YU,
ST,

Food and Agricultural Immunology (1999) 11, 101-111 O

IgE Cross-reactivity with Caseins from Different Species
in Humans Allergic to Cow’s Milk

HERVE BERNARD,' CHRISTOPHE CREMINON,2 LUC NEGRONI,!
GABRIEL PELTRE? axp JEAN-MICHEL WAL'!

TINRA-Laboratoire d’ Immuno-Allergie Alimentaire; and >CEA, Service de
Pharmacologie et d’ Immunologie, CEA-SACLAY, 91191 Gif Sur Yvette, France,
3Unite d’ Immuno-Allergie, Institut Pasteur, Paris, France

(Original manuscript received 2 March 1998, revised manuscript accepted 31 July 1998)

Fifty-eight sera from humans allergic to cow’s milk proteins were analysed for the specificity
of their IgE response to the whole casein fraction of milk from different ruminant and non-
ruminant species (e.g. cow, sheep, goat, rabbit and rat). IgE-specific responses were
determined by an enzyme allergosorbent test using the purified casein fractions as
immobilized antigen and an anti-human IgE monoclonal antibody labelled with acet-
yilcholinesterase. Co-andlor cross-sensitizations to caseins of the different ruminant species
occurred extensively, though IgE responses to ovine and caprine casein appeared to be lower
than that obtained with bovine casein. Cross-reactivity is suggested by the significant
reactivity of rat and rabbit casein toward human IgE. In terms of specificity and intensity, the
IgE response to caseins demonstrates a great variability. Structural homologies in caseins of
such different species, that can share common epitopes for the IgE of some patients, suggest
that prevention of cow’s milk allergy cannot be achieved by using milk from other species as
substitutes.

Keywords: Allergy, specific IgE antibodies, cow’s milk, goat’s milk, ewe’s milk, casein,
EIA

INTRODUCTION

Allergy to bovine milk proteins appears to be a common pathology in infancy. Apart from the
dramatic and extreme symptoms eventually encountered (anaphylactic shock), one of the
major problems remains the adaptation of the diet of the sensitized children. Different ways
have been recommended to avoid the allergic reactions. For instance, the use of milk from
species other than cow has been one of these suggested alternatives. It has been shown that
the use of ass’s milk could be a substitute for cow’s milk (Lacono e? al., 1992). The use of
milk from species more related to the cow, like goat, has also been discussed (Coveney &
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Darnton-Hill, 1985; Park, 1994). However comparison of milk from the different ruminant
species reveals great homologies in both protein composition and structure, particularly for
the four caseins (o -, 0,-, B-, k-caseins) that are found in cow’s, sheep’s and goat’s milk,
representing about 80% of milk proteins. Moreover important sequence conservation
(between 80 and 90%) is observed for each of these caseins (Soulier et al., 1975; Richardson
& Mercier, 1979; Boisnard & Petrissant, 1985, Brignon ef al., 1989; Provot et al., 1989;
Roberts et al., 1992; Persuy et al., 1992; Bouniol, 1993). This could lead patients allergic to
cow’s milk to express adverse reactions to milk from other ruminant species. The aim of this
study was to investigate IgE specificity against caprine whole casein (CWCN) and ovine
whole casein (OWCN) in sera from patients presenting allergic symptoms to cow’s milk
casein, in order to check possible IgE cross-reactions between these related species.
Complementary information was also obtained by testing the same sera with whole casein
coming from more divergent species such as rodents (rat and rabbit).

MATERIAL AND METHODS

Reagents
Unless otherwise stated, all reagents were of analytical grade and obtained from Sigma (St
Louis, USA).

Human serum albumin (HSA) was obtained from Centre National de Transfusion
Sanguine (Les Ulis, France); free fatty acids were removed on active charcoal at pH 3 (Chen,
1967). After dialysis against water, purified albumin was freeze-dried.

Human sera (from 92 patients) were obtained from the sera banks of hospital
paediatricians. They corresponded to children (median age 11 months) who presented clinical
symptoms of cow’s milk allergy and positive Rast® tests to milk. These sera were tested for
specific anti-whole bovine casein IgE determination by using the original enzyme immuno-
assay (EIA) developed in our laboratory (Wal et al., 1995). Approximately 60% (58 sera) of
the tested sera indeed had an IgE response to bovine whole casein (BWCN) and were
selected for the study. Out of the 58 sera, 45 had also IgE response to -lactoglobulin, and
42, 28 and 25 also react to a-lactalbumin, bovine serum albumin (BSA) and lactoferrin,
respectively. Eight control sera were obtained from non-allergic human volunteers.

Buffers and reagents used for EIA were prepared as follows: coating buffer: 0.025
M-EDTA (disodium salt), pH 9.3 (Campbell et al., 1987); EIA buffer: 0.1 m-potassium
phosphate buffer, pH 7.4, containing 0.1% HSA, 0.4 v -NaCl, 0.001 u -EDTA, and 0.01%
sodium azide; washing buffer: 0.01 m -potassium phosphate buffer, pH 7.4, containing 0.05%
Tween-20; Ellman’s medium : 7.5x10°* w-acetylthiocholine and 5x107* w-dithio-bis-
nitrobenzoate in 0.1 m -potassium phosphate buffer, pH 7.4 (Ellman ez al., 1961).

