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replacement of animal experiments, 19E hybridomas, ai lersen-specif ic

Abstract: Al lergen characterisation that rs based on patients'  sera or monoclonal al lergen-specif iclgG antibodtes has several drsadvantages. current r 'àtoo, such as iÀrrìooiàttrng or al lergen-specif ic ELISA are non-functional assays and cannot be used to evaruate ine uiorog,.ar ai lergenicacttvi ty of al lergen products we have establ ished an in u,tro assay base^d on polyctonar murrne rgEand al lergen-dependent mediator , .r . .r .  or rat basoph,t ic ' tert ."r ia (RBL) cers as an arternative topassrve cutaneous anaphylaxis (PcA), an animal model oi tqr meoiatàJríràrgúìeactrons. The RBLassay is a functional in vitro test whiih enables tÀ. Ààutrràment of biorogicàr potency of alergenextracts to be made' Up to now, al lergen:tpà.ì i i . ìg-e-containing murine sera were used forsensit isat ion of RBL cel ls Sensitrsation 
1ru1t!. lq+?"pfi to 19r roÀo.ionur uni ioodres (rgE mAbs)would reduce the number  o f  antma, ls -  n îce: :ay  for  the product ion o f  a l le rgen-specr f ic  lgE Inaddi t ion '  lgE mAbs are bet ter  def ined and wi l l  o i fe , .  more exact  determrnat ion o f  a i le rgens.  srnceal lergen-spec i f rc  lgE mAbs were not  ava i lab le ,  the arm 

" i tÀ i ìs tudy 
was to  produce sucrr  ant rbodresAs.a new strategy to select lgE-producrng hybridoÀat ir- l .  néL mediator release assay !.",as used thecel ls  were tncubated wr th  hybrrdoma supernatant  and s t rmulated wi th  a l lergen and crossr rnk ingar lergen-specr f ic  po lyc lonal  lqG ant rb"o: :  j t - , I t  i . .h ; " r ; ;y  rgE mAbs spec i fÈ for  rhe br rch po lenal lergens Bet  v  1  and Bet  í  o  *u té  produced rn  conc iJsron,  thrs  nover  s t ra tegv enabres theproduct ron of  panels  o f  a l le rgen-rp . . i f i .  ig i  rÀ11 oy ,ÀÀrn i ru t ion o f  a  l imrred number  o f  mice robe made These lgE mAbs i ícom'b inat ioÀ rv i th  tÀeîsL r .o iu ,o , .  rerease assay may serve as newtools  for  the evaruat ion o f  dragnost ic lno rnerapeut rc  a i rergen ext racts

InrnooucnoN
The character isat ion and determinat ion of  the alrergen content in ul lergenproducts are usual ly based on methods such o. ,  iÀrrnoblot t ing or ELISA usingsera of  a l lergic pat ients or monoctonot uù.. ; ; t ; - ; ; . . i f ìc  IgG anr ibocl ies.  These
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methods have several disadvantages. Patients' sera have individual patterns of
altibody reactivities which prevent.an accurate quantification of singlé allergens.
This problem can be solvèd by the use of rnonoclonal allergen-"specific"IgG
antibodies but these IgG mAbs may not bind to IgE-reactive epitfipes In addition,
both assay types are non-functionàl and measure"allergen .on..n'irations in mass
units.that may not correlate with biological potency. ih" biological acriviry can
only be measured in a biological assay. such às animal models oi cellular in vitro
assays. Passive cutaneous a.naphylaxis (PCA) in rodents is a model system to study
I8E-mediated allergic reactionì. it is often used to assess the activity óf anti-allergió
9*gt,. the allergic potential of a variety of substances, and foi parasitologiíal
investigations. To reduce the use of laboratory animals we have esiablished an in
vitro assay based on _polyclonal murine IgE and allergen-dependent mediator
release from rat basophil ic leukaemia (RBL) cells as an alte-ative for pCA tl l.Since this RBL assay simulates the IgE-dependent activarion and mediaror release
from mast cells, it is a functional test and^enables the measurement of allergenic
potency of extracts to be made t2.31. The RBL assay is based on polyclonat"tgÉ-
containing murine sera which can onlv be produced in small quantit ies. As ríith
patients' sera, these murine sera have individual polyclonal IgE patterns which
makes it difficult to use them in allergen characterisation. Sincé aliergen-specific
IgE monoclonal antibodies. (IgE mAbs) were not available, the aim of oír ,tuày *u,
to establish such antibodies to reduce the number of mice necessary foi tge
production. In addition, IgF mAbs are better defined reagents for the fig1- urr"uy
and wil l allow a more detailed determination of allergens. 

