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Specific lgE Responses in Mice Induced with
Recombinant Allergens Are Long Lasting and
Show a Similar Degree of Gross-Reactivity as
Observed in Allergic Patients

The induction of IgE antibodies with aluminium hydrox-
ide in mice has been described extensivly U, 2].When
BALB/c mice were immunized with recombinanf Bet y I or
recombinant birch profilin (Bet v II), IgE antibodies could
be induced which cross-reacted with Bet v I- and Bet v lI-
homologous allergens. Both allergens share significant se-
quence similarities and similar immunological properties to
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Humoral lmmune Responses to
Recombinant liee Pollen Allergens
lBetv I and Bet vlll in Mice:
Construction of a Live Oral Allergy
Vaccine

Abstract
Recombinant tree pollen allergens (recombinant Bet v I and recombinant birch
profilin, Bet v II) were purified and used to immunize BALB lc andB6D2Fl mice
with AI(OH)3 to elicit a specific IgE response. Serum from immunized mice was
then used to detect immunoblotted natural tree pollen allergens. The onset of the
humoral immune response was monitored using antimouse IgE, IgGl, lgG2alb,
IgG3 and IgA. In both strains, a specific and long-lasting IgE response could be
elicited with both recombinant allergens. Mice immunized continuously with
recombinant Bet v I + AI(OH)3 showed a significant decrease of specific IgE
antibodies indicating that continuous application of allergens can reduce specific
IgE responses. The possibility of inducing a different type of immune response is
indicated by the fact that mice fed with Bet v I expressed in apathogenic Salm-
onella strains showed a Thl immune response to Bet v I accompanied by specific
lgGZah without detectable IgGl or IgE. Recombinant allergens can hence be
used to decrease or even modulate specific IgE responses in vivo.

a number of related natural allergens. IgE antibodies of im-
munized mice hence displayed similar cross-reactivities as
IgE antibodies of allergic patients [3-9]. Mice which had
been immunized with Bet v I had IgE antibodies that cross-
reacted with the major allergens of alder andhazel whereas
Bet v ll-allergic mice reacted with profilins from grasses
and weeds.

It is known that IgE responses in allergic patients are
long lasting. We have therefore investigated the duration of
IgE responses which had been induced in mice with recom-
binant Betv I. Figure I shows thatB6D2Fl mice immunized
with 1 pg recombinant Bet v I at 2- to 3-week intervals for
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response in B6D2FI mice. The amountof Bet

v l-specif,rc IgE which was induced by sub-

cutaneous immunization of four representa-
tive B6D2F1 mice with recombinant Bet v I

and aluminium hydroxide was measured by

ELISA. Mice were immunized and bled until

week 12. Immunization was then stopped and

mice were bled again at week 46. For detec-

tion of IgE, serum was diluted 1:20 and

ELISA values reflect OD measurements at

405 nm.
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12 weeks had a high titer of anti Bet v I IgE antibodies after 8
further months without immunization.
We conclude that immunization with single recombinant al-
lergens induces IgE antibodies in mice which display a sim-
ilar degree of cross-reactivity as observed in allergic pa-
tients. The IgE, responses against recombinant Bet v I, repre-
senting a typical seasonal allergen, are as long lasting as

observed in allergic patients.

Continuous lmmunization with Recombinant
Allergens Using Aluminium Hydroxide as Adiuvant
Leads to a Decrease of SPecific lgE

Current hyposensitizafron treatment which is generally

accepted as an efficient form of specific-allergy treatment is

based on the subcutaneous injection of increasing doses of
crude allergen extracts in combination with aluminium hy-
droxide. Although aluminium hydroxide is known to be a
potent inducer of IgE responses, it is currently the only ad-
juvant which is permitted for hyposensitization. To investi-

gate the kinetics of specific-IgE responses induced in mice

with recombinant Bet v I and aluminium hydroxide, mice

were continuously immunized and bled for a period of 38

weeks. Figure 2 shows the Bet v I-specific IgE measured in

two representative mice after continuous allergen injection.

At approximately weeks 26-28, a peak of Bet v l-specific

IgE responses was observed which decreased during the

treatment to lower levels.
Bet v l-specific IgGl responses increased later and were

still high at week 38. It is likely that specific immunotherapy

induces a similar decrease of specific IgE responses in al-

lergic patients. It would therefore be interesting to monitor

the efficacy of immunotherapy on the basis of purif,red re-

combinant allergens with currently available adjuvants. It is

likely that immunotherapy with those recombinant aller-

gens against which patients display a high percentage of

specific IgE may lead to significant reduction of allergic

symptoms.
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Fig.2. Continuous immunization of
BALB/c mice with recombinant Bet v I and
aluminium hydroxide leads to a decrease in
specific IgE responses. The Bet v I-specific
IgE and IgGl response was measured in two
representative BALB/c mice (left and right)
which had been immunized and bled at the
times indicated. For the detection of specific
IgE, serum was diluted l:20. Specific IgE re-
sponses peak at weeks 26-28 and then de-
crease continuously.

