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Abstract

The current review article highlights the complicacies associated with communities
relying on wheat as their dietary staple. Although, wheat is an important source of
nutrients but is also linked with allergenic responses in genetically susceptible subjects.
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The wheat proteins especially α-amylase inhibitors, ω-5 gliadins, prolamins, nonprolamin, glucoprotein and profilins are of significance importance. The allergenic
responses are further categorized into IgE-mediated and non-IgE-mediated reactions.
Conjugation and degranulation of the IgEs with the allergens results in release of
several mediators. In contrary, non-IgE-mediated wheat allergy depends on immune
complexes formed by food and food antibodies and cell-mediated immunity. As results,
different diseases tend to occur on the completion of these reactions i.e. celiac disease
(CD), baker’s asthma, diarrhea, atopic dermatitis (AD) and urticaria. This instant article
highlighted the concept of food allergy with special reference to wheat. The models are
developed that are included in this article showing the wheat allergen, their possible
routes, impact on human health, and indeed possible remedies. The article would
provide the basic information for the researchers, common man, and allied stakeholders
to cater the issue in details. However, the issue needs the attention of the researchers as
there is a need to clarify the issues of wheat allergy and wheat intolerance.

Keywords:

Wheat allergens, Immune cells, Celiac disease, Baker’s asthma, Atopic

dermatitis
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Introduction

Provision of adequate and balanced food is important for vitality of life.
However, adverse reactions on foods are extremely common and some of them are
described as allergic that imply an immune mechanism (Guandalini and Newland,
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2011). In this regard, Food allergy is defined as an undesirable response of the immune
system against proteins. Generally, foods that induce rhinitis, sinusitis, bronchitis,
asthma, intestinal cramps, diarrhea, hives, angioedema, eczema and migraines are said
to be “allergenic”. There have been increasing reports of food allergy to a wide range of
foods but cow’s milk, egg, peanut, wheat, soy, tree nuts, ﬁsh and shell-ﬁsh are of critical
significance (Sampson, 2004). These foods generally account for nearly 90% of the foodallergic reactions. However, the prevalence of apparent food hypersensitivity varies
(1.4–19.1%) among different communities. These wide variations can also be attributed
to differences in the diagnostic criteria, study design and population etc. (Crespo and
Rodriguez, 2003). In general, about 1.5% of adults and 5 to 8% of growing children
suffer from food allergies (Sampson, 2000). The estimated percentage of allergies caused
by different foods is 0 to 3% for milk, up to 1.7% for egg, 0.2 to 1.6% for peanut and 1 to
10.8% for other foods (Zuidmeer et al., 2008). The allergies due to consumption of
cereals are another major problem in many countries where they cereals are habitually
consumed (Battais et al., 2008). In Japan, wheat is third commonest food causing allergy
in children following eggs and cow` s milk (Imai and likura, 2003). Though allergies to
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cow’s milk and egg can be tolerated by elimination, wheat allergy can’t be controlled
through elimination. In Pakistan, self-reported frequency of allergy varied from 1.2 to
17% for milk, 0.2 to 7% for egg, 0 to 2% for peanut and ﬁsh, 0 to 10% for shellﬁsh and 3
to 35% for other foods (Rona et al., 2007).
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Food allergy is also dependent upon genetic factors, cultural and dietary habits
and exposure to allergenic products. For instance, peanut allergy is common in UK,
France and Switzerland but rare in Italy, Singapore and Israel (Dalal et al., 2002). Food
allergies have augmented considerably in the past decade. At the onset, food
intolerance must be separated from food allergies and, furthermore, these allergies
should be categorized into an IgE, Non-IgE, or a mixed response. The clinical features
differ from life-threatening anaphylaxis to milder IgE-mediated reactions, atopic
dermatitis, and gastrointestinal symptoms (Heratizadeh et al., 2011; Wang et al., 2011).
As far as IgE-mediated wheat allergy is concerned, speciﬁc IgE are developed in the
absence of oral tolerance (OT). IgE are related to high affinity speciﬁc Fc receptors
FCЄRI present on the mast cells, ﬁxed cells present in the mucosa and skin, and
basophils circulating in the blood (Pizzuti et al., 2011). These cells have various
cytoplasmic granules mainly including histamine in which preformed mediators are
stored. When the allergenic proteins are captivated in the gut they contact with speciﬁc
IgEs linked to mast cells/basophils. The conjugation of the IgEs with the allergens
triggers these cells to degranulate, thus releasing immuno-mediators in the surrounding
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microenvironment (Sotkovsky et al., 2011). Consequently, different mediators such as
prostaglandins, leukotriens, and cytokines are also released. An abrupt reaction follows
few minutes after making contact with the allergen essentially due to the histamine
release. At the base of the reaction there is vasodilation, tissue ﬂuid exudation, smooth
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muscle contraction and mucous secretion. A late-phase response follows the instant
reaction which begins 4–6 hours after contact with the allergen and continues for
several days. This response is caused by chemotactic mediators released at the same
time as the immediate reaction which promote selective conscription of inﬂammatory
cells, mainly eosinophils and neutrophils. These cells inﬁltrate the tissues produce
inﬂammation lasting for a period of four to five days. However, in order to predict IgE
mediated allergy, the two clinical elements are required i.e. presence of IgE speciﬁc
antibodies and a proven relationship between ingestion of the food and the appearance
of the symptoms (Cabrera-Chavez et al., 2009).

