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Summary

Background Extensively hydrolysed protein formulas are widely used as an alternative
diet for children with cow's milk allergy. Partially hydrolysed protein formulas have
been noted in some studies as useful in the prevention of allergy in infants at high risk
ofatopy. Although normally well tolerated, these •hypoailergenic' products have been
reported to cause serious immunologicai reactions in very sensitive subjects.
Objective Starting from these considerations, we studied some commercial hydrolysed
formulas in search of biological data supporting the observed clinical reactions.
Methods We set up an electrophoretic method sodium dodeeyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) which allowed us to study the molecular weight of
peptides contained in hydrolysed products. Then, using the immunobiotting technique
we evaluated the reactivity of circulating IgE (from serum of children allergic to cow's
milk proteins) with the residual intact proteins and with the peptides present in these
formulas.

Results Both group of milk proteins (caseins and whey proteins) were important
allergens for children included in this study. The presence of high-molecular polypep-
tides was shown in partial hydrolysed formulas as such and in extensive hydrolysed
products after protein enrichment by trichloroacetic acid (TCA) precipitation. Intact
residual proteins were mainly responsible for the formation of IgE-antigen complexes
observed in immunoblotting. More rarely, polypeptides of partial hydrolysed formulas
were involved in immunological responses.
Conclusions Both partial and extensive hydrolysed formulas could induce clinical
reactions in very sensitive subjects. These responses are mainly associated with allergy
to the small amounts of residual intact proteins.
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Introduction common in the first year of life, although its real
„ , . , , , , „ , „ ,. , „ incidence is controversial [1-51.
Cow s milk-based formulas are successfully used for ^ . - • < : • . • j

, , , I- , , . , Soy was one ot the nrst alternatives suggested as a
many infants who cannot be breastfed, but special . . , ,, . r. , L . .L •

r. , , • I . I protein source in hypoailergenic formulas, but there is
formulas are necessary for those subiects who develop . , , ,„ _„,,, c . TJ -.U - >• n

, ... . _, . ^ , , . . evidence that 10 20% of children with cow s milk allergy
allergy to cow s milk proteins, lhis pathology is quite , , . • - • ^ t^ ,\^ -r^

do not tolerate soy derivatives either 16-9]. Ihe most
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tbe allergenicity of proteins (extensive hydrolysates) or to
redtice the antigenic load and the risk of sensitization
(partial hydrolysates).

Some clinical studies, performed in children witb IgE-
mediated cow"s milk allergy, showed a crossreactivity
between different hydrolysed formulas and cow's milk
proteins. This evidence was confirmed by different tests :
skin-prick test (SPT). radioallergosorbent test (RAST) and
double-blind placebo controlled food challenge (DBPCFC)
[10-12], Cases of anaphylaetic reactions to extensively
hydrolysed formulas have also been reported [13 15].

Since it has been detnonstrated that peptides of 13 17
amino acids are able, when associated with MHC {Major
Histocompatibility Complex) class II molecules, to
stimulate specific T cell clones (16], we believe ihat it is
not safe or biologically justifiable to base the definition of
'hypoallergenic' only on the low amount of high-
molecular weight (mol. wt.) polypeptides present in
hydrolysed formulas after the enzymatic treatment.

Starting from these considerations and in search of
biological data supporting the clinical reactions to
hypoaliergenic formulas, we developed a method able
to evaluate: the presence of residual cow's milk proteins
after industrial hydrolysis; the mol.wt. distribution of
oligo and polypeptides present in different commercial
formulas (both partially and extensively hydrolysed); the
antigenicity of these proteins and/or polypeptidic frag-
ments, using immunoblotting and the serum of cow's
milk allergic children.

Materials and methods

Purified milk proteins

Purified cow's milk proteins were purchased from
Sigma Chemical Co. (St Louis. MO. USA) at the highest
available purification level and with the following che-
mical characteristics; a^-casein (lyophilized powder,
chroma-tographically purified; approximately 85% by
PAGE); /:(-casein (lyophiiized powder; minimum 90%
byeleclrophoresis);K-casein (lyophilized powder; mini-
mum 80% by electrophoresis); o-lactalbumin (lyophi-
lized powder; approximately 85% by electrophoresis);
/i-lactoglobulin (3 x crystallized and lyophilized);
bovine serum albumin (BSA) (essentially globulin free;
lyophilized powder; approximately 99% by agarose
electrophoresis).