Fig. 3. Tiansport of plasmid pKK 223-3
expressing recombinant Bet v I and Bet v Il
into apathogenic Salmonella strains. Plasmid
pKK223-3 expressing recombinant Bet vlor
Bet vll was transformed first into Salmonella
strain L85000. Plasmid DNA was then isolat-
ed and further transformed into the live vac-
cine strains SL5928 and SL326l. The suc-
cessful transfer of the plasmid DNA is proven
by hybridization of Salmonel/a DNA with
oligonucleotides specific for Bet v I (upper
block) and Bet v [I (lower block). Lanes I :

DNA isolates from Salmonella transformed
with the Bet vl cDNA; 2 : DNA from Bet v
Il-transformed Salmonella; 3 : Salmonella
DNA transformed with the expression plas-
mid without insert.

Construction of a Live Oral Allergy Vaccine in
Apathogen ic Sal monella Strai ns

The modification of allergens such as polymerization by
glutaraldehyde [0] or injection with Freund's adjuvant [1]
is known to induce a specific THI immune response. Salm-
onella strains which have a deficiency in their aromatic ami-

no acid metabolism and which therefore are apathogenic
have been developed forthe delivery offoreign antigens [2,
13]. The oral application ofthese Salmonella strains induces
a Thl immune response against Salmonella antigens and
those antigens which are expressed in the Salmonella.Fig-
ure 3 shows the transport of plasmids pk'k223-3 expressing
Bet v I and Bet v II [4] into apathogenic Salmonella live
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Fig.4. Immune electron microscope localization oî Bet vI and Bet
v II in live Salmonella vaccine strains. Bet v I and Bet v II were local-
ized in the cytoplasma of apathogenic Salmonella SL5928. Salmonel-
la were fixed in aqueous paraformaldehyde, embedded in Lowicryl
and ultrathin sections were incubated with specific antibodies and sec-
ondary antibodies coupled with gold particles. a Salmonella express-
ing Bet vl.b Salmonella expressing Ber v II.

vaccine strains SL5928 and SL3261. Both recombinant al-
lergens are expressed in the cytoplasm ofthe Salmonella,as
demonstrated by immune electron microscopy in figure 4.
The amount of recombinant Bet v I and Bet v II expressed by
the pKK plasmids in Salmonella is, however, low, but both
Salmonella-expressed allergens bound patients' IgE and
specific antibodies.

Mice Fed Salmonella expressing Bet v I Can Develop a
Bet v l-Specific Thl Immune Response

1 7 k D >

lgG2

Fig. 5. A mouse fed the Bet v I live oral
allergy Salmonella vaccine displays a Thl re-
sponse to nitrocellulose-b lott ed natur al B e t v
I. Nitrocellulose strips containing natural
birch pollen extract were incubated with the
l:50 diluted preimmune serum (P) and the
immune serum (l) of a mouse which was im-
munized orally with Salmonella 5L5928 ex-
pressing Bet v l. Bet V l-specific IgG2 could
be detected, whereas no Bet v l-specific IgGl
could be measured.

BALB/c mice fedSalmonellq expressing the majorbirch
pollen allergen Bet v I developed high titers of IgG2 anti-
bodies against Salmonella antigens. In aboutl0o of immu-
nrzed mice, IgG2 responses specific for Bet v I could be
measured, whereas not Bet v I-Specific IgE or IgGl couldbe
detected. This indicates that apathogenrc Salmonella strains
which are genetically engineered to express allergens can
induce allergen-specific Thl immune responses (fig.5).
Such live allergy vaccines might therefore be useful for spe-
cific immunotherapy of allergic patients. The live vaccine
strains can be transformed with any cDNA coding for the
respective allergen without need for extensive protein puri-
fication, and offers the advantage of oral application. There
are, however, a number of technical and ethical problems
before such live allergy vaccines could be used for therapy
of type I allergy in patients. To yield an allergen-specific
Thl immune response in a high percentage of immunized
hosts, the yield of allergens expressed in the Salmonellahas
to be increased. In addition, the application dose has to be
optimized to avoid any side effects due to the infection.
Nevertheless, we believe that the use of recombinant vacci-
nation techniques may add to allergen-specific immuno-
therapy in the fufure [5].