Solid-phase enzyme immunoassay was performed on 96-well microtitre plates (Nunc,
Denmark) using automatic Titertek microtitration equipment (washer, dispenser and reader)
from Labsystem (Helsinki, Finland).

Preparation of the Whole Casein Fraction

Whole casein was isolated by isoelectric precipitation at pH 4.6 of skimmed raw milk from
a single cow homozygous at the four casein loci, e.g. o, -casein variant B; f3-casein variant
Al; o4 -casein variant A, and k-casein variant A. The precipitate was recovered by
centrifugation, washed twice with water at pH 4.6, redissolved at pH 7 and precipitated again
at pH 4.6. The precipitate was dialysed at 4°C against water adjusted at pH 7.4, lyophilized
and stored at —20°C. Whole casein from goat and sheep was obtained by the same procedure
but was isolated from pooled milk samples for sheep and from a milk sample from one goat
heterozygous for o, -casein (Variant B/F). Potential contamination of whole casein by the
whey proteins and particularly by (3-lactoglobulin was checked by RP-HPLC using a Waters
600E system, a Waters 486 detector (Milford, USA) and a 300 A C4-Vydac column
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(250%4.6mm; Shandon, France). The samples were dissolved (1 mg ml™') in 8 w-urea
containing 0.1% dithiothreitol. Each sample was five-fold diluted in solvent A and was
injected (200 ul corresponding to 40 ng). Elution was performed using a 40-min linear
gradient from 25 to 45% of solvent B (B: acetonitrile/trifluoro acetic acid (TFA) 0.04%) in
solvent A (A: H,O/TFA 0.1%) at a flow rate of 1 ml min"' and was monitored at 220 nm.

Rabbit and rat whole casein were a kind gift from Dr Houdebine (INRA, Jouy en Josas,
France).

Preparation of Enzyme Conjugate

Acetylcholinesterase (AChE, EC 3.1.1.7) was purified from the electric organs of electric eel
Electrophorus electricus by affinity chromatography according to Massouli¢ & Bon (1976).
The tetrameric form of AChE (G, form) was used for labelling monoclonal antibodies
(MoAbs) (Pradelles et al., 1989; Grassi et al., 1988).

Briefly, anti-human IgE MoABs (MoAb BS17) were treated with pepsin in acidic medium
to obtain F(ab’), fragments. Reduction of these fragments by (3-mercaptoethylamine led to
the production of Fab’ fragments which were subsequently covalently coupled to AChE
pretreated with N-succinimidyl-4-(N-maleimidomethyl)-cyclohexane-1-carboxylate (SMCC)
as previously described (Grassi et al., 1989).

Enzyme Immunoassays

Coating of the microtitre plates with each of the purified caseins was performed at a
concentrationof 5 pg mI"! in a 25 mu -EDTA solution, pH 9.3 (Campbell ez al., 1987). After
24h incubation, plates were washed and saturated with EIA buffer.

EIA experiments were carried out to screen the IgE response of the allergic patients sera
to the different coated caseins. These assays corresponded to direct tests where serum
samples were diluted and incubated (50 pl/well) on coated immunoplates for 24 h at 20°C.
After washing, IgE bound onto immunoplates was revealed by addition of 50 ul of BS17-
AChE conjugate (3 Ellman units ml"!). After a further incubation for 18h at 20°C, plates
were washed and 200 pl of Ellman’s reagent were added for revelation of AChE activity. The
quantification of specific IgE was performed by comparison with an immunometric assay
involving the same enzyme conjugate (BS17-AChE) and another coated anti-human IgE
MoAb (LE27) ensuring the capture of the IgE. Standard curves were obtained using known
standards of human IgE allowing quantification of specific IgE as previously described
(Grassi et al., 1986; Wal et al., 1995). Quantification was expressed in [Uml™' (International
Unit perml). One unit corresponds to 2.4 ng of IgE. In such conditions, the detection limit of
anti-casein specific IgE was lower than 0.1IU mI"' with good reproducibility and precision.
No interference occurs with specific anti-casein IgG (Wal ez al., 1995).

Results obtained with the whole casein preparation from ruminant species were analysed
using statistical methods. Due to the high variability and the non-Gaussian distribution of the
specific IgE levels, comparison of the data were performed with non-parametric tests
(Friedman test and Spearman rank-correlation test).

