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Cow’s milk and immune-mediated diabetes
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Cow’s milk-based infant formulas and cow’s milk consumption in childhood have been suggested
to promote the development of type 1 diabetes mellitus and other immune-mediated or
neurological diseases. Epidemiological studies in man have led to the hypothesis that introduction
of cow’s milk-based infant formula within the first 3 months of life is associated with increased
risk of type 1 diabetes mellitus. Furthermore, in animal models of type 1 diabetes mellitus, cow’s
milk proteins have been proven to be ‘diabetogenic’. However, the issue seems far from being
resolved. Several epidemiological studies and, more importantly, the first prospective trials did
not show an association between early exposure to cow’s milk and type 1 diabetes mellitus. In
animal models, cow’s milk proteins are modestly and variably diabetogenic, wheat or soyabean
proteins in the diet cause higher rates of autoimmune diabetes. In both man and rodents there is
increasing evidence that the gut-associated immune system plays a major role in disease
development, probably because of disturbed oral tolerance mechanisms. Oral tolerance depends
on immunological homeostasis and normal maturation of the gut. These factors are influenced by
growth factors and cytokines from breast milk, normal bacterial colonization, infections and diet.
All these factors have been proposed as risk factors for type 1 diabetes mellitus. Hence, cow’s milk
proteins may provide mimicry epitopes relevant in autoimmunity, as well as destabilizing oral
tolerance mechanisms by biologically active peptides. The concept of dietary regulation of
autoimmunity does not apply only to cow’s milk protein, but also to other dietary proteins.
Cow’s milk protein: Type 1-diabetes mellitus: Gut-associated immune system

HLA, human leucocyte-associated antigen; Th, T-helper

Background for the hypothesis

In recent years there has been growing public concern that
the early introduction of cow’s milk products to infant diets
might be a risk factor for the later development of immunemediated (type 1) diabetes mellitus.
Evidence supporting this hypothesis mainly stems from
epidemiological studies. About 15 years ago the first report
was published which suggested an inverse association
between the duration of breast-feeding and the incidence of
autoimmune diabetes in Norway and Sweden (BorchJohnsen et al. 1984). This observation was later extended by
other studies demonstrating a positive correlation between
the regional incidence of type 1 diabetes mellitus and the
per capita consumption of cow’s milk between (Scott 1990;
Dahl-Jorgensen et al. 1991) or within countries (Fava et al.
1994). Based on these observations a still increasing number
of case–control studies have been performed to evaluate the
impact of cow’s milk-based infant formula in the first 3–6
months on the later development of autoimmune diabetes
(Kolb & Pozzilli, 1999). While approximately half these

studies could demonstrate a link between the early introduction of cow’s milk and type 1 diabetes mellitus the other
half failed to do so (Scott et al. 1996). Two meta-analyses of
the relevant studies showed a modest but significant
increased risk for diabetes in children who were exposed to
cow’s milk before the age of 3 months (Gerstein, 1994;
Norris & Scott, 1996). It is important to note that only
children with a genetic predisposition would be at risk for
type 1 diabetes mellitus. In two studies which included
control groups with diabetes-associated human leucocyteassociated antigen (HLA) types an even stronger relationship between diabetes and the early introduction of cow’s
milk-based formula was observed (Kostraba et al. 1993;
Perez-Bravo et al. 1996).
However, a recall bias of mothers is expected to strongly
influence the outcome of such studies. Thus, prospective
studies are required to elucidate the possible relationship
between feeding patterns and the later development of
autoimmunity, and the eventual progression to autoimmune
disease. To date, two prospective studies have been
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analysed regarding these questions. Neither study observed
an association between the appearance of diabetes-related
autoantibodies and the duration of exclusive or total breastfeeding, or with the time point at which cow’s milk-based
infant formulas, dairy products, or cow’s milk itself were
introduced (Couper et al. 1998; Hummel et al. 1998;
Harrison & Honeyman, 1999). As yet, the prospective
studies comprise only small numbers of cases, and therefore
do not allow firm conclusions. Furthermore, the observation
period of these studies is still too short, considering that the
influence of dietary factors on disease development might
well extend into puberty (Kolb & Pozzilli, 1999). Finally a
dose–response relationship must be considered. In one
study, at least, a more frequent emergence of diabetesrelated autoantibodies was associated with high
consumption of cow’s milk in childhood, although this
relationship was not valid for the progression to clinical type
1 diabetes mellitus (Virtanen et al. 1998).
In recent years the availability of two rodent models
which spontaneously develop insulin-dependent diabetes
mellitus has allowed the direct testing of cow’s milk and
certain constituent proteins for their diabetes-inducing
potential. In several studies the avoidance of intact cow’s
milk proteins led to a reduced frequency of diabetes, while
the addition of cow’s milk to the rodent’s diet resulted in an
increased incidence of the disease (Elliott & Martin, 1984;
Scott et al. 1985; Elliott et al. 1988; Issa-Chergui et al.
1988; Scott, 1996). The outcome of such dietary studies is
obscured by the fact that cereal-based diets appear to induce
an even higher frequency of diabetes (Malkani et al. 1997;
Paxson et al. 1997). Second, cow’s milk proteins are less
diabetogenic in diabetes-prone BB rats than in non-obese
diabetes mice (Scott, 1996).
A major advantage of animal models is that diets can be
switched (diabetogenic v. non-diabetogenic) at different
time points and dose–response relationships studied. From
such experiments in the diabetes-prone BB rat it has become
clear that switching diet type around puberty can still
modify disease outcome, which suggests that the disease
process is attributable to frequent exposure to a diabetespromoting diet rather than to a single triggering event (Scott,
1996). However, as in human studies, the outcomes of such
experiments are often highly variable, even in these inbred
animal models (Scott, 1996). This variability raises the
suspicion that a possible link between exposure to cow’s
milk and the later development of autoimmune diabetes
might be under the control of other factors for which earlier
studies have not been controlled (Kolb & Pozzilli, 1999). A
summary of arguments in favour or against a role for dietary
cow’s milk protein in the pathogenesis of type 1 diabetes
mellitus is listed in Table 1.
Possible mechanisms
Cow’s milk contains five major proteins (% total proteins):
caseins 70–80, β-lactoglobulin 10, α-lactalbumin 5,
γ-globulin 2, bovine serum albumin 1. Antibodies against
virtually all these proteins have been described in patients
with recent-onset type 1 diabetes mellitus (Savilahti et al.
1988, 1993; Di Mario et al. 1988; Dahlquist et al. 1992;
Krokowski et al. 1995; Wasmuth et al. 1995; Elliott et al.