293



Acknowledgements

This study was supported by grant 506703 Med of the 'Fonds zur
Fórderung der wissenschaftlichen Forschung', Austria.

References

Levine BB, Vaz NM: Effect of combinations of
inbred strain, antigen and reagin production in
the mouse. Int Arch Allergy Appl Immunol
1970:39:156-164.
Lehrer SB, Vaughan JH, Tàn EM: Adjuvant ac-
tivity ofthe histamine-sensitizing factor of Bor-
detella pertussls in different strains of mice. Int
Arch Allergy Appl Immun ol 197 5 ;49:79G802.
Rohac M, Birkner I Reimitzer I, Bohle B,
Steiner R, Breitenbach M, Kraft D, Scheiner O,
Gabl F, Rumpold H: The immunological rela-
tionship of epitopes on major tree pollen aller-
gens. Mol Immunol l99l ;28:897 -906.

Ebner C, Birkner V Valenta R, Rumpold H,
Breitenbach M, Scheiner O, Kraft D: Common
epitopes of birch pollen and apples: Studies by
Western and Northem blot. J Allergy Clin Im-
munol I 99 I ;88:588-594.
Hirschwehr R, Valenta R, Ebner C, Ferreira F,
Sperr WR. Valent P, Rohac M, Rumpold H,
Scheiner O, Kraft D: Identification of common
allergenic structures in hazel pollen and hazel-
nuts: A possible explanation for sensitivity to
hazelnuts in tree pollen allergic patients. J Al-
lergy Clin Immunol 1992;90:927 -936.

6 Valenta R, Duchène M, Ebner C, Valent P, Sil-
laber C, Deviller P, Ferreira F, Tejkl M, Edel-
mann H, Kraft D, Scheiner O: Profilins consti-
tute a novel family of functional plant pan-al-
lergens. J Exp Med 19921.175:377-385.

7 VallierP, Dechamp C, Valenta R, Vial O, Devil-
ler P: Purification and characterization of an al-
lergen from celery immunochemically related
to an allergen present in several other plant spe-
cies: Identification as a profil in. Clin Exp Al-
ler gy 1992..22:7 7 4-7 82.

8 van Ree R, Voitenko ! Van Leeuwen WA, Aal-
berse RC: Profilin is a cross-reactive allergen in
pollen and vegetable foods. Int Arch Allergy
Immunol 1992:98:97 -104.

9 Valenta R, Ball I Vrtala S, Duchéne M, Kraft
D, Scheiner O: cDNA cloning and expression
of timothy grass (Phleum pratense) pollen pro-
fúin\n Escherichia coli'. Comparison with birch
pollen profilin. Biochem Biophys Res Commun
1994;199:106-I I8.

l0 HayGlass KT, Stefura WP: Anti-interferon
gamma treatment blocks the ability of glutaral-
dehyde-polymerized allergens to inhibit specif-
ic  IgE responses.  J Exp Med l99l ;173'279-
285.

I I Freund J: The mode of action of immunologic
adjuvants. Adv Tuberc Res I 956;7: I 30.

12 Newton SMC, Jacob CO, Stocker BAD: Im-
mune response to cholera toxin epitope inserted
ín Salmonella flagellin. Science 1989;244:7V
'72.

l3 Wu JY Newton S, Judd A, Stocker B, Robinson
WS: Expression of immunogenic epitopes of
hepatitis B surface antigen with hybrid flagellin
proteins by a vaccine strain of Salnonella.Proc
Natl Acad Sci USA 1989;86:4729730.

14 Valenta R, Duchéne M, Vrtala S, Birkner I
Ebner C, Hirschwehr R, Breitenbach M, Rum-
pold H, Scheiner O, Kraft D: Recombinant al-
lergens for immunoblot diagnosis of tree-pollen
allergy. J Allergy Clin Immunol l99l;88:889-
894.

l5 Valenta R, Duchéne M, Vrtala S, Ball T, Ferrerra
F, Laffer S, Hirschwehr R, Ebner C, Sperr WR,
Valent B lkaft D, Scheiner O: Recombinant al-
lergens as candidates for immunotherapy of
type I allergic diseases; in Ginsberg HS, Brown
F, Chanock RM, Lerner RA (eds): Vaccines 93.
Cold Spring Harbor, Cold Spring Harbor Lab-
oratory Press, 1993, pp3742.

Vrtal a/Grote/Ferreira/Susani/Stock er I Kr aftl
Valenta

Live Oral Allergy Vaccine to Bet v I and
Bet v ll

294


