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(57) ABSTRACT

The invention is based on the discovery that certain variants
of P-casein may induce Type-1 diabetes in susceptible
individuals while other variants do not. The invention con-
sists of the selection of non-diabetogenic milk producing
cows and recovering and processing their milk and milk
products. Another aspect of the invention is selectively
breeding cows which produce the non-diabetogenic milk.
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METHOD OF SELECTING
NON-DIABETOGENIC MILK OR MILK
PRODUCTS AND MILK OR MILK
PRODUCTS SO SELECTED

This is a division of application Ser. No. 08/836,778 filed
on Aug. 8, 1997 now U.S. Pat. No. 6,451,368 issued Sept.
17, 2002, which is a national phase application filed under
35 U.S.C. §371 of International Application Number PCT/
NZ95/00114 filed on Nov. 5, 1995, which claims priority to
New Zealand Application No. 264862 filed on Nov. 4, 1994.

TECHNICAL FIELD

This invention relates to a method for avoiding the
triggering of Type 1 diabetes in humans by the ingestion of
milk or milk products. More particularly, the method relates
to the selection of milk which does not contain a diabeto-
genic factor by selecting cows producing milk which con-
tains any variant of p-casein which does not stimulate
diabetogenic activity in humans (a non-diabetogenic vari-
ant) to the exclusion of any variant of -casein which does
stimulate diabetogenic activity in humans (a diabetogenic
variant).

BACKGROUND ART

Type 1 diabetes occurs in individuals who are genetically
susceptible. However, even in identical twins, diabetes-may
occur in one and not in the other. The present invention relies
upon the discovery of an environmental trigger for Type 1
diabetes which operates very early in life.

The evidence that this environmental trigger is to be
found in cows milk is based on epidemiological (Leslie et al,
1994), ecological (Virtanen et al, 1993) and animal experi-
mental evidence (Elliott & Martin, 1984 and Elliott 1992).
The diabetogenic factor of the milk appears to be in the
casein fraction (Elliott et al, 1992), at least in the non-obese
diabetic (NOD) mouse. Whey protein does not appear to,
contain any diabetogenic component (Elliott et al, 1992). It
has been suggested that bovine serum albumin (BSA), a
protein found in the whey fraction of cows milk is the
diabetogenic component of cows milk (Sheard, 1993). How-
ever, a review of the evidence supporting this theory does
not indicate that BSA was ever tested for diabetogenic
activity in the absence of p-casein.

International PCT Application WO95/10537 discloses a
method of producing denatured bovine serum albumin milk
products. It is stated that the consumption of denatured BSA
milk products tends to reduce the likelihood of a person
acquiring type 1 diabetes. However, there is no evidence
presented of any trials where either human or animal sub-
jects were fed milk or milk products with denatured BSA. It
relies upon the theory mentioned above that BSA is the
diabetogenic component of cows milk (Sheard, 1993). In
European Patent Application 629,350 there is described a
method of hydrolysing cows milk protein to produce a
hydrolysates substantially free of allergenic proteins. The
hydrolysate also is suggested to be useful in the prophylaxis
and treatment of type 1 diabetes melitis in children suscep-
tible to such disease. In the description on page 6 of that
specification it is suggested that BSA may be a trigger to the
immune system. However, there are no examples in the
patent specification and no reference to any papers showing
any direct evidence of this suggestion.

In South African patent specifications 61/1804 laid open
on 28 Jun. 1961, 61/2068 laid open on 20 Sep. 1961 and
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62/600 laid open on 4 Jul. 1962 there are described com-
positions alleged to be cures for diabetes. There are no
examples, of any trials in support of these assertions. The
compositions consist of casein as a base and fruit and leaves
of South Africa plants. It is inferable from the description
that the active ingredient is the plant material and there is no
mention that casein has any role in causing or curing
diabetes.

We have now tested the Al and A2 variants of p-casein
and a whey protein on NOD mice and found that the Al
variant does have diabetogenic activity while the A2 variant
and whey protein do not show diabetogenic activity.

It is an object of one aspect of the invention to use this
finding to go some way to selecting milk and milk products
which do not contain a diabetogenic factor in such milk or
milk product or at least to offer the public a useful choice.

