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ABSTRACT

Antigenicity of proteins found in cow’s milk is age dependent. This is
primarily due to infants possessing a more permeable intestinal wall than
that in adults. Thus infants may acquire cow’s milk allergy during their
first year of life. While milk antigen specitic IgE may cause allergy in
susceptible subjects, there is some evidence indicating that milk antigen
specific IgG may play some role in chronic disease development. The
puropose of this study was to determine the antigenicity ot cow’s milk
proteins in two animal models and to recommend the more sensitivie one,
as an evaluation tool, to assess the antigenicity of a poteintial
hypoallergenic formula. A crude extract of cow’s milk was injected either
to young male rabbits or BALB/C mice in four doses. Pure standard
proteins of cow’s milk were also injected to separate groups of animals to
use their anti sera in later stages. The polyclonal pooled serum was then
used to evaluate the antigenicity of the extract by indirect enzyme-linked
immunossorbent assay (LEISA), and Western blotting. Both the rabbit
and BALB/C murine model demonstrated strong ELISA titres against
casein and BSA proteins. However, the rabbit model also had a high
antibody response against beta-lactoglobulin (3-lg). The lowest antibody
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Antigenicity of Cow’s milk proteins

response was tound against alpha-lactalbumin («-la) in both animal
models and no response against immunoglobulins (Igs) in either model. In
Western blotting, rabbit antiserum showed four bands (a-la, B-lg, caseins
and BSA) compared to two bands (caseins and BSA) for mouse
antiserum. Considering the allergenicity of these proteins in genetically

prone subjects, it may be wise to exclude tood sources of caseins as well as
major whey proteins (BSA), from the diet of infants with a tamily history
of atopy during the first year of life. The rabbit hyperimmunization model
was more sensitive than the murine model in detecting antibodies against

milk proteins. Thus, the rabbit model should be employed when
evaluating the antigenicity of a hydrolysate formula.
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INTRODUCTION

Milk is the first food of mammalian infants. The
rapid development of hygienic milk tcchnology,
dating originally from thc end of the nincteenth
century, has ensured the widespread use of clean,
rclatively safe, often pastcurized, cow’s milk",
However, despite all precautions, some infants did
not thrive on cow’s milk-based food but developed
severe gastrointestinal symptoms and even collapse.
It was later reulized that the foreign proteins in
cow's milk were responsible for the symptoms. Still,
the high nutritional value of cow’s milk proteins
and their convenient availability have secured their
position as the major protein source for infant
[bods  in  Western developed  countries. The
allergenicity of cow’s milk proteins has remained a
major concern in infant nutrition®. There is some
cvidence indicating that cow's milk hypersensitivity
manifestations arc not confined just to those
resulting from IgE-mediated rcactions®.

Once the diagnosis of cow's milk allergy is
established, every one agrees that it must be treated
by eliminating the offending food but there is less
agreement over what as to be led in its placetd,
Considering  the  rnisk of inadequate  bonce
mincralization because of long-term suppression of
dairy products intake™ one of the hypoallergenic
tormulas  may be prescribed 10 the cow’s milk
allergic infant. A proposcd  delinition  of
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hypoallcrgenic  formula for cow’s milk-allergic
children is that it does not provoke any allergic
Signs or symptoms in at least 90% of infants with

documented cow’s milk protcin allergy when tested

in double-blind, placebo-controlled food challenge
trials.  There  are  several  food-processing
approaches to modify allergenic potential of milk-
based formulas'®. However, before these formulus
undergo  clinical  testing  for allergenicity, non-
clinical testing can characterize their molecular and
physical properties 10 asscss antigenicity). The
objective of this study was to compdre antigenicity
of cow’s milk proteins in two animal models and to
introduce  the more sensitive one to evaluate
candidate hypoallergenic formula.