RESULTS

Purified Allergens

Figure 1 shows the RP-HPLC chromatograms of the whole purified casein of the different
ruminant species. Whole casein appears as a multiplicity of peaks corresponding to the
elution of the different components (k-; o-; o -; B-casein, with respect to the elution time).
In order to check contamination by whey proteins, each of these whole casein samples has
been spiked with the corresponding (3-lactoglobulin. In any case, (3-lactoglobulin eluted later
than the components of the whole casein and no peak could be detected in the initial
chromatograms at the corresponding time.
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FIG. 1. RP-HPLC chromatograms of purified whole caseins: bovine (a); ovine (b); caprine (c). The arrows
show the elution of standard 3-Lg co-injected with the whole casein samples. No detectable peak
could be observed in the initial chromatograms at this retention time.
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TABLE 1. Distribution (number of sera) of IgE response to ovine and caprine whole casein in 58 sera from
patients allergic to bovine casein (expressed as percent of IgE response to cow’s milk whole
casein fraction)

0-25% 25-50% 50-75% 75-125% <125%
Ovine casein 8 9 22 16 3
Caprine casein 15 10 19 10 4

IgE Specificity Towards Casein from Ruminant Species

Fifty-eight sera having an IgE response against BWCN were selected from patients
presenting allergic symptoms to cow’s milk. A large range of anti-BWCN IgE concentrations
comprising between 0.3 to 1000IU ml™' was observed in these sera. In 22 sera the specific
anti-BWCN IgE concentration ranged between 0.3 and 51U ml™! while in 16 others, it was
between 5to 20IUml'. A higher IgE response against BWCN was observed in 14 sera with
specific IgE concentrations ranging between 20 and 1001U ml™'. The six last sera had very
high specific IgE levels to BWCN (>1001U ml ™).

Among the 58 sera, a very high frequency (>90%) of IgE immunoreactivity was observed
against whole casein obtained either from sheep (57 positive sera out of 58) or goat (54
positive sera out of 58). The IgE response exhibited a great variability in intensity and
specificity.

Comparison of IgE titres obtained with the caseins from the different ruminant species
demonstrated that a large majority of the sera displayed lower IgE immunoreactivity with
CWCN and OWCN than with BWCN (Table 1). IgE titres appeared almost two-fold higher
for BWCN than for CWCN and OWCN in 25 and 17 sera, respectively. 16 sera presented IgE
responses to OWCN similar to those obtained with BWCN (ranging from 75 to 125% of IgE
response to cow’s milk casein). These figures were reduced (10 sera versus 16) when CWCN
was concerned instead of OWCN. In 3 and 4 sera, the IgE response to OWCN and to CWCN,
respectively, was much higher (>125%) than the IgE response to BWCN.

Mean and median IgE responses to ruminant caseins were calculated on the total
population of the 58 sera (Table 2). Mean anti-BWCN IgE appeared two-fold higher than that
of anti-CWCN or anti-OWCN IgE. Mean IgE levels directed against CWCN proved to be the
weakest response. When medians are considered, IgE levels are lower than mean values. This
can be attributed to the great variability of IgE response and the existence of a minority of
sera exhibiting very high specific IgE titres against casein. Moreover, differences between the
IgE responses were similar when comparing median or mean values.

According to the non-parametric test of Friedman, the IgE response to BWCN was
confirmed to be significantly the highest one (P <0.01). In the same test, the IgE response
against CWCN also proved to be significantly lower than the anti-OWCN one (P <0.05).

TABLE 2. Statistical analysis of human IgE respon-
ses to whole casein from milk of different
ruminant species in 58 sera from patients
allergic to bovine casein: Mean and
median specific IgE responses

IgE IUmI™) Mean Medium
Bovine casein 43.2 8.1
Ovine casein 26.8 52

Caprine casein 21.4 4.5
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Moreover, the Spearmann rank correlation test revealed that IgE responses to BWCN and
OWCN or CWCN are highly correlated (r=0.84 and 0.79, respectively). The correlations
obtained are highly significant (p <0.01) and the best is obtained for IgE responses against
OWCN and CWCN (r=0.96).

However, analysis of the individual response demonstrates a great variability, some
particular specificities being noticed. As shown in Table 3, some specific sera exhibit a
marked predominant IgE response against BWCN (S16, S87 and S89). The example of serum
S89 appears particularly demonstrative since no IgE response was detected against CWCN
and OWCN. Conversely, in some cases, the intensity of the IgE response for the CWCN or
OWCN proved to be equal to the IgE response observed with the BWCN (S3 and S83 for
instance). Moreover in one case (serum S25), the IgE detection reached a four-fold more
intense response for CWCN or OWCN compared with the bovine one.

Interestingly, a large majority of sera (43 sera) exhibited a very similar response to the
CWCN and OWCN. This is probably accounted for by some conserved epitopes located
along the casein molecules in the different ruminant species. Nevertheless in a minority of
sera, an important discrepancy can be observed between anti-OWCN and anti-CWCN IgE
responses. This difference ranges between two and four-fold, OWCN being better recognized
for 12 sera (e.g. S32 or S39) while CWCN presents a higher IgE response for three sera (S2
for example).

