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Abstract

In clinical therapy, the amount of antigen admimist in the application of oral
tolerance for allergic diseases is large and trs 0a major consideration. To use
tobacco plants for the development of a large-spatgeein production system for
allergen-specific immunotherapy and to investigéte mechanisms of transgenic
plant derived antigen induced oral tolerance is study. We used plants (tobacco
leaves) transgenic for tHgermatophagoides pteronyssinus 2 (Der p2) antigen for the
production of Der p2. Mice were fed with total piot extracted from Der p2
transgenic plants (TG plant) once per day ovedais (days 0-2 and days 6-8). Mice
were also sensitized and challenged with yeast«egniecombinant Der p@Der p2),
after which the mice were detected for airway hgggronsiveness (AHR) and airway
inflammation. After sensitization and challenge hwiDer p2, mice fed with total
protein extracted from TG plants showed decreasssrium Der p2-specific IgE and
IgG1 titers, IL-5 and eotaxin levels in bronchiétemlar lavage fluid, and eosinophil
infiltration in the airway. In addition, AHR wassal decreased in mice fed with total
protein extracted from TG plants and CBH25Foxp3 regulatory T cells were
significantly increased in mediastinal and meséntgmph nodes in mice fed with
total protein extracted from TG plants. Furthermaselated splenocytes from TG

plant protein fed mice exhibited decreased praiien and increased IL-10 secretion



after stimulation with rDer p2. The data here swsfjghat allergen-expressing

transgenic plants could be used for therapeutipgaes for allergic diseases.

Key words: oral tolerance, asthma, transgenic plant, Detlp20

Abbreviation:
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I ntroduction

Asthma affects nearly 155 million individuals woslidie, and the incidence is still
increasing. The dysregulation of allergen-specific immunepoesses plays a central
role in the generation of asthm@linical and experimental studies of allergic
inflammation/asthma suggest CD% helper (Th) 2 cells as the major effector cells
in airway inflammation, being associated with luwhgsfunction by the recruitment
and activation of eosinophifs"

Oral tolerance, or the oral administration of amtigwhich induces specific
inhibition of cellular and humoral immune respondess been applied in numerous
disease therapeutic studies. For example, the &straition of oral antigen
suppresses animal models of autoimmune diseasesidimg experimental
autoimmune encephalitis and arthritis, as well @s-autoimmune diseases such as
asthma, allergy, stroke, and Alzheimer's diseas&gveral mechanisms of oral
tolerance have been proposed: deletion of antigenific T cells (clonal deletiofy)
immune deviatiof induction of anerdy and suppression of antigen-reactive cells
by regulatory T cells (Tregs)

In clinical settings, oral tolerance has been &gplo treatment of allergic diseases.
For example, specific immunotherapy (SIT) has bpeacticed on patients in an

attempt to achieve tolerance by the administrabblow dose allergen over long



periods of time via different routes including sutameous, sublingual, oral, local
bronchial, and local nasal delivety The traditional subcutaneous route is burdened
with the risk of severe adverse events; therefater routes of administration such as
the sublingual route, is supported by numerous rotbetl trials showing its
long-lasting efficacy in asthma and rhinitis in ksliand children*** Sublingual
immunotherapy is now accepted by the World Healttya@ization as a valid
alternative to the subcutaneous route in childsthraatics™ *°.

However, sublingual immunotherapy still has itsvdvacks in that the duration of
allergen administration is long and the cost issterablé’. Developing a convenient
and cost-effective delivery method is still reqdiréllergen-transgenic plants can
serve this purpose since the cost of large-scaldygtion is very low and extraction
procedures may not be needed (using edible plargstlg). Also, the exceptional
stability of transgenic proteins allows for easestfrage and transportatidn In
addition, using plants to express recombinant prstealso prevent unwanted
byproducts such as endotoxin in an E coli expressystem.

Here we have proven that feeding transgenic plart«d allergen protein to a
murine  model of asthma could suppress airway infi@tion and
hyperresponsiveness. This study further indicatest bral delivery of allergen

proteins extracted from transgenic plant may beaaible approach for the treatment



of allergic diseases.