Table 1. Summary of findings supporting or arguing against a causal
role of dietary cow’s milk proteins in the development of type 1
diabetes mellitus
Pros

Cons

Population-based
epidemiological studies
Case–control studies

→ Not confirmed in all studies

→ Several studies and trials have
not found an association
Feeding experiments in animal → Variable outcomes, other promodels
teins are more ‘diabetogenic’
Elevated antibody titres to cow’s → Major overlap between patients
milk proteins in patients with
and controls
type 1 diabetes mellitus
Elevated cellular immune
→ Still methodological problems,
response to cow’s milk proteins HLA-matched controls required
in patients
Sequence homologies between → Relevance not proven
cow’s milk proteins and autoantigens in type 1 diabetes
mellitus
Elevated antibody titres to bovine → Substantial overlap,
insulin in non-breast-fed infants association with later type 1
diabetes mellitus remains to be
proven
HLA, human leucocyte-associated antigen.

1996; Füchtenbusch et al. 1997; Saukkonen et al. 1998), but
only one study showed a high disease specificity of antibodies to bovine serum albumin (Karjalainen et al. 1992).
Unfortunately, this study was challenged a few months later
by another group (Atkinson et al. 1993; Lühder et al. 1994).
In fact, almost all studies show a considerable overlap in
antibody titres to most cow’s milk proteins between subjects
with diabetes and relevant controls. Furthermore, most of
these studies have not tested HLA-matched control subjects,
which seems mandatory in the investigation of an
HLA-associated disease (Petrovsky & Harrison, 1995). This
factor is further stressed by reports that there are also
elevated levels of antibodies to cow’s milk proteins in
patients with selective immunoglobulin A deficiency
(Buckley & Dees, 1969) and coeliac disease (Ferguson,
1977), both associated with DQ2 (A1*0501, B1*0201)
(Hammarstrom & Smith, 1983; Saukkonen et al. 1996).
This DQ allele is also present on the extended HLA
haplotype known to confer risk of immune-mediated
diabetes (Harrison & Honeyman, 1999).
As type 1 diabetes mellitus is thought to be a T-cellmediated disease, cellular reactivity against cow’s milk
proteins might be more relevant. In fact, there have been
reports linking an elevated response of unfractionated
peripheral blood mononuclear cells to some cow’s milk
proteins to diabetes (Cheung et al. 1994; Cavallo et al. 1996;
Vaarala et al. 1996). In some of these studies a major
contribution of certain HLA haplotypes could be ruled out
(Cavallo et al. 1996). However, none of these studies used
patients with coeliac disease or immunoglobulin A
deficiency as controls. Interestingly, in one study the
cellular response to β-casein was elevated in patients with
type 1 diabetes mellitus in comparison with (non-HLAmatched) controls, but similar when compared with their
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siblings with a low risk of progression to overt diabetes
(Ellis et al. 1998), which argues in favour of a non-strictly
type 1 diabetes mellitus-associated genetic control of the
immune response to dietary antigens.
One theoretical mechanism for the link between cow’s
milk exposure and autoimmune diabetes could be immunological cross reactivity (molecular mimicry) between cow’s
milk proteins and autoantigens of the β-cell. Indeed,
sequence homologies between cow’s milk proteins and islet
autoantigens have already been identified by the use of
computational sequence alignment (Kolb & Pozzilli, 1999).
However, the relevance of these homologies has still to be
shown at the level of autoreactive T-cells. Homologies to
β-cell autoantigens have also been observed for other
environmental factors, such as enteroviruses, (Graves et al.
1997; Honeyman et al. 1998).
An alternative concept of cross reactivity between cow’s
milk proteins and β-cells has recently been developed by
Vaarala et al. (1998, 1999), who showed that infants with an
early exposure to cow’s milk-based infant formula have
elevated antibody titres to bovine insulin, a normal
constituent of cow’s milk. Accordingly, early exposure to
cow’s milk would lead to immunization rather than to
(normally occurring) tolerance to insulin, the only known
β-cell-specific autoantigen in type 1 diabetes mellitus. This
very interesting hypothesis awaits confirmation by
prospective analysis of infants with antibodies to bovine
insulin for later diabetes development.
A breakdown of tolerance mechanisms to dietary
antigens might be promoted by cow’s milk components with
immunomodulatory properties. A major source of immunomodulatory compounds are the caseins. On digestion
caseins give rise to a variety of peptides, some of which
have strong opioid-like activities through µ-receptors on
immunocompetent cells (Teschemacher et al. 1997). One of
these peptides is β-casomorphin-7, which has been shown to
