1 MUCOSAL OR ENTERAL ADMINISTRATION OF BIOLOGICALLY ACTIVE MACROMOLECULES
5 FIELD AND BACKGROUND OF THE INVENTION The present invention relates to methods and
compositions for the administration of biologically active macromolecules and, more particularly, to the
enetral (e.g., oral) or mucosal administration of cultured plant cells expressing biologically active
recombinant peptides or polypeptides for prophylactiq or 10 therapeutic applications. Innovations in
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350 more are in clinical development. Further, recent advances in genomic and
15 proteomic technologies are expected to continue to increase the pipeline of
macromolecular therapeutic candidates.

Working with macromolecules typically poses a number of challenges,
however, that drug developers must overcome in order to successfully develop these
compounds into safe and effective therapeutics. For example, proteins and peptides

20 tend to be destroyed by proteolytic enzymes or, in the case of the higher molecular
weight proteins, may generate neutralizing antibodies. Moreover, such molecules can
exhibit low solubility or poor stability, leading to short shelf lives. As a result,
macromolecule therapeutics often quickly lose their effectiveness or require frequent
dosing. These factors impact not only cost of therapy, but also patient aceeptance and

25 compliance, thus affecting their therapeutic usefulness.

Oral Administration:

The most common method for protein and peptide-based drug delivery is by
invasive methods of drug delivery, such as injections and infusions. Although these
are the primary modes for administering macromolecular drugs for systemic diseases,

30 they are also the least desirable for patients and practitioners. The obvious downside of
this delivery method is patient acceptance and complizince, limiting most
macromolecule development to indications in which the need to use invasive

administration routes are not outweighed by associated expenses or inconvenience. As

a non-invasive method for systemically delivering drugs, oral administration provides



2 many advantages: ease and convenience of use, access to extensive volume of absorptive
surface, high degree of vascularization, relatively lengthy retention time, natural disposal of inactive,
non-metabolized ingredients, and more. Nonetheless, investigations of oral administration of
macromolecular 5 pharmaceuticals have not indicated satisfactory levels of efficiency to match the
potential of this route. Some of the obstacles are diffigulties of ingestion of pills and other solid
formulations, Iabilitg/ of bio{o icaIILy active, macromolecules in the Gl tract, c?ncentrati?n of thte
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biologically active agdits inrstichofdemufatishsineguites compiedecls cosiieprotessess Also
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, glycerides, acylcarnitines, €tc) for increasing uptake at the mucosa. However, some of these
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however, enzymesiamibicorscaseendifeddictivechiayalisotirhibize ndugessosscavattomoteciteS causing
undesiral?ge Si%&ﬁ?ﬁ{?& -[(!»“5% &%@&%’E %%ﬁ%o&ﬁgs must be protected from absorption and/or the
environment in the upper GI tract, and then be abruptly released into the intestine or
colon. Various strategies are being used in the pharmaceutical industry to overcome
the problems associated with oral or enteral administration of therapeutic
macromolecutes such as proteins. These strategies include covalent linkage with a
20 carrier, coatings and formulations (pH sensitive coatings, polymers and multi-layered
coatings, encapsulation, timed release formulations, bioadhesives systems, osmotic
controlled delivery systems, etc) designed to slow or prevent release of active
ingredients in harsh conditions such as the stomach and upper GI tract. However,
preparation of biologically active agents in such formulations requires complex and
25 costly processes. Also employed are mucosal adhesives and penetration enhancers
(salicylates, lipid-bile salt-mixed micelles, glycerides, acylcamitines, etc) for
increasing uptake at the mucosa. However, some of these can cause serious local
toxicity problems, such as local irritation, abrasion of the epithelial layer and
inflammation of tissue. Other strategies to mmprove oral delivery include mixing the
30  biologically active agent with protease inhibitors, such as aprotinin, soybean trypsin

inhibitor, and amastatin; however, enzyme inhibitors are not selective, and also inhibit

endogenous macromolecules, causing undesirable side effects. Thus, present methods



3 of oral administration of biologically active molecules cannot ensure efficient delivery of desired
biological activity at the target tissue. Plant biopharmaceuticals: Mammalian cells are naturally
considered suitable for expression of 5 mammalian genes. However, their use poses many problems:
high expense of culturing, and of foremost concern, contamination. Protein xpression obtained with
mammalian cells cultures in vitro require very large vglumes incurring high costs. The production of
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techniques. Nicotian acum j idelyused as a model expression system, hut othar plants have
been used, incIudingaFI%I%lE(gtla}rgl]a%g\t{ﬁginéna, Arabidopsis t aI?ana, to}n_ato, banang%%urr_lip, black-eyed
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in the host. The two host- virus systems most frequently used are tobacco with tobacco mosaic virus
(TMV) or cowpenlinitticpwpdasmosase virasl delivery, low downstream processing requirements

15 as well as reduced ethical problems. Thus, transgenesis of mammalian genes encoding
biologically active peptides and/or polypeptides into a plant cell can provide a
desirable route for production of new recombinant biologically active molecules in
large quantities, at a reduced production cost and without many of the risks of animal
cell viral or subviral contamination.

20 In 1983, several laboratories discovered that it was possible to transfer a
heterologous gene into the genome of a plant cell (Bevan et al., 1983; Herrera-Estrella
et al., 1983 a and b) and to regenerate transgenic plants from these genetically
modified cells. Two transformation approaches are commonly used to produce
recombinant pharmaceuticals in plants. In the first, stably transformed transgenic

25  plants are produced using Agrobacterium-mediated 'transformation, particle
bombardment, or other standard transformation techniques. Nicotiana tabacum is
widely used as a model expression system, but other plants have been used, including
Nicotiana bethamiana, Arabidopsis thaliana, tomato, banana, turnip, black-eyed bean
oilseed rape, Ethiopian mustard, potato, rice, wheat, and maize. The second strategy is

30 to infect nontransgenic plants with recombinant viruses that express transgenes during
their replication in the host. The two host- virus systems most frequently used are
tobacco with tobacco mosaic virus (TMV) or cowpeas with cowpea mosaic virus

(CPMV).



(CPMV). 4 Following the initial breakthroughs in plant transgenics, many advances in the production
of mammalian recombinant proteins in plant cells and/or transgenic plants have been made. One of
the first truly significant results in this field was the production of antibodies in transgenic tobacco
plants ("Plantibodies™). A number of 5 diagnostic and therapeutic "plantibodies” are presently
becoming available: Tobacco anti-streptococcal secrgtory IgA (mouse Guy's 13 1gG) against dental

caries; diagnostic Alfalta anti-human, 1gG - ine IgG si I - C5-1 (I - anti- cer
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protease inhibitor; collagen and lactoferrin 20 (see US Patent Application Nos: 20030229925 to
Legrand et al; 2004007231 711d Riepeereinagnant @00 3008697 YwiGrliersegrald pendides Jaliis-B surface

antigen; interfe ; oxin: | ' (EGELerviRiQpaietin,
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[Planet Biotechnology, Ific. (DoxoRxTM and CaroRxTM) and Meristem Therapeutics (fecombinant
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signal peptide - Anti-HSV-2 (IgG).

15 In 1990, Sijmons and colleagues expressed the gene of human serum albumin
into cells of tobacco and potato. Human serum albumin levels of the order of 0.02 %
of the total proteins were obtained in potato leaves, stems and tubers. Other
mammalian recombinant proteins that have since been produced in plants include
human hemoglobin; antitrypsin, protease; protease inhibitor; collagen and lactoferrin

20 (see US Patent Application Nos: 20030229925 to Legrand et al; 20040072317 to
Lenee et al; and 20030096973 to Gruber et al); the hepatitis B surface antigen;
interferons; the cholera toxin; human epidermal growth factor (EGF); erythropoietin;
h-GM-CSF, and interleukins. In addition, recombinant plant antigens for vaccination
and immunization (“Plantigens”) are been developed. Several companies already have

25  plant-derived pharmaceuticals available commercially (TrypZean™ and AproliZean™
from Prodigene, Inc.) or in clinical trials [Planet Biotechnology, Inc. (DoxoRx™ and
CaroRx™) and Meristem Therapeutics (recombinant human lipase “Meripase®” for
CH)L

In most cases, plant-derived biologically active recombinant proteins need to

30  be isolated from the host tissue. Various methods are available for directing the
recombinant proteins to specific plant tissues, such as, seeds, leaves, roots, tubers, etc,
and organelles such as chloroplasts, in order to achieve high levels of expression, and

provide the most convenient plant materials for extraction. Recombinant proteins can



and organelles such as ehloroplasts, in order to achieve high levels of expression, and provide the
most convenient plant materials for extraction. Recombinant proteins can 5 also be secreted;
however, secreted recombinant proteins (such as secreted "plantibodies") are more prone to
degradation than recombinant proteins retained in the plant tissues. It will be appreciated that
administration of whole plants or plant cell cultures expressing the recombinant protein has been

suggested befare (see e.g., 5 recombinant protein.expression idopsis, [hS. Rat, Applg
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been producediinwpient cell eultarendoted réstieviseeroDdrdn, Guslent@piion FPBRsECc20bE; 11;
199-204). Although g%ncygg%ﬁlli tr§¥§tt%@§aré%?¥i r%\_nde overall greater yields, in-vitro cell culture offers

the advantage%e% ereaat[ér Ity to manipulate 1?oreign protein levels, shorter overall growth cycle and

greater control of thefbrevwtbiiseniirement for regulatory purposes. 20 Recently, the present inventors

have disclosed a unigye pi&%ﬂa%%isgg&%?lgsg&w%lg %&9&9@%@&&%&0&?3&@&@ shown to

be effective for the production © |0Fog|ca y active peptides and polypeptides in culture (see PCT
IL/2005/0002 2801 whjthiés.inBbuporalie e teirgtsyrie fizramied) yde msistraanef Bradiichisicsr iSlogically
active Human B Interferon, Human Factor ,f&lg{@;\ Glucocerebipsidasa angh2RdBiestiaussBursa
Disease VPII pﬁ% anc.g?ﬁgrhrﬁg(l:g(r)n &ﬁﬁlé)ﬁlt,’ 6 z;‘:lt-ce -dgfived Glucocerebrosidase is currently being
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recombinant biglggically aglive, MAGH M BlEgHIRR: SUtese sledliaiansaemsalantanrovide
recombinant biologically active .
hormones, growth factors, blood factors, vaccinesribosome inactivating protein, ricin,
15 and human antitrypsin have been produced in plant cell culture (for a review see
Doran, Current Opinion in Biotech 2000; 11;199-204). Although agricultural systems
may provide overall greater yields, in-vitro cell culture offers the advantages of greater
ability to manipulate foreign protein levels, shorter overall growth cycle and greater
control of the growth environment for regulatory purposes.
20 Recently, the present inventors have disclosed a unique high yield disposable
culture system for plant cells, which has been shown to be effective for the production
of biologically active peptides and polypeptides in culture (see PCT IL/2005/000228,
which is incorporated herein by reference), demonstrating production of biologically
active Human B Interferon, Human Factor X, Human Glucocerebrosidase and
25 Infectious Bursa Disease VPII protein.  The recombinant, plant-cell-derived
- Glucocerebrosidase is currently being evaluated for future use as treatment for
Gaucher’s Disease.
Oral administration of plant-derived recombinant biologically active
macromotecules:
30 The use of edible transgenic plants to provide recombinant biologically active
agents has been pursued since the early days of agricultural genetic engineering.
Transformation of edible leafy crops such as lettuce, cereals such as maize, rice, barley

and wheat, legumes such as soybean and pea, and fruits and vegetables such as potato,



agents has been pursued since the early days of agricultural genetic engineering. Transformation of
edible leafy crops such as lettuce, cereals such as maize, rice, barley and wheat, legumes such as
soybean and pea, and fruits and vegetables such as potato, 6 carrot, tomato and banana has been
investigated for efficient delivery of recombinant vaccines. Oral DNA vaccination via edible transgenic
plants (corn, potatoes) expressing genes for antigerégc proteins has been successfully demonstrated.
et
1
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tomatilla (Gaoeé(lpéﬁ’; WS Gastioert 2ho5gH9 -?Lsolb‘gfnl\ﬁuﬁlcomp nent edible MV and BBV
vaccines haveahd beemrenantly testechsastbmatb{Shdbelktad agagtshlcMéstn tRas Ak ed Nauk

2004;11:559-551){& ang £ “rrrgt%lt%gom onent %%%'Se Eot%ts(%_ yacgine thas een re%ently. ccessf%l%/ tested
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against cholera, rotavirus and (for arécent review, see Kotban et é’l% Am Col Nutr 02;

21:212S-217SyiWebstereat@lp@ab Vitel;2 002360791 @11 2 dvaire: répedtéa: tidslddesshghimmtunization
and boosting qf 15 mice against measles with transgenic potato-derived measles vir magglutinin
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protein vaccine. artet m ave show INg transgenic lupin
expressing suffllemstsead BASHEhS da8hidvidemRer anithrpregeciivnirditiadkperirnantdl dsthma.

Various approaches to t eparati n . of transgenic. pl erjaly inistration
have been pro%%ss%%ﬁnki:%%g][{ gﬁ%%@%nﬂ%‘é&?%%%%nﬁg: egt%%%%f}?éﬂg) ' ISC|§§§%€?§%§£§F&DH of
stable drythontegenatestdy tremed anicqtants (Sxgredbsing a ¢tetérdfegouRosstaikadndethNordl
administration e h enates, comprising recombinpant fertilization- i pepti and
polypeptides Sﬁﬁfg;ggﬁg péllﬁlﬁdg g%%%ﬁ?gt%?r%g tn E&dﬁl?)qﬁk})lg%%Ll-‘{é%I_%%S}%% 6islgrgl"[%}s;:%%r%ﬁﬁa;’ntigens,
for the 25 industisassfigffe ttiredcogiiase pliverntivtdiess Brahdekt Ay S Pererit kpplivation No:

02/137,647 Mgl MY %2004 disgloesinaRroghision PYARsAaie Planis (B eriie andyngp-food
ps) expressing human autoantigens and/or cytokines, as well “as methods for the extraction of the
biologically actifieohiSleZiNesofdr-the hudulepiotedtlzutvirnessiud disensieafoncxahiplesmfamimatory
Bowel Di?? as%l(ilc%Dz?g%ﬂl%td@Qa%tlgg”With transgenic potato-derived measles virus haemagglutinin
protein vaccine. Smart et al (J Immunol 2003;171: 2116-26) have shown that feeding
transgenic lupin expressing sunflower seed antigens can provide mice with protection
from experimental asthma.
Various approaches to the preparation and use of transgenic plant material for
20  oral administration have been proposed. Kirk et al (US Patent Application No:
20040175440) disclose the preparation of stable dry homogenates of transgenic plants
expressing a heterologous protein, and the oral administration of the homogenates,
comprising recombinant fertilization-associated peptides and polypeptides such as
zona pellucida glycoprotein, GnRH, LHRH, LH, LDH and anti-sperm antigens, for the
25 induction of effective contraceptive antibodies. Brandle et al (US Patent Application
No: 02/137,647 filed May 3, 2002) disclose the production of transgenic plants (in
edible and non-food crops) expressing human autoantigens and/or cytokines, as well
as methods for the extraction of the biologically active molecules, for the modulation
of antoimmune disease, for example Inflammatory Bowel Disease (IBD) and diabetes,
30 - by stimulation of oral tolerance to active autoantigens.

However, none of the abovementioned prior art teaches the systemic

administration of recombinant peptides and/or polypeptides to the blood circulation



30 by stimulation of oral tolerance to active autoantigens. However, none of the abovementioned prior
art teaches the systemic administration of recombinant peptides and/or polypeptides to the blood
circulation 7 and/or to internal organs or organ systems via oral administration of transgenic plant cell
culture expressing biologically active recombinant macromolecules. There is thus a widely recognized
need for, and it would be highly advantageous to have, methods and compositions for the enteral
(e.g., oral) or rgugp%% 5 9dm'nistration of biologi eaII gctiveagla Crom rletgglgegfvtir% r%drrrllilnistlraaﬂt{'on of
transgenie plarrllt cells) WAOWIBIQIF?T?H\I ON' 10°Acor mgato one aspe%? of the present
invention therecis! prowvideck arassthpth o systemicatly rdetivmétinopanotogickitylactive, recombinant
biomolecule, in a biolﬁ,gg:eall. ?ﬁi;\ée forv@dg? a %s&b'e&%% nreleed tkiﬁ;eoghw%tm‘%tql 81 co%m%lri ifi’g’ orally
or mucosally administering to the suabject a%/herap u]tlcally effective amount of plant ce &e pressing
an exogenous hiviogigadlysacthse cecothbilsamidosiompletides thetbbyrtbralystemivallyaetiveriay the
biologically actye recombinantbismeleyle.in 2 bialagisaliactve (o, (9 e supiegh, Aggerding to
another aspect 0 the present invention there is provi ed a_method of loca fy dpelhverlng g%locioglcally
active, recombptarnitcbitmolecule, in a biologically active form, to a subject in need thereof, the method
comprising, orally or 20 mucosally administering to the subject a therapeutically effective amount of
plant cells expressing an exogenous biologically active recombinant biomolecule, thereby locally
delivering the biologically active recombinant biomolecule, in a biologically active form, to the subject.
According to flg inﬂ%efﬁ' iments of the invention 25 described below, the plant
cells comprise™@ ntiaify intact cetfwalt.”According to still further features in the described
preferrediémbodimerisdhialipgant el issporh pfiSec pwubst antiaiiipnthetecs brmematame ethedwding to still
hpdprefened cmpadibeniahe nlaghsls.compizg agubsianyaly intact
ing to still e e

further features. in the gﬁ cri
§|£}em‘?c r:fné 0 Accor rther features in t escri preferred

cell wall and ceY mem e.
embodiments thelqgisal celit vrfoanntin s tehgdeamisotdidutselfsthe method comprising, orally or

mucosally administering to the subject a therapeutically effective amount of plant
cells expressing an exogenous biologically active recombinant biomolecule, thereby
15 systemically delivering the biologically active recombinant biomolecule, in a
biologically active form, to the subject.
According to another aspect of the present invention there is provided a
method of locally delivering a biologically active, recombinant biomolecule, in a
biologically active form, to a subject in need thereof, the method comprising, orally or
20  mucosally administering to the subject a therapeutically effective amount of plant
cells expressing an exogenous biologically active recombinant biomolecule, thereby
locally delivering the biologically active recombinant biomolecule, in a biologically
active form, to the subject.
According to further features in preferred embodiments of the invention
25 described below, the plant cells comprise a substantially intact cell wall.
According to still further features in the described preferred embodiments the
plant cells comprise a substantially intact cell membrane.
According to still further features in the described preferred embodiments the
plant cells comprise a substantially intact cell wall and cell membrane.
30 According to still further features in the described preferred embodiments the
plant cells are administered as isolated cells.
According to still further features in the described preferred embodiments the

plant cells are administered as dehydrated plant cells.



According to still further features in the described preferred embodiments the plant cells are

administered as dehydrated plant cells. 8 According to yet another aspect of the present invention

there is provided a pharmaceutical composition comprising as an active ingredient, plant cells

expressing an exogenous biologically active, recombinant biomolecule and a pharmaceutically

acceptable carrier. 5 According to still further feature% in the described preferred embodiments the

pharmaceutically acc pta%ﬁg carriergs a n-immupggﬁpeic carék?ri AccPrdiqﬂ to still further, features in
11 1011 {EECY

i : i 3 )
the described preferr @ %l%gﬁ sthe % &y eﬁcqucaIR/r%cgep able Earrier doed hot seﬁmulate the

gut associatedplymphedicididsvenibliAccerdingithgtdk ancihiereaapegti aitthequresdistanwerstiog there is

provided a unit dosage form folr loc Ildeli er ofabitt))lo icall acltive bion&olecgle in asub&'ﬁct, the unit
d an exosgenous 1010 IC%CY ﬁc Wﬁy recombnant 1¥ ?e%ule ) amnaceﬁ%tic %
osage form comprising, a therapeutically effective amount of plant cells™ expressing the exogenous

11}
Y
biologically activecptabhoteetite. According to an additional aspect of the present invention there is
provided g 15 unit dogage form forsvetemic delivens ofa biolagically active biomolecule.in,a subject
the unit dosage form comprising, a therapeutically Sftective amoun ]fp?anet cells’expressing the
exogenous biothgroalbeadthlly bionolddalerAecordingntomstilifupthec featiwres in the described preferred

embodiments the unit dosage form i fLPr ulated for.oral administration. 20 Ac r%in to still further
features in the descriégaoﬁaéqf%rtr% tléfn gg%rlﬁg% tgi:e%gl %]r?itgl 8%%%%(5? %rr%e%e ormuta lé#ﬂ?? Sfrrf%ﬁcosal
administration pAocorcing da lstilcketebl featuies dodh e esunbled: plefaue dssotbodinantshtte plant

cells comprisetdeh drated plant cells. According to yet an additional aspect of the present invention

there is providelaS a method for treating a disease in a subject-in-need thereof, the method
comprising enterally Sconulingdlysat ministeringptottoé hehjestcattherapeutidadly effesiidednount of
sl el o0l CNOTpAS 0B mRUE e, R i g peme
biologically active widihbisqdoomprispreiogmbitamtpeuntal g kffoserebrosiddsel plant cells
expressing the exogenous biologically active biomolecule.
According to an additional aspect of the present invention there is provided a
15 unit dosage form for systemic delivery of a biologically active biomolecule in a
subject the unit dosage form comprising, a therapeutically effective amount of plant
cells expressing the exogenous biologically active biomolecule.
According to still further features in the described preferred embodiments the
unit dosage form is formulated for oral administration.
20 According to still further features in the described preferred embodiments , the
unit dosage form is formulated for mucosal administration.
According to still further features in the described preferred embodiments the
plant cells comprise dehydrated plant cells.
According to yet an additional aspect of the present invention there is provided
25  a method for treating a disease in a subject-in-need thereof, the method comprising
enterally or mucosally administering to the subject a therapeutically effective amount
of plant cells expressing an exogenous biologically active biomolecule, thereby
treating the disease in the subject.
According to still further features in the described preferred embodiments the

30 biologically active biomolecule comprise recombinant Human glucocerebrosidase

protein and the disease is Gaucher’s disease.



protein and the disease is Gaucher's disease. 9 According to still further features in the described
preferred embodiments biologically active biomolecule comprise recombinant Human
glucocerebrosidase protein and the disease is Fabry disease. According to still further features in the
described preferred embodiments the 5 biologically active biomolecule comprise recombinant Human
glucocerebrosidase protein and the disease is cancey. . According to still further features in the

described preferred e bocgmentts tpﬁ 1duiﬁ%%ase is,a syster&ic %r:sea e, Accgrdirég Gt}g1 gti{l}.fur%l;gser features
in the described pref r&d'efbodiments [ ecrl)E?a [86a5¢ is'§ Cfffonic disease. ccorcﬂn}ént% still further
features in thetdelsgfiéd preferr dd encbadiments phise disgasbiiman doniedgeaseréoosittisg to still an
additional aspect of the&){ sent inven 'OQ_ re is_provided use of plant cells expressing an

th
exogenous bio%%lc%llﬁ/nac Ve Bidhiolecuie’ 15561 the manufacture of a medicament. According to still

further features in theAdesatibgdosafefrethanfizodinsentththéepldint plisfcoadpriskodisutstahtially intact

cell wall. Ascco%(glrfg Eo zﬁl“" further featuEes in the described glr?eferrr%embodlments tt%e %I%nt cells

. C. c COé@) 15¢ 1eCO 1118 COCCTCDT S
comprise a supsStarttia

L active hiomoiecu wman .
yyln act cell membrane. ccording to Slil | urfﬁer fga ures in '81 escribed

preferred emberdimenisdhie plantseedlsanemprise a substantially intact cell wall and cell membrane.

According to still further features in 1 %d&scr' ed preferred,.em d'megls th an.cell§ are
administered as isola ecécggﬁnsg C'cggtlr[fdlng %rs% turtshlenr e%ttc}frsé:gl i (% 2 8@8%(%% B#é?é?rrlesd ©
embodiments theca25 iplanygelts adéesemdministered as dehydrated plant cells. According to still further

features in the descrihed preferred iments the. recombinant.biomolecule is a polynucleotide or a
polypeptide. Accordir‘llz-llg‘ycf:c[))E2 s(?lﬂ%jﬁﬁgi%ba u?és??%t[? e (l:i%g%?it[)%s Bz%r)ggeﬁigrgegr% 8%%?#36 %Seghe
recombinent bibsadedsikedsranpotiipeptide. 30 According to still further features in the described

preferred embodimenys ey fecobiPANiPRIElRRY'R i@ NisiaBeH s iomo eSu diorestc
biomolecule and a
disease is an acute disease.
According to still an additional aspect of the present invention there is
provided use of plant cells expressing an exogenous biologically active biomolecule
15 for the manufacture of a medicament.
According to still further features in the described preferred embodiments the
plant cells comprise a substantially intact cell wall.
According to still further features in the described preferred embodiments the
plant cells comprise a substantially intact cell membrane.
20 According to still further features in the described preferred embodiments the
plant cells comprise a substantially intact cell wall and cell membrane.
According to still further features in the described preferred embodiments the
plant cells are administered as isolated cells.
According to still further features in the described preferred embodiments the
25 plant cells are administered as dehydrated plant cells.
According to still further features in the described preferred embodiments the
recombinant biomolecule is a polynucleotide or a polypeptide.
According to still further features in the described preferred embodiments the
recombinant biomolecule is a polypeptide.
30 According to still further features in the described preferred embodiments the
recombinant biomolecule is a therapeutic biomolecule, a diagnostic biomolecule and a

cosmeceutical.



cosmeceutical. 10 According to still further features in the described preferred embodiments the
dehydrated plant cells further comprise an excipient. According to still further features in the described
preferred embodiments the plant cells comprise alfalfa plant cells. 5 According to still further features
in the described preferred embodiments the plant cells comprise plant cells obtained from tobacco.

According to still further features in the described prefoerred embodiments the plant cell comprise plant
cells obtained from tobaccq.cell line, According to stih f#ithﬁr feaé%ﬁes i? the de cric%eéjﬁre erred
‘? s & \

embodiments the 10%8%@%%006% Hidn o5t Helty” ASSHFLS ﬁﬁqu“?’?ﬁﬁé? Fe8'h the
described prefegrsd arabptliments thethplanhipotcalsaipselected from the group consisting of
Agrobacterium rihzogenes transformed root cell, celery, cel], ginger cell, horseradish cell and carrot
cell. According to stilﬁ‘ﬁ?ﬂ@%é‘?ﬁéﬁ ﬁf‘?ﬁ r&%@%’ﬁ%‘q‘eﬂl 6’?8féﬁ%5‘%?§i5’6 S fge&téﬁ??oot cells
are carrot cells|Anceitingtpstdl {itiepfeatueds. in the described preferred embodiments the
recombinant biomolecule is selected from the group consisting af a prokaryotic protein, a eukaryotic
protein, a &himeric p%ﬁﬁ?{gﬁi@% RN c%’g?;a?ﬁ%%t IAW%H%F%%R%&Q&W@%@?@HE& ‘preferred
embodiments Hent2QNirabpieisipliadthe:infebtionsifursatdisease virus viral protein VPII. According to

still further features in the described preferred embodiments the, eukaryotic protein.is H n
interferon B. AccordintF 5 GGG FORIFEAH RS HbLeSiBe PRSI REL Bre SR GRS e Suikaryotic

protein is HumgiarCleflingrmacionlam Actontinmed Stuhfusthecieatiliasin the described preferred
embodiments the eukaryotic protein.is Human Factar X. According to still further features jn the
é’?ﬁ@é{&%}ﬂg ﬁ?ssfﬂg%éﬁﬁer "_}leatt‘i%rﬁ 6{1)’5}13 ((:\: cr%aeg re%erreg m%o&men%

described preferred aryo eln’is Human fysosomal enzyme. cégrding to
still furthewfeaplsas dalheodastvgdnpreterteldsembodiments the 30 eukaryotic protein is Human

glucocerebrosidase. According fo Sl Fher featiies g desrped.pelared smbodimgnts the
plant root cells are selected from the group consisting of Agrobacterium rihzogenes
transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell.