It is an object of another aspect of this invention to go
some way towards selectively breeding cows and bulls
whose offspring produce milk which is not diabetogenic or
which at least offers the public a useful choice.

DISCLOSURE OF THE INVENTION

Accordingly, the invention may be said broadly to consist
in a method of selecting milk for feeding to diabetes
susceptible individuals which comprises testing milk from
identified cows for the presence of variants of [3-casein and
selecting those cows whose milk contains any non-diabeto-
genic variant and does not contain any diabetogenic variant,
and milking separately the non-diabetogenic variant milk
producing cows and recovering and maintaining their milk
separately from milk from any other source.

Preferably said non-diabetogenic variant is the A2 variant
of B-casein.

Alternatively said non-diabetogenic variant is the A3, D
or E variant of p-casein.

Preferably said diabetogenic variant is the Al variant of
[p-casein.

Alternatively, said diabetogenic variant is any one of the
B, C and F variants.

Preferably, said recovered milk is tested for the presence
of any diabetogenic variant and discarded if any is found.

Alternatively, said method of testing, comprises the use of
mass spectrometry.

In one embodiment said mass spectrometry comprises
electro spray eionisation mass spectrometry.

Alternatively, said mass spectrometry comprises fast-
atomic bombardment mass spectrometry.

Preferably, said method of testing comprises polyacryla-
mide gel electrophoresis using an acid urea gel.

Preferably, said process includes the additional step of
processing said milk into milk products.

There are a large number of processes known to those
skilled in the art for converting milk into milk products.
These range from separating cream from whole milk to
produce skim milk through to the use of microfiltration and
ultrafiltration to produce a wide range of products such as
those described in international application PCT/NZ95/
00086, the specification, claims and drawings of which are
incorporated herewith by reference.

One particular product of interest from the aforemen-
tioned international application is milk protein concentrate.
This may be prepared by other processes such as that
described in IDF Special Issue No. 9201, (1991), Chapter 5
entitled “Milk Protein Concentrate”, A. Novak.
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Another milk product according to the invention is casein
derived from non-diabetogenic milk by any well known
casein producing process such as described in Southward et
al, 1980.

The invention may be said broadly to consist in milk
selected according to the process herein above defined.

The invention may also be said broadly to consist in a
non-diabetogenic milk product prepared by any one of the
processes described herein above.

The invention may also be said broadly to consist in a
method for reducing the risk of contracting type 1 diabetes
in a susceptible individual which comprises restricting the
milk or milk product intake of that individual to milk
containing only a non-diabetic variant of beta casein.

Preferably, said susceptible individual is an infant or
young child.

The invention may also be said broadly to consist in a
method of selecting milk for feeding to a Type-1 diabetes
susceptible individual which comprises testing milk from
identified cows for the presence of the hexapeptide Pro-Gly-
Pro-Ile-His-Asn (SEQ ID NO: 1), or a protein fragment
containing the hexapeptide Pro-Gly-Pro-Ile-His-Asn (SEQ
ID NO: 1) and selecting those cows whose mild does not
contain said hexapeptide or said protein fragment containing
said hexapeptide, and milking separately the cow whose
milk does not contain the said hexapeptide or said protein
fragment containing said hexapeptide and maintaining their
milks separately from milk from any other source.

Preferably, said separated milk is also tested for the
presence of said hexapeptide or said protein fragment con-
taining said hexapeptide and any milk which does contain
said hexapeptide or said protein containing hexapeptide is
discarded.

Preferably, the method of testing for said hexapeptide is
by using chromatographic purification of said hexapeptide
followed by amino acid sequencing.

Preferably, said process includes the additional step of
processing said milk into milk products.

The invention may be said broadly to consist in milk
selected according to the process herein above defined.

The invention may also be said broadly to consist in a
non-diabetogenic milk product prepared by any one of the
processes described herein above.

Preferably, said susceptible individual is an infant or
young child.

In another embodiment the invention may be said broadly
to consist in a method for selecting breeding cows which
produce daughters whose milk is not diabetogenic to sus-
ceptible children which comprises determining the genotype
of said cows and selecting those whose daughters produce
milk which does not contain the diabetogenic factor present
in p-casein.