have strong inhibitory effects on intestinal intra-epithelial
lymphocyte proliferation (Elitsur & Luk, 1991). This
peptide is exclusively released from β-caseins with a
histidine residue at position 67 of the molecule (β-casein A1
and B; Jinsmaa & Yoshikawa, 1999). Interestingly, the
per capita consumption of these genetic variants of β-casein
significantly correlates with the national incidence of type 1
diabetes mellitus in children under 15 years of age (Elliott
et al. 1999). It is possible that these peptides weaken
tolerance mechanisms to other dietary antigens, including
cow’s milk proteins. Target cells of β-casomorphin-like
peptides would be antigen-presenting cells of the gut or
regulatory T-cells mediating oral tolerance (Weiner et al.
1994).
An alternative view of the role of cow’s milk in
autoimmune diabetes envisages that it is not the introduction
of cow’s milk but the lack of breast milk that might have
detrimental effects in genetically predisposed individuals.
Breast milk is a source of many cytokines and growth
factors which have a role in the maturation of gut-associated
lymphoid tissues (Srivastava et al. 1996). In contrast, cow’s
milk-based infant formulas are almost devoid of such
factors in biologically active form (Kolb & Pozzilli, 1999).
Equally important for the establishment of oral tolerance
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mechanisms seems to be the colonization of the gut with
gram negative bacteria. Interestingly, optimal hygiene at
birth and within the first few weeks has been shown to
delay the normal colonization of the gut, giving rise to a
predominantly aerobic flora which promotes gut inflammation and interferes with oral tolerance mechanisms (Kolb
& Pozzilli, 1999). Indeed, it has been proposed that
improved hygiene may contribute to the increasing
incidence of autoimmune diabetes in the Western world
(Kolb & Elliott, 1994).
There are several immune-mediated diseases for which
disturbed oral tolerance mechanisms have been proposed,
one of which is coeliac disease (Mäki & Collin, 1997;
Feighery, 1999). Coeliac disease has been long known to be
associated with type 1 diabetes mellitus, and up to 9 % of
patients with type 1 diabetes mellitus have autoantibodies
indicative of coeliac disease (Cronin & Shanahan, 1997).
This association is suggested to be due to a similar genetic
predisposition for both diseases (Catino et al. 1998). In
coeliac disease wheat gluten is known to induce a
pro-inflammatory mucosal response that later leads to
autoimmunity. Interestingly, it takes more than 2 years
before systemic autoimmunity is induced (Kolb & Pozzilli,
1999), a fact that has also to be considered when studying
the role of dietary factors in the pathogenesis of type 1
diabetes mellitus.
A link between mucosal immunity and autoimmune
diabetes is also suggested by the finding that isletinfiltrating T-cells express the integrin heterodimer α4β7,
which is characteristically present on mucosal T-cells
(Hänninen et al. 1993b, 1998). In a subsequent report it was
shown that the depletion of cells bearing the α4β7 integrin
leads to a reduced reactivity of T-cells to the autoantigen
glutamate decarboxylase (Paronen et al. 1997). These
findings support earlier experiments showing that a T-cell
line isolated from the pancreas of a child with type 1
diabetes mellitus preferentially binds to the endothelium of
both the pancreas and the appendiceal mucosa (Hänninen
et al. 1993a).
All these findings imply that gut-associated tolerance
mechanisms play a key role in the pathogenesis of immunemediated diabetes (Fig. 1). In animal models of the disease
there is increasing evidence that these regulatory mechanisms might be intrinsically disturbed and are particularly
prone to further modulation through environmental factors
(Goebel et al. 1999). Whether these assumptions hold true
for type 1 diabetes mellitus in human subjects has yet to be
shown.
Despite these uncertainties an international multi-centre
trial has been set up to test the hypothesis that the avoidance
of intact cow’s milk proteins after prolonged breast-feeding
in the first 9 months in genetically-predisposed infants
might prevent the appearance of diabetes-associated autoantibodies or even type 1 diabetes mellitus itself (Akerblom
et al. 1993). An interim analysis of this primary prevention
trial suggests that delayed introduction of cow’s milk
products in the infant diet decreases the incidence of islet
autoimmunity (Akerblom et al. 1999). However, full
analysis of the study has to be awaited before drawing
conclusions.
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Fig. 1. Factors controlling gut maturation and normal function of the gut immune system. It is suggested
that in type 1 diabetes mellitus a deficient oral tolerance to dietary components, including those of cow’s
milk, promotes islet inflammation and disease development.