Materialsand Methods

Generation of Der p2-transgenic plant and recombinant Der p2

Transfection was done by co-culture of §D6f Der p2-pCambia2300 (CAMBIA,

Canberra, Australia) plasmid transformadrobacterium-containing MSG medium

(MS salts, Gamborg’s B5 vitamins, 3% sucrose, pHJ&is 0.5 ml 200M

acetosyringone with 3-week old tobacddidpotiana tabacum L. cv. W38 strian)

lcmxlcm leaves slices onto BM agar plate (MS s@tanborg’s B5 vitamins, 0.4

ug/ml BAP, 3% sucrose, 0.8% agar, pH5.7) for twosdaythe dark at2C.

Infected leaves slices were transferred to g@0ml Kanamycin and 30@.g/ml

cefotaxime-HCI- containing BM agar plates in 16L/8Bht at 2?C. The leaves

germinated within 3-4 weeks. Transfect@grobacterium clones were checked by

PCR. To measure the Der p2 expression level of ekxte, we performed Western

blotting using the anti-Der p2 monoclonal antibddgydly provided by Dr. KT Lee’s

lab at the Institution of Agriculture Chemistry, NT.

Plant cell suspension cultures and protein extacvasaccomplished by Dr. KT

Lee’s lab at the Institution of Agriculture ChemystNTU. Briefly, callus from a

positive clone named +11 (which expressed Der pthéncytosol at 0.5% of total

protein) was added to the suspension culture withglot. Total protein was extracted



and concentrated by ultra filtration which excluded molecular weight molecules,
such as nicotine and tobacco tar. The total protgis frozen in liquid nitrogen then
preserved in -AC. Each vial was thawed only once, and preservéddrafter being
centrifuged at 12,000 rpm to discard aggregatiDes.p2 protein concentrations were
guantified by western blot using recombinant Deapa standard.
Recombinant Der p2 was generatedplmpia (His™ Mut®), which was kindly provided
by Dr. KY ChuaDepartment of Paediatrics, National Universitysifigapore). For 1
liter of BMGY medium culture (O.[Qgo = 6), induction was performed in 200 ml
BMMY medium for 48hrs at 3€. Culture supernatant was collected and dialyzed
against 20mM CHCOONa, pH=5.0 (Binding buffer). Thiea sample was applied to
HighTrap SP Sepharose (Pharmacia) for ion-exchgngimification. Protein samples,
binding buffer, wash buffer containing 10mM NaCtaglute buffer containing
150mM NaCl were all 0.2#n filtered before use.
Establishment of murine model of asthma

Female BALB/c mice 6-8 weeks old were obtained fittvean Animal Center of the
College of Medicine. National Taiwan University Amal Care and Handling
protocols were approved by the Animal CommitteeNational Taiwan University.
The BALB/c mice were immunized with intraperitonéajections of 3Q: g of rDer

p2 mixed with 4 mg alum (Pierce, Rockford, IL, USPlus 200 ng pertussis toxin



(List Biological Lab, Cambell, CA, USA) on days14, and 28. On days 1-3 and 6-8,

mice were fed witt651ug protein extracted from transgenic plant contairiog.g

recombined Der p2 (rDer p2§51ug protein extracted from wild type plaritQ0Oug

rDer p2 extracted from yeast, or buffer, once pay. d\ll proteins were dissolved in

3% NaCO; buffer. On day 21, all mice were bled to meashesDer p2-specific IgG

and IgE titers by sandwich ELISA. On day 34 and &bmice were challenged by

intratracheal injections of iy of recombinant Der p2 antigeio induce airway

inflammation The negative control group represented micewmae not immunized

with Der p2.

Bronchoalveolar lavage and lung histology

Bronchoalveolar lavages (BAL) were performed usibgml HBSS, instilled

bilaterally with a syringe. The bronchoalveolardge fluid (BALF) was harvested

by gentle aspiration three times and then ceneifludifferential cell counts were

assessed on cytologic preparations. The cell shde® prepared with use of a

cytospin and stained with Liu staining. A total 80 cells were counted using

microscopy. BAL fluid supernatants were assayeehatird by ELISA.