On the other hand, non-IgE-mediated food allergy consists of immune reactions
that are dependent upon presence of antibodies other than IgE (e.g. IgG, IgM and IgA)
and immune complexes (food, food antibodies, and cell-mediated immunity). It is
important to remember that there is no verification to support the affiliation between
the allergenic food and a reaction to non-IgE antibodies in any allergic disease.
However, in normal individuals, there is an increase in IgG food antibodies after
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ingestion of the food. Likewise, there is no solid evidence about the responsibility of
cell-mediated immunity (Paganelli et al., 1987).

Strategies for the prevention of allergy have been proposed including the
utilization of product with extensively reduced allergenicity. A perfect history is vital in
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approaching the administration (Wantanabe, 1993). Structural proteins are imperative
determinants of the sternness of the reactions and may often foresee the natural history
and cross reactivity. Indicative work up must be directed by the clinical history. Skin
testing and food-specific IgE done by standard methods are very helpful, while oral
tolerance (OT) may be specified in some circumstances (Ramesh, 2008).

Wheat allergy

Wheat is widely consumed cereal all over the world and its potential to cause allergenic
responses is a matter of great interest for clinical practitioners and nutritionists. Despite
the large consumption of wheat all over the world, there are few reports about clinical
aspects of wheat food allergy in controlled adults. Wheat is amongst the most ordinary
reasons of food-related allergies and intolerances that are linked with its ingestion or
inhalation (Yacoub et al., 2011). Wheat, like all other foods, contains a number of
proteins (more than 100), of which, some have been identified as allergens. The type
and extent of proteins in a cereal have a major impact in determining the quality and
end use properties of the cereal (Shewry and Halford, 2002). Wheat food allergy is
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frequent in children and infants and indeed is listed as one of the six 6 most commonly
implicated food allergens (FAO, 1995). The wheat allergy has been conﬁrmed by the
large number of double-blind, placebo-controlled food challenges (DBPCFCs)
performed in subjects over the globe (Palosuo et al., 2001).