Critical considerations
When examining the evidence for a possible role for cow’s
milk in the pathogenesis of type 1 diabetes mellitus it
becomes clear that the link between them cannot be
explained by a simple direct mechanism.
First, cow’s milk-based diets have also been implicated in
the aetiology of other immune-mediated diseases in human
subjects, such as multiple sclerosis (Malosse et al. 1992),
and have been shown to induce mild rheumatoid arthritis in
genetically predisposed animals (Hanglow et al. 1985).
There is a difference in the associations of these diseases
with HLA, so that the association probably cannot be
explained by the same mimicry epitopes in the different
diseases. Furthermore, the consumption of cow’s milk has
also been associated with some other neurological diseases,
e.g. autism (Lucarelli et al. 1995), some of which have not
been proved to be immune mediated. Second, proteins other
than cow’s milk protein have been proved to be more
diabetogenic in the available rodent models of diabetes. This
factor is particularly true for some plant proteins, i.e. gluten
and soyabean proteins (Scott, 1996) in the BB rat. Thus,
attempts to just eliminate cow’s milk from infant formulas
and replace it by some other proteins might increase rather
than decrease disease risk.
One factor that is special about cow’s milk is that it is
usually the first foreign dietary protein that encounters the
maturating gut in newborn infants and young infants in the
Western world. Depending on the genetic background of the
individual and the stage of development of the gutassociated immune system, exposure to dietary protein may
not elicit a balanced oral tolerance response. Hence, cow’s
milk proteins may have a stronger impact on gut immune
functions than other food antigens. Oral tolerance reactions

are usually dependent on a T-helper (Th) 2–Th3 cytokine
secretion profile (Strobel & Mowat, 1998). Conversely, a
pro-inflammatory Th1-biased cytokine profile is related to
disturbed oral tolerance mechanisms (Garside et al. 1999).
In recent years it has become clearer that in patients with
type 1 diabetes mellitus there is a systemic bias towards
Th1-type immune responses (Kallmann et al. 1997). This
bias has not yet been confirmed for the gut-associated
immune system, but reports about increased intestinal
permeability in patients with type 1 diabetes mellitus
(Carratu et al. 1999; Savilahti et al. 1999) also render such a
Th1-biased pro-inflammatory immune response in this
compartment to be highly probable.
In this scenario exposure to certain diets would promote
disease development by two different pathways. First, some
diets contain or give rise to biologically active constituents,
e.g. casomorphins from caseins or other opioid-like peptides
from wheat (Fukudome & Yoshikawa, 1992; Fukudome
et al. 1997), which could further destabilize oral tolerance
mechanisms in genetically predisposed individuals. Second,
the diet provides antigens which might elicit an immune
response to cross-reactive self antigens, thereby overcoming
peripheral tolerance mechanisms (Kolb & Pozzilli, 1999).
Such mimicry epitopes need not necessarily originate from
dietary constituents, but could also be of viral or bacterial
origin (Akerblom & Knip, 1998).
Taken together, the ‘pathogenicity’ of cow’s milk, if
it can be confirmed in man, appears to reside in an
inappropriate gut immune response (Table 2). The quality of
gut immune reactivity is influenced by the genetic
predisposition, the duration of breast-feeding, the
endoluminal micro-organisms and some biologically-active
immunomodulatory components in the diet.