The lungs were fixed with 10% neutral phosphatddratl formalin. Sections

were prepared and stained with hematoxylin/eosi@EHto quantitate the number

of infiltrating inflammatory cells under microscapy



Determination of cytokine expressions

IL-4, IL-5, IL-10, TGF{3, eotaxin, IL-13, and IFN-levels were measured by the
ELISA method according to the procedures recommenule the manufacturer
(R&D, Minneapolis, MN, USA.).
Splenocytes proliferation assay

Cells were cultured in AIM-V medium supplementedha2% TCM (mouse serum
replacement, Celox Corp., Oakdale, MN, USA) in tesence or absence of
recombinant Der p2 (5, 10, 2@/ml) or anti-CD3 plus anti-CD28 (f/ml each).
After incubation for 2 days,pCi/well of [H]]TdR was added and incubated for 17 h.
Cpm (counts per minute) values were read wifacaunter (Packard Instrument Co.,
Meriden, CT, USA). The SI (stimulation index) wasfided as the cpm of stimulated
cultures divided by the cpm of cultures in medi&/on
Whole body plethysmography

Airway responsiveness was measured in unrestrainedals by barometric whole
body plethysmography (Buxco, Troy, NY. U.S.A®) Briefly, mice were placed in the
main chamber, and baseline readings were takemardged for 3 min. Aerosolized
PBS or methacholine (MCh) in increasing conceruareti(6.25 to 50 mg/ml) were
nebulized through an inlet of the main chamberJanin, and readings were taken

and averaged for 3 min after each nebulization oR¥egs of every 10 breaths were



extrapolated to define the respiratory rate in treger minute. Airway reactivity was
expressed as an enhanced pause (Penh), and da&sexyeessed as the ratio of
Penhych values compared to Pesafrom three independent experiments.
Measurement of airway resistance in anesthetized mice

Airway resistance was assessed as an increaselnmompary resistance after
challenge with aerosolized MCh in anesthetized miseg a modification of the
techniques described by Glaab et’dl.Mice were anesthetized with 70-90 mg/kg
pentobarbital sodium (Sigma), tracheostomized, arethanically ventilated at a
rate of 150 breaths/min, a tidal volume of 0.3mid a positive end-expiratory
pressure of 3-4 cmg@® with a computer-controlled small animal ventitagglarvard
Rodent Ventilator, model 683, Southnatick, MA, UBAE-50 tubing was inserted
into the esophagus to the level of the thorax, mwlpvith a pressure transducer
(LDS GOULD, Valley View, OH, USA.). Flow was measdr by electronic
differentiation of volume signal. Pressure, flomdavolume changes were recorded.
Pulmonary resistance was calculated by the softwgregram (Model
PNM-PCT100W, LDS PONEMAH Physiology Platform, LDSOGLD). 25 mg/ml
MCh aerosol was generated with an in-line nebulaed administrated directly
through the ventilator. The resistance of the adteal tube (0.48cm#B.s.mi*) was
subtracted from all airway resistance measurements.
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Der p2-specific antibody assay

ELISA determined total sera and anti-Der p2 immualoglin (Ig) E and 1gG1
antibody titers. Briefly, 96-well microtiter plategere coated with 10g well™* Der

p2 (Pharmingen, San Diego, CA, USA) in NaH{®ffer (pH 9.6). After overnight
incubation at 4°C, the plates were washed and bhbekith 3% bovine serum

albumin (BSA) in PBS for 2 h at room temperaturerus samples were diluted and
added to each well overnight at 4°C. Plates weza thashed. Either
biotin-conjugated anti-mouse IgE or IgG1 (0.5 mg mPharmingen) diluted in 3%
BSA-PBS buffer (1:500) was added for 45 min at raemperature.
Avidin-conjugated horseradish peroxidase (1:500€xce Biotechnology, Rockford,
IL, USA) was then added for another 30 min at raemperature. The reaction was
developed by peroxidase substrate;,3,3-tetramethylbenzidine (KPL, Gaithersburg,
MD, USA) and then stopped by 2N$0,. Absorbance was determined at 450 nm in
a microplate reader. Antibody levels were companestandard serum, and IgG1 and

IgE concentrations in standard serum were ardyrassigned 1 ELISA unit (1 EU).

Lymph node preparation

Mediastinal and mesenteric lymph nodes were hagdemtd pooled from each group

at time of sacrifice. Single-cell suspensions wdrinedy mechanical disruption.
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Cells were stimulateth vitro with 5 pg/mL Der p2 for 72 h. The cell medium was

collected for cytokine analysis.