According to still further features in the described preferred embodiments the

15 plant root cells are carrot cells.

According to still further features in the described preferred embodiments the
recombinant biomolecule is selected from the group consisting of a prokaryotic
protein, a eukaryotic protein, a chimeric protein, a viral protein.

According to still further features in the described preferred embodiments the

20 viral protein is the infectious bursal disease virus viral protein VPIL

According to still further features in the described preferred embodiments the
eukaryotic protein is Human interferon 8.

According to still further features in the described preferred embodiments the
cukaryotic protein is Human Clotting Factor.

25 According to still further features in the described preferred embodiments the
eukaryotic protein is Human Factor X.

According to still further features in the described preferred embodiments the
eukaryotic protein is Human lysosomal enzyme.

According to still further features in the described preferred embodiments the

30 eukaryotic protein is Human glucocerebrosidase.
According to still further features in the described preferred embodiments the

eukaryotic protein is Human alpha galactosidase.



eukaryotic protein is Human alpha galactosidase. 11 According to still further features in the described
preferred embodiments the eukaryotic protein is Human growth hormone. According to still further
features in the described preferred embodiments the eukaryotic protein is FSH. 5 According to still
further features in the described preferred embodiments the eukaryotic protein is acetyl choline
esterase. According to strII further features in the de r|bed preferred embodlments the recombinant

biomolecule is non-i |c Acc g?%‘ 9# t|II furt atu esalnt eﬂ% s%rlr refer{ed
embodiments the 10 é%t‘* f flat& sys emrc Sifnlrver ccordeng |‘ﬁnttur]ner features

in the describe@b:rgferireﬁ:embodhﬁm thewthédigaoment is formulated for local delivery. The present
iinvention successfull;j/%t?dﬂdr sgeﬁ tsrttle1 %’11 rtﬂtcropt S oft essc%rf)t kn wn gonff)%tératrons ﬂt%g providing
methods and compositio §10R the’mucdsar'or en 23 a mlnls iGn°or bis oglca yactlve
macromoleculesisuitatitefotesystdifiid.or local delivery. Unless otherwrse defined, all technical and

sclentific terms used hereln have i same.meaning aa, commenly, understaod by ene of ordnary skl
in the art t which thisTAvVERt nbeongs toug “metho dtenals similar or equrvaentto

those 20 descrbked-heiepraain heacssd thdheepractice.or testlng of the present invention, suitable
methods and materlajf are des rib gnj[g n case.of gonélrc %n?% f 1tron ml(lzludrng

tures i erre ﬁ) %
definitions, will control. T aélaﬁrc?ns e Mmateriafs. methods an examples ars il ré’tlve on?y and not

intended to beﬁmhg:%iﬁ%ﬂ%@%@ﬁdﬂTﬁ@N@geﬁHE DRAWINGS The invention is herein

described, by way of example onI ]itt ference to. t drawin Wrths ecrfrc
reference now to the ‘grawr‘%g ghgl L‘[ﬁrs St ?&rggénthafflt eescr?ar []}/ ar% S owngzgt)?lenbe Ph

example and fmeﬁwmnwsmforﬁuﬁummsstmodaﬂv&m preferred embodiments of the present

invention only, and 3Q are present ec vrd ? lieyed to he th st useful
and readily understo%a 8egscﬁp%tro§qlofﬁﬁftehgrrr%c?uf(es an cogqr?g(e% %{Spé‘r&\é 0 ’ﬁ??e 11Frlr(\alr(lentron In this

regard, no attempili¢smeade toshoatstrisctioal] detailsof the invention

The present invention successfully addresses the shortcomings of the presently

known configurations by providing methods and compositions for the mucosal or
15  enteral administration of biologically active macromolecules suitable for systemic or
local delivery.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Although methods and materials similar or equivalent to those

20  described herein can be used in the practice or testing of the present invention, suitable
methods and materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods,

and examples are illustrative only and not intended to be limiting.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to
the accompanying drawings. With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of example and for purposes of
tllustrative discussion of the preferred embodiments of the present invention only, and

30 are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the invention

in more detail than is necessary for a fundamental understanding of the invention, the



in more detail than is necessary for a fundamental understanding of the invention, the 12 description
taken with the drawings making apparent to those skilled in the art how the several forms of the
invention may be embodied in practice. In the drawings: FIG. | is a bar graph depicting activity of GCD
in livers of mice fed with carrot 5 cultures expressing the recombinant protein. FIG. 2 is a bar graph
depicting elevated levels of hGH in hypophysectomized rats administered with hGH expressing BY?2
cells as compayed to animals administered with najvé BY2 cells. FIGs. 3a-b are bar graphs depicting
elevated leveld'SIHEES 1&5@@% (BfURYY 85I 4Ra TR AR ) S&?}S@s‘%mﬁﬁﬁfh@ﬁ red with
hGCD expressieg:plpfiresllst tiRcakdensismie syidapsdiddourgelteeng administration. FIG. 4 is a bar
graph depicting elev te\%tlie els of FSH in sera of rats orally administered with FSH-expressing plant
cells. Peak levels are'® é%?‘f@ﬁ?inutes following administration. 15 FIG. 5 is a photomicrograph
showing Western Bloramnalyisis showing Gpltiievals derived @Dnmdiydyaphilizededndifieshreell
extracts of GCD expressing cells, DESCRIPTION OF THE PREFERRED EMBODIMENTS The
present inventBhHE SrHEHoHE S RSSO REfS P the mucosal or 20 enteral (e.g.; oral)

administration of biologEatlysactive gradtiansletigeseunichleas el WSeDifok giaphasittaasmetic,

prophylactic or therapeutic purposes. tggitjgrinci les andg ratign of the present invention may be
better understé¥d 1%?&%§ﬁ2ewt%ﬁth£ wingsaitFa gﬁlp%?%inasdé’ggi%aﬁg s BB plaining at
least one embadimert-edd e ttnventoBn detall, it is to be 25 understood that the invention is not
limited in its applicatiQn to the details set forth.in . the followin descriptio exemplified by the
Examples. The invent s EpABIE 5 e SRSCRTELSY SFBBD DA Rd e At i
various ways. Adsand liis-¢0 (Peuredénsidostdbailihedghisiseotogy idndGEMmnoplegyianmdayeel lherein is for
the purpose of description and should not be regarded.as limiting. 30 Plant-based production of
biopharmaceu iggﬁfsﬁfgg i%%?r? ‘fﬁd}ﬁﬁrgg%l i 0‘3’,&@ %ﬁﬁ%&f?ﬁg%‘%or plant-derived therapeutic proteins
are underway. Howew@Gprdueat beecauphy depintplgred danedivihfdtihe hwmassadrampiys

d dhu depintipland oulted divfhR§tine ot e
large-scale Co?&?ﬁ%@re& with FSH-expressing plant cells. Peak levels are evident 10 minutes

following administration.

13 FIG. 5 is a photomicrograph showing Western Blot analysis showing GCD
levels derived from dry/lyophilized and fresh cell extracts of GCD expressing cells.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of methods and compositions for the mucosal or

20  enteral (e.g; oral) administration of biologically active macromolecules which can be
used for diagnostic, cosmetic, prophylactic or therapeutic purposes.
The principles and operation of the present invention may be better understood
with reference to the drawings and accompanying descriptions.
Before explaining at least one embodiment of the invention in detail, it is to be
25 understood that the invention is not limited in its application to the details set forth in
the following description or exemplified by the Examples. The invention is capable of
other embodiments or of being practiced or carried out in various ways. Also, it is to
be understood that the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.
30 Plant-based production of biopharmaceuticals is now in the marketplace and
clinical trials for plant-derived therapeutic proteins are underway. However product
recovery from plant culture medium or the biomass hampers large-scale commercial

use of such recombinant proteins in terms of cost-effectiveness, vield and activity.



use of such recombinant proteins in terms of cost-effectiveness, yield and activity. 13 Administration
of therapeutic proteins such as by following minimal or no further recovery has been previously
suggested (see e.g., U.S. Pat. App. 20040175440, 2003013588 and 20030084484). However, to
date, no experimental proof has been provided for the actual transport of the recombinant protein to
the circulation nor to 5 target organ or tissue (i.e., wt‘grein the target organ is not part of the

gastrointestinal tract), While reducing the present invention to practice,.the present inventors
uncovered that admid%ﬁbﬁji%tf?‘ﬂaﬂ% 5%%5%%?%%%8%?}1@%0?‘%% aﬁ?%)r‘gf%ﬁw CANBE J5€0 for
systemic administiiatienefdheiapbetic peiagnestisuganesrbplylacticUlD hacromolecdlEs @), proteins,
oligonucleotid m ntis Q[ I'k\j}é As is illustrated hereinbelow and in the Examples
section which %oﬁ ﬁﬁ% ﬁ‘gggﬁp?&%ejh %‘% PEETE {8 éﬁa}fﬂ/ ?ﬁa?xéjr%l?lggrr%%\ingé)t%g}\aS;ggg?rot cell
cultures expressitig@luoockeeinslidasesfGE DY) fliesultethisi thet geowinutatiba ofrthndativerrenzyme in
livers of mice fed therewith (see Figure 1, Example 1). In addition oral 1 inistration of plant cells
expressiné huﬁﬁ‘%ﬁgf’% o8k If?iGYYB?]I’—eﬁ—& K RGBT lﬁyrbog%aéga(ﬂ@r%f%%sg A tsesé Ig%f/led
successful deliyegy).of the proteins to the circulation and peripheral organs as evidenced by ELISA
assay (see Examples 2-4). Thhls the present inyention provides for the fili_?t timeS e\{io]lEence that plant

4 :
cells can be used as SRS CKHR Yo r S Bt pRu S s BT BF Siteral dBIRSR) of 58 Bidlogically
active biomolegtites sudhias phaieissalltwsf atcarcdilig ¢apoeiagpbet afdivbiprasentticiuentidre there is
provided a meth%? 9! rs.yg.t(;;{er;icaclly g%ﬁ\rlﬁasrgp% gnbigmiﬁeargéea%i:ve, drecgégggnagt iorr%o e glc%,cin a
biologically activ€orm, t8°3 sll%jecgf fneed theredt. The hethad of this aspecl% of?neppyesent invention
is effectedoby expressiige2és tresbiptogivallylagiive regatn birantbiomatec ulelithpldnt)cells; and
enterally (€.g., orally) ik u%’?r%kl qadminglenng 1o EQ%%“E%%&%‘Q%E% SHUG !%ﬁﬁ&%‘éet%”c’“”_t of
the cells expressing the biologically active exogenous recombinant biomolecule, thereby systemically
delivering the biclagicalyecactversearhbinanttpretéing v dlologitaitioactivesioonedd thetsidsject. 30
As used herein the phrase,"systemically delivering” refers,ta providing organs (internal or.external) of
the body via th%XBTS%%“&r g&}g}écoeﬁrgm& ase &?6139 IRIRISQPrOVAING oA L BIeH! Q16X
enzyme in livers of mice fed therewith (see Figure 1, Example 1). In addition oral
15  administration of plant cells expressing human growth hormone (hGH), FSH and
hGCD to hypophysectomized rats showed successful delivery of the proteins to the
circulation and peripheral organs as evidenced by ELISA assay (see Examples 2-4).
Thus, the present invention provides for the first time evidence that plant cells
can be used as effective carriers for the systemic, mucosal or enteral delivery of
20 biologically active biomolecules such as proteins.
Thus, according to one aspect of the present invention there is provided a
method of systemically delivering a biologically active, recombinant biomolecule, in
a biologically active form, to a subject in need thereof.
The method of this aspect of the present invention is effected by expressing
25  the biologically active recombinant biomolecule in plant cells; and enterally (e.g.,
orally) or mucosally administering to the subject a therapeutically effective amount of
the cells expressing the biologically active exogenous recombinant biomolecule,
thereby systemically delivering the biologically active recombinant protein, in a
biologically active form, to the subject.
30 As used herein the phrase "systemically delivering” refers to providing organs
(internal or external) of the body via the blood circulation.

As used herein the phrase "recombinant biomolecule" refers to a

polynucieotide, an oligonucleotide, a polypeptide or a peptide (such as a peptide



As used herein the phrase "recombinant biomolecule" refers to a polynucleotide, an oligonucleotide, a
polypeptide or a peptide (such as a peptide 14 fragment of a larger polypeptide) which is exogenously
expressed (MRNA or protein level) in the plant cells of the present invention using recombinant DNA
technology. Examples of proteins which may be recombinantly expressed according to the teachings
of the present invention include but are not limited tolﬁ)rokaryotic proteins, 5 eukaryotic proteins (e.g.,

mammalian, plant), chimeric proteins, viral proteins and peptides. Specific examples include, but are
not limited to, gﬁﬁﬁl?&fe%f(%.lé?,gﬁ‘hﬁlé@ﬁ?gﬁg&ﬁ%%ﬁ%r% ﬁ&?"&fgﬁﬁ)ﬁ%ﬁ%&ﬁﬁ 2XeR UM a-cellualr
matrix proteingdes-in CRllauen hBR BMesyrennfectiaus huisgeisanseavir INAratgraikigyVPIl, Human
interferon beta, Human clotting factor, Human factor, X, Human lysosomal enzyme, 10 HurHlan
glucocerebrosidase, ﬁﬁﬁﬁ%ﬂ@aslﬁ&ﬁé‘?ﬁlﬁé@?ﬁ%’é@a&n@ﬂ%‘@%%ﬁ%@égfﬁg&g SRS mafinose
proteins [e.g., KRR Loz pasaanitehtidhuimandstetnertisgudiplasminpgdargotivatonéiy), Human
DNase I, recomhbinant gp120, Human tissue plasminogen activator, Human tbl)é[o Iotbulinérrll&rG),
Human CH4 afidHdAt&n PR 8§en5ﬁ]aﬁ*§rﬁ%\5\?\‘ﬁ b‘gaé%?pr %@t%%ct%?tgfﬁ%’r Bism8igciles €an be

delivered usingdpgddeachirgiiof shenyrsentinyenton suchoadioligahus|entitdediwhietrarentivolved in

gene silencing, (e.g., antisense, dsRNA, rihozyme, DNAzyme and the likes). As used. herein the
phrase "biolog%éﬁf%c"t?ﬂﬁ?%’ ?é?%ofﬁsar%ﬁﬂﬁg}é%‘%tﬂf&6’6?&8%%%%@%%?@‘1 T TR Ef,'%inding

. enzymat C activit
activity) of the ¢egaghjnant piriginheichddoro preferabiynotimitedital theoalicitsdh éfanammune

response for vaccination intentions. As used.herein the h{a e "%lb[jfct in rﬂe&%h%{eé)f' refgrs to a

multicellular a’fﬁﬁ‘?fg?%’@%ﬁ@n%@np@f}mg}?gf,aﬁf‘% Rat €Y  miman) Who may benett (€.,

clinically eesthatigalty :freoréheradant ihventionipRd dsausedihercindhaqivhshipilantgeiistrefers to

ol s e e A 100l o)l ool o Lopegencous o

biomolecule. AddsseddereincthatphraBa JisHiated plavieels reebarbitaupant 18 sHvineh aresu80 derived

from diSintegra}.)t%%ﬂgggte%ellatéa‘sfg%gr L%gggel‘{lh%}flgg&%ﬁn (hTG), Human CD4 and Human
plasminogen)].

15 It will be appreciated that other biomolecules can be delivered using the
teachings of the present invention such as oligonucleotides which are involved in gene
silencing (e.g., antisense, dsRNA, ribozyme, DNAzyme and the likes).

As used herein the phrase "biological activity" refers to an inherent biological
activity (e.g., enzymatic activity, binding activity) of the recombinant protein which is

20 preferably not limited to the elicitation of an immune response for vaccination
intentions.

As used herein the phrase "subject in need thereof” refers to a multicellular
animal organism (e.g. poultry, ¢.g., mammal, e.g., human) who may benefit (e.g.,
clinically aesthetically) from the present invention,

25 As used herein the phrase “plant cells” refers to whole plants, portions thereof
(e.g., leaf, root, fruit, seed) or cells isolated therefrom (homogeneous or heterogencous
populations of cells) which express the biologically active recombinant (exogenous)
biomolecule.

As used herein the phrase “isolated plant cells” refers to plant cells which are

30 derived from disintegrated plant cell tissue or plant cell cultures.

As used herein the phrase "plant cell culture" refers to any type of native

(naturally occurring) plant cells, plant cell lines and genetically modified plant cells,

which are not assembled to form a complete plant, such that at least one biological



As used herein the phrase "plant cell culture” refers to any type of native (naturally occurring) plant
cells, plant cell lines and genetically modified plant cells, which are not assembled to font a complete
plant, such that at least one biological 15 structure of a plant is not present. Optionally, the plant cell
culture of this aspect of the present invention may comprise a particular type of a plant cell or a
plurality of different types of plant cells. It should be noted that optionally plant cultures featuring a

particular type of plant cell may be originally derived flom plurality of 5 different types of such plant
cells. Plant cef&&fitHE ?ﬁéﬁﬁ?ﬁﬁ?/@ﬂfiBFF%pﬁé’é’%*%i’aﬁec@ﬂ%g b‘f‘élﬁ'ér%ﬂg%fs MW, indicating

that no deliberaie slestriGliomabingss supitses isneadedipponta pantivigiratianioreigenio deliver
the bioactive molecule. Thus, preferably at least 30 %, 40 %, 50, %, 60%, 70 %, 80 %, 90 % or 100 %

cells administeteFEdinprRss £T10leibstitiany MHENACRA Rt ARe iRt BaiRa) BlBHEtells of the
present inventieanana derhiedcimm soplanplan Ralt theveefhripredekablyi saietbbleapiantlwhich is
amenable to genetic modificaﬁion S0 _as to express the recombinant protein therein. Examples of
plants whith BBt e LR ettt this aspect of the 15 present invention include, but are

not limited to, moss, @gae coMeNECei-ofdient, iasantlinas pihescpianisabxas plesibeludeditrare not
limited to, leafy crops %glg,rop,s, aléalfa, t %%:o, t&matoes, bananas, carrots,.lettuc{:%, maize,
cucumber, mefSH; CYEBLR Y RIS PIRhDEET HAG BTN ARTYE BRY e of plant

cell such as a plafihiaeitidl sed(ie 1a cathvaeivesifamivobiaiaaddrorngrpetiinlly fidsaed 8pon, a
plant root), mgre preferabl lant root cell selected from t roup consisting of, a celery cell, a
ginger cell, a hé‘rs%ﬁaéis %csé/fia%@?‘a ZO 8t égllg.)"Acho%i% 1}§ grlg"sgﬁﬁﬁ/ %ﬂBW}?@F@ﬁQeFPéHPESy ff’guration of

the present inventianithe pleak cellsanaideny eaditonicil-eamot or from tobacco (see Examples 2-4 25

of e Examples ety elg) il e apfecialed it plnt plc g o o over
(see, for examplefethbiPateatible. #:n88:69ht Sikahsletoapems fulibdifidescritedheareieisw. Thus,
as describe_d htigeljg&?ggi%b gtngmgeent&a&%gegg;the Examples section below, the plant root cell may be an
Agrobacterium
Examples of plants which may be used in accordance with this aspect of the
15 present invention include, but are not limited to, moss, algae, monocot or dicot, as well
as other plants. Examples include, but are not limited to, leafy crops, oil crops, afalfa,
tobacco, tomatoes, bananas, carrots, lettuce, maize, cucumber, melon, potatoes grapes
and white clover.
The plant cell may optionally be any type of plant cell such as a plant root
20 cell (i.e. a cell derived from, obtained from, or originally based upon, a plant root),
more preferably a plant root cell selected from the group consisting of, a celery cell,
a ginger cell, a horseradish cell and a carrot cell.
According to presently known preferred configuration of the present
invention the plant cells are derived from a carrot or from tobacco (see Examples 2-4
25 of the Examples section below). It will be appreciated that plant cells originating
from structures other than roots can be transformed with 4grobacterium rhizogenes,
inducing hairy root cell development (see, for example, US Patent No. 4,588,693 to
Strobel et al), as further described hereibelow. Thus, as described hereinabove, and
detailed in the Examples section below, the plant root cell may be an Agrobacterium
30 rhizogenes transformed root cell.
Suspension cultures are preferably used in accordance with this aspect of the

present invention, although callus cultures may also be used.



30 rhizogenes transformed root cell. Suspension cultures are preferably used in accordance with this
aspect of the present invention, although callus cultures may also be used. 16 Expression of the
biologically active recombinant protein of this aspect of the present invention in cells of the
above-described plant cell culture is effected bye ligating a nucleic acid sequence expressing same
into a nucleic acid construct suitable for plant expression. In addition expression of the biologically
active protein of this 5 aspect of the present inventiofn cells of the above-described plant cell culture

is effected by ligating*anietisie atilicsbiglesica arinfycrreonbinags esish SrhiprImedendiSuch a

nucleic acid copstet ipEliAss %C&ﬁgtmﬁ%%@wné&%e@g%@%@ BHOMIRLEE SRMAACE,fOr
directing transcription of the polynucleotide sequence in the_ 10 cell in a constitutive or inducible

manner. The pHEATHERR Rits)de HEHTSRBES BHIRIERIGEBEINE thaurifis Rt ensiEY saftablp
alternatively, sygh-a.pucleicagiah. qansiiietincludesian snhansRIRAMRIALRIRMEeMNELIR be dnserted into

the plant genome " in the vicinity to a plant gene (i.e., knock-in). The promoter may be a plant promoter
or a non-pfant #iielofdr thmipfesent reanimicralving Higrhevetdssrabasselptoit Braiiie sequence

in the host cellgsgiuely as,1n; plankcelir.art maet%eéﬁt&&rqmoiﬁ% maYoRereilhpecansiptivear
inducible. For example, and not by way of limitation, an inducible promoter can be a promoter that

promotes expré%&fon or increased expression of the lysosomal enzyme nucleotide sequence after

mechanical gene actiyation (MGAY ofitheoRl@nleiRNLISSHR I LAah PlRRuGRErEXaTRIesf gonstitutive
plant promoters include, but are not limited to CaMV35S and CaMV195 promoters, FMV34S

promoter, sugaFeaMBSHMERS IadhEring Bremsiehoe NI BOIMYRFORISHEHSERETHACTS actin

promoter; ;Araigpsis;UliguitindB Qrl RIRMBIEmhargy leafhiginin BdHARrenatahJliceasctht 25
promoter, rbeS, the promoter for the chlorophyll alb binding protein, Adhl, NOS and HMG2, or

modifications dIcH&f stthdheoframsirmsdiohapisribiéMms U Bromwter intricdd ByFleispatific stimulus
such as stressg goiditionzIcampiisingfREexmpIer kuhtcifmpeiatistecanamiaalsdroughimbigh

salinity, osmotic shock, oxidant conditions or in case of pathogenicity. Usually
in the vicinity to a plant gene (i.e., knock-in).
The promoter may be a plant promoter or a non-plant promoter which is
15 capable of driving high levels of transcription of a linked sequence in the host cell,
such as in plant cells and plants. The promoter may be either constitutive or
inducible. For example, and not by way of limitation, an inducible promoter can be a
promoter that promotes expression or increased expression of the lysosomal enzyme
mucleotide sequence after mechanical gene activation (MGA) of the plant, plant tissue
20 or plant cell.

Examples of constitutive plant promoters include, but are not limited to
CaMV35S and CaMV19S promoters, FMV34S promoter, sugarcane bacilliform
badnavirus promoter, CsVMV promoter, Arabidpsis ACT2/ACTS actin promoter,
Arabidpsis ubiquitin UBQ 1 promoter, barley leaf thionin BTH6 promoter, rice actin

25 promoter, rbeS, the promoter for the chlorophyll a/b binding protein, Adhl, NOS and
HMG?2, or modifications or derivatives thereof.

An inducible promoter is a promoter induced by a specific stimulus such as
stress conditions comprising, for example, light, temperature, chemicals, drought,
high salinity, osmotic shock, oxidant conditions or in case of pathogenicity. Usually

30 the promoter is induced before the plant is harvested and as such is referred to as a
pre-harvest promoter. Examples of inducible pre-harvest promoters include, but are
not limited to, the light-inducible promoter derived from the pea rbeS gene, the

promoter from the alfalfa tbeS gene, the promoters DRE, MYC and MYB active in



30 the promoter is induced before the plant is harvested and as such is referred to as a pre-harvest

promoter. Examples of inducible pre-harvest promoters include, but are not limited to, the

light-inducible promoter derived from the pea rbcS gene, the promoter from the alfalfa rbeS gene, the

promoters DRE, MYC and MYB active in 17 drought; the promoters INT, IMPS, pixEa, Ha hspl7.7G4

and RD21 active in high salinity and osmotic stress, and the promoters hsr203J and str246C active in

pathogenic stress. The inducible promoter m}g%/ also bé an inducible post-harvest promoter e.g. 5 the
Y576

inducible McGAtqnghsrdhsopsengtssHAtT NBY B 80xd36 Fla heidreféireansi dHal lufifitiza fBried rapid
induction of the MeGA for prgmeter igadocalizedvgundoaiier Hhedianthasshegschajvested The

nucleic acid construct of the present invention may also comprise an additional nucleic acid sequence
encoding a sigh#éhpeitidstkat allows transport of the 10 recombinant protein in-frame fused thereto to

a sub-cellular organelig withinBg Rlath#s desirat.Examplasinuhrrian csopnsliss-ptriant cells

include, but are not limjted to, leucgplasts, chloroplasts, chromoplasts, mitochondria, nuclei,

peroxisomes, éheidpiasible Matidum aremesldles: T SXpreseiFivietord g sEeardatienitting or
transforming thg;host eglis,efrdrdhednyeition sanhe:adtitignallygqdified.aesardingta athods

known to those skilled in the art to enhance or optimize heterologous gene expression in plants and
plant cells. Suéherib@ieasiesss Prvri&But are not limited to mutating DNA regulatory elements to

increase promoter strepgthRIdR alied R OfHRIBreRInAS AR AS RaQPAIBYZdEERdONMSageE.
Construction o;@:{n‘thetic genes by altering the 20 codon usage is described in for example PCT

Patent ApplicalitHiomye ey aeid semienseieneodiag ot eanl meptske dhapP Ry st 04 Bacmid, a

phagemidga costpithia L8« A itHsarRNAtHCIR CRFomosame chrefarabbantif RUgigicHsid
construct of the present invention is a ?Iasmid vector, more preferabli a binary vector. 25 The phrase

"binary vector Wéfdrtgiatied préasmnise abrwrrhrcarieansisoalt telliomtets: BYSI&Smid:;
enable to be mytipligdathid) Becaliphgsin Auiobacierium eallsyand ussialyheamiisingcreporter

lgareensee(ﬁz Ifs\r/ eprlwz;lig‘t#é%r;gnogsrj%gggplggg\{s?&g?u%vgn kg}o‘i;l&réjueor1 éggions. A binary vector suitable for the

The expression vectors used for transfecting or transforming the host cells of

i5 the invention can be additionally modified according to methods known to those
skilled in the art to enhance or optimize heterologous gene expression in plants and
plant cells. Such modifications include but are not limited to mutating DNA
regulatory elements to increase promoter strength or to alter the protein of interest, as
well as to optimizing codon usage. Construction of synthetic genes by altering the

20 codon usage is described in for example PCT Patent Application 93/07278.