Chemically enriched .'i -H 7-caseins were prepared by
ourselves from a total casein extract [17]. following the
fractionated precipitation method of Tripathi and
Gehrke [18]. Purified proteins were suspended in
sample buffer (see SDS-Electrophoresis section) at the
final concentration of 0 5-1 mg/mL.

Milk formulas

Samples used in this study included one formula for
newborn, containing cow's milk proteins, and six (three
partially and three extensively) hydrolysed formulas,
with the following characteristics : Vivena 2 (VV. Diet-
erba. a conventional cow's milk base formula, containing
70% and 30% caseins and whey proteins respectively);
Alfare (AL. Nestle, an extensive whey hydrolysate);
Humana HA (HHA. Humana, partial whey hydroly-
sate); Nidina HA (NHA, Nestle, a partial whey hydro-
lysate); Nutramigen (NT. Mead Johnson, an extensive
casein hydrolysate); Pepti Junior (PJ. Nutricia. an exten-
sive whey hydrolysate with short-chain peptides):
Pregomin (PR. Milupa, a partial soy-bovine collagen
hydrolysate).

Protein precipitation with trichloroacetic acid (TCA)

Both hydrolysed and non-hydrolysed formulas were
weighed in 50 mL centrifuge tubes and suspended in
TCA (20% final) at the following concentrations: 40
mg/mL for hydrolysed and 6 mg/mL for non-hydro-
lysed samples. After 30' at 4 C. samples were centrifuged
(J2-21 Centrifuge. Beckman Instruments. Inc.. Palo
Alto. CA. USA) for 30' at 4 C and 10000 rpm. Pellets
were washed three times with acetone, and finally freeze-
dried (Modulyo. Edwards Alto Vuoto. Trezzano sul
Naviglio. Italy). The tyophilized products were sus-
pended in sample buffer (3 mg/mL) (see SDS-Electro-
phoresis section) and loaded onto the electrophoretic
gel.

Sodium dodecyl sulfatc-polyacrylamide gel electrophoresis
(SDS-PAGE)

All chemicals and instruments used in the electrophoretic
analyses were purchased from Bio-Rad (Richmond. CA.
USA). Before performing the electrophoretic run. sam-
ples were suspended in sample buffer (0 25M Tris-HCI
buffer. pH - 6 8. containing 7 5% glycerol. 2% SDS, and
5% ^:J-mercaptoethanol) and heated for 10 min at lOO'̂ C.
After the electrophoretic run (90 V at room temperature,
for approximately 6h), gels were dyed with Coomassie
Brilliant Blue G-250 according to the method of Neuhoff
ct ai. [IS], and analysed with a laser densitometer
(Ultroscan XL. LKB. Bromma. Sweden). Densitome-
tries were elaborated with the LKB 2400 Gel Scan XL
software package. Molecular weight standard solution
(Broad range) was purchased from BioRad and contained:
rabbit skeletal muscle myosin (mol.wt. = 200 000);
Escherichia coli ^^-galactosidase (mol.wt. = 116250);
rabbit muscle phosphorylase b (mol.wt. = 97400);
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Table L Specificity of circulating IgE detected by RAST
(n= 12)

Milk proteins

Q-Lactalbumin

/3-Lactoglobulin

Caseins

Class IV
Class III
Class II
Class 1
Class 0

Class IV
Class III
Class II
Class I
Class 0

Class V
Class IV
Class III

Number of subjects
(H = 12)

2
2
5
2
1

1
1
6
1
3

3
3
6

bovine serum albumin (BSA. mo].wt. = 66200); hen egg
white ovalbumin {mol,wt,= 42 700): bovine carbonic
anhydrase (mol.wt, ^31 000); soybean trypsin inhibitor
(mol,wt. ^ 21500); white hen egg lysozyme (mol.
wt. •= 14400); bovine pancreas aprotin (mol.wt. ^ 6500).

Fig. 1. - SDS-PAGE of milk proteins. CS. casein. ri-LA. a-
lactalbumin. ,iif-LG. /ii-lactoglobulin. BSA. bovine serum albu-
min. VV. Vivena 2 MK. MW standard solution.

Clinical data

Serum samples were from atopic children (seven males
and five females, age ranging from 5 months to 6 years,
mean age 2-3 years), with RAST positivity to cow's milk
proteins; the class of RAST positivity to different cow
milk proteins is shown in Table I.

As a negative control, sera of 10 children allergic to
foods other than milk and four non-allergic adult sub-
jects were used.