Alternatively, the invention may be said broadly to consist
in a process for selectively breeding bulls which produce
daughters whose milk does not contain the diabetogenic
factor present in f§-casein which comprises determining the
genotype of said bulls and selecting those which daughters
which produce milk which does not contain the diabetogenic
factor present in f-casein.

Preferably, the phenotyping of daughters to determine the
genotype of said bull is done by testing the milk of said
daughters for absence of diabetogenic variants of f-casein
and the presence of non-diabetogenic variants of f-casein.

Alternatively, said cows or bulls are genotyped directly by
using appropriate probes and polymerase chain reaction
technology.
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In another embodiment the invention may be said broadly
to consist in cows selected in accordance with the immedi-
ately preceding method.

In a still further embodiment the invention may be said
broadly to consist in bulls selected in accordance with the
above defined method.

In a still further embodiment the invention may be said
broadly to consist in semen of bulls selected in accordance
with the above defined method.

In an alternative to any of the above processes or products
the milk or milk product is goat’s milk or milk product,
sheep’s milk or milk product, buffalo’s milk or milk product,
or milk or milk product from any other mammal which is fit
for human consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a photograph of PAGE bands of p-casein
variants.

FIG. 2 is a protein sequence representation of the bovine
p-casein Al variant (SEQ ID NO: 2).

FIG. 3 is a bar graph of differences in antibody levels to
mixed [-casein variants in human patients of different ages
with recently diagnosed diabetes against controls.

MODES OF CARRYING OUT THE INVENTION

Milk Protein Polymorphism

Following the initial discovery by Aschaffenburg and
Drewry (1955) that the major whey protein in milk, p-lac-
toglobulin is found in a number of variant forms, all major
milk proteins (o, -casein, dg,-casein, [-casein, K-casein
and a-lactalbumin) are now also known to exist as a number
of variant protein species, due to genetic polymorphism at
the gene loci coding for these proteins (Grosclaude, 1988,
Ng-Kwai-Hang and Grosclaude, 1992). The primary
sequences of the casein proteins and a comprehensive list of
the amino acid sequence changes that give rise to the variant
forms of these proteins is given by Swaisgood (1992),
Ng-Kwai-Hang and Grosclaude (1992) and Visser et al
(1995). The protein p-casein has eight variant forms:

AlA2A3BCDEF

As highlighted by Ng-Kwai-Hang and Grosclaude (1992)
the A2 variant is considered to be the original variant type
of the Genus Bos.

Because the milk protein genes are expressed codomi-
nantly (Mepham et al, 1992), individual cows produce milk
containing either a single variant form of f-casein (A1Al,
A2A2, A3A3 phenotype cows etc) or a mixture of two
variant forms of f-casein (A1A2, A1A3, A2A3 phenotype
cows etc). The frequency of -casein phenotypes in a sample
population of New Zealand dairy cows expressed as per-
centages is set out in Table 1.

TABLE 1
Phenotype
Al- Al- Al- A2- A2-
Breed Al A2 A3 AIB A2 A3 A2B BB
Friesian 21 43 01 s 24 016 56 04
Jersey 0 9 0 5 46 0 34 6
The predominant -casein variant from the Indian cow

(Bos indicus) is identical in its amino acid sequence to the

A2 variant of the common dairy cow (Bos taurus). The
Maasai people of Central Africa drink large quantities of
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cows milk from Bos indicus from very early life, but do not
develop diabetes, whereas Finnish people who drink simi-
larly large quantities of milk from mixed Bos taurus herds
have a very high diabetes incidence.

Although the examples of this specification relate to milk
from cows there is no reason to doubt that the processes and
products described are equally applicable to milk from any
mammalian source which is fit for human consumption.

EXAMPLE 1

Finnish and Samoan Diets Fed to NOD Mice

Based on these observations we have assessed the effect
of human infant diets given to 1 year old normal Finnish
children (who have a subsequent risk rate of diabetes of
40/100,000/yr in the following 15 years), and similar diets
collected from Samoan children (in which the subsequent
expected diabetes incidence is <1/100,000/yr) on the diabe-
tes prone NOD mouse.

Diets from Finnish and W. Samoan children were col-
lected from 10 children from each location. The children
were 10-14 months old. The families were cooperative
middle-class and the collections were supervised by a
trained dietitian, who also asked the parents to provide a
record of the types and quantities of food given.

