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Abstract

Sera from patients with cow milk protein allergy (n = 6) and cow dander allergy
{ri = 5y were analyzed for reactivity of IgE antibodies specitic for allergens de-
rived from milk and cow dander. The cow milk- and cow dander-ailergic pa-
tients exhibited elevated specitic [¢E levels to milk and to cow dandcr, respec-
tivelve as determined by RAST. IzE immunoblot analvsis revealed that cow
miik-ullergic patients exhibited I¢E binding to the milk allergens casein. B-lac-
toglobulin. a-lactalbumin and bovine serum albumin. Four of six cow milk-
reactive patients also exhibited IgE binding to cow dander proteins with mo-
lecular weignts of 20, 22,236, 50 and > 200 kD. I¢E from the sera of cow dander-
allergic patients reacted with the major allergens of cow dander (200 and 22 kD)
and with other proteins with molecular weights of 24, 30.42. 50 and 70 kD. Only
one out of five of these sera displaved IgE reactivity with cow milk proteins
with molecular weights of 69, 92 and > 200 kD. Inhibition studies revealed the
cross-reactive nature of the IgE antibodies. Preincubation of cow milk-positive
sera with cow milk and subscquent immunoblotting led to complete blocking of
I¢E binding to cow dander proteins and to cow milk proteins. Preincubation of
cow milk-positive sera with cow dander extract led to blocking of IgE binding
only to defined cow milk proteins: these could be identified in 2 cases as casein
and in | case as B-lactoglobulin. ELISA inhibition assays confirmed the results
and provided quantitation. The results demonstrate the existence of cross-
reactive IgE antibodies reacting with similar or identical cow milk and cow
dander allergens. which may cause clintcal manifestations.

essscsscescssssessnses

Cow milk (CM) and cow dander (CD) proteins are
known to chcit symptoms (IgE-mediated and non-IgE-

It is well documented that patents suttering from
tvpe-ballergy to tree pollen (in particular to birch polien)
frequently show adverse reactions to fruits and vegetables
{1-3]. More recently, cross-reactions between avian (in-
haled) alfergens and cgg (food) allergens have been de-

scribed based on the reports of several cases {4, 3]

mediated) in some allergic infants and adults [6-11]. Al-
though many studies were dealing with the characteriza-
tion of the immunogenic components of these two sources
(CM and CD). only little information is available regard-
ing putative cross-reactive allergens in these 2 extracts
{12-15]. Using polvacrylamide gel electrophoresis and gel
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Tabie 1. Patents’ serological data

Patiznt Age Sex Positive prick test

Positive RAST Total IgE

No. years U/mt
: 31 m  milk f2:33 297
2 S f milk horse mrtelcat egg. grass polien. ne 2270037150385 0 h5edi23 - 1,000
3 8 m onilke cgg Jogo mute, birch and hazeo polien i el 3.2.d1: - 1.000
4 33 m  milk. cow, birch ana grass pollen. nv.. peanut 2 S.e4:3 > 1,000
3 31 m  milk. saimorn. coese. mite f2: = 1000
0 I milk. egg. gress und birch polien. et sovbean. lemon. rve. mugwort  {2:4.4.£1:3.7.d1:3.23:4.8.£14:2. > 000
7 30 cow.. .cup. herse. mite. swine. bird feather ed: 210
S 451 cow, mugwaor CaReN33 AT : 25¢6
b 4 m cow. milk e+48.2:2.0 > 1O

i S m  cow ed 22 R
I 22 m cow 430830 74

imformetion regarding s oo 3 and RASTS of varicus affergens as well o total (oE of patie s shean in figures 2-5.

‘hat cross-sensitization
Their speculation was
serum aibumin (BSA)
o sorumoglohuT s MO Mereover, RAST experim. s

diffusion. Osvédth et al. [8 67 stated
botween CMoand < 2 might ocee-
crecdoon e nress e of bove
suggested the ext-ience or common allergenic proteins or
eprtopes 1 both sources [8]. According 1o these results.
0% of childrer with CM alicrgy vwho never came in con-
wetwith CD exhivited Ie™ asainst CD proteins [8]. How-
i not known wnether major or minor aliergens of