IgE Specificity Towards Casein from Non-ruminant Species

To better analyse the immunoreactivity observed with ruminant species, the same enzyme
immunoassay was performed by using the whole casein fraction of rat and rabbit milk as
coated antigen. An important decrease in IgE immunoreactivity was observed but numerous
sera still provided positive response (33 sera out of 58 and 34 out of 58 for rabbit and rat
casein, respectively). In most sera, anti-rat and anti-rabbit casein IgE responses appeared very
low (<10% of intensity) when compared with the anti-bovine casein one. Only 12 and 20
sera presented an anti-rabbit and anti-rat casein IgE response, respectively, corresponding to
at least 10 percent of the IgE response to bovine casein. Surprisingly, as shown in Table 4,
some sera presented IgE levels to rodent casein just above IgE levels to BWCN suggesting

TABLE 3. Analysis of the specific IgE binding to ovine and caprine
immobilized casein (expressed as the percentage of
binding to the whole bovine immobilized casein) in some
sera. Separation was made between sera presenting similar
IgE response to OWCN and CWCN and sera (S32, S39
and S2) providing a more specific IgE response either to
OWCN or to CWCN

IgE binding to immobilized whole
casein (%)

Serum no. Bovine Ovine Caprine
S89 100 0 0
S16 100 15 14
S87 100 16 17
S3 100 81 33
S83 100 95 98
S25 100 430 350
S32 100 51 11
S39 100 43 20

S2 100 26 85
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TABLE 4. Analysis of the specific IgE binding to rabbit and rat
immobilized casein (expressed as the percentage of
binding to the whole bovine casein) in some characteristic
sera

IgE binding to immobilized whole
casein (%)

Serum no. Bovine Rabbit Rat
S3 100 35 37
S6 100 26 26
S60 100 22 42
S67 100 45 76

very particular specificities. Serum S67 with anti-rat and anti-rabbit casein IgE corresponding
to 76 and 45% of the anti-BWCN casein appeared particularly demonstrative.

Fifty per cent of the sera (29 out of 58) exhibited IgE against each of the different casein
fractions tested whatever their origin, ruminant or rodent species.

DISCUSSION

Cow’s milk is a frequent food allergen. Hypersensitivity with IgE mediation occurs in a large
part of cow’s milk allergy (Ventura et al., 1988; Host, 1994). Using substitutes for cow’s milk
such as milk from other ruminants or non-ruminant species has been proposed as a way to
circumvent this allergic phenomenon. However, IgE cross-reaction between milk proteins
from cow and others species might preclude this prevention.

Numerous studies have focused on the allergenicity of cow’s milk casein (Wahn &
Gangster, 1982; Otani et al., 1989; Stoger & Withrich, 1993; Docena et al., 1996). We have
also evidenced the presence of specific IgE to BWCN and to its different components for
more of 50% of sera in a population of 92 allergic patients to bovine milk (Bernard et al.,
1998). In the present study, we have studied the allergenicity of whole casein from different
species. IgE responses observed were specific for whole casein and could not be accounted
by whey proteins since RP-HPLC experiments demonstrated the absence of detectable
contamination of the different prepared whole caseins by [-lactoglobulin, the main
component of whey proteins.

More than 90% of the 58 studied sera exhibiting IgE against BWCN presented IgE to
whole casein from the two other ruminant species (caprine and ovine). In a similar way,
Baldo (1984) had detected IgE to CWCN and OWCN in allergic patients to bovine milk. Two
hypothesis were then suggested. The first one was based on the ingestion of milk from
different ruminants, leading to co-sensitization of the patient to milk and particularly to
whole casein fraction from different ruminants. In a second possibility, IgE responses to
OWCN or CWCN could be explained by the cross-reactivity between caseins from these
ruminants. Risk of cross-reactivity was suggested by Goldman and Heiner (1977) and
confirmed by Gjesing et al. (1986). These last authors showed by radioimmunoelectrophor-
esis experiments, that the IgE of children allergic to bovine milk recognized caprine milk
proteins although these children had never ingested such milk.

Indeed whole casein represents 80% of proteins in the milk of these three ruminants. All
the four caseins are present in the ruminant species with varying proportions especially for
caprine o;-casein which is present in milk with quantitative and qualitative variations
(Grosclaude et al., 1987; Brignon et al., 1990; Mercier et al., 1991). Moreover the structure
of each casein is well conserved for the different ruminants, presenting more than 80%
homology. These similarities corroborate the risk of cross-reactivity. This hypothesis has
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been confirmed for a fraction of the casein by Spuergin et al. (1997). These authors
demonstrated: (1) a higher IgE response to bovine o -casein than to the goat and sheep
counterparts; (2) a cross-reaction between these caseins. In our study, the levels of IgE
response were also statistically higher to the BWCN than to the other counterparts. We may
suppose that part of the polyclonal anti-BWCN IgE population may recognize whole casein
from the other ruminants. Moreover this cross-reactivity can be analysed by using statistical
correlation of ranks estimated between IgE levels of OWCN, CWCN and BWCN, which
appeared strong and significant. The strongest one was obtained with IgE levels directed
against OWCN and CWCN which display the greatest homology in terms of structural
features. Correlation values then appeared to be in good agreement with sequence
homologies found with caseins from the ruminant species (Table 5). Conversely, some
specific cases could be remarked upon, with IgE responses more than two-fold higher for
caprine and ovine casein than for cow. In this case, very particular specificities could be
suggested due to better conformation and presentation of the epitopes in the whole casein.
Higher proportions of one casein, like (3-casein, in the whole casein or point substitutions of
amino acid residues may then contribute to a better recognition by specific IgE. However, we
should note that all these substitutionsare widely spread along the molecule and no particular
region can thus be suspected for immunoreactivity as already evidenced by the high
variability of IgE response among the population. On the other hand, different IgE levels
between OWCN and CWCN could be explained by the slight differences of casein
composition and the occurrence of quantitative and qualitative expression of @, -casein in
goat (Grosclaude et al., 1987; Brignon et al., 1989, 1990). Actually, the CWCN we have
purified for this study presented intermediate levels of oy -casein with two iso forms
(including an o, -casein in which the sequence 59-95 is deleted). These two facts could
partly explain the decrease of the IgE recognition of whole caprine casein versus bovine and
ovine ones.

