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ABSTRACT  

Gluten-sensitive enteropathy, called Celiac disease (CD), is one of the most 

frequent autoimmune diseases, occurring in 1% people worldwide, upon gliadin 

ingestion. Currently, the only treatment available for CD individual is a strict life-long 

gluten-free diet. Chicken egg yolk immunoglobulin Y (IgY) is produced and examined 

for its efficacy in vitro, ex vivo, and in vivo to prevent enteric absorption of gliadin. This 

antibody was also used to develop sensitive and rapid detection kits for gluten. 

The extracted toxic gliadin was immunized into chickens inducing humoral 

immune response to produced gliadin-specific IgY antibodies. The IgY antibody was 

separated from non-protein component in egg yolk and was purified by gel 

chromatography, showing > 95% purity on electrophoresis. One gram of purified IgY 

antibody contains 79 mg of specific anti-gliadin IgY antibody based on quantitative 

ELISA technique. Under in vitro simulated gastric and intestinal conditions, competitive 

ELISA demonstrated that 1.5 mg anti-gliadin IgY completely neutralized 6.6 g gliadin in 

test tube. Using Caco2 cell culture as ex vivo test, anti-gliadin IgY prevented gliadin 

absorption (at a ratio of 1:3,000), resulting in no pro-inflammatory response (TNF-α and 

IL-1β). In-vivo BALB/c mice study showed that 31 μg specific anti-gliadin IgY antibody 

prevented 100 mg gliadin absorption in the gastrointestinal tract when both antibody and 

gliadin were orally fed.  

The developed antibody was used to also develop sensitive double antibody 

sandwich ELISA (DAS-ELISA)  Immunoswab and Immunostrip assay based on anti-

gliadin IgY and biotinylated monoclonal antibody (mAb) showing a detection limit of 4 

ng/mL, 1.25 µg/mL and 0.25 µg/mL, respectively. 

Anti-gliadin IgY has potential to be used as an oral passive antibody therapy to 

treat CD. This CD therapeutic candidate may provide an effective means of preventing 



 

CD when co-administered with gliadin contained food. Further clinical studies are 

warranted to test anti-gliadin IgY formulation in CD subjects exposed to gluten. 

The combination of anti-gliadin IgY and biotinylated mAb provided reliable, 

sensitive and inexpensive tools for the detection of gluten in gluten-free and gluten-

contained food products.  
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1.1  Definition of celiac disease 

Celiac disease (CD) is an inherited autoimmune disorder of the small intestine caused 

due to ingestion of gliadin in genetically predisposed individuals.CD has been classified as: 

classic, atypical, silent and latent 
1, 2

. Classic CD patients are characterized by gastrointestinal 

symptoms including diarrhea, abdominal pain, vomiting, bloating and distention, constipation 

and weight loss. Atypical CD is the most common form of the CD, where patients have few 

or no gastrointestinal symptoms. They are instead present with extraintestinal symptoms, such 

as dermatitis herpetiformis, anemia, delayed puberty or osteoporosis. Silent CD patients have 

no symptoms, but affected patients have villous atrophy evident on small bowel mucosal 

biopsy. They may have associated atypical features of CD, such as osteoporosis or anemia. 

Latent CD is known as potential CD, having no symptoms. Patients with latent CD show the 

same blood abnormalities as do patients with CD, but their small intestine biopsy findings do 

not suggest autoimmune disease.  

 

1.2 Prevalence 

CD originally thought to almost exclusively affect white Europeans, is now 

known to be widely distributed worldwide 
3
. Epidemiological studies conducted in areas 

supposedly free of CD, including Africa, the Middle East, Asia, and South America, 

show that the disease was previously underdiagnosed 
4
. This provides evidence that CD is 

one of the most common genetic diseases, resulting from both environmental (gluten) and 

genetic (human leucocyte antigen (HLA) DQ2/8 and non-HLA genes) factors. 

The world distribution of CD seems to have followed the mankind wheat 

consumption and the migratory flows. Man originally fed on meat, fruit and vegetables, 

with no exposure to gluten-containing cereals. It was only about 10,000 years ago in a small 

region called the “Fertile Crescent” of the Middle-East (including Anatolia (Southern 

Turkey), Lebanon, Syria, Palestine and Iraq) where wild wheat and barley grains 

successfully cultivated due to favorable environmental conditions. In the Fertile Crescent 

some tribes changed from nomadic to stable settlement style of living because land 

cultivation permitted food storage, and later migrated westwards to obtain new lands for 

cultivation. These persons spread through the Mediterranean area (Northern Africa, 

Southern Europe) and Central Europe. The expansion continued from 9,000 to 4,000 BC by 

which time the cultivation of wheat and barley had spread all over the Old Continent, also 

reaching Northern Europe (Ireland, Denmark and the Scandinavian countries). This 

expansion in farming was due to the diffusion of agricultural practices and replacement of 
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local inhabitants by descendants from the Middle-East 
5
. Hence, the European and North-

African populations share genetic background with the peoples of Middle-East origin. 

In the past, the prevalence of CD had been underestimated, but it is now regarded 

one of the most common genetic disorders in the West with 1% prevalence 
6-8

. 

Interestingly, there is increased prevalence of CD amongst women compared to men with 

male:female ratio of 1:2.8 
9
. This could be due to the finding that men with CD were 

diagnosed at an older age 
10

. Indeed, there have been reported CD cases among immigrant 

children native of Eastern Europe, Northern, West and East Africa, the Middle East and 

Southern Asia, according to their acquisition of Western dietary practices (i.e., short period 

or lack of breast feeding and early weaning with a great amount of gluten intake) 
11

. This 

suggests that many persons may have the genetic predisposition to CD but the clinical 

presentation only occurs when there is sufficient gluten in the diet.  

 

1.2.1 Normal at-risk persons 

In several parts of the world, the presence of the combination of antibody (serum 

tissue transglutaminase and endomysial autoantibodies) positivity and an HLA haplotype 

associated with CD is predictive of small-bowel abnormalities indicative of CD. For the 

majority of countries, the CD prevalence is unknown. Figure 1-1 shows a range of estimated 

normal at-risk CD prevalence in continents and nations around the globe. It must be noted 

that some studies report prevalence of CD based on serology, others on celiac compatible 

small bowel biopsies and a few on serology, biopsy and response to gluten challenge. 
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Figure 1-1 Prevalence of CD worldwide. 

 

1.2.2 High at-risk persons 

In the general celiac population (without classical CD symptoms, e.g. diarrhea or 

weight loss), there are high risk groups that may have higher CD prevalence rates (Table 

1-1). Among factors that denote a higher risk for CD, the most important factor is familial 

history of biopsy proven CD with an estimate of 20% or more of first-degree relatives 

having CD 
12

. Some authors observed a higher prevalence in CD siblings as compared to 

parents 
13-15

. A study in Swedish youth (< 20 years old) diagnosed with Type 1 Diabetes 

confirmed the low prevalence (0.7%) of symptomatic CD at initial onset of diagnosis, but 

an overall prevalence reached 10% during a 5-year follow-up 
16

. Thus, the prevalence of 

an association with CD in high risk groups may increase over time. 
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The overall prevalence of CD is highly dependent on the HLA DQ2/DQ8 typing 

and gluten consumption. The population with positive HLA typing for celiac have high 

chances of developing celiac symptoms when on high gluten consumption. However, the 

population with diabetes, autoimmune disorder or relatives of CD individuals have even 

higher risk for the development of CD, since they share the same HLA typing. 

 

1.3 CD causing factors 

It is found that 30% of the Caucasian populations carry HLA-DQ2 and most will 

eat wheat, while only 1 in 100 will develop disease 
17

. The remaining susceptibility is 

thought to be due to a combination of genetic and environmental factors (Figure 1-2).  

             Gluten Ingestion 

 

HLA-DQ2 / DQ8 

         

 

 

 

 

 

          Celiac Disease 

Figure 1-2 Factors necessary for CD development 
18

. 

Table 1-1 High risk populations for CD 
12

  

Relatives, especially first-degree 

Anemia, especially iron deficiency 

Osteopenic bone disease 

Insulin-dependent diabetes (type 1), especially children 

Liver disorders, especially Autoimmune hepatitis and Primary biliary cirrhosis 

Genetic disorders, including Down and Turner’s syndrome 

Autoimmune endocrinopathy, especially thyroid disease 

Skin disorders, particularly dermatitis herpetiformis 

Neurological disorders, including ataxia, seizures, Myasthenia gravis  

Others, including IgA nephropathy 

Genetic, 

Immune & 

Environment 

 

Innate immune system 

Adaptive immune system  

 

 

Mucosal barrier genetics 

Other environment factors 



6 

 

HLA-DQ2.5 carriage is necessary for disease development, but it is not sufficient 

by itself. A combination of other genetic factors influencing the mucosal barrier, the 

adaptive and the innate immune system also impact the likelihood of disease 

development. Wheat ingestion is a known environment factor that is necessary for disease 

development but on top of this, a number of factors such as timing of gluten ingestion and 

breast feeding cessation may influence disease development 
18

. 

 

1.3.1 Genetic factors 

Genetics play a strong role in CD, indicated by the high disease concordance in 

monozygotic twin 
19

. The CD prevalence rose from 1% to 17.6% in sisters, 10.8% in 

brothers, and 3.4% in parents 
20

. CD is associated with HLA alleles as well as more than 

250 other major histocompatibility complex (MHC) and non-MHC genes. The main 

genetic factor is the given HLA-DQ genes, i.e., the genes encoding DQ2 or DQ8 in the 

HLA complex on 6p21.  

HLA genotype contributes to the genetic risk for CD at 30–50% 
20, 21

. Non-HLA 

genes contribute more evidence to the CD genetic background than the HLA genes, but 

each by itself contributes modestly to the disease development. Hence, it is reasonable to 

assume that the susceptibility to CD involves polymorphic genes that influence the immune 

response to gluten, as shown for the HLA-linked genes 
22

.  

Ninety percent of European patients with CD carry the human leucocyte antigen 

(HLA)-DQ2 molecule, encoded either in cis on the HLA-DQA1*0501-DQB1*0201 

haplotype (HLA-DQ2.5cis) or in trans on the HLA-DQA1*0505 

DQB1*0301/DQA1*0201-DQB1*0202 haplotypes (HLA-DQ2.5trans). Approximately 5% 

express HLA-DQ8, encoded by HLA-DQA1*0301-DQB1*0302. The majority of the 

remainder carry the HLA-DQA1*0201-DQB1*0202 haplotype 
21

. With genetic testing, 

DQ2 is almost synonymous with DQB1*02, a gene with two common alleles designated 

DQB1*0201 and DQB1*0202. The DQ2 frequency in Caucasian in Western Europe 

populations has been estimated at 20–30%, and relatively high frequencies also occur in 

Northern and Western Africa, the Middle East and central Asia 
23

.  

Thereafter, the overall frequency of DQ2 declines from West to East with low 

frequencies in populations in South-East Asia and the virtual absence of DQ2 in Japan 

(Table 1-2). DQ8 frequency has a worldwide distribution, whereas DQ2.5, is common in 

South and Central America; approximately 90% of Amerindian populations carry DQ8 and 

may display the celiac phenotype 
24

. The frequency of DQ8 population is shown in Table 1- 

http://en.wikipedia.org/wiki/Phenotype
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Table 1-2 Frequency of HLA-DQ2, encoded by HLA-DQB1*02 and HLA-DQ8, 

encoded by HLA-DQA1*0301-DQB1*0302 

< 5% 5%-20% 20% 

HLA-DQ2   

Albania  

Canada BC (Athabaskans) 

Cook Islands 

Indonesia 

Japan 

Jordan 

Papua New Guinea  

Philippines 

Samoa 

 

 

 

 

 

 

 

 

Belarus Algeria  

Cameroon 

Congo  

Costa Rica  

China  

Cuba 

Ecuador Africans  

France  

India 

Malaysia 

Mexico 

Poland 

Russia 

Singapore 

South Korea 

Spain 

Sri Lanka 

Sweden 

Taiwan 

Thailand 

Turkey 

Uganda 

Ukraine 

Vietnam 

Algeria 

Australia  

Belgium  

Central African 

Republic  

Croatia  

England   

Equatorial Guinea 

Bioko Island 

Ethiopia  

Germany  

Greece 

Iran 

Ireland South 

Israel 

Italy 

Mongolia 

New Zealand 

Pakistan 

Saudi Arabia 

Slovenia 

Tunesia 

USA 

< 5% 5%-20% 20% 

HLA-DQ8 

Australia 

China 

Georgia 

Greece 

North India 

Spain 

Uganda 

 

 

 

 

 

Algeria 

Belgium 

Brazil 

Canada BC (Athabaskans) 

Croatia 

England Caucasoid 

France 

South India 

Israel 

Italy 

Japan 

Russia 

South Korea 

Tunisia 

Turkey 

Ukraine 

USA European American 

Argentina 

Ecuador 

Ethiopia 

Mexico 

Venezuela 

Estimates are based on studies included in a comprehensive Internet website 
24

. In several 

countries, the frequency is not known. 

http://www.allelefrequencies.net/pop6001c.asp?pop_id=2241
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Studies using monozygotic twins, which are assumed to share environmental 

factors, have estimated the percentage of non-HLA genetic variants which predispose to 

CD of approximately 60% 
25

. The incidence of the CD in siblings was very close to that 

observed in dizygotic twin (11%). These data suggest that shared environment (aside 

from gluten) has little or no effect on the concordance of dizygotic twins reared together 

26
. To date a large list of variants have been suggested to predispose to CD through a 

combination of linkage and association studies, a large number of variants, however, do 

not stand up to further scrutiny. Only those that have been validated with convincing 

evidence in multiple populations are mentioned here.  

In CD, like many common diseases, this genome wide linkage approach has been 

fairly unsuccessful at locating variants. Linkage was found to various regions including 

5q and 19p, however, the only genomic region that was replicated with some reliability in 

other populations was 2q33, a region that contains the CTLA4 
27

, ICOS and CD28 genes 

25
. CTLA4 is an excellent candidate gene for involvement in CD not only due to its 

integral involvement in the suppression of immune responses but also because it has been 

implicated as a genetic variant that increases susceptibility to Type 1 diabetes (T1D) 
27

.  

The prevalence of CD in patients diagnosed with T1D has been estimated at up to 

15% in children and 6% in adults 
28

. The reason for this association has never been fully 

elucidated, but common mechanisms within the pathogenesis and genetics of the two 

conditions may provide some insights. IL21 region displays CD associations to T1D 
29

, 

rheumatoid arthritis 
30

, Grave's disease 
31

, and psoriatic arthritis 
32

; but genetic 

involvement in all these conditions is not currently understood. There is possibility of 

shared genetic susceptibility to autoimmunity through IL-2, IL-21 locus, both inside and 

outside of the HLA region, with almost no function identified thus far 
17

. Like the studies 

associated with the HLA-DQ2.5 variant, further identification of the causal variant and its 

function will provide a unique insight into CD and other autoimmune disease biology. 

 

1.3.2 Dietary gluten factor 

Gluten is a protein that appears in wheat, barley, rye and oat, compositing of 

prolamin and glutelin. The majority of the proteins in food responsible for the immune 

reaction in CD are the prolamins. Prolamins are found in several grains, such as wheat 

(gliadin), barley (hordein) and rye (secalin), and possibly avenin in oats. Different oat 

cultivars contain different protein sequences, therefore varieties of oats are toxic for CD 

patients and other not 
33

. Because of high proline and glutamine content and specific 
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sequence patterns, prolamins are resistant to gastrointestinal proteolytic enzymes and are 

excellent substrates for deamidation by tissue transglutaminase.  

The incomplete gastrointestinal digestion of gluten leads to the appearance of 

gluten-derived gliadin peptides such as 33mer (LQLQPFPQPQLPYPQPLPYPQPQL 

PYPQPQPF) with a variety of characteristics 
34

. It contains overlapping T-cell epitopes, 

and its deamidated form is a potent T-cell stimulator, generating the glutamic acid 

residues essential for binding to HLA-DQ2 in celiac patients 
35

. The ingestion of 

prolamins from wheat, barley, rye and possibly oats causes histological changes in the 

small intestine mucosa of celiac patients, leading to a malabsorption syndrome 
36

. Clinical 

symptoms of an autoimmune attack after ingestion of the gluten containing food include 

digestive symptoms and skin reactions. 

Gliadin peptides cause stimulation of the innate and adaptive immune system 
37-

39
. The prototype of peptides effective on innate response is 19-mer peptide (p31–43/49, 

amino acid sequence PGQQQPFPPQQPY), which has been proved both in vitro and in 

vivo to be harmful for CD patients 
40, 41

. Peptide 31–43 stimulates the synthesis and 

release of IL-15, a proinflammatory cytokine that promotes the adaptive immune 

response 
38

, involving CD4+ T cells that recognize several deamidated gliadin peptides 
42

. 

Unlike p31–43 which is not immunogenic for T cells, peptide 57-68 (p57–68), which 

binds to HLA-DQ2/8 molecules, is one of the dominant epitopes recognized by T cells 

isolated from the intestine of CD patients 
42

. The so-called toxic peptides, of which p31-

43 is probably the most fully studied, modulate the small-intestinal mucosal biology via 

an innate immune mechanism. 

 

1.3.3 Other causing factors 

Genetic predisposition association (HLA, MYO9B), exogenous trigger (gluten), 

pro-autoimmune genetic background, viral infections, tissue damage, early termination of 

breastfeeding and gender contribute to the development of CD (Table 1-3) 
43

. 

Apart from introduction of gluten during the first year of life, infectious agents 

may play a role in development of CD. Several studies have implicated infections with 

Adenovirus type 12 (Ad12) 
44

, HCV 
45, 46

, Campylobacter jejuni 
47

, Giardia lamblia 
48

, 

Rotavirus 
49

 and Enterovirus infection 
50

, as triggers for the development of CD. The 

immunologic response in persons genetically susceptible to CD may be activated due to a 

shared Adenovirus sequence of 8 to 12 amino acids with the toxic gliadin fraction 
51

. 

Other factors such as timing of gluten ingestion and breast feeding cessation may involve 
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in the pathogenesis and disease development of CD 
18

. Some initiating factors, such as 

gluten overload, gastric surgery “unmasking”, giving up smoking, and infections can also 

trigger the disease, which can become apparent in an abrupt manner 
52, 53

. 

 

Table 1-3 The most important factors contributing to the development of CD 
43

  

Factors contributing to onset of CD Mechanism 

Gluten Elicit T cell responses 

Induces cytokine production and intestinal lesion 

Age of introduction of gluten Weak gut immunity during early childhood 

HLA-DQ2 or HLA-DQ8 Gluten presentation 

MYO9Bo Increased permeability of the intestine 

Pro-autoimmune genetic background Shift in Th1/Th2 balance towards Th1 

Defect in generation of active tolerance (e.g., 

regulatory T cells) 

Viral infections IFN production  

Tissue damage 

Tissue damage Increased level of tTG 

Danger signals 

Early termination of breastfeeding Decreased protection against infections 

Gender Hormone-related pro-autoimmune status 

 

1.3.4 Time of trigger (onset of gluten intolerance) 

All CD individuals are born with a genetic predisposition, but the age of onset may 

vary from infancy to old age. Some are diagnosed at birth or during childhood, but others 

may remain dormant until it is triggered later in life. 

Several studies related the rise in childhood CD to infant feeding practices 
18, 54

. 

Consumption of wheat, barley, and rye in the first 3 months children have significantly 

increased the risk of developing CD-associated autoantibodies, as compared with 

exposure during first 4 to 6 months 
54, 55

. 

Although CD can be diagnosed at any time of life, it is present mostly in either 

early childhood (between 9 and 24 months) or in the third or fourth decade of life 
3, 41, 56, 

57
. In contrast to the 1/1 sex ratio in children, in adulthood it is diagnosed twice as 

frequently in females. Interestingly, CD is also becoming more frequently recognized in 
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the elderly, and in this population, a 1/1 sex ratio has also been noted 
58

. Although the 

“classical” gastrointestinal malabsorption syndrome characterized by diarrhea, 

steatorrhoea, weight loss, fatigue, and anemia may occur in severe cases, most patients 

have a milder symptoms such as abdominal discomfort, bloating, indigestion, or non-

gastrointestinal symptoms (or no symptoms at all) 
3, 41, 56, 57

. Maki et al. reported a shift of 

5–6 years of age at diagnosis in Finland, with less than 50% of new cases presenting 

typical gastrointestinal symptoms 
59

. In England 
60

, Scotland 
61

, Canada 
62

, and the United 

States 
8
, reports have also shown that almost 50% of newly diagnosed CD patients do not 

present with gastrointestinal symptoms. 

 

1.4 Pathogenesis 

CD is an autoimmune disease associated with the genetic predisposition HLA and 

tissue transglutaminase (tTG) autoantigen. TTG is a calcium dependent enzyme that plays a 

crucial role in CD pathogenesis 
63

. TTG mediates ordered and specific deamidation of 

gliadins, creating an epitope that binds efficiently to DQ2 and is recognized by gut-derived 

T cells 
64

. This causes activation of T-cells, production of high levels of pro-

inflammatory cytokines, apoptotic death of enterocytes, and induction of clonal 

expansion of B-cells. These B-cells differentiate into anti-gliadin and anti-tTG 

antibody secreting plasma cells. Interaction between with the extracellular tTG 

(mtTG) and anti-tTG-autoantibody may further contribute to epithelial damage 

(Figure 1-3). 
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Figure 1-3 Mechanisms of mucosal damage in CD 
65

. Gliadin peptides crosses the 

enterocyte by paracellular tight junctions (TJ) as a consequence of increased release of 

zonulin leading to impaired mucosal integrity upon 19 mer gliadin binding to CXCR3 

receptor, or via transcytosis, or retrotranscytosis of secretory IgA through transferrin 

receptor CD71. Tissue transglutaminase (tTG) deamidates or crosslinks 33 mer gliadin 

which is then recognized by HLA-DQ2 or -DQ8 molecules of antigen presenting cell 

(APC). APC presents the toxic peptide to CD4+ T (αβ) cells. Activated gluten-reactive 

CD4+ T-cells produce high levels of pro-inflammatory cytokines. Th1 cytokines promote 

increased cytotoxicity of intraepithelial lymphocytes (IELs; γδ T cells) and natural killer 

(NK) T cells which cause apoptotic death of enterocytes by the Fas/Fas ligand (FasL) 

system, or interleukin 15 (IL-15)-induced perforin/granzyme and NKG2D–MICA 

signaling pathways. The production of Th2 cytokines activate and induce clonal 

expansion of B cells, which differentiate into anti-gliadin and anti-tTG antibody secreting 

plasma cells. Interaction between with the extracellular tTG (mtTG) and anti-tTG-

autoantibody may induce epithelial damage. 
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1.4.1 Site of CD 

During gluten consumption, these tTG autoantibodies are produced by the 

mucosa of the small intestine, and detected in patients' serum but disappear slowly from 

the patient’s circulation on a gluten-free diet (GFD) 
66

. Extraintestinal CD symptoms may 

be associated with IgA deposits on extracellular tTG in the liver, kidney, lymph nodes 

and muscles of CD patients 
66

. The mucosa is expanded by increased numbers of lymphoid 

cells both in the intraepithelial compartment, in which there is an increase in γδ T cells, and 

in the lamina propria, which is expanded by lymphocytes and plasma cells. The intestinal 

crypts are elongated because of an increase in dividing epithelial cells, and villi are 

shortened or even completely absent because of rapid loss of mature epithelial cells from 

the villus tip. 

 

1.4.2 Intestinal permeation of gliadin 

Intestinal epithelium plays a central role in CD disease pathogenesis. It modulates 

the intestinal immune system that is acutely altered by gliadin. This indicates that gliadin 

can gain access to the basal surface of the epithelium, and therefore interact directly with 

the immune system, via both trans- and paracellular routes of absorption.  

 

1.4.2.1 Retrotranscytosis of gliadin 

The protected retrotransport of secretory IgA into the intestinal lumen via the 

transferrin receptor CD71, allows the entry of intact and thus harmful gliadin peptides 

into the intestinal mucosa by a transcellular route. The overexpression of the transferring 

receptor CD71 in patients with active CD by transportation of gliadin across the intestinal 

mucosa through retrotranscytosis of secretory immunoglobulin –gliadin complexes is 

shown in Figure 1-4 
67, 68

.  

Transcytosis of α2-gliadin-33 mer (an important trigger of CD) by apical-to-basal 

is stimulated by interferon-γ, which is a key cytokine involved in CD immunopathogenesis 

69
. 
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Figure 1-4 CD71 receptor–mediated transport of IgA–gliadin complexes in CD 
68

. 

Gliadin bound to apically expressed CD71 receptor in active CD individual allows 

protected transport of gliadin into the lamina propria. 

 

1.4.2.2 Paracellular pathway of gliadin 

There have been recent hypotheses that the non-digested gliadin in the intestinal 

lumen cause CD pathogenesis by stimulation of the innate and adaptive immune systems 

38, 39, 70
. Zonulins provide information on the regulation of intercellular tight junctions 

(TJs) and increased intestinal permeability 
71-75

. It is released by the enterocyte upon 

apical exposure to α-gliadin digests 
76, 77

. Lammers et al. have identified that MyD88 

induces release of zonulin upon gliadin binding to CXCR3 on enterocytes, as a result 

inducing greater epithelial permeability and subsequent paracellular gliadin passage to the 

gut mucosa 
77

.  

After binding to its surface receptor, gluten is internalized 
78

, and subsequently 

triggers a series of intracellular events including phospholipase C and Protein kinase Ca 

(PKCa) activation and actin polymerization, which lead to the opening of TJs 
72, 79

, 

through Zot/Zonulin receptor (Figure 1-5).  
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Figure 1-5 Proposed Zot intracellular signal mediated opening of intestinal TJ 
80

. (1) Zot 

interacts with a specific Zot/Zonulin intestinal surface receptor; (2) leading to protein 

internalization and; (3) activation of phospholipase C; (4) that hydrolyzes phosphatidyl 

inositol to release inositol 1,4,5-tris phosphate (PPI-3) and diacylglycerol (DAG). (5) 

PKCa is then activated; (4) either via DAG or (4a) through the release of intracellular 

Ca
2+

 via PPI-3. (6) Membrane-associated, activated PKCa catalyzes the phosphorylation 

of target protein(s); (7) with subsequent polymerization of soluble G-actin in F-actin. (8) 

This polymerization causes the rearrangement of the TJ filaments and displacement of 

proteins (including ZO-1). As a result, intestinal TJ becomes loosened. 

 

The toxic peptides, such as the p 31-49, trigger an innate immune response 
38

, 

characterized by the production of IL-15 by epithelial cells and lamina propria dendritic 

cells 
64

. There is some evidence that this response is a generalized response in all 

individuals, but is amplified in CD patients (possibly due to a lower threshold to IL-15) 

who only get disease as a result of adaptive immune system involvement 
81

. IL-15 affects 

the epithelial barrier, both by increasing the permeability through disruption of the tight 

junctions 
76, 82

, and acting on intraepithelial lymphocytes (IELs) promoting IFN-γ 

production as well as a potent cytotoxic activity particularly by NKG2D+ cells 
83, 84

. 

Therefore, immunoadaptive peptides, like the 33-mer, can now reach the lamina propria, 

where they are presented by dendritic cells to gluten-specific T cells 
85, 86

. 
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1.4.2.3 Other pathways 

There are several pathways including cellular signals that may be involved in the 

mucosal damage in CD. Deamidation of gluten peptides by tissue tTG reinforces 

presentation of gluten peptides by HLA-DQ2 or HLA-DQ8 molecules of plasmacytoid 

dendritic cells (pDCs) to T cells, which activate gluten-reactive Th1 cells and produce 

high levels of proinflammatory cytokines. IL21 is overproduced in the mucosa of CD 

patients, where it helps sustain T-bet expression and IFNγ production 
80

. Th1 cytokines 

promote increased cytotoxicity of intraepithelial lymphocytes (IELs) and natural killer 

(NK) T cells which cause apoptotic death of enterocytes by the Fas/Fas ligand (FasL) 

system, or interleukin 15 (IL-15)-induced perforin/granzyme and NKG2D–MICA 

signaling pathways. IFN-α released by activated pDCs perpetuates the inflammatory 

reaction by inducing Th1 cells to produce IFN-γ. IL-21 and IL-15 produced by DCs and 

intraepithelial cells (IECs) also inhibit transforming growth factor beta (TGF-β) signaling 

and regulatory T cells (Tregs) function. Additionally, the production of Th2 cytokines, the 

Th2 cells driven activation and clonal expansion, the differentiation of B cells into plasma 

cells secreting anti-gliadin and anti–tissue transglutaminase antibodies 
87

, may induce 

epithelial damage. Hence in CD, there is impaired suppressor activity of Tregs. This defect in 

Tregs function could play a role in the pathogenesis of CD and in CD autoimmunity  
88

. 

 

1.5 Celiac symptoms 

CD commonly appears in early childhood, with severe symptoms including 

chronic diarrhea, abdominal distension, and failure to thrive. In many patients, symptoms 

may not develop until later in life, when the disease symptoms include fatigue, diarrhea, 

and weight loss due to malabsorption, anemia, and neurological symptoms (Table 1-4). 

Celiac disease is a life-long disorder, and if untreated, it is associated with increased 

morbidity and mortality 
56, 89

.  
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Table 1-4 Intestinal and extraintestinal conditions associated with CD 

 

Typical symptoms Atypical symptoms Associated conditions 

Chronic diarrhea 

Failure to thrive 

Abdominal distention 

Secondary to malabsorption 

    Sideropenic anemia 

    Short stature 

    Osteopenia 

    Recurrent abortions 

    Hepatic steatosis 

    Recurrent abdominal pain 

    Gaseousness 

Independent of malabsorption 

    Dermatitis herpetiformis 

    Dental enamel hypoplasia 

    Ataxia  

    Alopecia 

    Primary biliary cirrhosis 

    Isolated hypertransaminasemia 

    Recurrent aphthous stomatitis 

    Myasthenia gravis 

    Recurrent pericarditis 

    Psoriasis 

    Polyneuropathy 

    Epilepsy  

    Vasculitis 

    Dilatative cardiomyopathy 

    Hypo/hyperthyroidism 

Possible gluten dependent 

    IDDM 

   Autoimmune thyroiditis 

   Autoimmune hepatitis 

   Sjogren syndrome 

   Addison disease 

   Autoimmune atrophic 

gastritis 

   Autoimmune 

emocytopenic diseases 

Possible gluten independent 

    Down syndrome 

    Turner syndrome 

    Williams syndrome 

    Congenital heart 

defects 

    IgA deficiency 
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1.6 Diagnosis 

In 1970, the European Society of Paediatric Gastroenterology laid down criteria for 

the diagnosis of CD in children, entailing three biopsies of an initial flat mucosa in the 

upper small intestine, restoration of the mucosa to normal on a GFD, and a deterioration 

of the mucosa after gluten challenge 
90

. Given the current availability of serological tests 

being highly sensitive and specific, the European Society of Paediatric Gastroenterology, 

Hepatology, and Nutrition (ESPGHAN) has proposed a revised CD diagnostic protocol 

91
. Based on this protocol, if the symptoms (either “classical” or “atypical”) and 

serological tests are suggestive of CD, small bowel biopsy followed by a favourable 

clinical and serological response to the GFD is now considered sufficient to definitely 

confirm the diagnosis. In asymptomatic patients improvement in mucosal appearance 

may be required to confirm the diagnosis, but in majority of symptomatic patients, 

continual abnormality of mucosa at the second biopsy is more likely to indicate slow 

/partial mucosal recovery 
92

. This may also reflect that the site of re-biopsy (proximal 

small intestine) is often the last site to improve. In some patients the histological changes 

of CD may be patchy and/or diffuse along the length of the small intestine. Also, insert a 

table of the pathological changes in other parts of the GI tract and liver in CD. 

The current approach to evaluating CD has been modified by the advent of highly 

sensitive and specific serological tests. An algorithm for diagnosing CD is given in 

Figure 1-6. Assays for IgA anti-tissue transglutaminase (TGA) and IgA anti-endomysial 

(EMA) have both the highest specificities and sensitivities, and are therefore regarded as 

being superior serological screening tools for diagnosis of CD 
93

. 

Initial CD evaluation is based on a combination of positive CD-specific serological 

tests, histological findings in the intestinal biopsy, CD-predisposing gene encoding 

human leukocyte antigens (HLA) DQ2 or DQ8, family and medical history of CD, and 

clinical or histological response to GFD 
6, 65

. However, CD diagnosis can be challenging 

in some non-responsive patients to GFD 
94

. Practically all patients with CD carry HLA-

DQ2 or HLA-DQ8. Thus the absence of these gene pairs reflects a very high negative 

predictive value for CD and should prompt consideration of other causes of small bowel-

related symptoms and pathological changes 
95, 96

. Positive TGA or EMA at initial 

diagnosis of CD or at any time in the clinical course of the disease helps to confirm the 

diagnosis of CD because of their excellent specificities of over 99% when small bowel 

villous atrophy is present on biopsy 
97

.  
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Figure 1-6 Celiac disease diagnostic testing algorithm (from Mayo Medical Laboratories, 

Mayo Foundation for Medical Education and Research (MFMER). 

However, false positive serological assays may also occur 
98

, in liver disease and small-

bowel inflammation 
99

, so documentation of gluten sensitivity is important. A 

combination of biopsy and serological antibody can also be used to support diagnosis to 

reduce false positive results. A validated subjective Celiac Dietary Adherence Test 

(CDAT), a patient-completed tool, can also be used in conjunction with biological 

markers to assess dietary adherence and disease activity in individuals with CD 
100

. 
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 There are several clinical conditions that are suggestive of CD, hence patients 

with indications as mentioned in Table 1-5 should be screened using serological tests for 

CD 
101

. 

 

Table 1-5 Clinical indications for serological testing for CD 

Positive family history of CD 

Autoimmune endocrine disorders 

Insulin-dependent diabetes mellitus 

Autoimmune thyroid disease 

Autoimmune adrenal disease 

Autoimmune connective tissue disorders 

Sjogren’s syndrome 

Rheumatoid arthritis 

Systemic lupus erythematosus 

Hepatobiliary conditions 

Primary sclerosing cholangitis 

Primary biliary cirrhosis 

Autoimmune cholangitis 

Elevated transaminases 

Other gastrointestinal disorders 

Lymphocytic gastritis 

Microscopic colitis 

Miscellaneous conditions 

IgA deficiency, IgA nephropathy 

Down syndrome, Turner’s syndrome 

 

1.6.1 Diagnostic tests 

1.6.1.1 Serological tests 

HLA typing: The contribution of HLA type to the genetic risk for CD has been variously 

estimated at 30%–50% 
20, 21

. Many of the polymorphic genes are involved in 

susceptibility to CD encode products that influence the immune response upon gluten 

ingestion, as shown for the HLA-linked genes 
102

. Although more non-HLA genes than 
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HLA genes contribute more to the genetic background of CD, each of them adds only a 

minor contribution to the disease development. 

There is strong association between CD and the presence of human leukocyte 

antigen (HLA) DQA1*0501-DQB1*02 (DQ2) and DQA1*0301-DQB1*0302 (DQ8) 

haplotypes. Approximately 90% to 95% of patients with CD carry DQ2 and those 

patients that are negative for HLA-DQ2 are usually positive for HLA-DQ8 
103, 104

, 

indicating a strong genetic risk for the disease. Several studies also have confirmed that 

the absence of HLA-DQ2, HLA-DQ8, or both virtually excludes the diagnosis of CD 
105-

107
. However,  the modest sensitivity (HLA-DQ2, 70-99.8%; HLA-DQ8, 1.6-38%) and 

specificity (HLA-DQ2, 69-77%; HLA-DQ8, 77-85%) of the test means that a positive 

result is not sufficient to diagnose the disease (having a low positive predictive 

values[HLA-DQ2, 6.3-18; HLA-DQ8, 0.28-8.1] and likelihood ratios [HLA-DQ2, 2.25-

4.33; HLA-DQ8, 0.07-2.53]) 
108

. Even the presence of HLA-DQ2 or HLADQ8 in patients 

with positive serologic test results is strongly suggestive but not pathognomonic for CD. 

Antibody screening to identify participants with preclinical CD may be reduced by 

preselecting HLA risk group from the large populations with long-term follow-up for CD 

109
. Hence HLA-DQ genotyping could be included in the algorithm of selecting large 

populations prospectively screened for CD. 

 

Antibody level: Several serum antibodies have been used to initially evaluate patients 

with suspected CD, monitor adherence and response to GFD, and screen asymptomatic 

individuals. Anti-gliadin antibodies (AGA) detection has low sensitivity and specificity, 

leading to high false-positive rate in patients 
110

. Recent reports of deamidated gliadin 

peptide AGA (DGP-AGA) have suggested a much improved accuracy 
111

. The sensitivity 

and specificity for IgA DGP-AGA is 84.3% and 79.8%, whereas for IgG DPG-AGA the 

sensitivity and specificity are 82.3% and 98.9%, respectively 
112

. As shown in Table 1-6, 

EMA and TGA have been found to be superior to AGA and gives highest sensitivity and 

specificity of greater than 95% when used in combination 
110, 113, 114

. EMA testing, 

however, produces a subjective and highly observer-dependent result, whereas TGA 

testing is quantitative. 
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Table 1-6 Operating characteristics of serological markers to detect the CD in adults 
115

. 

Serological Sensitivity Specificity Predictive Value  Likelihood Ratio 

Tests (%)* (%)* Positive Negative  Positive Negative 

IgG AGA  57–78 71–87 0.2–0.9 0.4–0.9  1.96-6 0.25-0.61 

IgA AGA 55–100 71–100 0.3–1.0 0.7–1.0  1.89-∞ 0-0.63 

IgA EMA 86–100 98–100 0.98–1.0 0.8–0.95  43-∞ 0-0.14 

IgA TGA 77–100 91–100 >0.9 >0.95  8.55-∞ 0-0.25 

IgA TGA 

and EMA 
98–100 98–100 >0.9 >0.95  49-∞ 0-0.02 

      *95% CI 

IgG: Immunoglobulin G; IgA: Immunoglobulin; AGA: Anti-gliadin antibodies; EMA: 

Anti-endomysial antibodies; TGA: Anti-tissue transglutaminase antibodies. 

 

 

Abbreviations: LRs, likelihood ratios (the greater the LRs value, the more probability of 

disease increases; the closer the LR number is to zero the more the probability of disease 

decreases) 

 

1.6.1.2 Small intestinal mucosal biopsy 

Histopathological analysis: Although the diagnosis of CD can be suspected on clinical 

or laboratory grounds, or as a result of serological tests, histology of the proximal small 

intestinal mucosa is still the diagnostic gold standard and must always be performed. 

Small intestinal histopathology of CD biopsy samples are characterized by typical 

architectural abnormalities. Marsh 
115

, has pioneered the theory of a sequence of 

progression of the CD lesion in the small intestinal mucosa.  

According to the modified Marsh classification: normal mucosa is classified 

Marsh 0, intraepithelial lymphocytosis as Marsh I, intraepithelial lymphocytosis and 
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crypt hyperplasia as Marsh II, and intraepithelial lymphocytosis, crypt hyperplasia and 

villous atrophy as Marsh III 
116

. Later the Marsh-Oberhuger system was developed, 

where stage 3 was split into three sub stages (a, b and c) 
115, 117

. The Marsh–Oberhuber 

classification was based on a 6-stage grading, namely (1) type 1 infiltrative lesions, 

characterized by normal mucosal architecture with an increased number of IELs; (2) type 

2 hyperplastic lesions, characterized by an increase in  depth without villous flattening; 

(3) type 3a, 3b, and 3c destructive lesion, characterized by mild, marked, and complete 

villous flattening, respectively; and (4) type 4 hypoplastic lesions, characterized by 

villous atrophy with normal cryptcryp height and IEL count.  

Considering the broad spectrum of lesions possibly present in CD, the Marsh-

Oberhuber system is undoubtedly valid under optimal clinical conditions, but the 

considerable number of diagnostic categories involved makes it prone to a low inter-

observer and intra-observer agreement.  

False-positive and false negative test results may occur due to patchy mucosal 

damage, inter-observer variability, low-grade histopathological abnormalities and 

technical limitations. It generally accepted that biopsy is sometimes not necessary, but 

4-6 distal duodenum biopsies is recommended to diagnose CD, as a standard of care 
6
. 

Several other limitations may be evident in high-volume, service-oriented laboratories 

with limited attention to quality control. Poorly oriented biopsies fixed in the 

endoscopy suite may be difficult to interpret. Inter-observer variation in pathological 

interpretation may occur, especially if there is limited access to a pathologist with 

expertise focused on interpretation of small intestinal biopsies. Some patients with low-

grade histopathological abnormalities (Marsh I / Marsh II) can present with gluten-

dependent symptoms or disorders before overt villous atrophy occurs. Furthermore, 

some patients with isolated intraepithelial lymphocytosis (Marsh I), who are not 

clinically suspected of having CD, may develop CD during follow-up 
118

. Although the 

mucosal changes in CD are thought to develop gradually, whether minor mucosal 

lesions in asymptomatic patients indicate CD in an early stage is not yet clear 
119

. 

In case of strong clinical suspicion of CD, duodenal biopsy must be performed 

regardless of serological analysis 
120

; in cases of low suspicion of disease or screening, 

duodenal biopsy probably only needs to be performed in seropositive patients. Hence, the 

new system for routine use of simplified grading system with uniform diagnosis and 

increase validity of the pathologic diagnosis of CD was developed by using only three 

categories (A, B1 or B2) with A representing normal villous with lymphocytic infiltration 
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and B1 and B2 representing partial and complete villous atrophy, respectively 
121

. The 

new proposed grading system classified the CD lesions into non-atrophic (grade A) and 

atrophic (grade B) 
122

. Grade A was characterized by the isolated increase of IELs 

(>25/100 enterocytes) 
123

, whereas grade B was split into B1, in which the villous/crypt 

ratio is less than 3/1, with still detectable villi, and B2, in which the villi are no longer 

detectable. A comparison between the Marsh–Oberhuber and the new grading criteria is 

shown in Figure 1-7 b. Figure 1-7c represents pictures of the grades proposed in the new 

histologic grading criteria. 

 

  

Figure 1-7 A Comparison between the Mash classification for CD. a) and Marsh–

Oberhuber; b) grading system for CD, and the new grading system (established in 2007) c) 

Representative pictures of the grades A (original magnification, 20×; insert, 60×), B1(20×), 

and B2 (20×), proposed in the new grading system. An alternative classification may 

simply describe “mild”, “moderate” or “severe (flat)” architectural changes 
122

. 

 

Recently, quantitative measurements of villous height, apical and basal villous 

widths, and crypt length (morphometry) have been used to determine changes in 

duodenal morphology, particularly after the introduction of a GFD, in correlation with 

Marsh grade, self-reported adherence to GFD, and changes in serology. GFD resulted in 

increase in villous area and a progressive decrease in crypt length, with a plateau after 6–

12 months and mean villous area half that of control subjects 
124

. 
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Other conditions which may be associated with a “sprue-like” lesion are 

mentioned in Table 1-7, indicating the histological features which may be used to 

distinguish the conditions from CD. Other small bowel disorders, including Crohn 

disease in the duodenum, may cause mucosal scalloping. The difference between these 

conditions and CD is the lack of response to gluten withdrawal. 

 

Table 1-7 Conditions associated with a “sprue-like” lesion, and their histological features 
125

 

Conditions Histological features 

Collagenous sprue Collagenous band below atrophic epithelium 

Mycobacterium-avium complex 

infection 

Acid-fast bacilli, foam cells, PAS positive 

macrophages   

Amyloidosis Congo red-stained deposits with apple-green 

birefringence in polarized light 

Crohn disease 

  

Epitheloid granulomas and characteristic focal 

inflammation     

Eosinophilic gastroenteritis Eosinophilic infiltration   

Lymphangiectasia Ectatic lymph vessels, fat in lymphatics 

Lymphoma Clonal expansion of lymphocytes 

Mastocytosis Diffuse infiltration with mast cells 

Infection  Organism seen on histological examination (eg. 

giardia lamblia, strongyloides, TB, HIV) 

Whipple 

 

Acid-fast bacilli, foam cells, PAS positive, 

diastase resistant staining in macrophages 

Abeta-lipoproteinemia Large lipid droplets 

 

1.7 Treatment 

1.7.1 Gluten free diet 

Currently, the only effective treatment available for CD individuals is a strict life-long 

GFD. In reality, total avoidance of gluten intake is extremely difficult, due to hidden gluten 

from food contamination 
126

. For safety purposes, US Food and Drug Administration has set 

the limit (August 2011) of <20 ppm gluten (equivalent to 10 ppm gliadin) for gluten-free 

foods. The total daily consumption of gluten-free foods must be taken into account as it may 

exceed the tolerable limit of each celiac individual. It has been estimated that the threshold of 

prolonged gluten ingestion in some CD individuals may be lower than 50 mg per day 
127

. 
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However, some CD individuals can conceivably be more sensitive. The presence of hidden 

gliadin in contaminated food products represents an imminent risk for celiac consumers, 

because of long-term effect of regular ingestion of small amounts of gliadin 
128

, on causing 

positive tTG and characteristic small bowel biopsy. 

 

1.7.2 Possible pharmaceutical therapies  

 Approaches to modify dietary gluten have been made to render gliadin non-toxic, 

since it is a non-invasive approach to CD patients. This approach has been less appealing 

due to loss of baking characteristic, public refusal for genetically modified crops, 

contamination of genetically modified crops with gluten contained crops grown nearby 

and heterogeneous uncharacterised immunostimulatory epitopes in gluten, and difference 

among patients response to epitopes and gluten levels 
129

. 