-Sin.. 
ELISA or RIA are

not suitable for _detecting functional IgE-produc*ing hybridomas. previously
identified murine IgE mAbl were alu,ays ícréened add"itioíally by pCÀ W-ll. To
avoid PCA and thus reduce the number of laboratory animals *e uied the mediator
release from RBL cells to select functional IgE-próducing hybridomas. As a new
strategy RBL cells were sensitised with hybriàoma supernarants and mediator
release was measured after stimulationlvith àll..g.n and 

^crosslinking 
by allergen-

specific polyclonal IgG antibodies. This .rorJinking is ne..srty 
-to 

iníuce
mediator release flom RBL cells, sensitised with monoòlonal IgE. Here rve report
the production and characterisation of birch pollen-specific tgE-mabs.

MRrrnrnls AND MerHoos
Preparat ion o f  po lyc lonar  rgE contaín ing mouse serum poors

Balb/c n l ice were immunised t i re t imes in intenals of  nvo wceks * i th 0.-5 nr i  h i rch pol len cxtract  ( , î
; tg/ml  of  protein)(Al lergopharnta.  Reinbeck,  Germanr )adsorbed to a luminiurn hy,dror ide.  Sera uere testecl
by RBL assav as descnbed previousl l  [2]  wi th ' l r -sht  modi f icar ions.  Br ief l ; , .  pe. ,nan"nt lv  gro\ ! , rns RBL-2tJ3
cel ls  u 'ere han'ested in the stat ionan phase. t ranslerred to 96-wel l  t - lat -br i t tonr cc l l  cui ture plates (Nunc.
Wiesbaden. Germanl ' )  and cul t ivated oiernight  at  3 l 'C in Eagle 's minimal  essent ia l  mccl ium conrarnrng,5cl .
foetal  cal f  serum (MENf ) .  The at tache<j  cel ls-were passivelv sùsi t ised for  I  h u, i th nrouse serum dr lutc<j  |  :50
i n M E N í  A f t e r s e n s i t i s a t i o n . t h e c e l l s r i e r e w a s h e d t h r e e t i m e s w i t h T 1  r o d e ' s b u f f è r . S u b s e q u e n t l r . t h e R I I L
c e l l s w e r e i n c u b a t e d w i t h  l 0 0 p l  b i r c h p o l l e n e x t r a c î r l 0 p g / m l  o f  p r o t e i n )  d i l u t e t i i n T r r o d e ' s b u f f e r f o r l h .
Af ter t ransferof '30 pl  of  the supernatants to a second micr i r t i t re p late.  rhe speci f  rc re lease uas quant i f ìed b1,
B-hexosaminidase act iv i t l 'by i ry t l ro l ls is  of  p-ni t ro-phenyl-N-acetv l  p-D- 'g lucosanr inrc le for  "1-5 min.  The
total  re lease was determined by t reat inc the òel ls  tu ih tyrcte 's buf fer  contain ing l% Tr i ton X-100. RBL
cel ls  incubated wi thout  t i )  sensi t is ing ant ibodies or  ( l r )se;s i r is ing ant ibodies and r i l " r -s.n *ere used ascon-
trols to measure antigen-inducecl and spontaneous release. respe-ctively. Results *.r.".^prarseci a-s percent
of the toral.
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Production and selection of lgE antibody producing hybridomas

Balb/c mice were immunised according to the same immunisation schedule and serum IgE was tested
with RBL mediator release as described above. Spleen cells of immunised mice were harvested and the
hybridomas *'ere raised by conventional hybridoma technology as described by Peters and Baumgarten using
P3x63Ag8.653 cells for fusion [8]. IgE-secreting hybridomas were identified by RBL assay. RBL cells were
incubated u'ith hybridoma supernatants diluted I :4 in MEM. To detect RBL cell-bound monoclonal IgE addi-
tional allergen-specific polyclonal IgG antibodies were added after incubation with allergen to crosslink and
bridge the Fce receptors, and thus, induce mediator release from RBL cells. This is necessary, because mon-
oclonal IgE binds to a single epitope and fails to induce mediator release from RBL cells since the cell-bound
IgE molecules are not bridged. This can be overcome by additional crosslinking by allergen-specific IgG
leading to bridging the IgE molecules and thereby causes mediator release from RBL cells (Fig. l). As addi-
tional crosslinking antibodies a mouse antiserum (Bet pool 8) containing birch pollen-specific IgG antibodies
diluted I :800 was used. The selected hybridomas were cloned twice.