Nutrition and immunity
Table 2. Arguments in favour of shifting the focus from dietary
antigens to the gut immune response
Critical considerations

Implications

Cow’s milk may be associated
→ There is nothing special about
with diseases other than type 1 cow’s milk and type 1 diabetes
diabetes mellitus
mellitus
In animal models of type 1
→ Just replacing cow’s milk by
diabetes mellitus cereal-based
other proteins in the diet might
diets were more diabetogenic
cause more harm than benefit
than cow’s milk-based diets
The status of the gut-associated → More studies are needed to
immune system is probably
better define the status of gut
critical to a possible diseaseimmune reactivity after
inducing potential of dietary
exposure to environmental
proteins, including cow’s milk
challenges

References
Akerblom HK & Knip M (1998) Putative environmental factors of
type 1 diabetes. Diabetes Metabolism Reviews 14, 31–67.
Akerblom HK, Savilahti E, Saukkonen TT, Paganus A, Virtanen
SM, Teramo K, Knip M, Reijonen H, Karjalainen J, Vaarala O &
Reunanen A (1993) The case for elimination of cow’s milk in
early infancy in the prevention of type 1 diabetes: The Finnish
experience. Diabetes Metabolism Reviews 9, 269–278.
Akerblom HK, Virtanen SM, Hamalainen A, Ilonen J, Savilahti E,
Vaarala O, Reunannen A, Teramo K & Knip M (1999)
Emergence of diabetes associated autoantibodies in the
nutritional prevention of IDDM (TRIGR) project. Diabetes 48,
Suppl. 1, A45.
Atkinson MA, Bowman MA, Kao KJ, Campbell L, Dush PJ, Shar
SC, Simell O & Maclaren NK (1993) Lack of immune
responsiveness to bovine serum albumin in insulin-dependent
diabetes. New England Journal of Medicine 329, 1853–1858.
Borch-Johnsen K, Joner G, Mandrup-Poulsen T, Christy M,
Zachau-Christiansen B, Kastrup K & Nerup J (1984) Relation
between breast-feeding and incidence rates of insulin-dependent
diabetes mellitus. Lancet ii, 1083–1086.
Buckley RH & Dees SC (1969) Correlation of milk precipitins
with IgA deficiency. New England Journal of Medicine 281,
465–469.
Carratu R, Secundulfo M, de Magistris L, Iafusco D, Urio A,
Carbone MG, Pontoni G, Carteni M & Prisco F (1999) Altered
intestinal permeability to mannitol in diabetes mellitus type 1.
Journal of Pediatric Gastroenterology and Nutrition 28,
264–269.
Catino M, Tumini S, Mezzetti A & Chiarelli F (1998) Coeliac
disease and diabetes mellitus in children: a non casual
association. Diabetes Nutrition and Metabolism 11, 296–302.
Cavallo MG, Fava SD, Monetini L, Barone F & Pozzilli P (1996)
Cell-mediated immune response to β-casein in recentonset insulin-dependent diabetes: implications for disease
pathogenesis. Lancet 348, 926–928.
Cronin CC & Shanahan F (1997) Insulin-dependent diabetes
mellitus and coeliac disease. Lancet 349, 1096–1097.
Cheung R, Karjalainen J, Van der Meulem J, Signal DP & Dosch
H-M (1994) T cells from children with IDDM are sensitized to
bovine serum albumin. Scandinavian Journal of Immunology 40,
623–628.
Couper J, Steele C, Beresford S, Powell T, McCaul K, Pollard A,
Gellert S, Janulovski C, Harrison L & Colman P (1998) Lack of
association between breast-feeding or introduction of cow’s milk
protein and the development of anti-islet autoimmunity. In
Proceedings of the 41st Annual Scientific Meeting of The