A greater understanding of the pathogenesis of CD allows alternative future 

treatments to be designed. A number of preliminary studies have been published that 

illustrate from a conceptual perspective future possible approaches that may be pursued in 

more detail (Table 1-8). CD has been kept in the dark for decades with very little known 

about what is a relatively common medical condition. It is only recently that we have 

greater understanding of its prevalence, diagnosis and pathogenesis, which has supported 

the development of new therapeutic approaches to treat CD. There are several future 

directions to follow to treat CD, which if successful will supplement or even replace the 

current only effective treatment, the use of a GFD. A greater understanding of the 

pathogenesis of CD allows alternative future CD treatments to hydrolyse toxic gliadin 

peptide, prevent toxic gliadin peptide absorption, blockage of selective deamidation of 

specific glutamine residues by tissue, restore immune tolerance towards gluten, modulation 

of immune response to dietary gliadin, and restoration of intestinal architecture (Table 1-8). 
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Table 1-8 Development of Pharmaceutical Therapies of CD  

Mechanism  Therapeutic agent Stage of study 

Hydrolysis of 

toxic gliadin 

ALV003 

Cysteine endoprotease B-isoform 2 (from 

germinating barley seeds) and SC-PEP (prolyl 

endopeptidase from Sphingomonas capsulate) 

Phase II 
130, 131

 

AN-PEP Aspergillus niger prolyl endopeptidase Phase II 
132-134

 

 Lactobacilli Discovery
135, 136

 

VSL#3 
Lyophilised bacteria, including  Bifidobacteria, 

Lactobacilli and Streptococcus salivarius 
Discovery

137
 

Prevention of 

gliadin 

absorption 

Larazotide 
Hexapeptide derived from Zonula Occludens 

toxin of Vibrio cholera 
Phase II

138, 139
  

 
Synthetic polymer poly (hydroxyethylmethacrylate -

co -styrene sulfonate) (P(HEMA- co -SS)) 
Discovery

140-142
 

 Anti-gliadin IgY Discovery
143

 

tTG2 inhibitor  

 Dihydroisoxazoles Discovery
144

 

 Cinnamoyltriazole Discovery
145

 

 Aryl [beta]-aminoethyl ketones Discovery 
146

 

Peptide 

vaccination 

Nexvax2 
Three deamidated peptides derived from wheat α-

gliadin, ω-gliadin and B-hordein  
Phase I

147-149
  

 
Human hookworm (Necator americanus) 

inoculation  
Phase II 

150, 151
 

Modulate 

immune 

response 

 
HLA-DQ2 blocker Discovery

152-155
 

 Interleukin blocker Discovery
156-158

 

 NKG2D antagonist Discovery
159

 

 NKG2D antibodies Discovery
160

 

Restore intestinal 

architecture 
 R-spondin-1 Discovery

161
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1.7.3 Oral passive antibody therapy 

Oral antibody passive immunotherapy may be of value due to the advantages of 

reduced cost, ease of administration, and the potential to treat localized conditions in the 

gastrointestinal tract 
162

. Among antibodies, chicken egg yolk immunoglobulin (IgY) is 

ideal for passive immunotherapy, as it may be readily obtained in large quantities from egg 

yolk, presenting a more cost-effective, convenient, and hygienic alternative to mammalian 

antibodies 
163

. Chickens can produce high titre of IgY against a wide range of proteins 

including highly conserved mammalian proteins which may not be as satisfactory as those 

produced in other experimental animals (mouse, rat, rabbit, horse, goat, etc.). 

 

1.8 Antibody 

The avian egg is a reserved life form to the next generation which turns into a 

bird. An egg is a storehouse of all the substances necessary for a potential new life. 

Chickens produce immunoglobulin in blood against almost all kinds of antigens including 

bacteria, virus, allergens, and foreign substances in host defense. As described more than 

100 years ago, avian maternal antibodies are transferred to egg yolk to protect embryos 

and neonates 
164

.  

The major antibody, immunoglobubin class G (IgG), in both blood serum and 

egg yolk has been termed IgY 
165

 because it is distinct from mammalian IgG in structural 

and functional properties. Circulating IgG from the hen plasma is first sequestered in the 

yolk of maturing oocytes in the ovarian follicle via a receptor mediated process which 

recognizes intact Fc and the hinge region of IgG 
166

. Yolk is incorporated into the egg 

white in the oviduct along with the egg albumen secretion. As an egg is oviposited, as 

much as 200 mg of serum IgG are present in the egg yolk, hence the term 

immunoglobulin of egg yolk (IgY) 
167, 168

. 

Maternal IgA and IgM, present in oviduct secretions, are acquired by the egg as it 

passes down the oviduct where the egg white is laid down. The concentrations of IgM 

and IgA in egg white and IgG in egg yolk are about 0.15 mg, 0.7 mg, and 25 mg per mL, 

respectively 
169

.  

Using chicken as an antibody producer brings a number of advantages over 

conventional mammalian antibody and recombinant antibody production and serves as an 

alternative to antibody sources. Combined with the egg industry’s capacity to produce 

thousands of eggs per day and an existing technology for the efficient fractionation and 

purification of IgY, it is conceivable that kilogram quantities of antibodies could be 
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produced on a daily basis. Several advantages in the preparation of antibody using hens 

over using animals are summarized as follows 
170

 : 

 The conventional method inevitably sacrifices animals which have produced the 

specific IgG in their circulating blood. On the other hand, the method of using 

hens is sufficient only to collect the eggs laid by super immunized hens. For 

separation IgY, a large scale method is now applicable by automatic separation of 

the egg yolk with a machine.  

 As egg yolk contains only IgY, the isolation of IgY from the yolk is much easier 

than that of IgG from animal blood sera. 

 Large-scale feeding of hens for egg production now being carried out is also a 

merit for collecting the source of a specific antibody. 

 Also, immunization of hens (vaccination) has long been applied to prevent hens 

from infectious diseases, indicating that immunization of hens is much more 

systematized to be effective than doing it for animals.  

 Egg yolk as the source of IgY is much more hygienic than mammal’s sera from 

which IgG is separated. 

 Because of a taxonomical difference, the hen has the possibility to produce the 

antibodies whose formation is difficult or impossible in mammals. 

Thus, IgY has been widely used as a passive immunization therapy to treat enteric 

infections in humans and animals. Another application is the use of IgY as an 

immunological tool in the field of diagnostics as well as biomedical research. In this 

review, we summarize published data on properties and applications of IgY for 

prophylactic, therapeutic and diagnostic uses and suggest directions for its future use. 

 

1.8.1 Characteristics of IgY  

1.8.1.1 Structures of IgY  

IgY is the major serum immunoglobulin of birds, reptiles and amphibians and is 

capable of providing maternally derived passively acquired immunity to young, as well as 

mediating anaphylactic reactions in some of these species 
171

. On the contrary to the five 

different classes (IgG, IgA, IgM, IgD, and IgE) of immunoglobulin molecules found in 

most higher mammals, lymphatic system of domestic avian species such as chickens, 

turkeys, and ducks consists of three classes of immunoglobulin, IgG, IgA, and IgM.  

The basic structure of all immunoglobulin molecules is a unit consisting of two identical 

light polypeptide chains and two identical heavy polypeptide chains.  
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Despite the similarities between IgY and IgG antibodies, there are also some 

profound differences in their structure. IgY consists of two identical heavy (H) chains and 

two identical light (L) chains, which are linked by a disulfide bridge. IgY has a molecular 

mass of ~180 kDa which is heavier than that (~150 kDa) of mammalian IgG. The H 

chains of IgY possess one variable domain (V), four constant domains (C) and no genetic 

hinge, unlike mammalian IgG which has three C domains and a hinge region. The 

molecular structure of IgY, therefore, is similar to mammalian IgM or IgE, which consist 

of four C domains. Comparisons of C-region sequences in IgG and IgY show that the 

CH2 and CH3 domains of IgG are most closely related to the CH3 and CH4 domains of 

IgY, respectively, and that the equivalent of the CH2 domain is absent in heavy chains of 

IgG (Figure 1-8). The CH2 domain was probably ‘condensed’ to form the structure 

similar to the IgG hinge region 
172-174

. 

 

Figure 1-8 Comparison of the molecular structure of chicken IgY and rabbit IgG 
175

. 

V : variable domain of the light chain (VL) and the heavy chain (VH) 

C: constant domain of the light chain (CL) and the heavy chain (CH) 

HR: hinge region, the black points symbolize carbohydrate chains 

Fab: Antigen binding site 

Fc: Crystallisable (constant) region of the antibody molecule 
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In IgY, there are regions near the boundaries of the CH1- CH2 and CH2- CH3 

domains that contain proline and glycine residues. These regions have the potential to 

confer limited flexibility on the molecule, in a manner analogous to the ‘switch’ regions 

in some mammalian Igs 
176

. The content of -sheet structure in C domains of IgY is lower 

than that of mammalian IgG; therefore, the conformation of IgY domains is more 

disordered in comparison to mammalian IgG. Intramolecular force as well as non-

covalent interaction between H and L chains is an important factor to support the protein 

conformation. Intrachain disulfide linkage between the V region and C region of L-chain 

to stabilize the structure of the mammalian IgG L-chain is not present in the IgY L-chain 

and thus intramolecular forces of IgY are weaker than those of mammalian IgG 
177

.  

The structural properties of IgY (e.g. molecular size, lower flexibility, 

conformation of domains, intramolecular bonding) are considered to influence the overall 

properties of IgY molecule. They also might be structural factors that have bearing on the 

lower molecular stability of IgY compared to mammalian IgG 
177

. 

 

1.8.1.2 Differences between IgY and IgG 

With regard to function, four important differences between IgY and IgG need to 

be considered. Firstly, IgY does not bind to protein A or G, an important feature of IgG 

that allows simple IgG isolation. However, there are several procedures for equally 

simple IgY isolation to compensate. Secondly, IgY does not bind the rheumatoid factor. 

IgG molecules often cause false positive results by interaction with RF in immunoassay. 

Thirdly, chicken egg-yolk immunoglobulin do not interfere with mammalian IgG; and 

finally, they do not activate mammalian complement and show no interaction with 

mammalian Fc receptors, which could mediate inflammatory response in the 

gastrointestinal tract, makes IgY antibodies very attractive for oral immunotherapy 
163

. 

These differences bring great advantages to the application of IgY technology in many 

medical areas, such as xenotransplantation which is inhibition of xenograft rejection 
178

, 

diagnostics and antibiotic-alternative therapy.  

Davalos-pantoja et al (2000) 
179

, showed that the IgY surface is more 

hydrophobic than that of IgG. This statement agrees with the structural differences 

between both proteins: the Fc portion, which is the most hydrophobic moiety in antibody 

molecules, is larger in the IgY molecule. IgY, is different from the IgG of mammals in 

molecular weight, isoelectric point, binding behavior with complements, etc. as 

summarized in (Table 1-9). IgY has a valency of ~2.0, reflecting large antigen-binding 
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sites, and binds an antigen strongly. However, IgY displays precipitating or agglutinating 

properties only at raised salt concentrations 
180

. 

 

Table 1-9 Comparison of properties of IgY and mammalian IgG 

Characteristics Avian IgY Mammalian IgG 

Molecular weight 180 kDa
 

150 kDa
 

Isoelectric point 5.7-7.6 6.4-9.0 

Heat stability < 65
0
C < 70

0
C 

pH stability pH 4-9 pH 3-10 

Mammalian Fc receptor binding activity No Yes 

Protein A/G binding No Yes 

Interference with mammalian IgG No Yes 

Interference with rheumatoid factor No Yes 

Activation of mammalian complement No Yes 

 

Sun et al (2001) 
181

 by studying the IgY against Rabies virus concluded that IgY 

has two structural differences when compared with mammalian IgG. First, the molecular 

weight of the heavy chain of IgY was larger than of mammalian IgG (65 kDa for IgY vs. 50 

kDa for mammalian IgG) and the molecular weight of the light chain of IgY was smaller 

than that of mammalian IgG (19kDa for IgY vs. 23kDa for IgG). Second, pepsin digestion 

of mammalian IgG at pH 4.0 is reported to produce F(ab)2 , but anti-rabies virus (aG) IgY 

was digested under the same condition, producing Fab. The two Fab arms may be so 

closely aligned that steric hindrance precludes the cross-linking of epitopes on two large 

antigens. The effect of conditions that permit those properties (e.g., salt or low pH) would 

be to release the Fab arms, providing functional independence of the binding sites 
182

. 

The differences of Fc regions between IgY and mammalian IgG, which include 

number and nature of carbohydrate chains, flexibility of switch region and the number of 

constant regions, lead to the different interaction of IgY with molecules as an antigen in 

comparison to that of mammalian IgG (Table 1-8). The hinge region of IgY is much less 
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flexible compared to that of mammalian IgG 
171

. It has also suggested that IgY is a more 

hydrophobic molecule than IgG 
179

. 

Antibody diversity is achieved differently in chickens than in mammals 
183, 184

. The IgY 

light chain locus consists of a single J-C unit to which the same V gene becomes rearranged in 

nearly all bursal cells. The chicken light chain repertoire thus appears to be of an extremely 

somatic type 
183

. Consequently, the overall antibody diversity of IgY is lower than that of 

mammalian IgG, which is indicative of the restricted diversity of IgY specificities.   

 

1.8.1.3 Advantages over mammalian antibodies  

These unique biological attributes make IgY an effective natural food 

antimicrobial system as nutraceuticals and a potent biotechnology application as an 

immunotherapeutic agent. The feasibility of IgY use results in advantages with low cost 

and mass production, because large amounts of IgY should be administered to individuals 

for the neutralization of pathogens. Chickens are potent antibody producers that can serve 

as a successful substitution of mammals. (i) chicken housing is inexpensive; (ii) yolk/hen 

weight ratio is particularly good; (iii) eggs can be stored at 4°C for at least 1 year; (iv) 

large quantities of highly active IgY can be collected and produced on a daily basis for 

more than 2 years from the same animal at condition of regular interval immunizations 

and last but not least; (v) IgY are easily separated from IgM and IgA, produced in the egg 

white, due to the natural compartmentalization of eggs. Moreover chicken eggs are 

relatively low cost ‘green source’ of polyclonal antibodies. 

Krief et al (2002) 
185

 have reported that antibodies harvested from hens (IgY) 

possess a recognition aptitude, for various conjugates, very closely related to antibodies 

harvested in a different organism (mice, IgG). All these antibodies proved to be highly 

specific to the whole structure of the hapten including the side chain. This is quite 

remarkable and also quite unusual. 

 

1.8.1.4 Affinity/specificity/avidity 

The antibody titres of concentrated IgY and the initial yolk-water soluble protein 

fraction are stable over a half year period; a long duration of a high immune response in 

the hen against bovine rotavirus antigen was noted 
186

. 

Another advantage is that very low quantities of antigen are required to obtain 

high and long-lasting IgY titres in the yolk from immunized hens 
187, 188

. 
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Davalos-pantojai et al (2000) 
179

 in an experiment to develop a diagnostic test 

based on IgY–latex agglutination concluded that latex particles sensitized by IgY 

molecules do not aggregate by means of the rheumatoid factor. This unspecific 

agglutination takes place if particles are coated by mammalian antibodies. Also colloidal 

dispersions of IgY-covered latex particles were more stable (at pH 8) than those 

sensitized by IgG. These advantages make IgY an interesting antibody to be employed 

extensively in the development of particle enhanced immunoassays. 

 

1.8.1.5 Economy 

Chickens offer several advantages in terms of economical and practical aspects. 

Maintenance of a large flock of laying hens is economical because of large-scale feeding 

of hens 
189

. Vaccination of laying hens to control various avian infectious diseases is 

already a common practice, which is well accepted by both poultry farmers and the 

consuming public 
170

. The number of chickens used for antibody production can be 

reduced due to their capabilities of producing larger amounts of antibodies as compared 

to the number and capability of mammals  
190

 (Table 1-10).  

Table 1-10 Productivity of IgY and IgG 

Abbreviations: HRV: Human rotavirus; NT: Neutralization titer 

The maintenance of a large flock of layers is more economical than keeping large 

numbers of cows for antibody production. This makes IgY more feasible for large scale-

production 
189

. Another advantage of IgY over colostrums antibody is that a high 

Immunized animal Rabbit Hen 

Source of antibody  Blood serum Egg yolk 

Kind of antibody  Polyclonal Polyclonal 

Quantity of antibody 1,400 mg/rabbit 40,000 mg/hen 

(Quantity of specific antibody) 

Anti-HRV (MO) antibody 

Anti-HRV (Wa) antibody 

Anti-Mouse IgG antibody  

Anti-Insulin antibody 

 

5.6 x 10
6
 NT 

37.8 x 10
6
 NT 

700 mg 

0 mg 

 

600 x 10
6
NT 

520 x 10
6 
NT 

11,200 mg 

2,000 mg 
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neutralizing antibody titre remains stable for a long period as compared to that of 

colostrums which decreases a few days after initial harvest 
191

. 

 

1.8.1.6 Immunological property of IgY 

The structural characteristics of IgY is relevant to the immunological properties. 

The differences of Fc regions between IgY and mammalian IgG, which include number 

and nature of carbohydrate chains, flexibility of switch region and the number of constant 

regions, lead to the different interaction of IgY with molecules as an antigen in 

comparison to that of mammalian IgG.  

Most biological effectors functions of Igs are activated by the Fc region. Such a 

role of Fc region of IgY is very poor in secondary effectors capabilities in opsonization 

and complement fixation, although IgY is capable of binding to antigen strongly. IgY 

does not bind to protein A or G which are present on the surface membrane of 

Staphylococci and streptococci other than mammalian IgG. The role of Fc region of IgY 

still remains unclear, but it is sure that chicken antibodies do not activate the mammalian 

complement system and show no interaction with mammalian Fc receptors. Likewise, the 

reaction of antibody to cellular components may mediate inflammatory responses in the 

gastrointestinal tract. The vulnerable point makes IgY antibodies very attractive for oral 

immunotherapy 
163

.  

Another property in Fc region of IgY is no interaction with rheumatoid factor 

which causes disease associated with rheumatoid arthritis resulting from inflammatory 

responses by reacting with the Fc region of mammalian IgG. Due to the phylogenetic 

difference, IgY antibodies do not cross react with mammalian IgG and show no 

interference with human anti-mouse antibodies. These differences bring great advantages 

to the application of IgY technology in many medical areas, such as xenotransplantation 

which is inhibition of xenograft rejection 
178

, diagnostics, prophylaxis of pathogens and 

antibiotic-alternative therapy.  

  

1.8.1.7 Animal welfare friendly non-invasive method  

Egg yolk can be separated automatically by using a machine, which enables IgY 

production to be largely scaled-up. Egg yolk contains only IgY while mammalian blood 

contains IgG together with other Ig classes  
170

. Therefore, the isolation of IgY from egg yolk 

can be more simply carried out than that of mammalian IgG. These, combined with all the 

above advantages, characterize IgY production as less expensive and more convenient 
192

. 
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Polyclonal antibody production in mammals involves three procedures: 

immunizing with antigens, blood sampling, and purification of antibodies. In chickens, 

egg yolk serves as an antibody source, replacing blood sampling. The collection of egg 

yolk is less labor intensive and more hygienic than blood sampling 
170

. In addition, 

chickens are not distressed by the non-invasive sampling method, which is compatible 

with modern animal protection regulations 
193

. 

To eliminate invasive stress that results from antigen injection in hens, oral 

administration could be a good alternative. Hedlund, and Hau (2001) 
194

, have evaluated the 

oral administration of human immunoglobulin G  with different adjuvants including 

Poly(lactide-co-glycolide) (PLG) microspheres, Cholera toxin B-subunit (CTB), CTB 

conjugated with glutaraldehyde, Dimethyl dioctadecyl ammonium bromide (DDA), and 

Softigen(R), pegylated C8/C10 mono/di glyceride and saline as positive control. High titres 

of immunospecific IgY antibodies against human IgG were recorded in the eggs from the 

chickens immunized orally, with the antigen combined with glutaraldehyde conjugated 

CTB and in the chickens immunized with the antigen combined with Softigen.  

 

1.8.1.8 Phylogenetic distance 

Another advantage is the enhanced immunogeneity conserved mammalian 

proteins exhibit in birds due to their phylogenetic distance 
195

. This makes production of 

antibodies against conserved mammalian proteins usually more successful in chicken 

than in other mammals. Chickens display strong and stable immune responses for a long 

laying period, which is indicative of long-term use of chickens for antibody production 

186
. Chickens can also produce more specific antibodies against mammalian antigens 

because of the phylogenetic distance between avian and mammals 
196

. That is, IgY as a 

polyclonal antibody can frequently recognize more sites on a mammalian antigen as 

foreign. The restricted diversity of IgY, combined with this attribute, can make it more 

possible to produce specific antibodies against antigens that are well-conserved and rarely 

immunogenic in mammals 
187

. There have been numerous studies that succeeded in 

producing IgY specific to low immunogenic antigens against mammals (Table 1-11).  
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Table 1-11 Production of IgY specific to less immunogenic antigen against mammals. 

Antigen Reference 

Proliferating cell nuclear antigen of calf thymus  
195

 

Heat-shock protein (Hsp 70)   
197

 

Human insulin 
198

 

Rat glutathione peroxide 
199

 

Von Willebrand factor 
200

 

Platelet glycoprotein IIb-IIIa 
200

 

Parathyroid hormone related protein   
201

 

Mouse erythroprotein receptor 
202

 

 

One study showed that the largely phylogenetic difference between avian host 

animals and the antigens of mammalian sources increases the immune response; thus, 

avian IgY recognized more epitopes than the corresponding mammalian IgG and was 

relatively more reactive to the highly conserved proteins 
195

. It has been proposed that 

more widespread use of avian antibodies be promoted 
190

. 

 

1.8.1.9 High yield 

A laying hen produces approximately five to six eggs per week with a yolk 

volume of approximately 15 mL, the antibody concentration of which is higher than in 

the serum. Therefore, in 1 week a hen produces egg antibodies equivalent to 90 to 100 

mL of serum or 180 to 200 mL of whole blood. This could be compared to an immunized 

rabbit, which yields approximately 20 mL whole blood/week when repeatedly bled and 

thus comparatively limited amounts of antibody can be produced by each rabbit. Only 

large mammals such as cows or horses can produce more antibodies than a laying hen. 

The blood collection procedure is time consuming and painful for the rabbit. 

Furthermore, the cost of feeding and handling is considerably lower for a hen than for a 

rabbit.  

 

1.9 Production of IgY 

1.9.1 Yield of IgY 

The yield of IgY antibodies can be compared to that of IgG antibodies obtained by 

conventional immunization methods; 200 mg of IgG can be obtained monthly, with 

approximately 5% constituting the specific antibody. In the case of chicken, 
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approximately 3000 mg of IgY can be harvested each month, and between 5 and 10% is 

the specific IgY 
203

. Compared to antibody production in rabbits, the IgY offers several 

advantages: i) no bleeding, only egg collection is required upon immunization; ii) IgY 

isolation is fast and simple; and iii) very low quantities of antigen are required to obtain 

high and long-lasting IgY titres in the yolk from immunized hens 
167

. 

Table 1-12 IgY isolation methods 

Method      Reference 

Water dilution technique 
204

 

Organic solvents extraction  

    Choloroform 

    Isopropanol and acetone                                                      

 

192, 205
 

206
 

Other chemical compounds: 

    Caprylic acid   

    Guanic acid    

    Hydroxypropylmethylcellulose phthalate                             

    Phosphotungstic acid    

    Magnesium chloride     

    Ammonium sulphate   

    Sodium sulphate           

    Sodium dextran sulfate                                                                                               

 

207
 

208
 

209
 

210
 

210
 

211
 

212
 

196
 

Natural gums 

    Xanthan and carrageenan    

    Alginates                                              

 

213
 

214
 

Synthetic gum 

    Hydroxypropylmethylcellulose phthalate 

 

213
 

Ultracentrifugation 
215

 

Polyacryl acid resins 
189

 

Polyethylene glycol precipitation 
192, 216

 

Anionic polysaccharide precipitation 
217

 

Synthetic ligand (epichlorohydrin and cyanuric chloride) methods                           
218

 

 

An antigen-specific IgG has been conventionally isolated from sera of animals, 

such as rabbits, which have been super immunized with an aimed antigen. IgY is also to 
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be isolated from the egg yolk laid by the hen super immunized previously. The 

preparation methods of IgY are shown in Table 1-12.  

 

1.9.2 IgY purification 

Lipids and proteins are the major constituents of egg yolk. The lipid fraction, 

including triglycerides, phospholipids, and cholesterol, constitutes approximately one-

third of the yolk and mainly egg yolk solids. Proteins consist of 15-17% of the yolk, 

which can be separated by centrifugation into particles, ‘the granules’ and a clear fluid 

supernatant, ‘the plasma’ 
219

. Granules are composed of 70% - and - lipovitellins, 16% 

phosvitin, and 12% low-density lipoproteins (LDL) 
220

. Plasma is about 78% of the total 

yolk proteins and composed of a lipid-free globular protein, livetin (-, -, and -) and 

low-density lipoproteins 
221

. IgY is known as - livetin and exists in egg yolk plasma 

proteins together with two other water-soluble proteins, - and -livetin, and lipoprotein; 

therefore, separation of IgY or -livetin requires extraction of the water-soluble fraction 

(WSF) from yolk lipoprotein followed by purification from other livetins 
192

. The WSF 

can be obtained by using the water dilution method based on the aggregation of yolk 

lipoproteins at low ionic strengths as reported by Jensenius et al (1981) 
196

. Centrifugation 

or filtration is subsequently used to fractionate the WSF from water-insoluble 

components of egg yolk 
204

. For extraction of the WSF from egg yolk with water, two 

factors are of critical importance: the pH and the extent of egg yolk dilution 
204

.  

The large amount of lipid in egg yolk 
219

 presents problems in the purification of 

antibodies. Several methods have been described for purifying IgY based on the strategy 

of delipidation with organic solvents, such as chloroform 
205

 or precipitation with PEG-

6000 
216

 or dextran sulphate 
196

. Avian antibodies were then concentrated using 

ammonium sulphate 
211

, sodium sulphate 
212

 or caprylic acid 
222

. Bizhanov and 

Vyshniauskis (2000) 
223

 compared dextran blue, chloroform and PEG methods to 

extracting IgY from egg yolk showing IgY isolated by the use of chloroform contained 

more total protein than that isolated with the other two methods and this difference was 

statistically significant and the proportion of IgY in the protein isolated by PEG was 

greater than that in the samples obtained using dextran blue or chloroform. 

Due to increasing demands for food use, IgY has become increasingly important 

in food processing, and therefore, there is a need for developing efficient and simple 

techniques for IgY production. Some methods, such as gel permeation chromatography 
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224
, addition of polyethylene glycol 

211, 216
 and dextran sulfate 

196, 211
, and the 

206
 

combination of ethanol precipitation with DEAE-cellulose ion-exchange chromatography 

have been investigated. However, most of these methods suffer from major drawbacks, 

i.e., low recovery rates of IgY or the complexity of the procedures, and they appear 

impractical for routine use in food items. Thus, an efficient, economic, and rapid method 

for separation of IgY from yolk is needed. Recently, ì-carrageenan 
213

, alginate 
225

, and 

hydroxypropylmethylcellulose phthalate 
226

 have been used to recover IgY from 

adequately diluted yolks in a single step process, and those polysaccharides exhibit 

satisfactory yields of IgY 
217

.Recently there are many efforts to purify IgY by using 

chromatography methods. The best delipidation and extraction method included yolk 

dilution with water under acidic conditions and (NH4)2SO4 60% precipitation from which 

43 mg protein/yolk were recovered. Among the chromatographic methods, thiophilic 

chromatography permitted the recovery of a substantial quantity of pure IgY (10.4 mg 

IgY/yolk) 
227

. The purification of IgY by lithium sulfate results in very pure IgY in high 

quantities (94% + 5% of total egg yolk protein) 
228

. 

A high efficiency ligand of IgY was found by synthetic ligand library synthesized 

by epichlorohydrin and cyanuric chloride methods, By one-step purification with this 

ligand, the purity of IgY could reach 92.1%, and the recovery of IgY could reach 78.2%, 

having a higher binding capacity of 74.8 mg IgY/mL and had no negative effects on 

immunoreactivity 
218

. 

 

1.9.3 Egg yolk IgY powder processing 

Nilsson (2007) 
229

, reported that IgY freeze-dried with sugar in this study is very 

stable for more than a year at RT and for at least three months in the absence of sugar. 

Lactose stabilized the IgY antibodies to a slightly lesser extent than sucrose and trehalose, 

but still the activity was higher than without the stabilizing agent, with the lowest 

concentration tested (0.012 M). 

Jaradat et al (2000) 
230

, studied the effect of non-reducing sugars (sucrose, lactose 

and trehalose), complex carbohydrates (cyclodextrin and dextran) or egg yolk on the 

stability of purified chicken IgY was evaluated under different conditions. Regardless of 

the protectant that was used, about 20% of the activity of IgY was lost during freeze-

drying. Trehalose was the best protectant followed by cyclodextrin and infant formula 

when IgY was stored for 6 or 14 weeks at different temperatures. IgY activity was 

completely lost after pepsin treatment in the presence of sugars or complex carbohydrates 
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while 34 and 40% of its activity was recovered when treated in the presence of egg yolk. 

IgY was fairly stable after trypsin treatment with the recovery of residual activity being 

between 75-100% depending on the protectant.  

 

1.10 IgY stability 

It has been reported by several workers that the activity of IgY is not adversely 

affected by pasteurization conditions 
188

. The neutralization activities of both IgY and its 

Fab fragments were not reduced by heating at 65 °C for 15 min. The implication of this 

finding is that possible concerns with transmission of Salmonella or other bacterial 

contamination associated with egg products may not be a major concern. Consequently, 

pasteurization could be used to eliminate pathogenic contaminants, with the exception of 

heat-resistant spores, without adverse effect on antibody activity 
231

. 

It was demonstrated that cooking eggs did not denature or functionally inactivate 

IgY. Yolken et al (1988) 
232

, showed that antibodies to Rotaviruses persisted in 

commercially pooled egg preparations that had been pasteurized. The activity of IgY was 

found not to be affected by pasteurization at 60 °C for 3.5min. This fact together with the 

higher productivity and the mass production at industrial scale strongly suggests the 

possibility for IgY as a practical reality to be applied by oral administration to prevent 

infectious disease 
188

. 

Kyong et al (2002) 
233

, showed good stability at pH 5~7 after incubating 24 hr at 

each respective pH. IgY was inactivated irreversibly at pH below 4. IgY inactivation was 

irreversible. When incubating at each pH for 4 hr, IgY lost antibody activity at pH 4 or 

below. The antibody activity was significantly reduced (up to 50%) at pH below 3. IgY 

almost completely lost its activity by incubating for 4 hr at pH 2. The most noticeable 

loss in antibody activity was observed during the first 30 min. IgY still had partial 

activity after staying at room temperature for four months. When pH ranged from 5 to 9, 

IgY still had partial activity after staying in 37 °C for 3 hr. If pH was lower than 5 or 

higher than 9, it lost the whole activity in above condition 
234

. 

 

1.10.1 Heat 

IgY has been thermally treated at various temperatures for different periods of 

time. The binding activity of IgY with antigen decreased with increasing temperature and 

heating time. The activity of IgY decreased by heating for 15 min at 70C or higher 
177

 

and IgY denatured seriously when thermally treated at temperatures higher than 75C 
235

. 
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IgY is relatively stable to pressure as reported with no detectable inactivation of IgY by 

pressure up to 4,000 kg/cm
2 236

. 

 

1.10.2 Cold 

Freeze-drying and reconstitution of antibodies and biological materials can have 

a detrimental effect on protein structure and function 
237

. Freezing and freeze-drying are 

low temperature processes that are usually considered to be less destructive. However, 

proteins may suffer loss of activity as a result of conformational changes, aggregation or 

adsorption 
238

. There have been some reports on the stability of IgY in regards to these 

methods. Chansarkar (1998) 
239

, however, showed that frozen or freeze-dried IgY resulted 

in some loss of antigen-binding activity and a significant drop in the solubility under the 

conditions of high salt and protein concentrations.  

 

1.10.3 pH 

The conformation stability of IgY is lower than that of mammalian IgG in any 

type of treatment such as acid, heat, and proteolytic enzyme, which suggests that the 

overall stability of IgY molecule is lower than that of mammalian IgG molecule 
177, 188, 236

.  

The stability of IgY to acid and alkali has been studied under various conditions. It was 

found that the activity of IgY was decreased at pH 3.5 or lower and almost completely 

lost with irreversible change at pH 3.0. Rapid decrease of the IgY activity at low pHs 

indicated conformational changes and damage in the Fab portion including the antigen-

binding site. Under alkaline conditions, the activity of IgY did not change until the pH 

increased to 11; however, it was markedly diminished at pH 12 or higher 
177

. 

 

1.10.4 Heat and pH combination 

The heat and pH stability of IgY and rabbit IgG specific to human rotavirus were 

compared by measuring the antibody activity by ELISA 
188

. IgY is more sensitive than 

that of IgG at temperatures higher than 70 C. The study also showed that the temperature 

corresponding to the maximum of the denaturation endotherm (Tmax) of IgY was 73.9 C 

while that of IgG was 77.0 C according to differential scanning calorimetry. The IgY 

activity under various acidic conditions (pH 2 and 3) was more sensitive than that of 

rabbit IgG. These observations were supported by Otani et al (1991) in studies comparing 

anti-S1 casein IgY and rabbit IgG specific to mouse IgG. These differences in heat and 
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acid sensitivity between IgY and IgG may be attributed to the variations in their protein 

structures. 

Shimizu et al (1988, 1992, 1993) 
177, 236, 240

 reported on the molecular stability of 

IgY antibodies in comparison with that of mammalian IgG antibodies and found that heat 

(> 75 C) or acid (< pH 3.0) treatment reduced the antibody activity of IgY. The activity 

of IgY was decreased by incubating at pH 3.5 or lower and almost completely lost at pH 

3.0. The activity of IgY was decreased by heating for 15 min at 65 C or higher. Under 

alkaline conditions, changes in the activity of IgY did not occur until the pH increased to 

11 but was markedly diminished by incubation at pH 12 or higher. 

 

1.10.5 Proteolytic enzymes 

IgY antibody is relatively resistant to trypsin or chymotrypsin digestion, but is 

fairly sensitive to pepsin digestion. However, the IgY is more susceptible to pepsin, 

trypsin or chymotrypsin digestion than the rabbit IgG antibody. Otani et al (1991) showed 

the digestion profiles of egg yolk IgY and rabbit serum IgG antibodies specific to -S1 

casein by determination of a percentage decrease in undigested heavy chain over a time 

period by pepsin, trypsin or chymotrypsin digestion. 

Susceptibility of IgY against E.coli 
241

, and human rotavirus 
188

 was also 

examined and the results were also demonstrated. SDS-PAGE profiles of IgY after 

incubation with pepsin revealed that IgY at pH 2.0 was hydrolyzed into small peptides, 

and no bands corresponding to IgY were detected in linear-gradient polyacrylamide gel 

electrophoresis 
188

. On the contrary, incubation with pepsin at pH 4.0, heavy (H)-and light 

(L)-chain were clearly observed after 4 hr, although certain new bands appeared between 

H- and L-chains. Upon pepsin digestion, anti-rabies virus IgY is degraded into Fab, in 

contrast to mammalian IgG, which has been reported to be degraded into F(ab )2 under 

the same conditions 
181

. 

The behavior of IgY with trypsin and chymotrypsin was also examined. Changes 

in the neutralization titre of IgY were almost the same for the incubation with trypsin and 

with chymotrypsin. After 8 hr incubation, the activity of IgY in neutralization titre 

remained 39% and 41% for the mixtures with trypsin and chymotrypsin, respectively. On 

incubation with trypsin, the IgY H-chain disappeared, and several bands between H- and 

L- chain appeared on SDS-PAGE. In the case with chymotrypsin, both H- and L-chains 

of IgY remained unchanged, although a small band below H-chain was observed. 
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The high stability of IgY in the presence of trypsin indicates that once it passes the 

acidity of the stomach, it retains most of its activity and therefore, can combat or 

minimize the effect of intestinal pathogens 
230

. 

IgY is relatively resistant to trypsin or chymotrypsin digestion, but is fairly 

sensitive to pepsin digestion. The tryptic digestion of IgY retained its antigen-binding and 

cell-agglutinating activities in spite of a definite breakdown of the polypeptides. Unlike 

the trypsin digestion, no definite cleavage of the IgY chains was observed for 

chymotryptic digestion and the activities of IgY remained high for these digests 
240

. Hatta 

et al (1993) 
188

 also demonstrated the behavior of IgY against trypsin and chymotrypsin, 

showing that 39% and 41% of the activity by neutralization titre remained for the mixture 

with trypsin and chymotrypsin, respectively, after 8 hr of incubation. The stability of IgY 

against pepsin appears to be highly dependent on pH and the enzyme/substrate ratio. At 

pH 5 or higher, IgY was fairly resistant to pepsin and retained its antigen–binding and 

cell-agglutinating activities. However, at pH 4.5 or below, both activities were lost 
240

. 

The neutralization titre of IgY with pepsin under the different incubation time and pH 

was observed by Hatta et al (1993) 
188

. The results confirmed the susceptibility of IgY to 

pepsin at low pH, which showed the loss of IgY activity at pH 2 and 91% and 63% of 

activity at pH 4 after 1 hr and 4 hr incubation time, respectively.  

IgY activity is greatly reduced by gastric acid and pepsin, and therefore, even at 

high inclusion rates, egg-yolk antibodies was not found to be efficacious in post-weaning 

pigs as old as 3 to 4 weeks of age supplemented with chicken egg-yolk-antibody products 

in controlling E. coli induced diarrhea 
242

. 

 

1.11 Protectants and IgY formulation 

The IgY technology offers great future opportunities for designing prophylactic 

strategies against infectious GI diseases in humans and animals. However, there is still 

controversy regarding the stability of IgY through the GI tract. Finding an effective way 

to protect the antibodies from degradation in the GI tract would open the door for 

significant advances in IgY technology and nutraceutical applications. An alternative to 

improve or increase IgY stability in different condition is use of protectants. The effects 

of different protectants on IgY stability including non-reducing sugars (sucrose, lactose 

and trehalose), complex carbohydrates (cyclodextrin and dextran), infant formula or egg 

yolk on the stability of purified chicken IgY was evaluated under different conditions 
230

. 

When food matrices such as egg yolk, egg white, and infant formula are used as 
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protectant, the extraction of IgY from egg yolk is unnecessary and we could directly 

incorporate them in feed, and subsequently its recovery increase and IgY production 

expenses decrease. Shimizu et al (1994) 
236

, studied the stability of IgY in the presence of 

high concentrations of sugar. A sucrose concentration of 30–50% was found to be highly 

effective in protecting the IgY from heat or acid denaturation and against high pressure as 

well 
230

. Jaradat et al (2000) 
230

 showed that the activity of IgY after pepsin treatment was 

almost completely lost in the presence of the three sugars, dextran or cyclodextrin as well 

as when no protectant was used. In contrast, the recovery of IgY when incubated with 

pepsin in the presence of infant formula or egg yolk was 39 and 34%, respectively. They 

proposed that infant formula be fortified with specific IgY to protect infants against 

gastrointestinal pathogens. On the other hand, egg yolk is edible and therefore, can be 

used directly in certain foods without the need for the antibody purification. 

Microencapsulation may been used as an effective method for protecting IgY 

from gastrointestinal inactivation 
243, 244

, but it will induce additional production cost. 

Optimum physical factors and encapsulation efficiency were established for preparation 

of homogeneous, spherical, and smooth chitosan-alginate microcapsules. 
245

. 

Trehalose, cyclodextrin and infant formula were found to be the best protectants 

with over 80% of the original IgY activity recovered when stored at different 

temperatures (21, 37 and 50 °C) for 6 weeks and egg yolk, sucrose, lactose and dextran 

provided slightly lower protection. However, IgY lost almost half of its activity at 21 and 

37 °C and all activity at 50 °C in the absence of any cryoprotectants 
230

. 

Kyong et al (2002) 
233

 studied the IgY activity at pH 3 in the presence of polyols. 

Sorbitol and xylitol were used as polyols. Sorbitol suppressed IgY inactivation in a 

concentration-dependent manner. The IgY activity was significantly increased in the 

presence of 30% sorbitol or above. Fifty percent sorbitol showed almost complete 

suppression of acid-induced inactivation at pH 3; however, xylitol caused no increase in 

IgY activity. At larger intakes, polyols generally have a laxative effect and are usually 

used in limited amounts, or in combination with sucrose.  

IgY showed almost the same activity as native IgY when sorbitol was replaced 

by sucrose. However, the acid induced inactivation of IgY was not enhanced by xylitol 

replacement with sucrose. They conclude that polyols are often used for stabilizing 

protein. Sorbitol and xylitol (among polyols) are widely-used sugar substitutes, due to 

their usefulness for diabetics, reduced cariogenecity, and inhibition of bone resorption 
246, 

247
. As indicated by several researchers 

248
, the preferential hydration of IgY may occur in 
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an aqueous sorbitol solution; therefore, hydrophobic interactions around tryptophan 

residues would be strengthened. These changes might protect the partial exposure of 

tryptophan residues, which would result in stabilization of the IgY structure. However, 

xylitol could not effectively stabilize hydrophobic interactions. Gekko et al (1999) 
248

 

reported that the stabilizing effects of polyols would increase if the polyols chain length 

was increased. Xylitol shows less viscosity than sorbitol at the same concentration 
249

. For 

these reasons, xylitol may not suppress the acid-induced inactivation of IgY. In 

conclusion, the IgY stability at pH 3 was considerably improved using high 

concentrations of sorbitol in solution. Sorbitol prevented the partial exposure of 

tryptophan residues, which resulted in the enhancement of IgY stability. However, xylitol 

could not suppress the acid-induced inactivation. These results suggest that sorbitol may 

be useful in stabilizing IgY at low pH. Therefore, IgY could potentially be applied in high 

acid food products and extensively used for protection against H. pylori infection. 

 

1.12 Applications of IgY 

IgY has distinguished application in the field of immunology. It has been reported 

in literature as therapeutic passive /active immunizations, diagnostics reagents and ligand 

of an immunoadsorbent. There have been numerous reports of IgY use to inhibit bacterial 

growth.  

1.12.1 Passive immunization 

An important application of IgY is for passive immunization therapy in which the 

specific binding ability to the antigens (pathogens, venoms, etc.) serves to neutralize the 

biological activities of those antigens. Passive immunization seems to be one of the most 

valuable applications of antibodies in which pathogen-specific IgG is administered to 

individuals to result in prevention of infectious diseases. Passive immunization differs from 

active immunization (vaccination) in that the former employs an antibody obtained from 

other animals. The administration of this antibody specific to certain antigens (bacteria, 

virus, toxin, etc.) to individuals orally or systemically works to neutralize infectious activity 

or toxicity of the antigens. For practical application of passive immunization, an effective 

method of preparation of the antibody will be necessary, because large amounts of antibody 

may be required to administer the antibody for the passive immunization.  

Passive immunization differs from active immunization (vaccination) in that the 

former employs an antibody obtained from other animals. The oral administration of 
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pathogen-specific antibodies is considered to be one of the most valuable applications of 

antibodies to result in prevention of infectious diseases. Such an important application 

requires antibodies to be made available in large quantities, at an acceptable cost and with 

high affinity for their targets.  Thus, the laying hens may be alternative, as IgY from hen 

plasma is actively accumulated to egg yolk in daily basis and is present in high 

concentrations. The specific IgY preparations against enteric pathogens such as viruses, 

bacteria and parasites have been prepared on an industrial scale from eggs laid by hens 

immunized with selected pathogens and have previously shown to be effective as 

prophylaxis against infections.  

 

1.12.1.1  Human passive immunization.  

Rotaviruses are a major cause of diarrhea illness in human infants and young 

animals, including calves and piglets. Infections in adult humans and animals are also 

common. In a randomized, double-blind study, children with proven rotavirus diarrhea 

were treated with specific IgY for human rotavirus strains, indicating the effect of IgY in 

the treatment of rotavirus-induced diarrhea in children 
250

. Improved therapeutic effect 

can be achieved by increasing the dose in the clinical setting 
251

. 

Streptococcus mutans is a major etiologic agent of human dental caries. It has 

been shown in an experimental animal model that oral passive immunization using IgY 

specific to S. mutans was effective in protecting dental caries. The oral administration of 

IgY specific to S. mutans glucan binding protein B resulted in a statistically significant 

reduction in caries development in an experimental rat model 
252

. Furthermore, the effects 

of a mouth rinse containing IgY to S. mutans by the treatment of specific IgY powder 

prevented the establishment of this bacterium in dental plaque of humans in vitro and in 

vivo. The results supported the effectiveness of IgY with specificity to S. mutans grown 

in the presence of sucrose as an efficient method to control the colonization of S. mutans 

in the oral cavity of humans 
170

. Therefore, these studies provide evidence for the 

potential advantages of using IgY with specificity to S. mutans for controlling plaque 

levels and subsequent oral health problems associated with plaque accumulation. 

Smith et al (2001) 
252

 in an experiment with mice showed that passive 

administration of egg yolk antibody to Streptococcus mutans Glucan Binding Protein B 

(GBP-B) can inhibit the accumulation of S. mutans in the dental biofilm and can provide 

a level of protection from dental caries caused by these organisms. They also showed a 

long-term protective effect after limited (9- or 24-day) exposure to IgY antibody against 
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S. mutans GBP-B, another component putatively involved in the molecular pathogenesis 

of dental caries. They conclude that these studies support the use of oral passive 

immunization to interfere with S. mutans accumulation and subsequent development of 

dental caries. Furthermore, S. mutans GBP-B is identified as a new target, thus increasing 

the number of pathways by which passive immunization can achieve a protective effect. 