Cveri

CAor CDare finvolved in putative cross-reactions, There-
fore the wim ot the present stud: was to compare gk-
binding components in CM und CD extracts in order to
identity cross-reacting allergens or common allergens pre-
seit in both sources. Il immunoblotting and ELISA
were applied for this pursose. '

Mater:als and Methods

Sera

Seratrom paticnts with CM atlerey (0= 6.2 femades and 4 maies.
ages rungng from 7o 3o yeers median 23 vearsy and CD diergy (n =
S 2 temades and 3 males, ages ranging from 4 to 45 vears. median 2!
years) were selected according o case history, positive skin prick
testsund positive RAST (- 2.0y to CM or CD. respectively. The clin-
witl manitestations ranged from urticarie, perioral swelling. pruritus
and asthma bronchiale in the CM-allergic aroup. whereas symptoms
ot CD-slergic patients were rhiniiis, asthma bronchiale and atopic
dermatitis, Detatled serological data on the patients shown in figures
2-Sisgnenin table L Sera coltected from 10 individuals with negative
cise histony concerming tvpe-1 allergy, negative skin prick test and
ncgatne RAST o CMand CD extracts served as control group.,

Proteir: Foracrs

CD was rurchased from - 'lercon AB {(Engeiholm. Sweden) ard
exrracted acoording to ipse i Loewenstein [16] with slight mod-
cooms Fre iried raw crial was extracted ©3 [ mmol/ po-
o am dinvd nhosph: - ipH 7.0 2 mmol | of ethvenediami-

disodiun ~at 16 meoobi of sodium diethyidithio-
curbamate. ens o onmor sodiem azide - ader continuous shaking for
24 hatd°Co To the extraction muxture 2 ¢ (wiv) suspended solid poly-
vinvipaivpyrobione were added to avoid possible interactions of pro-
tein matenial - dic extracts with aromatic compounds possibly pres-
entin CD extiact. Paracies were removes. by eentrifugauon (40.000 g
for i hatroom won e superotant was extensivelv (72 h)
~ium dthvdrogen phiosphate (pH

nzide. vophilvzed and stored at

Licte lrudeetic

aerature).
anivoed nanst o mmot Lot p
T0y containing - mmol ! of sod.
=2u<C.

Soluble CM extruct (skin prick test solution) was purchased from
ALK (Copeniagen. Denmark). Before use for electrophoresis, ex-
tracts were aissobved in distified water und dituted in concentrated
Loemmb sample buffer [17].

I'he protein concentrations of the nrotein preparations were
measured according to Bradtord [18] using BSA as standard (Protein
Assay. Bro-Rad. Munich, FRG).

SDN CAGE and Immunaoblotting

Sodium dodecy sulfate polyacrviamide gel electrophoresis (SDS-
PAGE) wus carried out as described previously [1). The separated
protemns were transferred onto nitrocellulose (pore size 0.45 mm,
schivicrior & Schuell. Dassel. FRGy at 300 mA tor 60 min at 4 °C [19].
IeE blots were performed essentially as deseribed {1]. Briefly, strips
were saturated tor 30 min with cither phosphate-buffered saline
(PBS) BSA Tween (50 mmol sodium phosphate, 0.5% [wi/vol] BSA.
0.5 [vol val] Tween 20) as described by Ebner et al. [1] or in PBS/
Tween (50 mmol Tris, 130 mmol NaCl. 0.3 Tween 20) without BSA.
After preincubation. the strips were incubated at 4 °C overnight with
patients sera diluted 1:10 in once of the above-mentioned buffers. Af-
ter several washings with buffer. bound IgE was detected with the
Phadebas RAST kit-supplicd “=I-rabbit unti-human IgE. Blots were
investizated by autoradiography at =70 °C, using hyperfilm MP (RPN
6. Amersham) in exposure cassettes (X-omatic, Kodak).
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Fig. 1. Coomassie brilliant blue K stoined 1377 SDS-PAGE ~heves
the separation of CM and CD extract in vanous concentraiions CN:
14 kD a-lactalbumin. 18 kD B-lactoglobuiin, 25-30 kD casein frae-
tions. 09 kD BSA. Lane M = Molccular weight marker (Amersham
Internavonal. UK.).