The nucleic acid construct can be, for example, a plasmid, a bacmid, a
phagemid, a cosmid, a phage, a virus or an artificial chromosome. Preferably, the
nucleic acid construct of the present invention is a plasmid vector, more preferably a
binary vector.

25 The phrase “binary vector” refers to an expression vector which carries a
modified T-region from Ti plasmid; enable to be multiplied both in £, coli and in
Agrobacterium cells, and usually comprising reporter gene(s) for plant transformation
between the two boarder regions. A binary vector suitable for the present invention
includes pBI2113, pBI121, pGA482, pGAH, pBIG, pBII01 (Clonetech), pPI (see

30 Example 5 of the Examples section which follows) or modifications thereof.

It will be appreciated that production of active polypeptides in some cases

comprises a sequence of events, commencing with expression of the polypeptide



includes pBI2113, pBI121, pGA482, pGAH, pBIG, pBI101 (Clonetech), pPI (see 30 Example 5 of the
Examples section which follows) or modifications thereof. It will be appreciated that production of
active polypeptides in some cases comprises a sequence of events, commencing with expression of
the polypeptide 18 which may be followed by post translational modifications, e.g., glycosylation,
dimeriztion, methylation and sulfhylation, hydroxylation. Although plants are capable of glycosylating
human proteins at the correct position, the composiﬂ&n of fully processed complex plant glycans

differs from 5 YHARATRAAN G- fRKSH Ty Cin8OoBIdRtEaR-! dBMBEEIAD the ®rnBEPEARE S id residue

or galactose regjiduesicampeninanimnal givesnsignthofier @antain a xylose or fucose residue with a
linkage that is generally not found in mammals (Jenkins et al,, 14 Nature Biotech 975-981 (1996);

Chrispeels and Faye iHrarEh ety ar<pprtae-of EondHim. HHapanor el Wit asbns, N.Y.
1996; Russell g4@tfolIThkOBo R Miciokio. AMnyaste(d 0 rienyelaic actd coastruet abihe present

invention can be utilized to stably or_ transiently transform plant cells. In stable transformatign, the

nucleic acid mEYEBgaLER MNeliiede AtirAnt oM idlittedInto YRRt Jemphm, siMiraEich it

represents a stakigeandinhesieddiritelcbansiant iansiownalian aHieomeel eim asithRolesude is 15
expressed by the cell transformed but not integrated into the Iﬁé‘e{nome, and as such represents a

transient exprdB&Sh BFELpSEHficiorBtERe THbis SrRAROBE MR AR BEMISLEM i igilgenes into

both monocotylesanayBaneeicotylespnpyss planis sgRetdws Fhyd 8D khnSdunicR@anRIapt Fhysiol Plant
Mol Biol 42, 205-225; Shimamoto, K. et al. (1989). Fertile tran?qenic 20 rice plants regenerated from
n

transformed pﬂdt%ﬁfag’l%‘?’l\]}éuﬁ%d(f@%gfﬁ; M3 78)S e NrinclgaPmidtseds otte SabRPintegration

of exogengus PiNAoitD PaningEnensie) DNA include two main approaches: (i) Agrobacter

Turn-mediated gene fransfer. See: Klee, H. J. et al. (1987). Annu Rev Plant Physiol 38, 467-486;
Klee, H. J. and Rogers s/ 881 ORI P AT YRR AN BEREEEETIPSIARIS Vol o,

Molecular BiolggisafnkantiNdsieapi@enetis pp. 428k, darSehelgind, LhKadial, £t mbleadRmic
Publishers, San Diego, Cal.; and Gatenb . (1989). Regulation and Expression of Plant Genes in

Y. A A, (
Microorganisnt&e %?%—ﬂ’f?ﬁ?&n?éfﬁ?&ﬁﬁ%l&ﬁ?},t > KRG SHGee: AR A A U ECPES HE dorth

stable and inherited trait. In transient transformation, the nucleic acid molecule is
15  expressed by the cell transformed but not integrated into the genome, and as such
represents a transient expression of a specific protein.

There are various methods of introducing foreign genes into both
monocotyledonous and dicotyledonous plants (Potrykus, I. (1991). Annu Rev Plant
Physiol Plant Mol Biol 42, 205-225; Shimamoto, K. et al. (1989). Fertile transgenic

20  rice plants regenerated from transformed protoplasts. Nature (1989) 338, 274-276).

The principal methods of the stable integration of exogenous DNA into plant
genomic DNA include two main approaches:

(iy Agrobacterium-mediated gene transfer. See: Klee, H. J. et al. (1987). Annu
Rev Plant Physiol 38, 467-486; Klee, H. J. and Rogers, S. G. (1989). Cell Culture and

25 Somatic Cell Genetics of Plants, Vol. 6, Molecular Biology of Plant Nuclear Genes,
pp. 2-25, 1. Schell and L. K. Vasil, eds., Academic Publishers, San Diego, Cal.; and
Gatenby, A. A. (1989). Regulation and Expression of Plant Genes in Microorganisms,
pp. 93-112, Plant Biotechnology, S. Kung and C. J. Arntzen, eds., Buiterworth
Publishers, Boston, Mass. This is especially favored when root cells are used as host

30 cells.

(i1) Direct DNA uptake. See, e.g.: Paszkowski, J. et al. (1989). Cell Culture
and Somatic Cell Genetics of Plants, Vol. 6, Molecular Biology of Plant Nuclear
Genes, pp. 52-68, J. Schell and L. K. Vasil, eds., Academic Publishers, San Diego,



Publishers, Boston, Mass. This is especially favored when root cells are used as host 30 cells. (ii)
Direct DNA uptake. See, e.g.: Paszkowski, J. et al. (1989). Cell Culture and Somatic Cell Genetics of
Plants, Vol. 6, Molecular Biology of Plant Nuclear Genes, pp. 52-68, J. Schell and L. K. Vasil, eds.,
Academic Publishers, San Diego, 19 Cal.; and Toriyama, K. et al. (1988). Bio/Technol 6, 1072-1074
(methods for direct uptake of DNA into protoplasts). See also: Zhang et al. (1988). Plant Cell Rep 7,
379- 384; and Fromm, M. E. et al. 1986?\) Stable trarlSformation of maize after gene transfer by

electroporatiort: Mratifté 398y#83- PoXtBNAlGPTAKEIRdTERAD biilf & Hdéiia dhiodk Br gldfticells). See

also: Klein et aly(1088) I3 Technelegfis D5 263: Memahe P (st ab142088) Riphites79-
transformation of soybean (Glycine ,mag‘(rz bg/ [aarticle acceleration. Bio/Technology 6, 923-926; and
Sanford, J. C. ¢P06)BIoREHE: Mntirahstoridaioh. PRYSoIBISfTRS198625 FBYENA RN into

plant cells or tigsies ypadisieRembardnent. SEE JispANeumg, dpMketialiidd8B)y: Hhepr Appl to
Genet 75, 30-36; and Neuhaus, J. M. and Spangenberg, G.C. é1990). Physiol Plant 79, 213-217 (use

of micropipetteSrEisniapcs & plast selisheos 468 76k iy Ris fibereS bridfidsiioee wmdker

transformationseficaftculberas, EMmipnios ogalRisHissHelfonaeRIsIeWen W chsahak)[@985).
"Exogenous gene transfer in maize (Zea mays) usin DNA-treateéiﬂEollen," Experimental Manipulation

of Ovule Tissua%#p?i%eléﬁgamaﬁ?%{fgﬁ% Q&Y Bngmatt NEY PaR Srtidn, 8.9‘1>9%3’-§%921%nd Ohta,

Y. (1986). Hightzffigieney-manaticPhransfenation ghilaize gyraaMixeteoaf Rallekandealkxegenous
DNA. Proc Natl Acad Sci USA 83, 715-719 (direct incubation of DNA wi hé(?rminating pollen). The

Agrobacterium-ATBeRE AEYSIE ROMORIEE Rk BER BIBINSHATedtdrs Hhat S0 ohhirTefit®Y DNA
segmentgwhicheintegratening thel plrohgenanig. RMNAS MMeathesls ©f haculation) oPteiplankiissue vary

depening Upo i Pl e s i Adonecie pelve sysen Aoy e spproec
for initiation of whellRplantislifteteibiationfrierashiibh Bf edlalo(BR8). chbafod v disdliranstaenation.”
otacs GOV ARLTRE RO TN ST ST e
AgrobacteriumysygielN A-treated pollen,” Experimental Manipulation of Ovule Tissue, G. P.
15 Chapman et al., eds., Longman, New York-London, pp. 197-209; and Ohta, Y.
(1986). High-Efficiency Genetic Transformation of Maize by a Mixture of Pollen and
Exogenous DNA. Proc Natl Acad Sci USA &3, 715-719 (direct incubation of DNA
with germinating pollen).
The Agrobacterium-mediated system includes the use of plasmid vectors that
20 contain defined DNA segments which integrate into the plant genomic DNA.
Methods of moculation of the plant tissue vary depending upon the plant species and
the Agrobacterium delivery system. A widely used approach is the leaf-disc
procedure, which can be performed with any tissue explant that provides a good
source for initiation of whole-plant differentiation (Horsch, R. B. et al. (1988). "Leaf
25 disc transformation.” Plant Molecular Biology Manual 45, 1-9, Kluwer Academic
Publishers, Dordrecht). A supplementary approach employs the Agrobacterium
delivery system in combination with vacuum infiltration. The Agrobacterium system
is espectally useful for in the creation of transgenic dicotyledenous plants.
There are various methods of direct DNA transfer into plant cells. In
30 eleectroporation, the protoplasts are briefly exposed to a strong electric field, opening
up mini-pores to allow DNA to enter. In microinjection, the DNA is mechanically

injected directly into the cells using micropipettes. In microparticle bombardment, the



is especially useful for in the creation of transgenic dicotyledenous plants. There are various methods
of direct DNA transfer into plant cells. In 30 electroporation, the protoplasts are briefly exposed to a
strong electric field, opening up mini-pores to allow DNA to enter. In microinjection, the DNA is
mechanically injected directly into the cells using micropipettes. In microparticle bombardment, the 20
DNA is adsorbed on microprojectiles such as magnesium sulfate crystals or tungsten patrticles, and
the microprojectiles are physically accelerated into célls or plant tissues. Although stable

transformation 78 prés AR R I rBEC TP RFURSHL FFaivisty At AFR B b F HHRL LS RS PEANELSHR8ristematic

cells, or the whaleflankis aleaeavisrgedily LdpaRiesenhiovrRMICN ioWEUEs: fidhisisase measures
are taken to exclude viral sequences or selection genes (e.g., antibiotic resistance) for regulatory

purposes. Transient {HHASREFHIARIR Cars BRRHidS B SHY HPIRE RS BIIA HALY ds

described abowve @5y atiaddnfedtion ysingimedifiedplpnbyifbsamovirpkes thalshayebger shown to be
useful for the transformation of plant hosts 10 include cauliflower mosaic virus (CaMTV), ,tolgacco

mosaic virus (FVIESHY BXERisArud @BRAY of rdh o0 MR LTsiIHY Hlait Shudes 18t scribed
in, for examplgsddeBeRasy My AidbEeAd ((OeaARUBIBED MOSAICY) s rBEMMY BRAGES53 (TMV);
Japanese Published Application Na. 63-14693 (TMV); EPA 194,809 (BV); EPA 278,667 (BV); and

Gluzman, Y. or al. (1988} EUHEENGIE iRRMBRENETIS BiolBYy°MiPa VEERN G 8fing Harbor
Laboratory, Neuetiodk,deperled 183 clhehwse Of peeHan viks pastities fexpiassikg foreign DNA in
many hosts, including _plants, is described jn WO 87/06261. Copstructign of plant RNA viruses for the
introduction and exp?&@ﬁﬁ’? S bavs 8?%%%%%%@?1%?‘5‘6?1 @Eifgggﬁﬂ E%’?ﬁ?rbgr%g%\%%ﬁﬁonstrated
by the abave ZRlieferencks@scval@siey vidaws@rNVHO tebaled 12885 A dhacqamusaiandrus-hybrid
expresses anc{blac%%gs an added gene. ViroIQ%}{Dl?Z, 285-292; French, R. et al. 1%% % Sciepce 231,

n

1294-1297; a REHSH N, SEAS I8 A RIS e REB AT RTS thh AED BrotdpIdts using
tobacco mosaiyifigseRNA VRS ONI-EBS I 2317 26811 ol fed fiha dfansforMBGEVWArUSHS 4 BN Virus, one

be coned ntd BAGGIQHEI A M IOPebed B SO bEte he ARl SA o Vaclar i (Y foreign
DNA. The virugrantreadie(@xoisendromibenlasmidalf (hessyus isneniNations in Molecular
15 Biology: Viral Vectors, Cold Spring Harbor Laboratory, New York, pp. 172-189. The
use of pseudovirus particles in expressing foreign DNA in many hosts, including
plants, is described in WO 87/06261.
Construction of plant RNA viruses for the introduction and expression of non-
viral exogenous nucleic acid sequences in plants is demonstrated by the above
20  references as well as by: Dawson, W. O. et al. (1989). A tobacco mosaic virus-hybrid
expresses and loses an added gene. Virology /72, 285-292; French, R. et al. (1986)
Science 231, 1294-1297; and Takamatsu, N. et al. (1990). Production of enkephalin in
tobacco protoplasts using tobacco mosaic virus RNA vector. FEBS Lett 269, 73-76.
If the transforming virus is a DNA virus, one skilled in the art may make
25  suitable modifications to the virus itself. Alternatively, the virus can first be cloned
into a bacterial plasmid for ease of constructing the desired viral vector with the
foreign DNA. The virus can then be excised from the plasmid. If the virus is a DNA
virus, a bacterial origin of replication can be attached to the viral DNA, which is then
replicated by the bacteria. Transcription and translation of the DNA will produce the
30 coat protein, which will encapsidate the viral DNA. If the virus is an RNA virus, the
virus is generally cloned as a cDNA and inserted into a plasmid. The plasmid is then

used to make all of the plant genetic constructs. The RNA virus is then transcribed



virus, a bacterial origin of replication can be attached to the viral DNA, which is then replicated by the
bacteria. Transcription and translation of the DNA will produce the 30 coat protein, which will
encapsidate the viral DNA. If the virus is an RNA virus, the virus is generally cloned as a eDNA and
inserted into a plasmid. The plasmid is then used to make all of the plant genetic constructs. The RNA
virus is then transcribed 21 from the viral sequence of the plasmid, followed by translation of the viral
genes to produce the coat proteins which encapsida:fé the viral RNA. Construction of plant RNA

viruses for the s tibnlsausrereekiba Mepridtddialhmalerdgbmmed Hiscldielssacsdguences,

such as those jpgliidedn dbg é&@iﬂgﬂv}ﬁkﬁ’feﬂlﬁ asenhinveatier;As demonstrated in the above
references as well as in U.S. Pat. No. 5,316,931. In one embodiment, there is provided for insertion a

plant viral nucleic acidOr8HpHEng ardare RN O vha sy dBatBHALHT SR S EERISHEEN 8 the viral

nucleic acid, aglgnnative (feraiomRlaniugal Qer! Rt cading seqUeneR,RNE @vlRanpative
promoter, preferably the subgenomic promoter of the non-native coat protein coding sequence, and

capable of expPRREIEStiA e FIERTEHoSY R dintr BIoINE Aee dbin AR st Virar fURIENERAR, and

ensuring a systgmig infackion N8 taebpst by the recombinant plant viral nucleic acid. Alternatively, the
native coat protein coding sequence may be made non-transcribable by insertion of the non-native

nucleic acid 15 sequeRc@SRARIEIRSEh thetcaihBrekidde Y dtsfitiehotidrb g irFhBudesmbitant plant

viral nucleic acigqgpRSHHCE MakEaN3INBA A TBOESRGG Nl ke SbgRIPNAIC RHRMOters.
Each non-native subgenomic promater is capable of transcribing or expressing adjacent genes or

nucleic acid seHFFHE ST thd ParttiGst RN IpabET8F FOch RISHSHRIGAE SAERGtEnErTd with
native subgenaalc:3Qermeiers:, Ipradiing, the sesembinrnbRIaMraimuelaieasidcenssuct may

contain one or more cis-acting regulatory elements, such as enhancers, which bind a trans- acting

regulator and RSGHTEAIEHB & SHEETSHoPPErF SRR SSRiraHes iBhfadf*athnsbiraskagingrafdbfion-native

nucleic acid sagueneaamay-RenseHedadagsenide dnammad vesplan diaksshaesomicprempter or the
native and non-native plant viral 25 subgenomic promoters if more than one nucleic acid sequence is

included. The HSHECRAEPARCRAC GBI SR ISR r & MM BYe 1BF SvEs MAE 08 Hant under
control of the sidggenemic prameiesshiomidberthehdeniedMatuss non-native nucleic acid

15 sequence within it, such that a non-native protein is produced. The recombinant plant
viral nucleic acid construct may contain one or more additional non-native
subgenomic promoters. Each non-native subgenomic promoter is capable of
transcribing or expressing adjacent genes or nucleic acid sequences in the plant host
and incapable of recombination with each other and with native subgenomic

20  promoters. In addition, the recombinant plant viral nucleic acid construct may contain
one or more cis-acting regulatory elements, such as enhancers, which bind a trans-
acting regulator and regulate the transcription of a coding sequence located
downstream thereto. Non-native nucleic acid sequences may be inserted adjacent to
the native plant viral subgenomic promoter or the native and non-native plant viral

25 subgenomic promoters if more than one nucleic acid sequence is included. The non-
native nucleic acid sequences are transcribed or expressed in the host plant under
control of the subgenomic promoter(s) to produce the desired products.

In a second embodiment, a recombinant plant viral nucleic acid construct is
provided as in the first embodiment except that the native coat protein coding

30 sequence is placed adjacent to one of the non-native coat protein subgenomic
promoters mstead of adjacent to a non-native coat protein coding sequence.

In a third embodiment, a recombinant plant viral nucleic acid construct is

provided comprising a native coat protein gene placed adjacent to its subgenomic



In a second embodiment, a recombinant plant viral nucleic acid construct is provided as in the first
embodiment except that the native coat protein coding 30 sequence is placed adjacent to one of the
non-native coat protein subgenomic promoters instead of adjacent to a non-native coat protein coding
sequence. In a third embodiment, a recombinant plant viral nucleic acid construct is provided
comprising a native coat protein gene placed adjacent to its subgenomic 22 promoter and one or
more non-native subgenomic promoters inserted intd the viral nucleic acid construct. The inserted

non-native subiYRHOHTIcHrbRTStEs BRECAPBIRISE SHhesERBy PR BngradjientgerEd in a plant
host and are ingapable-ef Jacemeinaiionvuiizeach-atee 308 jaihhnathesuRes BRMiHERRMAters.

Non-native 5 nucleic_ acid sequences may be inserted adjacent to the non-native subgenomic plant
viral promoterdT&BHHAe s¥id SOGERS e SRS AN Be B of eRBFE sBEH iAo SPHRAP irfder control

of the subgenqaisRMErs it Riadusathadesiad nredustbseadaur thrembiedimentn asgeombinant
plant viral nucleic acid construct is provided as in the third emhodiment except that the native coat

protein coding™8 €6 RTEhSRIREPSHTREY BY WIEITh AR WP PRStanPabtinG HGTBATES VIR vectors

are encapsidateghbyrexiressatkdaitprateibsuencedad ynsesbaabinarpRiast virahoaueleiplagid

constructs as described h(freinabove, to produce a recombinant plzlnt virys. The recombinant plant

viral nucleic adtB¥658RUEE 8F NE CHRRSHIPIIENPOIRS RUISSH Yo THreet EpRERTHste host plants. The

recombinant 15 plantpyiralfougleienasidisenstructisedpablehrepicationiaa hostcsysiemigspread

within the host, and transcription or expression of one or more foreign genes (isolated nugcleic acid) in
ot Hhehihd

the host to prodfic¢e tie Hedite K SRPRABRTEF SE5Bbi HES SR Ve Eomprises
viral derived sequences eginREsIbg RNA-slapendenbRiMm poliinesasecfReRp) , subgenomic 20

]E)rratl)moter and/or a pa{}i,al or com lete moveme%t %5[0 e}i{n se uesrgis whe_r?in all the a%%ve ucleic acid
gments are cloned 1Mt a SHST VEEtSPRBRGH S aPYC GRS Bpifiich iRFPRAT BFBRGYS004,
7:182-188). Inedelitiomn it thiarabone nitanustticcasithurniolecidscpibiiicheresabbiny entiasicanaalso be
introduced into a chloroplast genome thereby enabling chloroplast expression. .25 A technigue for
introduiong exSBTUETUAUE RO BeqL i Le T Boriil ‘ind BT P R s
technique involvesrbisallpndng wrosdduresd. firgtfect appropriate host plants. The recombinant
15 plant viral nucleic acid construct is capable of replication in a host, systemic spread
within the host, and transcription or expression of one or more foreign genes (isolated
nucleic acid) in the host to produce the desired protein.
In another embodiment, the transformation vehicle comprises viral derived
sequences comprising RNA dependent RNA polymerase (RdRp) , subgenomic
20 promoter and/or a partial or complete movement protein sequences wherein all the
above nucleic acid fragments are cloned into a binary vector. (Gleba etal, Current
Opinion in Plant Biology 2004, 7:182-188). In addition to the above, the nucleic acid
molecule of the present invention can also be introduced into a chioroplast genome
thereby enabling chloroplast expression.
25 A technique for introducing exogenous nucleic acid sequences to the genome
of the chioroplasts is known. This technique involves the following procedures. First,
plant cells are chemically treated so as to reduce the number of chloroplasts per cell to
about one. Then, the exogenous nucleic acid is introduced into the cells preferably via
particle bombardment, with the aim of introducing at least one exogenous nucleic acid
30  molecule mto the chloroplasts. The exogenous nucleic acid 18 selected by one
ordinarily skilled in the art to be capable of integration into the chloroplast's genome
via homologous recombination, which is readily effected by enzymes inherent to the

chloroplast. To this end, the exogenous nucleic acid comprises, in addition to a gene



‘plant cells are chemically treated so as to reduce the number of chloroplasts per cell to about one.
Then, the exogenous nucleic acid is introduced into the cells preferably via particle bombardment,
with the aim of introducing at least one exogenous nucleic acid 30 molecule into the chloroplasts. The
exogenous nucleic acid is selected by one ordinarily skilled in the art to be capable of integration into
the chloroplast's genome via homologous recombination, which is readily effected by enzymes
inherent to the chloroplast. To this end, the exogenoszs nucleic acid comprises, in addition to a gene

23 of interest, At HESHTS SRR SRR SEBERTR d ot BT SRLLPRIBUS BROME addition,

the exogenousuglgisAcidheosREsRs:8 salasiable maskairivdich Rlsaguantialselastian pjocedures
serves to allow an artisan to ascertain that all or substantially all copies of the chloroplast genome

following such SEREHEH FRATHETNR S eXTGE RHEHURI AL AT (R EHRETRR R tthi€technique

are found in U @pdPati Mg #34R060iR0 ehb b8 R0 feiiichraisvncosneraiaddaicindpydeeierence. A
polypeptide can thus be produced by the protein expression system of the ehlorgplast . and(j{)vecome
r Fd’éfﬁ

integrated Into SHR2ERMTOPRELPIS iAt B slstiadgRiingst JhimdeFRBABE &5 s dtiowing
transformationpplantosl0 prepgasmtienios @9 sUT hiskasamictepiopagatienis bifestegiodnalude initial
tissue culturing; and tissue culture multiplication t@obtain_ enough cells for further u%g/léthods of

t )

plant cell cultuRAYRFRARB RN B B Hrae B RTINSO SYEIAY A& Aiberature,

gas environmegid biyaasten: haydr @diusibibrdpl agsargingnethesplant cell used and the expressed

protein to achieve optimal expression, Typically, culturjng is effected under standard plant cell culture
conditions using any S6RFEHEShabIdRE cﬁ?ﬁ%@‘?ﬂeﬂlﬂiﬁyﬁ ill Blgoé{ﬁﬁgec' qﬂﬁ?tjﬁfgnti fiture

medium ingludgs pothagueaussmedia @ndwdy andrepraepiatedinetiate wbichcidter @atabe added

to produce aqueous media for culturing plant cells (see e.g., 20 U.S. Pat. NOs. 6,020,169 and
6,589,765). ExXAiied B%t%t&?é%@ﬁ?%hﬁ% RICBEOR KU & t%@cB?ﬁﬁﬁgecﬁﬁﬁw%ﬂ{eh&ré%ent

invention, incluge, but not limited to, the following well known. media: Anderson (Anderson, In Vitro
1432, 576 andesgn, s Lot L3, 1080, Coepard Pl e M en ok

Scientia Sinic. ;Gi65hIARF Snedium, temperature, gas environment, bioreactor) may be adjusted

15  according to the plant cell used and the expressed protein to achieve optimal

expression.  Typically, culturing is effected under standard plant cell culture

conditions using any conventional plant culture medium. It will be appreciated that

plant culture medium includes both aqueous media and dry and concentrated media to

which water can be added to produce aqueous media for culturing plant cells (see e.g.,

20 U.S. Pat. NOs. 6,020,169 and 6,589,765).

Examples of plant culture media which can be used in accordance with the

present invention, include, but not limited to, the following well known media:

Anderson (Anderson, In Vitro 14:334, 1978; Anderson, Act. Hort., 112:13, 1980),

Chee and Pool (Sci. Hort. 32:85, 1987), CLC/Ipomoea (CP) (Chee et al., J. Am. Soc.

25  Hort. Sci. 117:663, 1992), Chu (N.sub.6) (Chu et al,, Scientia Sinic. 18:659, 1975;

Chu, Proc. Symp. Plant Tiss. Cult., Peking 43, 1978), DCR (Gupta and Durzan, Plant

Cell Rep. 4:177, 1985), DKW/Juglans (Driver and Kuniyuki, HortScience 19:507,

1984; McGranahan et al., in: Bonga and Durzan, eds., Cell and Tissue Culture in

Forestry, Martinus Nijhoff, Dordrecht, 1987), De Greef and Jacobs (De Greef and

30 Jacobs, Plant Sci. Lett. 17:55, 1979), Eriksson (ER) (Eriksson, Physiol. Plant. 18:976,

1965), Gamborg's B-5 (Gamborg et al., Exp. Cell Res. 50:151, 1968), Gresshoff and

Doy (DBM2} (Gresshoff and Doy, Z Pflanzenphysiol. 73:132, 1974), Heller's (Heller,

Ann. Sci. Nat. Bot. Biol. Veg. 11th Ser. 14:1, 1953), Hoagland's (Hoagland and



Chu, Proc. Symp. Plant Tiss. Cult., Peking 43, 1978), DCR (Gupta and Durzan, Plant Cell Rep. 4:177,
1985), DKW/Juglans (Driver and Kuniyuki, HortScience 19:507, 1984; McGranahan et al., in: Bonga
and Durzan, eds., Cell and Tissue Culture in. Forestry, Martinus Nijhoff, Dordrecht, 1987), De Greef
and Jacobs (De Greef and 30 Jacobs, Plant Sci. Lett. 17:55, 1979), Eriksson (ER) (Eriksson, Physiol.
Plant. 18:976, 1965), Gamborg's B-5 (Gamborg et al., Exp. Cell Res. 50:151, 1968), Gresshoff and

Doy (DBM2) (Gresshoff and Doy, Z Pflanzen hysiol.z‘?3:132, 1974), Heller's (Heller, Ann. Sci. Nat.
Bot. Biol. VegﬁWS@E%@ﬁ?‘iﬁS@?}lﬁé’%l s SHbagrkaishd 20 akmsreneirdithrdal (Bamr. Agr.