Shin et al (2003) 
253

 have identified the immunodominant Helicobacter pylori proteins 

with reactivity to H. pylori-specific egg-yolk immunoglobulin.  They identified that the 

urease α- and β-subunits and HSP60 were as immunodominant proteins with reactivity to 

IgY-Hp. Also, they found other immunodominant proteins, probable peroxiredoxin and 

probable thiol peroxidase. They concluded that these five immunodominant proteins 

strongly reactive to IgY-Hp and the immunization of hens with selective antigens with 

high immunocompetence will enable the production of highly specific IgY against H. 

pylori. In addition, the proteins identified may serve as potential targets for antimicrobial 

agents for the prevention of H. pylori infection. 

Kollberg et al (2003) 
254

 studies by use of  specific egg-yolk antibodies (IgY) 

against Pseudomonas aeruginosa (PA) in cystic fibrosis patient showed that oral passive 

immunotherapy with IgY Prolongs the time from first to next colonization with PA, 

delays chronic infection with PA in CF patients and reduces the intermittent colonization 

rate and consequently decreases the need for antibiotic treatments. Of course, they used a 

small number of patients so the statistical significance must be interpreted with caution. 

 

1.12.1.2  Animal passive immunization 

IgY can be used to prevent and reduce bacterial contamination when being used 

as an oral passive immunization particularly in poultry 
255

. This binding may lead to the 

impairment of the biological functions of those components that play an essential role in 

the bacterial growth 
167

 and attachment to the intestinal cells 
256

. In this way, the 

antibodies protect against adhesion of bacteria at the intestinal cells 
257-259

 and prevent the 

invasion into epithelial cells 
257

. The powder preparation of egg yolk IgY, specific to 

Salmonella enteritidis and Salmonella typhimurium outer membrane proteins blocked the 

Salmonella sp. adhesion in a concentration-dependent manner. The antibodies led to 

decrease in transepithelial electrical resistance of the infected Caco-2 cell monolayers and 

inhibited the bacterial growth, markedly during the late exponential phase in the in vitro 

system 
255

. IgY specific against 14 kDa fimbriae of S. enteritidis was orally administered 

to mice infected with the corresponding bacteria. The result showed decrease of bacterial 
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virulence. The passive immunization with IgY specific for S. typhimurium and S. dublin 

could prevent fatal Salmonellosis in calves 
260

. This indicates that IgY against the 

microbial pathogen may be used for the feed additives, which provide prophylactic and 

therapeutic function. 

Ikemori et al. (1997) 
261

showed that significant protection against bovine corona 

virus (BCV) using specific IgY was achieved in calves treated with high titres of the IgY 

and colostrums antibodies against the challenge strain. Survival against BCV-induced 

mortality was 100% when 1:2,560 antibody titres were used for treatment of calves with 

the egg yolk powder. The calves treated with the IgY did not have severe diarrhea and 

had higher weight gains. About 8 g of egg yolk powder were obtained from one chicken 

egg and only one egg yolk was needed to protect one calf from diarrhea over a 7-day 

course of treatment. This result collaborates an earlier protection trial using IgY specific 

for ETEC in ETEC-infected calves 
226

.  

The effect of IgY against ETEC on the reduction of intestinal colonization was 

dose-dependent. A daily intake of 5.5 g of egg powder was protective, whereas 3.5 g was 

insufficient for homologous protection. 

In the study of oral administration of IgY, pigs did not survive from infection 

despite the high serum chicken IgG concentration detected. It can be assumed that most 

of the antibodies might have been transferred to the blood, with only a few antibodies 

remaining in the intestinal tract to fight the infection. To achieve protective antibody 

activity in the intestine, the supply of antibodies in the area must be sufficient to bind 

with the infective antigens. Good efficacy was achieved after daily treatment of 

susceptible pigs by oral administration of antibodies 
209

. Actively acquired local anti-

fimbrial immunity has been shown to be cross-protective against the other antigenic 

variant of fimbriae F18 
262

, such cross-protection with a high dose of anti-fimbrial IgY 
263

. 

Shin et al (2002) 
264

  in an study to evaluate the potential of IgY to control of 

swine respiratory disease in a mouse model showed that IgY could be a potential 

immunoprophylactic candidates against P. multocida 3A and 4D, B. bronchiseptica and 

A. pleuropneumoniae serotype 2 in swine. 

P. chinensis infected shrimp was used in white spot syndrome virus 

neutralization assays, by treating with 0.01 mg/10 μL of IgY against TrVP28:19, exhibit a 

survival rate of 50% at day 15 post-challenge with white spot syndrome virus while those 

treated with 0.1 and 0.5 mg/μL exhibited survival rates of 85% and 83%, respectively 
265

. 

Lu, Y. J. et al. (2009) 
266

 showed that Passive immunization of specific IgY antibodies 
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against White spot syndrome virus (a major cause of mortality in shrimp lacking a true 

adaptive immune response) through intramuscular injection, oral administration, and 

immersion have was an effective protection on crayfish by reduced mortality rate of 20%, 

53.3-67.7%, 46.7%, respective, as compared to the 100% mortality of positive control 

group. 

Therefore, anti-bacterial properties of IgY demonstrated a protective role in foods 

or feeds, preventing contamination by pathogenic bacteria and consequently reducing the 

risk of pathogens-causing infection in humans or animals. To date there have been efforts 

to develop effective means for controlling or preventing foodborne diseases, which are 

mainly caused by pathogenic bacteria contaminating foods. IgY, as a food-based 

deterrent, may serve as a novel protective measure characterized by being economical, 

efficacious and safe.  

 

1.12.2 Active immunization 

The protective efficacy of post-immunization IgY, tested by injecting groups of 

BALB/c mice with a lethal dose of C albicans and a variable regimen of pre- or post-

immunization IgY, indicated that: 1) all the mice that received either pre- or post-

immunization IgY survived at 7 days post-challenge compared with 20% of those in the 

untreated controls; 2) mean candidal colony forming units (CFU/mg) of kidney tissue 

were 25 × 10
8
 ± 5.4 × 10

8
 in untreated mice and 10 × 10

3
 ± 1.4 × 10

3
 in mice treated with 

pre-immunization IgY; no C albicans colonies could be detected in all challenged mice 

that were treated with post-immunization IgY; 3) multiple abscesses were observed in 

kidneys obtained from mice treated with pre-immunization IgY. No abscesses were seen 

in kidneys obtained from mice injected with post-immunization IgY 
267

. 

Adachi et al (2008) showed that the antibodies produced by the H5-immunized 

ostrich strongly inhibited cytopathic effects in MDCK cells and prevented the death of an 

embryonated chick after a viral inoculation, indicating strong neutralization activity 

against H5N1 infections. 

The water-soluble fraction (WSF) of the egg yolks containing anti-Vibrio 

anguillarum IgY via intraperitoneal (IP) route, oral intubation, or feeding of rainbow 

trout, showed that IP-injected anti-Vibrio IgY was transferred into the trout system in 

highest levels to confer protection against vibriosis in an experimental challenge 
268

. 

The antibodies from duck eggs efficiently protected mice from envenomations 

with cobra venom and krait venom in a mouse model, was effective in neutralizing 
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lethality in mice injected at 4xLD50 of venoms 
269

. The antibodies raised in chicken could 

effectively neutralize the pharmacological effects induced by venoms and chickens for 

Russell's viper venom which has an effective dose (ED50) of 0.96 mg / 2LD50 / 18 g mice 

and 1.28 mg / 2LD50 / 18 g mice for Saw-scaled viper venom and 1 mL of specific anti-

venom was effective in neutralizing 0.110 mg of Russell's viper and 0.137 mg of Saw-

scaled viper venoms respectively (PD50) 
270

. Brazilian IgY-Bothrops antivenom was 

proved to be capable of neutralizing lethal toxic activity of the pool of Bothrops sp 

venoms from five species, with an effective dose (ED50) of 365 μL / 2 LD50 and, 1.0 mL 

of IgY antivenom could neutralize 0.154 mg of venom 
271

. 

 

1.12.3 Growth inhibition of bacteria in vitro 

Characteristics of pathogenic bacteria include the initiation of the infectious 

process and mechanisms such as transmissibility, adherence to host cells, invasion of host 

cells and tissues, ability to evade the host’s immune system and symptoms of disease.  

Once pathogenic bacteria reside in the body, they must attach or adhere to host cells, 

usually epithelial cells. After the bacteria have established a primary site of infection, they 

multiply and spread directly through tissues or via the lymphatic system to the bloodstream. 

Outbreaks of E. coli O157:H7 have been attributed to food-borne contamination in 

countries around the world. To cause disease, E. coli must first adhere to host intestinal 

epithelium, followed by bacterial colonization. Antibiotic therapy is not recommended 

early in the infectious process, because of disruption of the bacteria in the gut releasing 

Shiga-like toxins. Antibodies can, in principal, bind the bacterial surface and then inhibit 

the bacterial adhesion to host intestinal epithelium. The complex of antibody and bacteria 

can be eliminated as a waste, so could antibodies replace antibiotics? The effectiveness of 

IgY in suppressing the activity of E. coli O157:H7 has been demonstrated by our study 
203

. 

The specific binding activity of IgY leading to the inhibition of bacterial growth was 

explored by using immunoelectron microscopy by a negative staining and ultrathin 

sectioning method. These studies could visualize the interaction of bacteria with IgY in 

more detail than the ELISA technique and growth inhibition assay. The observation of 

immunogold particles labeling bacteria, furthermore, revealed the distribution of gold 

particles on and structural alterations of the bacterial surface. A similar result was also 

obtained from the growth inhibition study of IgY against salmonella 
272

.  

Salmonellosis is known to be a non-host restricted serotype causing diseases 

syndrome like gastroenteritis and systemic infections in human and animal species. The 
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immune response of chickens against lipopolysaccharide 
273

, 14 kDa fimbriae 
274

 and 

whole cell 
272

 of salmonellae has been investigated on the possible control of 

Salmonellosis. Lee et al (2002) 
272

 studied the chicken egg yolk antibody (IgY) against 

Salmonella enteritidis and Salmonella typhimurium and conclude that, the binding 

activity of chicken egg yolk antibody (IgY) against these organisms resulted in inhibiting 

bacterial growth in vitro. Microscopic observation revealed the structural alterations of 

Salmonella surface bound by IgY. In vitro IgY studies may suggest that IgY binds to 

Salmonella surface molecules, which are critical for bacterial growth, and leads to the 

functional impairment of those components. 

Recent investigations, concerning the passive immunity by oral administration of 

IgY, have increased interest in IgY. IgY decreased the incidence of diarrhea, due to the 

rotavirus or E.coli 
188, 232

. IgY also conferred protection against dental caries that are 

formed by Streptococcus mutans 
170, 252

. Yang et al (1997) 
275

 showed that IgY could 

specifically recognize digestive system cancer, which indicates its potential use in cancer 

prevention. Such protective effects have increased interest in applying IgY to 

pharmaceutical and food products 
233

. 

 

1.12.4 Diagnostic reagent  

IgY has been used as an immunological reagent. Fertel et al (1981) 
276

 

demonstrated the application of IgY in determining prostaglandin in serum using 

radioimmunoassay. Altscuch et al (1984) 
277

 reported that IgY against human antibody 

(IgG and IgM) was applicable to determining their concentration in biological fluid by 

the method of rocket-immunoeletrophoresis.  

Since ELISA system was developed, IgY antibody was used as one of capture or 

detecting antibodies. Gardner and Kaye (1982) 
278

 prepared IgY specific to rotavirus, 

adenovirus, and influenza virus, demonstrated immunological detection of these viruses 

using the IgY as the first antibody, and fluorescein isothiocyanate (FITC)-conjugated 

rabbit IgG specific to IgY as the second antibody.   

An immunological advantage of IgY as an immunological tool over using rabbit 

IgG is the sensitivity of hens to antigens originated from mammals. A number of proteins 

exist whose amino acid sequence are well preserved among mammals, and many of these 

proteins have no or little antigenicity toward mammals. Therefore, for preparing 

antibodies against those proteinous antigens, the hen is highly promising as an alternative 

animal, because of the immunological distance of hen from mammals. In fact, Carroll and 
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Stollar (1983) 
279

 succeeded in preparing IgY against RNA polymerase II which has not 

generated its specific antibody in mammals. Many researchers have succeeded in 

producing IgY specific to less immunogenic antigen against mammals. Tini et al (2002) 

280
 raised a polyclonal IgY antibody against the α-subunit of hypoxia inducible factor-1 

(HIF-1α), a vital master regulator of oxygen homeostasis. Affinity-purified anti HIF-1a 

IgY antibodies allowed detection of HIF-1α protein in electrophoretic mobility shift 

assays (EMSAs), immunoblots, immunoprecipitation and immunofluorescence 

experiments using hypoxic cells from different mammalian cell lines. These results 

support the versatile application of IgY. High-sensitivity C-reactive protein (hs-CRP) is 

considered one of the most promising markers for cardiac risk assessment 
281

. Many 

researchers have also demonstrated the ELISA application of IgY for determination of 

various important, but very minor biological substances, such as 1,25-dihydroxyvitamin 

D 
282

, hematoside (NeuGc) 
283

, human transferrin 
205

, human dimeric IgA 
284

, and high-

molecular weight mucin-like glycoprotein-A(HAGP-A) 
285

. 

Another use of IgY which is not limited to ELISA is often used in the 

histochemical assay. Antibodies have proved useful in both serological and 

immunohistochemical detection of cytosolic thymidine kinase (TK1) in patients with all 

types with of cancerous diseases 
286

. Wu et al (2003) developed the anti- TK1 IgY 

antibody raised against a synthetic 31-amino acid peptide from the C-terminal of human 

HeLa TK1 enzyme and showed that this antibody provides a sensitive and beneficial 

probe of TK1 in both serological and immunohistochemical detection for an early 

prognostic marker and for monitoring cancer patients undergoing treatment. Specific IgY 

against different proteins or antigenic agents may be useful to study the functional or 

structural properties of these molecules.  

Grass carp hemorrhage virus (GCHV), as a member of aquareovirus, is a 

pathogen causing hemorrhagic disease of grass carp, and was found to be the most 

pathogenic aquareovirus 
287

. Qui et al (2001) 
288

 studied molecular characterization of 

GCHV by Western blotting using chicken anti-GCHV immunoglobulin (IgY). 

To detect biological agents, an IgY based double antibody sandwich ELISA was 

developed. Santoro et al (2003) 
289

 reported that polyclonal anti-rabbit platelet factor 4 

(PF4) IgY was a specific and sensitive probe that could be used for assaying PF4 in rabbit 

plasma samples. Polyclonal antibodies were raised and purified from chick egg yolk and 

rabbit serum. The cobra venom was sandwiched between immobilized affinity purified 

IgY and the rabbit IgG. The detection concentration of cobra venom was in the range of 
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0.1 to 300 ng 
290

. Carbodiimide conjugation, flumequine was conjugated to cationized 

bovine serum albumin (cBSA-flumequine) and to cationized ovalbumin for the 

immunization of chicken, cOVA-flumequine used coating antigen in the immunoassay. 

In the indirect competitive assay, standard flumequine was incubated together with the 

anti-flumequine antibodies, giving the maximum residue level (50µg/kg) of flumequine 

detection in raw milk 
291

.The optimal conditions for competitive ELISA in determining 

BMALP (0.1-10 μg/mL) from ALPs in milk samples were using 10
3
 fold diluted crude 

IgY specific against BMALP as primary antibody and 10
3
-fold diluted goat anti-chicken 

IgG-ALP conjugate as the secondary antibody 
292

. Anti-hemoglobin Bart's (Hb Bart's) 

IgY antibodies (Abs) for development into an enzyme-linked immunosorbent assay 

(ELISA) test for thalassemia diagnosis had strong reactivity in cases of pathologic 

thalassemic diseases and weak reactivity in cases of nonpathologic thalassemic diseases 

293
. Two haptens synthesized preserving the major structural features of PNMCs, by a 

novel synthetic pathway by coupling the first hapten with bovine serum albumin and the 

second with thyroglobulin, from porcine thyroid glands, produced IgYs exhibiting a high 

binding capacity to carbaryl, trimethacarb, metolcarb, aminocarb, and promecarb 
294

. IgY 

based Elisa system showed quantitative results to detect markers in foods. The developed 

immunoassay can be used as a semi-quantitative tool to confirm the presence or absence 

of a group of important allergic proteins in foods such as indirect immunoassay for the 

quantification of peanut proteins that could be detected in foods at least down to a 1 ppm 

level 
295

. The detection of hidden hazelnut protein, using purified antibody extract and a 

coating antigen concentration of 10 μg/ mL, giving minimum detection limit of 10 μg/L, 

with an IC50 of 618 μg/L. The cross reactivity testing shows a high specificity for 

hazelnut proteins and various foods and food additives were found to be non-reactive 

except beans, sunflower seed or poppy seed 
296

. The indirect competitive ELISA showed 

that the detection limit of artificially synthesized antigens citrinin was 10 ng/mL, with a 

good linearity ranging 20-640 ng/mL 
297

. Strip-based immunochromatographic assay was 

developed for rapid detection of morphine in urine samples by IgY type antibody against 

morphine, generated by immunizing chickens with well-characterized monoacetyl 

morphine-protein conjugate, showing the average IC50 values of morphine as low as 9.45 

ng/mL, the detection range of 1-1000 ng/mL and the lowest detection limit 2.5 ng/mL 

under optimal conditions of analysis 
298

. 

We have also developed highly sensitive quantitative 
299

 and qualitative 
300

 

detection systems for gliadin in food. 
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1.12.5 Ligand of an immunoadsorbent 

Immuno-affinity chromatography has been applied as a useful method for 

purification of proteins (antigens). Rabbit IgG has been conventionally used as a ligand to 

be immobilized to the absorbent, such as cellulose or agarose. However, several 

disadvantages of this affinity chromatography have been pointed out when rabbit IgG was 

used as a ligand, because acidic pH values less than pH 2 are necessary for dissociation of 

the protein immunological bound to the rabbit IgG on the immunoadsorbent. Therefore, 

the dissociated protein is often denatured depending on its nature. Moreover, production 

of rabbit IgG in large amount is generally expensive. The immuno-affinity 

chromatography using rabbit IgG as a ligand has thus been applied for isolation of only 

certain proteins. 

It was demonstrated that IgY is an effective alternative antibody as a ligand for 

an immunoadsorbent. In the experiment, IgY and rabbit IgG specific to mouse IgG were 

immobilized on Sepharose 4B, respectively, in order to compare its dissociation 

efficiency for the purification of mouse IgG. Mouse serum was applied on 

immunoadsorbents, and the adsorbent was eluted with the buffer solution of pH 4.0 and 

2.0 stepwise. The mouse IgG dissociated at pH 4.0 was only half of that applied, and the 

remaining IgG was eluted with pH 2.0 buffer solution in an immunoadsorbent using 

rabbit IgG as a ligand. On the other hand, 97% of the mouse IgG was dissociated even at 

pH 4.0 on the immunoadsorbent using IgY as a ligand 
170

.   

Lemamay et al (1999) 
301

 obtained high affinity polyclonal antibodies raised 

against purified human mannose-6-phosphate/insulinlike growth factor-II receptor 

(M6P/IGFII-R) prepared from hen’s egg yolks. These antibodies allow M6P/IGFII-R 

quantification in frozen tissue sections, 
301

, and in formalin-fixed paraffin sections 
302

. 

Therefore, for the sakes of cost and efficiency, the use of a polyclonal antibody 

such as IgY appeared to be practical in immunoaffinity chromatography to purify and/or 

isolate limited components with bioactivity in foodstuffs. 

 

1.13 Rationale 

Recent findings estimate about 2 million people in North America have CD. CD 

is an autoimmune disorder that occurs when the body reacts abnormally to gluten, a 

protein found in wheat, rye, barley, and in some patients, oats.   

In gluten-sensitive CD patients, gluten peptides (for example, gliadin a glutamine- 

and proline-rich peptide from dietary gluten in wheat) readily enter intestinal cells, 
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activate host T cell receptors, stimulate cytokine release/activity and trigger an 

inflammatory reaction. Consuming gluten causes an immunological (allergic) reaction 

within the inner lining of the small intestine, which damages the tissues and results in 

impaired ability to absorb nutrients from foods. The inflammation and inability to absorb 

nutrients creates wide-ranging problems in many systems of the body including 

gastrointestinal problems, dermatitis herpetiformis, anemia and osteoporosis. There is no 

cure for CD.  The only treatment is a strict gluten-free diet that must be followed for life. 

 

1.14 Hypothesis 

The expected function of gluten-binding egg yolk antibodies (IgY) as “Oral 

Passive Antibody Therapy” is to neutralize these gluten peptides before they enter the 

small intestine, and so to preempt the cascade of inflammatory events.  

I hypothesize that IgY against gluten peptides in food bind and prevent these 

toxic peptides from initiating and perpetuating the immunopathological events which 

cause the changes in serology, histology, as well as symptoms and complications which 

develop in persons with CD. 

 

 

Figure 1-9 Anti-gliadin IgY research hypothesis 
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1.15 Objectives 

To produce and verify the efficacy of anti-gliadin IgY in neutralization of toxic 

gliadin protein both in-vitro, in-vivo and ex-vivo. The gliadin-antibody complex will 

prevent the absorption of free gliadin in the small intestine after ingestion, hence 

preventing the manifestation of CD caused due to ingestion of gliadin. 

 

1.16 Specific objectives 

1.16.1 Therapeutics approach 

 To extract prolamins from four grains;  

 To produce highly specific IgY against prolamins peptides causing celiac disease;  

 To isolate the specific IgY from egg yolk using an economical method; 

 To verify the efficacy of IgY in human cell culture system. 

 To determine the dose of IgY for binding gliadin in complex meal conditions; 

 To improve IgY survival by developing an encapsulation technology that will be 

resistant in the harsh environment in gastrointestinal tracts; 

 To test in vitro and in vivo binding efficacy of IgY to gliadin; 

 

1.16.2 Diagnostic approach 

 To develop Biotinylated Double Sandwich ELISA for the quantification of 

gliadin in processed food sample. 

 To develop Immunoswab and Immunustrip for qualitative determination of 

gliadin in food samples. 
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1.17 Study plan 

 

 

Figure 1-10 Study plan flowchart  

- WSF 

  - 

Polson 

- 

Four Grains (Wheat, Barley, Rye, Oat) 

-4 times 

-200 birds 

-20 weeks -27,000 Eggs 

-Monitoring IgY titer 

-Yield 

-Purity 

-

Electroph

oresis 

IgY-Activity Proto type product 

Study 

Detection Kit 

 

Isolation of IgY 

Purification of IgY 

Characterisation 

of IgY 

ELISA 

Whole Egg Yolk / 

Extracted IgY 

Optimization of spray 

drying 

Dissolution Test 

SGF 

Extraction of 

Gluten 

Collection of Eggs 

Separation of yolk with high 

IgY Titer 

 

Wheat (Gliadin) Barley (Hordein) 

 

Rye (Secalin) Oat (Avenin) 

Immunization of 

Chicken 

 

IgY capsule + 

Std. Gliadin 

IgY capsule   

+Std Gliadin 

+food matrix 

 

In-vivo animal 

model 

Ex-vivo cell 

culture 

In-vitro IgY-gliadin 

binding efficacy 

DAS 

ELISA 

Immuno-

swab 

Immuno-

strip 

SIF 

Western 

blot 

-Yield  

-Moisture 

-IgY titer 

-% Survival  

-Activity 

-IgY titer 

 

Human clinical 

trial 



59 

 

1.18 References 

1. Rewers M. Epidemiology of celiac disease: What are the prevalence, incidence, and 

progression of celiac disease? Gastroenterology 2005;128. 

2. Kagnoff MF. Overview and pathogenesis of celiac disease. Gastroenterology 

2005;128. 

3. Fasano A, Catassi C. Current approaches to diagnosis and treatment of celiac disease: 

An evolving spectrum. Gastroenterology 2001;120:636-651. 

4. Catassi C, Yachha SK. The global village of celiac disease. In: Fasano A, Troncone 

R, Branski D, eds. Frontiers in celiac disease. Basel, Switzerland Karger, 2008:23-31. 

5. Greco L. Epidemiology of coeliac disease, In Proceedings of the Seventh 

International Symposyum on coeliac disease, Tampere, Finland, 1996. 

6. Rostom A, Murray JA, Kagnoff MF. American Gastroenterological Association 

(AGA) Institute technical review on the diagnosis and management of celiac disease. 

Gastroenterology 2006;131:1981-2002. 

7. Green PHR, Cellier C. Medical progress: Celiac disease. New England Journal of 

Medicine 2007;357:1731-1743. 

8. Fasano A, Berti I, Gerarduzzi T, Not T, Colletti RB, Drago S, Elitsur Y, Green PHR, 

Guandalini S, Hill ID, Pietzak M, Ventura A, Thorpe M, Kryszak D, Fornaroli F, 

Wasserman SS, Murray JA, Horvath K. Prevalence of Celiac disease in at-risk and 

not-at-risk groups in the United States: A large multicenter study. Archives of 

Internal Medicine 2003;163:286-292. 

9. Thomas HJ, Ahmad T, Rajaguru C, Barnardo M, Warren BF, Jewell DP. 

Contribution of histological, serological, and genetic factors to the clinical 

heterogeneity of adult-onset coeliac disease. Scandinavian Journal of 

Gastroenterology 2009;44:1076-1083. 

10. Hin H, Bird G, Fisher P, Mahy N, Jewell D. Coeliac disease in primary care: case 

finding study. British Medical Journal 1999;318:164-167. 

11. Cataldo F, Montalto G. Celiac disease in the developing countries: A new and 

challenging public health problem. World Journal of Gastroenterology 

2007;13:2153-2159. 

12. Freeman HJ. Risk factors in familial forms of celiac disease. World Journal of 

Gastroenterology 2010;16:1828-1831. 



60 

 

13. Book L, Zone JJ, Neuhausen SL. Prevalence of celiac disease among relatives of sib 

pairs with celiac disease in U.S. Families. American Journal of Gastroenterology 

2003;98:377-381. 

14. Farre C, Humbert P, Vilar P, Varea V, Aldeguer X, Carnicer J, Carballo M, Gassull 

MA. Serological markers and HLA-DQ2 haplotype among first-degree relatives of 

celiac patients. Digestive Diseases and Sciences 1999;44:2344-2349. 

15. Rubio-Tapia A, Abdulkarim AS, Wiesner RH, Moore SB, Krause PK, Murray JA. 

Celiac disease autoantibodies in severe autoimmune liver disease and the effect of 

liver transplantation. Liver International 2008;28:467-476. 

16. Larsson K, Carlsson A, Cederwall E, Neiderud J, Jonsson B, Lernmark A, Ivarsson 

SA. Annual screening detects celiac disease in children with type 1 diabetes. 

Pediatric Diabetes 2008;9:354-359. 

17. Heap GA, van Heel DA. Genetics and pathogenesis of coeliac disease. Seminars in 

Immunology 2009;21:346-354. 

18. Ivarsson A, Persson LÃ, NystrÃ¶m L, Ascher H, Cavell B, Danielsson L, Dannaeus 

A, Lindberg T, Lindquist B, Stenhammar L, Hernell O. Epidemic of coeliac disease 

in Swedish children. Acta Paediatrica, International Journal of Paediatrics 

2000;89:165-171. 

19. Nistico L, Fagnani C, Coto I, Percopo S, Cotichini R, Limongelli MG, Paparo F, 

D'Alfonso S, Giordano M, Sferlazzas C, Magazzu G, Momigliano-Richiardi P, 

Greco L, Stazi MA. Concordance, disease progression, and heritability of coeliac 

disease in Italian twins. Gut 2006;55:803-804. 

20. Megiorni F, Mora B, Bonamico M, Barbato M, Nenna R, Maiella G, Lulli P, 

Mazzilli MC. HLA-DQ and risk gradient for celiac disease. Human Immunology 

2009;70:55-59. 

21. Karell K, Louka AS, Moodie SJ, Ascher H, Clot F, Greco L, Ciclitira PJ, Sollid LM, 

Partanen J. HLA types in celiac disease patients not carrying the DQA1*05-

DQB1*02 (DQ2) heterodimer: results from the European genetics cluster on celiac 

disease. Human Immunology 2003;64:469-477. 

22. Sollid LM. Coeliac disease: dissecting a complex inflammatory disorder. Nature 

Reviews Immunology 2002;2:647-655. 

23. Cummins AG, Roberts-Thomson IC. Prevalence of celiac disease in the Asia-Pacific 

region. Journal of Gastroenterology and Hepatology 2009;24:1347-1351. 

24. Middleton D. Allele*frequencies in worldwide populations, 2010. 



61 

 

25. van Heel DA, Hunt K, Greco L, Wijmenga C. Genetics in coeliac disease. Best 

Practice & Research 2005;19:323-339. 

26. Greco L, Romino R, Coto I, Di Cosmo N, Percopo S, Maglio M, Paparo F, Gasperi 

V, Limongelli MG, Cotichini R, D'Agate C, Tinto N, Sacchetti L, Tosi R, Stazi MA. 

The first large population based twin study of coeliac disease. Gut 2002 50:624-628. 

27. Hunt KA, McGovern DP, Kumar PJ, Ghosh S, Travis SP, Walters JR, Jewell DP, 

Playford RJ, van Heel DA. A common CTLA4 haplotype associated with coeliac 

disease. European Journal of Human Genetics 2005;13:440-444. 

28. Holmes GKT. Coeliac disease and Type 1 diabetes mellitus - The case for screening. 

Diabetic Medicine 2001;18:169-177. 

29. van Heel DA, Franke L, Hunt KA. A genome-wide association study for celiac 

disease identifies risk variants in the region harboring IL2 and IL21. Nature Genetics 

2007;39:827-829. 

30. Zhernakova A, Alizadeh BZ, Bevova M, van Leeuwen MA, Coenen MJ, Franke B, 

Franke L, Posthumus MD, van Heel DA, van der Steege G, Radstake TR, Barrera P, 

Roep BO, Koeleman BP, Wijmenga C. Novel association in chromosome 4q27 

region with rheumatoid arthritis and confirmation of type 1 diabetes point to a 

general risk locus for autoimmune diseases. American Journal of Human Genetics 

2007;81:1284-1288. 

31. Todd JA, Walker NM, Cooper JD, Smyth DJ, Downes K, Plagnol V, Bailey R, 

Nejentsev S, Field SF, Payne F, Lowe CE, Szeszko JS. Robust associations of four 

new chromosome regions from genome-wide analyses of type 1 diabetes. Nature 

Genetics 2007;39:857-864. 

32. Liu C, Helms C, Liao W, Zaba LC, Duan S, Gardner J, Wise C, Miner A, Malloy MJ, 

Pullinger CR, Kane JP, Saccone S, Worthington J, Bruce I, Kwok PY, Menter A, 

Krueger J, Barton A, Saccone NL, Bowcock AM. A genome-wide association study 

of psoriasis and psoriatic arthritis identifies new disease Loci. PLoS Genetics 

2008;4:p. e1000041. 

33. Real A, Comino I, de Lorenzo L, Merchán F, Gil-Humanes J, Giménez MJ, López-

Casado MÁ, Torres MI, Cebolla Á, Sousa C, Barro F, Pistón F. Molecular and 

immunological characterization of gluten proteins isolated from oat cultivars that 

differ in toxicity for celiac disease. PLoS One 2012;7:e48365. 



62 

 

34. Shan L, Molberg Ø, Parrot I, Hausch F, Filiz F, Gray GM, Ludvig M. Sollid LM, 

Khosla C. Structural basis for gluten intolerance in celiac sprue. Science 

2002;297:2275-2279. 

35. Qiao SW, Bergseng E, Molberg Ã, Xia J, Fleckenstein B, Khosla C, Sollid LM. 

Antigen presentation to celiac lesion-derived T cells of a 33-mer gliadin peptide 

naturally formed by gastrointestinal digestion. Journal of Immunology 

2004;173:1757-1762. 

36. Sollid LM, Thorsby E. HLA susceptibility genes in celiac disease: Genetic mapping 

and role in pathogenesis. Gastroenterology 1993;105:910-922. 

37. Meresse B, Ripoche J, Heyman M, Cerf-Bensussan N. Celiac disease: From oral 

tolerance to intestinal inflammation, autoimmunity and lymphomagenesis. Mucosal 

Immunology 2009;2:8-23. 

38. Maiuri L, Ciacci C, Ricciardelli I, Vacca L, Raia V, Auricchio S, Picard J, Osman M, 

Quaratino S, Londei M. Association between innate response to gliadin and 

activation of pathogenic T cells in coeliac disease. Lancet 2003;362:30-37. 

39. Gianfrani C, Auricchio S, Troncone R. Adaptive and innate immune responses in 

celiac disease. Immunology Letters 2005;99:141-145. 

40. Maiuri L, Troncone R, Mayer M, Coletta S, Picarelli A, De Vincenzi M, Pavone V, 

Auricchio S. In vitro activities of A-gliadin synthetic peptides: damaging effect on 

the atrophic coeliac mucosa and activation of mucosal immune response in the 

treated coeliac mucosa. Scandinavian Journal of Gastroenterology 1996;31:247-253. 

41. Ciclitira PJ. AGA technical review on celiac sprue. Gastroenterology 

2001;120:1526-1540. 

42. Arentz-Hansen H, Körner R, Molberg O, Quarsten H, Vader W, Kooy YM, Lundin 

KE, Koning F, Roepstorff P, Sollid LM, McAdam SN. The intestinal T cell response 

to alpha-gliadin in adult celiac disease is focused on a single deamidated glutamine 

targeted by tissue transglutaminase. The journal of Experimental Medicine 

2000;191:603-612. 

43. Stepniak D, Koning F. General introduction: Celiac Disease - Sandwiched between 

innate and adaptive immunity. Human Immunology 2006;67:460-468. 

44. Lahdeaho ML, Lehtinen M, Rissa HR, Hyoty H, Reunala T, Maki M. Antipeptide 

antibodies to adenovirus E1b protein indicate enhanced risk of celiac disease and 

dermatitis herpetiformis. International Archives of Allergy and Immunology 

1993;101:272-275. 



63 

 

45. Sjoberg K, Lindgren S, Eriksson S. Frequent occurrence of non-specific gliadin 

antibodies in chronic liver disease. Endomysial but not gliadin antibodies predict 

coeliac disease in patients with chronic liver disease. Scandinavian Journal of 

Gastroenterology 1997;32:1162-1167. 

46. Ruggeri C, La Masa AT, Rudi S, Squadrito G, Di PG, Maimone S, Caccamo G, 

Pellegrino S, Raimondo G, Magazzù G. Celiac disease and non-organ-specific 

autoantibodies in patients with chronic hepatitis C virus infection. Digestive Diseases 

2008;53:2151-2155. 

47. Verdu EF, Mauro M, Bourgeois J, Armstrong D. Clinical onset of celiac disease after 

an episode of Campylobacter jejuni enteritis. Canadian Journal of Gastroenterology 

2007;21:453-455. 

48. Carroccio A, Cavataio F, Montalto G, Paparo F, Troncone R, Iacono G. Treatment of 

giardiasis reverses 'active' coeliac disease to 'latent' coeliac disease. European Journal 

of Gastroenterology and Hepatology 2001;13:1101-1105. 

49. Stene LC, Honeyman MC, Hoffenberg EJ, Haas JE, Sokol RJ, Emery L, Taki I, 

Norris JM, Erlich HA, Eisenbarth GS, Rewers M. Rotavirus infection frequency and 

risk of celiac disease autoimmunity in early childhood: a longitudinal study. 

American Journal of Gastroenterology 2006;101:2333-2340. 

50. Carlsson AK, Lindberg BA, Bredberg ACA, Hyoty H, Ivarsson SA. Enterovirus 

infection during pregnancy is not a risk factor for celiac disease in the offspring. 

Journal of Pediatric Gastroenterology and Nutrition 2002;35:649-652. 

51. Kagnoff MF, Austin RK, Hubert JJ. Possible role for a human adenovirus in the 

pathogenesis of celiac disease. Journal of Experimental Medicine 1984;160:1544-

1557. 

52. Farrell RJ, Kelly CP. Celiac sprue. New England Journal of Medicine 2002;346:180-

188. 

53. Snook JA, Dwyer L, Lee-Elliott C, Khan S, Wheeler DW, Nicholas DS. Adult 

coeliac disease and cigarette smoking. Gut 1996;39:60-62. 

54. Norris JM, Barriga K, Hoffenberg EJ, Taki I, Miao D, Haas JE, Emery LM, Sokol RJ, 

Erlich HA, Eisenbarth GS, Rewers M. Risk of coeliac disease autoimmunity and 

timing of gluten introduction in the diet of infants and increased risk of disease. The 

Journal of American Medical Association 2005. 



64 

 

55. Ivarsson A. The Swedish epidemic of coeliac disease explored using an 

epidemiological approach-some lessons to be learnt. Best Practice in Research and 

Clinical Gastroenterology 2005;19:425-440. 

56. Maki M, Collin P. Coeliac disease. Lancet 1997;349:1755-1759  

57. Feighery C. Coeliac disease. British Medical Journal 1999;319:236-239. 

58. Freeman HJ. Clinical spectrum of biopsy-defined celiac disease in the elderly. 

Canadian Journal of Gastroenterology 1995;9:42-46. 

59. Mäki M, Kallonen K, Lähdeaho ML, Visakorpi JK. Changing pattern of childhood 

coeliac disease in Finland. Acta Paediatrica Scandinavica 1988;77:408-412. 

60. Swinson CM, Levi AJ. Is coeliac disease underdiagnosed? BMJ 1980;281:1258-

1260. 

61. Logan RF, Tucker G, Rifkind E, Heading RC, Ferguson A. Changes in clinical 

features of coeliac disease in adults in Edinburgh and the Lothians 1960-79. BMJ 

1983;286:95-97. 

62. Pare P, Douville P, Caron D, Lagace R. Adult coeliac sprue:changes in the pattern of 

clinical recognition. Gastroenterology 1988;10:395. 

63. Folk JE, Finlayson JS. The epsilon-(gamma-glutamyl)lysine crosslink and the 

catalytic role of transglutaminases. Advances in Protein Chemistry 1977;31:1-133. 

64. Di Sabatino A, Ciccocioppo R, Cupelli F, Cinque B, Millimaggi D, Clarkson MM, 

Paulli M, Cifone MG, Corazza GR. Epithelium derived interleukin 15 regulates 

intraepithelial lymphocyte Th1 cytokine production, cytotoxicity, and survival in 

coeliac disease. Gut 2006;55:469-477. 

65. Di Sabatino A, Corazza GR. Coeliac disease. Lancet 2009;373:1480-1493. 

66. Caputo I, Barone MV, Martucciello S, Lepretti M, Esposito C. Tissue 

transglutaminase in celiac disease: Role of autoantibodies. Amino Acids 

2009;36:693-699. 

67. Matysiak-Budnik T, Moura IC, Arcos-Fajardo M, Lebreton C, MÃ©nard S, Candalh 

C, Ben-Khalifa K, Dugave C, Tamouza H, Van Niel G, Bouhnik Y, Lamarque D, 

Chaussade S, Malamut G, Cellier C, Cerf-Bensussan N, Monteiro RC, Heyman M. 

Secretory IgA mediates retrotranscytosis of intact gliadin peptides via the transferrin 

receptor in celiac disease. Journal of Experimental Medicine 2008;205:143-154. 

68. Heyman M, Menard S. Pathways of gliadin transport in celiac disease. Annals of the 

New York Academy of Sciences. Volume 1165, 2009:274-278. 



65 

 

69. Schumann M, Richter JF, Wedell I, Moos V, Zimmermann-Kordmann M, Schneider 

T, Daum S, Zeitz M, Fromm M, Schulzke JD. Mechanisms of epithelial translocation 

of the alpha(2)-gliadin- 33mer in coeliac sprue. Gut 2008;57:747-754. 

70. Meresse B, Ripoche J, Heyman M, Cerf-Bensussan N. Celiac disease: from oral 

tolerance to intestinal inflammation, autoimmunity and lymphomagenesis. Mucosal 

Immunology 2009;2:8-23. 

71. Fasano A, Baudry B, Pumplin DW, Wasserman SS, Tall BD, Ketley JM, Kaper JB. 

Vibrio cholerae produces a second enterotoxin, which affects intestinal tight 

junctions Proceedings of the National Academy of Sciences of the United States of 

America 1991;88:5242-5246. 

72. Fasano A, Fiorentini C, Donelli G, Uzzau S, Kaper JB, Margaretten K, Ding Z, 

Guandalini S, Comstock L, Goldblum SE. Zonula Occludens Toxin (ZOT) 

modulates tight junctions through protein kinase C-dependent actin reorganization, in 

vitro. Journal of Clinical Investigation 1995;96:710-720. 

73. Fasano A, Uzzau S, Fiore C, Margaretten K. The enterotoxic effect of zonula 

occludens toxin (Zot) on rabbit small intestine involves the paracellular pathway. 

Gastroenterology 1997;112:839-846. 

74. Baudry B, Fasano A, Ketley JM, Kaper JB. Cloning of a gene (zot) encoding a new 

toxin produced by Vibrio cholerae. Infection and Immunity 1992;60. 

75. Wang W, Uzzau S, Goldblum SE, Fasano A. Human zonulin, a potential modulator 

of intestinal tight junctions. Journal of Cell Science 2000;113:4435-4440. 

76. Clemente MG, De Virgiliis S, Kang JS, Macatagney R, Musu MP, Di Pierro MR, 

Drago S, Congia M, Fasano A. Early effects of gliadin on enterocyte intracellular 

signalling involved in intestinal barrier function. Gut 2003;52:218-223. 

77. Lammers KM, Lu R, Brownley J, Lu B, Gerard C, Thomas K, Rallabhandi P, Shea-

Donohue T, Tamiz A, Alkan S, Netzel-Arnett S, Antalis T, Vogel SN, Fasano A. 

Gliadin Induces an Increase in Intestinal Permeability and Zonulin Release by 

Binding to the Chemokine Receptor CXCR3. Gastroenterology 2008;135:194-

204.e3. 

78. Fasano A. Innovative strategies for the oral delivery of drugs and peptides Trends in 

Biotechnology 1998;16:152-157. 

79. Fasano A, Nataro JP. Intestinal epithelial tight junctions as targets for enteric 

bacteria-derived toxins. Advanced Drug Delivery Reviews 2004;56:795-807. 



66 

 

80. Fina D, Sarra M, Caruso R, Del Vecchio Blanco G, Pallone F, MacDonald TT, 

Monteleone G. Interleukin 21 contributes to the mucosal T helper cell type 1 

response in coeliac disease. Gut 2008;57:887-892. 

81. Bernardo D, Garrote JA, Allegretti Y, León A, Gómez E, Bermejo-Martin JF, Calvo 

C, Riestra S, Fernández-Salazar L, Blanco-Quirós A, Chirdo F, Arranz E. Higher 

constitutive IL15R alpha expression and lower IL-15 response threshold in coeliac 

disease patients. Clinical and Experimental Immunology 2008;154:64-73. 

82. Matysiak-Budnik T, Heyman M, MÃ©graud F. Gastric permeability and 

Helicobacter pylori. Gastroenterologia Polska 2003;10:305-315. 

83. Hue S, Mention JJ, Monteiro RC, Zhang S, Cellier C, Schmitz J, Verkarre V, Fodil N, 

Bahram S, Cerf-Bensussan N, Caillat-Zucman S. A direct role for NKG2D/MICA 

interaction in villous atrophy during celiac disease. Immunity 2004;21:367-377. 

84. Meresse B, Chen Z, Ciszewski C, Tretiakova M, Bhagat G, Krausz TN, Raulet DH, 

Lanier LL, Groh V, Spies T, Ebert EC, Green PH, Jabri B. Coordinated induction by 

IL15 of a TCR-independent NKG2D signaling pathway converts CTL into 

lymphokine-activated killer cells in celiac disease. Immunity 2004;21:357-366. 

85. Nilsen EM, Lundin KEA, Krajci P, Scott H, Sollid LM, Brandtzaeg P. Gluten 

specific, HLA-DQ restricted T cells from coeliac mucosa produce cytokines with 

Th1 or Th0 profile dominated by interferon Î³. Gut 1995;37:766-776. 

86. Rossi M, Maurano F, Luongo D. Immunomodulatory strategies for celiac disease. 

International Reviews of Immunology 2005;24:479-499. 

87. Rescigno M, Sabatino AD. Dendritic cells in intestinal homeostasis and disease. 

Journal of Clinical Investigation 2009;119 2441-2450. 

88. Granzotto M, Dal Bo S, Quaglia S, Tommasini A, Piscianz E, Valencic E, Ferrara F, 

Martelossi S, Ventura A, Not T. Regulatory T-cell function is impaired in celiac 

disease. Digestive Diseases and Sciences 2009;54:1513-1519. 

89. Corrao G, Corazza GR, Bagnardi V, Brusco G, Ciacci C, Cottone M, Sategna 

Guidetti C, Usai P, Cesari P, Pelli MA, Loperfido S, Volta U, Calabró A, Certo M. 

Mortality in patients with coeliac disease and their relatives: a cohort study. Lancet 

2001;358:356-361. 

90. Meeuwisse GW. Diagnostic criteria in CD. Acta Paediatrica Scandinavica 

1970;59:461-463. 

91. Walker Smith JA, Guandalini S, Schmitz J, Sherling DH, Visakorpi JK. Revised 

criteria for diagnosis of coeliac disease. Report of Working Group of European 



67 

 

Society of Pediatric Gastroenterology and Nutrition. Archives of Disease in 

Childhood 1990;65:909-911. 

92. Grefte JM, Bouman JG, Grond J, Jansen W, Kleibeuker JH. Slow and incomplete 

histological and functional recovery in adult gluten sensitive enteropathy. Journal of 

Clinical Pathology 1988;41:886-891. 

