
and anti-tissue transglutaminase) that are indicative of
active CD. Seropositive individuals may be asympto-
matic, perhaps representing a group of patients whose
disease is latent, while others present with extraintestinal
manifestations, including hepatic, renal, nervous system,
dermatological and autoimmune endocrine disorders, as
well as malignancies, often in the absence of the classi-
cal gastrointestinal symptoms. For example, some
patients develop dermatitis herpetiformis, an extremely
itchy skin rash, have histological modifications in the
small intestine and yet have no gastrointestinal symp-
toms. The only recommended treatment is a lifelong
gluten-free diet, which is effective in most cases. The
prevalence of CD is estimated to be around 1% of the
Northern European and U.S. populations (5), and this fig-
ure is probably not dissimilar worldwide (6). The risk
increases among first-degree (up to 20%) and second-
degree relatives (about 2.5%), indicating a strong familial
component (5).

Risk factors

Two factors are absolutely required to initiate the
autoimmune reaction: one is the presence of the major
histocompatibility class (MHC) II protein HLA-DQ2 or 
-DQ8 (an inherited predisposition) and the other is the
ingestion of gluten-containing foods such as wheat, bar-
ley or rye. However, about 30% of the general population
carry the gene for either HLA-DQ2 or -DQ8 and the
majority are probably exposed to dietary gluten (in the
U.S. at least, where most studies have been conducted),
yet only 1% of the population actually develop the dis-
ease. This means that, although necessary, possession
of HLA-DQ2/8 plus ingestion of gluten is not sufficient for
the disease to develop, and other (poorly characterized)
genetic or environmental factors must be involved (2).

Approximately 90-95% of CD patients carry the alleles
HLA-DQB1*02 and HLA-DQA1*05 located at 6p21.3,
which encode the HLA-DQ2 heterodimer. The remaining
5-10% of patients carry the alleles HLA-DQB1*0302 and
HLA-DQA1*03, which encode the HLA-DQ8 heterodimer.
These statistics show that possession of these genes is
absolutely required for development of the disease.
These HLA risk alleles are estimated to contribute about
40% to the total genetic risk of CD, indicating that other
genes are involved in the pathogenesis of the disease.
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Introduction

Celiac disease (CD) is an inflammatory disorder that
is precipitated by the ingestion of gluten-containing foods
in genetically predisposed individuals (1-4). In the classi-
cal form of the disease, inflammation and autodestruction
of the mucosa in the small intestine cause the loss of the
villus and crypt structure, which leads to reduced food
digestion and absorption of vitamins and nutrients (Fig.
1). The symptoms include chronic diarrhea, abdominal
discomfort, fatigue and symptoms of malnutrition such as
iron deficiency anemia, osteoporosis, and in children,
stunted growth. However, those with the classical symp-
toms represent only a small proportion of the total who
test positive for serum autoantibodies (anti-endomysium
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Abstract

With a prevalence of around 1%, celiac disease is
one of the most common autoimmune disorders. It is
an inflammatory disease that is triggered by the inges-
tion of gluten in genetically predisposed individuals.
The symptoms and the severity of the disease vary
hugely, reflecting its systemic nature. Classically, the
villi and the crypt are destroyed in the small intestine,
which leads to malabsorption of nutrients and malnu-
trition. However, many other gluten-dependent symp-
toms may be present, often without the 'classic'
enteropathies. These include skin disorders, neu-
ropathies, complications of the hepatic, renal and
endocrine systems, and malignancies. This review
focuses on the risk factors and complications of celiac
disease, with a brief overview of the immunopathology
and potential strategies for developing therapeutic
agents.



three highly immunogenic peptides that have been much
studied, although many other gluten fragments are
expected to promote similar responses (16, 17). In this
article, these proteins are collectively referred to as
‘gluten’.

Other environmental risk factors include surgery,
pregnancy, childbirth, severe emotional stress (1, 3),
interferon alfa treatment for HCV infection (18) and
repeated rotavirus infection in childhood (19).