Exp. Stat., Berkelevi d238ik Keaand Migbayluk i aoiandMichayikeos | aniaskatd 0hd 5X66),
Linsmaier and Skoog (Linsmaier and Skoogg Physiol. Plant. 18:100, 1965), Litvay's (Lhﬂé)éLitvay et al.,

Plant Cell RepPaysios, Plgis)! 8ok Aes WEBHHBIARMMdiRYLIOW ahti M eBWRSPrdc Art. Plant

Prop. 5 Soc. 30421, MR8L Mutgshiserans Skepaandivadious welEkaewrmodificatignspihgreof
(Murashige and Skoog, Physiol. Plant. 15:473, 1962), Nitsch and Nitsch %itsch and Nitsch, Science

163:85, 1969) SOfoifiahd | Ehoividyatiirm aralkeoRandxarqus Giall-par MmedfisaiisiBtx 03,

1977), Schenkpadorilderancdtd Seheskand MildehramdhtCan:473Betod); 19949 724 Wiiiess (White,
The Cultivation of Animal 10 and Plant Cells, Ronald Press, NY, 1963), etc. A number of such plant

culture media QRESEBAIAYERDY SEsnspILOR G &0 Qepiriged ey i G Vefidbrsaddry
(powdered) media and duy:bpsal sadls biiesxfos examplechsgtemd Micadbiring S aitetieddising the

high yield disposable plant culture_device, which has been shown to be effective for the pro%uction of
biologically actit&ebsapahtcs gm&‘ﬁfol%%ﬁﬂdégﬁa)cmlﬁg ikl BT R DBsIEI8t wititis

incorporaggd heareindy (Rigsereald hisdewee, Whily essentialydisppsakielischaracienzad in
comprising a reusable harvesting gutlet for enabling harvesting of at least ?égortio of the medium

containing cell&%HeraBsihing R bl fier o 8Radel domtinudish 48F SHESHr) 26%tbsequent
consecutive cyliytiaebayyestina:ey aiesdmupaindubliiabefvirenment. sterility of the harvesting outlet

orovicing. for examp ErA BTG OGUH TR A e P P oS B cRURSE G cbons of
services to ande{ren) H#ieHaviss fayibepadamatbcWheetrenitallcthe devictodaas bacoee
15 peptides and polypeptides in culture (see PCT IL/2005/000228, which is incorporated
herein by reference).

This device, while essentially disposable, is characterized in comprising a
reusable harvesting outlet for enabling harvesting of at least a portion of the medium
containing cells, thereby enabling the device to be used continuously for one or more

20  subsequent consecutive culturing/harvesting cycles. In an industrial environment,
sterility of the harvesting outlet during and after harvesting may be assured to a
significantly high degree at relatively low cost, by providing, for example, a sterile
hood in which all the necessary connections and disconnections of services to and
from the device may be performed. When eventually the device does become

25  contaminated it may then be disposed of with relatively little economic loss. Such
devices may be cheaply manufactured, even for production volumes of 50 or 100 liters
or more of culture. Further, the ability to perform a number of culturing/harvesting
cycles is economically lucrative, lowering even further the effective cost per device.

A battery of such devices can be economically arranged, and the number of

30 devices in the battery may be controlled to closely match production to demand. Thus,
the transition from pilot plant bioreactors to large scale production may also be
achieved in a relatively simple and economic manner by adding more devices to the

battery. Further, the relatively low production volume of each device, coupled with the



25 contaminated it may then be disposed of with relatively little economic loss. Such devices maybe
cheaply manufactured, even for production volumes of 50 or 100 liters or more of culture. Further, the
ability to perform a number of culturing/harvesting cycles is economically lucrative, lowering even
further the effective cost per device. A battery of such devices can be economically arranged, and the
number of 30 devices in the battery may be controlled to closely match production to demand. Thus,
the transition from pilot plant bioreactors to large sca?_é production may also be achieved in a relatively
simple and ecdRBAIEhAEKBY-dathHy woreslichetstnécBate spmmmehkio tairdlativelyiow
production volyfpg gfgachgevice, coupled with the 25 lack of solid mixers, results in relatively higher
yields as compared to typical stainless_steel bioreactors. Thus, culturing of plant cells according to the

present invention may B&: et B84 Shg R disprisapreddinge forthkeiessy dUMeHiG and@sh&R esting
cells in at 5 leagt-oa yhle tagifracuRedndetatuinitall L+R0RMI0DZL BaMvhigh dschIzorpkated

herein by reference). Such a device comprises a sterilisable disposable container having a top end

and a bottém R WRTCH niniss TRy b denedsipafibily-AKE Wt B stitagd stesrersisisdical cell

culture mediun aBEY o axgBieHBOCUIaRERNOIRS Stetilspin andiot kel othgsstskileadditives, the
container comprising: (i) a gas 10 outlet for removing excess air and/or wastéea]%ases from the

container; (ii) aFEaditvEPIRE 19 rrbatem ide HBEHISRIEMEFOPRE Rt Feamh st ainBsE the

additives into {arncoriatasl: adichpkasigsaeskin durherseanatising /Ol a0 sablenal ester
comprising a flow controller for enabling harvesting of at least a desired portion of the _medium

containing cell&HHERHSGTET, TrEERY efshifigincradiitesid e OGNS CONBHSBEEI G §east one

further consecutive: GuituEingiRRIVesing SYGRINNeraiR aatemaingenotiharmadiam containng cells,
remaining from a previous harvested cycle, may serve as inoculant for a next culture and harvest

cycle, wherein {HE" dpftirsotHataihe fperamt 7o 9 dhr salire stiumy ghtienthe pHdiey e

disposable contringirgifanspadechandianitansiugenheAlsondRigptionally the-grvice Kurthei-comprises
an air inlet for introducing sterile gas in the form_of bubbles into the culture medium through a first inlet

opening, wherSiTISHIE 3o eBRRALEt BT L aRAREST RS Sf Bhlsa T Aetespf PRRECGOTIRS is for
introducing steiieigas emardihan enke dyeangiesiieding:cMBre gigharabhihdheaitdniet issfarsed

15 continuously for at least one further consecutive culturing/harvesting cycle, wherein a
remainder of the medium containing cells, remaining from a previous harvested cycle,
may serve as inoculant for a next culture and harvest cycle, wherein the culture
medium and/or the required additives are provided.

Optionally, the disposable container is transparent and/or translucent. Also

20 optionally the device further comprises an air inlet for introducing sterile gas in the
form of bubbles into the culture mediuvm through a first inlet opening, wherein the air
inlet is connectable to a suitable gas supply. Preferably, the air inlet is for introducing
sterile gas more than once during culturing. More preferably, the air inlet is for
continuously introducing sterile gas. Optionally, a plurality of different gases are

25  introduced at different times and/or concentrations through the air inlet.

Preferably, the harvester comprising a contamination preventer for
substantially preventing introduction of contaminants into the container via the
harvester.

Optionally, the container is non-rigid. Preferably, the container is made from

30  anon-rigid plastic material. More preferably, the material is selected from the group
comprising polyethylene, polycarbonate, a copolymer of polyethylene and nylon,

PVC and EVA.



continuously introducing sterile gas. Optionally, a plurality of different gases are 25 introduced at
different times and/or concentrations through the air inlet. Preferably, the harvester comprising a
contamination preventer for substantially preventing introduction of contaminants into the container
via the harvester. Optionally, the container is non-rigid. Preferably, the container is made from 30 a
non-rigid plastic material. More preferably, the material is selected from the group comprising
polyethylene, polycarbonate, a copolymer of polyethﬁlsene and nylon, PVC and EVA. 26 Optionally,
the container is madePGRTANENHSALGHRTES tRATFTHN BRI Th RTINS WifEHlly, the
container is fopmeg fyfwsion bonding two suitable sheets of the material along predetermined seams.
5 Preferably, the air inlet comprises an air inlet pipe extending from the inlet opening to a location

inside the container af*bneRi¢AalBotBM WHriRErds RIS Praterisiy o st Readrone Hrtiflet

comprises a leggl-onerailiN SR SRNPRLUABIIAA stitable air supply and in communication with a
plurality of secondaréinlet ipes, each the secondary inlet pipe extending to a location inside the 10

container, Via a suitaBIETRIBR S pdHirgri R iFo TS totb AT GUeRE MR S SR o RO FSUITEs into the

culture mediungpMexe frefatabin the deree HARMRASE Son SRR Rl bR diseegeometrical
configuration, having an overall length, height and width. Most preferahly, the height-to-length ratio is

between about 1 and‘als8ursieraRly piRsetalsRSLBRUET BBCICHHUMERF, HENEMIT 15 WlHHPRfo is
between about§nd&@BLk about 3Riand preterahly akouh leuhraliarahlynthadeyigneantprises a

support aperture substantially spanning the depth of the device, the aperture adapted to enable the

device to be sEBFHSHEH IR RnRsHIAHIY SEHPUACPIFO RN SHGERELR JURMHNRTISEE a support

structure for suipartirg the 20 HslicenlRrelaiahly sibrisy PO SHUSIHE Gempriseskh alpait@i opposed
frames, each of the frames comprising upper.and lower support members spaced by%i%lu%ality of
port

substantially p&faftPiistidaics thp SHFEMBE SitaPj6i S8 A U5 el AREFISREP
members. MorgypsefeiablybiReiRkipabiv @fiverticaliguppiont, IReMess overall length, height and

width. Most preferably, the height-to-length ratio is between about 1 and about 3,
and preferably about 1.85. Optionally, the height to width ratio is between about 5
15 and about 30, and preferably about 13.
Preferably, the device comprises a support aperture substantially spanning the
depth of the device, the aperture adapted to enable the device to be supported on a
suitable pole support.
Optionally, the device further comprises a support structure for supporting the
20 device. Preferably, the support structure comprises a pair of opposed frames, each of
the frames comprising upper and lower support members spaced by a plurality of
substantially parallel vertical support members suitably joined to the upper and lower
support members. More preferably, the plurality of vertical support members
consists of at least one the vertical support member at each longitudinal extremity of
25 the upper and lower support members.
Also more preferably, the frames are spaced from each other by a plurality of
spacing bars releasably or integrally joined to the frames.
Also more preferably, the spacing bars are strategically located such that the
device may be inserted and removed relatively easily from the support structure.
30 Optionally, the lower support member of each the frame comprises at least
one lower support adapted for receiving and supporting a corresponding portion of

the bottom end of the device,



consists of at least one the vertical support member at each longitudinal extremity of 25 the upper and
lower support members. Also more preferably, the frames are spaced from each other by a plurality of
spacing bars releasably or integrally joined to the frames. Also more preferably, the spacing bars are
strategically located such that the device may be inserted and removed relatively easily from the
support structure. 30 Optionally, the lower support member of each the frame comprises at least one
lower support adapted for receiving and supporting a corresponding portion of the bottom end of the

device. 27 Preferably,"E5&/ e Faie i pOBR iSTRRAE #Srik JPEUIRAB LhBE s RS EcBRg from

each of the lowgsisupport-nemRersimh e disecippet thentpposedhérameHOpieadwpihediames each
comprise at least one interpartitioner projecting 5 from each frame in the direction of the opposed
frame, for to p g against the sidewall of the device at a predetermined position, such that
opposed pairs of the dyespaniticherafestivaly waysathe Vgihekihadpvicaaldhsrpragatermined
position. Preferably, the interpartitioner comprises suitable supstantially vertical 10 members spaced
from the ubper 5T B oSO of A CHBRS A %f&wa@%a*ﬁmtﬁ%unabm

upper and loweidstiuts oD giodaliicethe 5ypaistestilaid reoRaY G MM IS qpsality piieastats for
transporting the devices. Optiopally, at least some of the air. bubbles, com{)rise a mean djameter of 15

between about TR ER S S8 IATEE o B st ietist SoHiEe of tHE%iPBHESIE XS mprise a

mean diametepafitRipout 4 mm. Optionally, the container comprises a suitable filter mounted on the
introduction of contaminants jnto the container via.the 20 gas

gas outlet for substa ti%,ls!fy eventing i iner vi
outet. Preferably, the CoTAREY indP EPHLEE SORABIECHHIRBIn SRS UAE oV et for
substantiaily prestebtnrgsirited deiinnief corianiddatsciniopiert conttiasr ivia tiesatekifiveiries.

the opposed frame with suitable upper and lower struts.

Optionally, the support structure may comprise a plurality of castors for
transporting the devices.

Optionally, at least some of the air bubbles comprise a mean diameter of

15 between about 1 mm and about 10 mm.

Also optionally, at least some of the air bubbles comprise a mean diameter of
about 4 mm.

Optionally, the container comprises a suitable filter mounted on the gas outlet
for substantially preventing introduction of contaminants into the container via the

20  gas outlet.

Preferably, the container further comprises a suitable filter mounted on the
additive inlet for substantially preventing introduction of contaminants into the
container via the additive inlet.

Also preferably, there is a contamination preventer which comprises a U-

25  shaped fluid trap, wherein one arm thereof is aseptically mounted to an external
outlet of the harvester by suitable aseptic connector.

Preferably, the harvester is located at the bottom of the bottom end of the
container.

Also preferably, the harvester is located near the bottom of the bottom end of

30 the container, such that at the end of each harvesting cycle the remainder of the
medium containing cells automatically remains at the boftom end of the container up

to a level below the level of the harvester.



Also preferably, there is a contamination preventer which comprises a U- 25 shaped fluid trap, wherein
one arm thereof is aseptically mounted to an external outlet of the harvester by suitable aseptic
connector. Preferably, the harvester is located at the bottom of the bottom end of the container. Also
preferably, the harvester is located near the bottom of the bottom end of 30 the container, such that at
the end of each harvesting cycle the remainder of thg medium containing cells automatically remains
at the bottom end of the container u§ %%a% vehbelow thg level of the harvester. 28 Ogﬁionally and
preferably, the remaindei°8f b ARSHR ARl b R R AP I SRER RS Betording to a
distance d2 freradheibettemleisheaatitainesdalihg harvelitem&raferébly, the temaindel tfcthe
medium containing.cells ¢ rises from 5 about 0.5% to about 45% of the original volume of the
culture mediurfi” nt?femiﬁberg%%??tﬁﬁbre preferably, the remainder of the medium containing cells
comprises from abowrtrfd9etly atieutR08indéthe ahiginakivotmenofitheecutily cconesliisns dranthe

inoculant. More, pref r?ply, the rem '([)}dero the medium containing cells comprises from.about 0.5%-
25% o gind) VoG Ch 28 LATRS et a1 SRR 6 Ot PR s
substantially coeaiarAlsdiopt prtys e thottans drs Shibstadiialycirusiaicgridal cPrejesably, the
container comprises.an i | fillable, volume of between . about 5 liters and about 200 liters,
preferably betwgg}\agﬁgb?@é}%e? Oéur@q Oltglr%,oré%laapr"é?(leura i bt el%?éui%aé%t%o%ally, the
device further grmptse dvbititghldeattdehdreformtiadhing the mdeliice toaSuitablelupporrstucture.
Preferably, Ihe aache COUPIses 21000 of Siiadis Maleial referabl niegraly atiached to the top
end of the containef. Once plant ceﬁ%’expressmg? & 'a6ve-aeserbed recombinan protein are
obtained,ithey are ad@ynisieligdtte thetsubjadti2iallsioll theopresent invention can be administered

o he sublect o s 6, SPISBR L ASITeGh L BTl compostion et e
to a preparation of ori&referably, the container comprises an internal fillable volume of between

about 3 liters and about 200 liters, preferably between about 50 liters and 150 liters,

and preferably about 100 liters.

15 Optionally, the device further comprises suitable attacher for attaching the
device to a suitable support structure. Preferably, the attacher comprises a loop of
suitable material preferably integrally attached to the top end of the container.

Once plant cells expressing the above-described recombinant protein are
obtained, they are administered to the subject.

20 Cells of the present invention can be administered to the subject per se (e.g.,
suspension or de-hydrated) or in a pharmaceutical composition where they are mixed
with suitable carriers or excipients,

As used herein, a "pharmaceutical composition” refers to a preparation of one
or more of the active ingredients described herein with other chemical components

25  such as physiologically suitable carriers and excipients. The purpose of a
pharmaceutical composition is to facilitate administration of a compound to an
organism.

As used herein, the term "active ingredient” refers to the recombinant protein
expressing cells accountable for the intended biological effect. As demonstrated in

30 Example 5 of the Examples section which follows, cells of the present invention may
be dehydrated (e.g., comprise less than 10 % water) as they still maintain biological
activity upon dehydration. Preferably the recombinant biomolecule is not zona

pellucida glycoprotein, GnRH, LHRH, LH and LDH in dehydrated cell preparations.



or more of the active ingredients described herein with other chemical components 25 such as
physiologically suitable carriers and excipients. The purpose of a pharmaceutical composition is to
facilitate administration of a compound to an organism. As used herein, the term "active ingredient"
refers to the recombinant protein expressing cells accountable for the intended biological effect. As
demonstrated in 30 Example 5 of the Examples section which follows, cells of the present invention
may be dehydrated (e.g., comprise less than 10 % WA er) as they still maintain biolggical activity upon

¥

t
dehydration. Preferaﬁ&rﬁi@%%%remBh?antpﬁ‘?@ﬁ?élecméﬁg BESGHE pahtiRtR Gy copidiEin, EHRH,
LHRH, LH and'hRineehvarated selmeenaiaionsnidt hiefeinatier ithe-ahiasesiphysipledically

acceptable carrier" and "phannaceutically acceptable carrier," which may be used interchangeably,

refer to a_carrfF o7 LHREHEEALHEH I8 HAULUS SHIBRELSHL LI A4 SFGARIEH dMbdses not
abrogate the biglogieal Astivity sk rapetties ohtheragimiristered eompoindd Abrdpadiivanhis

included under these phrases. Preferably the carrier used is a non- immunogenic carrier and further

preferably’doedABagfiniuReAedgHPdLs disate ATgRiphaticcficdlly terditmife 185 otcPilnt: refers

to an inert subgianesraegiedderphalacretigat epampositieon tedurthen faciifate admipisitation of an
active ingredient. 10 Examples, without limitation, of excipients include calcium carbonate, calcium
phosphate, vah3tRIgligasnd types of starch, cellulose derivatives, gelatin, vegetable oils, and

polyethylene glycols.iTaehnicues fenforauation andeamisistationef divgsivaydadound in the
latest edition of "Remington’s Pharmaceutical Sciences,” Mack Publishing Co., 15 Easton, PA, which
is herein fully RRBBTELGhyHRRIEIHCE. B (ke iAo A FoF BREEHTRY include
mucosal and erignplcé\s watddperiitiiehsasexepiaal agtnigisttation refetdiaadpiniaination
through any part of the gastro-intestinal tract, such as rectal administration, coI%Injc 20 ad{)ninistration,

intestinal admirSHRHBF (R3S EF et A Yot st 460K Brever i e iBriPle
administration ¢géeradgeraitadmivigtyatinn. Pharmaceutical compositions for use in accordance with

the present mventlonTechniques for formulation and administration of drugs may be found in the
jatest edition of “Remington’s Pharmaceutical Sciences,” Mack Publishing Co.,
15 Easton, PA, which is herein fully incorporated by reference.

Suitable routes of administration may, for example, include mucosal and
enteral.

As used herein the phrase “enteral administration” refers to administration
through any part of the gastro-intestinal tract, such as rectal administration, colonic

20 administration, intestinal administration (proximal or distal} and gastric
administration. Preferably, enteral administration refers to oral administration.

Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more physiologically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing

25 of the active ingredients into preparations that can be used pharmaceutically. Proper
formulation is dependent upon the route of administration chosen.

For oral administration, the pharmaceutical composition can be formulated
readily by combining the active compounds with pharmaceutically acceptable carriers
well known in the art. Such carriers enable the pharmaceutical composition to be

30 formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries,
suspensions, and the like, for oral ingestion by a patient. Pharmacological
preparations for oral use can be made using a solid excipient, optionally grinding the

resulting mixture, and processing the mixture of granules, after adding suitable
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comprising excipients and auxiliaries, which facilitate processing 25 of the active ingredients into .
preparations that can be used pharmaceutically. Proper formulation is dependent upon the route of
administration chosen. For oral administration, the pharmaceutical composition can be formulated
readily by combining the active compounds with pharmaceutically acceptable carriers well known in
the art. Such carriers enable the pharmaceutical compagsition to be %O formulated as tablets, pills,
dragees, capstELiaiids, dee FBp%},’téiﬂrﬁaé’é?t%L?§p%ﬁ§ﬁ?n§?r§ﬁ‘d Hga#%,%?%lr%llt?na%}étfgn by a
patient. Pharmagalapicaliipepaiationsforeralingediap hetmadewsing, ansolidtekcipientbptionally
grinding the resulting mixture, and processing the mixture of grantéles after ad%ingcsuittablg 30

auxiliaries as ESHASS ©F TEEANBHORID QD SETOPES . BT SIS iR S i eS Matihr, fillers
such as sugargetftelustinghacierginsustaseraacaital, aishybitatihdelelosedpseppratidnssyth as, for
example, maize starch, wheat starch, rice starch to starch, gelatin, gum tragacant ethyl
cellulose, 5nydr‘&g}‘ﬂ)‘i’é‘faylﬁ*i’éithﬁ’él@éllIu“?&%géj,r%ﬁﬁ@8%%%3&?8??8&%%&@?8 Iec;ag%g:l/%?oﬁﬁ%g%ogically
acceptable polymekssuchas polyvinylpytrolidone (P¥B).If desitad dilisintegratingeagentscbuch as
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof, suc sodium_ alginate, may
be added. Dratje@ e5ralkeE %95(753’(%% W?ﬂ%ﬁ%l@%%aﬁhga@ﬁlocr gt Sﬂrapts)@é?ﬁf %%r%g}rllt%ted sugar

solutions may Jaiuses yhieh) maypiindly contain gum arabic, talc, polyvinyl pyrrolidone, carbopol
gel, polyethylene glycol, titanium dioxide, Iacgu r so utionﬁ,ﬁgd sui%able olg%?nit%solvents or solvent

mixtures. Dyestuffs o pRgfeftETnatf heP5aid FaLRES:

0 & tabIeEs Sr ragee coatings Sr ’feRtfication or to
charactetize difatent-ermbinaticor.dbactive tampedindbsesy kipRhailiyaceutioag conpdsitions that
can be used orally include push-fit capsules . made of]’(\?eI(c}altlré,£ a_?ﬁwell as spftﬁ?ealed 8, Sldlaes made of

gelatin and a SHStIEYRY BYEHP AR 0 CBTSEitsF RS BEEh i cap 2y cor

difes may Eontain the active
ingredients in 1agméxtdedunithsfillerissaiebk lactase; bitders suckodsestandres chubbipesttgisuoh as talc
or magnesium stearate, and S In Sé)ft capsulttas, gh? a(iﬂ\égt;[ wfiir[l%edien(gs may be

optionally, stabilizer
dissolved or sﬁé’%@?ﬁé&‘?ﬁ%&%ﬁ@%% é%utg%?%s 13y SRSl BarHin Or hguid polyethylene
glycols. In additiercsiabizdfsronaydiebaddiecsAll active compound doses.

15 Pharmaceutical compositions that can be used orally include push-fit capsules
made of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer, such
as glycerol or sorbitol. The push-fit capsules may contain the active ingredients in
admixture with filler such as lactose, binders sﬁch as starches, lubricants such as talc
or magnesium stearate, and, optionally, stabilizers. In soft capsules, the active

20 ingredients may be dissolved or suspended in suitable liquids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added. All
formulations for oral administration should be in dosages suitable for the chosen route
of administration.

Examples of mucosal delivery include but are not limited to mouth delivery,

25  pharynx delivery, esophagus delivery, rectal delivery and vaginal delivery.

Preferably, the site of mucosal delivery is via the mouth. Mucosal delivery via
the mouth may be affected by sublingual delivery, which is systemic delivery of
active agents through the mucosal membranes lining the floor of the mouth or buccal
delivery, which is agent administration through the mucosal membranes lining the

30 cheeks (buccal mucosa). Formulations which are particularly useful for mouth
mucosal delivery inchude, but are not limited to mouthwashes, strips, foams, chewing

gums, oral sprays, lozenges, foods, toothpaste and capsules. A particularly preferred

formulation 1s a chewing gum.
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cheeks (buccal mucoShs. REHHIAANEHCWh I HHASHSHLEY Tstatl fr RSO Rt S0 STeae ery

include, but arg.aenmitad{oMAUNASHES:SiTiRSs, TRRM SathewiRt: GUMSskalsPIRYScAazRaNges,
foods, toothpaste and capsules. A particularly preferred formulation is a chewing gum. 31 The

formulations, @G KERERERE Y AT CATHY RRPBIEHIGAThaRtare, LLgaH BF SngEHisd\ it BbMining or

wax free, low calerieriyiachial hase ailaw GalepeobWking agemslandiardnaygoptainddestal agents.
It will be appreciated that in this case, due to the mechanical disruption of the membrane and/or wall

of the cells 5 aRfiHsTSred, the 2R Tngetrohedr it BFSEBRINGRRIOF L P DETEMELdE 8%he mouth

and act locallyrfsueh a9 ter tiRaling Lehiagresiogidetialcariesh T e actvgagents (i.e., plant cells) of

the present invention may also be encaé[?%ula ed orfﬁlgtra ped to give g delayed release from the
mucosal formulations! MArRFetsna&FA e iqﬁié‘%kﬁ 8i9 st?b%r?ﬁﬁsj?tfdﬂmﬁsmﬁﬁoﬂs& e active

agents 10 candbeaseri:ctheserteshnidueseineludes rdorel aigt limitedHe nspreyadryiagiispsay. chilling,
fluid-bed coating and coacervation. These encapsulatjon t ﬂ;niques {nay be Esed individually in a
single step prosBESBFIA5SEHBMER X ERER. Sl bYBLERU ISP MRS SPEFBiding
delayed releasedopmulaiiohinelugenyiareonidd Hlimied:io: dgglomamntipnio diviepastialy
encapsulation, fixation or.absaorption which also gives partial encapsylation, and entrapment into an
extruzed comS8HHaS: ﬁ@%&%%ﬁ%f%ﬁ%&ﬁ“ 8&8&8@%‘?@ ﬁ{g@%ﬁa&w%’fgc Ctife“agent dfso may
control the lengtbdofdimedianiisirelessgfcomshevdng gunh @snesalyinthiehigherthétisiveltep coating
and the lower the amount of active 20 agent, the slower the release. Methods and materials for

formulating defaj&dtelease

Other methods of providing delayed release formulations include, but are not
15 Hlmited to agglomeration to give partial encapsulation, fixation or absorption which
also gives partial encapsulation, and entrapment into an extruded compound.
The amount of coating or encapsulating material on the active agent also may
control the length of time for its release from chewing gum.
Generally, the higher the level of coating and the lower the amount of active
20 agent, the slower the release. Methods and materials for formulating delayed release
formulations are known in the art. Example, PCT Pat. App. publication No. WO
00/35298 teaches methods and materials for formulating delayed release formulations
in chewing gums.
The active agents of the present invention (i.e. active agents derived from a
25 particular fruit cell culture) may be formulated in different ways and administered via
the same vehicle. For example, the active agents could be encapsulated for fast
release, moderate release, and slow release in the same vehicle. Furthermore the
active agents of the present invention may be added to a gum coating for fast release
and also added to the gum center with or without encapsulation for slow release.
30 Faster absorption may be affected by increasing flavor levels as well as the
addition of other flavor components, such as menthol and menthol derivatives,

limonene, carvone, isomenthol, eucalyptol, menthone, pynene, camphor and camphor
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&

absorption mageg)@lg{gﬁgggggpm&wﬁ%s@gyﬂ[@p@ﬂégg%%ﬁ%ﬂ@s the addition of other flavor

components, such as menthol and menthol derivatives, limonene, carvone, isomenthol, eucalyptol,

menthone, pynene, cahplReraidieanipaisgude AtHES S WeenhwsstEp eracHatiabroducts,

monoterpene gesivativesaRd SeseMRiRPaNReuNgdng GAt SRivdleng, QragNRE- ddedts
formulations may include other agents which enhance the penetration of the active a&ents through the

mucous add infF By atsxariplEaiBis R ldgantl sthiduderstitiare Manimitaiasaniaty ether,
Aprotinin, AzopgJaaazetonivaushisnidelfab/ pyidipikeshionde nbehitdmribyammenism bromide,

Cyclodextrin, Dextran sulfate, Laurie acid, Laurie acid/Propylene glycol, Lysophosphatidylcholine,

Menthol, MethBSyacsfseMetfolsite LB c i IO RSHR A nbife h R dRaRRS
Polysorbate 8QSagim ERMEAx SadiynalycathalaiteSodiuncld ghsadeonyshelatsiSediun lauryl
sulfate, Sodium salicylate, Sodium taurocholate, Sodium taurodeoxycholate, Sulfoxides and various

alkyl glycosideRolrrer HienficRRINERDaF aklb ATRAEHINFRIBAs P BT #ECRENIR gt o the

mucosa. extugedifierndnrofieikasemsy sivadasteureieassviese datthhasesomalgive slower
release. Addition of alkaline materials such as sodium bicarbonate or 15 sodium hydroxide may make

the saliva sligntFaRulHECdMErF IR Snertisddes ahiim gt kBl shptondst the medicament into the

bloodstream. Releas@afdhe aativaaganis.ofdke presemdnvealiendnayraleo aaffected itothe shape
and size of the formulation, For example, flat stick pieces of guru with large surface area may release

actives faster iHOBEH bk EFPAHES S AR ARIEFA IS S5 BHY FJAMAIIF Kbk PhetelahiRrisiease

medicaments ang actyveismenRIskwIWddition of alkaline materials such as sodium bicarbonate or

15 sodium hydroxide may make the saliva slightly alkaline, which may increase
buccal/lingual absorption of the medicament into the bloodstream.