93. Rostom A, Dube C, Cranney A, Saloojee N, Sy R, Garritty C, Sampson M, Zhang L, 

Yazdi F, Mamaladze V, Pan I, McNeil J, Moher D, Mack D, Patel D. Celiac 

Disease:Evidence Report/Technology Assessment Rockville, MD: Agency for 

Healthcare Research and Quality, 2004. 

94. Biagi F, Corazza GR. Defining gluten refractory enteropathy. European Journal of 

Gastroenterology and Hepatology 2001;13:561-565. 

95. Rashtak S, Murray JA. Tailored testing for celiac disease. Annals of Internal 

Medicine 2007;147:339-341. 

96. Wolters VM, Wijmenga C. Genetic background of celiac disease and its clinical 

implications. American Journal of Gastroenterology 2008;103:190-195. 

97. Lewis NR, Scott BB. Systematic review: the use of serology to exclude or diagnose 

coeliac disease (a comparison of the endomysial and tissue transglutaminase 

antibody tests). Alimentary Pharmacology and Therapeutics 2006;24:47-54. 

98. Freeman HJ. Strongly positive tissue transglutaminase (tTG) antibody assays without 

celiac disease. Canadian Journal of Gastroenterology 2004;18:25-28. 

99. Bizzaro N, Villalta D, Tonutti E, Doria A, Tampoia M, Bassetti D, Tozzoli R. IgA 

and IgG tissue transglutaminase antibody prevalence and clinical significance in 

connective tissue diseases, inflammatory bowel disease, and primary biliary cirrhosis  

Digestive Disease and Sciences 2003;48:2360-2365. 

100. Leffler DA, Dennis M, Edwards George JB, Jamma S, Magge S, Cook EF, 

Schuppan D, Kelly CP. A simple validated gluten-free diet adherence survey for 

adults with celiac disease. Clinical Gastroenterology and Hepatology 2009;7:530-536. 

101. Crowe SE. AGA Institute Postgraduate Course, 2007 25. 

102. Sollid LM. Coeliac disease: dissecting a complex inflammatory disorder. Nature 

Reviews Immunology 2002;2:647-655. 

103. Chand N, Anastasios AM. Celiac disease: current concepts in diagnosis and 

treatment. Journal of Clinical Gastroenterology 2006;40:3-14. 

104. Schuppan D. Current concepts of celiac disease pathogenesis. Gastroenterology 

2000;119:234-242. 



68 

 

105. Collin P, Kaukinen K, Vogelsang H, Korponay-Szabo I, Sommer R, Schreier E, 

Schreier E, Volta U, Granito A, Veronesi L, Mascart F, Ocmant A, Ivarsson A, 

Lagerqvist C, Bürgin-Wolff A, Hadziselimovic F, Furlano RI, Sidler MA, Mulder CJ, 

Goerres MS, Mearin ML, Ninaber MK, Gudmand-Høyer E, Fabiani E, Catassi C, 

Tidlund H, Alainentalo L, Mäki M. Antiendomysial and antihuman recombinant 

tissue transglutaminase antibodies in the diagnosis of coeliac disease: a biopsy-

proven European multicentre study. European Journal of Gastroenterology 

Hepatology 2005;17:85-91. 

106. Csizmadia CG, Mearin ML, Oren A, Kromhout A, Crusius JB, von Blomberg BM, 

Peña AS, Wiggers MN, Vandenbroucke JP. Accuracy and cost-effectiveness of a 

new strategy to screen for celiac disease in children with Down syndrome. The 

Journal of Pediatrics 2000;137:756-761. 

107. Kaukinen K, Partanen J, Maki M, Collin P. HLA-DQ typing in the diagnosis of 

celiac disease. American Journal of Gastroenterology 2002;97:695-699. 

108. Hadithi M, Von Blomberg BME, Crusius JBA, Bloemena E, Kostense PJ, Meijer 

JWR, Mulder CJJ, Stehouwer CDA, Pena AS. Accuracy of serologic tests and HLA-

DQ typing for diagnosing celiac disease. Annals of Internal Medicine 2007;147:294-

302. 

109. Bjorck S, Brundin C, Lorinc E, Lynch KF, Agardh D. Screening detects a high 

proportion of celiac disease in young HLA-genotyped children. Journal of Pediatric 

Gastroenterology and Nutrition 2010;50:49-53. 

110. American Gastroenterological Association medical position statement: coeliac sprue. 

Gastroenterology 2001;120:1522-1525. 

111. Kaukinen K, Collin P, Laurila K, Kaartinen T, Partanen J, Mäki M. Resurrection of 

gliadin antibodies in coeliac disease. Deamidated gliadin peptide antibody test 

provides additional diagnostic benefit. Scandinavian Journal of Gastroenterology 

2007;42:1428-1433. 

112. Volta U, Granito A, Parisi C, Fabbri A, Fiorini E, Piscaglia M, Tovoli F, Grasso V, 

Muratori P, Pappas G, De Giorgio R. Deamidated gliadin peptide antibodies as a 

routine test for celiac disease: A prospective analysis. Journal of Clinical 

Gastroenterology 2010;44:186-190. 

113. Hill ID. What are the sensitivity and specificity of serological tests for CD? Do 

sensitivity and specificity vary in different populations? Gastroenterology 

2005;128:S25-S32. 



69 

 

114. Leeds JS, Hopper AD, Sanders DS. Coeliac disease. British Medical Bulletin 

2008;88:157-170. 

115. Marsh MN. Gluten, major histocompatibility complex, and the small intestine: A 

molecular and immunobiologic approach to the spectrum of gluten sensitivity ('celiac 

sprue'). Gastroenterology 1992;102:330-354. 

116. Rostami K, Mulder CJJ, Werre JM, Van Beukelen FR, Kerckhaert J, Crusius JBA, 

Pena AS, Willekens FLA, Meijer JWR. High prevalence of celiac disease in 

apparently healthy blood donors suggests a high prevalence of undiagnosed celiac 

disease in the Dutch population. Scandinavian Journal of Gastroenterology 

1999;34:276-279. 

117. Oberhuber G, Granditsch G, Vogelsang H. The histopathology of coeliac disease: 

time for a standardized report scheme for pathologists. European Journal of 

Gastroenterology and Hepatology 1999;11:1185-1194. 

118. Auricchio R, Granata V, Borrelli M, Troncone R. Italian paediatricians' approach to 

coeliac disease diagnosis. Journal of Pediatric Gastroenterology and Nutrition 

2009;49:374-376. 

119. Feighery C, Weir DG, Whelan A, Willoughby R, Youngprapakorn S, Lynch S, 

O'Moráin C, McEneany P, O'Farrelly C. Diagnosis of gluten-sensitive enteropathy: is 

exclusive reliance on histology appropriate European Journal of Gastroenterology 

and Hepatology 1998;10:919-925. 

120. Hopper AD, Hadjivassiliou M, Hurlstone DP, Lobo AJ, McAlindon ME, Egner W, 

Wild G, Sanders DS. What is the role of serologic testing in CD? A prospective, 

biopsyconfirmed study with economic analysis. Clinical Gastroenterology and 

Hepatology 2008;6:314-320. 

121. Corazza GR, Villanacci V, Zambelli C, Milione M, Luinetti O, Vindigni C, Chioda C, 

Albarello L, Bartolini D, Donato F. Comparison of the interobserver reproducibility 

with different histologic criteria used in celiac disease. Clinical Gastroenterology and 

Hepatology 2007;5:838-843. 

122. Corazza GR, Villanacci V. Coeliac disease: some considerations on the histological 

diagnosis. Journal of Clinical Pathology 2005;58:573-574. 

123. Hayat M, Cairns A, Dixon MF, O'Mahony S. Quantitation of intraepithelial 

lymphocytes in human duodenum: what is normal. Journal of Clinical Pathology 

2002;55:393-395. 



70 

 

124. Cummins AG, Alexander BG, Chung A, Teo E, Woenig JA, Field JB, Thompson 

FM, Roberts-Thomson IC. Morphometric evaluation of duodenal biopsies in celiac 

disease. American Journal of Gastroenterology 2011;106:145-150. 

125. Freeman HJ. Pearls and pitfalls in the diagnosis of adult celiac disease. Canadian 

Journal of  Gastroenterology 2008;22:273-280. 

126. Collin P, Mäki M, Kaukinen K. It is the compliance, not milligrams of gluten, that is 

essential in the treatment of celiac disease. Nutrition Reviews 2004;62:490. 

127. Catassi C, Fabiani E, Iacono G, D'Agate C, Francavilla R, Biagi F, Volta U, 

Accomando S, Picarelli A, De Vitis I, Pianelli G, Gesuita R, Carle F, Mandolesi A, 

Bearzi I, Fasano A. A prospective, double-blind, placebo-controlled trial to establish 

a safe gluten threshold for patients with celiac disease. American Journal of Clinical 

Nutrition 2007;85:160-166. 

128. Lohiniemi S, Maki M, Kaukinen K, Laippala P, Collin P. Gastrointestinal symptoms 

rating scale in coeliac patients on wheat starch-based gluten-free diets. Scandinavian 

Journal of Gastroenterology 2000;35:947-949. 

129. Donnelly SC, Ellis HJ, Ciclitira PJ. Pharmacotherapy and management strategies for 

coeliac disease. Expert Opinion on Pharmacotherapy 2011;12:1731-1744. 

130. Tye-Din JA, Anderson RP, Ffrench RA, Brown GJ, Hodsman P, Siegel M, Botwick 

W, Shreeniwas R. The effects of ALV003 pre-digestion of gluten on immune 

response and symptoms in celiac disease in vivo. Clinical Immunology 

2010;134:289-295. 

131. Lähdeaho ML, Mäki M, Kaukinen K, Laurila K, Marcantonio A, Adelman D. 

OP050B: ALV003, A novel glutenase, attenuates gluten-induced small intestinal 

mucosal injury in celiac disease patients: A randomized controlled phase IIa clinical 

trial. 19th United European Gastroenterology Week. Stockholm, 2011. 

132. Matysiak-Budnik T, Candalh C, Cellier C, Dugave C, Namane A, Vidal-Martinez T, 

Cerf-Bensussan N, Heyman M. Limited efficiency of prolyl-endopeptidase in the 

detoxification of gliadin peptides in celiac disease. Gastroenterology 2005;129:786-

796. 

133. Pyle GG, Paaso B, Anderson BE, Allen DD, Marti T, Li Q, Siegel M, Khosla C, 

Gray GM. Effect of pretreatment of food gluten with prolyl endopeptidase on gluten-

induced malabsorption in celiac sprue. Clinical Gastroenterology and Hepatology 

2005;3:687-694. 



71 

 

134. Tack GJ, van de Water JM, Kooy-Winkelaar EM, van Bergen J, Meijer GA, von 

Blomberg BM, Schreurs MW, Bruins MJ, Edens L, Mulder CJ, Koning F. Can 

prolyl endoprotease enzyme treatment mitigate the toxic effect of gluten in coeliac 

patients? Gastroenterology 2010;138:S-54. 

135. Rizzello CG, De Angelis M, Di Cagno R, Camarca A, Silano M, Losito I, De 

Vincenzi M, De Bari MD, Palmisano F, Maurano F, Gianfrani C, Gobbetti M. 

Highly efficient gluten degradation by lactobacilli and fungal proteases during food 

processing: New perspectives for celiac disease. Applied and Environmental 

Microbiology 2007;73:4499-4507. 

136. Di Cagno R, De Angelis M, Auricchio S, Greco L, Clarke C, De Vincenzi M, 

Giovannini C, D'Archivio M, Landolfo F, Parrilli G, Minervini F, Arendt E, Gobbetti 

M. Sourdough bread made from wheat and nontoxic flours and started with selected 

Lactobacilli is tolerated in celiac sprue patients. Applied and Environmental 

Microbiology 2004;70:1088-1096. 

137. Angelis MD, Rizzello CG, Fasano A, Clemente MG, Simone CD, Silano M, 

Vincenzi MD, Losito I, Gobbetti M. VSL#3 probiotic preparation has the capacity to 

hydrolyze gliadin polypeptides responsible for Celiac Sprue. Biochimica et 

Biophysica Acta - Molecular Basis of Disease 2006;1762:80-93. 

138. Paterson BM, Lammers KM, Arrieta MC, Fasano A, Meddings JB. The safety, 

tolerance, pharmacokinetic and pharmacodynamic effects of single doses of AT-

1001 in coeliac disease subjects: A proof of concept study. Alimentary 

Pharmacology and Therapeutics 2007;26:757-766. 

139. Kelly CP, Green PH, Murray JA. Intestinal permeability of larazotide acetate in 

celiac disease: results of a phase IIB 6-week gluten-challenge clinical trial (abstr). 

Gastroenterology 2009;136. 

140. Liang L, Pinier M, Leroux JC, Subirade M. Interaction of alpha-gliadin with 

poly(HEMA-co-SS): structural characterization and biological implication 

Biopolymers 2009;91:169 -178. 

141. Liang L, Pinier M, Leroux JC, Subirade M. Interaction of alpha-gliadin with 

polyanions: design considerations for sequestrants used in supportive treatment of 

celiac disease Biopolymers 2010;93:418-428. 

142. Pinier M, Verdu EF, Nasser-Eddine M, David CS, Vézina A, Rivard N, JC. L. 

Polymeric binders suppress gliadin-induced toxicity in the intestinal epithelium. 

Gastroenterology 2009;136:288-298. 



72 

 

143. Gujral N, Löbenberg R, Suresh M, Sunwoo H. In-vitro and in-vivo binding activity 

of chicken egg yolk immunoglobulin Y (IgY) against gliadin in food matrix. Journal 

of Agricultural and Food Chemistry 2012;60:3166-3172. 

144. Watts RE, Siegel M, Khosla C. Structure-activity relationship analysis of the 

selective inhibition of transglutaminase 2 by dihydroisoxazoles. Journal of Medicinal 

Chemistry 2006;49:7493-7501. 

145. Pardin C, Roy I, Lubell WD, Keillor JW. Reversible and competitive cinnamoyl 

triazole inhibitors of tissue transglutaminase. Chemical biology & drug design 

2008;72:189-196. 

146. Siegel M, Xia J, Khosla C. Structure-based design of alpha-amido aldehyde 

containing gluten peptide analogues as modulators of HLA-DQ2 and 

transglutaminase 2 Bioorganic & medicinal chemistry 2007;15:6253-6261. 

147. Keech CL, Dromey J, Tye-Din JA. Immune tolerance induced by peptide 

immunotherapy in an HLA Dq2-dependent mouse model of gluten immunity. 

Gastroenterology 2009;136:A-57. 

148. Huibregtse IL, Marietta EV, Rashtak S, Koning F, Rottiers P, David CS, van 

Deventer SJ, Murray JA. Induction of antigen-specific tolerance by oral 

administration of Lactococcus lactis delivered immunodominant DQ8-restricted 

gliadin peptide in sensitized nonobese diabetic Abo Dq8 transgenic mice. Journal of 

immunology (Baltimore, Md. : 1950) 2009;183:2390-2396. 

149. Senger S, Luongo D, Maurano F, Mazzeo MF, Siciliano RA, Gianfrani C, David C, 

Troncone R, Auricchio S, Rossi M. Intranasal administration of a recombinant α-

gliadin down-regulates the immune response to wheat gliadin in DQ8 transgenic 

mice. Immunology Letters 2003;88:127-134. 

150. Weinstock JV, Elliott DE. Helminths and the IBD hygiene hypothesis. Inflammatory 

Bowel Disease 2009;15:128-133. 

151. Daveson AJ, Jones DM, Gaze S, McSorley H, Clouston A, Pascoe A, Cooke S, 

Speare R, Macdonald GA, Anderson R, McCarthy JS, Loukas A, Croese J. Effect of 

hookworm infection on wheat challenge in celiac disease - a randomised double-

blinded placebo controlled trial. PLoS ONE 2011;6. 

152. Anderson RP, Van Heel DA, Tye-Din JA, Jewell DP, Hill AVS. Antagonists and 

non-toxic variants of the dominant wheat gliadin T cell epitope in coeliac disease. 

Gut 2006;55:485-491. 



73 

 

153. Silano M, Vincentini O, Iapello A, Mancini E, De Vincenzi M. Antagonist peptides 

of the gliadin T-cell stimulatory sequences: a therapeutic strategy for celiac disease. 

Journal of clinical gastroenterology 2008;42 Suppl 3 Pt 2:S191-192. 

154. Ishioka GY, Adorini L, Guery JC, Gaeta FCA, LaFond R, Alexander J, Powell MF, 

Sette A, Grey HM. Failure to demonstrate long-lived MHC saturation both in vitro 

and in vivo: Implications for therapeutic potential of MHC-blocking peptides. 

Journal of Immunology 1994;152:4310-4319. 

155. Falcioni F, Ito K, Vidovic D, Belunis C, Campbell R, Berthel SJ, Bolin DR, Gillespie 

PB, Huby N, Olson GL, Sarabu R, Guenot J, Madison V, Hammer J, Sinigaglia F, 

Steinmetz M, Nagy ZA. Peptidomimetic compounds that inhibit antigen presentation 

by autoimmune disease-associated class II major histocompatibility molecules. 

Nature Biotechnology 1999;17:562-567. 

156. Baslund B, Tvede N, Danneskiold-Samsoe B, Larsson P, Panayi G, Petersen J, 

Petersen LJ, Beurskens FJM, Schuurman J, Van De Winkel JGJ, Parren PWHI, 

Gracie JA, Jongbloed S, Liew FY, McInnes IB. Targeting interleukin-15 in patients 

with rheumatoid arthritis: A proof-of-concept study. Arthritis and Rheumatism 

2005;52:2686-2692. 

157. Mention JJ, Ben Ahmed M, Bègue B, Barbe U, Verkarre V, Asnafi V, Colombel JF, 

Cugnenc PH, Ruemmele FM, McIntyre E, Brousse N, Cellier C, Cerf-Bensussan N. 

Interleukin 15: a key to disrupted intraepithelial lymphocyte homeostasis and 

lymphomagenesis in celiac disease. Gastroenterology 2003;125:730-745. 

158. Salvati VM, Mazzarella G, Gianfrani C, Levings MK, Stefanile R, De Giulio B, 

Iaquinto G, Giardullo N, Auricchio S, Roncarolo MG, Troncone R. Recombinant 

human interleukin 10 suppresses gliadin dependent T cell activation in ex vivo 

cultured coeliac intestinal mucosa. Gut 2005;54:46-53. 

159. Hüe S, Mention JJ, Monteiro RC, Zhang S, Cellier C, Schmitz J, Verkarre V, Fodil N, 

Bahram S, Cerf-Bensussan N, Caillat-Zucman S. A direct role for NKG2D/MICA 

interaction in villous atrophy during celiac disease. Immunity 2004;21:367-377. 

160. Kjellev S, Haase C, Lundsgaard D, Ursø B, Tornehave D, Markholst H. Inhibition of 

NKG2D receptor function by antibody therapy attenuates transfer-induced colitis in 

SCID mice. European Journal of Immunology 2007;37:1397-1406. 

161. Zhao J, de Vera J, Narushima S, Beck EX, Palencia S, Shinkawa P, Kim K, Liu Y, 

Levy MD, Berg DJ, Abo A, Funk WD. R-spondin1, a novel intestinotrophic mitogen, 

ameliorates experimental colitis in mice. Gastroenterology 2007;132:1331-1343. 



74 

 

162. Reilly RM, Domingo R, Sandhu J. Oral delivery of antibodies. Future 

pharmacokinetic trends. Clinical Pharmacokinetics 1997;32:313-323. 

163. Carlander D, Kollberg H, Wejaker P-E, Larsson A. Peroral immunotherapy with 

yolk antibodies for the prevention and treatment of enteric infections. Immunologic 

Research 2000;21:1-6. 

164. Klemperer F. Ueber naturliche Immunitat und ihre Verserthung fur die 

Immunisirungstherapie. Einunddreissigster Band, 1893. 

165. Leslie GA, Martin LN. Studies on the secretory immunologic system of fowll : III. 

Serum and Secretory IgA of the Chicken. Journal of Immunology 1973;110:1-9. 

166. Morrison SL, Mohammed MS, Wims LA, Trinh R, Etches R. Sequences in antibody 

molecules important for receptor-mediated transport into the chicken egg yolk. 

Molecular Immunology 2002;38:619-625. 

167. Sim JS, Sunwoo HH, Lee EN. Ovoglobulin Y. CRC Press, 2000. 

168. Sunwoo HH, Li X, Lee EN, Kim YK, Sim JS. Preparation of antigen-specific IgY 

for food application. CAB International, 2000. 

169. Rose ME, Orlans E, Buttress N. Immunoglobulin classes in the hen's egg: their 

segregation in yolk and white. European Journal of Immunology 1974;4:521-3. 

170. Hatta H, Tsuda K, Ozeki M, Kim M, Yamamoto T, Otake S, Hirasawa M, Katz J, 

Childers NK, Michalek SM. Passive immunization against dental plaque formation 

in humans: effect of a mouth rinse containing egg yolk antibodies (IgY) specific to 

Streptococcus mutans. Caries Research 1997;31:268-274. 

171. Warr GW, magor KE, Higgins DA. IgY: Clues to the origins of modern antibodies. 

Immunology Today 1995;16:392-398. 

172. Burton DR. Structure and function of antibodies Elsevier Science Publishers, 1987. 

173. Parvari R, Avivi A, Lentner F, Ziv E, Tel-Or S, Burstein Y, Schechter I. Chicken 

immunoglobulin gamma-heavy chains: limited VH gene repertoire, combinatorial 

diversification by D gene segments and evolution of the heavy chain locus. EMBO 

Journal 1988;7:739-744. 

174. Fellah JS, Kerfourn F, Wiles MV, Schwager J, Charlemagne J. Phylogeny of 

immunoglobulin heavy chain isotypes: Structure of the constant region of 

Ambystoma mexicanum υ chain deduced from cDNA sequence. Immunogenetics 

1993;38:311-317. 

175. Schade R, Calzado EG, Sarmiento R, Chacana PA, Porankiewicz-Asplund J, Terzolo 

HR. Chicken egg yolk antibodies (IgY-technology): A review of progress in 



75 

 

production and use in research and human and veterinary medicine. ATLA 

Alternatives to Laboratory Animals 2005;33:129-154. 

176. Helm BA, Ling Y, Teale C, Padlan EA, Brggemann M. The nature and importance 

of the inter-epsilon chain disulfide bonds in human IgE. European Journal of 

Immunology 1991;21:1543-1548. 

177. Shimizu M, Nagashima H, Sano K, Hashimoto K, Ozeki M, Tsuda K, Hatta H. 

Molecular stability of chicken and rabbit immunoglobulin G. Bioscience, 

biotechnology, and biochemistry 1992;56:270-274. 

178. Fryer J, Firca J, Leventhal J, Blondin B, Malcolm A, Ivancic D, Gandhi R, Shah A, 

Pao W, Abecassis M, Kaufman D, Stuart F, Anderson B. IgY antiporcine endothelial 

cell antibodies effectively block human antiporcine xenoantibody binding. 

Xenotransplantation 1999;6:98-109. 

179. Davalos-Pantoja L, Ortega-Vinuesa JL, Bastos-González D, Hidalgo-Alvarez R. A 

comparative study between the adsorption of IgY and IgG on latex particles. Journal 

of Biomaterials Science, Polymer Edition 2000;11:657-673. 

180. Kubo RT, Zimmerman B, Grey HM. Phylogeny of immunoglobulins. Academic 

Press 1973. 

181. Sun S, Mo W, Ji Y, Liu S. Preparation and mass spectrometric study of egg yolk 

antibody (IgY) against rabies virus. Rapid Communications in Mass 

Spectrophotometry 2001;15:708-712. 

182. Gallagher JS, Voss EW. Conformational state of chicken 7S immunoglobulin. 

Immunochemistry 1974;11:461-465. 

183. Reynaud CA, Anquez V, Dahan A, Weill JC. A single rearrangement event 

generates most of the chicken immunoglobulin light chain diversity. Cell 

1985;40:283-291. 

184. Weill JC, Reynaud CA. The chicken B cell compartment. Science 1987;238:1094-

1098. 

185. Krief A, Letesson J-J, Billena D. Comparison between ‘IgY technology’ from 

chickens and ‘IgG technology’ from mice for production of tailor-made antibodies 

Tetrahedron Letters 2002;43:1843-1846  

186. Kuroki M, Ikemori Y, Yokoyama H, Peralta RC, Icatlo FC, Jr., Kodama Y. Passive 

protection against bovine rotavirus-induced diarrhea in murine model by specific 

immunoglobulins from chicken egg yolk. Veterinary Microbiology 1993;37:135-46. 



76 

 

187. Song CS, Yu JH, Bai DH, Hester PY, Kim KH. Antibodies to the alpha-subunit of 

insulin receptor from eggs of immunized hens. Journal of Immunology 

1985;135:3354-3359. 

188. Hatta H, Tsuda K, Akachi S, Kim M, Yamamoto T. Productivity and some 

properties of egg yolk antibody (IgY) against human rotavirus compared with rabbit 

IgG. Bioscience, Biotechnology & Biochemistry 1993;57:450-4. 

189. Hamada S, Horikoshi T, Minami T, Kawabata S, Hiraoka J, Fujiwara T, Ooshima T. 

Oral passive immunization against dental caries in rats by use of hen egg yolk 

antibodies specific for cell-associated glucosyltransferase of Streptococcus mutans. 

Infection & Immunity 1991;59:4161-7. 

190. Schade R, Staak C, Hendriksen C, Erhard M, Hugl H, Koch G, Larsson A, Pollmann 

W, van Regenmortel M, Rijke E, Spielmann H, Steinbusch H, Straughan D. The 

production of avian (egg yolk) antibodies: IgY. The report and recommendations of 

ECVAM Workshop 21. Alternatives to Laboratory Animals 1996;24:925-934. 

191. Tsunemitsu H, Shimizu M, Hirai T, Yonemichi H, Kudo T, Mori K, Onoe S. 

Protection against bovine rotaviruses in newborn calves by continuous feeding of 

immune colostrum. The Japanese journal of veterinary science 1989;51:300-308. 

192. Polson A, von Wechmar MB, van Regenmortel MH. Isolation of viral IgY antibodies 

from yolks of immunized hens. Immunological Communications 1980;9:475-93. 

193. Gottstein B, Hemmeler E. Egg yolk immunoglobulin Y as an alternative antibody in 

the serology of echinococcosis. Parasitology Research 1985;71:273-276. 

194. Hedlund GP, Hau J. Oral immunisation of chickens using cholera toxin B subunit 

and Softigen as adjuvants results in high antibody titre in the egg yolk. In Vivo 

2001;15:381-384. 

195. Gassmann M, Thommes P, Weiser T, Hubscher U. Efficient production of chicken 

egg yolk antibodies against a conserved mammalian protein. FASEB Journal 

1990;4:2528-2532. 

196. Jensenius JC, Andersen I, Hau J, Crone M, Koch C. Eggs: conveniently packaged 

antibodies. Methods for purification of yolk IgG. Journal of Immunological Methods 

1981;46:63-68. 

197. Gutierrez JA, Guerriero V, Jr. . Quantitation of Hsp70 in tissue using a competitive 

enzyme-linked immunosorbent assay. Journal of Immunological Methods 

1991;143:81-88. 



77 

 

198. Lee K, Ametani A, Shimizu M, Hatta H, Yamamoto T, Kaminogawa S. Production 

and characterization of anti-human insulin antibodies in the hen's egg. Agricultural & 

Biological Chemistry 1991;55:2141-3. 

199. Yoshimura S, Watanabe K, Suemizu H, Onozawa T, Mizoguchi J, Tsuda K, Hatta H, 

Moriuchi T. Tissue specific expression of the plasma glutathione peroxidase gene in 

rat kidney. Journal of Biochemistry 1991;109:918-923. 

200. Toti F, Gachet C, Ohlmann P, Stierlé A, Grunebaum L, Wiesel M-L, Cazenave J-P. 

Electrophoretic Studies on Molecular Defects of von Willebrand Factor and Platelet 

Glycoprotein llb-llla with Antibodies Produced in Egg Yolk from Laying Hens. 

Haemostasis 1992;22:32-40  

201. Rosol TJ, Steinmeyer CL, McCauley LK, Merryman JI, Werkmeister JR, Gröne A, 

Weckmann MT, Swayne DE, Capen CC. Studies on chicken polyclonal anti-peptide 

antibodies specific for parathyroid hormone-related protein (1-36). Veterinary 

Immunology and Immunopathology 1993 35:321-337. 

202. Morishita E, Masuda S, Nagaoa M, Yasuda Y, Sasaki R. Erythropoietin receptor is 

expressed in rat hippocampal and cerebral cortical neurons, and erythropoietin 

prevents in vitro glutamate-induced neuronal death Neuroscience 1996;76:105-116  

203. Sunwoo HH, Lee EN, Menninen K, Suresh MR, Sim JS. Growth inhibitory effect of 

chicken egg yolk antibody (IgY) on Escherichia coli O157:H7. Journal of Food 

Science 2002;67:1486-1494. 

204. Akita EM, Nakai S. Immunoglobulins from egg yolk: isolation and purification. 

Journal of Food Science 1992;57:629-634. 

205. Ntakarutimana V, Demedts P, Van Sande M, Scharpe S. A simple and economical 

strategy for downstream processing of specific antibodies to human transferrin from 

egg yolk. Journal of Immunological Methods 1992;153:133-140. 

206. Bade H, Stegemann H. Rapid method of extraction of antibodies from hen egg yolk. 

Journal of Immunological Methods 1984;72:421-426. 

207. McLaren RD, Prosser CG, Grieve RCJ, Borissenko M. The use of caprylic acid for 

the extraction of the immunoglobulin fraction from egg yolk of chickens immunised 

with ovine α-lactalbumin. Journal of Immunological Methods 1994;177:175-184. 

208. Svendsen L, Crowley A, Ostergaard LH, Stodulski G, Hau J. Development and 

comparison of purification strategies for chicken antibodies from egg yolk. 

Laboratory Animal Science 1995;45 89-93. 



78 

 

209. Yokoyama H, Peralta RC, Sendo S, Ikemori Y, Kodama Y. Detection of passage and 

absorption of chicken egg yolk immunoglobulins in the gastrointestinal tract of pigs 

by use of enzyme-linked immunosorbent assay and fluorescent antibody testing. 

American Journal of Veterinary Research 1993;54:867-72. 

210. Vieira JGH, Oliveira MAD, Maciel RMB. Development of an homologous 

radioimmunoassay for the synthetic amino terminal (1-34) fragment of human 

parathyroid hormone using egg yolk-obtained antibodies. Journal of Immunoassay 

1986;7:57-72. 

211. Akita EM, Nakai S. Comparison of four purification methods for the production of 

immunoglobulins from eggs laid by hens immunized with an enterotoxigenic E. coli 

strain.[see comment]. Journal of Immunological Methods 1993;160:207-214. 

212. Woolley JA, Landon J. Comparison of antibody production to human interleukin-6 

(IL-6) by sheep and chickens. Journal of Immunological Methods 1995;178:253-265. 

213. Hatta H, Kim M, Yamamoto T. A novel isolation method for hen egg yolk antibody, 

"IgY". Agricultural and Biological Chemistry 1990;54:2531-2535. 

214. McCannel AA, Nakai S. Separation of egg yolk immunoglobulins into 

subpopulations using DEAE-ion exchange chromatography. Canadian Institute of 

Food Science and Technology 1990;23:42-46. 

215. McBee L, Cotterill O. Ion exchange chromatography and electrophoresis of egg yolk. 

Journal of Food Science 1979;44:656-660. 

216. Polson A, Coetzer T, Kruger J, von ME, van dMKJ. Improvements in the isolation of 

IgY from the yolks of eggs laid by immunized hens. Immunological Investigations 

1985;14:323-7. 

217. Chang HM, Lu T-C, Chen C-C, Tu Y-Y, Hwang J-Y. Isolation of immunoglobulin 

from egg yolk by anionic polysaccharides. Journal of Agricultural and Food 

Chemistry 2000;48:995-999. 

218. Dong D, Liu H, Xiao Q, Li R. Affinity purification of egg yolk immunoglobulins 

(IgY) with a stable synthetic ligand. Journal of Chromatography B: Analytical 

Technologies in the Biomedical and Life Sciences 2008;870:51-54. 

219. Li-Chan ECY, Powrie WD, Nakai S. The Chemistry of eggs and egg products. The 

Haworth Press, 1995. 

220. Burley RW, Cook WH. Isolation and composition of avian egg yolk granules and 

their constituent alpha- and beta-lipovitellins. Canadian Journal of Biochemistry and 

Physiology 1961;39:1295-1307. 



79 

 

221. McCully KA, Mok CC, Common RH. Paper electrophoretic characterization of 

proteins and lipoproteins of hen’s egg yolk. Canadian Journal of Biochemistry and 

Physiology 1962;40:937-952. 

222. McLaren RD, Prosser CG, Grieve RC, Borissenko M. The use of caprylic acid for 

the extraction of the immunoglobulin fraction from egg yolk of chickens immunised 

with ovine alpha-lactalbumin. Journal of Immunological Methods 1994;177:175-84. 

223. Bizhanov G, Vyshniauskis G. A comparison of three methods for extracting IgY 

from the egg yolk of hens immunized with Sendai virus. Veterinary Research 

Communications 2000;24:103-13. 

224. Burley RW, Vadehra DV. Chromatographic separation of the soluble proteins of 

hen's egg yolk: an analytical and preparative study. Analytical Biochemistry 

1979;94:53-59. 

225. Hatta H, Sim JS, Nakai S. Separation of phospholipids from egg yolk and recovery 

of water-soluble proteins. Journal of Food Science 1988;53:425-427. 

226. Ikemori Y, Kuroki M, Peralta RC, Yokoyama H, Kodama Y. Protection of neonatal 

calves against fatal enteric colibacillosis by administration of egg yolk powder from 

hens immunized with K99-piliated enterotoxigenic Escherichia coli. American 

Journal of Veterinary Research 1992;53:2005-8. 

227. Barroso P, Murcia H, Vega N, Pérez G. Purification of IgY against Salvia bogotensis 

lectin. Biomedica 2005;25:496-510. 

228. Bizhanov G, Jonauskiene I, Hau J. A novel method based on lithium sulfate 

precipitation for purification of chicken egg yolk immunoglobulinY, applied to 

immunospecific antibodies against Sendai virus. Scandinavian Journal of Laboratory 

Animal Science 2004;31:121-130. 

229. Nilsson E, Kollberg H, Johannesson M, Wejaker PE, Carlander D, Larsson A. More 

than 10 years' continuous oral treatment with specific immunoglobulin Y for the 

prevention of pseudomonas aeruginosa infections: A case report. Journal of 

Medicinal Food 2007;10:375-378. 

230. Jaradat ZW, Marquardt RR. Studies on the stability of chicken IgY in different 

sugars, complex carbohydrates and food materials. Food and Agricultural 

Immunology   2000;12:263-272. 

231. Akita EM, Li Chan ECY. Isolation of bovine immunoglobulin G subclasses from 

milk, colostrum, and whey using immobilized egg yolk antibodies. Journal of Dairy 

Science 1998;81:54-63. 



80 

 

232. Yolken RH, Leister F, Wee SB, Miskuff R, Vonderfecht S. Antibodies to rotaviruses 

in chicken’s eggs: a potential source of antiviral immunoglobulins suitable for human 

consumption. Pediatrics 1988;81:291-295. 

233. Kyong AL, Sung KC, Yoon JL, Jong HL, Nan SK. Acid stability of anti-

Helicobacter pyroli IgY in aqueous polyol solution. Journal of Biochemistry and 

Molecular Biology 2002;35:488-493. 

234. Ruan GP, An M, Wang GH, Ye L, Deng SF. Dot-immunobinding assay for the 

activity of egg yolk anibody. Journal of Clinical Rehabilitative Tissue Engineering 

Research 2007;11:2397-2400. 

235. Chang HM, Ou-Yang RF, Chen YT, Chen CC. Productivity and some properties of 

immunoglobulin specific against Streptococcus mutans serotype c in chicken egg 

yolk (IgY). Journal of Agricultural and Food Chemistry 1999;47:61-66. 

236. Shimizu M, Nagashima H, Hashimoto K, Suzuki T. Egg yolk antibody (IgY) 

stability in aqueous solution with high sugar concentrations. J food sci 1994;59:763-

765, 772. 

237. Ressing ME, Jiskoot W, Talsma H, Van Ingen CW, Beuvery EC, Crommelin DJA. 

The Influence of Sucrose, Dextran, and Hydroxypropyl-β-cyclodextrin as 

Lyoprotectants for a Freeze-Dried Mouse IgG2a Monoclonal Antibody (MN12) 

Pharmaceutical Research 1992;9:266-270. 

238. Skrabanja AT, De Meere AL, De Ruiter RA, Van Den Oetelaar PJ. Lyophilization of 

biotechnology products. PDA Journal of Pharmaceutical Science and Technology 

1994;48:311-317. 

239. Chansarkar NL. Studies on structural stability of hen’s egg yolk immunoglobulin 

(IgY). Volume PhD Vancouver, Canada: University of British Columbia, 1998. 

240. Shimizu M, Nakai S, Fitzsimmons RC. An-E. coli immunoglobulin Y isolated from 

egg yolk of immunized chickens as a potential food ingredient. Journal of Food 

Science 1988;5:1360-1366. 

241. Shimizu M, Nagashima H, Sano K, Hashimoto K. Comparative studies on molecular 

stability of immunoglobulin G from different species. Comparative Biochemistry and 

Physiology - A Molecular and Integrative Physiology 1993;106:255-261. 

242. Chernysheva LV, Friendship RM, Dewey CE, Gyles CL. The effect of dietary chicken 

egg-yolk antibodies on the clinical response in weaned pigs challenged with a K88 

Escherichia coli isolate. Journal of Swine Health and Production 2004;12:119-122. 



81 

 

243. Chang HM, Lee YC, Chen CC, Tu YY. Microencapsulation protects 

immunoglobulin in yolk (IgY) specific against Helicobacter pylori urease. Journal of 

Food Science 2002;67:15-20. 

244. Kovacs-Nolan J, Phillips M, Mine Y. Advances in the value of eggs and egg 

components for human health. Journal of Agricultural and Food Chemistry 

2005;53:8421-8431. 

245. Li XY, Jin LJ, McAllister TA, Stanford K, Xu JY, Lu YN, Zhen YH, Sun YX, Xu 

YP. Chitosan-alginate microcapsules for oral delivery of egg yolk immunoglobulin 

(IgY). Journal of Agricultural and Food Chemistry 2007;55:2911-2917. 

246. Giese JH. Alternative sweeteners and bulking agents. Food Technology 

1993;47:114-126. 

247. Mattila PT, Svanberg MJ, Mäkinen KK, Knuuttila MLE. Dietary xylitol, sorbitol and 

D-mannitol but not erythritol retard bone resorption in rats. Journal of Nutrition 

1996;126:1865-1870. 

248. Gekko K, Li X, Makino S. Competing effect of polyols on the thermal stability and 

gelation of soy protein. Bioscience, Biotechnology & Biochemistry 1999;63:2208-

2211. 

249. Marie S, Piggott JR. Handbook of Sweetener. New York: AVI Publication, 1991. 

250. Sarker SA, Casswall TH, Juneja LR, Hoq E, Hossain I, Fuchs GJ, HammarstrÃ¶m L. 

Randomized, placebo-controlled, clinical trial of hyperimmunized chicken egg yolk 

immunoglobulin in children with rotavirus diarrhea. Journal of Pediatric 

Gastroenterology and Nutrition 2001;32:19-25. 

251. Sarker SA, Pant N, Juneja LR, Hammarstrom L. Successful treatment of rotavirus-

induced diarrhoea in suckling mice with egg yolk immunoglobulin. Journal of Health, 

Population and Nutrition 2007;25:465-468. 

252. Smith DJ, King WF, Godiska R. Passive Transfer of Immunoglobulin Y Antibody to 

Streptococcus mutans Glucan Binding Protein B Can Confer Protection against 

Experimental Dental Caries Infection and Immunity 2001;69:3135-3142. 

253. Shin JH, Nam SW, Kim JT, Yoon JB, Bang WG, Roe IH. Identification of 

immunodominant Helicobacter pylori proteins with reactivity to H. pylori-specific 

egg-yolk immunoglobulin. Journal of Medical Microbiology 2003;52:217-22. 

254. Kollberg H, Carlander D, Olesen H, Wejaker PE, Johannesson M, Larsson A. Oral 

administration of specific yolk antibodies (IgY) may prevent Pseudomonas 



82 

 

aeruginosa infections in patients with cystic fibrosis: a phase I feasibility study. 

Pediatric Pulmonology 2003;35:433-40. 

255. Chalghoumi R, Beckers Y, Portetelle D, Thewis A. Hen egg yolk antibodies (IgY), 

production and use for passive immunization against bacterial enteric infections in 

chicken: A review. Les anticorps du jaune d'oeuf de poule (IgY), production et 

utilisation en immunisation passive contre les infections entÃ©riques bactÃ©riennes: 

Une revue 2009a;13:295-308. 

256. Yokoyama H, Umeda K, Peralta RC, Hashi T, Faustino C. Icatlo FCJ, Kuroki M. 

Oral passive immunization against experimental Salmonellosis in mice using chicken 

egg yolk antibodies specific for Salmonella Enteritidis and S. Typhimurium. Vaccine 

1998;16:388-393. 

257. Sugita-Konishi Y, Ogawa M A, S., Kumagai S, Igimi S, Shimizu M. Blockade of 

Salmonella Enteritidis passage across the basolateral barriers of human intestinal 

epithelial cells by specific antibody. Microbiology and Immunology 2000;44:473-

479. 

258. Girard F, Batisson I, Martinez G, Breton C, Harel J, Fairbrother JM. Use of virulence 

factor-specific egg yolk-derived immunoglobulins as a promising alternative to 

antibiotics for prevention of attaching and effacing Escherichia coli infections. FEMS 

Immunology and Medical Microbiology 2006;46:340-350. 

259. Chalghoumi R, Thewis A, Beckers Y, Marcq C, Portetelle D, Schneider YJ. 

Adhesion and growth inhibitory effect of chicken egg yolk antibody (igy) on 

salmonella enterica serovars enteritidis and typhimurium in vitro. Foodborne 

Pathogens and Disease 2009b;6:593-604. 

260. Yokoyama H, Peralta RC, Umeda K, Hashi T, Icatlo FCJ, Kuroki M, Ikemori Y, 

Kodama Y. Prevention of fatal Salmonellosis in neonatal calves, using orally 

administered chicken egg yolk Salmonella: specific antibodies. American Journal of 

Veterinary Research 1998;59:416-420. 

261. Ikemori Y, Ohta M, Umeda K, Icatlo FC, Jr., Kuroki M, Yokoyama H, Kodama Y. 

Passive protection of neonatal calves against bovine coronavirus-induced diarrhea by 

administration of egg yolk or colostrum antibody powder. Veterinary Microbiology 

1997;58:105-11. 

262. Sarrazin E, Bertschinger HU. Role of fimbriae F18 for actively acquired immunity 

against porcine enterotoxigenic Escherichia coli. Veterinary Microbiology 

1997;54:133-144. 



83 

 

263. Imberechts H, Deprez P, Van DE, Pohl P. Chicken egg yolk antibodies against F18ab 

fimbriae of Escherichia coli inhibit shedding of F18 positive E. coli by 

experimentally infected pigs. Veterinary Microbiology 1997;54:329-41. 

264. Shin NR, Choi IS, Kim JM, Hur W, Yoo HS. Effective methods for the production of 

immunoglobulin Y using immunogens of Bordetella bronchiseptica, Pasteurella 

multocida and Actinobacillus pleuropneumoniae. Journal of Veterinary Science 

2002;3:47-57. 

265. Kim DK, Jang IK, Seo HC, Shin SO, Yang SY, Kim JW. Shrimp protected from 

WSSV disease by treatment with egg yolk antibodies (IgY) against a truncated fusion 

protein derived from WSSV. Aquaculture 2004;237:21-30. 

266. Lu Y, Liu J, Jin L, Li X, Zhen Y, Xue H, Lin Q, Xu Y. Passive immunization of 

crayfish (Procambius clarkiaii) with chicken egg yolk immunoglobulin (IgY) against 

white spot syndrome virus (WSSV). Applied Biochemistry and Biotechnology 

2009;159:750-758. 

267. Abdelnoor AM, Rahal E, Zeidan JA, Halas YA, Sleiman F. Preparation of anti-

Candida albicans antibodies in an egg-laying hen and their protective efficacy in 

mice. Journal of Applied Research 2006;6:62-68. 

268. Arasteh N, Aminirissehei AH, Yousif AN, Albright LJ, Durance TD. Passive 

immunization of rainbow trout (Oncorhynchus mykiss) with chicken egg yolk 

immunoglobulins (IgY). Aquaculture 2004;231:23-36. 

269. Chiou VYN. The development of IgY(Fc) antibody based neurotoxin antivenoms 

and the study on their neutralization efficacies. Clinical Toxicology 2008;46:539-544. 

270. Meenatchisundaram S, Parameswari G, Michael A, Ramalingam S. Studies on 

pharmacological effects of Russell's viper and Saw-scaled viper venom and its 

neutralization by chicken egg yolk antibodies. International Immunopharmacology 

2008;8:1067-1073. 

271. Araujo AS, Lobato ZIP, Chavez-Olortegui C, Velarde DT. Brazilian IgY-Bothrops 

antivenom: Studies on the development of a process in chicken egg yolk. Toxicon 

2009;55:739-744. 

272. Lee EN, Sunwoo HH, Menninen K, Sim JS. In vitro studies of chicken egg yolk 

antibody (IgY) against Salmonella enteritidis and Salmonella typhimurium. Poultry 

Science 2002;81:632-641. 