MATERIALS AND METHIODS
Brictly, a cow’s milk extract was made in
phosphate-bulfered saline  (PBS). Rubbits  and
BALB/C mice were then immunized with the
extract. The resulting polyclonal sera were then
used in an indirect cnzyme immunoassay and
Western immunoblotting,

Preparation of cow’s milk extract

Three milliliters of 2.3%. fat I{zistcrurizcd COW'S
milk was  diluted with 30ml 0.15SM phosphatc-
buttcred suline (PBS) pH 7.2 in sterile centrifugc
tubes. The tubes were then incubated on rotator for
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incubation, the tubes were centrifuged at 2500g for

10min, the supernatants were recovered and

transferred to fresh sterile tubes and centrifuged
again at 17000g for 15min at 4°C. Finally, the
supernatants were filter-sterilized through 0.45um
and 0.22um cartridge filters*®. The amount of
protein present in the extract was determined by the
Bradford protein assay®®).

Preparation of the anti sera

Young male rabbits (~2.5 months) and BALB/C
mice (~3 weeks) were injected intramuscularly (IM)
and intraperitonealy (IP), respectively, with either
cow’s milk extract or standard solutions of caseins
(Merck), a-la (Fluka), B-1g (Fluka) or BSA (Merck)
in four separate dosages. Each of the five
above-mentioned protein solutions wds injected
either into two rabbits or 10-12 mice. The first
injection was with Freund’s complete adjuvant and
the others with Freund’s incomplete adjuvant
(Sigma). The amount of protein injected into
rabbits was 1.5mg for the first two injections and
Img for the last two injections. The amount of
protein injected into mice was 200ug, 100ug, 100ug
and 50ug in four injections. The time interval
between injections was two weeks for the second
injection and one week for the otherst!?). Two days
after the last injection, rabbits were bled through
cardiac puncture while mice were bled by
retro-orbital bleeding. Whole blood was allowed to
clot at room temperature for 1 hour before
centrifugation at 1300g for 13min to obtain serum.
Serum samples from each animal model, within
protein injections, were pooled together to give a
total of five serum samples for each animal model.

Enzvme-linked immunosorbent assay (LEISA)
for antibody titration

Wells of a 96 well microplate (Nunc) were coated
with 100ul of protein solution containing 10zg/mi
of cow’s milk extract, fS-lactoglobulin (B-1g), or
bovine serum albumin (BSA), 5ug/ml of cascins or
201 g/ml of a-lactalbumin (a-1a) in PBS. The coating
was done at 4°C overnight (~16 hr). After washing
with PBS/Tween 20 (PBST), serial dilutions were
made from the anti sera prepared in the previous
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stage. The plate was then incubated for onc hour at

room tcmperature. The plate was washed again with
PBST a4nd then 100ul sheep anti-rabbit  or
anti-mouse  Ig  conjugated  with  horscradish
perogidase (HRP) (Sigma) diluted with PSBT to
1:5000 was transferred 1o the wells. After an hour of
incubation period, wells were washed and 100ul of
the O-phenylene diamine (OPD) in citrate bufler
was then added to each well. Optical density was
read using a plate reader (Organon Technicy,
Reader 210) at 492 nm. All tests were done in
duplicate.

SDS-PAGE and Western bloting

Electrophoresis was performed with 3% stalking
gel and 6-20%. gradient running gel, 25mA for ~
6hr at room temperature. The amount and volume
of protein solution transferred to each well were ~
5-15ug and 25-50ul, respectively. To compare the
protein distribution of whole cow’s milk with the
extract by electrophoresis, 20zl cow’s milk was
diluted with 80ul sample buffer and heated in
boiling water for 3 min; 10ul was then loaded on to
the gel. The gel was then stained with Coomassie
blue. This method has been used successfully for
human milk electrophoresis!V). Western blotting
was done with a current of 45SmA for~16hr at room
temperature. Samples blotted on nitrocellulose were
incubated with rabbit or mouse anti sera overnight
at 4°C with gentle shaking on shaking rotator. At
least four times the titer found for each anti serum
in the ELISA was used in this stage. Nitrocellulose
stripes werc then incubated with shecp anti-rabbit
or anit-mouse Ig/HRP for 90 minutes on a shaking
rotator at room temperature. Bands were developed
on the stripes using 3,3'-diaminobenzidine (DAB)
substrate (Sigma).