The peak period for diagnosis is between the fourth
and sixth decades of life, although symptoms often
appear between 6 and 18 months of age, coinciding with
the introduction of cereals into the diet and weaning (20,
21). There is a 1:1 sex ratio in children. In adults there is
a female predominance of 3:1 (21).

Disease pathology

Increased permeability of the small intestine allows
gluten to enter the lamina propria (the layer of loose con-
nective tissue just below the intestinal epithelium), where
it interacts with tissue transglutaminase (TG2 or tTG) and
the innate and adaptive immune systems to initiate an
autoimmune response. Inappropriate responses include
the development of autoantibodies such as anti-TG2 and
anti-actin antibodies, maturation of CD4+ Th1 helper cells
that produce inflammatory cytokines and of CD8+ cyto-
toxic T-cells that are directed against the epithelial cells of
the intestinal mucosa (Fig. 2). Together, these reactions
cause the remodeling of the mucosa and the nutrient mal-
absorption seen in classical CD. The pathology of the
extraintestinal manifestations of CD is less well under-
stood, although systemic autoantibodies are thought to
play a role (2, 22).

There is a gene dose effect and the number and quality
of HLA-DQ molecules dictate the risk and magnitude of
the response to dietary gluten (2, 4, 7, 8).

The concordance rate for CD in monozygotic twins is
83%, and in dizygotic twins it is 17%, irrespective of the
sex or HLA genotype of the co-twin. This shows that
genetics makes a strong contribution to the disease and
that monozygotic twins share non-HLA susceptibility
genes that are not always present in the dizygotic twins
(9, 10). Other candidate regions have been identified,
although their individual contributions to the disease are
weak in comparison to that of HLA-DQ, and the findings
have been inconsistent. One possible explanation is that
the remaining genetic component might be made up of a
summation of several low-frequency variants in different
regions of the genome, each individually contributing a
moderate effect. The non-HLA regions that have most
consistently been linked to CD include 5q31-33 (11),
2q33 harboring the CTLA4 gene, a co-stimulatory mole-
cule expressed on activated T-cells (12), 19p13.1 harbor-
ing the gene for myosin IXB involved in cytoskeletal re-
arrangement in the intestine (13) and possibly in the
maturation of antigen-presenting cells (APCs) in inflam-
matory lesions, and 15q11-13 (14). A large genome-wide
association study has also identified an association with
4q26-27, harboring IL-2 and IL-21 (15).

Dietary intake of the gliadins and glutenins (the com-
ponents of gluten) found in wheat, the hordeins found in
barley, the secalins found in rye, and perhaps the avenins
found in oats, is required to activate the disease. A
gluten-free diet reverses the symptoms and tissue dam-
age, and a gluten re-challenge exacerbates the condition.
The α-gliadin peptide fragments p31-49 and p31-43, as
well as a 33-mer deaminated fragment of α-gliadin, are
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Fig. 1. Small intestinal mucosal injury in celiac disease. Left-hand side: normal mucosal and villous architecture. Right-hand side: loss
of villous structure and crypt hyperplasia, as seen in patients with severe forms of celiac disease.



tions between the epithelial cells and increased intestinal
permeability via the paracellular pathway (30); and 5)
interactions between gluten and structural proteins in the
small intestine, such as actin, which might cause these
proteins to behave as autoantigens, leading to remodel-
ing of the intestinal epithelia (31). 

Likewise, it is not clear if intestinal permeability to
gluten is a cause or a consequence of the disease. The
possible cases where it might be a cause include:

• An intrinsic difference in intestinal permeability may pre-
dispose some individuals to the disease. Variants of the
MYO9B gene have been associated with an increased
risk of CD in some populations (13). The myosin IXB
protein is involved in remodeling of the cytoskeleton at
the tight junctions and impairment of its activity has been
postulated to increase intestinal permeability. It should
be noted, however, that the association between
MYO9B variants and CD has been demonstrated in
some studies (13, 32), but not in others (e.g. [33]).