84 

 

273. Sunwoo HH, Nakano T, Dixon WT, Sim JS. Immune responses in chickens against 

lipopolysaccharide of Escherichia coli and Salmonella typhimurium. Poultry Science 

1996;75:342-345. 

274. Holt PS, Stone HD, Gast RK, Greene CR. Application of the agar gel precipitin test 

to detect antibodies to Salmonella enterica serovar enteritidis in serum and egg yolks 

from infected hens. Poultry Science 2000;79:1246-1250. 

275. Yang J, Jin Z, Yu Q, Yang T, Wang H, Liu L. The selective recognition of antibody 

IgY for digestive system cancers. Chinese Journal of biotechnology 1997;13:85-90. 

276. Fertel R, Yetiv JZ, Coleman MA, Schwarz RD, Greenwald JE, Bianchine JR. 

Formation of antibodies to prostaglandins in the yolk of chicken eggs. Biochemical 

& Biophysical Research Communications 1981;102:1028-33. 

277. Altschuh D, Hennache G, Van RMH. Determination of IgG and IgM levels in serum 

by rocket immunoelectrophoresis using yolk antibodies from immunized chickens. 

Journal of Immunological Methods 1984;69:1-7. 

278. Gardner PS, Kaye S. Egg globulins in rapid virus diagnosis. Journal of Virological 

Methods 1982;4:257-62. 

279. Carroll SB, Stollar BD. Antibodies to calf thymus RNA polymerase II from egg 

yolks of immunized hens. Journal of Biological Chemistry 1983;258:24-6. 

280. Tini M, Jewell UR, Camenisch G, Chilov D, Gassmann M. Generation and 

application of chicken egg-yolk antibodies. Comparative Biochemistry and 

Physiology - A Molecular and Integrative Physiology 2002;131:569-574. 

281. Rifai N, Ridker PM. High-Sensitivity C-Reactive Protein: A Novel and Promising 

Marker of Coronary Heart Disease Clinical Chemistry 2001;47:403-411. 

282. Bauwens RM, Devos MP, Kint JA, De LAP. Chicken egg yolk and rabbit serum 

compared as sources of antibody for radioimmunoassay of 1,25-dihydroxyvitamin D 

in serum or plasma. Clinical Chemistry 1988;34:2153-4. 

283. Hirabayashi Y, Suzuki T, Suzuki Y, Taki T, Matsumoto M, Higashi H, Kato S. A 

New Method for Purification of Anti-Glycosphingolipid Antibody. Avian Anti-

Hematoside (NeuGc) Antibody Journal of Biochemistry 1983;94:327-330. 

284. Polson A, Maass R, van dMKJ. Eliciting antibodies in chickens to human dimeric 

IgA removal of factors from human colostrum depressing anti IgA antibody 

production. Immunological Investigations 1989;18:853-77. 



85 

 

285. Shimizu M, Watanabe A, Tanaka A. Detection of high-molecular weight mucin-like 

glycoprotein-A (HMGP-A) of human milk by chicken egg yolk antibody. Bioscience, 

Biotechnology & Biochemistry 1995;59:138-9. 

286. Zhang F, Li H, Pendleton AR, Robison JG, Monson KO, Murray BK, O’Neill KL. 

Thymidine kinase 1 immunoassay: a potential maker for breast cancer. Cancer 

Detection and Prevetion 2001;25:8-15. 

287. Rangel AAC, Rockemann DD, Hetrick FM, Samal SK. Identification of grass carp 

haemorrhage virus as a new genogroup of aquareovirus. Journal of General Virology 

1999;80:2399-2402. 

288. Qiu T, Lu RH, Zhang J, Zhu ZY. Complete nucleotide sequence of the S10 genome 

segment of grass carp reovirus (GCRV). Diseases of Aquatic Organisms 2001;44:69-

74. 

289. Santoro ML, Barbaro KC, Flores Da Rocha TR, Soares Torquato RJ, Hirata IY, 

Sano-Martins IS. Simultaneous isolation of platelet factor 4 and glycoprotein IIb-IIIa 

complex from rabbit platelets, and characterization of specific chicken antibodies to 

assay them. Journal of Immunological Methods 2004;284:55-72. 

290. Brunda G, Sashidhar RB, Sarin RK. Use of egg yolk antibody (IgY) as an 

immunoanalytical tool in the detection of Indian cobra (Naja naja naja) venom in 

biological samples of forensic origin. Toxicon 2006;48:183-194. 

291. Van Coillie E, De Block J, Reybroeck W. Development of an indirect competitive 

ELISA for flumequine residues in raw milk using chicken egg yolk antibodies. 

Journal of Agricultural and Food Chemistry 2004;52:4975-4978. 

292. Chen CC, Tai YC, Shen SC, Tu YY, Wu MC, Chang HM. Detection of alkaline 

phosphatase by competitive indirect ELISA using immunoglobulin in yolk (IgY) 

specific against bovine milk alkaline phosphatase. Food Chemistry 2006;95:213-220. 

293. Jintaridth P, Srisomsap C, Vichittumaros K, Kalpravidh RW, Winichagoon P, 

Fucharoen S, Svasti MRJ, Kasinrerk W. Chicken egg yolk antibodies specific for the 

Î³ chain of human hemoglobin for diagnosis of thalassemia. International Journal of 

Hematology 2006;83:408-414. 

294. Prousalis KP, Tsivgoulis GM, Tsegenidis T. Production of antibodies from chicken 

egg yolk to phenyl-N-methylcarbamate insecticides for analytical purposes. 

International Journal of Environmental Analytical Chemistry 2007;87:1065-1078. 



86 

 

295. De Meulenaer B, De La Court M, Acke D, De Meyere T, Van De Keere A. 

Development of an enzyme-linked immunosorbent assay for peanut proteins using 

chicken immunoglobulins. Food and Agricultural Immunology 2005;16:129-148. 

296. Drs E, Baumgartner S, Bremer M, Kemmers-Voncken A, Smits N, Haasnoot W, 

Banks J, Reece P, Danks C, Tomkies V, Immer U, Schmitt K, Krska R. Detection of 

hidden hazelnut protein in food by IgY-based indirect competitive enzyme-

immunoassay. Analytica Chimica Acta 2004;520:223-228. 

297. Duan ZH, Lin ZS, Yao HR, Gao YH, Zhang K, Zhao SQ, Zhu ZY. Preparation of 

artificial antigen and egg yolk-derived immunoglobulin (IgY) of citrinin for enzyme-

linked immunosorbent assay. Biomedical and Environmental Sciences 2009;22:237-

243. 

298. Gandhi S, Caplash N, Sharma P, Raman Suri C. Strip-based 

immunochromatographic assay using specific egg yolk antibodies for rapid detection 

of morphine in urine samples. Biosensors and Bioelectronics 2009;25:502-505. 

299. Gujral N, Suresh MR, Sunwoo HH. Quantitative double antibody sandwich ELISA 

for the determination of gliadin. Journal of Immunoassay and Immunochemistry 

2012;33:339-351. 

300. Sunwoo HH, Gujral N, Susan L, Suresh MR. Double antibody sandwich ELISA and 

rapid immunoswab assay for detection of gliadin in food. Food and Agricultural 

Immunology 2011;22:110-119. 

301. Lemamy G, Roger P, Mani JC, Robert M, Rochefort H, Brouillet JP. High-affinity 

antibodies from hen’s-egg yolks against human mannose-6-phosphate/insulin-like 

growth-factor-II receptor (M6P/IGFII-R): characterization and potential use in 

clinical cancer studies. International Journal of Cancer 1999;80:896-902. 

302. Berthe ML, Esslimani Sahla M, Roger P, Gleizes M, Lemamy GJ, Brouillet JP, 

Rochefort H. Mannose-6-phosphate/insulin-like growth factor-II receptor expression 

levels during the progression from normal human mammary tissue to invasive breast 

carcinomas. European Journal of Cancer 2003;39:635-642. 

303. Carroccio A, Iacono G, D'Amico D, Cavataio F, Teresi S, Caruso C, Di Prima L, 

Colombo A, D'Arpa F, Florena A, Notarbartolo A, Montalto G. Production of anti-

endomysial antibodies in cultured duodenal mucosa: Usefulness in coeliac disease 

diagnosis. Scandinavian Journal of Gastroenterology 2002;37:32-38. 



87 

 

304. Vogelsang H, Schwarzenhofer M, Granditsch G, Oberhuber G. In vitro production of 

endomysial antibodies in cultured duodenal mucosa from patients with celiac disease. 

American Journal of Gastroenterology 1999;94:1057-1061. 



88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 2: Preparation, purification and characterization of IgY antibody for 

neutralizing dietary gluten 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A part of this chapter is submitted to Journal of Cellular Biochemistry:  

Gujral N, Lovlin R, Lobenberg R, and Sunwoo HH. Effect of specific anti-gliadin IgY 

antibody on epithelial intestinal integrity and inflammatory response induced by gliadin 



89 

 

2.1 Introduction 

Celiac disease (CD) is a genetically predisposed food intolerance, induced by 

ingestion of gluten in grains (wheat, barley, rye and possibly oats). Gluten is a protein 

that composites prolamins and glutelins. Prolamins are known as gliadins in wheat, in 

barley as hordeins, in rye as secalins, and in oats as avenins are the main triggering 

factor in CD 
1
. Due to high content of proline and glutamine, prolamins are resistant to 

gastrointestinal proteolytic enzymes. Upon oral administration, pepsin and trypsin 

resistant prolamins, named PT-gliadin, are penetrated from the intestinal lumen to the gut 

mucosa through transcellular and paracellular pathways 
2
, causing the damage of 

intestinal villous structure. Destruction of the villi hinders the absorption of nutrients 

from food into the bloodstream, leading to malabsorption syndrome 
3
, and symptoms 

such as nausea, diarrhea, weight loss and malnutrition problems 
4
.  

As CD patients show various tolerant levels to gluten ingestion, a safe daily 

intake of gluten cannot be set. Every CD patient should avoid ingestion of food 

containing gluten for a life-time, because all of the disturbances revert when a strict 

gluten-free diet is established 
5
. Gluten is, however, a common food ingredient in the 

human diet, presenting a big challenge for CD patients to avoid. The official limits 

described in the Codex Draft Revised Standard (2000) are 20 ppm for foodstuffs naturally 

gluten-free and 200 ppm for foodstuffs rendered gluten-free. As part of the Food Allergen 

Labeling and Consumer Protection Act of 2004, the US Food and Drug Administration 

issued a final rule in 2009, defining a gluten-free food for the food containing < 20 ppm 

gluten 
6
.
 
Persistent gluten intake by CD individuals has been shown to predispose 

symptomatic patients to cancer (especially small-bowel lymphoma) 
7
. 

Due to the fact that antibodies can bind gliadin 
8, 9

, we use laying hens to 

produce IgY specific to gliadin. The use of laying hens as potent antibody producers has 

numerous advantages over mammalian polyclonal antibody production because of the high 

antibody content, the relative ease of using eggs versus serum, the low cost of animal 

maintenance, and large quantities of eggs availability. Laying hens usually lay about 250 

eggs (approximately 4000 g of egg yolk) in a year. On the other hand, the serum collected 

from a rabbit is about 40 mL. One gram of egg yolk laid by the immunized hen contains 

about 10 mg of IgY whereas 1 mL of rabbit serum yields about 35 mg of IgG 
10, 11

. The use 

of IgY may improve the gliadin binding efficacy because IgY is polyclonal, and therefore 

able to bind to multiple epitopes on various fractions of gliadin. In addition, there is an 
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economical advantage by replacing the expensive monoclonal antibody with inexpensive 

chicken egg yolk IgY.  

We propose that gliadin specific IgY antibody may bind and prevent the gliadin 

from the intestinal permeation in the gastrointestinal tract.  

The objectives of this study is to produce gliadin specific IgY egg yolk 

antibodies by immunizing chickens with PT-gliadin, to purify IgY antibodies by 

separating water soluble IgY from egg yolks without using harmful chemicals, and to 

characterize their binding activities and cross reactivity with other prolamins from 

barley, rye and oat, by using western blot and ELISA techniques 

 

2.2 Materials and methods 

2.2.1 Materials 

Wheat (Tricum aestivum), barley (Hordeum vulgare), rye (Secale cereal), oat 

(Avena sativa), rice (Oryza sativa) and corn (Zea mays) flour were obtained from 

commercially available sources. Crude Sigma gliadin (G-3375), pepsin (P-7000; 800–

2,500 units/mg protein), trypsin (P-8096, activity, 4x USP specifications), Freund’s 

Incomplete Adjuvant, purified chicken IgG, rabbit anti-chicken IgG and rabbit anti-

chicken IgG conjugated with horseradish peroxidase (HP) were purchased from Sigma 

(St. Louis, MO, USA). HYB-314 monoclonal antibody (mAb), chicken anti-mouse IgG 

conjugated with HP and BCA protein assay kit were purchased from Thermo Fisher 

Scientific Canada (Burlington, ON, Canada). Blue dextran was purchased from 

Pharmacia Biotech Inc., (Baie-d’Urfe, QC, Canada). 3,3 ,́5,5 Tetramethylbenzidine 

(TMB) liquid substrate for membrane and 2-2’-azino-bis (3-ethylbenzthiazoline-6-

sulphonic acid) (ABTS) substrates were purchased from KPL (Frederick, MD, USA). 

Sephacryl S-300 gel filtration column was obtained from GE Healthcare (Piscataway, 

NJ, USA). Bradford protein assay kit and Mini-Protein III electrophoresis kit were 

purchased from Bio-Rad Laboratory (Mississauga, ON, CA). Microtiter 96-wells plates were 

purchased from Costar Inc. (Cambridge, MA, USA). The ELISA Vmax kinetic 

microplate reader was obtained from Molecular Devices Corp (Sunnyvale, CA, USA). 

 

2.2.2 Prolamin extraction 

Extraction of prolamins from four grains (wheat, barley, rye and oat) was 

modified from the method previously described 
12

. In brief: 10 volumes of butanol 

were used to extract fat from each of the flour, stirred vigorously for 1 hr followed by 
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centrifugation at 3000 x g for 30 min. The pellets of barley, rye and wheat are then 

collected and further processed by removing other globular protein with 10 volumes 

of 0.5 M NaCl followed by similar mixing and centrifugation. A 10 volume aqueous 

solvent containing 1% acetic acid, 2% methanol and 50% propanol was then added to 

the residual pellet and mixed for 1 hr. After centrifugation the supernatant was 

collected, 2 volumes of 1.5 M NaCl added, kept at 4 
o
C overnight followed by 

centrifugation to collect the barley, rye and wheat gliadin pellets. Whereas for oat 

(containing relatively high contents of lipid- and salt-soluble albumins and globulins), 

after the defatting process, the pellets were mixed with 50% ethanol for 1 hr and 

centrifuged. The collected pellets were then mixed with 10 volumes of solvent (1% 

acetic acid, 2% methanol and 50% propanol) for 1 hr and centrifuged. Two volumes 

of 1.5 M NaCl were added to the supernatant collected, kept at 4 
o
C overnight 

followed by centrifugation to collect the oat avenin pellets.  

 

2.2.3 Pepsin-trypsin-gliadin (PT-gliadin) preparation 

PT-gliadin was prepared according to the method previously described 13
, with 

minor modifications. Briefly, 50 g Sigma gliadin was dissolved in 500 mL 0.2 N HCl for 

2 hr at 37 C with 1 g pepsin. The resultant peptic digest was further digested by addition 

of 1 g after pH adjusted to 7.4 using 2M NaOH. The solution was stirred vigorously at 37 

C for 4 hr, and then boiled for 30 min, lyophilized, and then stored at -20 C until used. 

PT gliadin was freshly prepared by suspending it in phosphate buffered saline (PBS) to a 

final concentration of 1 mg/mL.  

 

2.2.4 Protein content  

The BCA protein assay of gliadin extracted samples diluted in 6 M urea were 

performed, using Sigma gliadin (10, 5, 2.5, 1.25, 0.625, 0.312 and 0.156 mg/mL) as 

reference. Bradford protein assay kit was used to quantify protein content in IgY water 

soluble fraction (WSF), using standard IgY (80, 60, 40, 20, 10 and 5 μg/mL) 

 

2.2.5 Production of IgY antibody 

Laying hens were cared for in accordance with the guidelines of animal warfare 

of the Canadian Council on Animal Care (CCAC 2000, Protocol Number #097, 

University of Alberta). Sigma gliadin, wheat gliadin, and PT-gliadin fractions 
12

 (500 

µg of protein/mL) was suspended in sterilize PBS (pH 7.2) and emulsified with an 
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equal volume of Freund’s Incomplete Adjuvant. Ten 23-weeks-old Single Comb White 

Leghorn chickens were subcutaneously injected with the PT-gliadin emulsions. Booster 

immunizations (500 µg of protein/mL) were given after 2 and 6 weeks of the initial 

immunization. Eggs were collected daily and stored at 4 C until the extraction of the 

antibodies. 

 

2.2.6 Purification of IgY antibody 

The egg yolks from hyperimmunized hens were physically separated from the 

egg white and first mixed gently with eight volumes of cold distilled water (acidified 

with 0.1 M HCl to give pH 4.0) to avoid possible disruptions of egg yolk granules due 

to the presence of high concentrations of acid. Cold acidified distilled water (pH 2.0) 

was then added to make the final dilution of 1:10. After mixing well, the mixture was 

adjusted to a pH 5.0-5.2 and incubated at 4 C for 12 hr. The WSF was obtained by 

centrifugation at 3,125 x g at 4 C for 20 min. The supernatant was collected as the IgY 

rich WSF and titrated by indirect ELISA (mentioned below) using gliadin as a coating 

antigen. The IgY of high titre was further purified by ammonium sulphate precipitation 

(60%) followed by Sephacryl S-300 gel chromatography. A portion (1 mL containing 

10 mg protein) of WSF was fractionated by using a 1.0 x 110 cm column of Sephacryl 

S-300 which was equilibrated and eluted with PBS (0.15 M NaCl, 0.0027 M KCl, 

0.0081 M disodium phosphate and 0.0015 M monopotassium phosphate, pH 7.2) at a 

flow rate of 3 mL/hr. Blue dextran and titrated water were used to determine void 

volume (Vo) and total volume (Vt) of the column, respectively. The partition 

coefficient was calculated from the formula: Kav = (Ve - Vo) / (Vt - Vo), in which Ve 

represents the volume of the peak fraction. The eluates (1 mL) were analyzed for IgY 

activity at 405 nm by ELISA. The eluates of IgY were pooled, freeze-dried and 

analyzed for protein content, total IgY and specific IgY. All chromatography data 

presented in this report represent the average of three experiments.  
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2.2.7 Quantitative ELISA for total IgY  

Unless indicated otherwise, all incubations were performed at 37 °C with four 

times washing by PBS in each step. Microtiter plates were coated with 150 µL of rabbit 

anti-chicken IgY at a final concentration of 2.5 µg/well and incubated at 4 °C 

overnight. Non-specific binding sites were blocked with 200 µL of 3% BSA solution 

(w/v) in PBS for 45 min. The BSA solution was then discarded and the wells were 

washed three times with PBS. The IgY diluted in PBS) containing non-specific IgY and 

two-fold serial dilutions of purified chicken IgY in PBS (0.5 to 0.031 µg/mL) was 

added to each well (150 µL per well) for 1 hr. Plates were subsequently with 150 µL of 

rabbit anti-chicken IgY conjugated with horseradish peroxidase (HRP) (1:3,000 

dilution) for 1 hr. After washing, 150 µL of freshly prepared ABTS substrate was added 

for color development. Optical density reading at 405 nm was taken after 30 min using 

an ELISA Vmax kinetic microplate reader (Molecular Devices Corp, Sunnyvale, CA). 

The ELISA value of antibody activity was determined by relative measurements of total 

IgY to standard concentration curve. 

 

2.2.8 Quantitative ELISA for anti-gliadin IgY 

Unless indicated otherwise, all incubations were performed at 37 °C with four 

times washing by PBS-T in each step. Microtiter plates were coated with 100 µL of 

gliadin (10 mg/mL of 60% ethanol) for 1 hr. Non-specific binding sites were blocked 

with 120 µL of 3% BSA solution (w/v) in PBS-T for 45 min. To each well, 100 mL of 

WSF (diluted 1:1,000 in PBS-T) or column fraction (diluted 1:3,000 in PBS-T) was 

added as a specific IgY, and non-immunized IgY prior to incubating for 1 hr. Plates 

were subsequently added with 100 mL of rabbit anti-chicken IgY conjugated with HRP 

(diluted 1:5,000 in PBS-T) and incubated for 90 min. After washing, 100 µL of freshly 

prepared substrate solution, ABTS in 0.05M phosphate citrate buffer (pH 5.0) 

containing 30% hydrogen peroxide was added. Optical density reading at 405 nm (OD 

405) was taken after 30 min using an ELISA Vmax kinetic microplate reader. The 

ELISA value of antibody activity was determined by subtracting the value of the 

control antibody from that of specific antibody. 
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2.2.9 Cross reactivity of anti-gliadin IgY to other prolamins 

Unless indicated otherwise, all incubations were performed at 37 °C with four 

times washing by PBS-T in each step. Microtiter plates were coated with 100 µL of 

Sigma gliadin, prolamins extracts (wheat, barley, rye, oat), rice and corn (10 mg/mL of 

60% ethanol) and incubated for 1 hr. Non-specific binding sites were blocked with 120 

µL of 3% BSA solution (w/v) in PBS-T for 45 min. To each well, 100 µL of anti-wheat 

gliadin IgY WSF (diluted 1:1,000 in PBS-T) or column fraction (diluted 1:3,000 in PBS-

T) was added and incubated for 1 hr. Plates were subsequently incubated with 100 μL of 

rabbit anti-chicken IgY conjugated with HRP (diluted 1:5,000 in PBS-T) for 90 min. 

After washing, 100 μL of freshly prepared substrate solution, 2-2’-azino-bis (3-

ethylbenzthiazoline-6-sulphonic acid) in 0.05M phosphate citrate buffer (pH 5.0) 

containing 30% hydrogen peroxide was added. Optical density reading at 405 nm (OD 

405) was taken after 30 min using an ELISA Vmax kinetic microplate reader. The ELISA 

value of anti-wheat gliadin IgY reactivity to other grains was determined by subtracting 

the OD of non-immunized IgY from that of specific IgY of each coating antigen. Percent 

cross reactivity was calculated based on reference to 100% reactivity between anti-wheat 

gliadin IgY antibody and wheat gliadin. 

 

2.2.10 Electrophoresis of prolamin 

The Mini-Protean III apparatus was used for 8.3cm x 6.4 cm x 1 mm 

electrophoresis gel. Sigma gliadin and extracted prolamins from wheat , barley, rye and 

oat were subjected to sodium dodecyl sulfate – Urea polyacrylamide gel electrophoresis 

(SDS-Urea PAGE). Separating gels contain 10% total acrylamide with 0.8% cross-

linkage and stacking gel contain 5% acrylamide, with an addition of 5 M urea in both 

separating and stacking gel. Each well was loaded with 10 µg of protein in 6 M urea in 

a volume of sample buffer (0.0625 M Tris-HCl (pH 6.8), 2% SDS, 5% 2-

mercaptoethanol, 50% glycerol, 0.002% bromophenol blue). Fresh running buffer (pH 

8.3; 0.025M Tris, 0.192 M glycine, 0.1% SDS) was used for each electrophoretic run 

and pre-cooled prior to use. Electrophoresis was carried out in 70 min with a constant 

voltage of 200.  Gels were fixed in 12% trichloroacetic acid for 30 min and then stained 

with 0.5% Coomassie Brilliant Blue R-250 aqueous solution for 2 hr. The staining 

solution was then poured off and the gel was agitated overnight in destaining solution 

(7% acetic acid and 5% methanol in an aqueous solution). 
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PT-gliadin was subjected to SDS-PAGE under the same conditions as 

mentioned above except no addition of urea in sample buffer, separating gel and 

stacking gel. 

 

2.2.11 Western blot 

After electrophoresis run, the proteins fractionated on the gel were blotted onto 

0.45 µm nitrocellulose membrane. After briefly soaking the nitrocellulose membrane, 

gel and filter paper in transfer buffer (0.025 M Tris base and 0.2 M glycine), the gel and 

nitrocellulose membrane were sandwiched with filter paper and fiber in the gasket, and 

run at 100 V for 1 hr in transfer buffer. The blots were then washed with Tris-buffered 

saline (TBS) containing 0.1% Tween-20 (buffer A) after each incubation step. All the 

reactions were performed at room temperature. The blots were incubated for 1 hr in 

buffer A/3% BSA to prevent non-specific reaction. The blots were then washed 5 times 

in buffer A and incubated for 2 hr with anti-wheat gliadin IgY (1:600 dilution in 

TBS).The blots were washed three times with buffer A and incubated with peroxidase-

labelled rabbit anti-chicken IgG (1:1,000 dilution in TBS). After 1 hr the blots were 

washed three times with buffer A, followed by the addition of TMB substrate for 

membrane. The color developed within 5 min on the nitrocellulose membrane. The 

blots were then rinsed with water and dried between filter papers before photographing. 

 

2.2.12 Statistical Analysis 

The student t-test (one-tailed t-test) was used to analyze for significant 

differences (p < 0.05) between the control (zero antigen) and samples. 

 

2.3 Results 

2.3.1 Characterization of prolamin extracts 

Contents of fat and prolamin in wheat, barley, rye and oat flours were 

quantified as shown in Table 2-1. Oat contained the highest fat content of 11% 

whereas wheat, barley and rye had lower fat content of 7-8%. Among the four grains, 

wheat contained the highest prolamin content of approximately 9.4 %, followed by 

barley 5.4%, rye 3.7% and oat 1%.  
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Table 2-1 Fat, and prolamin content in 1 g of wheat, barley, rye and oat flour 

 

Flour Fat Content (g) Prolamin content (g) 

Wheat 0.074 + 0.012 0.094 + 0.006 

Barley 0.083 + 0.013 0.054 + 0.005 

Rye 0.084 + 0.007 0.037 + 0.002 

Oat 0.112 + 0.005 0.010 + 0.003 

Values are the mean of quadruple samples  SD (on a dry matter basis) 

Molecular weights of gliadin (Sigma), prolamins extracted from four grains 

(wheat, barley, rye and oat) and PT-gliadin were analyzed by using SDS-Urea PAGE 

and SDS PAGE, respectively. Sigma gliadin (SG) and wheat gliadin (WG) showed 

similar molecular weight of major protein bands range from 30 -70 kDa) on SDS-Urea 

PAGE (Figure 2-1A). Prolamin from barley (hordein) protein distribution was in the 

range of 40-60 kDa; Rye secalin (45 and 100-130 kDa); and oat avenin (23-35 kDa). 

PT-gliadin contained 1 peptide bands at 22 kDa on SDS PAGE (Figure 2-1B). 

 

Figure 2-1 (A) SDS-Urea PAGE of prolamin fractions from Sigma gliadin: SG; Wheat: 

WG; Barley hordein: BH; Rye secalin: RS; Oat avenin: OA; and; (B) SDS-PAGE of 

pepsin-trypsin digested Sigma-gliadin (PTG)  
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2.3.2 Production of anti-gliadin IgY 

 The anti-gliadin IgY antibodies obtained from egg yolks of chickens 

immunized with Sigma gliadin, wheat gliadin or PT-gliadin were weekly titrated by the 

indirect ELISA (Figure 2-2). The titre of anti-gliadin IgY was undetectable on day 0, 

rapidly increased (p < 0.05) from week 2 to week 4, and thereafter remained relatively 

constant (p > 0.05) during week 4-8 period. Among the three gliadin antigens, wheat 

gliadin elicited chickens to produce the highest anti-gliadin IgY. 

 

 

 

Figure 2-2 Specific IgY antibody ELISA values in the egg yolk from chickens 

immunized with Sigma gliadin, wheat, and pepsin-trypsin resistant gliadin (PT-gliadin) 

(500 µg/mL
 
protein) in PBS, emulsified with Freund’s incomplete adjuvant. Booster 

immunizations were given at 2 and 6 weeks after the initial immunization. Values are the 

mean of quadruple samples, with vertical bars indicating the standard deviation.  
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 The egg yolks during the 4-10 weeks of immunization period were pooled and 

quantified for protein, total IgY and gliadin specific IgY content. Table 2-2 shows that 

both protein and total IgY concentrations were similar regardless of the immunisation 

(p > 0.05). The gliadin specific IgY concentration were significantly higher in eggs of 

all the gliadins immunized chickens than in the non-immunized chickens (p < 0.05). 

Egg yolks of chickens immunized with PT-gliadin, Sigma-gliadin and wheat gliadin 

contain approximately 8% of specific anti-gliadin IgY in total IgY. 

 

Table 2-2 Concentrations of protein, total IgY, and specific IgY in purified IgY solution 

by ultra-centrifuge filtering 

 

Values are the mean of quadruple samples  SD. 

 

IgY  

Concentration (mg/g) Specific IgY / 

Total IgY 

(%) 
Protein Total IgY Specific IgY 

Anti-Sigma gliadin  150.1  1.5 136.4   2.9 10.77  0.05 7.9% 

Anti-wheat gliadin 152.0  1.4 136.9  3.3 11.05  0.09 8.1 % 

Anti-PT gliadin  149.0  1.2 135.8  3.0 10.41  0.07 7.7 % 

Non-specific  140.5  1.7 127.5  4.4 0.79  0.005 0.01% 
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2.3.3 Purification of IgY antibody 

IgY from egg yolks were further extracted and purified by water soluble dilution 

method and ammonium sulfate (60%) followed by Sephacryl S-300 gel chromatography. 

elution profile of the IgY were determined by Indirect ELISA to determine total IgY 

content (explained above) and yielded one peak at OD405 of 0.52. The fraction 

corresponding to Kav 0.2-0.24 was pooled and then lyophilized for further uses (Figure 

2-3). 

 

 

 

Figure 2-3 IgY purification by Sephacryl S-300 chromatography. Each value of 

absorbance was determined by an indirect ELISA. Flow rate: 3 mL/hr, Column: 1.0 x 

110 cm.  
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2.3.4 Western blot of anti-wheat gliadin IgY to prolamins 

The binding efficacy of anti-wheat gliadin IgY to prolamins from wheat, barley 

rye, and oat or PT-gliadin was determined by western blot. Figure 2-4A shows that 

specific anti-wheat gliadin IgY antibody reacted with prolamins that were 

electrophoresized (SDS-Urea PAGE shown in Figure 2-4A) in the range of 30 -70 kDa , 

indicating specific anti-wheat IgY showed a cross-reaction with other prolamins from 

barley, rye and oat.  

Anti-wheat gliadin IgY was also bound to the PT-gliadin fraction (22 kDa) 

(Figure 2-4B), showing that anti-wheat gliadin IgY bound to pepsin-trypsin digested 

gliadin peptide fraction. 

 

 

Figure 2-4 Western blot of anti-wheat gliadin against: (A) Prolamins from Sigma 

gliadin: SG; Wheat: WG; Barley hordein: BH; Rye secalin: RS; Oat avenin: OA; (B) 

Pepsin-trypsin digested Sigma-gliadin (PTG)  

 



101 

 

2.3.5 Cross reaction of anti-gliadin IgY to other prolamins 

Anti-wheat gliadin IgY cross-reactivity to Sigma gliadin, prolamin fractions from 

four grains (wheat, barley, rye and oat), PT gliadin, rice and corn was determined by 

ELISA (Table 2-3). The cross-reactivity of anti-wheat gliadin IgY was highest to Sigma 

gliadin (99.3%), followed by prolamin containing grains barley (91.3%), rye (80.2%) and 

oat (42.7%). Ant-wheat gliadin showed high binding affinity (98%) to PT-gliadin, whereas 

for non-prolamin containing grains the affinity was < 1%. 

 

Table 2-3 Cross reactivity of anti-wheat gliadin IgY to prolamins, PT-gliadin, rice and 

corn determined by indirect ELISA 

Prolamins Anti-Sigma Gliadin IgY 

OD (405 nm) 

Percentage 

% 

Sigma  1.144  0.041 99.3 

Barley  1.050  0.082 91.3 

Rye  0.924  0.051 80.2 

Oat  0.492  0.038 42.7 

PT-gliadin 1.129  0.038 98. 0 

Rice 0.011 + 0.003 0.95 

Corn 0.009 + 0.002 0.78 

 

Values are the mean of quadruple samples  SD.  

The cross reactivity of anti-wheat gliadin was calculated based on reference to 100% 

reactivity of anti-wheat gliadin IgY antibody and wheat gliadin (OD405 = 1.152) 
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2.4 Discussion 

Triticeae seed proteins contain albumins (hypotonic solutions soluble), globulins 

(isotonic solutions soluble), prolamins (aqueous alcohol soluble) and glutelins (dilute acids 

or bases, detergents, chaotropic or reducing agents soluble). Among these proteins, 

prolamins are exceptionally resistant to enzymatic degradation due to their high proline and 

glutamine content. The prolamins of wheat (gliadins), barley (hordeins), rye (secalins) and 

oats (avenins) constitute complex mixtures of homologous proteins which can be classified 

into several groups according to their molecular structure relationship. This classification 

establishes three groups of prolamins: the sulfur-rich (comprises α- and γ-type), the sulfur-

poor (comprises C hordein and ω-type [gliadins, secalins]), and the high molecular weight 

(HMW) prolamins 
14

. It is generally accepted that wheat gliadins, barley hordeins, rye 

secalins and oat avenins constitute the toxic gluten protein components which provoke the 

damage of the small intestine in celiac patients 
15

. Four distinct groups, found 

corresponding to α, β, γ, and ω gliadins in wheat, were designated as α, β, γ, and ω 

monomeric prolamins 
16

.  

Complying with literature, our electrophoresis results show that fractions of α-, 

β-, ω-, γ- gliadins ranged 30-78 kDa and glutelins (low molecular weight (LMW) 

ranged 30-45 kDa, intermediate molecular weight (IMW) ranged 50-78 kDa and high 

molecular weight (HMW) ranged > 90 kDa) 
17

. When comparing the contents of these 

amino acids for the four prolamins, from Figure 2-1A, it was found that wheat, rye and 

barley are comparable, whereas oats expressed a different protein band pattern. The 

explanation for this difference is due to the difference in proline content. Oat gluten fraction 

has the same glutamine content but only half of the proline content of the other prolamins 

18
. PT-gliadin is the pepsin and trypsin enzyme resistant peptides with the molecular size of 

22 kDa (Figure 2-1B), which includes the 33-mer and its split product peptide fragments 

known to be harmful for celiac patients 
19-21

. The anti-wheat gliadin IgY reacts with 

epitopes of toxic gliadin residue 57-89 in the mer-33 peptide sequence as follows: 

LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF 
22

. The area of reactivity was observed 

to be α-gliadin 36 kDa in wheat, barley, and rye 
23

. The celiac toxic prolamins at 20-30 kDa 

in oat avenins is separated from the remaining components of gliadins, secalins and 

hordeins that overlap within the 30–40 kDa region. The non-denaturing conditions of urea 

soluble prolamin fractions with LPYPQPQ, occurs in γ-gliadins, barley hordeins and rye 

secalins.  
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Laying hens immunized with gliadin fractions from Sigma gliadin, wheat gliadin 

and PT-gliadin produced a high level of anti-wheat gliadin IgY during the immunization 

period (Figure 2-2). It seems that gliadin (consisting of 689 or 691 amino acids) is a highly 

immunogenic antigen, to produce highly specific egg yolk antibodies, IgY.  

The proportion of specific IgY antibody in the total IgY isolated from egg yolk has 

been investigated elsewhere in literature. IgY against the proliferating cell nuclear antigen 

(PCNA) contains 3.2% of IgY specific to the antigen 
24

. The proportion of bovine 

proteoglyan-specific IgY in the total egg yolk IgY was 9.0% 
25

. The percentage of specific 

IgY in total IgY from egg yolks ranged from approximately 7 to 16% against whole 

bacteria Fl cells including Salmonella enteritidis, Salmonella typhimurium 
26

, E. coli 

O157:H7 
27

, E. coli 987P 
28

, and Clostridium perfringens 
29

. The percentage of specific 

antibody in total IgY ranged from 5 (anti-insulin antibody) to 28% (anti-mouse IgG 

antibody) 
30

. Our results showed 8% of the gliadin-specific IgY concentration in total IgY 

determined by ELISA (Table 2-2). The western blot and ELISA cross-reactivity results 

show that anti-wheat gliadin IgY bound to all prolamin containing grains as well as the CD 

toxic gastrointestinal resistant gliadin peptide (PT-gliadin) (Figure 2-4).  

To our knowledge, this study is the first to successfully produce polyclonal egg 

yolk antibody against prolamin peptide fractions (ranging between 30-70 kDa) from all 

possible grains containing gluten. The antibody produced in the egg yolk contained high 

titre and affinity against all four grains (wheat, barley, rye and oat). Hence, this anti-gliadin 

IgY has potential to be used as a diagnostic reagent to detect gliadin in foods as well as to 

neutralize enzyme resistant gliadin in the gastrointestinal tract as a therapeutic oral antibody 

for CD. 

The anti-gliadin IgY antibody produced in this study has been evaluated further in 

in vitro, in vivo, and ex-vivo cell culture experiments to determine its potential use as an 

oral passive antibody therapy to treat CD. The purified anti-gliadin IgY has been used as a 

reagent in the development of immunological detection systems for gliadin in food. 
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CHAPTER 3: Effect of specific anti-gliadin IgY antibody on epithelial intestinal 

integrity and inflammatory response induced by gliadin 
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antibody on epithelial intestinal integrity and inflammatory response induced by gliadin  
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3.1 Introduction 

Celiac disease (CD) is one of the most common autoimmune diseases, occurring 

in 1 out of 100–300 people worldwide 
2
. CD is driven by an abnormal immune response 

to the ingestion of gluten in genetically (HLA DQ2 / DQ8) predisposed individuals. 

Among these gluten proteins, gliadin is exceptionally resistant to enzymatic degradation 

due to its high proline and glutamine content, that provokes the damage of the small 

intestine in celiac patients 
3
. The pepsin and trypsin resistant gliadin (PT-gliadin) crosses 

the enterocyte as a consequence of increased release of zonulin leading to impaired 

mucosal integrity upon gliadin binding to CXCR3 receptor, or via transcytosis, or 

retrotranscytosis of secretory IgA through transferrin receptor CD71 
4
. It is the p31–43/49 

peptides that triggers the innate immune response 
5
, leading to production of 

inflammatory cytokines [interleukin 1 beta (IL-1β) and tumor necrosis factor alpha (TNF-

α)] and impaired mucosal integrity 
6
. The 33-mer (p56-89) gliadin passages into the 

lamina propria then triggers the (T-helper cell mediated) adaptive immune response 
7
, 

contributing to the ongoing inflammation in CD small intestine 
8
.  

Currently, there is no pharmacological therapy available to CD patients. Gluten-

free diet (GFD) remains the only available treatment option. For a better quality of life in 

these patients, complementary therapeutic option is required. Hence, increasing efforts 

are being made to prevent gut immune trigger upon gluten ingestion in CD. Potential 

therapeutic options include the hydrolysis of toxic gliadin by exogenous enzymes 
9
; the 

modification of gliadin-derived peptide pattern by Bifidobacteria 
6
; the prevention of 

gliadin absorption by polymeric 
 
binders 

10
; the inhibition of tight junction opening by 

zonulin antagonist 
11

; the blockage of selective deamidation of specific glutamine 

residues by tissue tranglutaminase inhibitors 
12

; the restoration of immune tolerance 

towards gluten by vaccine 
13

; the modulation of immune response to gliadin by 

NKG2D/MICA blocker 
14

 and the neutralization of gliadin in vivo by IgY antibody 
15

. All 

these therapeutic candidates are promising but still further studies are warranted. 

Among these, oral passive immunotherapy may be of value due to the advantages 

of reduced cost, ease of administration, and potential to treat localized conditions in the 

gastrointestinal tract (GIT) 
16

. Chicken egg yolk immunoglobulin (IgY) is ideal for 

passive immunotherapy, as it may be readily obtained in large quantities from egg yolk, 

presenting a more cost-effective, convenient, and hygienic alternative to mammalian 

antibodies. IgY antibody has been proved to neutralize disease causing pathogens i.e., 

Rotavirus 
17

, E. coli O157:H7 
18

, Salmonella enteritis 
19

, Clostridium perfringens 
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20
.However, limited information is available about IgY antibody for neutralizing toxic 

gliadin in an intestinal epithelium culture system. In this study, Caco-2 cell culture was 

used to evaluate the effect of anti-gliadin IgY efficacy to inhibit gliadin induced impaired 

intestinal integrity, the gliadin absorption and the inflammatory response induced by 

gliadin. This cell line has been used in several studies as an ex vivo model of CD 

intestinal epithelia for initial testing of novel CD treatment options 
21-23

.  

The objectives of this study is to produce anti-gliadin IgY antibody by 

immunizing chickens with gliadin, to purify IgY antibody by gel chromatography, and 

to characterize its reactivity to gliadin by western blot and ELISA techniques. The anti-

gliadin IgY antibody is then tested for its efficacy to prevent gliadin induced impaired 

intestinal integrity and inflammatory response in Caco-2 cell culture, used as an ex vivo 

model for CD. 

 

3.2 Materials and methods 

3.2.1 Materials 

Sigma gliadin (G3375), pepsin (P-7000; 800–2,500 units/mg protein), trypsin (P-

8096, activity, 4x USP specifications), Freund’s Incomplete Adjuvant, purified chicken 

IgG, rabbit anti-chicken IgG and rabbit anti-chicken IgG conjugated with horseradish 

peroxidase (HP) were purchased from Sigma (St. Louis, MO, USA). Pancreatic digested 

(PD)-casein was purchased from BactoTryptone (Sparks, MD, USA). Chicken anti-

mouse IgG conjugated with HP were purchased from Thermo Fisher Scientific Canada 

(Burlington, Ontario, Canada). Tetramethylbenzidine (TMB) liquid substrate for 

membrane and 2-2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) substrates 

were purchased from KPL (Frederick, MD, USA). Caco-2 cells were obtained from 

ATCC (Rockville, MD, USA). Cell culture media were purchased from Life Technologies 

Inc. (Burlington, ON, Canada). Electrophoresis Mini-Protean III, western blot apparatus, 

nitrocellulose membrane, and BCA protein assay and reagents were purchased from Bio-

Rad Laboratories Ltd. (Mississauga, Ontario, Canada). Gluten ELISA kit was purchased 

from Crystal Chem, Inc. (Downers Grove, IL, USA). Human IL-1β (Cat no: 88-7010) 

and TNF-α (Cat no: 88-7346) ELISA system were purchased from eBioscience (San 

Diego, CA, USA). Sephacryl S-300 gel filtration column was purchased from GE 

Healthcare Bio-Sciences Corp (Piscataway, NJ, USA). Epithelial voltohmmeter was 

purchased from World Precision Instrument (Haven, CT, USA). BD Falcon HTS 24-

multiwell insert system (1.0 μm) and 6-well culture plates were purchased from BD 
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Bioscience (Mississauga, ON, CA). Microtiter 96-wells plates were purchased from 

Costar Inc. (Cambridge, MA, USA). The ELISA Vmax kinetic microplate reader was 

obtained from Molecular Devices Corp (Sunnyvale, CA, USA). 

 

3.2.2 Preparation of pepsin-trypsin resistant gliadin (PT-gliadin) 

PT-gliadin was prepared according to the method previously described with 

minor modifications 
11

.  Briefly, 50 g Sigma gliadin was dissolved in 500 mL 0.2 N HCl 

for 2 hr at 37 C with 1 g pepsin. The resultant peptic digest was further digested by 

addition of 1 g trypsin after pH adjusted to 7.4 using 2M NaOH. The solution was stirred 

vigorously at 37 C for 4 hr, boiled to inactivate enzymes for 30 min, lyophilized, and 

then stored at -20 C until used. PT gliadin was freshly suspended in sterilize phosphate 

buffered saline (PBS, pH 7.2) to a final concentration of 1 mg/mL. Pancreatic digested 

(PD)-casein was used as a negative control in the experiment. 

 

3.2.3 Preparation and purification of anti-gliadin IgY 

Wheat gliadin (500 µg of protein/mL) was suspended in sterilized PBS (pH 7.2) 

and emulsified with an equal volume of Freund’s Incomplete Adjuvant. Anti-gliadin 

IgY was prepared according to the method previously described with minor 

modifications
24

. Briefly, ten 23-weeks-old Single Comb White Leghorn chickens were 

subcutaneously injected with the PT-gliadin emulsions. Booster immunizations (500 µg 

of protein/mL) were given after 2 and 6 weeks of the initial immunization. Eggs were 

collected daily and stored at 4 C until the extraction of the IgY. The egg yolks were 

diluted with acidified water to make the final dilution of 1:10 and adjusted to a pH 5.0-

5.2 and incubated at 4 C for 12 hr. The water soluble fraction (WSF) was obtained by 

centrifugation at 3,125 x g at 4 C for 20 min. The supernatant was collected as the IgY 

rich WSF and titrated by indirect ELISA using PT-gliadin as a coating antigen. The IgY 

of high titre was further purified by ammonium sulphate precipitation (60%) followed 

by Sephacryl S-300 gel chromatography. 