TeE ELIS Y and ELISA Infubinci

IgE ELISA measurement was performed according 1o Yion-n et
al. [11]. For the ELISA nhibition experiments, paticnis’ sera were
preincubated overnight at 4°C with 10,30 L 0.3.0.1 0,03, 005 0,003
and 0 mg mi of etither CM or CD exiractund subscquently appired on
ELISA plates (Nunc-Immuno Plate [ Denmark) coated with 3 iz mi
of protein in coating bufter {0.03 mol carbonute butte oH 9.5 il

IeFE Immunoblor inhibition Expertmeris

One milliliter of CM-allergic panents’ sera diluted 10 in a previ-
cushy deseribed butfer {1} was preincubated under continuous shik-
ing at 4 °C overnight with 0.3 mg miof a-lactaibumin. fi-luctoglobufin,
cascin and BSA (Sigma. Munich. FRGY or whole milk extrict. respec-
tively, The high protein concentrations were used to achieve maximal
inhibttion results. Protein ttration was used tor ELISA imhibiion as-
savs. Thereafter immunoblotting was pertormed on a CD extract-
coated strip. The same sera were preincubated with CD extract 103
mg mi) and tested in the same way with CM extruct-costed strips.

Results

SDS-PAGE

Coomassice brilliant blue R stained 1577 SDS-PAGE-
separated proteins of CM and CD extract revealing repre-
sentative protein fractions ranging from 14 to 69 kD in cuse
of CM and 20to 25 kD in case of CD. respectively (fig. 1),

IgE Immunoblots

I¢E Reactivity of Seru from Individuals with CM allergyio
CM Proieins. CM-allergic patients displaved IgE binding
to the milk allergens casein. p-lactoglobulin. a-lactalbu-
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Fig. 2. a ¢k immunoblots with sera from 6 CM-allergic patients
on CM extract-coated strips. Lane 1-6 = Patients with CM allergy:
lane N = Normal human serum pool: lane B = buffer controi. b IgE
immunblots with sera from 3 cow milk allergic paticnts on cow dan-
der extract-coated strips. Patients 2, 3. 5: IgE binding to minor al-
lergens of cow dander extract. Patient 4: weak IgE binding to the ma-
jor allergens of cow dander (20,22 kD).

min and BSA (fig. 2a). The IgE binding was comparable
with RAST results obtained when RAST strips coated
with a-lactalbumin, B-lactoglobulin and casein were used.
Patient 4 reacted exclusively with casein (fig. Za). With the
exception of serum from patient 5, none of the sera tested
reacted with BSA in both buffer systems, with or without
BSA. The remaining IgE reactivity to BSA in patient 5 in
the presence of (.3% BSA in the buffer might be due to the
combination of a high concentration of BSA-specific IgE
and a short delay between mixing of serum with buffer and
applving onto nitrocellulose strips.

I¢E Reactiviny of CM-Allergic Patients with CD Proteins.
Four of six patients also demonstrated IgE binding to ad-
ditional CD proteins with molecular weights of 20. 22, 36,
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Fig. 3. a IeF immunoblots wih sern from 5 CD-allergic patients
on CD extract-corted sirnps. Mg cats Tzk reacted with the major
alicrgens of CDof 20and 22 kD, Patients 2. 4 und S reacted addition-
aliy with minor allergens 124 35 4230 Thand - 200KD L b 1oF im-
munobluts with sera from & Ch-allersic patents on CM catract-
coated strips. Only patent 2 reacicd with N allereens of 68,90 and
=200 KD,

S0and > VUKD, IgE immunonlot of patients 1-3 ure shown
in figure 2b. Patient 4 reacted exclusively with the major
allergens of CD (20 and 22 kD) although in a very weak
torm. Patients 2. 53 and 5 di:played strong IgE reactivin
witn a 36-kD protein.

I¢E Reactvity of Seru from Individuals with CD Allergy to
CD Protemns. 1gE from all CD-allergic patients” sera (3 of
5 reacted with the major alleraens of CD (20 and 22 kD)
and with other proteins with molecular weights of 27, 36.
St and 70 kD (fig. 3a).

K
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Fig. 4. Inhibition evreriment 1 Inhibition was performed by
proccubation of milk-allc . ¢ patients sera with whole milk extract
hS testing on CD extr. -coated strips. Lanes 1-3 = 1eF binding
Do - canhibiton (left part) wnd after inhibition (right part).