• Repeated rotavirus infections have been associated
with an increased incidence of CD in children (19). The
virus might serve as a trigger for CD by initiating intesti-

Intestinal permeability

Glutens are rich in the amino acids proline and gluta-
mine, which makes them resistant to intestinal proteases,
and peptides of up to 50 amino acids may persist in the
lumen of the small intestine (23). Under normal circum-
stances, the intestinal epithelia do not allow undigested
macromolecules such as gluten peptides into the lamina
propria, but in untreated patients with active CD, intesti-
nal permeability is increased and the gluten peptides are
able to pass through to the lamina propria relatively intact
(24, 25). 

The mechanistic basis for increased intestinal perme-
ability in CD is poorly understood, but several mecha-
nisms have been implicated: 1) incomplete digestion of
gluten by enzymes located in the brush border of differ-
entiated enterocytes (26); 2) increased intestinal produc-
tion of nitrite induced by enteric glial-derived S100B pro-
tein (27); 3) increased trafficking via the epithelial
exosome (vesicle)-mediated pathway, which is also cou-
pled to the increased activation of T-cells in the lamina
propria (28, 29); 4) gluten-mediated upregulation of
zonulin, resulting in remodeling of actin at the tight junc-
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Fig. 2. A model for the immunopathology of celiac disease in the small intestine. 1) Autoantibodies against tissue transglutaminase (TG2)
are produced by B-cells when stimulated by stable gluten-TG2 complexes. 2) Gluten peptides that have been deaminated by TG2 bind
to HLA-DQ2/8 molecules on antigen-presenting cells (APCs) and activate gluten-reactive CD4+ T-cells to trigger an adaptive immune
response. 3) Gluten peptides trigger an innate immune response by stimulating IL-15 expression by epithelial cells. This induces intraep-
ithelial CD8+ T-cells to transform into natural killer (NK) cells that attack enterocytes.



IFN-γ and tumor necrosis factor-α (TNF-α), and the emer-
gence of T-cell clonal proliferations that can lead to lym-
phomas (42-44). Both gluten and IL-15 have been shown
to stimulate the maturation of dendritic cells. These cells
play a role in antigen presentation to CD4+ T-cells and
provide a point of ‘cross-talk’ between the innate and
adaptive immune systems (29, 45).

The requirement for the HLA-DQ2/8 proteins sug-
gests that the adaptive response is a necessary compo-
nent of CD. However, the fact that most people who pos-
sess HLA-DQ2/8 do not develop CD despite ingestion of
wheat, and that the severity of symptoms and histopathol-
ogy vary widely in those who do develop the disease,
implies that an HLA-mediated adaptive response alone is
not sufficient. Conversely, gluten-dependent IL-15 secre-
tion by enterocytes and the maturation of CD8+ T-cells do
not take place in individuals without the HLA susceptibili-
ty alleles (46). For these reasons, it is thought that an
interplay between the adaptive and innate immune
responses may be required for the full expression of the
disease and that the proinflammatory cytokines IFN-γ and
IL-15 play a crucial role in this interaction (2, 47).

Refractory sprue is characterized by severe malnutri-
tion or villous atrophy that does not improve after 6
months of a strict gluten-free diet. It affects around 8% of
the CD population and typically occurs in older patients
(48). Patients with this condition can be divided into two
subgroups: those with type I refractory disease have
large numbers of normal intraepithelial lymphocytes, and
those with type II refractory disease have clonal expan-
sion of immature intraepithelial lymphocytes which lack
the normal T-cell markers. This clonal expansion is driven
by IL-15 released from stressed epithelial cells in a
gluten-independent manner and usually precedes the
development of a lymphoma known as enteropathy-asso-
ciated T-cell lymphoma (EATL) (49).

Associated diseases

CD is a systemic disorder affecting many organs and
tissues. This is reflected in the large number of disorders
associated with CD (1, 3, 50).

Gastrointestinal

CD is over-represented in patients with other gas-
trointestinal disorders, including inflammatory bowel dis-
ease, ulcerative colitis, Crohn’s disease, mouth ulcers (1)
and both lymphocytic and collagenous microscopic colitis
(51). CD is negatively associated with perforated appen-
dicitis (52). It is not clear to what extent these disease
associations can be attributed to common underlying
pathologies or to an initial underdiagnosis of CD in these
other patient groups.