577

Endocrine Society of Australia Perth 1998, p. 120 [CL Coulter
editor]. Melbourne, Australia: The Endocrine Society of
Australia.
Dahl-Jorgensen K, Joner G & Hanssen KF (1991) Relationship
between cows’ milk consumption and incidence of IDDM in
childhood. Diabetes Care 14, 1081–1083.
Dahlquist G, Savilahti E & Landin-Olsson M (1992) An increased
level of antibodies to β-lactoglobulin is a risk determinant for
early onset type 1 (insulin-dependent) diabetes mellitus
independent of islet cell antibodies and early introduction of
cow’s milk. Diabetologia 35, 980–984.
Di Mario U, Dotta F, Crisa L, Anastasi E, Andreani D, Dib SA &
Eisenbarth GS (1988) Circulating anti-immunoglobulin antibodies in recent-onset type 1 diabetic patients. Diabetes 37,
462–466.
Elitsur Y & Luk GD (1991) Beta-casomorphin (BCM) and human
lamina propria lymphocyte proliferation. Clinical and
Experimental Immunology 85, 493–497.
Elliott RB, Harris DP, Hill JP, Bibby NJ & Wasmuth HE (1999)
Type 1 (insulin-dependent) diabetes mellitus and cow’s milk:
casein variant consumption. Diabetologia 42, 292–296.
Elliott RB & Martin JM (1984) Dietary protein: a trigger of insulin
dependent diabetes in the BB rat? Diabetologia 26, 297–299.
Elliott RB, Reddy SN, Bibby NJ & Kida K (1988) Dietary
prevention of diabetes in the non-obese diabetic mouse.
Diabetologia 31, 62–64.
Elliott RB, Wasmuth H, Hill J, Songini M & Bottazzo GF for the
Sardinian IDDM Study Groups (1996) Diabetes and cow’s milk.
Lancet 348, 1657.
Ellis TM, Ottendorfer E, Jodoin E, Salisbury PJ, She JX, Schatz DA
& Atkinson MA (1998) Cellular immune responses to β-casein:
elevated but not specific for individuals with type 1 diabetes
mellitus. Diabetologia 41, 731–735.
Fava D, Leslie RDG & Pozzilli P (1994) Relationship between
dairy product consumption and incidence of IDDM in childhood
in Italy. Diabetes Care 17, 1488–1490.
Feighery C (1999) Coeliac disease. British Medical Journal 319,
236–239.
Ferguson A (1977) Immunogenicity of cows’ milk in man:
influence of age and of disease on serum antibodies to cows’
milk proteins. Ricerca in Clinica e in Laboratorio 7, 211–219.
Füchtenbusch M, Karges W, Standl E, Dosch H-M & Ziegler AG
(1997) Antibodies to bovine serum albumin (BSA) in type 1
diabetes and other autoimmune disorders. Experimental and
Clinical Endocrinology Diabetes 105, 86–91.
Fukudome S, Jinsmaa Y, Matsukawa T, Sasaki R & Yoshikawa M
(1997) Release of opioid peptides, gluten exorphins by the action
of pancreatic elastase. FEBS Letters 412, 475–479.
Fukudome S & Yoshikawa M (1992) Opioid peptides derived from
wheat gluten: their isolation and characterization. FEBS Letters
296, 107–111.
Garside P, Khoruts A & Mowat AM (1999) Oral tolerance in
disease. Gut 44, 137–142.
Gerstein H (1994) Cow’s milk exposure and type 1 diabetes
mellitus. Diabetes Care 17, 13–19.
Goebel C, Kirchhoff K, Wasmuth H, Flohé S, Elliott RB & Kolb H
(1999) The gut cytokine balance as a target of lead toxicity. Life
Sciences 64, 2207–2214.
Graves PM, Norris JM, Pallansch MA, Gerling IC & Rewers M
(1997) The role of enteroviral infections in the development of
IDDM: limitations of current approaches. Diabetes 46, 161–168.
Hammarstrom L & Smith CIE (1983) HLA-A, B, C and DR
antigens in IgA deficiency. Tissue Antigens 21, 75–79.
Hanglow AC, Welsh CJ, Conn P & Coombs RR (1985) Early
rheumatoid-like synovial lesions in rabbits drinking cow’s milk.
II. Antibody responses to bovine serum proteins. International
Archives of Allergy and Applied Immunology 78, 152–160.