Downloaded by [University of Nebraska, Lincoln] at 10:28 06 April 2015

On the basis of solubility, wheat proteins can be characterized as water-soluble, saltsoluble, alcohol-soluble and alcohol-insoluble (Pomeranz, 1988). According to the type
of wheat, proteins (albumin, globulin and gluten) vary in proportion and this variability
results in non-consistent reactions in different wheat products (Joneja, 1998). Among
gluten protein, gliadins (28-42%), the major prolamin protein in wheat is soluble in 7090% alcohol whereas glutenins (42-62.5%), the major glutelin proteins in wheat is
soluble in dilute acid or alkali solutions (Armentia et al., 2002). Wheat proteins are
subdivided into the water/salt-soluble (including albumins and globulins) and
insoluble (containing gliadins and glutenins) fractions. The latter represent about 80%
of all wheat proteins. Mono-meric gliadins mainly exhibit intramolecular disulﬁde
linkages, thus being compressed and of round shape. The different gliadin subunits
share amino acid sequence and 3-dimensional structure homologies (Bietz, 1977).
Several wheat salt-soluble proteins (albumins and globulins), alpha-amylase/trypsin
inhibitors, peroxidase, thioredoxin, nonspecific lipid transfer protein, serine proteinase
inhibitor, and thaumatin-like protein-as well as salt-insoluble storage proteins
(prolamins, namely, gliadins and glutenins) act as allergens (Salcedo et al., 2011).
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Recently, thaumatin-like protein (TLP), and lipid transfer protein 2G are also
responsible for allergenic responses resulting due to wheat ingestion. Gluten proteins
especially its gliadin fraction is the major aspect in triggering celiac disease, a common
enteropathy, linked with intake of wheat gluten proteins and related prolamins from
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oat, rye and barley (Mamone et al., 2011). Gliadin is known as a presumptive major
allergen by immunoblotting and RAST inhibition test (Morita et al., 2001). Previously,
Palosuo et al. (2001) have identified ω-5 gliadin, which had been reported g-gliadin-like
protein in their preceding report (Palosuo et al., 1999) as a major allergen in children
with wheat-dependent exercise induced anaphylaxis (Palosuo et al., 2001). Wheat
proteins belonging to both the soluble and insoluble fractions can act as allergens in
sensitized individuals. In this regard, the soluble proteins seem to be responsible for
respiratory allergy, such as baker’s asthma arising from ﬂour inhalation.

By characterization, gluten is found only in wheat, although the term is commonly used
to refer to any similar prolamin protein in any grain (Thompson, 2000). The percentages
of different types of prolamin found in various cereals have been given in Table 1.
Because the type and proportion of prolamin proteins in these grains vary, the kind of
reaction (if any) they are expected to cause also varies (Fasano and Catassi, 2001). An
elevated IgE in gliadin-intolerant patients is indicated in some studies (Varjonen et al.,
2000), however, little is known about cellular mechanisms involved in such conditions.
The generation of speciﬁc IgE against gliadin in atopic patients suggested that IgE
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dysregulation is related to gliadin intolerance (Giannotti et al., 2001). The IgE
production by human β-lymphocytes is mainly controlled by interleukin (IL)-4 (De
Vries et al., 1991) produced by TH2-lymphocytes, mast cells or basophils (Arock et al.,
1993) and by CD40–CD40 ligand interactions between β and T-lymphocytes (Vercelli,
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1995). IL-4 is up-regulated during gliadin intolerance (Troncone et al., 1998) that further
modulates

the

phenotype

and

function

of

β-

and

T-lymphocytes

and

monocytes/macrophages (Dugas et al., 1990). In β cells and monocytes/macrophages,
IL-4 induces CD23-expression which ampliﬁes IL-4-induced IgE production. In addition
to these immunological mechanisms, it is shown that cellular redox status also controls
this production (Benngtsson et al., 2001). Indeed, the redox metabolism is responsible
for controlling dendritic cell functions (Alderman et al., 2002), and thus it mediates the
protective immunity (Bachmann and Kopf, 2002). Gliadin can induce a redox imbalance
in gastro-intestinal epithelial cells and macrophages probably due to over-production of
free radicals. According to a study, it was evaluated that native gliadin and gliadin
lysates (Glilys) showed the regulatory effects on the spontaneous and the IL-4-induced
IgE production by normal human peripheral blood mononuclear cells (PBMC).
Although, enzymatic (Cu/Zn-superoxide dismutase) and non-enzymatic (thiols)
antioxidants can perform pharmacological roles under such conditions (Ribavene et al.,
1999) but imbalance in redox potential results in severity of allergenic responses. IgEmediated hypersensitivity reactions for ingested foods have been an important health
problem. Several hypersensitivity reactions have been reported that are concerned with
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orally ingested wheat (Sampson, 1983). It is hypothesized that IgE from atopic
dermatitis (AD) patients react with wheat and other cereal allergens. Number of
patients suspected of AD owing to wheat ingestions is increasing in Japan. Multiple
findings recommended that some wheat proteins (salt-soluble and salt insoluble
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fractions) are reactive to IgE in AD patients (Miyakawa et al., 1988).