[eE Reacuvin of Ch-Allersic Patients with CM Proteins,
~aowed IgE-reactivit: with CM
~Diiig. 3b).
The sera trom the control group showed no I¢E reac-
tivitv either on CM extract or on CD extract by immu-
3a).

Oriv one of these sc

protans (o9 92 and -

nosjotting analyses (fig. 2o,

imearunoblor Inhibiion Ex-criments

snfubrion with CM Proreins. Figure 4 illustrates inhibi-
tion ¢xoeriments on 3 CM-Liiereic patients’ sera (patients
2. 3and oo figs 2b)) Inall 3 cases, IgE binding to the 36-.D
protein of CD was completely abolished after preincuba-
tion with CM. In lane I IgE binding to the 20-kD protein
was also blocked. Preincubation of CM-allergic patients’
scra with defined CM proteins (a-lactalbumin, B-lactoglo-
buiin. casein and BSA) or whole milk extract and subse-
quent tesiing on CD extract-coated strips led to individual
inhibition patterns. In 2 of 6 patients. preincubation with
cuscin prevented IgE binding to the above-mentioned CD
prteins (data not shown). Testing on milk strips as con-
troi confirmed the specific inhibition of the respective
proteins. ‘

Infiibition with CD Extraci. Preincubation of CM-aller-
gic paticnts’ sera with (1.5 mg ml of CD extract led to a re-
duction in IgE binding to CM allergens (fig. 5). The high
antigen concentration used for preincubation was chosen
to achicve a maximum of inhibition. Quantitative analysis
was performed by ELISA inhibition as discussed later. In
patients 1.4 and 6. IgE binding to casein (36 kD) and B-lac-
toglobulin (18 kD) could be inhibited or strongly reduced
by preincubation with CD extract, respectivelv (fig. 5).
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Fig. 5. Inhibition experiment II. Inhibition was periormed by
premcubation of milk-allergic patients sera with CD extract before
twedng un CM extract-coateda sinips Lanes i—b = igE oinding betore
inhibition {leit part) and after inhibition (right part),

Remair:ing activity, %

T i T T 7 T
0 0003 001 0.03 0.1 0.3 1 3 10
Protein concentr::ion, ug/mi

Patient 5

Remaining activity, %

T i T
003 01 03 1 31

0. 6003 0.01
Protein corcentration, pug/mi

Fig. 6. LLISA inhibition experiments. 100 ul of sera from patient 3
(@) and patient 5 (b) were incubated with 100 ul of CM and CD ex-
tract contamming 10,3, 1.0.3.0.1,.0.03, 0.01,0.003 and 0 ug total protein.
Incubation was performed at 4 °C overnight. Samples only incubated
with PBS were used as controls.

Therzfore, our findings suggest either the presence of
these proteins (B-lactoglobulin and casein) in CD or the
presence of epitopes shared by both extract sources.

ELISA Inhibition .

Figure 6 illustrates the quantitative IgE-binding inhibi-
tion periormed on patients 3 and 5. Patients’ sera preincu-
bated with increasing concentrations of CD extract re-
veaied a 45 and 68% inhibition when the microtiter well
coated and inhibiting protein concentration was equal (5
ug'ml). When preincubation was performed under the
same conditions with CM. a 90 and 80% inhibition could
be achieved, revealing a complete biock of CD-reacting
IgE by the applied milk proteins. The stronger inhibition
potency of milk proteins might be explained bv the pres-
cnce of a higher percentage of iibiting proteins in com-
parable amounts of extract.

Discussion

Allergens have been identified in different cow-derived
extracts like hair. dander. saliva. urine. amniotic fluid,
meat and milk [15]. Since cross-reactivity between food al-
lergdns and inhaled allergens are frequently responsible
for clinical svmptoms in allergic children and adults [6]. we
compared the IgE binding components in CM and CD ex-
tracts. Patients” IgEs were used to 1dentity cross-reacting
allergens.

Our Western blot experiments revealed that CM-aller-
gic paticnts (4 of 6) exhibit IgE against milk proteins as
well as CD proteins. whereas CD-allergic patients’ IgEs
mainly do not recognize CM proteins (1 of 5). According
to our findings we were not able to define one allergen re-
sponsible for the cross-reactivity of IgE antibodies. In 2
paticnts anti-casein IgE antibodies and in 1 patient anti-p-
lactoglobulin IgE antibodies were found to bind to CD
proteins. In ELISA and ELISA inhibition experiments, a
quantitation of the results was achieved.