Results

Immunoblotting

After SDS-PAGE, transfer of proteins from the gel onto
the polyvinylidene difluoride (PVDF, Immobilon P;
Millipore, Bedford, MA, USA) membrane is achieved
by eleclrophoretic elution (wet transfer). The transfer
buffer was: Tris 25 mM, glycine 193 mM and methanol
20%, To verify the protein transfer, a solution of 0 2 %
Ponceau S (in 3% TCA and 3% sulfosalicylic acid) was
used. After the destaining, PVDF membranes were
blocked with 1% and washed three times with 0 25%
gelatin (Bio Rad) solution (in 150 mM NaCl, 5mM
EDTA, 50 mM Tris, 0 05% TRITON-X) to prevent
non-specific adsorption of the immunological reagents.
Membrane was then immersed in 10 ml of 0-25% gelatin
solution, containing 0 3 n:iL of serum from allergic
children, Antigen-IgE complex was detected using anti-
human IgE antibodies labeled with alkaline phospha-
tase; finally after incubation in the bromochloroindolyl
phosphate/nitro blue tetrazohum (BCIP/NBT) solution,
an intense black-purple precipitate developed at the site
of enzyme binding. When unspecified, chemicals were
from Merck (Darmstadt. Germany),

SDS-FAGE

In order to obtain both a good separation of milk
proteins and the analysis of a wide molecular weight
range, we set up an electrophoretic method based on a
gradient running gel. Starting from a previously pub-
lished method [20], the composition of electrophoretic
gels were modified as follows: gradient running gel:
9-19% acrylamide; 0 0 8 - 0 1 7 % bis-acryiamide; 0 36M
Tris (hydroxymethyl) aminomethane (TRIS)-HCl
buffer. pH = 8-8; 35% glycerol; 0 1 % SDS; 0 02%
ammonium persulfate; and 0-15yo N,N,N',N'-tetra-
methylenediamine (TEMED), Bromophenol Blue was
added to the gel as a run marker stacking gel: 3 5%
acryiamide; 0 09% bis-acrylamide; 0125 M Tris-HCl
buffer. pH = 6 8; 0 1 % SDS; 0-02% ammonium persul-
fate; and 015% TEMED,

Milk protein separation

The electrophoretic distribution of milk proteins in the
9-19% gradient-gel is shown in Fig, 1.

The different caseins are well separated although they
do not always migrate in relation to their mol. wt., as
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(8) Table 2. Specificity of circulating IgE detected by immunoblotling

BSA a-CS!l-CS [i+y

cs
n-LA p-LG VV

(b)

VV BSA a-LA p-LG a-CS P-CS p+7 k-CS
CS

Fig. 2. Immunoblotting of purified milk proteins. The serum
used was from two children allergic to cow's milk (abbrevia-
tions as in Fig. I).

expected in a SDS-PAGE. In fact, in spite of their very
close mol.wts.. <i^ (23 600) and .^(24 000) caseins migrate
differently in the gel. The other caseins and whey proteins
(a-laetalbumin, /:*-lactoglobuiin and BSA) regularly run
according to their molectilar weights. In li + 7-casein
sample, three major bands are visible: from the gel start
they correspond to ii, -71 and 72-.1 caseins. The K-casein
shows some heterogenic fractions.

Reactivity of circulating IgE against purified cow s milk
proteins in immunoblotting

Immunoblottings of two of the 12 children included in

Milk proteins

Caseins

Whey proteins

Number

a-casein
^-casein
-y-caseins
K-casein

n-iacta!bumin
/i-iactoglobulin
BSA

of positive responses
(« = 12)

12
12
8
7

U

11
6
5
5

this study are shown in Fig. 2. Child I reacts strongly to
a-casein. K-casein and /:f-!actoglobulin. and moderately
to /i and 7 caseins; child 2 is highly positive to a-casein,
k-casein and BSA. mild response was observed for 0- and
7-caseins. In the milk sample (Vivena 2 [conventional
milk base formula]) the reactivity to the different aller-
gens is clearly visible. Immunological responses of the 12
children included in the study are reported in Table 2.

Results are in agreement with RAST positivity; in fact
caseins seem to be the most important milk allergens for
these children. Comparable responses were also obtained
with whey proteins. The specificity of binding to the
different transferred fractions was demonstrated per-
forming the immunobiotting in the same experimental
conditions and using the sera of 10 allergic children
(allergic to foods other than milk) and of four adult
non-allergic subjects (of our laboratory). No positive
response was observed.

Thanks to the high specificity ofthe test, immunoblot-
ting permits an easy identification of responses to
different milk proteins. In particular, n and K-easeins
are the strongest allergens. Moreover. BSA (not tested in
RAST) represents an important allergen for five of the
children included in this study.