578

H. E. Wasmuth and H. Kolb

Hänninen A, Jaakköla I & Jalkanen S (1998) Mucosal addressin is
required for the development of diabetes in the nonobese diabetic
mice. Journal of Immunology 160, 6018–6025.
Hänninen A, Salmi M, Simell O & Jalkanen S (1993a) Endothelial
cell-binding properties of lymphocytes infiltrated into human
diabetic pancreas. Diabetes 42, 1656–1662.
Hänninen A, Taylor C, Streeter PR, Stark LS, Sarte JM, Shiruzu JA,
Simell O & Michie SA (1993b) Vascular addressins are induced
on islet vessels during insulitis in non-obese diabetic mice and
are involved in lymphoid cell binding to islet endothelium.
Journal of Clinical Investigation 92, 2509–2515.
Harrison LC & Honeyman MC (1999) Cow’s milk and type 1
diabetes. The real debate is about mucosal immune function.
Diabetes 48, 1501–1507.
Honeyman MC, Stone NL & Harrison LC (1998) T-cell epitopes in
the type 1 diabetes autoantigen IA-2: potential for mimicry with
rotavirus and other environmental agents. Molecular Medicine 4,
231–239.
Hummel M, Schenker M, Ziegler AG and the BABY-DIAB Study
Group (1998) Appearance of diabetes-associated antibodies in
offspring of parents with type 1 diabetes is independent from
environmental factors. Diabetologia 41, Suppl. 1, A 91 Abstr.
Issa-Chergui B, Guttmann RD, Seemayer TA, Kelley VE & Colle
E (1988) The effect of diet on the spontaneous insulin dependent
diabetes syndrome in the rat. Diabetes Research 9, 81–86.
Jinsmaa Y & Yoshikawa M (1999) Enzymatic release of
neocasomorphin and β-casomorphin from bovine β-casein.
Peptides 20, 957–962.
Kallmann B, Hüther M, Tubes M, Feldkamp J, Bertrams J, Gries
FA, Lampeter EF & Kolb H (1997) Systemic bias of cytokine
production towards cell-mediated immune regulation in IDDM
and towards humoral immunity in Graves’ disease. Diabetes 46,
237–243.
Karjalainen J, Martin JM, Knip M, Ilonen J, Robinson BH,
Savilathi E, Akerblom HK & Dosch HM (1992) A bovine
albumine peptide as a possible trigger of insulin-dependent
diabetes mellitus. New England Journal of Medicine 327,
302–307.
Kolb H & Elliott RB (1994) Increasing incidence of IDDM: a
consequence of improved hygiene? Diabetologia 37, 729.
Kolb H & Pozzilli P (1999) Cow’s milk and type 1 diabetes: the gut
immune system deserves attention. Immunology Today 20,
108–110.
Kostraba JN, Cruikshanks KJ, Lawler-Heavner J, Jobim LF,
Rewers MJ, Gay EC, Chase HP, Klingensmith G & Hamman RF
(1993) Early exposure to cow’s milk and solid foods in infancy,
genetic predisposition, and risk of IDDM. Diabetes 42, 288–295.
Krokowski M, Caillat-Zucman S, Timsit J, Larger E, Pehuet-Figoni
M, Bach JF & Boitard C (1995) Anti-bovine serum albumin antibodies: genetic heterogeneity and clinical relevance in adultonset IDDM. Diabetes Care 18, 170–173.
Lucarelli S, Frediani T, Zingoni AM, Ferruzzi F, Giardini O,
Quintieri F, Barbato M, Déufemia P & Cardi E (1995)
Food allergy and infantile autism. Panminerva Medicine 37,
137–141.
Lühder F, Schlosser M, Michaelis D, Ziegler B, Kohnert K-D &
Ziegler M (1994) No association between anti-bovine serum
albumin antibodies and islet cell reactive antibodies in newly
diagnosed type 1 diabetic patients. Diabetes Research and
Clinical Practice 26, 35–41.
Mäki M & Collin P (1997) Coeliac disease. Lancet 349,
1755–1759.
Malkani S, Nommpleggi D, Hansen JW, Greiner DL, Mordes JP &
Rossini AA (1997) Dietary cow’s milk protein does not alter the
frequency of diabetes in the BB rat. Diabetes 46, 1133–1140.
Malosse D, Perron H, Sasco A & Seigneurin JM (1992) Correlation
between milk and dairy product consumption and multiple