As each portion of food or drink was given to the infant
a similar quantity was placed in a container. This was kept
frozen until a total of 10 days equivalent food was collected.
Thereafter the food was freeze dried and then shipped to
New Zealand. The food was sterilized by gamma radiation
before being given to the mice.

Children in these two groups consumed <100 ml and >500
ml of cows milk per day respectively in Samoa and Finland.

The diets were then fed to groups of NOD mice from
weaning either as the sole dietary or as a 10% w/w addition
to a soy based infant formula Prosobee™ previously shown
not to cause diabetes in this strain of mouse. The diabetes
incidence in the succeeding 250 days was then assessed. The
results are shown in Table 2. The Finnish diet is more (about
threefold) diabetogenic than the Samoan diet and this cor-
responds approximately to the relative proportion of cows
milk in the two diets.

TABLE 2

Effect of duplicate infant diets from Finland and
Western Samoa on diabetes incidence in NOD mice
fed these diets from weaning

No. of
Animals
Developing “p* Value
No. of Diabetes by (Fisher Exact
Diet Animals 250 days % Test)
1 a) Western Samoan diet 24 14 58 avb
b) Finnish diet 20 16 80 0.112
2 a) 10% Western Samoan 43 4 9 avb
diet in Prosobee ™ IF .0007*
b) 10% Finnish diet in 39 13 33
Prosobee ™ IF
3 Prosobee ™ IF alone 33 0 0 Prosobee ™
IF v2a.113
Prosobee ™
IF v2b.00Q*

The “p” value is the statistical estimate of the strength of
the observation that there is a difference between the two
groups. In general a “p” value of less than 0.05 is accepted
as highly significant, and has been asterisked. The other
symbols in each box refer to the comparison being made e.g.
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in the first box “a” refers to 1a i.e. the proportion 14/24 and
the symbol “b” to the proportion 16/20 the “v” is merely
“versus”. In this instance the p value of 0.112 means that this
result could have arisen by chance 11.2 times out of 100. IF
means infant formula.

EXAMPLE 2
NOD Mice Fed Hydrolysed Casein and Casein
Similar groups of mice were fed a diet whose sole
nitrogen source was hydrolysed casein or casein itself. Only

the casein fed mice developed diabetes (Table 3).

TABLE 3

Effect of casein hydrolysed infant formula (Pregestimil ™) and similar
intact casein infant formula (Portagen ™) on diabetes incidence
in NOD mice fed these diets from weaning

No. of Animals “P” Value
No. of Developing (Fisher Exact
Type Animals Diabetes Percentage Test)
Hydrolysed 49 1 2 .001*
casein
Intact casein 29 8 28
EXAMPLE 3

NOD Mice Fed A, and A, Variants of Cow
p-Casein and Whey Proteins

Similar groups of mice were fed a diet of the soy infant
formula Prosobee™ and 10% W/W of:

a) p-casein Al variant,

b) p-casein A2 variant,

c¢) whey,

d) Bos indicus casein, or

e) a 50/50 mixture of P-casein Al variant/A2 variant.

The subsequent diabetes incidence in the groups is shown
in Table 4. The f-casein A1l variant precipitated diabetes in
9 or 20 cases, the A2 variants in no cases and the A1/A2
mixture in 4 of 20 cases. The result mid-way between the Al
and Al alone results is consistent with there being no
interaction between Al and A2. Only seven percent of the
whey protein fed mice developed diabetes.

TABLE 4

Effect of bovine p-casein Al and A2 variants and whey proteins on
diabetes incidencein NOD mice fed these proteins as 10% additions to
Prosobee ™ infant formula from weaning

Number of
Animals
Number Developing “P” Value
of Diabetes by 250 (Fisher Exact

Animals days Percentage Test)
a) 10% PB-casein 20 9 45 avb .001%*
Al variant ave .003*
b) 10% p-casein 18 0 0 bve N.S.
A2 variant
¢) 10% whey 29 2 7
d) 10% Bos 20 0 0 bvd N.S
indicus casein*
e) 10% PB-casein 20 4 20

A1/A2 variants
(equal mixture)

*Known to contain only the A2 variant (see Example 7)


