Moreover, the existence of IgE response to rabbit or rat casein confirmed the occurrence
of cross-reactivity between caseins from different species. Composition and structure of
caseins in rat and rabbit milk appear more divergent but remain important (Blackburn et al.,
1982; Hobbs & Rosen, 1982; Nakhasi et al, 1984; Schaerer et al., 1988; Devinoy et al.,
1988; Bosze et al., 1993; Dawson et al., 1993). Particularly sequence homologies ranging
from 30 to 50% are observed for the rat or rabbit caseins by comparison to the bovine caseins
(Table 5). Indeed, in spite of these structural divergences of casein, more than 30% of sera
positive to bovine caseins present IgE immunorecognition of the caseins from these two
species. This fact suggested that cross-reactivity occurs between rat, rabbit and bovine
caseins which obviously could be stronger between caseins from more closely related species
(ruminants).

In conclusion, we stress the heterogeneity of IgE response to casein among a large
population of patients allergic to milk. Some of them had similar IgE responses to whole
caseins from the three ruminant species while others are more specific to bovine whole casein
and even sometimes to ovine or caprine casein. A relationship appears between the IgE

TABLE 5. Sequence homology between caseins from different species (comparison expressed as percent of
homology). The Symbol (-) means that no significant homology is observed between bovine
asp-casein and a component of whole rat casein (y-casein) (Hobbs & Rosen, 1982).

Protein Sheep/cow Goat/cow Sheep/goat Rat/cow Rabbit/cow
OLg1-casein 89 87 97 31 45
OLs>-casein 89 88 98 - <50
B-casein 90 90 99 38 34

K-casein 84 85 95 49 <50
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response and the degree of homology in the casein structure. However, depending upon the
sera, the region responsible for allergenicity does not seem to be only located either in the
portions of the molecule that remained stable, or in the regions that have diverged through
evolution. Allergenic structures appear to be widely spread within the casein molecules.
With respect to the high frequency of IgE against casein from different ruminants, the use
of these constituents as substitutes for cow’s milk appears very likely not to be helpful in
cases of allergy. Confirmation of the clinical or pathological significance of such in vitro
immunologicalcross-reactions by in vivo studies such as skin tests and provocation tests have
not been discussed in this work. However, our results agree with other previous observations
(Dean et al., 1993). Moreover, the risk of cross-reactivity has also been confirmed in vivo by
Juntunen & Ali-Yrkko (1983) who demonstrated by Rast® tests, skin prick tests and
provocation tests that 22 patients were allergic to both cow’s and goat’s milk out of 30
patients allergic to cow’s milk. On the other hand, specific allergenicity of milk products
from sheep and goat was also described by Wiithrich & Johansson (1995). In their study,
eight patients developed allergic reactions after eating cheese from either cow’s, goat’s or
sheep’s milk, while two patients allergic to sheep and goat’s milk products appeared to be
tolerant to cheese from cow’s milk. This suggests a very particular specificity of IgE
responses as we observed with some sera in this paper. Another similar clinical case study
was reported by Calvani & Alessandri (1998). Cow’s, sheep’s and goat’s milk can thus
exhibit an allergenic potential due to cross-reactivity resulting from high sequence
homologies and/or to species specific structural features of their casein molecules.

ACKNOWLEDGEMENTS

We wish to thank Dr Houdebine (INRA) for providing the samples of rabbit and rat whole
casein.

REFERENCES

BaLpo, B. A. (1984) Milk allergies, Australian Journal of Dairy Technology, 39, 120—-128.

BErRNARD, H., CREMINON, C., Yvon, M. & WAL, J. M. (1998) Specificity of the human IgE response to the
different purified caseins in allergy to cow’s milk proteins, International Archives of Allergy and
Immunology, 115, 235-244.

Bracksurn, D. E., HoBss, A. A. & RosEn, J. (1982) Rat 3-casein cDNA: sequence analysis and evolutionary
comparisons, Nucleic Acids Research, 10, 2295-2307.

BoisNARD, M. & PetrissanT, G. (1985) Complete sequence of ovine as2-casein messenger RNA, Biochimie,
67, 1043-1051.

Bosze, Z., DEvinoy, E., Puissant, C., FONTAINE, M. L. & HoupEeBINE, L. M. (1993) Characterization of rabbit
k-casein cDNA: control of k-casein gene expression in vivo and in vitro, Journal of Molecular
Endocrinology, 11, 9-17.