SDS-PAGE of hydrolysed formulas

When 'hypoallergenic-hypoantigenic' samples as such
are loaded on SDS-PAGE gel. the presence of protein
bands is observed only in full milk (Vivena 2) and
partially hydrolysed formulas, that is Humana HA.
Nidina HA (partial whey hydrolysates) and Pregomin
(partial soy-coilagen hydroiysate) (gel not shown). After
enriching of the protein fraction by TCA precipitation,
each milk formula is visible in SDS-PAGE with a
characteristic pattern (Fig. 3). As expected, partial
hydrolysed formulas present the higher amount of
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MW
kDa

2000 -

97.4 - - - ^ N

66 2 ' . .

42 7 -

31 0 -

2 1 - 5 -
14.4 -
6-5 -

MK HHA
6mg 1 mg

AL NHA PR
20 mg 10 mg 20 mg

NT
66 mg

PJ
100 mg

Fig. 3. SDS-PAGE of hydrolysed formulas after protein
enrichtnent hy TCA precipitation (abbreviations as in Materi-
als and Methods section). The quantities (mg of formula as
such, before of TCA precipitation) loaded onto the gel are
reported.

polypeptides. while extensively hydrolysed products
(Alfare; Nutramiger and Pepti Junior) show a lower
residue, often concentrated in only a few proteic bands.
The polypeptides present in the analysed formulas show
the following molecular weight distribution;

HHA a diffused area ranging from 71000 and
6000 Da, with two important bands corre-
sponding to whey proteins;

NHA a diffused area ranging from 35 000 to <
6500 Da (approximately 2500 Da), without
well defined bands;

PR a diffused area between 20000 and <
6500 Da (approximately 3000 Da), with a
band of precipitation close to 14000 Da;

AL a low quantity of protein associated to six
major bands; three of them corresponding to
a. /^-casein and a-lactalbumin

NT a diffused area with two major bands having
mol.wt. - 18 000 and 5500 Da;

PJ several well defined bands concentrated in the
area of whey proteins; the most itnportant
band corresponds to n-lactalbumin.

Reactivity of circulating IgE against TCA-precipitated
formulas in immunoblotting

When immunoblotting was performed after the SDS-
PAGE of TCA-precipitated formulas, a well defined IgE-
antigen complex was often observed for both partial and
extensive hydrolysed satnples. Figure 4 illustrates the
response obtained with the serutn of two children
previously used for the immunoblolting with purified

vv AL a+[l HHA
CS

NT PR PJ

PJ NT PR HHA AL NHA VVp7
CS

a-CS
ttLA

Hg. 4. Immunoblotting of hydrolysed formulas. The serum
used was from the same children of immunoblottings shown in
Fig. 2

cow's milk proteins (Fig. 2). In this tnembrane, responses
to Alfare (mainly o-casein). Humana HA ((t-casein and
^-lactoglobulin) and Pepti Junior (d-casein and i:^-lacto-
globulin) are clear for child L Child 2 reacts mainly to
Alfare (o-casein).

The responses of the 12 children included in our study
are shown in Table 3. No positive response was found
when non-specific binding was investigated. Generally
the most severe responses involve the residual intact milk
proteins, but in some cases (especially in partial hydro-
lysates HHA and NHA) IgE complexes with poly-
peptidic fragments are also detectable.

DISCUSSION

Usually electrophoretic separation of caseins is peribrmed
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Table 3. Positive responses to hydrolysed formulas obtained by immunoblotting

Milk formula

Milk protein formula

Vivena 2

Partial hydrolysed formula.'!

Humana HA
Nidina HA
Pregomin

Extensive hydrolysed formulas

Alfare
Nutramigen
Pepti Junior

Protein source

Full milk

Whey
Whey

Soy-collagen

Whey
Casein
Whey

Positive responses
(n=12)

12

5
4
1

%
3
4

by UREA-PAGE [21]. where caseins move according to
their specific ionic charge, and caseins are named rv, 13
and -y in order of their decreasing electrophoretic mobi-
lity.

Since the aim of our study was to analyse the mole-
cular weight distribution in milk powder and in hydro-
iysed protein formulas (hypoailergenic preparations), we
could not use UREA-PAGE; in fact this technique does
not allow the separation of proteins on the basis of their
molecular weights. To reach both the resolution of milk
proteins and the analysis of a wide range of molecular
weight, we developed an SDS-PAGE, where the run was
performed in a gradient of 9-19% acrylamide.