 

3.2.4 Quantitative ELISA for gliadin-specific IgY  

Microtiter plates were coated with 100 μL of PT-gliadin (10 mg/mL in PBS 

(pH 7.2) and incubated at 37 C for 1 hr. The plates were then washed four times with 

PBS containing 0.05% Tween 20 (PBS-T), filled with 120 μL of 3% BSA solution 
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(w/v) in PBS-T for each well, and incubated at 37 C for 45 min. The BSA solution was 

then discarded and the wells were washed four times with PBS-T. To each well, 100 μL 

of WSF (diluted 1:1,000 in PBS-T) or column fraction (diluted 1:3,000 in PBS-T) was 

added as a specific IgY, and non-immunized IgY as a control prior to incubating at 37 

C for 1 hr. After washing the plates with PBS-T for four times, 100 μL of rabbit anti-

chicken IgY conjugated with HP (diluted 1:5,000 in PBS-T) was added to incubate at 

37 C for 90 min. The plates were then washed again four times with PBST to receive 

100 μL of freshly prepared substrate solution, ABTS in 0.05M phosphate citrate buffer 

(pH 5.0) containing 30% hydrogen peroxide. Optical density reading at 405 nm (OD 

405) was taken after 30 min using an ELISA Vmax kinetic microplate reader. The 

ELISA value of antibody activity was determined by subtracting the value of the non-

immunized IgY from that of specific IgY. 

 

3.2.5 Preparation of Caco2 cell culture system 

Caco-2 cell culture was performed as previously described 
25

. Caco-2 cells 

(passages 20-24) were maintained at 37 ºC in Dulbeco's Modified Eagle's Medium 

(DMEM) complemented with 4 mM glutamine, 100 U/mL penicillin, 100 U/mL 

streptomycin, 1% non-essential amino acids, 10% heat inactivated fetal calf serum, in an 

atmosphere of 90% air and 10% CO2. Cells were cultured on 24-well culture plates with 

polyethylene terephthalate membrane inserts (pore size 1.0 µm) at a density of 3 × 10
5
 

cell/cm
2
. The medium was changed three times a week and maintained for 21 days in 

medium for complete differentiation. 

 

3.2.6 Transepithelial electric resistance (TEER) of Caco2 monolayer 

The integrity and permeability of the monolayer was determined by measuring 

the TEER value using Epithelial voltohmmeter, according to manufacturer’s instructions. 

The final values are expressed as Ω x cm
2
 on the basis of the following equation: TEER = 

(R - Rb) x A, where R is the resistance of filter insert with cells, Rb is the resistance of 

the filter alone and A is the growth area of the filter in cm
2
. The transepithelial electrical 

resistance values obtained in the absence of cells was considered as background 

measurements. All experiments were started based on the TEER of the monolayer when it 

reached 300-400 Ω cm
2
 at 21 days after seeding cells on the transwell inserts.  
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3.2.7 Phenol red apparent permeability in Caco2 monolayer 

In all experiments, phenol red was included in the apical chamber to estimate 

paracellular diffusion through the Caco-2 cell monolayer. The percentage of phenol red 

transported into the basal chamber was calculated as previously described 
26

. In brief, 500 

μM phenol red was subjected to the apical chamber. Aliquots of 100 μL were removed 

from the basal chamber after 2 hr incubation at 37 °C and added with 1 M NaOH. The 

optical density of the basal chamber contents was measured at 558 nm to detect any 

leakage of the phenol red through the intercellular spaces. 

 

3.2.8 Neutralization of PT-gliadin by IgY in Caco2 cell culture  

Caco2 cell culture was used to determine the PT-gliadin neutralization effect of 

anti-gliadin IgY. After formation of Caco2 monolayer, the 24-well Caco2 culture medium 

in the basal chamber was removed and replaced with 1200 µL phenol red free Hank's 

balanced salt solution (HBSS). Cells on the transwell inserts were also washed with 

phenol red free HBSS and replaced with 300 µL phenol red free HBSS. Caco2 cells were 

then subjected to 100 μL of 7 different experimental conditions (15 replicates): A) 

Control: PBS; B) Negative control: PD-casein (60 μg); C) PT-gliadin (60 μg); D) anti-

gliadin IgY (40 ng); E) anti-gliadin IgY (10 ng) and PT-gliadin (60 μg) [1:6,000]; F) and 

anti-gliadin IgY (20 ng) and PT-gliadin (60 μg) [1:3,000]; G) anti-gliadin IgY (40 ng) 

and PT-gliadin (60 μg) [1:1,500]. 

After 1 hr, 2 hr and 4 hr incubation, the basal media was recovered, and 

quantified for diffusion of phenol red and PT-gliadin content by measuring the 

absorbance at 558 nm and enzyme-linked immunosorbent assay (ELISA; described 

below), respectively. The apical volume was maintained at 400 µL and basal volume at 

1200 µL. The volume of aliquoted basal media at each time point was compensated by 

fresh phenol red free HBSS media. After each experiment, the TEER values were 

measured in all inserts to determine the effect on the intestinal integrity of each 

experimental condition (A-G). 

 

3.2.9 Quantification of gliadin 

A commercially available quantitative immune-based ELISA kit was used to 

quantify gliadin in apical and basal media of the Caco2 cell culture system according to 

the manufacturer's instructions. The analyses were performed in the apical and basal 

media after 4 hr incubation. 
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3.2.10 Quantification of inflammatory markers  

Caco-2 cells (passages 20-24) were seeded at 50,000 cell/cm
2
 on 6-well plates and 

grown with DMEM, culture medium was changed every 2 days under the condition as 

mention above. Experiments were performed 5 days post-seeding. PT-gliadin and/or anti-

gliadin IgY was exposed to cells for 24 hr. Supernatants of Caco2 cells cultures of each 

experimental condition was used to quantify TNF-α and IL-1β by eBioscience ELISA 

system according to the instruction of the manufacturers with a linear range of 4-500 

pg/mL. The result of this assays was expressed as pg/mL of media. The experiments were 

performed in triplicate on 3 different plates. 

 

3.2.11 Statistics 

The data are presented as the arithmetic mean for each experimental point ± SD. 

Statistical calculations were performed using one-way analysis of variance (ANOVA). 

Differences among groups were examined using Tukey post hoc test. Statistical 

significance at p value of 0.05 or less were considered significant. Statistical analyses was 

performed with the use of the SPSS-PC (SPSS, Chicago). 

 

3.3 Result 

3.3.1 Measurement of intestinal integrity 

At 21 days, after seeding cells on the transwell inserts, the TEER value of Caco2 

monolayer was maintained in the range of 305-310 Ω cm
2
. The achieved TEER value was 

mirrored by minimal passage of phenol red from the apical to basal chamber across the 

cell monolayer of less than 1%. 

 

3.3.2 IgY neutralization of toxic gliadin  

To evaluate the neutralizing effect of anti-gliadin IgY on the deteriorating effects 

of PT-gliadin on intestinal Caco-2 monolayer integrity, Caco-2 cells were exposed to the 

different ratio of anti-gliadin IgY and gliadin. At 21 days, after seeding cells on the 

transwell inserts, the TEER values were in the range of 305-310 Ω cm
2, 

indicating
 
well-

formed Caco-2 monolayers. Caco-2 monolayers have non-significant changes in TEER 

values after 4 hr in PBS, PD-casein and non-specific IgY (control conditions) (p > 0.05). 

Upon 4 hr exposure to PT-gliadin there is a significant decrease in TEER value of 52%, 

as compared to exposures to negative control conditions (85%). Basal TEER value of 

Caco2 monolayers at time zero is considered to have TEER value of 100%. However, 
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there was no significant TEER value change with exposure to anti-gliadin IgY and 

gliadin at a ratio of 1: 6,000 [anti-gliadin IgY (10 ng) and PT-gliadin (60 μg)] for 4 hr, (p 

> 0.05) (Figure 3-1), indicating that anti-gliadin IgY neutralized the toxic gliadin and 

prevented gliadin-induced impairment of intestinal integrity. Anti-gliadin IgY at higher 

ratio (1:3,000 and 1:1,500) showed similar effects to Caco2 monolayers exposed to anti-

gliadin IgY and gliadin at a ratio of 1: 6,000) (data not shown). 

Maintained monolayer integrity was determined TEER in the range of 305-310 Ω 

cm
2 
which is mirrored by < 1% passage of phenol red from the apical to basal chamber. 

Phenol red was added to the apical chamber to determine its permeability into the basal 

chamber after 4 hr of exposure. Upon 4 hr incubation with PBS and PD-casein as 

controls, < 6% phenol red permeated into the basal chamber and < 10% reduction in 

TEER value (Figure 3-1), indicating minimal disturbed intestinal integrity (Figure 4). 

After incubation for 4 hr with PT-gliadin, there was a significant permeation of 28.8% 

phenol red into the basal chamber (compared to negative controls, < 6%) and relative 

TEER value of approximately 52% (compared to negative control, 85%) (p < 0.05). 

Incubation with anti-gliadin IgY alone did not affect the intestinal integrity. When the 

monolayers were exposed to three different ratios of anti-gliadin IgY and gliadin for 4 hr, 

there was minimal phenol red permeation of 5.0-5.6% (p > 0.05), indicating that anti-

gliadin IgY successfully prevented gliadin induced impairment of intestinal integrity at a 

ratio of 1:6,000.  
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Figure 3-1. Relative transepithelial electric resistance (TEER) and phenol red permeation 

measurement to determine the effects of anti- gliadin IgY in Caco-2 cells. 

Pancreatic digested casein (PD-casein) (60 μg);  

PT-gliadin (60 μg);  

Non-specific IgY (40 ng);  

Anti-gliadin IgY (10 ng) and PT-gliadin (60 μg) [1:6,000] 

 

† indicates statistically significant decrease in TEER value (p < 0.05)  

‡ indicates statistically significant permeation of phenol red (p < 0.05)  

 

Values are shown as mean ± SD. Analysis of each group was done in triplicates per plate. 

Five plates were repeated (n=15). 

 

3.3.3 Effect of anti-gliadin IgY for gliadin permeation in Caco2 monolayer 

PT-gliadin was added to the apical chamber with / without anti-gliadin IgY to 

determine its permeability from the apical chamber into the basal chamber. Upon Caco-2 

monolayer exposure to PT-gliadin for 4 hr, significant decrease in Caco-2 monolayer 
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integrity was observed, resulting in PT-gliadin translocation of 14.8% of total PT-gliadin 

subjected to the apical chamber into the basal chamber (p < 0.05). However upon 

exposure to three different ratios of anti-gliadin IgY and PT-gliadin for 4 hr, the passage 

of gliadin into the basal chamber was inhibited leading to undetectable levels of PT-

gliadin in the basal chamber. Table 3-1 showed that approximately 94% of PT-gliadin 

was recovered in the apical chambers of monolayers exposed to three different ratios of 

anti-gliadin IgY and PT-gliadin for 4 hr. However, the gliadin was not detected in basal 

chamber, indicating that the rest of gliadin (approximately 6%) seems to be located in the 

epithelial cells. Thus, anti-gliadin IgY neutralized PT-gliadin in the apical chamber, 

blocking gliadin absorption through the Caco-2 monolayer. 

Table 3-1 Gliadin content quantified in the apical and basal chamber of Caco-2 cell 

cultures exposed to gliadin digested with / without anti-PT gliadin 

Condition 

% Gliadin 

Apical  Basal 

1 hr 2 hr 4 hr  1 hr 2 hr 4 hr 

A ND ND ND  ND ND ND 

C 98 ± 3 90.3  ± 3 76.3  ± 3†  ND 2.5  ± 0.5 14.8  ± 1‡ 

D ND ND ND  ND ND ND 

E 96.2 ± 1 93.5 ± 1 94.2 ± 1  ND ND ND 

F 94.0 ± 1 93.7 ± 1 94.9 ± 1  ND ND ND 

G 97 ± 1 94.9 ± 1 94.5 ± 1  ND ND ND 

A: Phosphate buffered saline (PBS) 

C: Pepsin-trypsin digested gliadin (PT-gliadin) 

D: anti-PT-gliadin  

E: PT-gliadin : anti-gliadin IgY (1:6,000)  

F: PT-gliadin : anti-gliadin IgY (1:3,000) 

G: PT-gliadin : anti-gliadin IgY (1:1,500) 

Data from a representative experiment performed are shown as mean ± SD (n=15). 

† indicate statistically significant lower gliadin content in apical chamber (p < 0.05) 

‡ indicate statistically significant higher gliadin content in basal chamber (p < 0.05) 

ND: Not detectable 

3.3.4 Quantification of inflammatory markers  
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Caco-2 cells subjected to PT-gliadin for 24 hr has been shown to stimulated 

cytokines IL-1β and TNF-α production (Figure 3-2). The production of cytokine TNF-α 

was 6-7 folds higher than IL-1β. When a mixture of PT-gliadin was incubated with anti-

gliadin IgY, cytokines IL-1β and TNF-α production were significantly (p < 0.05) 

reduced. Production of TNF-α was detectable in the anti-gliadin IgY and gliadin 

combination group at 1:6,000, indicating the ratio of IgY and gliadin was not enough to 

neutralize gliadin in Caco-2 cell cultures. However, in the other two groups with high 

anti-gliadin IgY of 1: 3,000 and 1:1,500 there are undetectable levels of TNF-α. On the 

other hand, IL-1β levels remained undetectable with anti-gliadin IgY co-incubation as 

low as 1:6,000 ratio. No cytokines were produced in cultures exposed to control PBS, 

PD-casein and IgY. 

 

Figure 3-2. Pro-inflammatory cytokine (IL-1β and TNF-α) in Caco-2 cell. 

Results are expressed as mean ± SD (n=9) 

* indicates statistically significant decrease in TNF-α production (p > 0.05) compared to 

PT-gliadin 

* 
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3.4 Discussion 

CD is caused by pepsin and trypsin resistant gliadin (PT-gliadin) including 12 -

mer (p31-43) and 33-mer (p56-89) peptides 
27-29

 found in gluten. PT-gliadin translocates 

through transcellular and paracellular passage of absorption from the intestinal lumen to 

the gut mucosa 
30

, causing the pathophysiologic processes in CD and its clinical 

presentations.  

Several therapeutic approaches have been attempted to neutralize and/or prevent 

gliadin absorption which will lead to inhibition of the initial step of gliadin-induced 

toxicity in CD individuals. ALV003, a mixture of glutenase and endoprotease was 

reported to hydrolyse toxic gliadin peptide by enzymes 
9
. These enzymes may hydrolyse 

other peptides in the GIT other than gliadin. Another candidate being extensively studied 

is the prevention of toxic gliadin peptide absorption by inhibition of zonulin by 

Larazotide 
11

. 
 
This drug candidate inhibits the paracellular route of gliadin absorption 

through tight junctions, which is not the only mechanism of gliadin absorption. Indeed, 

gliadin may gain access to the mucosa through transcellular pathways in addition to 

paracellular route. Hence, this strategy might be best exploited in combination with other 

treatments. P(HEMA- co -SS) is another intersting polymer reported to attenuated 

gliadin-induced changes in permeability and inflammation 
10

. Further investigation of the 

mechanisms of action and its interaction with human tissues is required. All these 

therapeutic candidates are promising but still further studies are warranted. Among these, 

oral passive antibody has potential as a therapeutic option for CD 

Oral antibody passive immunotherapy is of significant value due to the 

advantages of reduced cost, ease of administration, and potential to treat localized 

conditions in the GIT 
16

. IgY has also been tested against gastrointestinal pathogens such as 

Salmonella enteritidis, Salmonella typhimurium 
19

, E. coli O157:H7 
31

, E. coli 987P 
32

, and 

Clostridium perfringens 
20

. Due to the fact that antibodies can bind gliadin 
24, 33

, we use 

laying hens to produce IgY specific to gliadin. The use of laying hens as potent antibody 

producers has numerous advantages over mammalian polyclonal antibody production 

because of the high antibody content, the relative ease of using eggs versus serum, the low 

cost of animal maintenance, and large quantities of egg availability. Laying hens usually lay 

about 250 eggs (approximately 4000 g of egg yolk) in a year. On the other hand, the serum 

collected from a rabbit is about 40 mL. One gram of egg yolk laid by the immunized hen 

contains about 10 mg of IgY whereas 1 mL of rabbit serum yields about 35 mg of IgG 
34, 35

. 

The use of IgY may improve the gliadin binding efficacy because IgY is polyclonal, and 
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therefore able to bind to multiple epitopes on various fractions of PT-gliadin. In addition, 

there is an economical advantage by replacing the expensive monoclonal antibody with 

inexpensive chicken egg yolk IgY. Our previous in vivo mice feeding study has also 

proved that anti-gliadin IgY prevented > 99% gliadin absorption in the GIT of mice fed 

with gliadin and anti-gliadin IgY 
15

. Hence, this anti-gliadin IgY produced has potential to 

be used as a therapeutic oral antibody for CD to neutralize enzyme resistant gliadin in the 

GIT.  

Small-bowel mucosal biopsy organ culture system has been used extensively to 

clarify the pathogenesis of CD. Since, they contain a number of different cell types, the 

investigation in the system are numerous, all the way from the epithelium to the mucosal 

lamina propria. CD researchers have used this model to study the immune mechanisms 
5
, 

as well as the contribution of different cytokines 
36

. However, the toxic effect of gliadin is 

detectable with biopsy samples from active CD patients and short-term treated (less than 

3 years on GFD) CD patients who are likely still to have mucosal IgA deposits present. If 

the CD mucosa is taken from CD patients on GFD for > 4 years, the biopsy samples do 

not secrete autoantibodies to the supernatant due to overall absence of plasma cells and 

helper T cells as well as the failure of memory B cells to become activated 
37, 38

. This 

method has been widely used in studies aiming to clarify the pathogenesis of CD, but it is 

not widely used in studies related to novel treatment developments. In this study, we 

employed Caco-2 epithelial cell instead, in order to determine the ability of anti-gliadin 

IgY to inhibit gliadin absorption at epithelial level. Hence there is no additional benefit to 

use the model with underlying celiac pathogenesis. 

In literature, Caco-2 monolayers have been used to study inflammatory response 

induced by gram-positive and -negative bacterial cell surface polysaccharides, teichoic 

acid, protein A, peptidoglycans, lipid A-associated proteins, lipoproteins and 

deoxyribonucleic acid, to regulate cytokine synthesis 
39

. Peptidoglycans, lipoproteins, 

lipoteichoic acid, lipopolysaccharide, flagellin and unmethylated CpG dinucleotides in 

bacterial DNA are also reported to bind Toll-like receptors and induce cytokine synthesis 

in Caco-2 cells 
40, 41

.  

Caco-2 monolayers is an ideal ex vivo model of CD intestinal epithelium since it 

has been reported to have decreased electrical resistance, increased absorption, induced 

intestinal permeability 
11

, exerted pro-apoptotic activity 
22, 23

, and stimulated release of 

proinflammatory cytokines (such as TNF-α and IL-1β), upon PT-gliadin stimulation 
6
. 

Caco-2 cell cultures have been employed to study the effects of potential CD treatments 
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such as zonulin antagonist (a tight junction modulator) 
11

, Bifidobacteria 
6
, germinating 

cereal enzymes 
9
, and polymeric binders of gliadin 

10
. Hence, in this study Caco-2 

monolayers are used to evaluate the efficacy of anti-gliadin IgY to neutralize gliadin at 

intestinal epithelium level. 

Our results show that PT-gliadin subjected to the apical chamber leading to the 

flow of the toxic peptides from the apical compartment to the basal compartment of the 

Caco-2 cultures. However, the aforementioned flow of peptides has been inhibited in 

presence of anti-wheat-gliadin and PT-gliadin co-incubated cultures. This is particularly 

important since the cytoskeleton rearrangement upon gliadin stimulation has been 

interrupted in the presence of anti-gliadin IgY. In this context, the minimum ratio of anti-

PT gliadin IgY and PT-gliadin (1:6,000) contributed to maintain the intestinal barrier 

integrity.  

Li and colleagues have reported dramatically drop of Caco-2 monolayer integrity 

when the culture medium was changed since essential amino acid glutamine is important 

for intestinal barrier function, as a result of a catastrophic loss of electrical resistance but 

started to recover after 1 hr and it takes up to 2-4 hr for protein synthesis to recover 
42

. 

Hence in this study we incubated PT-gliadin and/or anti-gliadin IgY for 4 hr to evaluate 

their effects on intestinal integrity. Other researchers have reported impaired intestinal 

integrity of Caco-2 monolayers after 6 hr 
27

, and 3 hr 
11

 exposure to PT-gliadin. 

In the present study, PT-gliadin has also shown to trigger the production of pro-

inflammatory cytokines (TNF-α and IL-1β), explained by the activation of pro-

inflammatory pathways (NF-kB). NF-kB is known to be activated in small intestinal 

mucosa of CD patients 
43

, and gluten peptides have been shown to upregulate the 

expression of cytokines such as TNF-α 
44

 and IL-1β 
45

, related to the innate immune 

response. TNF-α content was detectable in the presence of anti-gliadin IgY with intestinal 

digests of gliadins of 1:6,000 ratio indicating that anti-gliadin IgY was not enough to 

neutralize gliadin in the Caco-2 cell cultures. The presence of anti-gliadin IgY with 

intestinal digests of gliadins as low as (1:3,000) completely abolished the TNF-α and IL-

1β production. The latter is explained by inhibition of NF-kB induction due to the gliadin 

neutralizing efficacy of anti-gliadin IgY. NF-kB (subunit proteins: p65 and p50) is made 

inactive by Ik-B in the cytosol. Exposure to gliadin prompts phosphorylation and results 

in destruction of Ik-B 
46

. After destruction of IkB, NF-kB enters the nucleus and binds 

with DNA-activating genes that encode for the increased inflammatory mediators 

(cytokines) production, leading to cellular dysfunction and tissue destruction 
47

.  
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TNF-α together with IL-1β are the important cytokines that involved in NOS 

activation, which act as a mediator to facilitate the interaction of intraepithelial 

lymphocytes and intestinal epithelial cells promoting tissue inflammation 
48

. In addition, 

TNF-α also has a positive effect on attraction of neutrophils, which cause perpetuation of 

inflammatory responses, cell damage, and eventually epithelial barrier dysfunction 
6
. 

There attempts reported in literature to treat CD by inhibiting inflammatory 

responses induced by gliadin at intracellular or submucosal level, such as zonulin 

antagonist 
11

, tissue tranglutaminase inhibitors 
12

, peptide vaccine 
13

, and NKG2D/MICA 

blocker 
14

.  

The anti-gliadin IgY antibody used in this study has proved its potential use as 

oral antibody to neutralized intestinal digests of gliadin peptides (PT-gliadin), inhibiting 

gliadin-induced cytotoxic and pro-inflammatory responses at intra-luminal level, before 

they enter the small intestine, and so the cascade of gliadin induced inflammatory events 

in CD is inhibited. Hence, oral administration of anti-gliadin IgY may contribute to 

maintaining healthy and normal intestine by masking the ingested gliadin peptides. The 

reported data extend the spectrum of beneficial effects that IgY antibody might exert on 

intestinal epithelial cells function in other gastrointestinal immune function triggered by 

antigens other than gliadin. 
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CHAPTER 4: In-vitro and in-vivo binding activity of chicken egg yolk 

immunoglobulin y (IgY) against gliadin 

 

 

 

 

 

 

 

 

 

 

 

 

The content of this chapter has been published in Journal of Agricultural Food Chemistry 

2012 

 

Gujral N, Lobenberg R, Suresh MR, Sunwoo HH. In-vitro and in-vivo binding activity of 

chicken egg yolk immunoglobulin Y (IgY) against gliadin in food matrix. Journal of 

Agricultural Food Chemistry 2012;60(12):3166-3172.  



129 

 

4.1 Introduction 

Celiac disease (CD) is induced by ingestion of gluten, which is derived from 

wheat, barley, rye and possibly oats.  The term gluten refers to the entire protein 

component enriched with proline and glutamine and commonly called the alcohol-soluble 

prolamins. Among prolamins, wheat gliadin peptides are known to be involved in the 

pathogenesis of CD. The gliadin fractions are resistant to digestion by gastrointestinal 

proteases, which increase their survival in the human intestine and thus remain in the 

intestinal lumen 
1
. The ingestion of a 33-mer peptide from α-gliadin causes malabsorption 

syndrome 
2
, which is known to express clinical symptoms of an autoimmune attack 

3
, as 

well as inflammatory skin reactions 
4
. To prevent celiac attack, CD individuals should 

have a life-long gluten-free diet which is the only known treatment available thus far 
5
. 

Furthermore, it may be a frustrating challenge for CD individuals to completely avoid 

gluten, since there is limited availability of gluten-free products and gluten, being a 

common food ingredient, may contaminate other foods during food processing. 

Oral antibody passive immunotherapy may be of value due to the advantages of 

reduced cost, ease of administration, and potential to treat localized conditions in the 

gastrointestinal tract 
6
. Among antibodies, chicken egg yolk immunoglobulin (IgY), is 

ideal for passive immunotherapy, as it may be readily obtained in large quantities from 

egg yolk, presenting a more cost-effective, convenient, and hygienic alternative to 

mammalian antibodies 
7
. Chickens can produce high titre of IgY against a wide range of 

proteins including highly conserved mammalian proteins which may not be as 

satisfactory as those produced in other experimental animals (mouse, rat, rabbit, horse, 

goat, etc.).  

Evidence from review of the literature reveals that IgY has been used as an 

effective oral passive immunotherapy in preventing gastrointestinal infectious disease 

from rotavirus in suckling mice
 8

, S. typhimurium and S. dublin in calves 
9
, 

enterotoxigenic Escherichia coli in neonatal piglets 
10

, and Rotavirus in children 
11

. 

However, there is still controversy regarding the stability of IgY in the gastrointestinal 

tract (GIT) due to low pH and enzymatic degradations. IgY has been found to be 

relatively resistant to intestinal trypsin and chymotrypsin digestion, but sensitive to 

gastric pepsin digestion 
12

.  To improve antibody stability against harsh gastric 

conditions, a number of formulations have been suggested. Additives such as sucrose 
13

, 

β-cyclodextrin and gum arabic microencapsule with lecithin/cholesterol liposome 
14

, 

sorbitol 
15

, pH-sensitive methacrylic acid copolymer 
16

, as well as chitosan-alginate 
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microcapsules 
17

, have been evaluated. Selection and testing of additives to protect 

chicken IgY from gastric acid and enzymatic degradation remains the major focus of our 

research.  

In this study we have included 3 potential protectants for IgY: mannitol, sorbitol 

and microcrystalline cellulose powder (MCCP), which are widely used in oral 

pharmaceutical formulations and food products since they are regarded as relatively non-

toxic and non-irritant. Sorbitol and mannitol are sugar alcohols used in the food industry 

to improve texture, resist moisture and prevent foods from browning effects. MCCP is 

soluble in dilute basic conditions (intestinal conditions), but practically insoluble in acidic 

gastric conditions. One of the processes used in the formulation of protective substances 

for antibodies involves a technique called spray drying. To our knowledge, no studies 

have been performed using these protectants during the IgY antibody spray drying 

process. Therefore, in this study, we make the first attempt to develop an effective anti-

gliadin IgY capsule formulation using sugar protectants as well as to evaluate its potential 

use as an oral passive immunotherapy to neutralize and/or prevent gliadin absorption both 

in-vitro and in-vivo.  

  

4.2 Materials and methods 

4.2.1 Material 

Wheat (Triticum aestivum) flour was obtained from commercially available source in 

a local store. 2,2'-Azino-bis -(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and 3,3 ,́5,5´ 

tetramethylbenzidine (TMB) were purchased from KPL, Inc (Frederick, MD, USA). D-

mannitol, sorbitol and microcrystalline cellulose were purchased from PCCA (London, ON, 

CA). BCA protein assay kit was purchased from Thermo Scientific, Fisher Canada 

(Burlington, ON, Canada). Bradford protein assay kit and Mini-Protein III electrophoresis 

kit were purchased from Bio-Rad Laboratory (Mississauga, ON, CA). Complete protease 

inhibitor was purchased from Roche (Rockville, MD, USA). Pepsin (P-7000), pancreatin 

(P-8096), gliadin (G-3375), rabbit anti-chicken IgG Peroxidase, chicken IgG, TMB substrate 

for membrane and other chemicals were purchased from Sigma–Aldrich (St. Louis, MO, USA). 

Microtiter 96-wells plates were purchased from Costar Inc. (Cambridge, MA, USA). ELISA 

Vmax kinetic microplate reader instrument was obtained from Molecular Devices Corp 

(Sunnyvale, CA, USA). Buchi 190 Mini–Spray Dryer instrument was obtained from Buchi 

AG (Flawil, Switzerland). USP dissolution Apparatus 1 (Vankel® VK 7000) was 

obtained from Vankel (Edison, NJ, USA).  
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4.2.2 Extraction of gliadin 

Gliadin was extracted from wheat flours according to the method previously 

described 
18

, with slight modifications. Briefly, wheat (Triticum aestivum) flour was 

defatted with 10 volumes of butanol by stirring for 1 hr prior to centrifugation at 3,000 x 

g for 30 min. The wheat pellets were then collected and further processed by removing 

other globular proteins with 10 volumes of 0.5 M NaCl followed by mixing and 

centrifugation. Ten volumes of aqueous solvent containing 1% acetic acid, 2% methanol 

and 50% propanol were then added to the residual pellet and mixed for 1 hr. After 

centrifugation at 3,000 x g the supernatant was collected and diluted with two volumes of 

1.5 M NaCl at 4
 

°C overnight. Wheat gliadin pellets were then collected after 

centrifugation at 3,000 x g. Protein content of gliadin was measured by BCA protein 

assay with Sigma gliadin as a reference at the absorbance of 562 nm. The isolated gliadin 

was dissolved in 2 M urea solution and used for the immunization of chickens and further 

studies. 

 

4.2.3 Production of anti-gliadin IgY antibody 

Ten 23-weeks-old Single Comb White Leghorn laying hens were cared for in 

accordance with the guidelines of animal welfare of the Canadian Council on Animal Care, 

approved by the Animal Care and Use Committee, University of Alberta (Protocol 

Number #097). Chickens were subcutaneously immunized (total volume 1 mL) with 

gliadin (500 µg of protein/mL) in phosphate buffered saline (PBS, pH 7.2) with an equal 

volume of Freund’s incomplete adjuvant. Two boosters were given after 2, and 4 weeks of 

the initial immunization. Eggs were collected daily and stored at 4 °C until the extraction of 

the antibodies. 

The egg yolk was physically separated from the egg white and first mixed gently 

with 8 volumes of cold distilled water (acidified with 0.1 M HCl to give pH 4.0) to avoid 

possible disruptions of egg yolk granules due to the presence of high concentrations of 

acid. Cold acidified distilled water (pH 2.0) was then added to make the final dilution of 

1:10. After mixing well, the mixture was adjusted to a pH 5.0 to 5.2 and incubated at 4 °C 

for 12 hr. The water soluble fraction (WSF) was obtained by centrifugation at 3,125 × g 

at 4 °C for 20 min. The supernatant was collected as the IgY rich WSF and titrated by 

indirect ELISA (mentioned below) using gliadin as a coating antigen. The IgY was 

further purified by ammonium sulfate precipitation (60%) followed by Sephacryl S-300 

gel chromatography. 
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4.2.4 Indirect ELISA for gliadin specific IgY activity.  

Unless indicated otherwise, all incubations were performed at 37 °C with four 

times washing with PBS containing 0.05% Tween 20 (PBS-T) in each step. Microtiter 

plates were coated with 100 µL of gliadin (10 µg/mL of 60% ethanol). Each well was 

blocked by 120 µL of 3% BSA solution (w/v) in PBS-T.  One hundred µL of WSF 

(diluted 1:1,000 in PBS-T) of hyperimmunized egg yolk or samples from dissolution test 

at each time point and non-specific IgY (diluted 1:1,000 in PBS-T) as a control were 

added to the plates. After washing, 100 µL of rabbit anti-chicken IgY-horse radish 

peroxidase (HP) (diluted 1:3,000 in PBS-T) was added to each well followed by 100 µL 

of freshly prepared substrate solution, 2,2'-Azino-bis -(3-ethylbenzthiazoline-6-sulfonic acid) 

(ABTS) in 0.05 M phosphate citrate buffer (pH 5.0) containing 30% hydrogen peroxide. 

Optical density (OD) at 405 nm was read after 30 min using a microplate reader. The 

specific IgY titre was determined by subtracting the value of the non-specific IgY. 

 

4.2.5 Total IgY concentration.  

To estimate the total IgY in liquid egg yolk and spray dried egg yolk powder 

(EYP), ELISA was performed as mentioned above. A microtiter plate was coated with 

100 µL per well of rabbit anti-chicken IgG at a final concentration of 2 µg. The WSF of 

liquid and dried egg yolk diluted 1:10,000 and 1:50,000 in PBS, respectively, were added 

to the plate. Two-fold serial dilutions of purified chicken IgG in PBS (0.5 to 0.031 

µg/mL) were used as a reference antibody to prepare a standard curve on the same plate. 

Total IgY concentrations in WSF were determined using the standard purified chicken 

IgG. 

 

4.2.6 Preparation of egg yolk powder capsules 

Egg yolk was used alone or mixed with three protectants such as mannitol, 

sorbitol or MCCP in proportions of 95:5, 90:10, 85:15, or 80:20 (w/w). A 100 mL sample 

of each egg yolk with protectants were dried by using a Buchi 190 Mini–Spray Dryer 

ranged from 140 to 80 °C inlet temperatures, and 110-60 °C outlet temperatures at a feed 

rate of 2 mL/min. Spray dried EYP formulated with mannitol (EYP-M), sorbitol (EYP-S) 

or MCCP (EYP-Mc) were collected and stored in air-tight containers. Egg yolks without 

protectants were also dried as a reference. Four EYP formulations were capsulated into 

gelatin capsules (“00” size) at 500 mg EYP per capsule. 
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4.2.7 Long-term stability of EYP 

Using an indirect ELISA method, the long-term stability of capsules containing 

EYP were tested for total IgY content after 78 weeks of storage period in an air-tight 

container protected against light at RT. 

 

4.2.8 Dissolution testing under simulated gastric conditions.  

The stability of the EYP capsules to gastric conditions was evaluated using 

simulated gastric fluid (SGF). SGF was prepared as described in the United States 

Pharmacopoeia (USP32-NF27), consisting of 3.2 mg/mL pepsin (P7000, Sigma) in 0.03 

M NaCl, at pH 1.2. A capsule (“00” size) of EYP, EYP-M, EYP-S or EYP-Mc (500 

mg/capsule) was placed in each basket of USP Apparatus 1 (VanKel, VK7000, Germany). 

The release profile of each EYP formulation was determined at 100 rpm in 500 mL SGF 

media. At intervals of 15, 30, 45, 60, 90 and 120 min, 0.5 mL aliquots from each vessel 

was neutralized with 0.1 M sodium carbonate buffer, pH 9.6, and the IgY activity was 

assessed by ELISA as described above. Dissolution tests for each EYP formulation were 

performed in 6 vessels per test with three repeats. IgY activity was expressed as specific 

IgY concentration. 

 

4.2.9 ELISA-gliadin inhibition assays of EYP 

A 1.6 mg/mL EYP-M was preincubated with serial dilutions of Sigma gliadin 

(ranged from 0 to 25.6 mg/mL) at 37 °C for 1 hr in SGF or simulated intestinal fluid (SIF, 

containing 10 mg/mL pancreatin (trypsin, chymotrypsin, elastase and carboxypeptidase, 

amylase and lipase) in 0.05 M KH2PO4, at pH 6.8). The preincubations were performed 

under 2 conditions, one with gluten free food (boiled rice was used at 2 g/mL) and the 

other without gluten free food. After preincubation, to neutralize enzymes, an aliquot of 

0.5 mL from SGF was neutralized with 0.275 mL of 0.1 M sodium carbonate buffer (pH 

9.6), whereas an aliquot of 1 mL from SIF was neutralized with 0.1 mL of complete 

protease inhibitor solution in PBS (Roche, one mini-tablet dissolved in 5 mL PBS, pH 

7.2). Neutralized samples were kept frozen until analyzed. Microtiter plates were coated 

with 150 µL of Sigma gliadin in 70% ethanol at a concentration of 500 µg/mL and 

incubated at 37 °C for 1 hr. The plates were then washed four times with PBS. After 

blocking with 3% BSA solution (w/v) in PBS at 37 °C for 45 min, 150 µL of 

preincubated samples were added to the wells and incubated at 4 °C overnight. After 

washing the plates four times with PBS-T, 150 µL of rabbit anti-chicken IgY conjugated 
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with HP (diluted 1:3,000 in PBS) was added to each well and incubated at 37 °C for 1 hr. 

The plates were washed again with PBS, and developed with 150 µL of freshly prepared 

ABTS substrate. After 30 min, the OD was measured at 405 nm using a microplate 

reader. The 50% inhibition of control (IC50) is defined as the concentration of Sigma 

gliadin that gives half of the maximum signal intensity of anti-gliadin IgY without gliadin 

(A0). The standard curve was normalized by expressing experimental absorbance values 

(A) as A/A0 X100. 

 

4.2.10 In-vivo gastrointestinal binding activity of EYP 

A total of 128 3-week old female BALB/c mice were cared for according to the 

animal welfare guidelines of the Canadian Council on Animal Care, approved by the 

Animal Care and Use Committee, University of Alberta (Protocol Number #074/10) 

during the 1 week housing period, on a standard chow. A day before the treatment all the 

mice were kept on a 24 hr fast and randomly divided into 4 feeding groups (A, B, C and 

D) of 8 mice each: Group A: Sigma gliadin 100 mg in 0.2 mL water; Group B: EYP-M 4 

mg and sigma gliadin 100 mg powder reconstituted in 0.2 mL PBS; Group C: EYP-M 20 

mg and sigma gliadin 100 mg powder reconstituted in 0.2 mL PBS; Group D: EYP-M 

100 mg reconstituted in 0.2 mL PBS. The formulations were orally administered to the 

fasted mice by a micropipette.  After 12 hr, the mice were euthanized, and necropsy was 

immediately carried out to collect tissue samples from the stomach, small intestine, as 

well as large intestine contents. The lumen of the dissected stomach, small intestine and 

large intestine were scraped and washed with 10 mL PBS neutralized containing 

Complete Protease Inhibitor, mixed well under continuous shaking for 1 hr, and 

centrifuged at 10,000 x g, 15 min. The supernatant was collected and analyzed for 

residual gliadin by heterosandwich ELISA mentioned below. 
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4.2.11 Heterosandwich ELISA for gliadin 

Except as otherwise indicated all incubation steps were performed at 37 °C. Four 

times washing was conducted by PBS-T between each step. The assay was carried out with 

the gliadin-specific monoclonal antibody HYB-314 (mAb raised against synthetic peptide 

residues KLQPFPQPELPYPQPQ of α-gliadin peptide (58-73)) as capture antibody and 

purified gliadin-specific IgY as detection antibody. Wells were coated with 100 µL of 

gliadin specific mAb (10 µg per well) in PBS at 4 °C overnight. Nonspecific binding sites 

was blocked with 120 µL 5% BSA for 45 min. A 100 µL aliquot of sample (1:100,000 in 

PBS-T) and serially diluted sigma gliadin standard (1.28 µg – 0.625 ng) in PBS-T, was 

added to triplicate wells and incubated at room temperature for 1 hr. Then, 100 µL gliadin-

specific IgY (diluted 1:2,000 in PBS-T) was added and incubated for 1 hr. After washing 

the plates, 100 µL chicken anti-mouse IgG conjugated with HP (1:5,000 in PBS-T) was 

added to each well and incubated for 1 hr. Each well was incubated with 100 µL of freshly 

prepared TMB substrate followed by optical density reading at 650 nm by ELISA Vmax 

kinetic microplate reader. The ELISA value of antibody activity was determined by 

subtracting the value of the control from that of specific antibody. 

 

4.2.12 Statistical analysis 

The analysis of variance (ANOVA) and the student t-test was used to analyze for 

significant differences of gliadin specific IgY contents during the immunization period, 

total IgY or gliadin specific IgY contents at different spray dry temperatures compared to 

raw egg yolk (on dry basis), between IgY formulations with 0, 12.5, 25, 37.5, 50% 

mannitol, sorbitol or MCCP, long-term stability of EYP formulations, IgY survival 

during dissolution test in SGF as well as % gliadin absorbed between different in vivo 

feeding conditions. The differences were considered statistically significant at p < 0.05. 
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4.3 Results  

4.3.1 Production of IgY 

Table 4-1 illustrates the anti-gliadin antibody (IgY) titre from egg yolks collected 

from hyperimmunized chicken. The activity of anti-gliadin IgY detected on day 0, 

gradually increased at week 2 after the first immunization. The 1
st
 booster immunization 

was given at week 2, illustrating a rapid increase of IgY titre with a peak at week 4. The 

2
nd

 booster was given at week 4 to maintain the high titre of gliadin specific IgY up to 

week 8 with a gradual reduction, thereafter. The eggs from hyperimmunized hens 

between weeks 4 to 8 contained highly specific IgY against gliadin, and was used for 

further studies. Total IgY contents were constant regardless of immunization and daily 

egg production was not affected by the immunization.  

 

Table 4-1 Anti-gliadin IgY antibody titre of egg yolks collected during the immunization 

period 

 Weeks 

Items 0 2 4 6 8 10 

Daily Egg 

production
a
 

9 10 9 10 10 9 

IgY titre
b
 0.07 ± 0.00 0.21 ± 0.02 0.65 ± 0.05 0.72 ± 0.11 0.81 ± 0.14 0.60 ± 0.05 

 

a 
Ten 23-weeks-old laying hens were immunized with gliadin (500 µg of protein/mL) at 

week 0, 2, and 4 and eggs were collected daily for measuring daily egg production. 
b 

Values of IgY titre are the mean of optical density + SD (n = 10).  
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4.3.2 Optimum spray dry condition 

Table 4-2 illustrates total IgY content and specific IgY activity of EYP at 

different spray dry temperatures. Depletion of IgY content is observed upon exposure to 

heat during the spray drying process. The optimum condition found for spray drying was 

at temperatures of 80 °C inlet and 60 °C outlet, or 100 °C inlet and 80 °C outlet, since 

they resulted in minimal IgY degradation.  

 

Table 4-2 Total IgY content and specific IgY activity of egg yolk powder without 

protectants at different spray dry temperatures 

 

Items 

Inlet/Outlet temperatures (°C) 

140/110 120/100 100/80* 80/60* 

Physical appearance 
partially 

burnt 

pale yellow 

powder 

pale yellow 

powder 

pale yellow 

powder 

Total IgY ( mg/g) N/A 20.96 ± 1.79 25.16 ± 0.23 25.24 ± 2.03 

Anti-Gliadin IgY (mg/g) N/A 1.65 ± 0.01 1.98 ± 0.02 1.99 ± 0.03 

*Significantly high IgY content as compared to higher temperatures (p < 0.05). 
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4.3.3 Effect of protectants 

Table 4-3 illustrates IgY content in EYP with protectants. For the spray dry 

processing, protectants (mannitol, sorbitol, MCCP) were used up to their maximum 

soluble amount which is 50% for mannitol and sorbitol and 37.5% for MCCP. With 

increasing concentration of protectants IgY content was higher. Maximal IgY protection 

was achieved at 37.5% protectant (on dry basis) as above this concentration, no further 

increases of IgY content was observed (p ˂ 0.05). Consequently, this protectant 

concentration was chosen for IgY stability and efficacy experiments. 

 

Table 4-3 Total IgY content in egg yolk powder with different concentrations of three 

protectants 

 IgY content (mg/g) 

Protectants  12.5% 25% 37.5%* 50%* 

EYP-M 27.20 ± 0.75 28.54 ± 1.05 31.13 ± 0.40 31.16 ± 1.11 

EYP-S 27.96 ± 0.65 28.11 ± 0.87 31.17 ± 0.59 31.14 ± 0.94 

EYP-Mc 29.22 ± 0.99 28.60 ± 0.77 31.12 ± 0.54 N/A 

 

*Significantly higher IgY content at protectants concentration of more than 37.5% 

(p < 0.05). The total IgY content in the egg yolk powder without protectants was 

25.24 mg/mL.  
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4.3.4 Long-term stability of EYP formulations 

Figure 4-1 illustrates the long-term stability of EYP formulation without 

protectant and EYP with protectants (EYP, EYP-M, EYP-S and EYP-Mc) at 37.5% (on 

dry basis) after 78 weeks of storage. The initial IgY content of EYP without protectants 

was significantly lower than other EYP with protectants by 25% (p < 0.05). Among four 

EYP formulations, the IgY content in EYP-M was the most stable for 78 weeks (p > 

0.05), while in EYP-Mc and EYP-S IgY content was decreased. 

 

 

Figure 4-1 Long-term stability of EYP capsules without and with protectants (EYP, 

EYP-M, EYP-S and EYP-Mc) at 37.5% (on dry basis) after 78 weeks storage. EYP, egg 

yolk powder; EYP-M, egg yolk powder mixed with mannitol; EYP-S, egg yolk powder 

mixed with sorbitol, EYP-Mc, egg yolk powder mixed with microcrystalline cellulose 

powder. * EYP-M formulation was significantly stable after 78 weeks (p < 0.05). 

 

4.3.5 Dissolution test of EYP capsule under simulated gastric conditions 

Figure 4-2 illustrates survivability of IgY in EYP, EYP-M, EYP-S and EYP-Mc 

in dissolution apparatus I, SGF 500 mL medium, paddle speed 100 rpm at dissolution 

time 0, 15, 30, 45, 60, 90 and 120 min. Gastro-resistance, and the release of IgY under 

simulated gastric condition was assessed by USP dissolution testing of the EYP capsule 

formulations in SGF for 2 hr. At each time interval, the samples were neutralized to 

inhibit pepsin activity, and IgY activity was determined by indirect ELISA (Figure 4-2). 
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After 2 hr of SGF exposure, the EYP formulation without protectant demonstrated a 

significant decrease (36.2%) of IgY activity as compared to the raw egg yolk (on dry 

basis) which contains 2.54 mg/g gliadin specific IgY. The incorporation of mannitol and 

MCCP protectants maintained significantly greater IgY activity of 82.4% and 86.3%, 

respectively, after 2 hr in SGF.  