Generally, food allergic reactions to wheat can give way to an array of clinical
manifestations that can range from immediate to delayed, and their strictness can vary
from mild to life-threatening. Typical immediate symptoms include erythema, pruritus,
eczema, gastrointestinal reactions, oropharyngeal symptoms, urticaria, angioedema,
atopic dermatitis, rhinitis, asthma, and anaphylaxis (Heffler et al., 2011; Bock, 1986).
Investigators have confirmed that IgE antibodies specific to wheat albumins and
globulins are present in the serum from children with wheat allergy and patients
with baker's asthma (Cho et al., 2011; Jones et al., 1995).

In infants and young children, the symptoms associated with wheat allergy usually
arise after weaning. In children, gastrointestinal problems are more evident including
abnormal stools, abdominal distension & pain, flatulence, nausea, vomiting and
intestinal malabsorption (Alderman et al., 2002). Children are also suffered by
irritability, apathy, loss of appetite, weight loss, poor weight gain, short stature, muscle
wasting, hypotonia, general failure to thrive, poor school performance, bone and joint
pains, and occasionally rickets (Varjonen et al., 2000).
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In older children and adults, the symptoms may quite vary ranging from severe weight
loss, diarrhoea and bulky, offensive stools to less severe symptoms. Subtle complaints
of abdominal bloating, cramping, flatulence and constipation are often mistakenly
attributed to irritable bowel syndrome. Some individuals suffer from only anemia-
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related fatigue and have no gastrointestinal symptoms. Other manifestations of the
disease include osteopenic bone disease, infertility, tetany, ataxia and neurologic
disorders. Recent studies show the presence of ataxia in persons with serological
evidence of gluten sensitivity but without overt gastrointestinal symptoms or evidence
of small-bowel inflammation (Joneja, 1998). The details of wheat allergens and various
allergenic disorders are discussed in detail herein.

Place figure 1 here

WHEAT ALLERGENS

Several wheat proteins have been described as allergens on the molecular level.
Amongst, α-amylase inhibitors, acyl-coenzyme, oxidase, fructose-biphosphate aldolase,
and wheat-ﬂour peroxidase & ω-5 gliadin are of significance importance.

α-amylase inhibitors

Several groups of investigators have reported that some of the wheat allergens
responsible for baker's asthma are members of a family of wheat α-amylase inhibitors
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(Sandiford et al., 1995). A 16 kDa wheat protein, a glycosylated subunit of the wheat
tetrameric α-amylase inhibitor, has been identified and confirmed as an important
allergen. Using IgE immune-blotting, Pfeil et al. (1990) identified major α-amylase
inhibitor with molecular weights of 15 and 17 kDa. In similar investigations, Sandiford
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et al. (1995) identified 15 and 12 kDa α-amylase inhibitor in patients with baker's
asthma. In another study, Jones et al. (1995) showed 20 and 47 kDa wheat proteins as
potential allergens in children with confirmed wheat hypersensitivity. Ikezawa et al.
(1994) found 33-98 kDa IgE-binding wheat proteins with AD patients sera in the saltinsoluble fraction by immunoblotting. In contrast, Ikezawa et al. (1994) reported that
salt-soluble proteins with molecular masses of about 14 kDa bound IgE in AD patients
sera, and these might be the same proteins considered to be major allergens of baker's
asthma. Likewise, James et al. (1997) identified a subunit of the wheat dimeric αamylase inhibitor which binds IgE in patients with hypersensitivity reactions to
ingested wheat proteins. In another study, Gomez et al. (1990) revealed that CM3 (14
kd), one of the subunits of α-amylase inhibitors, binds to IgE sera from AD patients. The
single allergen sensitization profiles obtained with 17 recombinant wheat flour
allergens while two CCDs revealed no major allergen for German bakers. The highest
frequencies were found for α-amylase inhibitors and CCDs (Sander et al., 2011)

Walsh and Howden, (1989) using an epitope mapping method, have recently
identified a putative allergenic peptide in the NHz-terminal amino acid sequence
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of protein (0.28). It was further considered as a new wheat monomeric inhibitor of
heterologous α-amylases. Similarly, a major allergen with activity against insect αamylase has been also characterized in barley flour (Tordesillas et al., 2011: Barber et al.,
1989). Both aforementioned proteins have around 14 kDa, and belong to the same
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protein family in cereals, which

includes

trypsin

inhibitors

and subunits of

monomeric, dimeric and tetrameric inhibitors of heterologous α-amylases.