sclerosis prevalence: a worldwide study. Neuroepidemiology 11,
304–312.
Norris JM & Scott FW (1996) A meta analysis of infant diet and
insulin-dependent diabetes mellitus: do biases play a role?
Epidemiology 7, 87–92.
Paronen J, Klemetti P, Kantele JM, Savilathi E, Perheentupa J,
Akerblom HK & Vaarala O (1997) Glutamate decarboxylasereactive peripheral blood lymphocytes from patients with IDDM
express gut-specific homing receptor α4β7-integrin. Diabetes
46, 583–588.
Paxson JA, Weber JG & Kulczycki A (1997) Cow’s milk free diet
does not prevent diabetes in NOD mice. Diabetes 46,
1711–1717.
Perez-Bravo F, Cassasco E, Gutierrez-Lopez MD, Martinez MT,
Lopez G & Garcia de los Rios M (1996) Genetic predisposition
and environmental factors leading to the development of insulindependent diabetes in Chilean children. Journal of Molecular
Medicine 74, 105–109.
Petrovsky N & Harrison LC (1995) HLA-matched control subjects
are essential in studies of susceptibility to IDDM. Diabetologia
38, 125–126.
Saukkonen T, Savilathi E, Reijonen H, Ilonen J, Tuomiletho-Wolf
E & Akerblom HK (1996) Coeliac disease: frequent occurrence
after clinical onset of insulin-dependent diabetes mellitus.
Childhood in Finland Study Group. Diabetic Medicine 13,
464–470.
Saukkonen T, Virtanen SM, Karppinen M, Reijonen H, Ilonen J,
Räsänen L, Akerblom HK, Savilahti E and the Childhood
Diabetes in Finland Study Group (1998) Significance of cow’s
milk protein antibodies as risk factors for childhood IDDM:
interactions with dietary cow’s milk intake and HLA-DQB1
genotype. Diabetologia 41, 72–78.
Savilahti E, Akerblom HK, Tainio VM & Koskimies S (1988)
Children with newly-diagnosed insulin-dependent diabetes
mellitus have increased levels of cow’s milk antibodies. Diabetes
Research 7, 137–140.
Savilahti E, Ormala T, Saukkonen T, Sandini-Pohjavuori U,
Kantele JM, Arato A, Ilonen J & Akerblom HK (1999) Jejuna of
patients with insulin-dependent diabetes mellitus (IDDM) show
signs of immune activation. Clinical and Experimental
Immunology 116, 70–77.
Savilahti E, Saukkonen TT, Virtala ET, Tuomiletho J, Akerblom
HK and the Childhood in Diabetes in Finland Study Group
(1993) Increased levels of cow’s milk and β-lactoglobulin
antibodies in young children with newly diagnosed IDDM.
Diabetes Care 16, 137–140.
Scott FW (1990) Cow’s milk and insulin-dependent diabetes: is
there a relationship? American Journal of Clinical Nutrition 51,
489–491.
Scott FW (1996) Food-induced type 1 diabetes in the BB rat.
Diabetes Metabolism Reviews 12, 341–359.
Scott FW, Mongeau R, Kardish M, Hatina G, Trick KD &
Wojcinski Z (1985) Diet can prevent diabetes in the BB rat.
Diabetes 34, 1059–1062.
Scott FW, Norris JM & Kolb H (1996) Milk and type 1 diabetes:
examining the evidence and broadening the focus. Diabetes Care
19, 379–383.
Srivastava MD, Srivastava A, Brouhard B, Saneto R, Groh-Wargo
S & Kubit J (1996) Cytokines in human milk. Research
Communications in Molecular Pathology and Pharmacology 93,
263–287.
Strobel S & Mowat AM (1998) Immune response to dietary
antigens: oral tolerance. Immunology Today 19, 173–181.
Teschemacher H, Hock G & Brantl V (1997) Milk protein-derived
opioid receptor ligands. Biopolymers 43, 99–117.
Vaarala O, Klemetti P, Savilathi E, Reijonen H, Ilonen J &
Akerblom HK (1996) Cellular immune response to cow’s milk

Nutrition and immunity
β-lactoglobulin in patients with newly diagnosed IDDM.
Diabetes 45, 178–182.
Vaarala O, Knip M, Paronen J, Hämäläinen AM, Muona P,
Väätäinen M, Ilonen J, Simell O & Akerblom HK (1999)
Cow’s milk formula feeding induces primary immunization to
insulin in infants at genetic risk for type 1 diabetes. Diabetes 48,
1389–1394.
Vaarala O, Paronen J, Otonkoski T & Akerblom HK (1998) Cow
milk formula feeding induces antibodies to insulin in children –
a link between cow milk and insulin-dependent diabetes
mellitus? Scandinavian Journal of Immunology 47, 131–135.
Virtanen SM, Hypponen E, Laara E, Vahasalo P, Kulmala P,
Savola K, Rasanen L, Aro A, Knip M & Akerblom HK (1998)

579

Cow’s milk consumption, disease-associated autoantibodies and
type 1 diabetes mellitus: a follow-up study in siblings of diabetic
children. Childhood Diabetes in Finland Study Group. Diabetic
Medicine 15, 730–738.
Wasmuth HE, Becker F, Seebaum S, Elliott RB & Federlin K
(1995) Association of antibodies to β casein with type 1 diabetes.
Autoimmunity 21, A328.
Weiner HL, Friedman A & Miller A (1994) Oral tolerance:
immunologic mechanism and treatment of animal and
human organ-specific autoimmune disease by oral administration of autoantigens. Annual Reviews of Immunology 12,
809–837.

© Nutrition Society 2000