Release of the active agents of the present invention may also be affected by
the shape and size of the formulation. For example, flat stick pieces of gum with large
surface arca may release actives faster into saliva from gum when chewed, whereas

20 round or cube pieces may release medicaments and actives more slowly.

Tableting of chewing gum is disclosed in U.K. Patent Publication No.
1,489,832; U.S. Patent No. 4,753,805; EP Patent Publication No. 0 221 850; and Italy
Patent Publication No. 1,273,487. These patents disclose active agents added to
chewing gum which is then tableted.

25 Coloring agents may also be added to the formulations. Coloring agents
contemplated by the present invention include food quality dyes. Film formers
preferably added to the syrup include methyl cellulose, gelatins, hydroxypropyl
cellulose, ethyl cellulose, hydroxyethyl cellulose, carboxymethyl cellulose and the
like and combinations thereof. According to a preferred embodiment, fruit cell

30 cultures of the present invention are provided in a non-coloring concentration.

It should be noted that plant cells expressing the recombinant biomolecule of
the present invention may be formulated in a unit dosage form (such as an oral unit

dosage form).



Tableting of chewing gum is disclosed in U.K. Patent Publication No. 1,489,832; U.S. Patent No.
4,753,805; EP Patent Publication No. 0 221 850; and Italy Patent Publication No. 1,273,487. These
patents disclose active agents added to chewing gum which is then tableted. 25 Coloring agents may
also be added to the formulations. Coloring agents contemplated by the present invention include
food quality dyes. Film formers preferably added to the syrup include methyl cellulose, gelatins,
hydroxypropyl cellulose, ethyl cellulose, h droxye_thﬁPceIIquse, carboxymethyl cellulose and the like
and combinations thersEFINBaBrting 0 a BreterEirdibsiirabre, RUIPERH B0 Fehurdddt 1 present

invention are prgyigegina HRRCHRIRD Fongentrationdahodibanetaddhakalant selip axpressing
the recombinant biomolecule of the present invention may be formulated in a unit dosage form (such
as an oral unitPERE4gR ). 33 Determination of a therapeutically effective amount is well within the

capability of those Skwsﬂéﬂytl@eeﬁéyaﬁgﬁqgaéxﬂmlughﬁaﬁbfe@ detailed cisclosung: peeyvidest hpsein. For

any preparation used in the methods of the invention, the dosage or the_5 therapeutically effective

amount can behesarsaticaliRirAIRF PomAm it S beIpstniated Asdilly ForeianiBre, adosecan be

formulated in animat nesRISHE: achiaye 2. desieshcrneantiation o Liteh Suskiinéarmatiancan be used
to more accurately determine useful doses in humans. Toxicity and therapeutic efficacy of the active

ingredients deSEFiERH FREVSAEAIINL 6ThE Bkt Rih U BSR4 pharkist 06 EXTSr G68EHEY in vitro, in
cell cultures org@xRemneal anyrals hihaslata obtained from these in vitro and cell culture assays
and animal studies can be used in formulatig%a range_of dosage for use in human. The dosage may

vary depending upon tA¥i¢iBsaybthsrapeipielitaane e toive BresdniitesiBhsdiesd e exact
formulatign, ropéeqdagmigistatiomand drsage-daiean hechosaniny e indiiduahphiysician in view

of the patient's condition. (See, e.g., Fingl, E. et al. (1975), "The Pharmacological Basis of
Therapeutics, <EPETENFi2) apigialse gh?og?ﬁiaﬂ]?&a iﬁ%ﬂa‘ﬂﬁ?iFﬂeY%‘?saﬁélﬁ%lecHH}Hgtéif?ﬁaividuaIIy
to provide suffigigni-plagmaeicbrain lvelsoithpastiveitaosedient 8 induge Arsuppkessnthe biological
effect (i.e., min{ﬂr&a l%sgéeecrg\ég (\;!(a).p)? %gggzﬂ?ig"g '\l/llg(gl) 'tl-lrehgog/lal{zgg oi-lxln employed and the route of
administration utilized. The exact formulation, route of administration, and dosage
15 can be chosen by the individual physician in view of the patient's condition. (See, e.g.,
Fingl, E. et al. (1975), "The Pharmacological Basis of Therapeutics," Ch. 1, p.1.)

Dosage amount and administration intervals may be adjusted individually to
provide sufficient plasma or brain levels of the active ingredient to induce or suppress
the biological effect (i.e., minimally effective concentration, MEC). The MEC will

20  vary for each preparation, but can be estimated from in vitro data. Dosages necessary
to achieve the MEC will depend on individual characteristics and route of
administration. Detection assays can be used to determine plasma concentrations.

Depending on the severity and responsiveness of the condition to be treated,
dosing can be of a single or a plurality of administrations, with course of treatment

25 lasting from several days to several weeks, or until cure is effected or diminution of
the disease state is achieved.

The amount of a composition to be administered will, of course, be dependent
on the subject being treated, the severity of the affliction, the manner of
administration, the judgment of the prescribing physician, etc.

30 Compositions of the present invention may, if desired, be presented in a pack
or dispenser device, such as an FDA-approved kit, which may contain one or more
unit dosage forms containing the active ingredient. The pack may, for example,

comprise metal or plastic foil, such as a blister pack. The pack or dispenser device



20 vary for each preparation, but can be estimated from in vitro data. Dosages necessary to achieve
the MEC will depend on individual characteristics and route of administration. Detection assays can
be used to determine plasma concentrations. Depending on the severity and responsiveness of the
condition to be treated, dosing can be of a single or a plurality of administrations, with course of
treatment 25 lasting from several days to several weeks, or until cure is effected or diminution of the
disease state is achieved. The amount of a compositin to be administered will, of course, be
dependent onrie Sabjessbiedntydrbxiodirted ees/ ErtyriHateffioet dhicthack ah AsPeRseodaiAtstration,
the judgment qf the, REeEETIRINGRIVRIS P 2516430 i APRASHIRES RLING PIGRRRHIMEGMIo gy I
desired, be presented in a pack or dispenser device, such as an FDA-approved kit, which may contain

one or more LUifigdesagéformas esiamibectts adovel phpaienttiTrs. paurnaficoiseraanbie
comprise metal prplastig fallsuchas A Higlermank.fie PR AL ASRERSHLARMGSE IdrdnaxnPe

accompanied by instructions for administration. The pack or dispenser device may also be

accompanied BymipEE M. ShThnphesciiticek By Rl g sverrintdrdal Al aperrisdtty the Manufacture,
use, or sale of pharmageyticals whigh.aatge s rellaciveioal aroval by thepgrney g derm of the

compositions for human or veterinary 5 administration. Such notice, for example, may include labeling
approved by tHasr's. CoBae aRenD rejpmaTitas e atismasiisre striptoAnyRigeer oranlalseravedl product
insert. Compositions,comprising-apranarationohihe inventionfpraulateddn & Rhapassutically
acceptable carrier may also be prepared, placed in"an appropriate container, and labeled for
treatment of aﬁQﬁEﬁE&feoﬁé@Héh%‘?ff darfinepen gutaifedn 10digsivd cReEsRbIRaniuseteifdalfhinistered
as describgd cgg,{ipd numerous uses in therapy, diagnostics and cosmetics. Thus, for example, the
above described teachings can be used to treat any disease (i.e., chronic or acute) or condition in

which administration SFEsEBiBAGIBEUIRNY 3ENiRSEredent dsveiish srayliBd MERsHRLIEERY Beneficial.

For example, the RIRsenJAyaniors havgm=ewn accumulation of GCD in livers of mice fed with the
enzyme suggesting its use in the treatment of Gaucher's disease. Examples of other diseases which

may be treated usingThéStegEhﬁ%@@Blﬁh@e above described teachings can be used to treat any
disease (i.e., chronic or acute) or condition in which administration of the biomolecule

15  of the present invention may be therapeutically beneficial. For example, the present
inventors have shown accumulation of GCD in livers of mice fed with the enzyme
suggesting its use in the treatment of Gaucher's disease.

Examples of other diseases which may be treated using the teachings of the
present invention include, but are not limited to:

20 Inflammatory diseases - Include, but are not limited to, chronic inflammatory
diseases and acute inflammatory diseases.

Inflammatory diseases associated with hypersensitivity
Examples of hypersensitivity include, but are not limited to, Type I
hypersensitivity, Type II hypersensitivity, Type III hypersensitivity, Type 1V

25  hypersensitivity, immediate hypersensitivity, antibody mediated hypersensitivity,
immune complex mediated hypersensitivity, T lymphocyte mediated hypersensitivity
and DTH. _

Type I or immediate hypersensitivity, such as asthma.
Type II hypersensitivity include, but are not limited to, rheumatoid diseases,

30 rheumatoid autoimmune diseases, rheumatoid arthritis (Krenn V. ef af, Histol
Histopathol 2000 Jul;15 (3):791), spondylitis, ankylosing spondylitis (Jan Voswinkel et
al., Arthritis Res 2001; 3 (3): 189), systemic diseases, systemic autoimmune diseases,

systemic lupus erythematosus (Erikson J. er al, Immunol Res 1998:;17 (1-2):49),
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neurological diseases, neurological autoimmune diseases, multiple sclerosis (Cross AH.

15 et al, J Neuroimmunol 2001 Jan 1;112 (1-2):1), Alzheimer’s disease (Oron L. et al, J
Neural Transm Suppl. 1997;49:77), myasthenia gravis (Infante AJ. And Kraig E, Int
Rev Immunol 1999; 18 (1-2):83), motor neuropathies (Kornberg AJ. J Clin Neurosci.

2000 May;7 (3):191), Guillain-Barre syndrome, neuropathies and autoimmune
neuropathies (Kusunoki S. Am J Med Sci. 2000 Apr;319 (4):234), myasthenic diseases,

20 Lambert-Eaton myasthenic syndrome (Takamori M. Am J Med Sci. 2000 Apr;319
(4):204), paraneoplastic neurological diseases, cercbellar atrophy, paraneoplastic
cerebellar atrophy, non-paraneoplastic stiff man syndrome, cerebellar atrophies,
progressive cerebellar atrophies, encephalitis, Rasmussen’s encephalitis, amyotrophic
lateral  sclerosis, Sydeham chorea, Gilles de la Tourette syndrome,

25 polyendocrinopathies, autoimmune polyendocrinopathies (Antoine JC. and Honnorat J.

Rev Neurol (Paris) 2000 Jan;156 (1):23); neuropathies, dysimmune neuropathies
(Nobile-Orazio E. ef al., Electroencephalogr Clin Neurophysiol Suppl 1999;50:419);
neuromyotonia, acquired neuromyotonia, arthrogryposis multiplex congenita (Vincent
A. et al, Ann N Y Acad Sci. 1998 May 13;841:482), cardiovascular diseases,

30 cardiovascular autoimmune diseases, atherosclerosis (Matsuura E. ez al, Lupus. 1998;7
Suppl 2:S135), myocardial infarction (Vaarala O. Lupus. 1998;7 Suppl 2:S132),
thrombosis (Tincani A. et al, Lupus 1998:7 Suppl 2:8107-9), granulomatosis,

Wegener’s granulomatosis, arteritis, Takayasu’s arteritis and Kawasaki syndrome



2000 May;7 (3):191), Guillain-Barre syndrome, neuropathies and autoimmune neuropathies
(Kusunoki S. Am J Med Sci. 2000 Apr;319 (4):234), myasthenic diseases, 20 Lambert-Eaton
myasthenic syndrome (Takamori M. Am J Med Sci. 2000 Apr;319 (4):204), paraneoplastic _
neurological diseases, cerebellar atrophy, paraneoplastic cerebellar atrophy, non-paraneoplastic stiff
man syndrome, cerebellar atrophies, progressive cerebellar atrophies, encephalitis, Rasmussen's
encephalitis, amyotrophic_lateral sclerosis, Sydeha 6chorea, Gilles de la Tourette syndrome, 25

polyendocrinofEHEENHfoifAFunY 158IVeRd &ﬁ%ﬁmgg?&ﬁb‘%@s\i5.%%1%@']%%1@“&%@%%roI

(Paris) 2000 Jgniiafibhlizanderrapainias sy simmune Revrepathiasn(NabiebQrasiesE2 @166
Electroencephalogr Clin Neurophysiol Suppl 1999;50:419); neuromyotonia, acquired neuromyotonia,

arthrogryposisAUfiplex Bsieam ArTegAna Seel VAT NS RUTTSCmIG98IR PIERENRD)

cardiovasculargisgeases, 3saidiovasaial adtpimmuneptiseasesuatheraselerasis (Maisisads. et at,
Lupus. 1998;7 Suppl 2:5135), myocardial infarction (Vaarala O. Lupus. 199@;7 uppl 2:(?13?)),
thrombosié (Tiﬁ@éﬁiﬁ%@ﬁﬁh?%w@f@%ﬁ@m}lﬁ%@i’éﬁf@,(W&%%i legh Ry Eng & ars)-

granulomatosiso@tesits: Takagaau's) artaitia cupd dipasskiisymerqrensfol (P rRpratnii. S JeCaln, Wien
Klin Wochenschr 2000 Aug 25;112 S15-16):66C§ﬂanti-facto,r VIII a{)lg%g;m une disease, ., .
(Lacroix-Desmapba&iset %%9 :Eh ik Thlo R B 2668156118 PFEe Qe a iR ARG small

vessel vasculitiseg, migtescomgRearyiils, LZhurgmand Strakss syvgrorae, gurierdiDAeIbHYS,

pauci-immune focal necrotizing 5 glomerulonephritis, crescentic glomerulonephritis (Nogl Ann Med
Interne (Paris) SGRPRIPERIE BYRYE) ;(Mﬂf‘rﬂlﬁ)gphéﬁﬁid%&/f@?&ﬂ%{(;gﬁhﬁ& F&‘.’“é’tl 4 ?% H'@’
Apheresispl 998:Abighcl 7 hparthaibikem agonishike thetaagienqcapiaantibadies in/headutailure
(Wallukat G. et at, Am J Cardiol. 1999 Jun 17,83 (12A):75H), thrombocytopenic purgura (Moccia F.
Ann Ital Med Iﬁtﬁ@b@%@pﬂ-%%ﬂ;%:@lﬁ%%é)hg%ﬁg < Hé?}]:éfsgilﬁ%slnﬁ%@r‘f@rﬂé) O%Wf’ca%ersie ia
(Efremov DG. glcabadiiikickitiaphama #088idaniif4s:4).285higastieintesinalidiseasgsdasietmmune
diseases of the gastrointestinal tract, intestinal diseases, chrqnic infla tory intestinal disease
(Garcia Herola A1 E R e Atethl Igl’é’f)té‘?(?ﬂtﬁiﬁ’ggffgﬁ?ﬁg ?1%@6%%2?2@&%@5%%@:&&368?E. and
Shoenfeld Y. Hpsafisah 2000idanskoshd8 d 2y 1 22)rautbinound b tisessa ot 108 nuscuiatire,
T e e o S e i S A AL 000

E. et al, Int Arch Allergy Immunol 2000 Sep;123 (1):92); smooth muscle autoimmune

disease (Zauli D. et al., Biomed Pharmacother 1999 Jun;53 (5-6):234), hepatic diseases,
hepatic autoimmune diseases, autoimmune hepatitis (Manns MP. J Hepatol 2000
Aug;33 (2):326) and primary biliary cirrhosis (Strassburg CP. et al, Bur J

20  Gastroenterol Hepatol. 1999 Jun;11 (6):595).
Type IV or T cell mediated hypersensitivity, include, but are not limited to,
rheumatoid diseases, rheumatoid arthritis (Tisch R, McDevitt HO. Proc Natl Acad Sci tJ
S A 1994 Jan 18;91 (2):437), systemic diseases, systemic autoimmune diseases,
systemic lupus erythematosus {Datta SK., Lupus 1998;7 (9):591), glandular diseases,
25 glandular autoimmune diseases, pancreatic diseases, pancreatic autoimmune diseases,
Type 1 diabetes (Castano L. and Eisenbarth GS. Ann. Rev. Immunol. 8:647); thyroid
diseases, autoimmune thyroid diseases, Graves’ disease (Sakata S. et al, Mol Cell
Endocrinol 1993 Mar;92 (1):77); ovarian diseases (Garza KM. ef al., ] Reprod Immunol
1998 Feb;37 (2):87), prostatitis, autoimmune prostatitis (Alexander RB. et al, Urology
30 1997 Dec;50 (6):893), polyglandular syndrome, autoimmune polyglandular syndrome,
Type 1 autoimmune polyglandular syndrome (Hara T. et al, Blood. 1991 Mar 1,77
(5):1127), neurological diseases, autoimmune neurological diseases, multiple sclerosis,

neuritis, optic neuritis (Soderstrom M. ef al, J Neurol Neurosurg Psychiatry 1994



disease (Zauli D. et at, Biomed Pharmacother 1999 Jun;53 (5-6):234), hepatic diseases, hepatic
autoimmune diseases, autoimmune hepatitis (Manns MP. J Hepatol 2000 Aug;33 (2):326) and

primary biliary cirrhosis (Strassburg CP. et at., Fur J 20 Gastroenterol Hepatol. 1999 Jun; 11 (6):595). .
Type IV or T cell mediated hypersensitivity, include, but are not limited to, rheumatoid diseases,
rheumatoid arthritis (Tisch R, McDevitt HO. Proc Nat;ﬁead SciU S A 1994 Jan 18;91 (2):437),

systemic diseases, systemic autoimmune diseases, “systemic lupus erythematosu atta SK., Lupus
1998;7 (9):59f%@1é%(ﬁiéﬁ@eaw§%@|ﬁaﬂafaf§ Nkl dise g&i Bﬁ%&f&éﬁ?& R
pancreatic autpinymess) disgpses sTupedhd@bietesrtOastanl, ansk RagnbeathSaiSUmn. REM.
Immunol. 8:647); thyraid diseases, aytoimmune thyroid diseases, Graves' disease (Sakata S. et at,
Vol Cell Endotiicl 1058 Kas (19O s B (kA RATE Y 5 RUPABH Mol 1008
I(:6e)b8; 9137) (2):|871|nggaitam'ts, O?uto@mrnu,tnq p@sﬁatiﬂs'c(ﬁlle;?@eoam S1oat, (8190109?30?;99&11@@&150

; , polyglandylar syndrome, autoimmune Rolyglan r sy )Y _ une,
polyglandiar SyiRGRGHFVRHE PIEEE PGB 1961 Widr %@?géﬁ@% NI IERY Hrdetis
autoimmune neglfpiogicahfiserses amvlipleiatieraSiporosdiriig,. optia/newviiis (Soserstragpd)l et at., J
Neurol Neuros chiatry 1994 37 .57 (5):544), stheni Vis (Oshima M. et at,.Ear J
mmunol 1690 bR RIS ASAR Syl Bm A R LD EOLE St Nt kSt U S A
2001 Mar 27;Q&éZééBQB@maﬁﬁmiﬂmmﬂﬁrdmeﬁseﬁﬁpmidmmatﬁ@im@myépaﬁﬁagmm@eﬂasg
purpura (Seml 30 o0 A BBba T8 A Lo 5 A2 A NPT RSy g e
autoimmnwnityi(ﬁ@pefghsml'{f] ceteatli)\ﬂrat_lkmﬁnir(moﬂﬂ%ﬂ% Q\I@:ﬂ)%lh@)]ﬁﬁltjg_: ﬁft]:ém&ad(j&fdt@@ S. et at,
Chronic acuive NUEMS BN QSR e R Aol FevE L SO Eo00 Thar a2y Biiary
cirrhosis, primafgphébbiliafy citnloskis2(JotBs Rhn&diivScistGeldiyei a6 ddoviBalsy 550y inepintic
diseases, nephric autoimmune, diseases, nephritis, interstitial hritis (Kell J Am ephrol
190 Aug1 (5 RSB L T MR S e R ot ok
diseases, autommifie @aldisedse(doe Thk einal ctie|Hioudeldl. 1994, Amg; NoY (AU 9y dd¥ase of

the inner ear (Gloddelc stat. Ann MY Acad ScI1997 17, Dec 29/830:266). k0D disfazesyGytancous
diseases, pemphigus vulgaris, bullous pemphigoid and pemphigus foliaceus.

Examples of delayed type hypersensitivity include, but are not limited to,
contact dermatitis and drug eruption.

Examples of types of T lymphocyte mediating hypersensitivity include, but are

20 not limited to, helper T lymphocytes and cytotoxic T lymphocytes.

Examples of helper T lymphocyte-mediated hypersensitivity include, but are not
limited to, Tyl lymphocyte mediated hypersensitivity and Tp2 lvmphocyte mediated
hypersensitivity.

Autoimmune diseases

25 Include, but are not hmited to, cardiovascular diseases, rheumatoid diseases,
glandular diseases, gastrointestinal discases, cutancous diseases, hepatic diseases,
neurological diseases, muscular diseases, nephric diseases, diseases related to
reproduction, connective tissue diseases and systemic diseases.

Examples of autoimmune cardiovascular diseases include, but are not limited to

30  atherosclerosis (Matsuura E. ef al,, Lupus. 1998;7 Suppl 2:5135), myocardial infarction
(Vaarala O. Lupus. 1998;7 Suppl 2:S132), thrombosis (Tincani A. et al., Lupus 1998;7
Suppl 2:5107-9), Wegener’s granulomatosis, Takayasu’s arteritis, Kawasaki syndrome
{(Praprotnik S. ef al., Wien Klin Wochenschr 2000 Aug 25;112 (15-16):660), anti-factor



diseases, pemphigus vulgaris, bullous pemphigoid and pemphigus foliaceus. Examples of delayed
type hypersensitivity include, but are not limited to, contact dermatitis and drug eruption. Examples of
types of T lymphocyte mediating hypersensitivity include, but are 20 not limited to, helper T
lymphocytes and cytotoxic T lymphocytes. Examples of helper T lymphocyte-mediated hypersensitivity
include, but are not limited to, TO lymphocyte mediated hypersensitivity and T1,2 lymphocyte
mediated hypersensitivity. Autoimmune diseases 25*fclude, but are not limited to, cardiovascular

diseases, rheukiBtaridiaBRsEsdi gRscdaF IsdasuBagastrof st BisEHsEw Hﬁ@ﬁéb%%oeigéases,
hepatic diseasgs 1@%%@9&%%@%@%@ Rusguipaiseases HepikiseRassifiseanas;related to
[

reproduction, connective tissue diseases and systemic diseases. Examples of autoimmune _
cardiovascularidgs sy HiciGe PRt B RBRTIiEY B B0 AR HLt ISR iAo eREIi L upus.

1998;7 Suppl 2:e35).Fnyacardiakinfaretion (¥aatalagod urks,; 1998;7)3upp! 2iwbadipHuIgmPosis
(Tincani A. et at, Lupus 1998;7 Suppl 2:8107-9%We ener's granulomatosis, Takayasu's arteritis,

Kawasaki Syndrife e (dpsthizsRetaswie iy in‘\wgrk?é?féﬁ 9o biAlgds b e Bdyess),

anti-factor 38 Nlilautgimeune.disease (Lacreix-Dasmpzes dioet abddemin Tirgmb Hemost2000;26
(2):157), necrotizing small vessel vasculitis, microscopic polyangiitis, Churg and _Strauss silndrome,

pauci-immune F8EE1 196G T BHEER AN G omartidibphiRts TiN oI HARWA RIS frtehhe: (Paris).

2000 May; 15143y Aie8)mantinhosphelipid Sesyndrameklanheiz R aebahnabmARbReSi$4999; 14
(4):172), antibog%-lnduced heart failure (Wallukat G. et at, Am J Cardiol. 1999 Jun 17;83 (12A):75H),

thrombocytopdRiE FRABUPS(MbHia Fukn WWE&‘|ﬁ?.9§93915&6r@u‘ﬁ,‘%§5(»2§%ﬂa&‘, Beihfle M et al.,

Blood 1996 MayedhidY (99):4245)4 aujainvnaribemeblisaismia (Bfremovibasei@inhealeto
Lymphoma 1998 Jan;28 (3-4):285; Sallah S. et at, Ann 10 Hematol 1997 Mar;74 (3):139), cardiac

autoimmunity i Ciafas' d§835@(’é%}n|1139ﬁe9}3fa|5t1_ B89y t88erelpeng.o RPEHS) and

anti-helper T lymphasyisitAitaiparousliy K Caperossh ARe6 a8 Yoed: imnyegl 1998;11 (1):9). Examples
of autoimmune rheumatoid diseases include, but are not limited to, rheumatoid arthritis (Krenn V. et at,
Histol Histopathol 20(15"@%13’5@ @jif):wffrq{i%%eﬁpeumatmd diseases include, but are not Iimited to

rheumatoid arthritis (Krenn V., ef of,, Histol Histopathol 2000 Jul;15 (3):791; Tisch R,
15 McDevitt HO. Proc Natl Acad Sci units S A 1994 Jan 18;91 (2):437) and ankylosing
spondylitis (Jan Voswinkel ef al., Arthritis Res 2001; 3 (3): 189).