Character isat ion of  b i rch pol len-speci f ic  lgE monoclonal  ant ibodies ( lgE mAbs) by
immunob lo t t i ng  and  RBL med ia to r  re lease  assay

Birch pol len extract  1- i  prg/cm tota l  prorein) .  rBet  v I  (0.3 pg/cm) (Biomay. L inz.  Austr ia)  and rBet  r .6
(0.3 ; tg lcm) [9]  r iere separated by SDS-PAGE (T = 12.5 %.C =2.7 o/c)under reducing condi t ions using a
BioRad (Munich. Germanr') Mrni Protean cell [0]. Proteins were transferred on to nitrocellulose membranes
(0.45 pm. Schleicher und Schiil l. Dassel, Germany) tl l l . The IgE mAb hybridoma supernarants were dilureil
to an IgE concentration of 0.5 1.tg/ml. As controls Ber v I and Bet v 6-specific IgG mAbs and TIB i-11. a rri-
nitro-phenol-(T\P)-specific IgE mAb without crossreactivity' to birch polien allergens were used. all applied
as diluted hr bndoma supernatants (0.5 pg/ml). Bound mAbs *,ere detected with rat anti-mouse IgE alkaline
phosphatase conjugate (Southern Biotechnologl, Associates. Birmingham, USA) or goat anti-mouse IgG{y-
chain) alkaline phosphatase conjugate (Sigma. Deisenhofen, Germany) using 4-nitroblue tetrazolium chlo-
ride and 5-bromo-4-chloro-3-indolyphosphate (NBT/BCIP) as substrate. The diluent for all reagents u'as 0.05
M Tris buffered saline (TBS) containing 0.1 % bovine senrm albumin (BSA) and 0.05 Vo (vlv) Tween 20. pH
7.4. Blocking buffer was 0.3 % Tween 20 in TBS.

RBL assav lvas carried out as described above. For the sensitisation of RBL cells we used cli lutions of the
IgE mAbs uith IgE concentrations ranging from I pg/ml to 0.1 ng/ml. For additional crosslinking mouse
serum containing birch pollen-specific IgG antibodies diluted I :800 as well as a supernatant mixture of Bet v
l-specific IgG mAbs or Bet v 6-specific IgG mAbs diluted I :50 were applied. Bet v I and Bet v 6 IgG mAbs
were produced in our Iaboraton.

T
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Fig.  l ' .  . {  ner+ concept of  IgE hybr idoma screening.
A) Poìr 'c lonal  IeE ant ibodies bind to mul t ip le epi topes,  thus the IgE molecules are crossl inked by
polrra lent  a l lersen leading to mediator  re lease t rom RBL cel ls .  B) Monoclonal  IgE. b int ì rn-e rr r  a
single epi tope,  la i ls  to induce mediator  re lease i rorn RBL cel ls  s ince the cel l -bound IgE mglecules are
not  bndged. C) Addi t ional  crossl ink ing by al lergen-speci f ìc  IgG leads to br idging lgE molecules and
therebl  causes niediator  re lease f rom RBL cel ls .
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Resulrs
Allergen specificity of lgE mAbs analysed by immunoblotting

With our new screening procedure nine birch pollen-specific IgE monoclonal

antibodies were obtained.-As isotype confirmation. immunoblotting with birch

pollen extract was performed. DeteAion of bound IgE mAbs with anti-mouse IgE

òonjugate revealed bands whereas anti-mouse IgG conjugate did not show any

reaction (data not shown).
Immunoblotting with birch pollen extract (Fig. 2) as well as with rBet v I or rBet

r' 6 revealed that si^ tge mAbs are Bet v I -specific (mP 30, .nP J l, PP 33, mP 37,

mP 39, mP 40), t*o fuE mAbs are Bet v 6-specific (mP 34, mP 35) and one IgE'

mAb is Ber v $-speiific with cross-reactivity for Bet v I (mP 36) These

immunoblots indicated that the IgE mAbs not only reacted with Bet v 1 and Bet v 6

in natural birch pollen extracts but also with their recombinant counterparts.