Flow cytometry analysis

Freshly isolated lymph nodes were incubated witfC-land

allophycocyanin-labeled mAbs to mouse CD4 and C{@Bsosciences, San Diego,

CA, USA). For analysis of intracellular Foxp3, s&d cells were fixed and

permeabilized with Cytofix/Cytoperm solution (elsence) according to the

manufacturer’s suggested protocol and then incdbaién PE-conjugated anti-

Foxp3 (eBiosciences) o at 4°C for 30 min in thekd@ells were then washed and

analyzed by flow cytometry (FACSCalibur; BD Biosuoes).

Satistical analysis

All values refer to meant S.E.M. using one-way ANOVA followed by

Newman-keuls post-hoc comparisons. The criterigniBtance was set at p-values <

0.05.
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Results
Generation of transgenic plants

We used the pCambia2300 vector that containedfaaed DNA (T-DNA) for
the expression of Der p2. These Der p2 expresstagbia2300 vectors were then
transferred into tobacco leaf slicesAgrobacterium-mediated transformation.

To get the optimal expression level among cellaampartments, three different
plasmid constructs that target protein secretion different organelles were
constructed and summarized in Figure 1a. One auntpn enhancer (E) sequence
for translation in the N’-terminus of the targethgewas derived from Jobling and
Gehrke, 1987° which would express the protein product in theosgl. The other
two constructs containing signal peptides (SP) @ad through a secretory pathway
and excise the SP after localization. Among thém,ane without a stop signal would
transport the protein product out of the cell mesmler The other has a vacuolar
targeting signal (NTPP) that would transport thetgin product to the vacuofé the
largest organelle in plant cells. Soramin is agiroaccumulated in large quantities in
vacuoles, so speculation has been made that |sgpes might be important to
enhance protein secretion. That is why we wantddrtgget our protein to the cellular

matrix or vacuole, both of which are larger ard@stthe cytosol.
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The highest expression level of Der p2 protein iolethwas 0.5% of total protein
(Figure 1b) in the cytosol-targeting group, whie group with the highest frequency
of Der p2 positive clones by western blotting wasthe vacuole-targeting group.
However, the overall expression levels were simidatween the cytosol-targeting
group and vacuole-targeting group (Figure 1b). fidi® of the target protein to total
protein in our system was higher than that obtaiinesh a previous study. In this
study, we chose the clone with the highest Deryp2ession level (Der p2 expressed
in the cytosol) for the plant cells protein extrant The amount of Der p2 from a total
protein extraction of 35 g dry weight callus canupeto 0.185g at the maximum. The
Der p2 expression in transgenic tobacco plant @ttsshown in Figure 1c and after
extraction and concentration, the Der p2 expreskival elevated to about 15% of
total protein.

Feeding total protein extracted from Der p2 transgenic plants to sensitized mice
suppressed Der p2-specific IgE and 1gGl titers.

Thein vivo effect of Der p2 feeding was analyzed by feedifd_-B/c mice with
Der p2 from different sources. First, we investighivhether oral feeding of total
protein extracted from Der p2 transgenic plants @I&t) could decrease serum Der
p2-specific IgE and IgG1 titers.

Mice were fed with 0.1mg per day of yeast-deriv&eir p2 or total protein
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extracts from TG plant containing 0.1mg Der p2tstigron the day of immunization
for three days (day 0, 1, 2) and another three taifse following week (day 6, 7, 8).
We orally fed the mice time points when the immuesponse to Der p2 was not
established (Figure 2a). Seven days after the besesim levels of Der p2-specific
antibodies were detected in these mice. Both Despezific IgE and IgG1 titers
decreased after feeding (Figure 2b). In additibe,ibhibition of Der p2-specific IgE
titer was sustained after Der p2 challenge (Fi@a)e
Feeding mice with total protein extract from Der p2 transgenic plant suppressed
airway inflammation and BALF cytokinesrelease

The Der p2-sensitized mice were subsequently aigdé via i.t. using
recombinant Der p2 (i on day 34 and 36) to induce airway inflammatieeeding
with total protein extracted from Der p2 transgepiants (oral TG plant group) or
recombined Der p2 (rDer p2) extracted from yeasal(oDer p2 group) to mice
appeared to inhibit the recruitment of eosinoptulthe airway in BALF, as compared
with mice orally fed with total protein extractesm wild type plants (oral WT plant
group) or buffer (oral buffer group) (Figure 3a)stélogical studies also support this
conclusion as shown in Figure 3b. Lung tissue fiamad WT plant and oral buffer
groups showed numerous inflammatory cells surrovqthe airways and streaks of
mucus in the lumen. After oral feeding with totabigin extracted from TG plants or
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rDer p2 from yeast, Der p2-sensitized and challdngéece showed minimal mucus
production and negligible cellular infiltration asnegative control mice that were not
immunized with Der p2.