Nutrient malabsorption

Changes in the small intestine make it less able to
absorb nutrients, vitamins and minerals. General symp-

nal inflammation that both increases intestinal perme-
ability and potentiates the immune system to an anti-
gluten reaction in susceptible individuals (16).

Tissue transglutaminase

Once in the lamina propria, key glutamine residues on
the gluten peptides may be deaminated by TG2 to gener-
ate highly immunogenic derivatives, such as the deami-
nated 33-mer α-gliadin peptide (34). Besides increasing
the immunogenicity of gluten peptides by deamination, the
TG2-gluten interaction may contribute to other processes
of CD, such as activation of the innate immune response,
re-arrangement of actin, epithelial phosphorylation and
apoptosis, and may perhaps also account for some of the
extraintestinal manifestations of the disease (35, 36). Anti-
TG2 antibodies are one of the hallmarks of CD and they
are thought to be produced as a consequence of the for-
mation of relatively stable TG2-gluten complexes,
although whether they contribute to or are a consequence
of the disease pathology is not clear (37, 38).

The immune response

CD is characterized by an increased number of 
T-cells in the lamina propria. Gluten interacts with compo-
nents of both the innate and adaptive immune systems
and the two cross-react with each other to trigger the
inflammatory reactions and inappropriate T-cell responses
against self-tissue (17).

The left-handed polyproline helical configuration of
gluten favors binding to the peptide groove of the HLA-
DQ2/8 heterodimer, and deaminated gluten has even
stronger binding (23, 34, 39, 40). The gluten-HLA complex
is presented on the surface of APCs, which then interact
with gluten-receptive CD4+ T helper cells and cause their
activation through the Th1 pathway. This skew to Th1
cells results in an overproduction of the proinflammatory
cytokine interferon gamma (IFN-γ), the release of metallo-
proteinases and an exaggerated immune response (see
Fig. 2). In addition to its proinflammatory properties, 
IFN-γ exacerbates the adaptive immune response by
enhancing the expression of the genes for HLA-DQ2/8
and metalloproteinases and the proliferation of the gluten-
reactive CD4+ cells in the lamina propria, and directs
T-cell maturation through the Th1 pathway (17).

Gluten peptides, including the α-gliadin peptide frag-
ment p31-43, stimulate intestinal epithelial cells to pro-
duce proinflammatory cytokines such as IL-15 (41). IL-15
in turn stimulates the transformation of intraepithelial
CD8+ T-cells to natural killer (NK) cells that express the
surface epitope NKG2D. It also promotes increased lev-
els of MIC (a ligand of NKG2D) on the surface of epithe-
lial cells, which labels them as targets for the CD8+ NK
cells via MIC-NKG2D interactions, thus contributing to the
villous atrophy. Additionally, IL-15 promotes various other
stress response reactions in the intestine, including
upregulation of cyclooxygenase type 2 (COX-2) activity,
the production of proinflammatory cytokines such as 
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The prevalence of cardiac diseases such as idiopath-
ic dilated cardiomyopathy and autoimmune myocarditis is
generally increased in CD patients, perhaps secondary to
some of the other manifestations such as diabetes (65).

Respiratory diseases are a major cause of death in
CD, mainly attributable to lung abscesses caused by
previous pulmonary infections (66). Not every case of
lung abscess can be attributed to lung infections, how-
ever, and deficiencies in the lymphoid and reticular
endothelial systems linked to hyposplenism have been
suggested as a possible cause of respiratory disease in
CD patients (58).

CD is linked to a number of chromosomal and devel-
opmental disorders, including Down’s syndrome, where
the prevalence of CD is 5-8%, Turner’s syndrome, where
CD is present in 6.3%, Williams syndrome and autistic
disorder (3). The connection between CD and Down’s
syndrome is thought not to involve shared HLA suscepti-
bility genes (67).