Prolamins

Prolamins, the second major type of protein are alcohol-soluble and waterinsoluble storage proteins of cereal grains (Shewry, 2002). In addition, they often have
unusual amino acid compositions, being particularly rich in proline and glutamine
(Shewry and Tatham 1999). The prolamins themselves are immensely diverse in
structure, with the major prolamins of maize (a-zeins) and closely related panicoid'
cereals (millets, sorghum) forming an apparently distinct group. In addition, wheat
prolamins have also been implicated in dietary allergy, with symptoms including atopic
dermatitis and exercise-induced anaphylaxis (Varjonen et al., 1997). Consequently; the
prolamin currently forms the largest and most widely distributed group of plant food
allergens.
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ω-5 Gliadins

The function of gliadin and its derived peptides in educing the unfavorable
reactions in celiac disease is still far from being entirely elucidated. Gliadins proteins
are further divided into subunits i.e. α-, β-, γ- and ω-gliadins. Whilst, ω-gliadins are
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further subdivided into ω1, ω2 and ω5 components on the basis of sequences and
mobility (Kasarda et al., 1983). Amongst, α-, β-, and γ--gliadins are toxic to persons with
ceolic disease (CD) and ω-gliadins is non-toxic to persons with CD (Pomeranz, 1988).

Wheat ω-5 gliadin has been identiﬁed as the major allergen in wheat-dependent,
exercise-induced anaphylaxis (WDEIA) (Staden et al., 2007). More lately, it has been
reported that IgE to ω-5 gliadin is also highly predictive of immediate allergy to
ingested wheat in children, with increased levels correlating with positive oral wheat
challenge results (Bauer et al., 1999). More than 80% of children with immediate
symptoms to wheat reportedly had IgE anti-bodies to ω-5 gliadin. The ﬁndings of
Lauriere et al. (2006) and Patriarca et al. (2006) showed that sera from patients allergic to
hydrolyzed wheat proteins with immediate skin reactions and from patients with
WDEIA exhibited distinct patterns of reactivity. Similarly, Niggemann et al. (2006) have
shown that different proﬁles of wheat antigens are known by patients with IgEmediated wheat allergy and celiac disease (Tanaka et al., 2011; Palosuo et al., 2001).
Amongst, w5-gliadins induced release of histamine from the basophils of patients with
WDEIA but not from those of controls (Lehto et al., 2003).
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Fast ω-gliadin (contains ω-5 gliadin) is a major allergen in wheat-dependent
exercise-induced anaphylaxis and IgE against fast ω-gliadin cross-reacts to other
gliadins. ω5-gliadin has been identiﬁed as a major allergen in adults having WDEIA
(Matsuo et al., 2004; Morita et al., 2003; Palosuo et al., 1999).
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Non-Prolamin

Non-prolamins consist of water-soluble albumins and salt-soluble globulins
(Singh and Skerritt, 2001). Few studies on non-prolamins have been carried out so far as
compared to gliadins and glutenins. Glutenins are composed of high molecular weight
(HMW) subunits and low molecular weight (LMW) subunits. In fact, non-prolamins
possess multiple functions during growth and development of wheat. For instance,
albumins and globulins include enzymes and inhibitors of enzymes that regulate
development at different stages. The relative amounts of essential amino acids such as
aspartate, threonine, lysine and tryptophan for humans are more abundant in albumins
and globulins, but less adequate than in storage proteins.

Glycoproteins

Glycoproteins are proteins that contain oligosaccharide chains (glycans) covalently
attached to polypeptide side-chains. The carbohydrate is attached to the protein in a cotranslational or posttranslational modification that is known as glycosylation. In
proteins that have segments extending extracellularly, the extracellular segments are
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often glycosylated. Glycoproteins are often important integral membrane proteins,
where they play a role in cell-cell interactions. Glycoproteins also occur in the cytosol,
but their functions and the pathways producing these modifications in this
compartment are less well-understood (Funakoshi and Suzuki, 2009). The major food
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allergens identiﬁed as class 1 allergens are water-soluble glycoproteins that are 10 to 70
kDa in size and fairly stable to heat, acid and proteases (Sampson, 1999). According to
Robert et al. (2006), monosaccharides commonly found in eukaryotic glycoproteins are
given in Table 2.