RESULTS AND DISCUSSION

All proteins found in cow’s milk were present in
the extract (fig. 1). In ELISA, the highest serum
titer was against casein and BSA in both animal
models (fig. 2). In Western blotting, rabbit anti
serum could detect four proteins i.e.; BSA, caseins,
B-lg and «-la but only BSA and cascins were
detected using mouse anti serum (fig. 3 and 4).
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Figure 1. Electrophoretic pattern of cow’s milk (lane 1) and cow’s milk extract (lane 2). All proteins in the milk are present in

the extract with the same proportion.
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Figure 2. Serum antibody titers against (1) cow's milk extract: (2) cascins: (3) alpha-lactalbumin; (4) beta- lactoglobulin and
(5) bovine serum albumin in rabbits and BALB/C mice. The highest serum antibody titers were found against caseins in both

animalt models.
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Figure 3. Western biotting with rabbit  pooled serum
agamnst whole nulk crude extract (fane 1) and four pure
standard proteins of the cow’s nulk. As it is seen in the
lanc 1. rabbit pooled serum could detect four major
proteins 1 cow's milk ncluding bovine serum albumin
(BSA). caseins, betadactoglobutin (#-1g) and alpha-
lactalbunun (ce-la). Lape 2. caseins: lape 3, a-la: lane 4,

f-1g (isoforms A and BY; lane 5. BSA. Sce text for details.
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Figure 4. Western blotting with BALB/C pooled serum
against cow’s milk whole proteins (lane 1) and purified
standard proteins. As 1t as seen in the first fane. BALB/C
poofed scrum could detect BSA and cascins out of four
major proteins of cow’s milk. Lane 2, pure caseins: lane 3.
pure beta-lactogiobulin (1soforms A and B): lane 4, pure

alpha-lactoglobuling lane 5. pure BSA. Sce text for detals.
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Allergenicity of a4 protein depends on  such
multiple factors as stabihity to digestion and the
interactuon with the mtestinal environment. Highly
complex  ntcractions  exist between  antigens,
intestinal epithchhum and the underlying immunc
system'!"). Indeed the intestinal cells are able 1o
take up dand process proteins and possibly to present
them directlv 10 the mucosal lvmphocviest!. On the
other  hand, pathophysiological  conditions  can
modify these interactions. Most of the infant
lormulas uscd for feeding children not allergic 1o
cow's milk arc produced by sprav-drving homogcenized
milk. 1t was shown that homogemzation ncreases
the ability of milk to induce anaphyvlactic shock in
animal modelst™,

It would thercfore be reasonable 10 test
antigenicity ol the hypoallergenic formulas being
imported to the Irantan market. There arc a large
number of methods to assess antigenicity of food
proteins based on the varioius immunc responses
lcading to intestinal or extra-digestive pathologics®™).
Western blotung has been used by several
investigators 1o evaluate food antigenicity!!®1%) |n
this study we compared two animal modcls, rabbit
and BALB/C mouse, 1o assess the antigenicity of
cow’s milk proteins. The rabbit hyperimmunization
model  has  previously  been used to  evaluate
candidate hypouliergenic protein ingredients. Use of
the modcl has been cexpanded 1o include the
eviluation of protein hydrolysate formulas/”). In
our modcls, rabbit scemed more sensttive than
mouse, as judged by Western blotting. On the other
hand, albumin and mmmunoglobulin (Ig) are the
most hcat-labile milk antigens though they are not
totally destroyed by pasteurization and are among
cow’s milk major antigens™™. Though BSA has the
lcast amount i cow’s milk (only 1% of total
protein compared 10 9, 3 and 2% for f-lg, «-1a and
Ig, respectively)!™), it showed highest antigenicity,
alter caseins, in our animal modcls. Further studies
may be nceded to assess the antigenicity and
allergenicity of this protein in the amount and
proportion present in children’s {ood.
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