Neurological complications are seen in approximately
6-10% of CD patients and occur with or without intestinal
pathologies (68), perhaps secondary to immune activity
against neuronal antigens (69). The most common com-
plications include cerebellar ataxia, migraine and epilep-
sy; CD also increases the risk of depression around 2-fold
(70). Other neurological complications of CD include
schizophrenia, epilepsy with cerebellar calcification,
dementia, cerebral vasculitis, brainstem encephalitis,
encephalopathies, Huntington’s disease, myopathy and
multiple sclerosis (68). Peripheral neuropathies have
been associated with CD in some studies, but a meta-
analysis suggested no such link (71).

Reproductive complications have been associated
with CD, including unexplained infertility in women (3). An
increased risk for pregnancy-related problems, such as
miscarriages and congenital malformations, has been
reported, although the evidence is controversial (53, 54).
These conditions, along with missed menstrual periods,
are thought to be related to malnutrition in CD patients.

Dermatitis herpetiformis is an extremely itchy, blister-
ing skin rash localized mostly on the articular joints. The
condition affects around 25% of CD patients and is con-
sidered a variant of CD because they share the same
HLA susceptibility alleles. Histological changes in the
small intestine are often present in both conditions,
although gastrointestinal symptoms tend not to be pre-
sent with dermatitis herpetiformis (72). IgA antibodies and
anti-epidermal transglutaminase autoantibodies may play
a role in the pathogenesis of this condition (73). Other
dermatological complications of CD include alopecia
areata, psoriasis and vitiligo (72).

Infectious diseases, such as pneumococcal sepsis
(56) and tuberculosis (74), occur at an increased fre-
quency in CD patients. The spleen is responsible for the
production of IgM memory B-cells that are required to
clear infections caused by encapsulated bacteria such as
pneumococci. The increased risk of hyposplenism in CD
patients may, at least in part, lie behind this increased risk
of infection (56, 57).

toms related to nutrient malabsorption include fatigue,
weight loss, missed menstrual periods, failure to thrive
(children), delayed puberty, dental enamel hyperplasia
and possibly congenital malformations (1, 3). With regard
to the latter, conflicting results have been obtained (53,
54), and if a connection does exist, it is probably sec-
ondary to malnutrition during pregnancy.

One of the more common hematological conse-
quences of malnutrition in CD is iron deficiency anemia;
up to 15% of patients with symptomatic iron deficiency
anemia have CD, as well as 6% of those with asympto-
matic iron deficiency anemia (5). The possible causes of
this association are malabsorption of iron, vitamin B12 and
folic acid, as well as occult blood loss from the gastroin-
testinal tract. Increased inflammatory reactions have
been associated with anemia in CD patients (55). Other
hematological presentations include megaloblastic ane-
mia and abnormal coagulation with a tendency to bleed,
caused by malabsorption of vitamin K. Hyposplenism is
found in 20-80% of CD patients and has been linked to an
increased risk of bacterial infections, autoimmune and
thrombotic diseases and solid tumors (56, 57).

Bone diseases in CD patients may result from the
malabsorption of calcium and vitamin D, from elevated
levels of the inflammatory cytokines IL-1β and IL-6, which
influence bone formation and resorption (58), and in
some cases chronic renal failure can contribute to bone
diseases by failing to convert vitamin D to its active form,
and this in turn leads to hypocalcemia. Vitamin D and cal-
cium deficiencies lead to a reduced bone mineral density
and an increased risk of osteopenia, osteoporosis and
fractures in CD patients (5, 59, 60). Compensatory or
secondary hyperparathyroidism is caused by persistent
low blood calcium levels and this condition leads to bone
diseases, elevated blood pressure and immune and neu-
rological problems (61).

Extraintestinal

While some of the manifestations of CD can be
explained by malnutrition, many cannot, reflecting the sys-
temic nature of the disease (62). CD is associated with an
increased risk of kidney diseases including glomeru-
lonephritis (any form), dialysis and kidney transplantation
in adults (63). Chronic kidney failure may also lead to sec-
ondary hyperparathyroidism and attendant problems.