Profilins

Proﬁlins play a major role in the regulation of polymerization of actin ﬁlaments
as well as consist of a large portion of the class 2 allergens and frequently show crossreactivity between pollen and food (Breiteneder and Ebner, 2000). Patients often become
sensitized to the inhaled pollen and, because of the cross-reactivity with proﬁlins in the
fruit or vegetable, experience oral and pharyngeal symptoms when ingesting the raw
fruit or vegetable (i.e., the pollen-food allergy or oral allergy syndrome). The majority of
these class 2 allergens are presumably comprised of conformational epitopes and
therefore highly heat labile, susceptible to enzymatic degradation and difficult to
isolate, often giving unsatisfactory standardized extracts for diagnostic purposes.
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Derivative allergies

Proteins are made of a chain of dehydrated amino acids. When enzymes cut
proteins into pieces they add water back to the site at which they cut, called enzymatic
hydrolysis, for proteins it is called proteolysis. The initial products of this hydrolysis are
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polypeptides, and smaller products are called simply peptides; these are called wheat
protein hydrolysates. These hydrolysates can create allergens of wheat proteins that
previously did not exist by the exposure of buried antigenic sites in the proteins.

When proteins are cut into polypeptides, buried regions are exposed to the
surface, and these buried regions may possibly be antigenic. Such hydrolyzed wheat
protein is used as an additive in foods and cosmetics. The peptides are often 1 kDa in
size (9 amino acid residues in length) and may increase the allergic response (Akiyama
et al., 2006). These wheat polypeptides can cause immediate contact urticaria in
susceptible people (Laurière et al., 2006).

COMMON DISEASES

Celiac disease

The occurrence of celiac disease (CD) is about 1: 100 (Europe, USA) and higher than
supposed earlier (Jankowiak et al., 2008). If we look back, the history of celiac disease
can be separated into many ages, each driven by diagnostic advancement and deeper
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knowledge of disease pathogenesis. These advances are paralleled by the recognition of
new clinical patterns linked with CD and by an incessant redefinition of the
pervasiveness of the disease in population. Due to its exclusive pathogenesis, celiac
disease is extensively examined as a model immuno-genetic disorder (Mamone et al.,
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2011). Coeliac disease is believed to have a genetic component because there is a strong
association of the disease with the presence of specific HLA class II antigens,
predominantly HLA DQ2 and (to a lesser extent) DQ8 (Louka and Sollid, 2003). It is
believed that the proteins implicated in the disease, the prolamins, bind to the DQ2 or
DQ8 molecule, giving rise to T-cell activation and triggering a sequence of events
leading to full-blown disease. It was found by Sjostrom et al. (1998) that T-cell reactivity
is enhanced by the action of tissue transglutaminase, which deamidates specific
glutamine residues of gliadin and glutenin peptides.

In the beginning, CD was believed as a chronic indigestion, even if the causal food was
not identified. Later, the disease was confirmed to depend on intolerance to wheat
gliadin that leads to typical mucosal changes in the gut and to a malabsorption
syndrome. These facts directed to cure the disease with a gluten-free diet. After the
recognition of antibodies to gluten in the serum of patients and the recognition of
gluten-specific lymphocytes in the mucosa, CD was depicted as an autoimmune
disorder that usually presents as enteropathy in genetically susceptible individuals like
a chronic "gluten infection" (Zhernakova et al., 2010; Tommasini et al., 2011). It is
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distinguished

by

polygenic

predisposition,

autoimmune

nature,

principally

asymptomatic or atypical clinical course (Pavlović et al., 2010). CD4(+) T cells have a
vital function in CD, identifying and binding complexes bearing gluten peptides that
have endured digestion and are deamidated by tissue transglutaminase (TG2) thus
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supporting disease progression (Lindfors et al., 2010; Huan et al., 2011). The intestinal
mucosa of susceptible individuals is crossed by undigested gluten that direct to a
marked inflammatory response (Bas et al., 2009). One of the most serious side effects is
osteopenia, while increased risk of malignant diseases (James and Scott, 2001; Pengiran
Tengah et al., 2002; Vestergaard, 2003). As there are indications that a gluten-free diet
protects coeliac patients against the development of these complications, the importance
of compliance to such a diet is stressed. As there is no cure, a lifelong compliance to a
gluten-free diet is the only way to alleviate symptoms. The innate immune system
consists of a variety of immune responses that constitute the first line of defense against
the invasion of foreign substances, e.g. pathogens. Its response to challenge is ahead of
the induction of the adaptive immune response, is not antigen-specific and is without
memory. Activation at inappropriate sites or to an excessive degree can exacerbate
tissue damage in several diseases, and a possible role in the first stages of celiac disease
has been suggested (Maiuri et al., 2003).