Further investigation of BALF cytokine expressiofien oral feeding of total
protein extracted from TG plants or rDer p2 fronasterevealed decreased IL-4,
IL-13, IL-5, and eotaxin levels as compared witk tiral WT plant and oral buffer
groups (Figure 3c).

Airway hyperresponsiveness decreased after oral feeding with Dp2 transgenic plant
Furthermore, we analyzed whether oral feeding tl forotein extracted from TG
plant would affect the development of airway hypsponsiveness (AHR) in a murine
model of asthma. One day after the final challergjejay responsiveness was
assessed by non-invasive whole body plethysmograpity pulmonary resistance
using invasive body plethysmography. BALB/c micattihad been sensitized and
challenged with Der p2 revealed an increase inPweh ratio (Figure 4a) and lung
resistance (B (Figure 4b) to methacholine (MCh) inhalation oWBS-sensitized
and challenged mice (Figure 4, the oral WT plart aral buffer groups versus the
negative control group). After oral feeding of tgtaotein extracted from TG plants
and rDer p2 from yeast, the levels of Penh ratias R were similar to those of the
negative control group; therefore, Der p2-senditraand challenge induced AHR
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formation was suppressed in mice fed with TG pRet p2 or rDer p2, as compared
with the oral buffer or oral WT plant groups.
Oral feeding of Dp2 transgenic plant increases CD4*CD25'Foxp3" regulatory T
cellsin mesenteric and mediastinal lymph nodes

We found that oral feeding of total protein exteactfrom TG plants induced
mucosal tolerance as rDer p2. Next, we examinednehanisms of oral feeding of
total protein extracted from TG plant induced mataslerance. On day 38, we
identified CD4' CD25'Foxp3 regulatory T cells from mediastinal (LLN) and
mesenteric lymph nodes (MLN). After oral feedingatial protein extracted from TG
plants, the level of CDAD25Foxp3 regulatory T cells in MLN and LLN was
significantly increased compared to mice with deal buffer or total protein extracted
from WT plant (Fig 5a). Next, we detected cytokieapression in MLN cells. After
stimulation with rDer p2, the level of IL-4 was sificantly decreased in mice oral
feeding of total protein extracted from TG plargs,compared to mice with oral fed
buffer or total protein extracted from WT plantdFb). We did not detect the IFN-
expression among different groups.
Decreased proliferation response and increased | L-10 secretion in splenocytes from
mice fed with transgenic plant upon antigen stimulation

To further investigate the systemic immune respaater oral feeding of total

17



protein extracted from TG plants, we cultured sp&stes from Der p2-sensitized and
challenged mice fed with proteins derived from TIGMT plants. At the stimulation
of rDer p2, the stimulatory index (S.l.) value dfetoral TG fed group was
significantly lower than that of the wild type ptagroup (Figure 6a)lL-10 in the
supernatants of the oral TG group was significahtgher than that of the oral WT

plant group (Figure 6b).
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Discussion

Dermatophagoides pteronyssinus is a major allergen worldwide. Approximately
80% of asthmatics in Taiwan are sensitized by thesé dust mit®ermatophagoides
pteronyssinus (Der p). Among them, 87.8% (85.4% of adults and 90.2%hdtdcen)
of the asthmatic patients in Taiwan with Dehypersensitivity were allergic to Der
p2*2.  However, most of the information about mucoséérance as treatment for
allergic diseases comes from murine models usiragbamin (OVA) as the model
antigen. OVA is an airway inflammation-inducingeatien used in many murine
models because of its availability, but most pasieare not allergic to egys
Therefore, in this study, we used Der p2 as argantio establish a murine model of
asthma. Orally feeding mice with total protein exted from TG plant effectively
inhibited Der p2-specific IgE and IgG1 titers, BALE-4, IL-5, IL-13, and eotaxin
production, airway inflammation, airway hyperrespoBness, suppressed spenocytes
proliferation.