Examples of autoimmune glandular diseases include, but are not limited to,
pancreatic disease, Type I diabetes, thyroid disease, Graves® disease, thyroiditis,
spontaneous autoimmune thyroiditis, Hashimoto’s thyroiditis, idiopathic myxedema,

20  ovarian autoimmunity, autoimmune anti-sperm infertility, autoimmune prostatitis and
Type 1 autoimmune polyglandular syndrome. Diseases include, but are not limited to
autoimmune discases of the pancreas, Type 1 diabetes (Castano L. and Eisenbarth GS.
Ann. Rev. Immunol. 8:647; Zimmet P. Diabetes Res Clin Pract 1996 Oct;34
Suppl:S125), autoimmune thyroid diseases, Graves’ disease (Orgiazzi J. Endocrinol

25 Metab Clin North Am 2000 Jun;29 (2):339; Sakata S. et al., Mol Cell Endocrinol 1993
Mar;92 (1):77), spontaneous autoimmune thyroiditis (Braley-Mullen H. and Yu S, }
Immunol 2000 Dec 15;165 (12):7262), Hashimoto’s thyroiditis (Toyoda N. et al.,
Nippon Rinsho 1999 Aug;57 (8):1810), idiopathic myxedema (Mitsuma T. Nippon
Rinsho. 1999 Aug:57 (8):1759), ovarian autotmmunity (Garza KM. ef al, J Reprod

30 Immunol 1998 Feb;37 (2).87), autoimmune anti-sperm infertility (Diekman AB. er al.,
Am J Reprod Immunol. 2000 Mar:43 (3):134), autoimmune prostatitis (Alexander RB.
et al., Urology 1997 Dec;50 (6):893) and Type I autoimmune polyglandular syndrome
(Hara T. er al., Blood. 1991 Mar 1;77 (5):1127).



15 McDevitt HO. Proc Natl Acad Sci units S A 1994 Jan 18;91 (2):437) and ankylosing spondylitis

_ (Jan Voswinkel et at, Arthritis Res 2001; 3 (3): 189). Examples of autoimmune glandular diseases
include, but are not limited to, pancreatic disease, Type | diabetes, thyroid disease, Graves' disease,
thyroiditis, spontaneous autoimmune thyroiditis, Hashimoto's thyroiditis, idiopathic myxedema, 20
ovarian autoimmunity, autoimmune anti-sperm infertility, autoimmune prostatitis and Type |
autoimmune polyglandular syndrome. Diseases inclutfe, but are not limited to autoimmune diseases
of the pancreas, Type-xaabeited QUESRGIS SAtTPRERbRAtH CRscAARcREs, hrimiment diBdirdzimmet

P. Diabetes Reg GlipRrachH96:Q6h34nRURRlSIRE s RUiBIMmUTR I oId disgases.Girygs fisease
(Orgiazzi J. Endocrinol 25 Metab Clin North Am 2000 Jun;29 (2):339; Sakata S. et at, Mol Cell

Endocrinol 1993¢it:02000) 7y, Shohtd fboirdian tBivmifueieproidRisasr alesenfelde - Hiapahy S, J

Immunol 2000 2gg 12165 (3€)1262), Hashimaie:s thyeiditis {iryeda N. et at, Nippon Rinsho 1999
Aug;57 (8):1810), idiopathic myxedema (Mitsuma T. Nippon Rinsho. 1999 Aug;57 (8):1759), ovarian

autoimmupdity (Garza Ksmeles. of REpHeEBoR HHARSOr 90 E8h, Srideg Putatidingn e ghtiosperm

infertility (Dickmap;i AR ek aluHR JRERIQdInmMuBRl @00 Mand3i{R)iddH), ﬁbﬁ&{{iﬁi NRRERRLatitis
(Alexander RB. et at, Urology 1997 Dec;50 (63:893) and Type | autoimmune polyglandular syndrome

(Hara T. et al., iboies noonhraidiand pepphizns Bbapsismples of autoimmune gastrointestinal diseases

include, but are not limited %sCBEOQlﬁdﬁﬂﬁiﬁE@a&%ﬂl?Qﬁg%egi%ﬁ@ﬁ%%,(%@( CiacHgsP1a A&l ab,
Gastroenterol Hepatol. 2000 Jan; 23 (1):16), celiac disease (Landau YE. and Shoenfeld Y. Harefuah

2000 Jan 16; 15930 2V EKEINGiFEIARE CISHIPS MkEHte. BRI Plestdf Hutottiuaiiti@heous
diseases jpcluggnhuipeHaptisitedse, Rutaimmyneuiausskin diserses. Fush asebuligrepot

limited to, pem hii;us vulgaris, bullous e%ﬂgmd and pemphigus foliaceus. Examples of

autoimmune h&pakidbisEasdehelLeR: FeRtidfdd 6 “ndpittiSatinsmfrl ddeeridnio8Rtive

hepatitis (FranggyA. 19t a6) &85, Inpunabi AR URERAEROINEGRRMak 5S¢ (Rp3R4) spUmaybiliary
cirrhosis (Jones DE. Clin Sci (Coleh) 1996 Nov; 91 (5):551; Strassburg CP. et at, Eur J Gastroenterol
Hepatol. 1999 @hﬁ?‘@l (6):595) and autoimmune hepatitis (Manes MP. J Hepatol 2000 Aug; 33

(2):326). Examples of autoimmune neurological diseases include, but are not limited to,
15 multiple sclerosis (Cross AH. ef al, J Neuroimmunol 2001 Jan 1;112 (1-2):1),
Alzheimer’s disease (Oron L. ef al., J Neural Transm Suppl. 1997;49:77), myasthenia
gravis (Infante AJ. And Kraig E, Int Rev Immunol 1999; 18 (1-2).83; Oshima M. ef al,

Eur J Immunol 1990 Dec; 20 (12):2563), neuropathies, motor neuropathies (Komberg

AJ. J Chn Neurosci. 2000 May;7 (3):191); Guillain-Barre syndrome and autoimmune

20  neuropathies (Kusunoki S. Am J Med Sci. 2000 Apr;319 (4):234), myasthenia,
Lambert-Eaton myasthenic syndrome (Takamori M. Am J Med Sci. 2000 Apr;319
(4):204); paraneoplastic neurological diseases, cerebellar atrophy, parancoplastic
cerebellar atrophy and stiff-man syndrome (Hiemstra HS. er al, Proc Natl Acad Sci
units S A 2001 Mar 27;98 (7):3988), non-paraneoplastic stiff man syndrome,

25  progressive cercbellar atrophies, encephalitis, Rasmussen’s encephalitis, amyotrophic
lateral sclerosis, Sydeham chorea, Gilles de la Tourette syndrome and autoimmune
polyendocrinopathies (Antoine JC. and Honnorat J. Rev Neurol (Paris) 2000 Jan;156
{1):23); dysimmune neuropathies (Nobile-Orazio E. et al, Electroencephalogr Clin
Neurophysiol Suppl 1999;50:419); acquired neuromyotonia, arthrogryposis multiplex

30 congenita (Vincent A. ef al., Ann N'Y Acad Sci. 1998 May 13:841:482), neuritis, optic
neuritis (Soderstrom M. et al, J Neurol Neurosurg Psychiatry 1994 May;57 (5):544)

and neurcdegenerative diseases.



Examples of autoimmune neurological diseases include, but are not limited to, 15 multiple sclerosis
(Cross AH. et at, J Neuroimmunol 2001 Jan 1;112 (1-2):1), Alzheimer's disease (Oron L. et at, J
Neural Transm Suppl. 1997;49:77), myasthenia gravis (Infante AJ. And Kraig E, Int Rev Immunol
1999; 18 (1-2):83; Oshima M. et al, Fur J Immunol 1990 Dec; 20 (12):2563), neuropathies, motor
neuropathies (Komberg AJ. J Clin Neurosci. 2000 May;7 (3):191); Guillain-Barre syndrome and
autoimmune 20 neuropathies (Kusunoki S. Am J MeﬁOSCj. 2000 Apr;319 (4):234), myasthenia,
Lambert-Eaton myas Ly G iRk dRRA IR I SRRsaS SEcla 0 Tiprasa g ol yimdiet to,

paraneoplastiGieurelogica) fiseasesyesrebaliar airaphy sparanepplastience(ebietiar, atrophyiand
stiff-man syndrome (Hiemstra HS. et at, Proc Natl Acad Sci_units S A 2001 Mar 27;98 (7):3988);

non-paraneopEtt SHFEARETHARS ARG S Hrdgre oV e ardranas trBplss SWRIapMEdisease

Rasmussen's gngaphalitisy amiaicapbicriaiesal gclongsisn Sydghamxhorea, Gilles de la Tourette
syndrome and autoimmune_ polyendocrinopathies (Antoine JC. and Honnorat J. Rev Neurol (Paris)

2000 Jan:156 (1):23F e e HEiropgns esplBnidivrasio BBl PEletifo BB Egioc 1in

Neurophysiol Supiiid9aRidE assluites el pyeiRNEtIngryesis aNdipiex BOsengenita
(Vincent A. et at, Ann N Y Acad Sci. 1998 May 13;841:482), neuritis, optic neuritis (Soderstrom M. et
at, J Neurol Né@éhde)Psychiatry 1994 May;57 (5):544) and neurodegenerative diseases. 40
Examples 0(; autoimngmm%@ﬂla%z@ﬁ@@mﬁg Heddsie, f&ﬁtéﬁ&@@ﬁﬁfﬁﬁ@&i@l my@ﬂiéi,smumf?une
myositis and primary Sjogren's syndrome (Feist E. et at, Int Arch Allergy Immunol 2000 Sep;I23
(13/:92) 2 sBBHHOSER A Al e é@aa@& %z&&#-&%?%%,ié?%égg‘ﬁ’ﬁm&é&gér 1908 Jun:53
(5-6):234)9 5 Examplesahpldotn abiennanhr e tisease sisclugeeidt anelindd, linited et Heplhdtis and
autoimmune interstitial nephritis (Kelly CJ. J Ain Soc Nephrol 1990 Aug;. 1 (2):140), Examples of
autoimmune df%ﬁ%%%%é%@dﬂ@&ﬁ%@ﬁ&%ﬁﬁﬁﬁ%ﬁ&ﬁ@&E eeﬁe{-ﬂﬁ%ﬁ@éﬂ%g, ég)lgeé}d‘ﬁ‘gﬁ'aﬁgis
(Tincani A. et af,)l2upyskP9oTndDupR diSckeds Vf 4R MxrmplesGloddtxiBMwng camnestiveAisslie
diseases include, but are not limited _ to, ear diseases, autoimmune ear diseases (Yoo TJ. et al, Cell
Immunol 1994S&hb?%%96ﬁ%9243§9gr?gt)autoimmune diseases of the inner ear (Gloddek B. et at, Ann N

Y Acad Sci 1997 De@RgnBR0:366Gutoimmune systemic diseases include, but are not limited to,
15 systemic lupus erythematosus (Erikson J. et al, Immunol Res 1998;17 (1-2):49) and
systemic sclerosis (Renaudineau Y. ef @/, Clin Diagn Lab Immunol. 1999 Mar;6
(2):156); Chan OT. et al., Immunol Rev 1999 Jun;169:107).
Infectious diseases
Examples of infectious diseases include, but are not limited to, chronic
20 infectious diseases, subacute infectious diseases, acute infectious diseases, viral
diseases, bacterial diseases, protozoan diseases, parasitic diseases, fungal diseases,
mycoplasma diseases and prion diseases.
Graft rejection diseases
Examples of diseases associated with transplantation of a graft include, but are
25 not limited to, graft rejection, chronic graft rejection, subacute graft rejection,
hyperacute graft rejection, acute graft rejection and graft versus host disease.
Allergic diseases
Examples of allergic diseases include, but are not limited to, asthma, hives,
urticaria, pollen allergy, dust mite allergy, venom allergy, cosmetics allergy, latex
30 allergy, chemical allergy, drug allergy, insect bite allergy, animal dander allergy,
stinging plant allergy, poison ivy allergy and food allergy.

Cancerous diseases



Examples of autoimmune systemic diseases include, but are not limited to, 15 systemic lupus
erythematosus (Erikson J. et at, Immunol Res 1998;17 (1-2):49) and systemic sclerosis (Renaudineau
Y. et at, Clin Diagn Lab Immunol. 1999 Mar;6 (2):156); Chan OT. et al., Immunol Rev 1999 Jun;
169:107). Infectious diseases Examples of infectious diseases include, but are not limited to, chronic
20 infectious diseases, subacute infectious diseases, acute infectious diseases, viral diseases,
bacterial diseases, protozoan diseases, parasitic diséases, fungal diseases, mycoplasma diseases
and prion diseases. Grafiia]ectivh disedsscsniBIb 6t @Rl ABBY Hsdo cratsttp thyHSheMeation of a

graft include, by, atsn 25s0eblimitechtRugEaft JeiactionachraRipIgalt FeiRelion Subacute.gralt (sjection,

hyperacute graft rejection, acute graft rejection and graft versus host disease. Allergic diseases

Examples of aérdfieddiéaddasHifideubtimire fshlinfte § B0msthRLE pRFBe IS rREF I IpolIR Aflergy,
dust mite allergyyyeaom.allefdy.£o8meles leravHiatexa3allergy, Fhenisal allargy:drugaalieray,

insect bite allergy, animal dander allergy, stinging plant allergy, poison ivy aII_ergy and food allergy.

Cancerous disB8BBEPRoEXihIprésBRCEHEeinFicnige Btitcrfdlrol fiRdacrPesrcinBhemgmptisia,

blastoma, sarcRae el deyke TR RaHIGHIAr &3AoBIAE LT VAMGarays Wisgrses RUERre nefimited to:
Myeloid leukemia such as Chronic myelogenous leukemia. Acute myelogenous leukemia with

maturation. AcDEpFoElaRy e eRReRiYS ASHE® RorfyflipHecytieWeukERPR RS itcrisaksdBasophils,
Acute monocyiig,jeHkemigphesac myalemanoontisdsidaaia withigesinopkilia, Makgnantdyprhoma,

such as Birkitt's Non-Hodgkin's; Lymphoctyic leukemia, such as Acute lumphablastic leukemia.

Chronic lymphB&Jiie MMERiRE #/e o pbtitérative tite idessd1dmas B8 thidrsiBefgRMEHingioma,
Mixed tumers of &albcaryighangd, Galanis sganomasihe AHRRECRIAINGMES:SHYCPAsiERaselkiung

cancer, Kidney, Uterus, Prostate, Bladder, Ovary, Colon, Sarcomas, Liposarcoma, myxoid, Synovial
sarcoma, Rha@élé’fﬁyosaqeg?ﬂa (aNEGREPRSExtrd<REREP MY 0idBHENIGdrosarEsHial EwiAgedmor:

other include TreBilsatal RS- QYREUTBCIAS PRIARIR] G HRGRIAS LR MBSO N BRwing's tumor;
other include Testicular and ovarian dysgerminoma, Retinoblastoma, Wilms' tumor,
Neuroblastoma, Malignant melanoma, Mesothelioma, breast, skin, prostate, and

15 ovarian.

Other diseases envisaged by the instant application include hormone and
growth factor deficiencies; dwarfsism, organ (e.g., renal) failure (EPO) deficiencies
and others.

As mentioned the above teachings can also be used for diagnostic applications.

20 Thus, the recombinant protein may be a diagnostic protein which may be able of
accumulating in a target organ(s) and may further comprise a detectable label (e.g.,
GFP), suitable for in vivo imaging.

An example of a diagnostic protein/reagent according to the invention is an

antibody or an antigen binding fragment thereof. Antibodies may be double chain or
25 single chain.

Additional objects, advantages, and novel features of the present invention will
become apparent to one ordinarily skilled in the art upon examination of the following
examples, which are not intended to be limiting. Additionally, each of the various
embodiments and aspects of the present invention as delineated hereinabove and as

30 claimed in the claims section below finds experimental support in the following

examples.



Neuroblastoma, Malignant melanoma, Mesothelioma, breast, skin, prostate, and 15 ovarian. Other
diseases envisaged. by the instant application include hormone and growth factor deficiencies;
dwarfsism, organ (e.g., renal) failure (EPO) deficiencies and others. As mentioned the above
teachings can also be used for diagnostic applications. 20 Thus, the recombinant protein may be a
diagnostic protein which may be able of accumulatirh% in a target organ(s) and may further comprise a
detectable label (e.g., GFP), suitable for in vivo imaging. An example of a diagnostic protein/reagent
according to the invention is an antibody or an m ing fragment thereof. Antibodies may be

double chain or 25 skglerahins Additiandd abjesisfatvantagesmand, neyelHaatisherofihie theesent
invention will become apparent tg one o%n,arilé/ skilled in the art upofg‘F xamination of the following
examples, whithoaFe At IRt WS BRI ARG RIS ADR BRAHRSH #5898 ious embodiments and

aspects of the present#ventiomhasdakncatac:keedinahoyeaing asRb-alaimeddaithescldimsdsection
below finds experigental support in the folé\?]\{/ﬁjgg examples. 42 EXAMPLES Referenc isr@r(])w made

to the followindPexAiaTES Witk B35 8th P aASH B ABBUE t S RRRFBHEL I 5B tesHitlrfiSh in a non
limiting fashionrecéagitafially, thenecokniciadsre Sseldl hetainyand dhe iahoialtliy piptdatedes uliized 5 in

:2§hpnriesent intg%%'gion in%udefmoleculgr, p@gge ica micro:b[ig ogical ag; re%%lmgin tD AE
ques. SURFF S niGGEs A SAHBRICgH SOl AR AT PSY SIS SIEIRESGK Folecular
Cloning: A Iab@ral@%Manaaffeﬁambmoctb@tnaldo(&aﬁﬁh);B'ﬂ%wg@ht\miutﬁmllslﬂm_Mmde’@ell,aRBMJ_,ogy" )
o Wiey and 10! SEHS AL b MR (9063 BaPoSlo o hre B i o WAt
Cloning",10JohS&N&L@a&iﬁ@rﬁ,mm@m&@:bwatsm‘E&taat_icémtﬁr}antda&\lﬁ"cwﬁigﬁﬁc )
Amrcan S MM I ATens o e G A A sbron Mt et vl
Nos. 4,666,828:Me68302B2p1s30de®3Yprk; Birren et al. (eds) "Genome Analysis: A Laboratory
Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531;
15 5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-1II
Cellis, J. E., ed. (1994); "Current Protocols in Immunology" Volumes I-I1I Coligan J.
E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology” (8th Edition),
Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods
in Cellular Immunology”, W. H. Freeman and Co., New York (1980), available
20 immunoassays are extensively described in the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987,
3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074,
4,098,876, 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M.
I, ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., eds.
25 (1985); "Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984);
"Animal Cell Culture” Freshney, R. L, ed. (1986}, "Immobilized Cells and Enzymes"
IRL Preés, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,
30 "Strategies for Protein Purification and Characterization - A Laboratory Course
Manual" CSHL Press (1996); all of which are incorporated by reference as if fully set
forth herein. Other general references are provided throughout this document. The

procedures therein are believed to be well known in the art and are provided for the



15 5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-1ll Cellis, J. E., ed.
(1994); "Current Protocols in Immunology"” Volumes I-111 Coligan J. E., ed. (1994); Stites et al. (eds),
"Basic and Clinical Immunology"” (8th Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and
Shiigi (eds), "Selected Methods in Cellular Immunology”, W. H. Freeman and Co., New York (1980);
available 20 immunoassays are extensively described in the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,856?752; 3,850,578; 3,853,987; 3,867,517,
3,879,262; 3,90ERHCACO I ha.rsaden 5341 Beononsalusaind (b HresAePEIved 011,771
and 5,281,521pfligppustaetide Synthesis” Gait, M. J., ed. (1984); "Nucleic Acid Hybridization™
Hames, B. D., and Higgins S. J., eds. 25 (1985); "Transcription and Translation” Hames, B. D., and
Higgins S. J., Eds. (1984); "Animal Cell Culture” Freshney, R. I., ed. (1986); "Immobilized Cells and
Enzymes" IRL Press, (1986); "A Practical GuidEXd MbfeEular Cloning" Perbal, B., (1984) and

"Methods in EnzyolpgyeiNekidndh in MAELMCFEessy datR RIaLaish AdWae Il euMathods And
Applications”, Academic Press, San Diego, CA (1990); Marshak et al., 30 "Strategies for Protein

Purification and Characterization - A LaboratoffE6UtEE “fféfiual" CSHL Press (1996); all of which are

incorporated by refergmeg as, Mulvraet JeatEhsieine e gensn@sreferences are provided throughout
this document. The procedures therein are believed to be well known in the art and are provided for

the 43 convenience Gf#ife PRI ARME NFSHTatiSEE6htained therein is incorporated herein by
reference. EXAMPLEPL:a & Dyagrpanidation in mouse liver orally administered with carrot cell culture
expressing same Anjmals, Materjéls and Experimental F;[oce ures Mice: BALB/C female mice 7-8

weeks. PIAnt cell pr&BArSHETA ¥ JAERIET SRl eiiessis S M FLePAR B dntbling GCD

(ATTC clone #65£9%% 5368 HPOIO3.N304) was sub-alengensdaadlapiie kpotaninthiheERR targeting
signal from the Arabidopsis thaliana basic%?ép ochitiﬁg?e gene, and the  vacuolar targeting signal from

tobacco chitindZEA K %" BT ofthe BHEARANIA AR SAHE FIeQTtIeiftaaat (RA38E promoter

from Cauliflowesd\isiantar¥ititse signal from tobacco chitinase A. At the 5' end of the open reading
frame, the plasmid contained the 35S promoter from Cauliflower Mosaic Virus

15 followed by the Tobacco Mosaic Virus (TMV) omega translational enhancer element.
At the 3' end, the octopine synthase terminator sequence from Agrobacterium
tumefaciens was inserted. The cassette was removed from the intermediate vector and
ligated into a binary vector. Kanamycine resistance was conferred by the NPTII gene
driven by the nos promoter.

20 Transformation and isolation of carrot cells - Carrot cell suspension cultures
were transformed using Agrobacterium. Briefly, Agrobacteria were transformed with
the above GCD containing vector by electroporation, and selected using 30 mg/ml
paromomycin. Carrot cells were transformed with Agrobacteria, and selected using
60 mg/mi of paromomycin in liquid media. Transformed carrot cells were plated on

25 solid selection media, and calli were allowed to form from individual cells. High
protein-expressing lines were identified and selected. Calli were further expanded and
transferred to liquid media

Determination of GCD expression by Western blotting - For Western blotting,
protein extracts were separated by SDS-PAGE, transferred to a nitrocellulose

30 membrane (Amersham Life Science), and GCD detected using anti-GCD antibodies
(diluted 1:6500) and a peroxidase-conjugated goat anti-rabbit HRP secondary
antibody (diluted 1:15,000, Sigma).



15 followed by the Tobacco Mosaic Virus (TMV) omega translational enhancer element. At the 3' end,
the octopine synthase terminator sequence from Agrohacterium tumefaciens was inserted. The
cassette was removed from the intermediate vector and ligated into a binary vector. Kanamycine
resistance was conferred by the NPTII gene driven by the nos promoter. 20 Transformation and
isolation of carrot cells - Carrot cell suspension cultures were transformed using Agrobacterium.
Briefly, Agrobacteria were transformed with the abof}_é GCD containing vector by electroporation, and

selected using 30 rgMiFaYR® PoRHSACTEErFot ERRSIRTS HHR ST ielPith R oBEaSHEISd selected
using 60 mg/my ofpargrsemykindRdiguidmediguitransiaimesaamaheelsiwerenaiatedenins solid

selection media, and calll were allowed to form from individual cells. High protein-expressinlg lines

were identifiecl BHENSte BelensP W ars f e R kDGhtaer ARt fananshetf & iskstr sRethd O

Determination a6 CLiexpRasSIORRRMYN pstenia bleflings: has\Wesigienblaitingll pealgircexivagss were
separated by SDS-PAGE, transferred to a nitrocellulose 30 membraér;??é(Amersham Life Science), and
GCD detedted ULNG ah RIS AR H RS Yo (s *168b 6y ana 4 BEPoxd d<e M TrRabH e Gosst
anti-rabbit HRB;seeengaryamtikenyb(diliad 1idb, 6001 Bigma). 44ildpgealingitidaiareactors -
Suspension cultures of selected calli were cultured.in Murashige and Skoog (MS) liquid medium
containing 4.4 §ANFEEY niaiRFI DttiSe i o fNH}2 6% f@énlﬁﬂaﬂﬁﬂ HET(BUCHETSS HBIAMY), 30 g/1
sucrose, and Gybrgaeld: 2,4-dichloro phenoxyacetic acid (Sigma). Suspension cell cultures were 5

cultivated in shaking Erlenmeyer flasks used for inoculation of 10 liter polyethelenee bioreactors,
followed by up-scalin§{®/ f68 AT B8 RIERS BioFek .Ofﬁ%n@ﬁéz%g@ﬂﬁcﬂ it Rere

cultivated for repeatesd] giowdhCysiesmithaldigeeasion] QepadmillisiationvoMice yere stanted over
night (14-16 hr) and then given 10 planpt cell material placed inside the animal cage. Following two
e bR

hours, the planBAFE M WERRNFOIEE RfaAHPARINETE R gRRh 1REHR BE2AhNTETs were
sacrificed aftesapiadedtionsl dn 244i606:18 hpwsanthedivenfsomhedevearionaleaels aremavedsand
fozen n Ui ogen and stored oL, 41 analyele FeBR AU g g dgove samples: Each
Preparation of liver tissue samples: Bach liver tissue sample was washed with
15 0.9 % NaCl and homogenized with homogenization buffer (60 mM phosphate
citrate,1.5 % Triton X-100, ImM PMSF) Sml buffer per gram tissue using a ULTRA-
TURRAX T 25 basic IKA-WERKE homogenizer at low speed (11,000-13,000 1/min)
for 45-60 seconds, on ice. Samples were centrifuged at 10,000 g for 10 minutes at 4
°C. The supernatant was collected and divided to aliquots and frozen at -70 °C for
20 future analysis.
In vitro glycosidase activity assay: Enzymatic activity of prGCD was
determined using p-nitrophenyl-B-D-glucopyranoside (Sigma) as a substrate. Assay
buffer contained 60 mM phosphate-citrate buffer pH=5.5, 0.15 % Triton X-100, 0.125
% sodium taurocholate. Assay was preformed at three dilutions in total volume of 5.5
25 ml using 30, 12, or 6 microliter of sample, incubated with assay buffer and substrate
added to final concentration of 4mM. Every 15 min, 970 microliter of each sample
were removed and 30 microliter of 5N NaOH was added to each sample. Activity was
measured by the rate of product (p-nitrophenyl; pNP)} formation, detected by
absorbance at 401 nm (Friedman, 1999).
30 Results
GCD-expressing carrot cultures were used in order to test accumulation in a

target organ of a recombinant protein generated and administered according to the

teachings of the present invention. As is evident from Figure 1, peak of GCD activity



is 0.9 % NaCl and homogenized with homogenization buffer (60 mM phosphate citrate,1.5 % Triton
X-100, 1mM PMSF) 5ml buffer per gram tissue using a ULTRA- TURRAX T 25 basic IKA-WERKE
homogenizer at low speed (11,000-13,000 1/min) for 45-60 seconds, on ice. Samples were
centrifuged at 10,000 g for 10 minutes at 4 C. The supernatant was collected and divided to aliquots
and frozen at -70 C for 20 future analysis. In vitro glycosidase activity assay: Enzymatic activity of

prGCD was determined using p-nitrthenyI-B-D-glu oEyranosid%S(i) ma) as a substrate. Assay
buffer containd®l BtS NP HEEps-Btard b fePPHE 8 5 fer e 8, 3itsh RTERS 0 5829888 6ium

taurocholate. Asgay yasmsafainadatdhraadilbions detalivalmeaioims edmlysing 30, 12, or 6
microliter of sample, incubated with assay buffer and substrate added to final concentration of 4mM.

