is a
material froma plant of the famly sol anaceae. 17 The plant materi al

t TJan TaPAlaft ha g t
??gma:amplngn?nof tﬁe famt?‘;/ﬂ]s‘g)lnanacg:';g1 NB’APLFE %’?Mﬁigarlf'mr ﬁlgﬁplﬁ%ntﬁ?lg eﬁafng An

NEPA of toa] frophaplaptof the inpilyarelaniasee. pot ato. 19. The plant materi al
cont ai ni ng an NEPA of Claim 17 wherein the plant is a potato.

18. 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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ORAL | MMUNCLOGY USI NG PLANT PRODUCT CONTAI NI NG A NON- ENTERI C PATHOGEN
ANTI GEN Abstract of the Disclosure A nethod for obtaining an

response to a non-enteric pathogen antigen (NEPA) such as heipgrgPﬁ?ls 2804
surface antigen (HBsAg) by feeding the antigen in a plant nmaterial to an
animal that is inmunoreceptive to the NEPA. It has now been discovered
that the animal nmay be nade i nmunoreceptive to the NEPA such as HBsAg by
prior primary imunization. Wien the aninmal is made inmunoreceptive by a

e R L e

positive response to primary inmunization against hepatitis B, can have a
booster response to HBsAg by feeding the animal the antigen in a plant
material. The plant material i gbsatrgitlestlaDaclogorpri sing a physiologically
acceptable plant material, especially potatoes, containi ng the NEPA, e.g.

B3, e K G A Bl bRt s RS Bt o,

Fi gure :

81\\%\IPA) such as hepatitis B surface antigen (HBsAg) by feeding the antigen in a plant
material to an animal that is immunoreceptive to the NEPA. It has now been
discovered that the animal may be made immunoreceptiye to the NEPA such as
HBsAg by prior primary immunization. When the animal is made immunoreceptive
by a prior, e.g. primary, immunizatioﬁ, an immune response to the NEPA may be
boosted in the animal by feeding the animal the plant material containing the NEPA.
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, especially potatoes, containing
the NEPA, e.g. hepatitis B surface antigen (HBsAg). The NEPA, e.g. HBsAg in the

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

Figure : NONE
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