Specific immunotherapy with whole allergen couldune unwanted anaphylactic
reactions in patients, as indicated by increasieigia antigen-specific IgE levels
during the desensitization proce€sé* however, this phenomenon was not observed
in our study and oral feeding with total proteintraxted from TGplants in fact
suppressed the Der p2-specific IgE level in sedanaddition, a previous study found
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that long term subcutaneous specific immunothevefy native allergen Der f and

Der p2 decreaseserum specific IgE and asthma symptoms in pafieritherefore,

oral feeding with whole allergen is also feasiblathwregards to specific
immunotherapy for asthma.

The mechanisms of oral tolerance induced by thdirigeof total proteins extracted
from TG plants were investigated by performing fibllowing experiments. Recently,
many researchers found orally induced Treg celle amctional and inhibit
inflammation both locally in the gut and systemligalFor example, oral fed
ovalbumin to induce adaptive FoXpBreg cells which inhibited allergic inflammation
in mice’®. Therefore, first, we examined the expressioregtitatory T cells (Treg) in
mediastinal (LLN) and mesenteric lymph nodes (ML&Hd we found that the
expression of regulatory cells in LLN and MLN wasreased in mice fed with total
protein extracted from TG plants. The mechanisnigeg cells- induced inhibition of
effector T cells can be through inhibitory cytolsrsuch as IL-10 or TGB-, cytolysis,
metabolic disruption (CAMP-mediated inhibition, Chediated apoptosis, and
CD39- and/or CD73-generated, adenosine receptan2édiated immunosuppression,
and inhibition dendritic cell maturation and fumei’. We also investigated the
suppressive cytokines by measuring IL-10 and PG BALF and splenocytes
culture supernatants. These cytokines were notcdetan BALF; however, IL-10
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levels in splenocyte culture supernatants weresaszd in mice fed with total protein
extracted from TG plants. IL-10 has been thoughieanvolved in several regulatory
mechanisms including the down-regulation of ma#itfaaction, suppression of IgE,
decreased eosinophil-sensitive chemokine productaod reduced eosinophil
survivaf®. These results support the notion that suppressi@xperimental allergy
by transgenic plants may be associated with theicinoch of the role of IL-10.
Recently, expression of IL10 is not specific forZTor Treg but instead that it is a
much more broadly expressed cytokine. IL-10 canresged in immune cells of
adaptive immune system such as Thl, Th2, Treg, CD&ells and B celfSand
innate cells such as dendritic cell, macrophageurab killer cells, mast cells,
eosinophils, and neutrophifs Therefore, any significant contribution of IL-iODP2
transgenic plant-mediated suppression of allerigway disease would require further
investigation.

Secondly, we measured the content of a Th1l cytokirié-y, in the BALF of mice
that is known to exert inhibitory effects on alliergesponsed. We foundthat after
Der p2 immunizationBALF, MLN, and splenocyte culture supernatant lifidevels
from mice fed with the transgenic plant were beletection level (data not shown).
We also found that the serum specific IgG2a lewadse also low in mice fed with
total protein extracted from tHep2 transgenic plantsimilar to those found in mice
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fed with total protein extracted from wild type pta(data not shown). Thus, IFiX-
appears not to be involved in the TG induced oodrance in murine model of
asthma.

In addition, we also found that decreased lungamfhation from mice with oral
feeding of total protein extracted from WT plantlimg tissue section. We thought
that it might be associated with increasing thegTeells in mediastial lymph nodes;
however, the mechanism needs further investigation.

The development of plant-derived pharmaceuticals disease therapy is an
emerging field in vaccine researth especially since models using viral and bacterial
infections may have unwanted side-effects. Curraanventional specific
immunotherapy is expensive to prepare, and requutiple infections of allergen
over a period of yeats Thus, the availability of proper allergens expesb in
transgenic plants in large quantities may fac@tétrther clinical therapy for the
establishment of suppressive responses in alleligeases. According to previous
studies ** one of the limitations in the development of sgenic plants for
pharmaceuticals is the low expression level of mdmoant foreign protein. In general,
levels of recombinant protein produced by transg@tants range from 0.001-1% of
total soluble proteins and may not compete witleotecombinant protein production
system (E coli or yeast) at present. However, thaatages of plant systems such as
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the potentially high accumulation levels of thetpmo, posttranslational processing,
and natural storage stability are important factorexpressing transgenic proteins in
planf®. The cost of downstream processing may determimethver a particular plant

production is competitive with traditional fermetd@ systems. Using partially

purified plant proteins or eatable plants, whichrad need purification, can provide
low production costs of recombinant proteins. Thars,important project currently

underway is the generation and examination of thed2 transgenic tomato plant.