Bounior, C. (1993) Sequence of the goat ais2-casein-encoding cDNA, Gene, 125, 235-236.

BrigNoN, G., GroscLaupg, F. & RiBabeau-Dumas, B. (1989) Sequence of caprine asl-casein and
characterization of those of its genetic variants which are synthesized at a high level, asl-cnA, B, C,
Protein Sequence Data Analysis, 2, 181-188.

BriGrON, G., MaHE, M. F., RiBADEAU-DUMAS, B., MERCIER, J. C. & GROSCLAUDE, F. (1990) Two of the three
genetic variants of goat asl-casein which are synthesized at a reduced level have an internal deletion
possibly due to altered RNA splicing, European Journal of Biochemistry, 193, 237-241.

CaALvani, M. & ALEssANDRI, C. (1998) Anaphylaxis to sheep’s milk cheese in a child unaffected by cow’s milk
protein allergy. European Journal of Pediatrics, 157, 17-19.

CawmpBELL, D. E., NGampHAIBOON, J., CLARK, M. M., HArRis, M. C., KoLski, G. B. & DoucLas S. D. (1987)
Indirect enzyme-linked immunosorbent assay for measurement of human immunoglobulins E and G to
purified cow’s milk proteins: Application in Diagnosis of cow’s milk allergy, Journal of Clinical
Microbiology, 25, 2114-2119.

CHeN R. F. (1967) Removal of fatty acids from serum albumin by charcoal treatment, Journal of Biological
Chemistry, 242, 173-181.

COVENEY, J. & DArRNTON-HILL, 1. (1985) Goat’s milk and infant feeding, Medical Journal of Australia, 143,
508-510.

Dawson, S. P, Wipg, C. J., TigHE, P. J. & MAYEr, R. J. (1993) Characterization of two novel casein
transcripts in rabbit mammary gland, Biochemical Journal, 296, 777-784.


http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-9433^28^2939L.120[aid=831013,csa=0004-9433^26vol=39^26iss=3^26firstpage=120]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1018-2438^28^29115L.235[aid=831014,csa=1018-2438^26vol=115^26iss=3^26firstpage=235,nlm=9531166]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0305-1048^28^2910L.2295[aid=831015,csa=0305-1048^26vol=10^26iss=7^26firstpage=2295,nlm=6283475]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0300-9084^28^2967L.1043[aid=831016,nlm=3002499]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0952-5041^28^2911L.9[aid=831017,csa=0952-5041^26vol=11^26iss=1^26firstpage=9,nlm=8240676]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0378-1119^28^29125L.235[aid=831018,csa=0378-1119^26vol=125^26iss=2^26firstpage=235,nlm=8462880]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^29193L.237[aid=831019,csa=0014-2956^26vol=193^26iss=1^26firstpage=237,nlm=2226443]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0340-6199^28^29157L.17[aid=831020,csa=0340-6199^26vol=157^26iss=1^26firstpage=17,doi=10.1007/s004310050759,nlm=9461357,springer=1]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0095-1137^28^2925L.2114[aid=831021,csa=0095-1137^26vol=25^26iss=11^26firstpage=2114,nlm=3693541]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29242L.173[aid=831022,nlm=6016603]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0025-729X^28^29143L.508[aid=831023]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0264-6021^28^29296L.777[aid=831024,nlm=8280077]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1018-2438^28^29115L.235[aid=831014,csa=1018-2438^26vol=115^26iss=3^26firstpage=235,nlm=9531166]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0300-9084^28^2967L.1043[aid=831016,nlm=3002499]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0952-5041^28^2911L.9[aid=831017,csa=0952-5041^26vol=11^26iss=1^26firstpage=9,nlm=8240676]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0095-1137^28^2925L.2114[aid=831021,csa=0095-1137^26vol=25^26iss=11^26firstpage=2114,nlm=3693541]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29242L.173[aid=831022,nlm=6016603]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0025-729X^28^29143L.508[aid=831023]

110 H. BERNARD ET AL.

DEaN, T. P, ADLER, B. R., RUGE, F. & WARNER, J. O. (1993) In vitro allergenicity of cow’s milk substitutes,
Clinical and Experimental Allergy, 23, 205-210.

DEeviNOy, E., SCHAERER, E., JoLIVET, G., FONTAINE, M. L., KRAEHENBUHL, J. P. & HoupeBINE, L. M. (1988)
Sequence of the rabbit asl-casein cDNA, Nucleic Acids Research, 16, 11813.

Docena, G. H., FERNANDEZ, R., CHIRDO, F. G. & Fossartt C. A. (1996) Identification of casein as the major
allergenic and antigenic protein of cow’s milk, Allergy, 51, 412—-416.

ErLiman, G. L., CourtnEy, K. D., ANDRES, V. & FEATHERSTONE R. M. (1961) A new and rapid colorimetric
determination of acetylcholinesterase activity, Biochemical Pharmacology, 7, 88-95.

GIESING, B., OsTtERBALLE, O., ScHwaRrTtz, B., WaHN, U. & LowenstEIN, H. (1986) Allergen-specific IgE
antibodies against antigenic components in cow milk and milk substitutes, Allergy, 41, 51-56.