The most common liver diseases linked to CD include
elevated aminotransferase levels of unknown cause (pre-
sent in around 50% of CD patients, and CD is likewise
over-represented in those with unexplained transami-
nasemia) and autoimmune hepatitis (3). Other liver con-
ditions that have been linked to CD include acute and
chronic liver disease, hepatic steatosis, liver cirrhosis, pri-
mary sclerosing cholangitis, nonalcoholic fatty liver dis-
ease and liver failure (64). The elevated incidence of liver
disease in CD patients is thought to be caused by the
increase in intestinal permeability, which allows greater
levels of toxins and pathogens to pass into the blood-
stream, leading to increased stress on the liver.
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children, the improvements are often seen rapidly and
tend to be complete. Persistent symptoms are almost
always caused by continued intake of gluten, even if
unwittingly. Nutrient supplementation is sometimes given
to those newly diagnosed with CD and initiating a gluten-
free diet, and the need for supplements disappears once
the patient has recovered. Support groups, the physician
and a dietician form an important part of managing CD,
both for the patient and the family (3, 91, 92).

Epidemiological studies have shown that breastfeed-
ing during the introduction of dietary gluten is associated
with a reduced risk of developing CD in childhood (93).

Some of the complications associated with CD are
managed with pharmacotherapies in conjunction with a
gluten-free diet. Topical dapsone can help to resolve the
itching and rash associated with dermatitis herpetiformis.
Patients with bone fragility fractures or with a bone min-
eral density of < 2.5 standard deviations below the aver-
age for a healthy young adult may benefit from hormone
replacement therapy, a bisphosphonate or calcitonin. CD
patients with hyposplenism are immunized with pneumo-
coccal conjugate vaccine. Some patients with type I
refractory CD respond to corticosteroids such as pred-
nisone and oral budesonide and to immunosuppressants
such as azathioprine and ciclosporin (1, 3, 94).

Therapeutics in the pipeline

A gluten-free diet is safe, effective and relatively low-
cost, and any new pharmacotherapy would have to be
weighed against this benchmark. However, many
patients express a desire for pharmacological treatment
because of difficulty with adherence to a gluten-free diet
and for social reasons. There is a great deal of interest in
developing therapies for patients with CD.

Probactrix® is a live, nonpathogenic strain of
Escherichia coli under development by BioBalance, a
wholly owned subsidiary of New York Health Care, for
use in the dietary management of patients with various
gastrointestinal disorders. An IND was filed with the FDA
in 2005 to begin clinical evaluation of the agent in patients
with CD, although links to BioBalance’s web site are no
longer active (95).

AT-1001 is a zonulin receptor antagonist that pre-
vents zonulin-mediated opening of the epithelial tight
junction. The agent originated from a collaboration
between Alba Therapeutics and the University of
Maryland. Results from a randomized, double-blind,
placebo-controlled phase IIa trial in 86 CD patients
showed that the agent reduced intestinal permeability and
improved patient symptoms and outcomes in response to
a gluten challenge. There were no severe adverse
events. A phase IIb trial was recently initiated (96, 97).

Another potential therapeutic approach is the use of
prolyl endopeptidases to digest the gluten before it reaches
the small intestine. This might be achieved either by
ingestion of the proteases along with gluten-containing
food to aid digestion (98), or by protease treatment of
gluten-containing foods before they are eaten (99).

CD is co-morbid with several autoimmune endocrine
disorders (about 14% of CD patients have autoimmune
disorders compared to 2.8% of the nonceliac population
[75]), many of which are connected through shared HLA
susceptibility genes and increased serum levels of anti-
actin antibodies.

Type 1 diabetes occurs in 1-7% of patients with CD
and CD is present in 2-5% of adults and 3-8% of children
with type 1 diabetes (5, 76, 77). These two disorders
appear to be connected through many mechanisms,
including shared HLA susceptibility genes (78), increased
zonulin-mediated intestinal permeability (79), increased
levels of TNF-α (78), recruitment of lymphocytes to the
mucosa upon exposure to dietary gluten (80), and possi-
bly through increased activity of TG2 (81). However, there
are conflicting results as to whether dietary gluten
induces type 1 diabetes (75, 82, 83) and there is little evi-
dence that the diabetic symptoms in patients with type 1
diabetes improve with a gluten-free diet (84).