In this study, the expression levels of Der pzhia transgenic tobacco plants of this
study reached up to 15% of the total extractedegmof his higher protein purity from
the extraction system used in this study can indueé tolerance in allergic asthma
and demonstrate therapeutic potential for othergitt diseases. In conclusion, the
remarkable potential therapeutic effects of the p@transgenic plant in our study
implicate that in the futuredDer p2-transgenic plants may be a desirable choice

treatment for allergic patients.
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Figure 1. Transfer-DNA (T-DNA) regions of plasmids constsuctsed to create the
transgenic plant.a) T-DNA regions of plasmids constructs used to ter¢he
transgenic plant.b) The structure of T-DNA regions and results ofnpla
clones screening of the three transgene constr(@t®er p2 expression of
protein extracted from transgenic plants by westdatting analysis. Signal
peptide (SP), endoplasmic reticulum (ER), ER retanssignal (HDEL),

Vacuole targeting signal (NTPP), CaMV35S promo@aNIV P).

Figure 2. Detection of specific antibodies after sensitizatod mice fed with Der p2
protein. @) Time course of Der p2 oral feeding and asthmaimaumodel
setup. ) Mice fed with either recombinant Der p2 or Dertp@nsgenic plant
extract expressed diminished Der p2-specific IgB \G1 titers when mice
were bled a week after the first boos). Der p2-specific IgE titers when mice
were bled one day after final challenge. NC reprtsse negative control
group where the mice were not immunized with Der[p&ta were expressed
as mean + S.E.M. (16). *p < 0.05, **p<0.01, ***p<0.001.

Figure 3. Decrease of airway inflammation and BALF cytolaredter feeding with
total protein extracted from Der p2-TG plant in eni@) Inflammatory cell
profile in BALF. (b) Histopathological examination of lung tissues) (

Cytokines levels in BALF. Data are expressed as nmg#aS.E.M. NC
28



represents negative control group=(@). *p < 0.05 **p<0.01, ***p<0.001.

Figure 4. Airway hyperresponsiveness inhibited by oral fegdof total protein
extracted from Der p2-TG plants in mica) Airway hyperresponsiveness was
measured by non-invasive whole body plethysmogragehylescribed in the
Methods section. Data were expressed as the m&kivtof the Penh values
in the ratio of Penh values after PBS nebulizatainthree independent
experiments (& 5). NC represents the negative control group. a’s0
a**p<0.01, a***p<0.001 versus negative control goow***p<0.001 versus
oral WT plant group. c***p<0.001 versus oral buffgroup. b) Airway
resistance as measured by invasive body plethysapbgr Data were
expressed as the mean + S.E.M. of the pulmonarstaese (RL) in the ratio
of RL after PBS nebulization of three independerpegiments (r=5).
***n<0.001. NC represents negative control group.

Figure 5. Increase in frequency of CD&D25Foxp3 cells in mesenteric (MLN)
and mediastinal lymph node (LLN) and decrease ir4 lproduction in
mesenteric lymph node cells after oral feedingotdltprotein extracted from
Der p2-TG plant. (a) On day 38, the frequency o#4ODD25 Foxp3 cells in
MLN and LLN were analyzed by flow cytometry. (b) Qiay 38, isolated
MLN cells treated with pg/ml rDerp2 for 72h and supernatants were
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collected for analysis of cytokines production bylEA. Data are expressed
as mean = S.E.M. @3) NC represents negative control group. #p<0.001

compared with NC group, *p < 0.05 **p<0.01, **p<D1.

Figure 6. Decreased proliferation and increased IL-10 pctidua in splenocytes from
mice fed with total protein from Der p2-TG plan@) (Proliferation of
splenocytes upon stimulation with rDer p2. Mice avéed transgenic plant
extracts containing 1@ Der p2 or wild type plant extract from the day of
immunization. ) IL-10 secreted in the splenocytes supernatangplehocyte
cultures upon rDp2 stimulation. NC represents tkegative control group.
Data were expressed as mean + S.E.MzFh*p < 0.05, **p<0.001 versus

the oral WT plant group.
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