GoLbmaN, A. S. & HEINER, D. C. (1977) Clinical aspects of food hypersensitivity. Diagnosis and management
of cow’s milk sensitivity, Pediatric Clinics of North America, 24, 133-1309.

Grassl, J., DIDIERLAURENT, A. & STADLER B. M. (1986) Quantitative determination of total and specific
human IgE with the use of monoclonal antibodies, Journal of Allergy and Clinical Immunology, 77,
808—-822.

Grassl, J., FROBERT, Y., LAMOURETTE, P. & LaGoutte B. (1988) Screening of monoclonal antibodies using
antigens labeled with acetylcholinesterase: Application to the peripheral proteins of photosystem 1,
Analytical Biochemistry, 68, 436—450.

Grassl, J., FROBERT, Y., PRADELLES, P., CHERCUITTE, F., GrRUAZ, D., DAYER, J. M. & PouBeLLE P. (1989)
Production of monoclonal antibodies against interleukin-1o. and-1f. Development of two enzyme
immunometric assays (EIA) using acetylcholinesterase and their application to biological media, Journal
of Immunological Methods, 123, 193-210.

GroscLAUDE, F., MaHE, M. F., BRIGNON, G., D1 Stasio, L. & Jeuner, R. A. (1987) Mendelian polymorphism
underlying quantitative variations of goat asl-casein, Géneétique sélection et Evolution, 19, 399—412.

Hosss, A. A. & RoseN, J. M. (1982) Sequence of rat 3- and y-casein mRNAs: evolutionary comparison of
the calcium-dependent rat casein multigene family, Nucleic Acids Research, 10, 8079—8098.

Hosr A. (1994) Cow’s milk protein allergy and intolerance in infancy. Some clinical, epidemiological and
immunological aspects, Pediatric Allergy Immunology, 5, 1-36.

Lacono, G., Carrioco, A., Cavatalo, F., MoNTAaLTO, G., SORESI, M. & BALsamo, V. (1992) Use of asses milk
in multiple food allergy, Journal of Pediatric Gastroenterology and Nutrition, 14, 177-181.

Juntunen, K. & Au-Yrkko, S. (1983) Goat’s milk for children allergic to cow’s milk, Kieler
Milchwirtschaftliche Forschungsberichte , 35, 439—440.

MassouLii, J. & Bon, S. (1976) Affinity chromatography of acetycholinesterase. The importance of
hydrophobic interactions, European Journal of Biochemistry, 68, 531-539.

MERCIER, J. C., GROSCLAUDE, F. & MARTIN, P. (1991) La caséine k et la famille de trois caséines ‘sensibles
au calcium’. Polymorphisme, biosynthese et évolution, Médecine et science, 3, I-VIIL.

Naknasi, H. L., GrRantHAM, F. H. & GurLiNo, P. (1984) Expression of k-casein in normal and neoplastic rat
Mammary gland is under the control of prolactin, Journal of Biological Chemistry, 259,
14894-14898.

Otani, H., Dong, X. Y., HarA, T., KoBavyasHl, M., Kavanara, H. & Hosono, A. (1989) Human serum
antibodies to cow milk proteins in infants and children having clinically allergic symptoms,
Milchwissenschaft, 44, 131-134.

PArk, Y. W. (1994) Hypo-allergenic and therapeutic significance of goat milk, Small Ruminant Research, 14,
151-159.

Persuy, M. A., ManE, M. F. & MErcier, J. C. (1992) High expression of the caprine -casein gene in
transgenic mice, European Journal of Biochemistry, 205, 887-893.

PRADELLES, P., Grassl, J., CHABARDES, D. & Guiso, N. (1989) Enzyme immunoassays of adenosine cyclic 3’,
5’-monophosphate and guanosine cyclic 3’, 5’-monophosphate using acetylcholinestrase, Analytical
Chemistry, 61, 447-453.

Provor, C., PErsuy, M. A. & MERCIER, J. C. (1989) Complete nucleotide sequence of ovine 3-casein cDNA:
Inter-species comparison, Biochimie, 71, 827-832.

RicHARDSON, B. & MERCIER, J. C. (1979) The primary structure of the ovine B-caseins, European Journal of
Biochemistry, 99, 285-297.

RoserTs, B., DITuLLIO, P., VITALE, J., HEHIR, K. & GorpON, K. (1992) Cloning of the goat 3-casein-encoding
gene and expression in transgenic mice, Gene, 121, 255-262.

SCHAERER, E., DEvINOY; E., KRAEHENBUHL, J. P. & HoUupEBINE, L. M. (1988) Sequence of the rabbit 3-casein
comparison with other casein cDNA sequences, Nucleic Acids Research, 16, 11814.

SOULIER, S., RIBADEAU-DUMAS, B. & DENAMUR, R. (1975) Purification des caséines k de brebis, European
Journal of Biochemistry, 50, 445-452.

SPUERGIN, P., WALTER, M., DEICHMANN, K., FORSTER J. & MUELLER H. (1997) Allergenicity of a-caseins from
cow, sheep and goat, Allergy, 52, 293—298.