Every 15 min, 970 microliter of each sample were removed and 30 microliter of 5N NaOH was added

to each sample. Activity was measured by the rate of product (p-nitrophenyl; pNP) formation, detected
by absorbance at 401 nm (Friedman, 1999). 30 Results GCD-expressing carrot cultures were used in
order to telst accumulation in a target organ of EXddfbfnént protein generated and administered

according to they{eaghings of PR esentsnuentionwisis eyiseniicun kigypeiyreakmizeD activity
45 in the liver was seen following 2 hours of feeding (30 % increase in enzymatic activity). This
activity reverted to normal levels 4 hours following f&&ding. 5 EXAMPLE 2 Oral delivery ofplant

recombinant growth hormene-(REH e hyraphysesiemizedeliats réfiendiikiy aGHaht eells de
systemically deliver recombinant hGH through the Gl trgct was. e r%i)ned in)gf%]%/é)oph sectomized rats
which do not éXbrE&s Siasgeme b PRSTIBIFE r@ﬁﬁ@ﬁﬂéea ARSI SRR Wdre simple

and accurgte. JexpalimemiahBroeadunag Riant sell g eparatiend T ohaeceiBye eaalls praduring hGH
were produced using an inducible RNA Dependent RNA Polymerase enhanced stable cell expression
system. The system. BRAROIHIGHES ids. The first plasmid carried the 15 repressor- the Lael
gene under the contrpbaftbe/Baeanamaier angbadeydgsamicislls producing hGH were produced

using an inducible RNA Dependent RNA Polymerase enhanced stable cell expression
system. The system was built into two plasmids. The first plasmid carried the
15 repressor- the Lacl gene under the control of the 358 promoter and a hygromicin
selection followed by an IRES (internal ribosome integration site). In the second
plasmid, the plant codon optimized-hGH gene (SEQ ID NOs. 1-2) flanked by the
native leader and the ER retention signal was cloned under the control of a
subgenomic promoter of an inducible RNA Dependent RNA Polymerase. In addition
20 the plasmid contained the RNA Dependent RNA Polymerase (from TVCV-tobacco
vein clearing virus) an IRES-NPTII selective marker gene and the Lacl binding site
blocking the viral replication machinery. 20mM IPTG was added to the celis carrying
both plasmids, inducing GH expression. Expression levels ranged between 50-700
ug/gram fresh weight.
25 Determination of recombinant hGH uptake was effected using ELISA for hGH
in serum and organs of rats fed with hGH (GenBank Accession No. P01241).
Two groups of n=4 rats - hypophysectomized Sprague Dawley were fed with
(1) native BY2 cells (- Tobacco BY-2 Cells, Edited by Nagata, Toshiyuki; Hasezawa,
Seiichiro; Inz®, Dirk Springer 2004 ); and (2) BY?2 cells expressing GH (By2 Icon
30 repressor (B5.1+21450) GHs Nat ER line 18 induced with IPTG.
The rats were fed ad-libitum for 24 hours plant cells only (no rat chow).
Following 24 hours the rats were anesthetized and blood collected, after which the

rats were sacrificed and their organs collected for hGH uptake measurement. Organs



selection followed by an IRES (internal ribosome integration site). In the second plasmid, the plant
codon optimized-hGH gene (SEQ ID NOs. 1-2) flanked by the native leader and the ER retention
signal was cloned under the control of a subgenomic promoter of an inducible RNA Dependent RNA
Polymerase. In addition 20 the plasmid contained the RNA Dependent RNA Polymerase (from
TVCV-tobacco vein clearing virus) an IRES-NPTII selective marker gene and the Lacl binding site
blocking the viral replication machinery. 20mM IPTGWas added to the cells carrying botht%asmids,

inducing GH eXpressbrneRArdseibirieydsTarngddabltieer 50 -SFoB g RRa UL dight.

Determinationgbicompiamnishizi uRiska was efiectieshusias. BidBA e hlaHeitnsandaaassorgans of
rats fed with hGH (GenBank Accession No. P01241). Two groups of n=4 rats - hypophysectomized

Sprague Dawl&wBle Bt ¥HIRA (BT S0YR FORROSS SBY-pRelBIEARETHY [ilgkta,
Toshiyuki; HagegawackSRiChHRIdRzuilir Sringss)2004 ); and (2) BY2 cells expressing GH (By2 Icon
30 repressor (B5.1+21450) GHs Nat ER line 18 induced with IPTG. The rats were fed ad-libitum for 24
hours plant cells onlylfﬁﬁ“ﬁt chow). Following 24 hours the rats were anesthetized and blood
collected, after whichdhe Jiatstwese sagritieedanetheitioygapa colecierdaribizd yptakeantly
measurement. Organs 46 collected included muscle, liver, and spleen. The serum was separated
from the bloodoA BHEANE e BKE S A it By B SHELF VB P Set G SAFBFORANE was
measured by EiSAdRignman-arpvdR-hesmriele 2 TREITHBIoassayAasitki rBioCbegk], IfW. catalog
number BC-1033). 5 Results On uhof the 4 rats fed vé\ﬁgi Y2 cells %xpressing GH exhibited
significantly ef& teﬁﬁ%v@%"ﬁf‘f‘%a inah & LefaHicld S Ht S da A BY 2 MeEKpritsing GH
had significantly&lrumiadvierelsafl Kibdphtheitoniselepidhotihes. ratss(canirelsiednwitlF Bz naive cells)
had no detectable GH levels.in the serum or muscle, in 10 accordance with their hypophysectomized
phenotype. R t%ua}@wmr}rﬁ%ﬂebﬁlo%d summarized in Table 1 below. Table 1 hGH levels in
tissue and serum (A 7G results of 2 inde endent tests). Serum Muscle

Table 1
hGH levels in tissue and serum (AVG results of 2 independent tests).
Serum Muscle I
[Freatment ' Rat# jing/ml) (ng/mg) ISpleen (ng/mg)iliver (ng/mg)
i 0.5772 0.000 0 G
5 7.133 24,784 0 0
0 0.219 0.000 0 0
BY2 GH 46 0.177 58.260 0 0
I8 0.012 1.010 IN/A 0
19 0,000 2.055 IN/A 0
31 0.000 0.760 IN/A N/ A
- BY2- 32 0,003 0.263 N/A IN/A
15
EXAMPLE 3

Oral delivery of plant recombinant hGCD to rats
The ability of plant cells to deliver recombinant hGCD through the digestive
system for uptake of the recombinant protein into the body was examined as
20  described in Example 1 above.
Animals, Materials and Experimental Procedures
Rats: Twelve Sprague Dawley female rats 10-11 weeks were used.
Oral administration: Rats were starved over night (14-16 hr) and then given
plant cell material (ad-libitum, 10 gr/rat) placed inside the animal cage. Following
25 two hours, the plant material was removed and the animals were given their normal

diet. Animals were sacrificed (3 animals at each time-point) after an additional 1, 2, 4



Treatment Rat# (ng/ml) (n /mg) Spleen (n /mg) Liver (ng/mg) 1 0.572.000005 7.133 24.784 0 0.219
0.000 Y2 GH 16 0.177 58.260 0 8 0.012 1.010/A 0 19 .000 2.055 4/A 0 31 .000 0.760 /A /A Y2 - 32
.003 0.265 N/A 4/A 15 EXAMPLE 3 Oral delivery of plant recombinant hGCD to rats The ability of
plant cells to deliver recombinant hGCD through the digestive system for uptake of the recombinant
protein into the body was examined as 20 described in Example 1 above. Animals, Materials and
Experimental Procedures Rats: Twelve S ra%ée Dav‘\Wey female rats 10-11 weeks were used. Oral

administration ARh AR Sta S dlIETE PR APIEER TBPRNCarY TERYVER TSRAY SLRMEatEER (Y- libitum,

10 gr/rat) placeginsisie-thenammabeans. -Followingl 2ty hours, the plant material was removed and
the animals were given their normal diet, Animals were sacrificed (3 anjmals at each time-point) after

an additional 1, 2, 4 47 RREFSAMAARE SRENIGRE Srer S8 HoRPEalrdMniariaL removed and frozen
in liquid nitrogen andgtgygel at -70 C until analysis. Preparation of of spleen and liver tissue: As
described in Example 1. Results 5 GCD-expressing carrot cultures were used in order to test

accumulation in targ&t oG EHE G R eecURIbi RSP TETH giter e tF AFid Or ARy ABFHMIANYY Becording

to the teachingg i the HieseRtiYRMIRmASIR RVidaBllaa i owit Badadi Aoy andasaagedn GCD
activity was observed in the liver and spleen tissues with the _@?; f GCD activity seen following 1
hour after of feBingi{EPIEeATB VR ERE!- M0 B YD increakeih y%ﬂﬂc%ﬁtﬁt&ﬁ s Hetidfty reverted

to normal levelg 4daoeiig dalowingfigediddbserved in the liver and spleen tissues with the peak of
GCD activity seen following 1 hour after of feeding (Spleen-26 %, Liver-44 %
10 increase in enzymatic activity). This activity reverted to normal levels 4 hours

following feeding,

EXAMPLE 4
Oral delivery of plant recombinant FSH to hypophysectomized rats
15 The ability of plant cells to deliver FSH to the blood through the GI tract was
examined following a single oral (PO) administration of plant cell material.
Experimental Procedures
Plant cell preparation
Construction of the expression plasmid - The DNA encoding FSH a and §
20 chains with their native signals were sub-cloned into a plasmid containing the 355
promoter from Cauliflower Mosaic Virus followed by the Tobacco Mosaic Virus
{TMV) omega translational enhancer element. At the 3' end, the octopine synthase
terminator sequence from Agrobacterium tumefaciens was inserted. The cassette was
removed from the intermediate vector and ligated into the binary vector. The FSH B
25  chain had the Kanamycine resistance conferred by the NPTII gene driven by the nos
promoter, and the FSH a chain had the Hygromicine resistance conferred by the
aphlIl gene driven by the nos promoter.
Transformation and isolation of carrot cells - Carrot cell suspension cultures
were transformed using Agrobacterium. Briefly, Agrobacteria were transformed with
30 the above FSH B vector by electroporation, and selected using 30 mg/ml
paromomycin. Carrot cells were transformed with Agrobacteria, and selected using
60 mg/ml of paromomycin in liquid media. Transformed carrot cells were plated on

solid selection media, and calli were allowed to form from individual cells. High



EXAMPLE 4 Oral delivery of plant recombinant FSH to hypophysectomized rats 15 The ability of plant
cells to deliver FSH to the blood through the Gl tract was examined following a single oral (PO)
administration of plant cell material. Experimental Procedures Plant cell preparation Construction of
the expression plasmid - The DNA encoding FSH a and B 20 chains with their native signals were
sub-cloned into a plasmid containing the 35S promoter from Cauliflower Mosaic Virus followed by the
Tobacco Mosaic Virus (TMV) omega translational efffiancer element. At the 3' end, the octopine

synthase ternPRGRSERIREHEE KBRS Reroklhthrtdrrssidns hdvrsdiebermvaadebidvas
removed from he ipiernedialg yeciriuandrigated Inte-thakinaryaieimide it @@f}gﬁﬁm had the

Kanamycine resistance conferred by the NPTII gene driven by the nos promoter, and the FSH a chain

had the Hygroffigiriagdaskaite ehrerstrplpeifd BN GererdriimgPih By sTBmJtes best

Transformation gidsispiatian fsarirallasiSameleall slusPangien rulues weseranaformed using
Agrobacterium. Briefly, Agrobacteria were transformed with 30 the above FSH B vector by

electropordtior*&FeF Seleliedsuditg 3W fitg (g 6thdycin. Carrot cells were transformed with

Agrobacteria, and selggigghusings 69-nalmiefparmmomyeiadn liqwisneiaaly ansiouned arrot cells
were plated on solid selection media, and calli were allowed to form from individual cells. High 48

protein-expresaiigRiEEsehd mEkamans sarsaiaaanshibyvar fAiRer oB et Rl SriiErerred to
liquid media. Thedsehswatedhentredransioymsagd with the plasmisl feaMYing tenhstd-aiehainand
selected as abgve using 100mg/ml hyromicine, The best expressing line was selected using western
blots and LIS SRR #iait A6 tHE B pdusion RV ari g AdLbTRm S5 85 H% Animals and oral
administragion - Thregeddmeek old rats (200 gr) were administered 10 ml/kg plant carrot cell mash by
oral gavage. Blood samples were taken predose and at 10, 20, 30, 60, 120 and 24Q min_following

administration and FSfi SHERrfakitsLewbrd MESSTHEY lﬁyel}:sté‘K‘??%‘iiglﬁ’lﬁff}S?ﬁfBﬁo@geélg Inc. 10
Results As shawindeHigusey tha-R s devaisinarrasegynyaligastideld 10

EXAMPLE 5
15 Lypholyzed carrot cells express maintain intact GCD levels and activity
The ability of the plant cells of the present invention to maintain activity
following dehydration was determined.
Experimental Procedures
A hundred grams of carrot cells expressing GCD produced as described in

20 Example 1 above were lypholyzed and tested for specific protein expression and
activity (see Examples | and 3 above).

Lysate preparation — 50 mg dry cells were extracted with 1 ml extraction
buffer pH=7.2 (20mM phosphate buffer pH=7.2, 20mM EDTA, 20mM L-Ascorbic
acid, 1% Triton X-100).

25 Determination of GCD expression by Western blotting - For Western
blotting, protein extracts were separated by SDS-PAGE, transferred to a nitrocellulose
membrane (Amersham Life Science), and GCD detected wusing the anti-GCD
antibodies (diluted 1:6500) and a peroxidase-conjugated goat anti-rabbit HRP
secondary antibody (diluted 1:15,000) (Sigma).

30 Results

Figure 5 shows GCD expression in lypholyzed plant cells versus fresh cells.
Protein load was based on total protein measurement by Bradford. As shown the

levels of GCD expression in the dry preparation were similar to those of the fresh



minutes following administration after which they revered to basal. EXAMPLE 5 15 Lypkolyzed carrot
cells express maintain intact GCD levels and activity The ability of the plant cells of the present
invention to maintain activity following dehydration was determined. Experimental Procedures A
hundred grams of carrot cells expressing GCD produced as described in 20 Example 1 above were
lypholyzed and tested for specific protein expression and activity (see Examples 1 and 3 above).
Lysate preparation - 50 mg dry cells were extracted With 1 ml extraction buffer pH=7.2 (20mM

phosphate buff§FRSIRLIED, SEAMPESIANISBAVPHCA S BIEa SRS 49 thAH St e8)288 HEfekination of
GCD expressigniymyasisi-Biotlingr=FofVestar Wwiotinguncatenexisactsswaie separed by
SDS-PAGE, transferred to a nitrocellulose membrane (Amersham Life Science), and GCD detected
using the anti-8¥ - antibodies (diluted 1:6500) and a peroxidase-conjugated goat anti-rabbit HRP
secondary antibody (diluted 1:15,000) (Sigma). 30 Results Figure 5 shows GCD expression in
lypholyzed plant cells versus fresh cells. Protein lgagmvas based on total protein measurement by
Bradford. As Shown the Tevels of GCD expyessiRncin the sty preparaiion Weie sifnish (@:thgse of the
fresh 49 Prepratioly JRIRLREOTEIN IN the Jysgies was measured ang fig)amount of active GCD in
both lypholyzeg afd figsh cellysates was eygluated. ResUIts are Shoyya in Table 2, below. 5 Table 2
Total protein mg/mtGCDtoncentration g/mttyphotyzed cells2:5822.010 Fresh celis2.79972.505

Thus it is evident thatdry. preparasionsof the Rresgatiestion malaiain.sit.Rinlagical agtyities. 10
Altogether, theoﬁggéll%gpé&mtgeesmonstrate forthe first time the ability of non-

10
Altogether, the above results demonstrate for the first time the ability of non-
isolated plant expressed recombinant protein to move across the Gl tract and
accumulate in internal organs.
13

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be

20 provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all

25 such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims. All publications, patents and patent applications and
GenBank Accession numbers mentioned in this specification are herein incorporated
in their entirety by reference into the specification, to the same extent as if each
individual publication, patent or patent application or GenBank Accession number was

30 specifically and individually indicated to be incorporated herein by reference. In
addition, citation or identification of any reference in this application shall not be
construed as an admission that such reference is available as prior art to the present

mvention.



isolated plant expressed recombinant protein to move across the Gl tract and accumulate in internal
organs. 15 It is appreciated that certain features of the invention, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the invention, which are, for brevity, described in the context of a
single embodiment, may also be 20 provided separately or in any suitable subcombination. Although
the invention has been described in conjunction with Specific embodiments thereof, it is evident that
many alternatiVedAhddifidatiGHE RN variations will be apparent to those skilled in the art. Accordingly,
it is intendéed to embrace all 25 such alternatives, modifications and variations that fall within the spirit
and broad scope of the appended claims. All publications, patents and ﬁaten_t applications and

GenBank Accession humbefs RSHBAEIHIRSUPetHATBIe 4R Harta I D62 entirety

by reference i thaspecificationigthe same extent as i easfcindivicsmtnublicationmpatent or
patent application or GenBank Accession number was 30 specifically and individually indicated to be

incorporated hEPERIS|geférdlide Oh ABBCHERNY HAMEHET R8Nt ticRfory ¥ ity FefBreme it 3His

application shalfraatRe sopstiued asian agdmissiapthahsuct refesenesuds Bvailableras ptieeart to the
present invention. 50 WHAT IS CLAIMED IS: 1. A method of systemically delivering a biologically

active, recomBiFraRtPBIBR ohdemel et e hibgRoa §Y teveHormdsB A Rb 6t M9ieeigaterdstthe method

comprising, orailyALRMGOsAIYARisterng o ihel subieat tihetappetigaibst effective amount of plant
cells expressing an exogenous biologically active recombinant biomolecule, thereby systemically

delivering the biologically active recombinant biomolecule, in a biologically active form, to the subject.
2. A method of locallp deliveging aiglagicalyaetivaiviecambinasic hiomplectle, ircadhiblagically active
form, to a subject in need thereof, the method, comprising, orally or mucqs Ilyeg?rrgﬂianisterg] to the
subject a theraPeRLeR/CetfoaiRie R5i6RIN Sftb‘fﬁnq"f:’é‘lﬂlﬁoeﬁp?é% ﬁjig“hﬂe@ao'g@ﬁ s Bloid§iedty active

recombinant bigmelesule, thernsbylosalyosalivesngithadialodicatheastivect a therapeutically
effective amount of plant cells expressing an exogenous biologically active
recombinant biomolecule, thereby locally delivering the biologically active

recombinant biomolecule, in a biologically active form, to the subject.

3. The method of claim 1 or 2 wherein said plant cells comprise a

substantially intact cell wall.

4, The method of claim 1 or 2 wherein said plant cells comprise a

substantially intact cell membrane.

5. The method of claim 1 or 2 wherein said plant cells comprise a

substantially intact cell wall and cell membrane.

6. The method of claim 1 or 2 wherein said plant cells are administered as

isolated cells.

7. The method of claim 1 or 2 wherein said plant cells are administered as

dehydrated plant cells.



recombinant biomolecule, in a biologically active form, to the subject. 3. The method of claim | or 2
wherein said plant cells comprise a substantially intact cell wall. 4. The method of claim 1 or 2 wherein
said plant cells comprise a substantially intact cell membrane. 5. The method of claim 1 or 2 wherein
said plant cells comprise a substantially intact cell wall and cell membrane. 6. The method of claim |
or 2 wherein said plant cells are administered as isolated cells. 7. The method of claim 1 or 2 wherein
said plant cells are administered as, dehydrated pIan%lceIIs._Sl 8. The ,ethog{of claim 1 or 2 wherein
said recombinant Qio%olecuTél?snéetbﬁmgl%‘miejé){)? & Bﬁ%ﬁﬁé‘?@’%@aﬁ? IReSTRSIN f or 2

wherein said rgepmbinaidbiomoletiessd. polypeptide. 10. The method of claim 1 or 2 wherein said
recombinant biomolecule is selected from the group consisting of a therapeutic biomolecule, a
diagnostic biomolecule and a cosmeceutical. 11. The method of claim 7, wherein said dehydrated

plant cells further comprise g exeifi@nit ERimkNeonethbel oihclaidnrt@mdb-wherdio:saideplant aells
comprise alfalfa plant cells. 13. The method of claim 1 or 2 wherein said plant cells comprise tobacco
plant cells. 14 PPh&FREE0d of claim 1 or 2 wherein said plant cell comprise plant cells obtained from
tobacco cell line. 15. The method of claim 1 or 2 wherein said plant cells comprise plant root cells. 16.

The method of claim 15, wherein said plant root cells are selected from the graup copsisting of
Agrobacteriurn rihzogéhes t@?s%?ﬂ*8£%18%%gl,fc%ﬁéf ‘?%i??é‘érr%%qwthwgg?g@@? 5’5}?18& carrot
cell. 17. The metbadoffebaimisd, yybesekvssidipiantireotibetipaid caiianoiiale, a diagnostic

biomolecule and a cosmeceutical.

1. The method of claim 7, wherein said dehydrated plant cells further

comprise an excipient.

12, The method of claim 1 or 2 wherein said plant cells comprise alfalfa

plant cells.

13. The method of claim 1 or 2 wherein said plant cells comprise tobacco

plant cells.

14. The method of claim 1 or 2 wherein said plant cell comprise plant cells

obtained from tobacco cell line.

15.  The method of claim 1 or 2 wherein said plant cells comprise plant
root cells.
16.  The method of claim 15, wherein said plant root cells are selected from

the group consisting of Agrobacterium rihzogenes transformed root cell, celery cell,

ginger cell, horseradish cell and carrot cell.

17.  The method of claim 15, wherein said plant root cells are carrot celis.



52 18. The method of claim 1 or 2 wherein said recombinant biomolecule is selected from the group
consisting of a prokaryotic protein, a eukaryotic protein, a chimeric protein and a viral protein..19. The
method of claim 18, wherein said viral protein is the infectious bursal disease virus viral protein VPII.
20. The method of claim 18, wherein said eukaryotic protein is Human interferon B. 21. The method of
claim 18, wherein said eukaryotic protein is Human %Izotting Factor. 22. The method of claim 18,
wherein said eukary nis Facto The. method of rein said
eukaryotic protein is a éﬁ]%ﬁ#fﬂrgﬁﬁ C%%“E)‘rité’fh FPFRE FAHHSEGH clfé‘m% %?IWE %léald
eukaryotic proteiscted ﬁﬂb&lmalile lysagosakanizyme. 2 brokheymethoediahclaimidSystepeinchaid
eukaryotic protein is a human glucoce ebr03|dase 26. The method of claim 18, wherein said
eukaryotic profgill’fi%ng B{ﬁiﬁé{hafg et i%f@fgg?dase 27. The method of claim 18, wherein said
eukaryotic protein is a human growth hormone. 28. The method of claim 18, wherein said eukaryotic
protein is FSH. 53 29, The method of n said eukaryotic rotem acetyl .choline
esterase. 30. The me ?t%od 0] Faﬁ‘ﬁe‘fl ?C gv%glrmm sa‘g r%g%nm |t1éan 1y?l(?m(gc))ﬁzz-rclzﬁ e{ﬁse hnggcfrlﬁlr%sunogemc
in said subjecth@talAipbasmacsutiesl mompoSiHON comprising as an active ingredient, plant cells
expressing an exogenous biologically active, recombinant biomolecule and a pharmaceutically
acceptable carrier. 32. The pharmaceutical composition of claim 31, wherein said pharmaceutically
acceptable carrier is a0non-ifhmunegedio Caksier. 18, wherein said eukaryotic protein is Human

interferon B.

21. The method of claim 18, wherein said eukaryotic protein is Human

Clotting Factor.

22.  The method of claim 18, wherein said eukaryotic protein is Human
Factor X.
23. The method of claim 18, wherein said eukaryotic protein is a human

high mannose protein.

24. The method of claim 18, wherein said eukaryotic protein is a human

lysosomal enzyme.

25. The method of claim 18, wherein said eukaryotic protein is a human
glucocerebrosidase.
26. The method of claim 18, wherein said eukaryotic protein is a human

alpha galactosidase.

27. The method of claim 18, wherein said eukaryotic protein is a human

growth hormone.

28. The method of claim 18, wherein said eukaryotic protein is FSH.



33. The pharmaceutical composition of claim 31, wherein said pharmaceutically acceptable carrier
does not stimulate the gut associated lymphatic tissue. 34. A unit dosage form for local delivery of a .
biologically active biomolecule in a subject, the unit dosage form comprising, a therapeutically
effective amount of plant cells expressing the exogenous biologically active biomolecule. 35. The unit
dosage fora of claim 34, formulated for oral admlnlstratlon 36. The unit dosage form of claim 34,
formulated for mucosal administration, 37. The unit &0 age form of ¢laim 34, wherein said plant cells
comprise dehydrated plant ghﬂsﬁ@@(ﬂ Lﬂﬂcltc(]ﬁgbdg’fo‘? SR ?fgﬁﬁrﬁ;’%’ﬁglblglo@%ﬁly active
biomolecule inaguiesttag:unit dosage form comprising, atherapeutlcally effective amount of plant
cells expressing the exogenous biologically active biomolecule. 39. The unit dosage form of claim 38,
formulated for oral administration. 54 40. The unit dosage form of claim 38, formulated for mucosal
administration. 41. The unit dpsageaiedns Oficiaim 38, Wwhiesaith said placitelisncaiopridecdehydrated
plant cells. 42. A method for treating sease in a subject-in-need thereof, the method comprising
enterally or md’é’é‘égﬂﬁ}lﬁﬂﬂgﬁﬂﬁé‘?iﬁ@‘%%%bject a therapeutically effective amount of plant cells
expressing an exogenous biologically active biomolecule, thereby treating the disease in the subject.
43. The method of claim 42, wherein said. bi ically, active biomolecule comp rise.reco blnant
Human glucocerebrosidase r é’geéﬁ‘ﬁ“}fﬁﬁ”tﬂ E g %/ L A TRBPE Bk disd” % ReHEEHSE of claim
42, wherein swmwa@caﬁy@m\geablem@@mﬂebmmﬁarmmbmmwmmmecﬁmimsudase
protein and the dj sease is F dlse . 45.. The method of claim 42, wherein said biologically active
biomolecule cb riaa?ﬁ? aﬁaa?ﬁﬁocerebro&dase protein and the disease is cancer. 46.
The method of claim 42, whereln the disease is a systemic disease.

32. The pharmaceutical composition of claim 31, wherein said

pharmaceutically acceptable carrier is a non-immunogenic catrier.