 

Figure 4-2 Survivability of IgY in EYP, EYP-M, EYP-S and EYP-Mc in dissolution 

apparatus I, SGF 500 mL medium, paddle speed 100 rpm at dissolution time 0, 15, 30, 

45, 60, 90 and 120 min. * EYP-M and EYP-Mc formulations had significantly protective 

effects on IgY antibodies in 120 min under simulated gastric fluid conditions (p < 0.05). 

 

4.3.6 ELISA-gliadin inhibition assays of EYP 

 The EYP-M formulation showed the highest long-term and gastric stability; 

hence it was selected to further evaluate the in-vitro ability to bind free gliadin in SGF 

and SIF. Figure 4-3 and Figure 4-4 illustrates in-vitro binding study determined by 

competitive ELISA of EYP-M containing anti-gliadin IgY antibodies to gliadin ranging 

from 0-1.28 g after 1 hr exposure in SGF and SIF at 37 °C under without food and with 

food conditions. The optimal concentration of EYP-M for SGF and SIF condition was 

found to be 1.6 mg/mL giving the maximal absorptivity signal. With increasing amount 

of gliadin the absorptivity signal was proportionally reduced. At 50% signal inhibition 

(IC50), the given amount of EYP-M bound to 7.6 mg/mL gliadin without food (Figure 4-

3a), while in the presence of food the EYP-M bound to 10.5 mg/mL gliadin was bound to 
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(Figure 4-3b). Under SIF condition, the same amount of EYP-M bound to 10 mg/mL 

gliadin, regardless of a food matrix (Figure 4-4).   

 

 

 

 

Figure 4-3 In-vitro binding study determined by competitive ELISA of 0.08 g of EYP-M 

containing anti-gliadin IgY antibodies to gliadin ranging from 0-1.28 g after 1 hr 

exposure in SGF at 37 °C under (A) without food and; (B) with food conditions. A: 

absorbance of sample containing antibodies and gliadin; Ao: absorbance of control 

containing antibodies only. The arrows indicate 50% inhibition of control (IC50). 

 

B 

A 
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Figure 4-4 In-vitro binding study results determined by competitive ELISA of 0.08 g of 

EYP-M containing anti-gliadin IgY antibodies to gliadin ranging from 0-1.28 g after 1 hr 

exposure in SIF at 37 °C under (A) without food and; (B) with food conditions. A: 

absorbance of sample containing antibodies and gliadin; Ao: absorbance of control 

containing antibodies only. The arrows indicate 50% inhibition of control (IC50). 

 

B 

A 
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4.3.7 In-vivo gastrointestinal binding activity of EYP 

The most stable formulation from the dissolution test (EYP-M) was fed to mice 

along with gliadin, followed by euthanization after 12 hr of feeding. Residual gliadin 

upon ingestion was determined at different sites along the GIT (stomach, small intestine 

and large intestine). Table 4-4 illustrates gliadin content in gastrointestinal tract after 12 

hr feeding measured by heterosandwich ELISA. The amount of residual gliadin in the 

stomach was undetectable but detectable in the small and large intestine. The highest 

gliadin appeared to be in the lumen of the large intestine, and to a lesser extent in the 

small intestine. 

 

Table 4-4 Gliadin content in gastrointestinal tract after 12 hr feeding (the measurement of 

gliadin was assayed by heterosandwich ELISA)  

Groups 

Feeding 

conditions 

 Average gliadin remaining after 12 hr 

feeding (mg) 
Residual 

gliadin 

(%) 
EYP 

(mg) 

Gliadin 

(mg) 

 stomach small 

intestine 

large 

intestine 

A - 100  N/A 22.2 ± 1.33 35.0 ± 2.10 42.8 

B 4 100  N/A 19.5 ± 2.42 64.8 ± 4.44 15.7 

C 20 100  N/A 20.7 ± 1.66 78.6 ± 4.82 0.7* 

D 100 -  N/A N/A N/A N/A 

 

*Significantly reduced absorbed gliadin as compared to conditions A and B (p < 0.05) 

 

Throughout the GIT, significantly more gliadin was retained in the lumen by 

increasing amount of EYP-M fed. The mice intake of 100 mg of gliadin alone caused 

42.8% gliadin to be absorbed throughout the GIT. With the EYP-M intake weight ratio of 

1:25 and 1:5 to gliadin, significantly lower amount of gliadin was found to be residual in 

the GIT at 15.7% and 0.7%, respectively. 

 

*1.34% 
survival 
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4.4 Discussion  

Gliadin peptides are components of a human diet, but are found to be highly 

immunogenic in laying hens 
19

,
 
due to high phylogenetic differences between avian and 

mammalian species. In this study, IgY polyclonal antibody against wheat gliadin is 

produced as a universal antibody to neutralize all CD causing prolamins (wheat, rye, 

barley and possibly oat), due to its cross reactivity with these prolamins 
20

.  

Spray drying was used to process the hyperimmunized egg yolks, as it is the most 

economical method for mass production of egg yolk powder. Since IgY as protein source 

is susceptible to heat denaturation during the spray drying process, several studies have 

proven the use of high concentration of sugar and chitosan protectants to improve or 

increase IgY stability against heat 
13, 17

. Our result shows that IgY is vulnerable to heat 

denaturation over 100 °C similar to a report of spray dried egg yolk with β-cyclodextrin 

at 100 °C inlet temperature 
14

, whereas
 
another report showed that IgY titre was very 

stable under spray-drying temperatures of 140 to 170 °C with 30% Eudragit L30D-55 as 

protectant 
10

. In this study, mannitol, sorbitol and MCCP at the concentration of 37.5% 

(on dry basis) significantly protected IgY from heat denaturation, while EYP without 

protectants lost 25% of IgY activity. Another study of the IgG/mannitol spray dry powder 

indicated a change in the protein environment in the solid state, due to alterations of the 

polar environment of the peptide groups, which is totally regained upon redissolution 
21

. 

This protective effect of mannitol in the present study against heat denaturation may also 

be explained in the same manner as seen in lactose, by forming hydrogen bonds during 

the hot air spray drying process 
22

. 

Regarding long-term stability of antibody, there was a study performed with 

serum IgG with mannitol protection by spray drying that indicated an inhibition of 

aggregate formation in samples stored at 2–8  ºC for 52 weeks 
21

. In another study 
23

, 

sorbitol was used during the spray dry process which resulted in a glassy-matrix 

surrounding the antibodies due to its low glass transition temperature, maintaining the 

stability of IgG in its dry state. These studies were focused on the physical properties of 

IgG and not the actual antibody activity during the storage condition. In this study, IgY 

antibody content was determined during the 78 weeks of storage at room temperature. 

Among the 3 protectants, mannitol best stabilized the IgY antibody during 78 weeks of 

storage. 

In order to effectively use anti-gliadin IgY as an oral immunotherapy to prevent 

gliadin absorption in the small intestine region, it needs to be active in the stomach and 
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proximal part of the small intestine. Studies have shown that, purified IgY is extremely 

sensitive to gastric conditions, and is rapidly inactivated 
12

,
 
which could be due to the 

acidic conditions and/or pepsin presence in the stomach. Pepsin digests IgY to Fab’ IgY 

fragments, having one antigen binding site. Fab’ IgY is as effective as the whole intact 

IgY, since it has the capability to bind to the antigen and exhibit neutralizing activity 
24, 25

. 

The antibody inactivation under acidic conditions could also be due to the conformational 

changes of internal tryptophan residues when exposed to the hydrophilic environment. 

Several strategies to prevent degradation of IgY have been mentioned earlier in 

literature, such as microencapsulation with β-cyclodextrin and gum arabic and 

lecithin/cholesterol liposome 
14

, and the employment of the pH-sensitive methacrylic acid 

copolymer as enteric coating of IgY 
16

. High concentration of sugar (30-50%) 
13

, or 

sorbitol (30% or more) 
15

, have also been proven effective to stabilize IgY activity under 

acidic conditions. In the present study, the use of mannitol protectant prevents irreversible 

IgY heat denaturation and enzymatic digestion in gastric fluid conditions.  

In this study, in-vitro dissolution testing was employed to assure the efficacy of 

IgY in our developed spray dried EYP capsule formulations; in terms of stability under 

harsh pH and proteolytic enzymes, as well as to determine the release profile of IgY in 

simulated gastric conditions. There are studies on stability of purified IgY from egg yolk 

without protectants against pepsin enzyme at lower enzyme/substrate ratios such as 1:20 

26
, and 1:250 

16
.
 
According to USP32-NF27, pepsin enzyme at the concentration of 3.2 

mg/mL is required to represent the SGF. Since, the EYP spray dried formulations 

contained 20% protein, in this study the enzyme: total protein ratio for pepsin in the SGF 

was 16:1. With higher concentration of pepsin enzyme used in this study, IgY in EYP-M 

and EYP-Mc capsule formulations retained over 80% activity up to 2 hr exposure in SGF. 

This finding is explained by the reduction of the exposed hydrophobic moiety of IgY in 

sugar solutions that occur because of increased interactions between hydrophobic groups 

inside the protein molecule 
27

. Also, changes in preferential solvation of protein 

molecules 
28

, and structural blockage of conformational changes of internal tryptophan 

residues when placed in sugar solutions may be partly responsible for added protection 
13, 

15
. The non-extracted egg yolk contains phospholipids and other proteins, which may 

have also contributed to additional gastroprotection effect.
 

For the first time the binding efficacy of anti-gliadin IgY is evaluated in 

simulated gastrointestinal conditions to estimate the dose of IgY required to neutralize 

gliadin in-vitro. EYP-M, the most stable formulation, was subjected to further in-vitro 
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and in-vivo binding studies. In SGF, EYP-M formulation (1.6 mg/mL) demonstrated a 

better ability to bind gliadin (10.5 mg/mL) in the presence of food, as compared to under 

without food conditions (7.6 mg/mL). This result indicates that the EYP-M formulation 

should be administered during the fed state. Improved binding affinity may be due to the 

diluted acidic effect from food in the in-vitro gastric condition. However, this effect 

needs to be verified in-vivo as there may be more acid production in the stomach due to 

the presence of additional food. Interestingly, in SIF, the presence of food had no 

additional effect on the binding efficacy of IgY in EYP-M bound to gliadin (10 mg/mL).  

BALB/c mice were chosen for the in-vivo feeding study since mice have an 

overall GIT transit time similar to those of human of 20-30 hr 
29

. The absorption of 

gliadin in experimental mice was found to achieve peak values between 2-3 hr after 

ingestion 
30

. The transit time through the stomach is highly variable with an average time 

of 1 to 1.5 hr 
31

, and an average of 10 hr through the intestine for mice 
32, 33

. Hence, in this 

study we chose to determine the residual gliadin content in the mice GIT at 12 hr after 

feeding. The EYP-M neutralized gliadin in the GIT, preventing gliadin from being 

absorbed. Our in-vivo feeding study proves that EYP-M intake at the weight ratio of 1:25 

and 1:5 to gliadin, prevented 63.3% and 98.4% gliadin absorption, respectively, as 

compared to ingestion of gliadin alone without administration of EYP-M. 

The results demonstrate that the spray dried EYP formulation with mannitol as 

protectant can successfully protect the IgY antibody from gastric inactivation. The 

developed formulation may provide an effective means of preventing CD when co-

administered with gliadin contained food. Further in-vivo studies need to be verified to 

prove this concept. 
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CHAPTER 5: Quantitative double antibody sandwich ELISA for the determination 

of gliadin in food 
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5.1 Introduction 

Glutens are plant storage proteins found in the seeds of cereal grains such as 

wheat, barley, rye, and oat. The cereal grains have been used as human food since 

ancient times. However, the ingestion of gluten causes celiac disease (CD) in 

genetically susceptible individuals. Due to the CD prevalence of one in 100-200 

people in North America and European countries, CD is considered one of the most 

common gastro-intestinal diseases. 

The only treatment available for CD individuals is a strict life-long gluten-

free diet 
1
. In reality, total avoidance of gluten intake is extremely difficult, due to 

hidden gluten because of contamination 
2
. The threshold of prolonged gluten 

ingestion in CD individuals was determined to be lower than 50 mg per day 
3
.
 
The 

presence of hidden gliadin in contaminated food products represents an imminent risk, 

due to long term effect of regular ingestion of small amounts of gliadin 
4
. 

Sensitive methods are needed to detect and quantify the presence of gliadin and 

other prolamins in foods. Currently, the enzyme-linked immunosorbent assay (ELISA) 

technique is the most commonly used method for food analysis. Various ELISA-based 

methods have been developed for the detection of trace amounts of gluten in foods 
5-9

.
 

Although monoclonal antibody (mAb) is extensively used in ELISA systems, the use of 

single mAb is not accurate due to the lack of two necessary epitopes when a peptide is 

hydrolyzed during the processing 
10

. The peptide can be detected by exploiting the 

polyclonal antibody for its higher sensitivity due to its ability of binding to multiple 

epitopes. Whereas polyclonal antibodies have been traditionally developed in rodent and 

other mammalian species, the antibody raised in the chicken has unique advantages. 

Avian polyclonal antibody raised against different antigens produces chicken egg yolk 

IgY in abundant amounts compared to mammalian and rodent species. The IgY can also 

be obtained by non-invasive methods by collection of eggs. Thus chicken egg yolk IgY 

polyclonal antibody is alternatively very attractive and economical for the development 

of immunological detection assay 
11

, with limited information on the production of  IgY 

antibody against gliadin.  

The aim of this study was therefore to develop and validate a sensitive, 

specific and quantitative double antibody sandwich ELISA (DAS-ELISA) using 

polyclonal IgY as capture antibody and biotinylated mAb as detecting antibody. The 

DAS-ELISA was evaluated for detecting gluten content in Canadian gluten-free and 

wheat based food products. 
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5.2 Material and methods 

5.2.1 Materials 

All solvents and chemicals used in the present study were of analytical grade. 

Sigma gliadin (G-3375), bovine serum albumin (BSA), Freund's incomplete adjuvant, 

purified chicken IgG, rabbit anti-chicken IgG, rabbit anti-chicken IgG conjugated with 

horseradish peroxidase (HP), NHS-LC-Biotin, and streptavidin-HP were purchased from 

Sigma (St. Louis, MO, USA). Electrophoresis Mini-Protean III, western blot apparatus, 

nitrocellulose membrane, DC and BCA protein assay and reagents were purchased from 

Bio-Rad Laboratories Ltd. (Mississauga, Ontario, Canada). HYB-314 mAb (against p58-

73 KLQPFPQPQLPYPQPQ of α-gliadin) and chicken anti-mouse IgG conjugated with 

HP were purchased from Thermo Fisher Scientific Canada (Burlington, Ontario, Canada). 

Tetramethylbenzidine (TMB) and 2-2’-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) 

(ABTS) substrates were purchased from KPL (Frederick, MD, USA). Amicon Ultra-15 

Centrifugal Filter Units (molecular weight cut-off, MWCO, 100 kDa) were purchased 

from Millipore (Billerica, MA, USA). Microtiter 96-wells plates were purchased from 

Costar Inc (Cambridge, MA, USA). The mechanical blender was purchased from Retsch 

GmbH & Co (Haan, Germany). The ELISA Vmax kinetic microplate reader was obtained 

from Molecular Devices Corp (Sunnyvale, CA, USA).  

 

5.2.2 Purification of anti-gliadin IgY antibody  

Polyclonal egg yolk IgY antibody was raised against Sigma gliadin (used as 

gliadin standard in the ELISA) in chicken as previously described 
11

.
 
The anti-gliadin IgY 

antibody in the egg yolk was purified by salt precipitations using sodium sulfate 19% and 

14%, followed by Amicon Ultra-15 Centrifuge filter units (MWCO, 100 kDa) to desalt 

and discard permeates. The purity of IgY was tested by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) under reduction conditions. Fractions 

were tested for binding activity using indirect ELISA, and total protein was determined 

by the Lowry method (DC protein assay). The purified IgY antibody was stored at 4°C 

until used.
 

 

5.2.3 Labeling of anti-gliadin monoclonal antibody 

The mAb was biotinylated by using NHS-LC-Biotin conjugation kit according to 

the manufacturer’s instructions. The proteins (500 µg) in phosphate buffered saline (PBS, 

pH 7.2) was covalently coupled to NHS-activated biotin (8 µg/100 µL in distilled water, 
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DW) and then incubated at room temperature (RT) for 4 hr. Unreacted biotin was 

removed by using ultracentrifuge filter units (MWCO, 10 kDa). The biotinylated mAb 

was stored at 4 °C until used. 

 

5.2.4 Prolamin extraction and food sample preparation 

Four grains (wheat, barley, rye and oat) and processed food samples purchased 

from local stores in Edmonton, Canada, were homogenized in a mechanical blender. 

Homogenized samples (1 g) were extracted with 2.5 mL cocktail solution (250 mM 2-

mercaptoethanol, 2 M guanidine hydrochloride in PBS) for 1 hr in a shaking water bath. 

A 7.5 mL aliquot of 80% (v/v) ethanol was added to the solution. The mixture was 

vortexed and subsequently rotated at RT for 30 min. Extracts were centrifuged at 2,500 × 

g at RT for 10 min. The supernatants were analyzed for protein content by BCA protein 

assay with BSA as the reference at the absorbance of 562 nm.  

 

5.2.5 Western blot assay 

The Mini-Protean III apparatus was used for electrophoretic separation of 

prolamin extracts from four grains by SDS-Urea electrophoresis, according to the method 

of LaemmLi 
12

.
 
Prolamin extracts and Sigma gliadin were solubilized in 6 M urea and 

applied in equal amounts (10 µg). Separation was performed at 200 V for 1 hr, in pre-

cooled running buffer (pH 8.3, 0.025 M Tris, 0.192 M glycine, 0.1% SDS), using 10% 

separating gel. Samples were prepared with four volumes of sample solution in 6 M urea 

and one volume of sample buffer (pH 6.8, 0.0625 M Tris-HCl, 2% SDS, 5% 2-

mercaptoethanol, 10% glycerol, and 0.002% Bromophenol blue).  

The proteins were electrophoretically transferred from gel onto a nitrocellulose 

membrane for 1 hr at 100 V with transfer buffer (pH 8.5, 120 mM glycine, 120 mM Tris). 

The membrane was blocked with 3% BSA in Tris buffer (pH 8.0, 5 mM Tris-HCl, 0.15 

M NaCl,) at RT for 1 hr. After blocking, the membrane was incubated with anti-gliadin 

IgY (10 mg/mL, 1:1,000 dilution in Tris buffer with 0.05% Tween-20, Tris-T) at RT for 2 

hr. The membrane was then washed 5 times with 0.5% BSA in Tris at RT for 30 min. The 

primary antibody bound on the membrane was incubated with either rabbit anti-chicken 

IgY conjugated with HP (1:2,000 dilution in Tris-T) or chicken anti-mouse IgG HP 

(1:4,000 dilution in Tris-T) at RT for 1 hr, respectively. After washing the membrane, 

TMB substrate was applied on the membrane to develop a color. The reaction was 

stopped by washing the membrane with ultra-purified water.  
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5.2.6 Biotinylated double antibody sandwich ELISA 

Unless indicated otherwise, all incubations were performed at 37 °C with four 

times washing by PBS-T in each step. Wells were coated with 100 µL of anti-gliadin IgY 

(10 µg) in PBS at 4 °C for 12 hr. Non-specific binding sites were blocked with 120 µL of 

5% BSA for 45 min. One hundred µL/well of a 2-fold serial dilution of the Sigma gliadin 

was added in a concentration range from 0.625 to 80 ng/mL. Standards, buffer blanks and 

samples extracts were incubated for 1 hr in triplicates on each plate. Bound gliadins were 

detected by adding 100 µL/well of biotinylated mAb (1:5,000 dilutions in PBS) after 

incubation for 1 hr. Plates were subsequently incubated with 100 µL/well of streptavidin-

HP conjugate, diluted 1:5,000 for 1 hr. After washing, 100 µL/well of freshly prepared 

TMB substrate was then added to each well and incubated for 5 min. Absorbance was 

read at 650 nm on ELISA reader.  

 

5.2.7 Assay validation 

 All extracts from wheat, barley, rye, oat, corn and rice were 1:20 ELISA assay 

buffer, which corresponding to a portion of 100% in a typical food matrix, prior to 

analysis with the DAS-ELISA.  

 The accuracy of the method was evaluated by performing recovery studies. Three 

different gluten-free food samples (pasta, bread, and rice) were spiked with Sigma gliadin 

standard at levels of 1 µg, 10 µg and 100 µg per gram sample in a total volume of 10 mL 

extraction buffer, as previously described. For the determination of recovery rates, the 

extractions were done in triplicates and analyzed by the DAS-ELISA, and the mean 

values for the recovery were calculated. Intra-assay (within plate) precision was 

determined as the mean coefficients of variation (CV) based on 10 replicates. Inter-assay 

(between plates) precision was determined as the mean CV on the basis of triplicate 

analyses on 10 plates.  

 The limit of detection (LOD) was calculated from 3 times standard error of the 

predicted Y-value for each X in a regression divided by slope. Additionally, the LOD in 

three gluten-free food samples was determined in the same way, on the basis of five 

experiments. Linearity and range of detection were determined from serially diluted 

Sigma gliadin (1-80 ng/mL) standard curve plot. 
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5.3 Results 

5.3.1  Production of  IgY antibody 

Chickens were immunized with Sigma gliadin for the production of IgY antibody. 

The Anti-Sigma gliadin IgY activities were at plateau during week 5 to 7, giving high 

titre of anti-gliadin IgY antibody. Pooled eggs with high titre were partially purified with 

water dilution method, followed by salt precipitation and ultracentrifugation. The purified 

IgY fraction was subjected to purity determination and quantification of specific IgY titre. 

Total protein content of the purified IgY was 10% higher than the total IgY content, hence 

the IgY fraction showed 90% purity. Total IgY was found to be approximately 1.1 times 

greater in the immunized chickens than in the non-immunized chickens (Table 5-1). The 

following results also showed that both protein and total IgY concentrations were similar 

between the anti-gliadin and non-specific IgY. As a result, the proportion of gliadin-specific 

IgY in the total egg yolk IgY was 7.9% and 0.6% in the gliadin IgY and non-specific IgY, 

respectively (Table 5-1).  

 

Table 5-1 Concentrations of protein, total IgY, and specific IgY in purified IgY solution 

by ultra-centrifuge filtering 

 

Values are the mean of quadruple samples  SD. 

 

IgY  

Concentration (mg/g) 

Protein Total IgY Specific IgY 

Anti-Sigma gliadin  150.1  1.5 136.4   2.9 10.77  0.045 

Non-specific IgY 140.5  1.7 127.5  4.4 0.79  0.005 
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5.3.2 Detection of prolamins from four grains 

The polyclonal anti-gliadin IgY antibody was used to determine the IgY binding 

prolamin bands in the extracts of four grains (wheat, barley, rye, and oat) using western 

blot analysis (Figure 5-1).  

 

 

Figure 5-1 Western blot analysis of prolamin extracts of four grains using purified 

polyclonal anti-gluten IgY antibody. Lane STD: molecular weight marker, protein sizes 

(kDa) are indicated on the left side of the paper. Lane A: Sigma gliadin; Lane B: wheat 

gliadin; Lane C: barley hordein; Lane D: rye secalin; Lane E: oat avenin. 

 

Major IgY-binding bands were found at 34-38 kDa and at 42-48 kDa in wheat 

gliadin (Figure 5-1, lane B), corresponding to Sigma gliadin (Figure 5-1, Lane A). 

Similar IgY-binding bands with 38-48 kDa were found in barley (Figure 5-1, Lane C). 

Two different bands with 35-38 kDa and 60-74 kDa were detected by IgY in rye (Figure 

5-1, Lane D). Lower MW IgY-binding bands with 30-34 kDa were found in oat (Figure 

5-1, Lane E). Whereas IgY could react as prolamin-binding antibody in four grains, the 

mAb used in this study was found to strongly react with 34-38 kDa in wheat, barley, and 

rye.  
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5.3.3 Specificity 

The cross-reactivity of anti-gliadin IgY was examined by indirect ELISA (Table 

5-2) According to the OD value of the indirect ELISA, there was cross-reactivity of anti-

gliadin IgY to barley hordein, rye secalin and oat avenin at 91%, 54% and 43%, 

respectively. Anti-gliadin IgY showed significantly low cross-reactivity (<1%) against 

rice and corn. The mAb reacts with prolamins from wheat, barley and rye, showing no 

cross-reaction to oat. 

 

Table 5-2 Cross reactivity of anti-sigma gliadin IgY to prolamins by indirect ELISA 

 

Grains Anti-Sigma IgY Percentage 

Wheat 1.144  0.041 99.3 

Barley 1.050  0.082 91.32 

Rye 0.624  0.051 54.17 

Oat 0.492  0.038 42.71 

Rice 0.011 + 0.003 0.95 

Corn 0.009 + 0.002 0.78 

Values are the mean of quadruple samples  SD.  

Percent cross reactivity was calculated by reference to 100% reactivity between Anti-

Sigma gliadin IgY antibody and Sigma gliadin. 
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5.3.4 Double antibody sandwich ELISA standard curve 

Sigma gliadin was used in a standard curve with concentrations from 1 ng/mL to 

80 ng/mL. The working range of the assay was the linear part of the curve with a squared 

correlation coefficient (R
2
 = 0.98). The six-point calibration curves as shown in Figure 5-

2 ranged from 4 ng/mL to 40 ng/mL.  

 

 

Figure 5-2 Biotinylated DAS-ELISA using anti-gliadin IgY as a capture antibody and 

biotinylated mAb as a detection antibody. This assay was performed in ten replicates. 

Vertical bar indicates standard deviation. Straight line indicates the linear fit at “y = 

0.0274x + 0.1215, R
2
 = 0.98”.  

 

For determination of gliadin concentrations in foods, extracts from food samples 

were diluted accordingly to obtain OD values closest to the midpoint of the linear part of 

the standard curve. The OD values were used to calculate the gliadin concentrations.  
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5.3.5 Accuracy 

Blank gluten-free food samples, spiked with three different amounts of Sigma 

gliadin before sample extraction, were used to determine the recovery rates as shown in 

Table 5-3. The recovery of gliadins in the gluten-free food samples was between 82% and 

98%, independent of spiking level. The blank gluten-free food extracts without gliadin 

spikes contained less than 0.5 µg gliadin/g food sample (0.5 ppm). 

 

Table 5-3 Recovery (%) of gliadin from gluten-free samples spiked with 1 µg, 10 µg, and 

100 µg/g of sigma gliadin protein 

 

Gluten-free foods 

Recovery (%) of Sigma gliadin spiked in µg/g 

1 10 100 

Bread 82 + 15 90 + 11 95 + 11 

Pasta 83 + 19 92 + 10 96 + 9 

Rice 85 + 19 95 + 8 98 + 7 

 

Values represent the average of three spiking experiments and are reported as mean + 

standard error of the mean (SEM). 

 

5.3.6 Intra- and inter-assay precision 

Grains granular bar, whole wheat bread, chocolate chip muffin, instant 

chicken noodle, spaghetti, and all-bran flakes were analyzed by the DAS-ELISA to 

determine the content of gliadin ranged from 3.2 to 36 ppm. These products were 

used for the determination of the intra-assay precision and inter-assay precision of the 

DAS-ELISA (Table 5-4). The intra-assay expressed as percentage of coefficients of 

variation (%CV) was 7.25% average of six food samples. The inter-assay precision 

was 9.51 % in food samples. 
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Table 5-4 Intra- and inter-assay variances (%CV) determined for the gliadin DAS-ELISA 

using gliadin containing foods 

 

Foods Gliadin 

(µg/g) 

Intra-assay variance 

(% CV) 

Inter-assay variance 

(% CV) 

Grains granola bar 7.5 8 11 

Whole wheat bread 7.4 7 9 

Chocolate chip muffin 5.7 8 12 

Instant chicken noodle 36.0 9 13 

Spaghetti 10.3 9 11 

All bran flakes 3.2 9 9 

 

5.3.7 Limit of detection 

The LOD of the DAS-ELISA corresponds to 4 ng/mL Sigma gliadin standard in 

PBS, equivalent to 0.8 μg/g sample (0.8 ppm), considering sample dilution factor of 200. 

At lower concentrations a reproducibility and repeatability of gliadin content was not 

validated. 

 

5.4 Discussion 

Celiac disease is an autoimmune disease of the small intestine caused by the 

ingestion of gluten proteins from widely prevalent food sources such as wheat, rye, and 

barley. In many human leukocyte antigen (HLA) DQ2 (or DQ8)–positive individuals, 

exposure of the small intestine to gluten induces an inflammatory response, leading to 

destruction of the villous structure of the intestine 
13

. The ingestion of gliadin causes 

malabsorption syndrome 
14

, clinical symptoms of an autoimmune attack 
15

, and skin 

reactions 
16

. Among gliadin peptides, a 33-mer peptide from α-gliadin was responsible 

for initiation of the inflammatory response for CD patients 
17

. In this study we 

developed heterosandwich ELISA with the use of both mouse mAb and chicken IgY for 

the achievement of a highly sensitive detection system for gluten in foods, targeting the 

gliadin antigen. The toxic gliadin is highly immunogenic to chickens and induces the 

production of greatly specific anti-gliadin IgY in the yolk. The IgY antibodies present 
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2% in egg yolk, indicating that the rest of the component includes α and β-livetins, 

lipoproteins and fatty acid molecules, which could reduce the sensitivity of ELISA. To 

accomplish this, highly purified egg yolk IgY was obtained by elimination of fat and 

other proteins and used as a reagent for western-blot assay and DAS-ELIA.  

In our previous study, the IgY base qualitative Immunoswab assay developed 

was as sensitive as 1.25 μg/mL, which was obtained from 60% ethanol solution. In this 

study, we targeted on the development of quantitative detection for gliadin in grains 

and gluten-free and contained processed foods by specific and sensitive DAS-ELISA. 

The ELISA was successfully used to quantify extracted gliadin, in both gliadin-spiked 

gluten free foods and in various commercial foods known to contain wheat gluten. The 

DAS-ELISA was constructed using purified polyclonal IgY as the capture antibody and 

biotin labeled mAb (HYB 314) as detecting antibody. The anti-gliadin IgY recognized 

α/β/γ-gliadin at 30-45 kDa and ω-gliadin at 39-55 kDa 
18, 19

. There are several reports 

regarding the proportion of specific IgY in total IgY when chickens were immunized 

with various antigens. The proportion of bovine proteoglycan-specific IgY in the total 

IgY was 9.0% 
20

. Similarly, the proportions of bovine and human lactoferrin-specific 

IgY in the total IgY were 8.7% and 9.2%, respectively 
11

.
 
In this study, our results 

showed 7.9% of the specific anti-gliadin IgY concentration in total IgY by quantitative 

ELISA. The use of purified specific anti-gliadin IgY antibody could have resulted in 

higher specificity by maximizing the detection of gliadin in complex food matrixes. A 

single mAb based ELISA has the drawback that it may not detect altered or destroyed 

epitopes during the food processing. This remains to be evaluated for gliadin, but in 

general, it is accepted that the combination of mAb and polyclonal antibody is 

favorable for gliadin analysis and resulted in higher specificity. The observed cross-

reactions of anti-gliadin IgY antibody by indirect ELISA are obviously due to similar 

epitopes on the different four grains, which are highly found in barley hordein and less 

in rye secalin and oat avenin. Western blot analysis using the anti-gliadin IgY antibody 

was performed to confirm the ELISA data. The possibility of cross-reaction with other 

less commonly used grass family, sorghum, millet, wild rice, etc., cannot be excluded 

and remain to be examined. A rabbit polyclonal IgG antibody used to detect wheat 

gliadin cross-reacted with oat, rice and maize prolamins 
21

. On the other hand, the 

specificity of the mAb was also tested against four grains by ELISA and western blot 

assay (data not shown). The mAb (HYB 314) used in this study recognizes residue p58-

73 (LQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF) of 33-mer peptide of 
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prolamins from wheat, barley and rye in the range of 34-38 kDa, demonstrating no 

cross-reaction to oat avenin. PN3 
6
,
 
CDC5 

8
, and G12 

9
, mAbs react with prolamins in 

wheat, barley, rye and oat, whereas R5 reacts with prolamins from wheat, barley and 

rye only 
7
. 

The key parameters and characteristics of the DAS-ELISA were further 

subjected to in-house validation. The accuracy of the method was studied with recovery 

experiments, by adding varying amounts of Sigma gliadin standard to three different 

blank gluten-free food matrixes such as bread, pasta and rice cake. The variances were 

highest at the lowest amounts of spiked Sigma gliadin (1 µg/g), probably because of 

poor sample homogeneity at this low level. The recovery of Sigma gliadin in matrixes 

was almost complete at higher dose of Sigma (100 µg/g), whereas it was reduced by 

15% from lowest amount of spiked Sigma gliadin. The results agree with the common 

assumption that food matrix components may interfere with either the extraction or the 

immunoassay procedures leading to suboptimal recovery rates. A full validation of the 

extraction procedure remains to be performed. The recovery of the gliadin in DAS-

ELISA was considered to be satisfactory. The intra-assay and inter-assay precision 

results for DAS-ELISA were obtained from gliadin contents of six relevant gliadin-

containing wheat grain based foods, ranging from 3.2-36.0 ppm. The repeatability of 

the DAS-ELISA as measured by intra-assay precision was 7.25%, and the 

reproducibility as measured by interassay precision was 9.51%. The performance of the 

present DAS-ELISA is 0.8 ppm gliadin in terms of sensitivity, which is lower than the 

US Food and Drug Administration limit (August 2011) of <20 ppm gluten (equivalent 

to 10 ppm gliadin) for gluten-free foods. The three Canadian gluten-free labeled 

products quantified, containing less than 10 ppm gliadin, met the proposed FDA rule 

for gluten-free labelling. The developed DAS-ELISA showed less sensitivity to detect 

gliadin in foods compared to other ELISA systems. For instance, mAb to the α-gliadin 

motifs QQQPFP of 33-mer shows a LOD of 1.56 ppm gliadin 
7
.
 
Competitive ELISA 

systems using PN3 mAb antibody showed LOD of 1.2 ppm gliadin 
22

.
 
Whereas 

homosandwich ELISA using mAb as both capture and detection antibodies may not 

detect hydrolyzed gliadin in processed foods due to single targeting of the gliadin 

fractions, heterosandwich ELISA with polyclonal antibody and mAb detected the 

gliadin at LOD of 3.3 - 15 ng/mL 
23, 24

. In this study we have significantly lowered the 

detection limit to 0.8 ppm, which should allow detection of trace amount of gliadin in 

various foods including gluten-free foods by using a combination of IgY and mAb.  
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The DAS-ELISA for the quantification of gliadin in foods was developed using 

anti-gliadin IgY as a capture antibody and biotinylated mAb (HYB 314) as a detection 

antibody. It is capable to detect trace amounts of gliadin as low as 0.8 ppm in food. The 

use of IgY as a capture antibody reduces the cost as compared to mAb coated on 

ELISA plates. Therefore, the combination of anti-gliadin IgY and biotinylated mAb 

(HYB 314) provides a broad range of detection, increases sensitivity, and reduces cost 

of reagents used in the detection system, making it suitable for the use as a quality 

control tool in laboratories, food manufacturing industries and by regulatory agencies to 

perform detection of gliadin in both gluten-free and gluten-contained food products.  
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CHAPTER 6: Qualitative detection of gliadin in food: Rapid Immunoswab and 

Immunostrip assays 
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6.1 Introduction 

Celiac disease (CD) individuals have loss of villous structure in their proximal 

small intestine mucosa upon consumption of gluten. Destruction of the villi, hinders the 

absorption of nutrients from food into the bloodstream, leading to malabsorption 

syndrome. The only practical treatment so far is to avoid all foods that contain wheat, rye, 

barley and possibly oats 
1
. 

As every CD individual has different tolerance levels to gluten ingestion, a safe 

daily intake of gluten cannot be set. Thus, a testing system for identifying wheat gliadin 

(as well as the other cereal prolamins) in a gluten-free diet is needed to ensure a safe diet 

for CD patients who present a broad range of sensitivity to gluten intake, with clinical 

manifestations to minimal amounts of gliadin reported 
2
.  

The European Union, World Health Organization and Codex Alimentarius 

(Revised Standards for gluten-free foods In Report of 25th Session of the Codex 

Committee on Nutrition and Foods for Special Dietary Uses, 2003) require reliable 

measurement of gliadin, rather than all wheat-derived proteins, which include albumins, 

globulins and starch granule proteins.  The official limits described in the Codex Draft 

Revised Standard (2000) are 20 ppm for foodstuffs naturally gluten-free and 200 ppm for 

foodstuffs rendered gluten-free. As part of the Food Allergen Labeling and Consumer 

Protection Act of 2004, the US Food and Drug Administration issued a final rule in 2009, 

defining a gluten-free food for the food containing < 20 ppm gluten 
3
.
 
 

Immunochemical tests are reliable for the detection of gliadin in food since they 

provide specific, sensitive recognition of gliadin, based on mammalian polyclonal and 

monoclonal antibodies. Accordingly, many immunoassays were developed for gliadin 

detection based on antibody and antigen interaction such as Enzyme Linked 

Immunoassay (ELISA) 
3-8

, and competitive ELISA methods 
9-12

.   

While mammalian antibodies against gliadin are extensively used in 

immunoassays, chicken egg yolk antibodies (IgY) are very attractive and economical for 

the development of immunological test systems. Immunized hens transfer high amount of 

IgY (200 mg) into their eggs, which can then be non-invasively obtained by simple 

collection methods 
13

. However, there is no report on the immunization of chickens with 

gliadin peptides although chickens can produce more specific antibodies against gliadin 

than mammalian species.  

This study was therefore undertaken to examine the use of antibodies raised in 

the chicken as a reagent to detect gliadin based on immunoassay technique. In this study 
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the chicken IgY antibody was used for the development of Immunoswab and 

Immunostrip assays using IgY as a capture antibody and /or detection antibody. The new 

detection systems were then evaluated for their reliability and sensitivity for a gluten 

intolerance health purpose.  

 

6.2 Materials and methods 

6.2.1 Materials 

Crude Sigma gliadin (G-3375), Freund's incomplete adjuvant, purified chicken 

IgG, rabbit anti-chicken IgG and rabbit anti-chicken IgG conjugated with horseradish 

peroxidase (HP), tetrachloroauric acid (gold chloride) were purchased from Sigma (St. 

Louis, MO, USA). HYB-314 monoclonal antibody and chicken anti-mouse IgG 

conjugated with HP were purchased from Thermo Fisher Scientific Canada (Burlington, 

Ontario, Canada). Blue dextran was purchased from Pharmacia Biotech Inc., (Baie-d'Urfe, 

QC, Canada). Tetramethylbenzidine (TMB) and 2-2’-azino-bis (3-ethylbenzthiazoline-6-

sulfonic acid) (ABTS) substrates were purchased from KPL (Frederick, MD, USA). Bio-

Rad protein assay kit was purchased from Bio-Rad Laboratory (Mississauga, ON, CA). 

Sephacryl S-300 gel filtration column and CNBr-activated Sepharose 4B were purchased 

from GE Healthcare Bio-Sciences Corp (Piscataway, NJ, USA). Microtiter 96-wells 

plates were purchased from Costar Inc. (Cambridge, MA, USA). The ELISA Vmax kinetic 

microplate reader was obtained from Molecular Devices Corp (Sunnyvale, CA, USA).   

 

6.2.2 Preparation of antigen 

The isolation of gliadin was performed according to the method previously 

described 
14

. Briefly, ten grams of crude Sigma gliadin were defatted with butanol under 

stirring condition for 1 hr. After centrifugation (5000 rpm for 15 min), the residual 

solvent was removed by evaporation in a vacuum drier at room temperature. The step was 

repeated once. Albumins and globulins were extracted three times with 40 mL of 0.4 M 

NaCl from the defatted crude Sigma gliadin. The suspension was stirred for 20 min, 

centrifuged (4,500 rpm) for 30 min at room temperature, and subjected to gliadin 

extraction  twice with 40 mL 60% (v/v) aqueous ethanol from the sediment. One mg of 

purified gliadin was diluted to 10 mL with deionized water. The solutions containing 

purified gliadin were then analyzed for protein content by the method of Bio-rad protein 
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assay with bovine serum albumin (BSA) as a standard at the absorbance of 595 nm. This 

extracted gliadin was used for the immunization of chickens and further studies. 

 

6.2.3 Immunization of chickens 

Laying hens were handled in accordance with the guidelines of animal welfare of 

the Canadian Council on Animal Care approved by the Animal Care and use Committee 

of University of Alberta (Protocol Number 098/10/10). Sigma gliadin (200 µg/mL 

protein) was suspended in sterilize phosphate buffered saline (PBS, pH 7.2) and 

emulsified with an equal volume of Freund’s incomplete adjuvant. Eight 23-weeks-old 

Single Comb White Leghorn chickens were intramuscularly injected with the emulsified 

saline, with or without gliadin at four different sites (0.25 mL per site) in the breast 

muscles (two sites per left and right breast muscle). A booster immunization was given 

after two weeks and four weeks of the initial immunization. Eggs were collected daily 

and stored at 4 ºC until the extraction of the antibodies. 

 

6.2.4 Purification of IgY antibody 

Polyclonal egg yolk IgY against the purified gliadin was produced in laying hens 

during the immunization period. The egg yolk was physically separated from the egg 

white and first mixed gently with 8 volumes of cold distilled water (acidified with 0.1 M 

HCl to give pH 4.0) to avoid possible disruptions of egg yolk granules due to the 

presence of high concentrations of acid. Cold acidified distilled water (pH 2.0) was then 

added to make the final dilution of 1:10. After mixing well, the mixture was adjusted to a 

pH 5.0 to 5.2 and incubated at 4 °C for 12 hr. The water soluble fraction (WSF) was 

obtained by centrifugation at 3,125 × g at 4 °C for 20 min. The supernatant was collected 

as the IgY rich WSF and titrated by indirect ELISA (mentioned below) using gliadin as a 

coating antigen.  

The IgY of high titre was further purified by ammonium sulfate precipitation 

(60%) followed by Sephacryl S-300 gel chromatography. A portion (1 mL containing 10 

mg protein) of water soluble fraction was fractionated by using a 1.0 × 110 cm column of 

Sephacryl S-300 which was equilibrated and eluted with phosphate buffered saline (PBS, 

0.15 M NaCl, 0.0027 M KCl, 0.0081 M disodium phosphate, and 0.0015 M 

monopotassium phosphate, pH 7.2) at a flow rate of 3 mL/hr. Blue dextran and titrated 

water were used to determine void volume (Vo) and total volume (Vt) of the column, 

respectively. The partition coefficient was calculated from the formula: Kav = (Ve-Vo) / 
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(Vt-Vo), in which Ve represents the volume of the peak fraction. The eluates (1 mL) were 

analyzed for protein at 280 nm absorbance and IgY activity by ELISA. The eluates of 

IgY were pooled, freeze-dried, and analyzed for protein content, total IgY, and specific 

IgY. All chromatography data presented in this report represent the average of 3 

experiments.  

The fraction containing 180 kDa was verified by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) using 10% polyacrylamide gels under 

non-reducing conditions (50 mM Tris-HCl, pH 6.8, 2% SDS, 0.1% bromophenol blue, 

10% glycerol) and stained with Coomassie Brillant Blue. 

 

6.2.5 Indirect ELISA for anti-gliadin IgY quantification 

Microtiter plates were coated with 100 µL of gliadin (10 µg/mL of 60% ethanol) 

and incubated at 37 °C for 1 hr. The plates were then washed four times with PBS 

containing 0.05% Tween 20 (PBS-T), filled with 120 µL of 3% BSA solution (w/v) in 

PBS-T for each well, and incubated at 37 °C for 45 min. The BSA solution was then 

discarded and the wells were washed four times with PBS-T. To each well, 100 µL of 

WSF (diluted 1:1,000 in PBS-T) or column fraction (diluted 1:1,000 in PBS-T) was 

added as a specific IgY, and non-specific IgY as a control prior to incubating at 37 °C for 

1 hr. After washing the plates with PBS-T for four times, 100 µL of rabbit anti-chicken 

IgY conjugated with HP (diluted 1:5,000 in PBS-T) was added to incubate at 37 °C for 90 

min. The plates were then washed again four times with PBS-T to receive 100 µL of 

freshly prepared substrate solution, ABTS in 0.05 M phosphate citrate buffer (pH 5.0) 

containing 30% hydrogen peroxide. Optical density reading at 405 nm (OD 405) was 

taken after 30 min using an ELISA Vmax kinetic microplate reader. The ELISA value of 

antibody activity was determined by subtracting the value of the control antibody from 

that of specific antibody. 

 

6.2.6 Isolation of anti-gliadin IgY  

The enzymatic digestion of gliadin was carried out essentially as described by 

Bronstein et al 
15

. One gram of gliadin was dissolved in 10.0 mL 0.1 mol/L HCl, 20 mg 

pepsin was added and after digestion (2 hr, 37 °C) pH was adjusted to 8-0 by 5.0 mol/L 

NaOH. The gliadin was then further digested with 20 mg trypsin (4 hr, 37 °C) at constant 

stirring. Inactivation of trypsin was achieved by heating (90 °C, three minutes). Insoluble 
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material was removed by centrifugation (10,000 x g, 30 minutes). The PT-gliadin was 

prepared within 24 hr before use and kept at room temperature. 