Typical celiac disease, distinguished by mild to harsh gastrointestinal symptoms, is less
widespread than non-classic celiac disease, illustrated by absence of gastrointestinal
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symptoms (Polanco, 2008; Snyder et al., 2008; Cabrera-Chávez et al., 2009; Silva et al.,
2010). Coeliac disease consequences from composite interactions between the innate
immune system, an adaptive T and B cell response and the mucosal barrier where
inflammation is eventually manifested (Mothes et al, 2009; Heap et al., 2009; De
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Vincenzi et al., 2010).

Good devotion to gluten-free diet is compulsory to sustain the optimal bone health
(Mora, 2008). A key mechanism of the disease is immune-mediated T-lymphocyte
activation in the gastrointestinal mucosa following gluten ingestion. Inflammation of
the intestinal mucosa and atrophy of the villi occur, and can result in the inadequate
absorption of nutrients (Fasano and Catassi, 2001). Briefly, mechanism of causing
allergy at bowel level includes:

Glutaminase (an intestinal enzyme) deficiency
Increased permeability of the bowel to macromolecules, including the allergen
The production of antibodies to the relevant prolamin, or a fragment of it
Increased production of inflammatory mediators

The onset of noticeable symptoms of CD seems to be dependent on the following:
exposure to wheat, as when an infant is weaned (introduction of solids); predisposition
through family history; and some kind of "trigger" mechanism (Fasano and Catassi,
2001; Palosuo et al. 2001). The clinical manifestations of the disease vary markedly with
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the age of the affected person, the duration and severity of the disease and the presence
of extra-intestinal pathologic conditions. The symptoms f CD include diarrhoea,
bloating, weight loss, anemia, chronic fatigue, bone pain, and muscle cramps.
Symptoms vary with respect to age from young to elder children (Fasano and Catassi,

Downloaded by [University of Nebraska, Lincoln] at 10:28 06 April 2015

2001). Corn, rice and other cereal grains such as sorghum, millet, teff, ragi and Job's
tears as well as buckwheat, quinoa and amaranth can safely be ingested by a person
with celiac disease (CD). Spelt and kamut however, should be avoided in CD
(Thompson, 2000).

Baker's asthma

Baker's asthma is an allergy caused by inhalation of cereal flour and is most common
disease among workers with occupational exposure to cereal flour. Almost 4-25% of
bakery workers are affected by prolonged exposure to wheat products. IgE- mediated
reactions to wheat have been demonstrated for baker’s asthma as early as the beginning
of the 20th century (Houba, 1998). The insoluble gluten proteins are mainly responsible
for these allergenic responses (Wiszniewska et al., 2011; Palosuo, 2003). Contact with or
inhalation of wheat flour proteins is one of the causes of baker's asthma (an
occupational allergy), but allergens other than the wheat itself may also be reasons.
Symptoms of this disease include rhinitis, skin itching/rash, ocular symptoms
(including tearing, itching and conjunctival injection), respiratory symptoms (including
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coughing, wheezing, and shortness of breath and sputum production) and "grain fever"
(Matsumura et al., 1994).

Hypersensitivity reactions have been noted in case of wheat flour, both by inhalation
and ingestion (Merget et al., 2011; Baldo et al., 1980). Most prominent allergens for
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baker's asthma have been related to the salt-soluble fraction of wheat. Gomez et al.
(1990) identified and characterized several 12-16 kDa salt-soluble proteins, members of
the α-amylase/trypsin inhibitor family, as major allergens associated with baker's
asthma. In bakers’ asthma, water-soluble proteins i.e. members of the α-amylase
inhibitor family, acyl-CoA oxidase, fructose-bisphosphtase aldolase (Weiss et al., 1997)
and peroxidase (Sanchez-Monge et al., 1997) have been identified as important wheat
allergens