Osvath et al. [8] outlined the presence of BSA and
a-globulin in various CD preparations by means of immu-
noelectrophoresis. Loewenstein et al. [14]) showed 10 of the
antigens of bovine whey. including albumin, «,-macro-
globulin, transferrin. IgG and IgA to be in common with
those of cow hair and CD using crossed radioimmuno-
electrophoresis. Based on RAST experiments Osvath et
al. [8] calculated that 50% of CM-allergic children also
had IgE against CD, although these children never had
contact with cow hair and CD. Our experiments confirm
these results. 4 of 6 CM-allergic patients also reacted with
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CD protems. Thercior. we asked whether cross-reacting
IgE aliergens in CM and CD would be responsible for this
prenomenon. CD-allergic patients did not have IgE
against milk proteins. whereas nearly all milk-allergic pa-
tients did exhibr 1:E to D proteins. This finding sup-
r -ed our assumption that sensitization to CM allergens
Ivwds o production of ize entibodies reacting with pro-
teins present in CD extract. These IgE antibodies might
zitier: (1) react with identical or similar proteins present
in CDs or (2: tiney cross-react with proteins bearing com-
mon 2pitopes with milk proteins. The first hyvpothesis
would presume thai all patients reacting with a defined al-
iergen in Coalwowd also react with the same protein of
identicui molecular - eight in the CD extract. This was not
so Tor the sera “ested in our investigation. Therefore the
seo. o hipathe: s was teken into consideration.
Ir.iviuen experiments demonstrated that the sera of
miik-alleraic patients. preincubated with milk, lost their
reactivity to CD nroteins ¢fig. 4). In order to identifv a de-
finec cross-reactivs milk protein, we preincubated pa-
tents serawith ¢ oacreialiv avaitable milk protein com-
oot {e-iactaleemun, P-lacteglobuling casein and BSA)
betors testing on CD extract-coated strips (data not
showni In ali & investigated patients, IgE reactivity with
CE oroteins could he abolished by preincubation with
whois milx extraci. but onfvin 2 of 5 patients could the IgE
reactivity te O e bluni +d by casein preincubation. The
partal irhubition offect o casein in only 2 patients ex-
cluced the possihiiiny of contamination of the commer-
cicdiv available cascin with other milk proteins like BSA or
elobulina. On the other hand. the fact that casein was also
abte to block IgE binding to CD proteins enlarged the pro-

ters invoived in the putative IgE cross-reactivity observed
by us and rormer investigators [5-10]. These investigators
outlincd  cclusively the importance of IgE against BSA
and ¢-cle slin

Promnc coution of CM-allergic patients’ sera with CD
extracs and subsequent testing ¢n CM extract-coated
strips rev.aled blocking of IgE binding to cascin in 2 pa-
tients ard additionally to B-lactogiobulin in 1 of 2 patients,
respectiv ety (fig. 5). Herein we found evidence that anti-B-
lactogiobulin IgE antibodies can also be trapped by CD
proteins. Whether the 2 major aliergens (20and 22 kD) or
BSA. «-giobulin or other CD proteins are the target for
tnese IgE untibodies couid not be deduced from our ex-
periments. The present data suggest that CD proteins
have rewer immunogenic deternnunionts than CM proteins
with respect to 12E reacuvitv.

In summary. our results reveal the existence of cross-
reactive IgE antbodies in miik-ailergic patienis to aller-
gens in CD. [¢E antibodies against f-lactoglobulin and ca-
semn were responsible for the observed cross-reactivity
wiit proteins in CD. According to our study we underline
tre existence of cross-reacting alicrgens or common epi-
tones in CM and CD involving casein and p-lactoglobulin,
Presuming the possibility that CD exiract is contaminated
with milk proteins {casein, p-lactoglobulin). e.g., through
licking the fur by the animals. we wouid expect the:
activity of milk-allergic paticnts is identical in dan. d
milk extract. This was not the fact.

Herein evidence of another cross-reaction between
food allergens and aeroallergens could be shown and un-
derlines the association between respiratory allergies and
food hvpersensitivities.
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