One gram of sepharose is pretreated and washed several times with 200 mL 1 mM 

HCl for 15 min on a sintered glass filter (porosity G3). A total amount of 15 mg protein 

(PT-gliadin dialysed for 16 hr at 4 °C against the coupling buffer (0.1 M NaHCO3 (pH 

8.3), 0.5 M NaCl) was coupled to the pretreated CNBr-activated Sepharose 4B resin in 5 

mL coupling buffer by gentle mixing for 1 hr at RT or overnight at 4 
o
C, then washed 

away excess ligands with 25 mL of coupling buffer. The remaining active groups are 

blocked with 0.1 M Tris pH 8.0, let it stand for 2 hr, and then washed 3 times with acid 

and base alternating pH: 0.1 M NaAc (pH 4.0), 0.5 M NaCl and 0.1M Tris (pH 8.0), 0.5 

M NaCl. After washing the beads with 10 mL PBS, the freeze dried IgY fraction from gel 

chromatography was dissolved in 5 mL PBS at 5 mg/mL concentration, filtered through 

0.22 µm, added to the beads and rolled overnight at 4 ºC. The beads are washed with 10 

mL PBS and packed in a 1.5 cm x 1.3 cm column and carefully washed with a 50 

mmol/L Tris/HCl (pH 8.0), 0.15 mol/L NaCl buffer. The antibody is eluted with 0.1 M 

glycine pH 2.4 in 1 mL fractions, immediately added to 30 µL 3 M Tris pH 8.8 and 20 µL 

5 M NaCl. The IgY fractions containing reactivity against PT-gliadin were pooled and 

stored at 4 °C after the addition of sodium azide. The final IgY concentration was 

determined spectrophotometrically from the absorbance at 280 mm. 

 

6.2.7 Preparation of bread sample stock solution 

Wheat bread (1 gram) was blended in a food blender with 500 mL of 60% 

ethanol for 5 min at room temperature. The mixtures were centrifuged for 10 min at 2,500 

× g at room temperature. One mL of the supernatant was serially diluted with PBS and 

60% ethanol into eppendorf tubes for DAS-ELISA and Immunoswab assay, respectively. 

 

6.2.8 Double antibody sandwich ELISA for gliadin detection 

Unless indicated otherwise, all incubations were performed at 37 °C with four 

times washing by PBS-T in each step. The assay was carried out with the purified 

gliadin-specific IgY as a capture antibody and gliadin-specific mAb HYB-314 as a 

detection antibody. The mAb was raised against a synthetic peptide corresponding to 

residues KLQPFPQPELPYPQPQ of alpha gliadin peptide (58-73). Wells were coated 

with 100 µL of gliadin-specific IgY (100 µg/well) in PBS at 4 °C overnight. Nonspecific 

binding sites were blocked with 120 µL of 5% BSA for 45 min. The 100 µg of purified 
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gliadin was dissolved in 1 mL of 60% ethanol. One hundred µL aliquot of each serially 

diluted sample (1.28 µg – 0.625 ng) in PBS was added to triplicate wells and incubated at 

room temperature for 1 hr. Then, 100 µL of gliadin specific mAb (diluted 1:2,000 in 

PBS-T) was added to each well and incubated at 37 °C for 1 hr. After washing, 100 µL of 

chicken anti-mouse IgG conjugated with HP (diluted 1:5,000 in PBS-T) was added to 

each well and incubated at 37 °C for 1 hr. Finally each well was incubated with 100 µL 

of freshly prepared TMB peroxidase substrate for 5 min at room temperature. Optical 

density reading at 650 nm was taken by an ELISA Vmax kinetic microplate reader. The 

ELISA value of antibody activity was determined by subtracting the value of the control 

antibody from that of specific antibody.  

 

6.2.9 Assay quality control 

Within-plate and between-plate precision profiles were constructed using, 

respectively, six replicate standard curves on one plate, and six replicate plates, each with 

triplicate standard curves. The performance of assay has been evaluated by precision 

studies determining the coefficient of variation. 

 

6.2.10 Immunoswab assay for gliadin detection 

Different concentrations of gliadin antigens were spiked in 60% ethanol and 

aliquoted in eppendorf tubes (50 µL). The tagged calgiswab was mixed with 50 µL of 

gliadin specific IgY capture antibody (100 µg/mL) in PBS pH 7.4 to incubate and dried 

for 10 and 5 min, respectively, at room temperature. The mixture was then fixed with 50 

µL of 95% ethanol for 1 min and dried for 5 min at room temperature. Swabs were then 

blocked with 5% BSA (50 µL) for 10 min at room temperature and washed with PBS 

(0.05% BSA) at pH 7.4 for 5 times by simple fill and aspiration steps in a test tube. The 

washed swabs were then incubated for 5 min with different concentrations of gliadin 

antigen spiked in ethanol solution (60%). The swabs were then incubated with gliadin 

specific mAb antibody (HYB 314) (10 µg/mL) for 5 min in a separate eppendorf tube (50 

µL) at room temperature. The detection of the chicken IgY bound to antigen was 

conducted by incubating the swabs in 50 µL of chicken anti-mouse IgG-HP (1:5,000 

diluted in 1% BSA) for 5 min at room temperature. The swabs were then carefully 

washed as described above and incubated with 50 µL of TMB substrate for color 

development. Control swabs were also incubated at the same time in PBS solution. 

Between steps, swabs were washed with PBS for 5 min. A digital camera with high pixel 
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size and optical zoom was used to capture images of the blue color with and without 

eppendorf tubes. 

 

6.2.11 Colloidal gold IgY preparation 

A 10 mL solution of 0.01% tetrachloroauric acid (gold chloride) in Milli-Q water 

was brought to boiling on a hot plate. A 0.2 mL sodium citrate solution (1%, w/v) was 

rapidly added to the boiling gold chloride solution and allowed to boil for 10 min until it 

developed a typical bright wine red color of colloidal gold, stirred continually and 

allowed to cool down gradually. The pH of the colloidal gold solution was maintained at 

7.4 by addition of dilute 10mM Na2CO3 and storage at 4 °C in a dark-colored glass bottle 

until used. A 10 mL of colloidal gold solution is then stirred with 2.5 mL anti-gliadin IgY 

antibody (4 mg/mL) for 30 min with slow stirring. A 1% (wt/vol) BSA was added to 

block excess reactivity of the gold colloid, stirred for 30 min, incubated for 1 hr at RT, 

followed by centrifugation at 12,000 rpm for 30 min to remove unconjugated antibody 

from the solution. The pellets obtained were washed three times with 10mM Tris (pH 

8.0) containing 1% BSA under centrifugation at 10,000 rpm for 30 min to remove traces 

of unconjugated antibody. The pellets were then resuspended in 2 mL of 10% sucrose, 

1% BSA, and 0.05% sodium azide in phosphate buffer (pH 7.4). The gold immunoprobe 

was stored at 4 °C for the further use. 

 

6.2.12 Immunostrip preparation 

Nitrocellulose (NC) paper was cut into strips of 3 mm x 50 mm and marked for 

lines C, T and G, as shown in Figure 6-1. A 2 μL/ line of 1 μg/mL gliadin specific mAb 

(HYB 314) and 100 μg/mL rabbit anti-chicken IgG (1:100) in PBS was dispensed along 

line T and line C on the NC membrane, respectively. The antibodies were then fixed with 2 

μL ethanol. The nitrocellulose strips are left to dry at for 30 min at 37 
o
C. The remaining 

part of NC membrane was then blocked with a mixture of 5% BSA, 5% sucrose and 5% 

PVP in PBS (pH 7.4) for 1 hr at RT, then incubated for 30 min at 37 
o
C. A 2 μL/ line of 

IgY-immunogold conjugate was then applied to the G line and incubated for 30 min. The 

immunostrip is ready to use and dipped into samples dissolved in 40% ethanol below line 

G. 
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Figure 6-1 Nitrocellulose paper marked with positions: C, control line; T, test line; G, 

immunogold line 

 

6.2.13 Preparation of bread sample stock solution 

Wheat bread (1 g) was blended in a food blender with 500 mL of 60% ethanol for 

5 min at room temperature. The mixtures were centrifuged for 10 min at 2,500 × g at 

room temperature. One mL of the supernatant was serially diluted with 60% ethanol and 

40% ethanol into eppendorf tubes for Immunoswab and Immunostrip assays, 

respectively. 

 

6.3 Results 

6.3.1 IgY antibody production 

The changes of anti-gliadin antibody activity in the egg yolk from chickens 

hyperimmunized with gliadin peptides were determined by indirect ELISA (Figure 6-2). 

The activity of anti-gliadin IgY was detected on day 0, rapidly increased (p < 0.05) at 

week 2, and reached to the highest level at week 8 with a gradual reduction, thereafter.  

C 

 

T 

 

 

G 
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The total IgY concentration in the egg yolk was fairly constant (9.2 ± 1.5 mg/mL) 

in the chickens hyperimmunized with gliadin during the whole experimental period. 

However, both protein and total IgY concentrations in the eggs of 4 – 10 weeks of 

immunization were similar regardless of the immunization. The titre of gliadin specific 

IgY pooled from egg yolks was 0.982  0.045 OD. The titre is higher in the gliadin 

immunized chickens than in the non-immunized chickens (p < 0.05) shown at 0.078  

0.005 OD. In comparison, immunized chickens produced specific anti-gluten protein IgY 

that was approximately 13.6 times higher than that obtained from non-immunized 

chickens. The presence of specific IgY against gliadin in non-immunized chicken is 

expected from the commercial feed containing wheat grain as one of major feed 

ingredients in Canada.  

 

 

Figure 6-2 Specific IgY antibody ELISA values in the egg yolk from chickens 

immunized with Sigma gliadin (200 µg/mL
 
protein) in PBS, emulsified with Freund’s 

incomplete adjuvant. Booster immunizations were given at 2 and 4 weeks after the initial 

immunization. Values are the mean of quadruple samples, with vertical bars indicating 

the standard deviation.  
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6.3.2 Purification of IgY antibody 

For the development of the sensitive DAS-ELISA and Immunoswab assay in this 

study, crude IgY fractions from immunized hens were further purified by ammonium 

sulfate (60%) and Sephacryl S-300 gel chromatography. Both elution profile and ELISA 

values (OD 405 nm) of the IgY were determined (Figure 6-3). The peak fractions with 

molecular weight of 180 kDa at Kav 0.16 - 0.24 were pooled and then lyophilized for 

further uses. SDS-PAGE showed that the purity of IgY (180 kDa) at the peak of fractions 

was > 90% by electrophoresis (Figure 6-3).  

 

 

Figure 6-3 The properties of water soluble egg yolk (absorbance at 280 nm) and IgY 

activity (ELISA) following fractionation by Sephacryl S-300 chromatography. Flow rate: 

3 mL/hr, Column: 1.0 × 110 cm.  The IgY fraction containing 180 kDa was verified by 

SDS-PAGE. 
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6.3.3 Double antibody sandwich ELISA for gliadin detection 

The sandwich ELISA is a common enzyme immunoassay for the detection of 

certain proteins. In this study, the specificity and detection limit of DAS-ELISA were 

tested using anti-gliadin IgY and mAb (HYB-314) as capture and detection antibodies, 

respectively. For the test, different amounts (200-20 µg/well) of the IgY was coated on 

the plate and various dilutions (1:100-1:2,000) of mAb (HYB-314) was added and 

incubated at different times and temperatures. The pre-condition results aid in the 

development of the DAS-ELISA. The DAS-ELISA showed that the gliadin was detected 

as low as 5 ng/mL (Figure 6-4A) and the detectable range in the standard curve was 

between 10 and 80 ng/mL (Figure 6-4B). The low detection limit (10 ng/mL) could 

identify food samples containing as low as 1 mg gliadin per 100 g dry food, which is 

equivalent to 10 ppm of gliadin when diluted to 1:1,000 ratio.  

To determine the reproducibility of the DAS-ELISA, the validity was examined 

further by precision testing. The intra- and inter-assay coefficient variations were 7.2% 

and 9.8%, respectively when they were evaluated by replicate measurements (n=6) of 

serially diluted gliadin fractions on a microtiter plate.  



180 

 

 

 

Figure 6-4 Standard curve of DAS-ELISA for (A) the detection limit of 5 ng/mL of 

gliadin and; (B) the working linear range at 10 - 80 ng/mL of gliadin. Vertical bars 

indicate standard deviation. Straight line indicates the linear fit “y = 0.006x + 0.201, R
2
 = 

0.99”.  
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Three bread samples were quantified with the DAS-ELISA for gliadin contents at 

dilutions of 1:512 to 1:8,192 from the stock sample preparation. Gliadin contents 

calculated based on reference to the standard curve, ranged from 23.65  8.29 to 31.95  

5.96 mg/g of bread samples (Table 6-1), demonstrating 2.4-3.2% gliadin contents in these 

bread samples. Three gluten-free labelled samples were also quantified with the DAS-

ELISA for gliadin contents at dilutions of 1:32 to 1:512 from the stock sample 

preparation. The gliadin content in the gluten-free products was determined to be lower 

than the limit of detection (5 ppm) of the DAS-ELISA developed.  

 

Table 6-1 Gliadin contents in bread samples at dilutions of 1:512 to 1:8,192 in PBS from 

the stock sample preparation by DAS-ELISA (ng/mL; mean ± SD).  

 

Samples 

Dilutions 

1:512 1:1,024 1:2,048 1:4,096 1:8,192 

Bread 1 96.2  4.34 54.9  9.33 31.2  5.96 13.2  5.48 n/a 

Bread 2 113.6  10.24 60.4  11.70 29.4  6.87 11.3  9.54 6.9  4.93 

Bread 3 92.4  8.29 57.2  7.94 26.8  5.72 12.8  3.22 n/a 

Note: n/a, OD value is out of range of standard curve. 

 

6.3.4 Immunoswab assay 

The development of antibody-based Immunoswab assay (Figure 6-5) involved 3 

main steps: 1) sample application to the capture antibody (chicken egg yolk IgY) in 

coating swabs, 2) recognition of the captured gliadin by the detection antibody 

(monoclonal anti-gliadin IgG, HYB314-01), and 3) initiation of color reaction to the HP-

labeled mAb (chicken anti-mouse IgG). The time required to perform the assay with both 

themonoclonal and polyclonal antibody was approximately 30 min excluding the time of 

coating IgY and blocking with BSA.  The detection limit of Immunoswab was 1.25 

µg/mL. The control swab without gliadin antigen showed no color in all the assays while 

the color intensity developed reflects the amount of gliadin present in the samples tested. 
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Figure 6-5 Immunoswab assay for detection of gliadin diluted in 60% ethanol (0.625 – 

80 μg/mL). Increased intensity of swab color observed with increasing gliadin 

concentration (from left to right) with the control swab (left side) tested in the absence of 

antigen. 

Three bread samples were tested with the developed Immunoswab assay for 

detecting gliadin at dilutions of 1:2 to 1:32 from the stock sample preparation. Gliadin 

was detected in the assay and expressed by positive gliadin (+) (Table 6-2). 

 

Table 6-2 Gliadin detection in bread samples at dilutions of 1:2 to 1:128 from the stock 

sample preparation in 60% ethanol by Immunoswab assay.  

 

Samples 

Dilutions 

1:2 1:4 1:8 1:16 1:32 1:64 1:128 

Bread 1 + + + + + - - 

Bread 2 + + + + + + - 

Bread 3 + + + + + - - 

 

Note: +, Positive gliadin; -, Negative gliadin 

 

µg/mL 
μg/mL 
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6.3.5 Immunostrip assay 

The sensitivity of the test strip was determined by testing the sigma gliadin 

standard samples. The standards were prepared by dilution of the gliadin stock solution (1 

mg/mL) with the 40% ethanol to reach the final concentrations of 0.05, 0.1, 0.25, 0.5, 1, 

5, 10, 25, 50, 100 μg/mL. These standard samples were thereafter examined and judged 

by quantitative measurement of gliadin. The gliadin concentration was less than 0.1 

μg/mL, if one band was visible as control line; and more than 0.25 μg/mL if two lines 

(test line and control line) were visible. For a gliadin concentration more than 100 μg/mL 

no band was observed at the test line (Figure 6-6). 

 

 

 

Figure 6-6 Test results of working standards with different concentrations of gliadin in 

40% ethanol using Immunostrips [(A) < 0.1 μg/mL; (B) 0.25 - 100 μg/mL; (C) ≥ 100 

μg/mL].  
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The potential cross-reactivity with common grains was evaluated using wheat, 

barley, rye, oat, and rice flour. At appropriate dilutions the Immunostrip presents two 

bands (test and control) for all grains except for rice (Table 6-3)  

 

Table 6-3 Gliadin detection in flour samples at appropriate dilutions from the stock 

sample preparation in 40% ethanol by Immunostrip assay. 

 

Samples Dilutions 

 1:5 1:10 1:20 1:40 1:80 1:160 1:320 

Wheat + + + + + - - 

Barley + + + + + + - 

Rye + + + +  - - 

Oat + + - - - - - 

Rice - - - - - - - 

Note: +, positive; -, negative 

 

6.4 Discussions 

Among gliadin peptides, a 33-mer peptide from α-gliadin was responsible for 

initiation of the inflammatory response for CD patients 
16

. The development of 

immunoassays with chicken IgY could be a useful tool to detect gliadin in foods, the 

celiac disease protein. The gliadin is highly immunogenic to chickens and induces the 

production of greatly specific IgY in the yolk, from which the antibody can be partially 

purified by a simple dilution method 
17

. In this study, highly purified egg yolk anti-gliadin 

IgY was obtained and used as a reagent for both Immunoswab and Immunostrip assays.  

There are several reports regarding the proportion of specific antibody in total IgY when 

chickens were immunized with various antigens. The proportion of bovine proteoglycan-

specific IgY in the total egg yolk IgY was 9.0% 
18

. The percentage of specific IgY in total 

IgY from egg yolks ranged from approximately 7 to 16% against whole bacteria Fl cells 

including Salmonella enteritidis, Salmonella typhimurium 
19

, E. coli O157:H7 
20

, E. coli 

987P 
21

, and Clostridium perfringens 
22

. The percentage of specific antibody in total IgY 

ranged from 5 (anti-insulin antibody) to 28% (anti-mouse IgG antibody) 
23

. Our results 

showed 7.9% of the gliadin-specific IgY concentration in total IgY determined by the 

quantitative ELISA as previously reported 
20

.  
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The DAS-ELISA based Immunoswab and Immunostrip has been developed, 

comprising of capture and detection antibodies with high specificity due to the sandwich 

reaction of antibodies with an antigen. In some studies using mAb as both capturing and 

detecting antibodies, the detection of the gliadin is often poor due to single epitope 

targeting. For example, a homosandwich ELISA using a mAb to the α-gliadin 33-mer has 

a detection limit of 100 ng/mL gliadin 
3
, while the limit of hetero sandwich ELISA, with 

polyclonal antibody, was 15 ng/mL 
4
. In the recent reports, using PN3 mAb antibody as 

competitive assays showed the detection limit of 1.2 ppm for Sigma gliadin 
9
. The single 

antibody sandwich ELISA based on R5 mAb as both coating and detecting Ab showed 

the detection limit of 1.56 ppm gliadin 
8
. 

Since IgY based DAS-ELISA showed the similar detection limit of gliadin 

ranged from 5 ng in our preliminary study, the specificity of IgY described here makes it 

well suited for simple and rapid determination of gliadin in foods. There is a growing 

desire for new gliadin assay that is easy to use and accessible on site compared to the 

cumbersome ELISA. Immunoswab and Immunostrip are faster and more cost-effective 

options in screening as compared to the traditional ELISA, requiring specific instruments 

such as microplate reader and washer.  

The Immunoswab assay, developed with the IgY as coating antibody and HYB 

314 as detection antibody showed the detection limit of 1.25 µg/mL. When tested with 

breads after diluting with 60% ethanol, the gliadin contents from 21.76 to 0.34 µg/mL. In 

Table 5.1, the presence of gliadin is expressed as positive gliadin (+) Immunoswabs for 

dilutions 1:2 to 1:32 (equivalent to 21.76 to 1.36 µg/mL by previously developed DAS-

ELISA), which complies with the detection limit of the Immunoswab mentioned earlier.  

The Immunostrip assay, developed with the HYB 314 as the coating antibody and IgY as 

the detection antibody showed the detection limit of 0.25 µg/mL. When tested with 

different types of flours after diluting with 40% ethanol, the gliadin contents from 89.09 

to 0.54 µg/mL show positive results (2 visible bands). In Table 5.2, the presence of 

gliadin is expressed as positive gliadin (+) on the Immunostrip at their appropriate 

dilutions, which complies with the detection limit of the Immunostrip mentioned earlier. 

The Immunostrip showed no cross-reactivity with non-gliadin proteins.  

The two detection systems (Immunoswab and Immunostrip) were developed with 

the combination of highly specific IgY antibody and mAb against gliadin. Since IgY can 

be simply produced in large quantity with a high titer, it was used to replace other sources 

of polyclonal antibodies or monoclonal antibodies which were conventionally used. IgY 
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egg yolk antibody can be an alternative antibody source of Immunoswab and 

Immunostrip by using as capturing or detecting reagent along with other mAbs (HYB, 

R5, PN3 or others) as capturing or detection antibody to effectively reduce the cost and 

limit of detection. Both, Immunoswab and Immunostrip detection systems have low 

detection limits of 1.25 µg/mL and 0.25 μg/mL, respectively, enabling gliadin detection 

in foods as well as foods rendered gluten free (1-200 ppm).  

Celiac patients and restaurants can use this detection system to test gliadin 

contamination in food in order to prevent immunogenic reaction to susceptible persons. 

Industries can also employ the use of this rapid test for quality assurance of raw material 

as well as for monitoring gluten contamination throughout the food processing. Although 

the detection limit of the both assays are greatly influenced by the types of foods, the 

method generally detects gliadin as low as 1 ppm or less in foods. 
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CHAPTER 7: General discussion, conclusions, and future directions 
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7.1 General discussion 

Recent findings estimate about 2 million of the population in North America have 

CD. CD is an autoimmune disorder in genetically susceptible individuals on gluten-

containing diet. Gluten is protein found in wheat, rye, barley, and in some patients, oats. 

In gluten-sensitive CD patients, gluten peptides (for example, gliadin a small proline-rich 

peptide from dietary gluten in wheat) readily enter intestinal cells, activate host T cell 

receptors, stimulate cytokine release/activity and trigger an inflammatory reaction. 

Consuming gluten causes an immunological reaction within the inner lining of the small 

intestine, which damages the tissues and results in impaired ability to absorb nutrients 

from foods. The inflammation and inability to absorb nutrients creates wide-ranging 

problems in many systems of the body including gastrointestinal problems, dermatitis 

herpetiformis, anemia and osteoporosis 
1
. To-date, there is no cure for CD. The only 

option for this group of individuals is a strict gluten-free diet (GFD) that must be 

followed for life. 

Several therapeutic approaches have been attempted to neutralize gliadin and/or 

prevent gliadin absorption which will lead to inhibition of the initial step of gliadin-

induced toxicity in CD individuals. ALV003, a mixture of glutenase and endoprotease 

was reported to hydrolyse toxic gliadin peptide 
2
. These enzymes may hydrolyse other 

peptides in the gastrointestinal tract (GIT) other than gliadin. Another therapeutic 

candidate being extensively studied is Larazotide which is used to prevention of toxic 

gliadin peptide absorption by inhibition of zonulin 
3
. 

 
This drug candidate inhibits the 

paracellular route of gliadin absorption through tight junctions, which is not the only 

mechanism of gliadin absorption. Indeed, gliadin may gain access to the mucosa through 

transcellular pathways in addition to paracellular route. Hence, this strategy might be best 

exploited in combination with other treatments to inhibit all routes of gliadin absorption. 

P(HEMA- co -SS) is another intersting polymer reported to attenuated gliadin-induced 

changes in permeability and inflammation 
4
. Further investigation of the mechanisms of 

action and its interaction with human tissues is required. All these therapeutic candidates 

are promising but still further studies are warranted. 

The realization of the use of antibody to neutralize toxins in the GIT gave rise to 

our laboratory to develop polyclonal egg yolk antibody to prevent CD manifestations 

induced by gastrointestinal absorption. Oral antibody passive immunotherapy may be of 

value due to the advantages of reduced cost, ease of administration, and potential to treat 

localized conditions in the GIT 
5
. Among antibodies, chicken egg yolk immunoglobulin 
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(IgY), is ideal for passive immunotherapy, as it may be readily obtained in large 

quantities from egg yolk, presenting a more cost-effective, convenient, and hygienic 

alternative to mammalian antibodies 
6
. Chickens can produce high titre of IgY against a 

wide range of proteins including highly conserved mammalian proteins which may not be 

as satisfactory as those produced in other experimental animals (mouse, rat, rabbit, horse, 

goat, etc.). In literature, IgY antibody has been proved to neutralize disease causing 

pathogens (i.e., Rotavirus 
7
, E. coli O157:H7 

8
, Salmonella enteritis 

9
, Clostridium 

perfringens 
10

) in the human GIT. In this context, we have recently explored a novel anti-

gliadin IgY as an alternative to treat CD.  

The main goal was to produce and formulate anti-gliadin IgY antibody 

formulation and to evaluate the potency and efficacy of anti-gliadin IgY as a CD 

alternative therapeutic agent in in vitro, ex vivo and in vivo systems. 

In the first part of this work (chapter 2), we have shown the methodology of 

production and purification of anti-gliadin IgY in egg yolks of hyperimmunized laying 

hens. Gliadin peptides are components of a human diet, but are found to be highly 

immunogenic in laying hens 
11

,
 
due to high phylogenetic differences between avian and 

mammalian species. In this study an IgY polyclonal antibody against wheat gliadin is 

produced as a universal antibody to neutralize all CD causing prolamins (wheat, rye, 

barley and possibly oat), due to its cross reactivity with these prolamins 
12

.  

Since there is no animal model reproducing all features of CD 
13

, a colon 

carcinoma cell line (Caco-2) was used evaluate anti-gliadin IgY efficacy. In chapter 3, we 

have reported for the first time the evaluation of the anti-gliadin IgY efficacy in a Caco-2 

cell culture system. Pepsin-trypsin treated gliadin (PT-gliadin) has been shown to trigger 

the production of pro-inflammatory cytokines (TNF-α and IL-1β), explained by the 

activation of pro-inflammatory pathways (NF-kB). NF-kB is known to be activated in 

small intestinal mucosa of CD patients 
14

, and gluten peptides have been shown to 

upregulate the expression of cytokines such as TNF-α 
15

 and IL-1β 
16

, related to the innate 

immune response. The presence of anti-gliadin IgY with intestinal digests of gliadin as 

low as (1:6,000) reduced the ability of gliadin peptides to activate TNF-α production, and 

completely abolished the IL-1β production. The latter is explained by inhibition of NF-kB 

(nuclear p65 subunit) induction due to the gliadin neutralization efficacy of anti-gliadin 

IgY.  
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To understand the mechanism by which anti-gliadin IgY is able to prevent the 

proinflammatory activity of gliadin peptide, it would be important to know if anti-gliadin 

IgY may inhibit the entrance of the gliadin peptide in the cell. In this regard, the 

penetration of gliadin peptide was evaluated in the presence or in the absence of anti-

gliadin IgY. Our results strongly suggest that anti-gliadin IgY is an inhibitor of gliadin 

absorption in the cell, measured by ELISA. 

In chapter 4, stability and efficacy of the formulations were determined. Spray 

drying was used to process the hyperimmunized egg yolks, as it is the most economical 

method for mass production of egg yolk powder. Since IgY as protein source is susceptible 

to heat denaturation during the spray drying process, several studies have proven the use of 

high concentration of sugar and chitosan protectants to improve or increase IgY stability 

against heat 
17, 18

. Our result shows that IgY is vulnerable to heat denaturation over 100 °C 

similar to a report of spray dried egg yolk with β-cyclodextrin at 100 °C inlet temperature 
19

, 

whereas
 

another report showed that IgY titre was very stable under spray-drying 

temperatures of 140 to 170 °C with 30% Eudragit L30D-55 as protectant 
20

. In this study, 

mannitol, sorbitol and MCCP at the concentration of 37.5% (on dry basis) significantly 

protected IgY from heat denaturation, while EYP (egg yolk powder) without protectants 

lost 25% of IgY activity. Another study of the IgG/mannitol spray dry powder indicated a 

change in the protein environment in the solid state, due to alterations of the polar 

environment of the peptide groups, which is totally regained upon redissolution 
21

. This 

protective effect of mannitol in the present study against heat denaturation may also be 

explained in the same manner as seen in lactose, by forming hydrogen bonds during the hot 

air spray drying process 
22

. 

Regarding long-term stability of antibody, there was a study performed with 

serum IgG with mannitol protection by spray drying that indicated an inhibition of 

aggregate formation in samples stored at 2–8 ºC for 52 weeks 
21

. In another study 
23

, 

sorbitol was used during the spray dry process which resulted in a glassy-matrix 

surrounding the antibodies due to its low glass transition temperature, maintaining the 

stability of IgG in its dry state. These studies were focused on the physical properties of 

IgG and not the actual antibody activity during the storage condition. In this study, IgY 

antibody content was determined during the 78 weeks of storage at room temperature. 

Among the 3 protectants, mannitol stabilized the IgY antibody during long-term storage. 
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In order to effectively use anti-gliadin IgY as an oral immunotherapy to prevent 

gliadin absorption in the small intestine region, it needs to be active in the stomach and 

proximal part of the small intestine. Studies have shown that, purified IgY is extremely 

sensitive to gastric conditions, and is rapidly inactivated 
24

,
 
which could be due to the 

acidic conditions and/or pepsin presence in the stomach. Pepsin digests IgY to Fab’ IgY 

fragments, having one antigen binding site. Fab’ IgY is as effective as the whole intact 

IgY, since it has the capability to bind to the antigen and exhibit neutralizing activity 
25, 26

. 

The antibody inactivation under acidic conditions could also be due to the conformational 

changes of internal tryptophan residues when exposed to the hydrophilic environment. 

Several strategies to prevent degradation of IgY have been mentioned earlier in 

literature, such as microencapsulation with β-cyclodextrin and gum arabic and 

lecithin/cholesterol liposome 
19

, and the employment of the pH-sensitive methacrylic acid 

copolymer as enteric coating of IgY 
27

. High concentration of sugar (30-50%) 
17

, or 

sorbitol (30% or more) 
28

, have also been proven effective to stabilize IgY activity under 

acidic conditions. In the present study, the use of mannitol protectant prevents irreversible 

IgY heat denaturation and enzymatic digestion in gastric fluid conditions.  

In this study, in-vitro dissolution testing was employed to assure the efficacy of 

IgY in our developed spray dried EYP capsule formulations; in terms of stability under 

harsh pH and proteolytic enzymes, as well as to determine the release profile of IgY in 

simulated gastric conditions. There are studies on stability of purified IgY from egg yolk 

without protectants against pepsin enzyme at lower enzyme/substrate ratios such as 1:20 

29
, and 1:250 

27
.
 
According to USP32-NF27, pepsin enzyme at the concentration of 3.2 

mg/mL is required to represent the SGF. Since, the EYP spray dried formulations 

contained 20% protein, in this study the enzyme: total protein ratio for pepsin in the SGF 

was 16:1. With higher concentration of pepsin enzyme used in this study, IgY in EYP-M 

(egg yolk power containing mannitol) and EYP-Mc (egg yolk power containing 

microcrystalline cellulose) capsule formulations retained over 80% activity after 2 hr 

exposure in SGF. This finding is explained by the reduction of the exposed hydrophobic 

moiety of IgY in sugar solutions that occur because of increased interactions between 

hydrophobic groups inside the protein molecule 
30

. Also, changes in preferential solvation 

of protein molecules 
31

, and structural blockage of conformational changes of internal 

tryptophan residues when placed in sugar solutions may be partly responsible for added 

protection 
17, 28

. The non-extracted egg yolk contains phospholipids and other proteins, 

which may have also contributed to additional gastroprotection effect.
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The binding efficacy of anti-gliadin IgY was evaluated in simulated 

gastrointestinal conditions to estimate the dose of IgY required to neutralize gliadin in-

vitro. EYP-M, the most stable formulation found, was subjected to further in-vitro and in-

vivo binding studies. In SGF, EYP-M formulation (1.6 mg/mL) demonstrated a better 

ability to bind gliadin (10.5 mg/mL) in the presence of food, as compared to under 

without food conditions (7.6 mg/mL). This result indicates that the EYP-M formulation 

should be administered during the fed state. Improved binding affinity may be due to the 

diluted acidic effect from food in the in-vitro gastric condition. However, this effect 

needs to be verified in-vivo as there may be more acid production in the stomach due to 

the presence of additional food. Interestingly, in SIF, the presence of food had no 

additional effect on the binding efficacy of IgY in EYP-M bound to gliadin (10 mg/mL).  

BALB/c mice were chosen for the in-vivo feeding study since mice have an 

overall GIT transit time similar to those of human of 20-30 hr 
32

. The absorption of 

gliadin in experimental mice was found to achieve peak values between 2-3 hr after 

ingestion 
33

. The transit time through the stomach is highly variable with an average time 

of 1-1.5 hr 
34

, and an average of 10 hr through the intestine for mice 
35, 36

. Hence, in this 

study we chose to determine the residual gliadin content in the mice GIT at 12 hr after 

feeding. The EYP-M neutralized gliadin in the GIT, preventing gliadin from being 

absorbed. Our in-vivo feeding study proves that EYP-M intake at the weight ratio of 1:25 

and 1:5 to gliadin (equivalent to 1:16,340 and 1:3,268 anti-gliadin IgY to gliadin, 

respectively), prevented 63.3% and 98.4% gliadin absorption, respectively, as compared 

to ingestion of gliadin alone without administration of EYP-M. 

The results demonstrate that the spray dried EYP formulation with mannitol as 

protectant can successfully protect the IgY antibody from gastric inactivation. The 

developed formulation may provide an effective means of preventing CD when co-

administered with gliadin contained food.  

The anti-gliadin IgY produced was applied further as immunological diagnostic 

reagent for quantitative Double sandwich ELISA (DAS-ELISA) detection system in 

Chapter 5. The ELISA was successfully used to quantify extracted gliadin, in both 

gliadin-spiked gluten free foods and in various commercial foods known to contain 

wheat gluten. The DAS-ELISA was constructed using purified polyclonal IgY as 

capture antibody and biotin labeled mAb (HYB 314) as detecting antibody. The anti-

gliadin IgY recognized α/β/γ-gliadin at 30-45 kDa and ω-gliadin at 39-55 kDa 
37, 38

.  
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There are several reports regarding the proportion of specific IgY in total IgY 

when chickens were immunized with various antigens. The proportion of bovine 

proteoglycan-specific IgY in the total IgY was 9.0% 
39

. Similarly, the proportions of 

bovine and human lactoferrin-specific IgY in the total IgY were 8.7% and 9.2%, 

respectively 
40

.
 
In this study, our results showed 7.9% of the specific anti-gliadin IgY 

concentration in total IgY by quantitative ELISA. The use of purified specific anti-

gliadin IgY antibody could have resulted in higher specificity by maximizing the 

detection of gliadin in complex food matrixes. A single mAb based ELISA has the 

drawback that it may not detect altered or destroyed epitopes during the food 

processing. This remains to be evaluated for gliadin, but in general, it is accepted that 

the combination of mAb and polyclonal antibody is favorable for gliadin analysis and 

resulted in higher specificity. The observed cross-reactions of anti-gliadin IgY antibody 

by indirect ELISA are obviously due to similar epitopes on the different four grains, 

which are highly found in barley hordein and less in rye secalin and oat avenin. 

Western blot analysis using the anti-gliadin IgY antibody was performed to confirm the 

ELISA data. The possibility of cross-reaction with other less commonly used grass 

family, sorghum, millet, wild rice, etc., cannot be excluded and remain to be examined. 

A rabbit polyclonal IgG antibody used to detect wheat gliadin cross-reacted with oat, 

rice and maize prolamins 
41

. On the other hand, the specificity of the mAb was also 

tested against four grains by ELISA and western blot assay. The mAb (HYB 314) used 

in this study recognizes residue p58-73 (LQLQPFPQPQLPYPQPQLPYPQPQLP 

YPQPQPF) of 33-mer peptide of prolamins from wheat, barley and rye in the range of 

34-38 kDa, demonstrating no cross-reaction to oat avenin. PN3 
42

,
 
CDC5 

43
, and G12 

44
, 

mAbs react with prolamins in wheat, barley, rye and oat, whereas R5 reacts with 

prolamins from wheat, barley and rye only 
45

. 

The key parameters and characteristics of the DAS-ELISA were further 

subjected to in-house validation. The accuracy of the method was studied with recovery 

experiments, by adding varying amounts of Sigma gliadin standard to three different 

blank gluten-free food matrixes such as bread, pasta and rice cake. The variances were 

highest at the lowest amounts of spiked Sigma gliadin (1 µg/g), probably because of 

poor sample homogeneity at this low level. The recovery of Sigma gliadin in matrixes 

was almost complete at higher dose of Sigma (100 µg/g), whereas it was reduced by 

15% from lowest amount of spiked Sigma gliadin. The results agree with the common 

assumption that food matrix components may interfere with either the extraction or the 
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immunoassay procedures leading to suboptimal recovery rates. A full validation of the 

extraction procedure remains to be performed. The recovery of the gliadin in DAS-

ELISA was considered to be satisfactory. The intra-assay and inter-assay precision 

results for DAS-ELISA were obtained from gliadin contents of six relevant gliadin-

containing wheat grain based foods, ranging from 3.2-36.0 ppm. The repeatability of 

the DAS-ELISA as measured by intra-assay precision was 7.25%, and the 

reproducibility as measured by interassay precision was 9.51%. The performance of the 

present DAS-ELISA is 0.8 ppm gliadin in terms of sensitivity, which is lower than the 

US Food and Drug Administration limit (August 2011) of <20 ppm gluten (equivalent 

to 10 ppm gliadin) for gluten-free foods. The three Canadian gluten-free labeled 

products quantified, containing less than 10 ppm gliadin, met the proposed FDA rule 

for gluten-free labelling. The developed DAS-ELISA showed less sensitive to detect 

gliadin in foods compared to other ELISA systems. For instance, mAb to the α-gliadin 

motifs QQQPFP of 33-mer shows a LOD of 1.56 ppm gliadin 
45

.
 
Competitive ELISA 

system using PN3 mAb antibody showed LOD of 1.2 ppm gliadin 
46

.
 
Whereas 

homosandwich ELISA using mAb as both capture and detection antibodies may not 

detect hydrolyzed gliadin in processed foods due to single targeting of the gliadin 

fractions, heterosandwich ELISA with polyclonal antibody and mAb detected the 

gliadin at LOD of 3.3 - 15 ng/mL 
47, 48

. In this study we have significantly lowered the 

detection limit to 0.8 ppm, which should allow detection of trace amount of gliadin in 

various foods including gluten-free foods by using a combination of IgY and mAb.  

The DAS-ELISA for the quantification of gliadin in foods was developed using 

anti-gliadin IgY as a capture antibody and biotinylated mAb (HYB 314) as a detection 

antibody. It is capable to detect trace amounts of gliadin as low as 0.8 ppm in food. The 

use of IgY as a capture antibody reduces the cost as compared to mAb coated on 

ELISA plates. Therefore, the combination of anti-gliadin IgY and biotinylated mAb 

(HYB 314) provides a broad range of detection, increases sensitivity, and reduces cost 

of reagents used in the detection system, making it suitable for the use as a quality 

control tool in laboratories, food manufacturing industries and by regulatory agencies to 

perform detection of gliadin in both gluten-free and gluten-contained food products.  
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In Chapter 6, DAS-ELISA based Immunoswab and Immunostrip has been 

developed, comprising of capture and detection antibodies with high specificity due to the 

sandwich reaction of antibodies with an antigen. In some studies using mAb as both 

capturing and detecting antibodies, the detection of the gliadin is often poor due to single 

epitope targeting. For example, a homosandwich ELISA using a mAb to the α-gliadin 33-

mer has a detection limit of 100 ng/mL gliadin 
49

, while the limit of hetero sandwich 

ELISA, with polyclonal antibody, was 15 ng/mL 
50

. In the recent reports, using PN3 mAb 

antibody as competitive assays showed the detection limit of 1.2 ppm for Sigma gliadin 

46
. The single antibody sandwich ELISA based on R5 mAb as both coating and detecting 

antibody showed the detection limit of 1.56 ppm gliadin 
45

. 

Since IgY based DAS-ELISA showed the similar detection limit of gliadin 

ranged from 5 ng in our preliminary study, the specificity of IgY described here makes it 

well suited for simple and rapid determination of gliadin in foods. There is a growing 

desire for new gliadin assay that is easy to use and accessible on site compared to the 

cumbersome ELISA. Immunoswab and Immunostrip are faster and more cost-effective 

options in screening as compared to the traditional ELISA, requiring specific instruments 

such as microplate reader and washer.  

The Immunoswab assay, developed with the IgY as the coating antibody and 

HYB 314 as detection antibody showed the detection limit of 1.25 µg/mL. When tested 

with breads after diluting with 60% ethanol, the gliadin contents ranged from 21.76 to 

0.34 µg/mL. The presence of gliadin is expressed as positive gliadin (+) Immunoswabs 

for dilutions 1:2 to 1:32 (equivalent to 21.76 to 1.36 µg/mL by previously developed 

DAS-ELISA), which complies with the detection limit of the Immunoswab.  

The Immunostrip assay, developed with the HYB 314 as coating antibody and IgY as 

detection antibody showed the detection limit of 0.25 µg/mL. When tested with different 

types of flours after diluting with 40% ethanol, the gliadin contents from 89.09 to 0.54 

µg/mL show positive results (2 visible bands). The presence of gliadin is expressed as 

positive gliadin (+) on the Immunostrip at their appropriate dilutions, which complies 

with the detection limit of the Immunostrip mentioned earlier. The Immunostrip showed 

no cross-reactivity with non-gliadin proteins.  
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The two detection systems (Immunoswab and Immunostrip) were developed with 

the combination of highly specific IgY antibody and mAb against gliadin. Since IgY can 

be simply produced in large quantity with a high titer, it was used to replace other sources 

of polyclonal antibodies or monoclonal antibodies which were conventionally used. IgY 

egg yolk antibody can be an alternative antibody source of Immunoswab and 

Immunostrip by using as capturing or detecting reagent along with other mAbs (HYB, 

R5, PN3 or others) as capturing or detection antibody to effectively reduce the cost and 

limit of detection. Both Immunoswab and Immunostrip detection systems have low 

detection limits of 1.25 µg/mL and 0.25 μg/mL, respectively, enabling gliadin detection 

in foods as well as foods rendered gluten free (1-200 ppm).  

Celiac patients and restaurants can use this detection system to test gliadin 

contamination in food in order to prevent immunogenic reaction to susceptible persons. 

Industries can also employ the use of this rapid test for quality assurance of raw material 

as well as for monitoring gluten contamination throughout the food processing. Although 

the detection limit of the both assays are greatly influenced by the types of foods, the 

method generally detects gliadin as low as 1 ppm or less in foods. 
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7.2 Conclusion 

In this study we report on the development of anti-gliadin IgY antibody 

1. We have successful produced anti-gliadin antibody in egg yolks of 

hyperimmunized hens. Our result suggests that gliadin is highly immunogenic to 

hens and thus produce high antibody titre of gliadin-specific antibody, which can 

be used for development of oral passive immunotherapy as well as diagnostic 

reagent for gliadin detection. 

2. We have performed  ex-vivo proof-of-concept of anti-gliadin efficacy in human 

colon carcinoma cell (Caco2) cultures. The toxic gliadin showed to have 

significantly translocated from the apical compartment of Caco2 cells into the 

basal compartment and cytokines (IL-1β and TNF-α) production was 

significantly induced. The passage of gliadin into the basal compartment and 

cytokine production were significantly reduced in the presence of anti-gliadin 

IgY. 

3. We have processed egg yolk IgY by spray dry. The optimization of spray dry 

conditions under variable inlet and outlet temperature settings was performed. 

Three carbohydrates were chosen as protectants against heat during the spray dry 

process and the protection effect was verified at different protectant 

concentrations and long-term stability test of the spray dried formulations were 

performed and stability tests were performed during the storage period. Of the 

three formulations, EYP-M had the highest long-term stability,  

4. We have evaluated in vitro stability and release from gelatin encapsulated spray 

dry formulations with a dissolution apparatus (USP 27) under simulated gastric 

and intestinal conditions. The binding affinity of gliadin spiked with food/without 

food and anti-gliadin IgY formulation were also performed under the simulated 

gut conditions. EYP-M formulation remained resistant against harsh 

gastrointestinal conditions and effective in neutralization of gliadin under 

simulated gastric and intestinal conditions. 

5. We have performed in vivo mouse and anti-gliadin IgY formulation feeding study 

with spiked gliadin to evaluate binding efficacy of IgY with gliadin. Our result 

suggests that anti-gliadin prevented > 99% absorption of gliadin. 

6. Finally, we also developed highly sensitive quantitative ELISA-based detection 

systems as well as rapid qualitative detection systems for gliadin in food. 
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7.3 Future direction 

In this study, we have demonstrated anti-gliadin IgY to be effective to neutralize 

gliadin in in vitro, ex vivo and in vivo systems. This anti-gliadin IgY formulation is 

proposed as a prophylaxis to CD patients who have a well-controlled GFD and wish 

to reintroduce gluten into their diet. Also to patients who are having persistent mild CD 

symptoms despite of being on a GFD (meaning that this group is being exposed to 

unknown sources or contaminated gliadin). Dosing is required depending on the amount 

of gliadin consumed. To prove this, a Phase I human clinical trial will be performed in 

CD patients having persistent CD-related symptoms despite of being on a GFD. Our anti-

gliadin IgY formulation is aimed to reduce CD associated symptoms and improve clinical 

outcome in CD subjects exposed to unknown sources of gluten.  

This approach of oral administration of anti-gliadin IgY with every meal will 

render these CD subjects a better quality of life due to restored intestinal epithelium. The 

absorption of nutrients will be regained. To further prove this concept, mild to moderate 

individuals with CD symptoms on a GFD will be recruited. The clinical trial will be 

undertaken to prove the hypothesis that anti-gliadin IgY antibody formulation can prevent 

the gastrointestinal symptoms, abnormal serology and cytokine markers in adult CD 

individuals exposed to unknown sources of gluten. 
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