RBL cell mediator release assay

As expecred, most of the IgE, mAbs required additional crosslinking by allergen-

specific IgG to induce mediator release by RBIa cells. As an example, the Bet v l-

specific f[e maU mP 39 is shown in Figure 3. Neither stimulation with birch pollen

.ìt.a.t alon. nor with a mixture of Bet v 6-specific IgG mAbs as additional

crosslinker induced mediator release. However, when crosslinked with polyclonal

birch pollen-specific mouse semm or with a mixture of Bet v l--specific IgG mAbs

u -.diatoleiease was observed. This mediator release was IgE concentration-

dependent.
Surprisingly, one of the IgE mAbs (mP 30) was able to induce allergen-specjfi1

mediatòr relJaie of RBL cell i without additional crosslinking IgG (Fig. 4). The IgE

mAb mP 30 triggered mediator release with birch pollen extract alone and no

enhancem.nt tuut-observed after additional crosslinking with IgG antibodies. This

may be due to the recogni t ion of  repet i t ive epi topes or al lergen dimers.

Dtscusstor ' t
Unti l  nog. onl \ ,a feu'monoclonal  mouse IgE ant ibodies have been produc.ed [ '1-

71. This may be due to di f f icul t ies in inducing suff ictent amounts of  I ,eE-producing

B-lymphocltes or to screening procedures that are not sensitive enough to detect

minute amounrs of  IgE and thui  to ic lent i fy al l  IgE-proclucing clones. In addi t ion.

rhese assays canrìor c letermine the biological  act iv i t )  (c.g.  mediator.release) o1' Ig i :

ant ibodies.  Using the RBL rnecj iator release assa) as t lcw screening method.r ie

obrained nine biùh pol len-speci f ic  I -qE rrronocional  ant ibodies wi thout the need to

use additionai animlrls to rci.en hy'biidoma supernatants by PCA The IgE.isotype

of these IgE nAbs was clearly shorvn by inducing allergen-specific and anti-tnouse

IgE triggàred mediator releaú from nÉl cells. as well as b,v immunoblotting. We

tÉo*.d thar six of the IgE mAbs are specific for the birch pollen allergen Bet v I and

two are Bet r '6-speci fù.  One IgE mAb which predominant ly.showed react iv i ty to

Bet v 6 also cro.ssreacted with Bet v l. Thia cross-reactivity points to simil i ir

epi topes on Bet v 6 and Bet v I  which may be ciue to structural  s imi lar i t ies.  These
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Fig. 2: Detection of birch pollen allergens by IgE mAbs.
The IgE mAbs detected birch pollen allergens Bet v I (lanes l-3,6-9) and Bet v 6 (lanes 4-6). As
positive controls two Bet v I and ti, i 'o Bet v 6-reactive IgG mAbs (lanes l0-13) and as negative
controìs a TNP-specific IgE mAb and buffer were used (lanes 14-16).
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Fig. J: Dependency on additional crosslinking IgG antibodies for mediator release.
RBL cells sensitised with Bet v l-specific IgE mAb mP 39 were srimulated with birch pollen exrracr
(BPE) u'ithout additional crosslinking IgG (clAb) (-r-), with a mixrure of Bet v 1-specific (-r-) or Bet
v 6-specific IgGs (-r-) or with mouse serum containing birch pollen-specific antibodies (Bet P 8) (-o-).
Mediator release was only observed *'hen Bet v I was crosslinked by additional IgG antibodies.

l gE  mAbs
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Fig' 4: The IgE mAb mP 30 react independently of additional'crosslinking IgG antibodies.
IgE mAb mP 30-sensi t ised RBL cel ls  uere st imulated wi th b i rch pol len extracl  (BpE) wi thout
additional crosslinking IgG (clAb) (-r-), with a mixrure of Bet v l -spécific (-^-) or Bet v 6-specific
IgGs (-r-) or with mouse serum containing birch pollen-specific antìbodies (Bet p 8) (-.-). Similar
mediator release was observed u,ith all stimulation-s

IgE mAbs in combination with the RBL mediator release reveals allergen-specific
information combined with biological activity and thereby allows the determination
of single allergens in allergen extracts. Thus. this method combines the ad'anta_ees
of al lergen-speci f ic  ELISA with mediaror release b'  pol i ,c lonal  ant ibocl ies.
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