33.  The pharmaceutical composition of claim 31, wherein said
pharmaceutically acceptable carrier does not stimulate the gut associated lymphatic
tissue.

34, A unit dosage form for local delivery of a biologically active
biomolecule in a subject, the unit dosage form comprising, a therapeutically effective

amount of plant cells expressing the exogenous biologically active biomolecule.

35. The unit dosage form of claim 34, formulated for oral administration.

36. The unit dosage form of claim 34, formulated for mucosal
administration.

37. The unit dosage form of claim 34, wherein said plant cells comprise

dehydrated plant cells.
38. A unit dosage form for systemic delivery of a biologically active
biomolecule in a subject the unit dosage form comprising, a therapeutically effective

amount of plant cells expressing the exogenous biologically active biomolecule.

39. The unit dosage form of claim 38, formulated for oral administration.



47. The method of claim 42, wherein the disease is a chronic disease. 48. The method of claim 42,
wherein the disease is an acute disease. 49. Use of plant cells expressing an exogenous biologically
active biomolecule for the manufacture of a medicament. 55 50. The use of claim 49, wherein said
plant cells comprise a substantially intact cell wall. 51. The use of claim 49, wherein said plant cells
comprise a substantially intact cell membrane. 52. The use of claim 49, wherein said plant cells
comprise a substantially intact cell wall and cell membrane. 53. The use of claim 49, wherein said
plant cells are administered as isolated cells. 54. The use of claim 49, wherein said plant cells are
administered as dehydratedrplantggllsdidaegd heonse of clagum 93 whereingaieirecambinastal
biomolecule is a polynueleotide or a polypeptide. 56. The use of claim 49, wherein said recombinant
biomolecule is¥"H8iB&Rtke. 57. The use of claim 49, wherein said recombinant biomolecule is a
therapeutic biomolecule, a diagnostic biomolecule and a cosmeceutical. 58. The use of claim 54,
wherein said dehydrated plant cells further comprise an excipient. 59. The use of claim 49, wherein
said plant cells compfide alfdiis pahdesass ErAk daiiof Sahagn whk el dardh SAPUEIE comprise
plant cells obtained-feminhacans.56 61. The use of claim 49, wherein said plant cell comprise plant
cells obtained from tobacco cell line. 62. The use of claim 49, wherein said plant cells comprise plant
root cells. 63. The use of claim 62, wherein said plant root cells are selected from the group
consisting of Agr obagteriurnyrihzegenestransioimed ddeiwelncelenbiell,in-need thereof, the

method comprising enterally or mucosally administering to the subject a
therapeutically effective amount of plant cells expressing an exogenous biologically

active biomolecule, thereby treating the disease in the subject.

43. The method of claim 42, wherein said biologically active biomolecule
comprise recombinant Human glucocerebrosidase protein and the disease is

Gaucher’s disease.

44, The method of claim 42, wherein said biologically active biomolecule
comprise recombinant Human glucocerebrosidase protein and the disease is Fabry

disease.

45. The method of claim 42, wherein said biologically active biomolecule

comprise recombinant Human glucocerebrosidase protein and the disease is cancer. .

46, The method of claim 42, wherein the disease is a systemic disease.

47. The method of claim 42, wherein the disease 1s a chronic disease.

48. The method of claim 42, wherein the disease is an acute disease.

49. Use of plant cells expressing an exogenous biologically active

biomolecule for the manufacture of a medicament.



ginger cell, horseradish cell and carrot cell. 64. The use of claim 62, wherein said plant root cells are
carrot cells. 65. The use of claim 49, wherein said recombinant biomolecule is selected from the group
consisting of a prokaryotic protein, a eukaryotic protein, a chimeric protein, a viral protein. 66. The use
of claim 65, wherein said viral protein is the infectious bursal disease virus viral protein VPII. 67. The
use of claim 65, wherein said eukaryotic protein is Huyman interferon B. 68. The use of claim 65,
wherein said eukaryotic protein is Human, Clottin Fg_ctor., 9. The use of claim 65, wherein said
eukaryotic protein is Plman R4S O AT fg 2ok BEOh AR P LSS AP SHE i Yein is
Human lysosamadtenrzyngl. 71. The use of claim 65, wherein said eukaryotic protein is Human
glucocerebrosidase. 57 72. The use of claim 65, wherein said eukaryotic protein is Human alpha
galactosidase. 73. The use of claim 65, wherein said eukaryotic protein is Human growth hormone.
74. The use of claim 65, whemginsaist eltkaryoticpeotainsisd-Skht ie1lt hetipasef claiktbiiakerein said
eukaryotic protein is acetyl choline esterase. 76. The use of claim 65, wherein said eukaryotic protein
is High mannoSEag BN P4t use of claim 49, wherein said recombinant biomolecule is non-
immunogenic. 78. The use of claim 49, wherein said medicament is formulated for systemic delivery.
79. The use of clam 49, wheiel, saig medlcagmerk s fo e fonieeal S ttantiany

intact cell wall and cell membrane.

53. The use of claim 49, wherein said plant cells are administered as

isolated cells.

54, The use of claim 49, wherein said plant cells are administered as
dehydrated plant cells.
55, The use of claim 49, wherein said recombinant biomolecule is a

polynucleotide or a polypeptide.

36. The use of claim 49, wherein said recombinant biomolecule is a
polypeptide.
57. The use of claim 49, wherein said recombinant biomolecule is a

therapeutic biomolecule, a diagnostic biomolecule and a cosmeceutical.

58. The use of claim 54, wherein said dehydrated plant cells further

comprise an excipient.

59.  The use of claim 49, wherein said plant cells comprise alfalfa plant

cells.

60. The use of claim 49, wherein said plant cells comprise plant cells

obtained from tobacco.



5 SEQUENCE LISTING <110> Protalix Ltd. Shaaltiel, Yoseph Almon, Einat <120> MUCOSAL OR
ENTERAL ADMINISTRATION OF BIOLOGICALLY ACTIVE MACROMOLECULES <130> 31681
<160> 4 <170> Patentln version 3.3 <210> 1 <211> 672 <212> DNA <213> Atrtificial sequence
<220> <223> Synthetic codon altered construct coding for the human growth hormone <400> 1
atggctactg gatctaggac ttctcttctt cttgctttcg gacttctttg tttgccatgg 60 cttcaagaag gatctgcttt cccaactatt

ccactttcta ggcttttcga taacgctatg 120 ttgagggcete ataggttica tcaacttget ticgatacct atcaagagtt tgaggaggct
180 tacattccaa agga@%agaérafaéﬁ‘?ttﬂ‘%ﬁ 4éc & éﬁoﬁcﬁﬁdﬁ%@ﬁtﬁ GOrRy s AR ekt tee

atcaaatagg gaggagracEan¢aaarglesaaancttgag 300 cttcttagga tctcacttct tcttattcaa tettggcettg
agccagttca attccttaga 360 tctgttttcg caaactctct tgtttacgga gcttcagatt caaacgttta cgatcttctt 420

aaggatcttg aggagggtat tcaaactctt atgggaaggc ttgaagatgg atctccaagg 480 actggacaaa tcttcaagca

gacctactct aagttcgatasgcaaciieadaacgnigatidbihgeictichia Fgancincggnasitisigiamigtitcagna
aggatatgga taaggttgag 600 accttcctta ggatcgttca atgtcgttct gttgaaggat cttgcggatt ctcagagaag 660
gatgagttgt as 672 <210> 2 <211> 223 <212> PRT <213> Atrtificial sequence

63. The use of claim 62, wherein said plant root cells are selected from the
group consisting of Agrobacterium rihzogenes transformed root cell, celery cell,

ginger cell, horseradish cell and carrot cell.

64, The use of claim 62, wherein said plant root cells are carrot cells.

65. The use of claim 49, wherein said recombinant biomolecule is selected
from the group consisting of a prokaryotic protein, a eukaryotic protein, a chimeric

protein, a viral protein.

66. The use of claim 65, wherein said viral protein is the infections bursal

disease virus viral protein VPIL

67.  The use of claim 65, wherein said eukaryotic protein is Human

interferon B.

68. The use of claim 65, wherein said eukaryotic protein is Human

Clotting Factor.
69. The use of claim 65, wherein said eukaryotic protein is Human Factor
70.  The use of claim 65, wherein said eukaryotic protein is Human
lysosomal enzyme.

71.  The use of claim 65, wherein said eukaryotic protein is Human

glucocerebrosidase.



<220> <223> Synthetic human growth hormone <400> 2 Met Ala Thr Gly Ser Arg Thr Ser Lou Lou
Leu Ala Phe Gly Lou Leu 151015 Cys Leu Pro Trp Leu Gin Glu Sly Ser Ala Phe Pro Thr lle Pro Leu
20 25 30 Ser Arg Lou Phe Asp Asn Ala Met Lou Arg Ala His Arg Lou His Gin 35 40 45 Leu Ala The
Asp Thr Tyr Gin Glu Phe Gin Glu Ala Tyr lle Pro Lys 50 55 60 2 Giu Gin Lys Tyr Ser Phe Lou Gin
Asn Pro Gin Thr Ser Lau Cys Phe 65 70 75 80 ¢ Ser Glu Ser lle Pro Thr Pro Set Asn Arg Glu Gin Thr
Gin Gin Lys 85 90 95_Ser Asn Len Gin Lou Lou Arg We Ser Len Lou Leu lle,Gin Ser Trp 100 105 110
Lou Gin Pro Val Gin Phe LelKr§58 & Y4B ATPASH S8 Stk 2P tc B stris s 45t AIPAR Per Asp
Set Asn Val TyaAsibigasken Lys Asp Len Glu 130 135 140 Giu Gly lle Gin Thr Lou Net Sly Arg Len
Gin Asp Gly Ser Pro Arg 145 150 155 160 Thr Gly Gin lie Phe Lys Gin Thr Tyr Ser Lys Phe Asp Thr
Asn Per 165 170 175 His Asn Asp Asp Ala Len Len Lys Asn Tyr Gly Len Len Tyr Cys Phe 180 185

190 Arg Lys Asp Net7sp Lyshéals&ist ThinPBs, hantAlg dedValieioty $rd@hn30012anAug @t Val Gin
Gly Ser Cys Slﬁl Phe Ser Gin Lys Asp Gin Len 210 215 220
O

TH10RC.

74. The use of claim 65, wherein said eukaryotic protein is FSH.

75.  The use of claim 65, wherein said eukaryotic protein is acetyl choline
esterase.

76. The use of claim 65, wherein said eukaryotic protein is High mannose
protein.

77. The use of claim 49, wherein said recombinant biomolecule is non-
Immunogenic.

78. The use of claim 49, wherein said medicament is formulated for

systemic delivery.

79, The use of claim 49, wherein said medicament is formulated for local

delivery.

L



<210> 3 <211> 1581 <212> DNA <213> Homo sapiens <400> 3 atgaagacta atctttttct ctttctcatc
ttttcacttc tcctatcatt atcctcggec 60 gaattcgecc geccctgceat ccctaaaagc ttcggctaca getcggtggt gtgtgtetge
120 aatgccacat actgtgactc ctttgacccc ccgacctttc ctgcccttgg taccttcage 180 cgctatgaga gtacacgcag
tgggcgacgg atggagctga gtatggggcc catccaggct 240 aatcacacgg gcacaggcct gctactgacc ctgcagccag
aacagaagtt ccagaaagtg 300 aagggatttg gaggggccat gacagatgct gctgctctca acatccttgc cctgtcaccc 360
cctgeccaaa atttgctact taaatcgtac tictcigaag aaggaatcgg atataacatc 420 atccgggtac ccatggccag
ctgtgacttc tccattcgca cctacaccta tgcagacacc 480 cctgatgatt tccagttgca caacttcage ctcccagagg
aagataccaa gc‘té]a"ag%a;‘gﬁgl?‘@cogégnattc accgagccct gcagttggcc cagcgtcccg tttcactcct tgccagcccc 600
tggacatcac ccacttggct:eaagaaeaat ggagcggtga atgggaaggg gtcactcaag 660 ggacagcccg gagacatcta
ccaccagacc tgggecagat actitataaa giteciggat 720, 96etalgetg ageagaadit acagiiclgg. gagtgacag
ctgaaaatga gccttctgct . 780 gggctgttga gtggataccc cttccagtgc ctgggcttca cccctgaaca tcagcgagac 840
ttcattaccc gtgatcidgg tettacccte gccaacagta ctcaccacaa tgtccgecta 900 3 ctcatgcetgg atgaccaacg
cttgctgctg ccccaetggg caaaggtggt actgacagac 960 ccagaagcag ctaaatatgt tcatggcatt gctgtacatt
ggtacctgga ctttctggct,1020. ceagecaaag ccaccctagg ggagacacac cgectgttcc ccaacaccat getctttgec
1080 tcagaggcct gtgtgggctc caagttctgg gagcagagtg tgcggctagg ctcctgggat 1140 cgagggatge
agtacagcca cagaatcatg acgaacctce tgtaccatgt ggtcggetgg 1200 accgactgga accttgeect gaaccccgaa
ggaggaccca atigggtgey taactttgtc 1260 gacagtccca tcattgtaga catcaccaag gacacgtttt acaaacagcc
catgttctac 1320° éc?ﬁ%ﬁé%’"%lcﬁ%%ﬁrﬁa gttcattcct gagggctcee agagagtggg getgtttgee 1380 agtcagaaga
acgacctgga cgcggtg%ca ,ctg,atgcdatc ctgat? atc ttgc}':gttgdt,g 1;14T0t gt%gtgctaa accgctcctc taaggatgtg
cctcttacca tcaaggatce Igagtagge 1500 Hedtghaga caatcicace tygetactée attcacacct acctgtggea
tcgccaagat 15§9009ttt£agtcg atactatgta a 1581

atggctactyg gatctaggac ttcetcettctt cttgettteg gacttetttg tttgoeatgg &0
cttoaagaayg gatetgebtt cccaactatt ccactttcota ggettttcga taacgetatg 120
ttgagggebe ataggettea toeaacttgoet ttegatacet atcaagagtt tgaggagget 180
tacattccaa aggagcagaa gtactetttt cttcaaaacc cacaaacctc tetttgttte 240
tctgaatcta ttcocaacteoce atcaaatagy gaggagacce aacaaaagtc aaaccttgag 300
cttettagga totcacttet tettatteaa tettggettyg agecagtteca attcocttaga 360

tetgtttteg caaactcotel tgtttacgga gottcagatt caaacgttta cgatettoett 420
aaggatcttyg aggagggtat tcasactett atgggaaggce ttgaagatgg atctocaagy 480
actyggacaaa tettesagea gacctactet aagttogata ccaactcotoa taacgatgat 540
goetotteotta agaactacgg acttttgtac tgtttcagga aggatatgga taaggttgag 600
accttocetta ggatcogttea atgtegttet gttgaaggat cttgeggatt ctecagagaag 660
gatgagttgt aa 672
<210> 2

<211l> 223

<212»> PRT

<213> Artificial sequence

<220>
<223> Synthetic human growth hormcone

«<400> 2
Met Ala Thr Gly Ser Arg Thr Ser Leu Leu Leu Ala Phe Gly Leu Leun

1 5 10 15

Cys Leu Pro Trp Leu Gln Glu Gly Ser Ala Phe Pro Thyr Ile Pro Leu
20 25 30

Ser Arg Leu Phe Asp Asn Ala Met Leu Arg Ala His Arg Leu His Gln
35 40 45

Leu Ala Phe Asp Thr Tyr Gln Glu Phe Glu Glu Ala Tvr Ile Pro Lys
50 55 60



<210> 4 <211> 526 <212> PRT <213> Homo sapiens <400> 4 Met Lys Thr Asn Leu Phe Leu Phe
Lou lle Phe Set Leu Leu Leu Set 1510 15 Lou Set Set Ala Gin Phe Ala Arg Pro Cys lle Pro Lys Set .
Phe Gly 20 25 30 Tyr Set Ser Val Val Cys Val Cys Asn Ala Thr Tyr Cys Asp Ser Phe 35 40 45 Asp
Pro Pro Thr Phe Pro Ala Lou Ply Thr Phe Ser Arg Tyr Glu Set 50 55 60 Thr Arg Ser Gly Arg Arg Met
Glu Leu Set Met Gly Pro lle Gin Ala 65 70 75 80 Asn His Thr Gly Thr Gly Leu Lou Lou Thr Leu Gin
Pro G1u Gin Lys 85 90 89% rPshg g—%ien Lys Val SE@&Q{EQ@ Gly Ply C,‘Aj\"\zlsaPMeet Thr Asp Ala Ala Ala 100 105
110 Lou Asn lig Leu'Afa Léu Set:Pro Pro Ala'Gin Aso Leu Leu Leu Lys 115120 125, Set Tyr Phe Ser
Glu Glu Gly lle Gly Tyr Asn lle lle Arg Val Pro 130 135 140 Met Ala Set Cys Asp Phe See lle Arg Thr
Tyr Thr Tyr AlaAspuTiyr 145:1501155168 Re0:AspiAspuPhe GindieuHis Asn Phe Ser Leu Pro Glu
Glu Asp Thr 165 170 175 4 Eys Leu Lys lle Pré°eu lle His Arg Ala Leu Gin Leu Ala Gin Arg 180 185
190 Pro Val Ser Lou Leu Ala Her Pro Trp Thr Ser Pro Thr Trp Leu Lys 195 200 205 Thr Asn Gly Ala

Val Asn Gly Lysg)(;‘}ﬁ,ﬂg@‘f ﬁ@éﬂgySL@W%ﬁpﬁ@r Leu Leu Ile Gln Ser Trp

5 ilo

Leu Glu Pro Val Gln Phe Leu Arg Ser Val Phe Ala Asn Ser Leu Val
115 120 125
Tyr Gly Ala Ser Asp Ser Asn Val Tyr Asp Leu Leu Lys Asp Leu Glu
130 135 140
Glu Gly Ifle Gln Thr Leu Met Gly Arg Leu Glu Asp Gly Ser Pro Arg
145 150 158 160
Thr Gly Gln Ile Phe Lys Gln Thr Tyr Ser Lys Phe Asp Thry Asn Ser
165 170 178
His Asn Asp Asp Ala Let Leu Lys Asn Tyr Gly Leu Leu Tyr Cys Phe
180 185 180
Brg Lys Asp Met Asp Lys Val Glu Thr Phe Leu Arg Ile Val Gln Cys
185 200 205
Bryg Ser Val Glu Gly Ser Cys Gly Phe Ser Glu Lys Asp Glu Leu
210 215 220
<210> 3
<211i> 1581
<212> DNA
«<213> Homo saplens
<400> 3
atgaagacta atctbtibet cttbeteato ttttcactte tocetatcatt atccteggeo 60
gaattogooo geoccotgoat cootaaaage ttoggetaca goetegghbggt gtgtgtotge 120
aatgccacat actgtgactce ctttgaccce ccgaccettbe ¢tgeccttgy taccettoage 180
cgotatgaga gtacacgeag tgggogacgg abggagetge gtatggggee catogagyot 240
aatcacacgy geacaggoct gcetactgace ctgcageceayg aacagaagtt ccagaaagtyg 300
aagggattby gaggggccat gacagatget gotgetctea acatoctige cctgtcaccce 360
cotgeecaaa atttgotact taaatogtac ttotctgaag aaggaatogg atataacatce 420
atccgggtac ceatggocag ctgbgactte tccatccgea cotacaccta tgcagacacco 480
cctgatgatt tecagtigea caacttcage ¢toccagagg aagataccaa gotcaagata 540
cocotgatto acogageoct goagtbggee cageghecoyg tthcactoct tgooagecec 600
tggacatcac ccacttgget caagaccaat ggagoggtga atgggaaggg gtoeactcaag GE0
ggacagcecg gagacatcta ccaccagacce tgggecagat actttgtgas gttectggat 720
gectatgetg ageacaagtt acagttctgg geagtgacayg ctgaaaatga geottotget 780
gggctgttga gtggatacce cttecagtge ctgggetica ccoctgaaca toagoegagac 840
tteattgooe gtgagctagyg toctacccte gocaacagta ctcaccacaa tgtcocgocta 900



210 215 220 Asp lle Tyr His Gin Thr Trp Ala Arg Tyr Phe Val Lys Phe Len Asp 225 230 235 240 Ala
Tyr Ala Gin His Lys Len Gin Phe Trp Ala Val Thr Ala Glu Asn 245 250 255 Gin Pro Per Ala Giy Leu
Leu Ser Giy Tyr Pro Phe Gin Cys Lou Gly 260 265 270 Phe Thr Pro Glu His GIn Arg Asp Phe lle Ala
Arg Asp Leu Gly Pro 275 280 285 Thr Lou Ala Asn Set Thr His His Asn Val Arg Leu Lou Met Len Asp
290 295 300 Asp Gin Arg Len Leu Leu Pro His Trp Ala Lys Val Val Leu Thr Asp 305 310 315 320
Pro Gin Ala Ala Lys Tyr Val His Gly lle Ala Val His TrB Tyr Len 325 330 335 Asp Phe Leu Ala Pro Ala
Lys Ala Thr Lot &ly-Gin sE-His:Arg:kaud-:340-345.2R0-Rhe-Rre Asp-fhtMet Leu Phe Ala Ser Gin Ala

Cys Val Gly Hecrzal%asg c§5§t35z6aga3?t5tcl?hgegc-r£p g{Bitnq tgggtfertyat:@rg Lou tG%He&l’rp Asp Arg Gly Met Gin
370 375 380 Tyroer His Per 118 116 The Asn’Len Leu Tyr His Val Val Gly Trp 385 390 395 400 Thr

Asp Trp Asn L&A EDUASH PTO Gl G GIy P& RS T VaF 405 %16r415 ‘Atg Asn Phe Val Asp Set

Pro lle lle Val Asp:de-IhgdsyssAsp Fhg:420; 425:-430:Phe-dyedoys-Gindyo Met Rhe Tyr His Lea Gly His
Phe Her Lys Phe_435 440 445 lle Pro Gin Gég Her Gin Arg Val Gly Leu Val.Ala Her Gin Lys Asn 450
cagcatcatc acgaactcrel tgtaceatyg g 12

455 460 Asp Ifgauggﬁgtg C,A\Tgt?/cglqﬁka Leu Met His Pro Asp Gly Set %\Iavcatlg\g/al 5

accgactgga accttgeoct gaaccocgaa ggaggaceca attgggbgeg taactttgte 1260
gacagtooea teattgtaga catoeaccaag gacacgtitl acasacagece catgttotac 1320
caccttggee acttcageaa gtteattect gagggetcece agagagtggg getggttgeco 1380
agtcagaaga acgacctgga cgcagtggea ctgatgeate cegatggete tgetgttgtg 1440
gtegtgoetaa accgeotecte taaggatgtyg cotcocttaccea tcaaggatcoc tgetgtggge 1500
ttectggaga caatctcace tggetactce attcacacct acctgtggea togocaagat 1560
cttttagtey atactatgta a 1581

<210>
<2ii>
<212>
<213»

4
526
PRT
Hemo sapiens

<&00> 4

Phe Lew

15

Leu Ile Ser Leu Leu Ser

10

Met Lys Thr Phe Leu Phe

1

hsn Leu
5

Ser Ala Glu Ile Phe

20

Phe Ser

30

Leu SBer Ala Arg Pro Cys

25

Pro Liys Gly

Ser val Val Asn Ala Thr Ser Phe

35

Tyr Ser Cys Val Cys

490

Tyr Cvs
45

ASP

Thr Phe Ala

55

Pro Pro Leu Gly Thr Phe Ser Arg Glu Ser

60

Asp Pro Tyr

50

Gln Ala

80

Glu Leun Ser Met Ile

75

Thr Arg
65

Ser Gly Arg Arg Met Gly Pro

70

Thr Gln Pro Glu Gln

95

Leu Leu Thr Leu

&0

Asn His Gly Thr

85

Gly Leu Lys

Ala Ala Ala

110

Phe Gln Lys Val Lys Fhe Met Ala

100

Gly Gly Gly

103

Thr Asp

Asn Leu Leu Leu

125

Ile Giln

115

Pro Pro

120

Leu Asn Leu Ala Leu Ser Lys

Phe Ser Glu Glu Ile Gly Tyr Asn Ile Ile Arg Val

140

Ser Tyr Pro

13¢

Gly
135

Thr Thr

160

Met Ala
145

Phe
150

Ser Cys Asp Ser Ile Arg Tyr

155

Thr Tyr Ala Asp

Ser Leu Thr

170

Phe Gln Leu Asn Phe

165

Pro Asp AsSp His Pro Glu Glu Asp

175



465 470 475 480 Val Val Leu Asp Arg Per Per Lys Asp Val Pro Leu Thr lle Lys Asp 4B5 490 495 Pro
Ala Val Gly Phe Lou Glu Thr lle Ser Pro Gly Tyr Set Ile His 500 505 510 Thr Tyr Lou Tip His Arg GIn
Asp Lau Leu Val Asp Thr Met 515 520 525

Lys Leu Lys Ile Pro Leu Ile His Arg Ala Leu Gln Leu Ala Gln Arg
180 188 180

Pro Val Ser Leu Leu Ala Ser Pro Trp Thr Ser Pre Thr Trp Leu Lys
185 200 205

Thr Ban Gly Ala Val Asn Gly Lys Gly Ser Leu Lys Gly Gln Pro Gly
210 218 220

Asp Ile Tyr His Gln Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu Asp
225 230 235 240

Ala Tyvy Ala Glu His Lys Leu Gla Phe Trp Ala Val Thr Ala Glu Asn
245 250 255

Glu Pro Ser Ala Gly Leu Leu Ser Gly Tyr Pro Phe Gln Cys Leu Gly
260 265 270

Phe Thr Pro Glu His Gln Arg Asp Phe Ile Ala Arg Asp Leu Gly Pro
275 280 285

Thr Leu Ala Asn Ser Thr His His Asn Val Arg Leu Leu Met Leu Asp
290 295 300

Asp Gln Arg Leu Leu Leu Pro His Trp Ala Lys Val Val Leu Thr Asp
305 310 315 320

Pro Glu ala Ala Lys Tyr Val His Gly Ile Ala Val His Trp Tyr Leu
323 330 335

Asp Phe Leu aAla Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg Leu
340 345 350

Phe Pro Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly 8Ser Lys
355 360 365

Phe Trp Glu Gln Ser Val Arg Leu Gly Ser Trp Asp Arg Gly Met Gln
376 375 380

Tyr Ser His Ser Ile Ile Thr Asn Leu Leu Tyr His Val Vval Gly Trp
383 380 385 400

Thr Asp Trp Asn Leu Ala Leu Asn Pro Glu Gly Gly Pro Asn Trp Val
405 410 415

Arg Asn Phe Val Asp Ser Pro fle Ile Val Asp Ile Thr Lys Asp Thr
420 425 430

Phe Tyr Lys Gln Pro Met Phe Tyr His Leu Gly His Phe Ser Lys Phe
435 440 445

Ile Pro Glu Gly Ser Gln Arg Val Gly Leu Val Ala Ser Gln Lys Asn
450 455 460

Asp Leu Asp Ala Val Ala Leu Met His Pro Asp Gly Ser ARla val Vval



465 4740 475 480

val Val Leu Asn Arg Ser Ser Lys Asp Val Pro Leu Thr Ile Lys A&sp
485 450 4895

Pro &la Val Gly Phe Leu Glu Thr Tle Ser Pro Gly Tyr Ser Ile His
500 505 510

Thr Tyr Leu Trp His Arg Gln Asp Leu Leu Val Asp Thr Met
515 520 525