STOGER, P. & WuTHRICH, B. (1993) Type I allergy to cow milk proteins in adults. A retrospective study of 34
adult milk- and cheese-allergic patients, International Archives of Allergy and Immunology, 102,
399-407.


http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-7894^28^2923L.205[aid=831025,csa=0954-7894^26vol=23^26iss=3^26firstpage=205,nlm=8472190]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0305-1048^28^2916L.11813[aid=831026,csa=0305-1048^26vol=16^26iss=24^26firstpage=11813,nlm=3211752]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0105-4538^28^2951L.412[aid=831027,csa=0105-4538^26vol=51^26iss=6^26firstpage=412,nlm=8837665]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-2952^28^297L.88[aid=629353]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0105-4538^28^2941L.51[aid=831028,csa=0105-4538^26vol=41^26iss=1^26firstpage=51,nlm=3485933]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-3955^28^2924L.133[aid=831029,nlm=322054]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0091-6749^28^2977L.808[aid=831030,csa=0091-6749^26vol=77^26iss=6^26firstpage=808,nlm=3519735]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-2697^28^2968L.436[aid=831031,nlm=1200346]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-1759^28^29123L.193[aid=831032,csa=0022-1759^26vol=123^26iss=2^26firstpage=193,nlm=2681422]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0305-1048^28^2910L.8079[aid=831033,csa=0305-1048^26vol=10^26iss=24^26firstpage=8079,nlm=6298707]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0905-6157^28^295L.1[aid=831034,csa=0905-6157^26vol=5^26iss=1^26firstpage=1]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-2116^28^2914L.177[aid=831035,csa=0277-2116^26vol=14^26iss=2^26firstpage=177,nlm=1593372]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2968L.531[aid=831037,nlm=976272]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29259L.14894[aid=831038,nlm=6094580]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0921-4488^28^2914L.151[aid=831040]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^29205L.887[aid=287488,csa=0014-2956^26vol=205^26iss=3^26firstpage=887,nlm=1577006]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-2700^28^2961L.447[aid=831041,csa=0003-2700^26vol=61^26iss=5^26firstpage=447,nlm=2541635]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0300-9084^28^2971L.827[aid=831042,csa=0300-9084^26vol=71^26iss=7^26firstpage=827,nlm=2505862]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2999L.285[aid=831043,nlm=499202]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0378-1119^28^29121L.255[aid=831044,csa=0378-1119^26vol=121^26iss=2^26firstpage=255,nlm=1446822]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0305-1048^28^2916L.11814[aid=831045,csa=0305-1048^26vol=16^26iss=24^26firstpage=11814,nlm=3211753]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2950L.445[aid=831046,nlm=1126343]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0105-4538^28^2952L.293[aid=831047,csa=0105-4538^26vol=52^26iss=3^26firstpage=293,nlm=9140519]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1018-2438^28^29102L.399[aid=831048,csa=1018-2438^26vol=102^26iss=4^26firstpage=399,nlm=8241802]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0091-6749^28^2977L.808[aid=831030,csa=0091-6749^26vol=77^26iss=6^26firstpage=808,nlm=3519735]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-1759^28^29123L.193[aid=831032,csa=0022-1759^26vol=123^26iss=2^26firstpage=193,nlm=2681422]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29259L.14894[aid=831038,nlm=6094580]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0921-4488^28^2914L.151[aid=831040]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-2700^28^2961L.447[aid=831041,csa=0003-2700^26vol=61^26iss=5^26firstpage=447,nlm=2541635]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2999L.285[aid=831043,nlm=499202]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2950L.445[aid=831046,nlm=1126343]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1018-2438^28^29102L.399[aid=831048,csa=1018-2438^26vol=102^26iss=4^26firstpage=399,nlm=8241802]

IgE CROSS-REACTIVITY WITH CASEINS 111

VENTURA A. (1988) Cow’s milk allergy in the first year of life. An Italian Collaborative Study, Acta
Paediatrica Scandinavica, 348 (Suppl.), 1-14.

Wann, U. & GANSTER, G. (1982) Cow’s milk proteins as allergens, European Journal of Pediatrics, 138,
94.

WaL, J. M., BErRNARD, H., YVON, M., PELIRE, G., DaviD, B., CREMINON, C., FROBERT, Y. & Grass, J. (1995)
Enzyme immunoassay of specific human IgE to purified cow’s milk allergens, Food and Agricultural
Immunology, 7, 175-187.

WurHrIcH, B. & JoHansson, S. G. O. (1995) Allergy to cheese produced from sheep’s and goat’s milk but
not to cheese produced from cow’s milk, Journal of Allergy and Clinical Immunology, 96, 270-273.


http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0340-6199^28^29138L.94[aid=831049]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-0105^28^297L.175[aid=831050]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0091-6749^28^2996L.270[aid=831051,csa=0091-6749^26vol=96^26iss=2^26firstpage=270,nlm=7636068]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0340-6199^28^29138L.94[aid=831049]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-0105^28^297L.175[aid=831050]