Wheat-dependent exercise-induced reactions

Wheat-dependent exercise-induced anaphylaxis is a separate form of wheat-allergy,
which is induced by physical exercise after ingestion of wheat. Exercise within 3 hours
of wheat consumption can induce an adverse reaction in susceptible individuals. In
some cases, this can also occur when wheat is consumed directly after exercise. Typical
symptoms experienced include asthma, urticaria, angioedema, dyspnoea, syncope and
anaphylaxis (Palosuo et al., 2001).
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In a previous study, Ioachim et al. (2002) demonstrated that the circulating levels of
gliadin, which is recognized as an allergen for a variety of wheat allergies, were
correlated with the clinical symptoms in patients with wheat-dependent exerciseinduced anaphylaxis (WDEIA). Interestingly, increased serum gliadin levels induced by
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exercise and aspirin were also observed in healthy subjects. It is also hypothesized that
aspirin facilitates the absorption of intact gliadin due to an increase in gastrointestinal
permeability (Jones and Jones, 2000; Tsunoda et al., 2003). The typical symptom is
generalized urticaria associated with shock or hypotension. Although the mechanism of
physical exercise-induction in the anaphylaxis is indistinguishable, an immediate-type
hypersensitivity to water/salt-insoluble fraction of wheat proteins (gluten) has been
considered to underlie in this disease.

Atopic dermatitis

Atopic dermatitis (AD) is a relapsing inflammatory skin disease characterized by
eczematous skin lesions and intense pruritus (Patriarca et al., 2007). In AD, pruritus is
often resistant to H1-antihistamine treatment. Therefore other mediators, including
neuropeptides, neurotransmitters, proteinases, arachidonic derivates, and cytokines,
have been suggested for a pathophysiologic role of pruritus in AD (Meglio et al., 2004).

Children with atopic disorders tend to have a higher prevalence of food allergy; about
35% of children with moderate to severe atopic dermatitis have IgE mediated food
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allergy and about 6–8 % of asthmatic children have food-induced wheezing (Novembre
et al., 1988) but 80% of them outgrow their food allergy. Later, Ellman et al. (2002)
found that children with atopic dermatitis for a period of 10 years did not manifest
reactions to an increasing variety of foods.
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At the start of present decade, Wantanabe et al. (2000) reported the safety and
usefulness of hypoallergenic wheat product in patient with atopic dermatitis (AD)
having wheat allergy (Yamamoto et al., 2004)

Conclusion

Wheat is consumed all over the world, considering as a staple food in many parts of the
world. However, many people are intolerant to wheat proteins especially gluten
protein. IgE-mediated wheat allergy is developed in the absence of oral tolerance. As a
result of these reactions, different symptoms of allergy take place. Consequently, these
symptoms result in different diseases like atopic dermatitis, celiac disease and baker’s
asthma. Baker’s asthma is due to prolonged exposure of workers to the baking plant.
Though, these diseases can be controlled by following different remedies. The
preventive measures to avoid wheat allergy include consumption of fruits and
vegetables and gluten free products. Additionally, avoid fried foods, sauces and all
baked goods. Considering the nutshell of this review, various proteins present in wheat
causes allergenic reaction in the community. So, the people who are intolerant to wheat
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should avoid the proteins mentioned in this article. Though, further research is required
to overcome the allergenic reactions caused by wheat as it is used as a staple food in
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many parts of the world and people cannot completely remove it from their diet.
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Table 1: Percentages of prolamin type in different cereals

Cereals

Prolamin type

Amount (%)

Wheat

Gliadin

69

Corn

Zein

55

Barley

Hordein

46-52

Sorghum

Kafirin

52

Rye

Secalinin

30-50

Millet

Panicin

40

Oats

Avenin

16

Rice

Orzenin

5
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Table 2: Monosaccharides present in eukaryotic glycoproteins

Sugar

Type

Abbreviation

β-D-Glucose

Hexose

Glc

β-D-Galactose

Hexose

Gal

β-D-Mannose

Hexose

Man

α-L-Fucose

Deoxyhexose

Fuc

N-Acetylgalactosamine

Aminohexose

GalNAc

N-Acetylglucosamine

Aminohexose

GlcNAc

N-Acetylneuraminic

Aminononulosonic acid

NeuNAc

acid

(Sialic acid)

Xylose

Pentose
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Figure 1: Mechanism of wheat allergy
(Lack, 2008)
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