In these electrophoretic conditions, all milk proteins
are well separated and in general their mobility is
inversely proportional to the molecular weights, as
expected in the SDS-PAGE. The only exceptions to
this rule are a^ and /:*-caseins, which present different
mobilities in spite of their very close molcular weights.
This behaviour could be explained by the presence ofa
different number of phosphorylated groups (8 vs 5,
respectively), which modify the binding of SDS to the
two proteins. On the other hand, this anomaly is very
usefu] to us, since in the usual conditions, as and 0-
caseins could not be separated. Because of their very
close molecular weights, only caseins 72 and 7;i could not
be separated by this technique; finally the observed
heterogeneity of K-casein, due to the carbohydrate
moiety, is in agreement with previous studies [22, 23].

By immunoblotting, IgE-antigen complexes are clearly
identifiable and the responses illustrated in Fig. 2 and
Table 2 prove the high complexity associated with the

milk allergy. In fact both groups of milk proteins (caseins
and whey proteins) are important allergens for all ofthe
12 children included in this study; in particular, the most
important allergens are r^-casein (12/12 positive
responses) and K-casein (11/12 responses). The high
allergenicity of k-casein, which has not been previously
reported, could be associated with its glycoproteic nature
as shown for other food allergens [24]. The frequency of
positivity for casein in RAST and immunoblotting is
similar (12/12), while positivity for a-lactalbumin and 13-
lactoglobulin was respectively present in 11/12 and 9/12
children by RAST and in 6/12 and 5/12 by immuno-
blotting. This difference may be due to the structure
modification of proteins after SDS-treatment and to the
fact that only strong responses were considered positive
in immunoblotting.

The hydrolysed formulas, which are widely used as a
preventive or therapeutic diet for allergic children, have
often been criticized because of the clinical symptoma-
tology associated with their intake. These symptoms
could be caused by the residual presence of intact
proteins or by the polypeptidic fragments, coming from
the hydrolytic processes, which could maintain the
antigenic activity. The presence of high-molecular poly-
peptides is easily identifiable in partial hydrolysed pro-
ducts (as expected), while to obtain the same result in
extensive hydrolysed products it is necessary to enrich
the protein fraction by TCA precipitation. By this
procedure, all formulas show the presence of residual
intact proteins with or without other high-molecular
weight hydrolytic products. In our conditions, intact
residual proteins are mainly responsible for the
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formation of IgE-antigen complexes. More rarely, poly-
peptides of partial hydrolysed formulas are involved in
itnmunological responses. The least immunogenic for-
mula in our study seems to be pregomin; this fact
correlates well with the composition of this specific
formula which is obtained by the hydrolysis of soya
proteins and collagen. The only positive response is
probably due to a polyallergy of the child who reacts
to soya and/or to collagen.

Considering the quantity of milk formula necessary to
show protein residue in SDS-PAGE (from 6 to 100 tng)
(see Fig. 3) and the quatitity of fonnula consumed daily
by a child (5-6 meals x 13-15 g/each) it is possible to
formulate two coticlusions: the presence of significant
amounts of intact proteins in partial hydrolysed formula
(especially Humana HA) makes their role highly ques-
tionable in allergy prevention; and although the quantity
of intact proteins present in extensive hydrolysed for-
mulas is tolerated by most children, it could be enough to
stimulate immunological responses in very sensitive
subjects. For this reason, a specific allergen identifica-
tion by SDS-PAGE and immunoblotting could represent
a useful screening test when a new milk fonnula must be
introduced in the diet of allergic subjects.

It seems important to underline that IgE-producing
plasma cells of allergic children are able to identify
caseins in whey-protein-hydrolysed formula (i.e. a-
casein in Alfare) and vice versa, showing that the
technological separation of caseins from the whey pro-
teins may not always be satisfactory.

In conclusion, the results here reported could contri-
bute to a better comprehension ofthe biological bases of
milk allergy. On the other hand, an improved knowledge
of specific antigenic detemiinants is, in our opinion, an
essential step to explain clinical reactions and formulate
new-alternative-well-tolerated diets. In fact, since aller-
genie potential seems to be associated almost exclusively
to the residual intact proteins, we could obtain the
production of formulas where only allergenie sequences
are elitninated. As a consequence, the nutritional value,
toierogenic activity and organolectic characteristics
could be itnproved by a reduced hydrolysis of proteins.
Finally, considering the significant difference between
human and cow's milk proteins, the use of a protein
source other than bovine milk could be justifiable.
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