Autoimmune thyroid disease (hyper- or hypothy-
roidism) occurs in around 5% of CD patients, and the
prevalence of CD in patients with autoimmune thyroiditis
is 3% (1, 3). These diseases are probably not connected
through HLA susceptibility genes (85), although they are
both associated with increased levels of liver transami-
nases (86).

Addison’s disease (chronic adrenal insufficiency) and
Sjögren’s syndrome (an autoimmune disease of the tear
and salivary glands) have both been connected with CD
(87, 88).

Furthermore, CD is co-morbid with other autoimmune
disorders, such as selective immunoglobulin A (IgA) defi-
ciency (2% of CD patients have IgA deficiency) and IgM
deficiency, which increases the risk of hyposplenism and
infections. CD patients are also at increased risk of sys-
temic lupus erythematosus, collagen vascular disease,
rheumatoid arthritis, autoimmune hepatitis and primary
biliary cirrhosis. In many of these cases, it is not clear
whether these autoimmune disorders share a common
predisposition to CD, or whether CD itself precipitates the
disorders (3, 4, 82).

The risk of death from malignancy in CD patients is
2.6-fold higher than in the general population, although
this figure appears to be lower in some of the more recent
studies, perhaps due to improved diagnosis of CD and
better compliance with diet (3, 21, 89, 90). Of particular
note, non-Hodgkin’s lymphomas, particularly the T-cell,
lymphoplasmacytic, diffuse large B-cell and mantle cell
types, account for around two-thirds of all malignancies in
CD patients (90).

Management

The only accepted treatment is a lifelong gluten-free
diet; it has few risks and is effective in most patients.
Symptoms in adults usually start to improve from 2 weeks
after initiation of the diet and continue to improve over the
next 2-5 years, although recovery may not always be
complete, especially when CD is diagnosed late in life. In

828 Celiac disease



polymorphism is associated with predisposition to coeliac dis-
ease. Gut 1998, 43(2): 187-9.

13. Monsuur, A.J., de Bakker, P.I., Alizadeh, B.Z. et al. Myosin IXB
variant increases the risk of celiac disease and points toward a pri-
mary intestinal barrier defect. Nat Genet 2005, 37(12): 1341-4.

14. Woolley, N., Holopainen, P., Ollikainen, V., Mustalahti, K.,
Mäki, M.,  Kere, J., Partanen, J. A new locus for coeliac disease
mapped to chromosome 15 in a population isolate. Hum Genet
2002, 111(1): 40-5.

15. van Heel, D.A., Franke, L., Hunt, K.A. et al. A genome-wide
association study for celiac disease identifies risk variants in the
region harboring IL2 and IL21. Nat Genet 2007, 39(7): 827-9.

16. Kagnoff, M.F. Celiac disease: Pathogenesis of a model
immunogenetic disease. J Clin Invest 2007, 117(1): 41-9.

17. Ciccocioppo, R., Di Sabatino, A., Corazza, G.R. The immune
recognition of gluten in coeliac disease. Clin Exp Immunol 2005,
140(3): 408-16.

18. Durante-Mangoni, E., Iardino, P., Resse, M. et al. Silent celi-
ac disease in chronic hepatitis C: Impact of interferon treatment
on the disease onset and clinical outcome. J Clin Gastroenterol
2004, 38(10): 901-5.

19. Stene, L.C., Honeyman, M.C., Hoffenberg, E.J. et al.
Rotavirus infection frequency and risk of celiac disease autoim-
munity in early childhood: A longitudinal study. Am J
Gastroenterol 2006, 101(10): 2333-40.

20. Fasano, A., Catassi, C. Coeliac disease in children. Best
Pract Res Clin Gastroenterol 2005, 19(3): 467-78.

21. Green, P.H.R., Stavropoulos, S.N., Panagi, S.G. et al.
Characteristics of adult celiac disease in the USA: Results of a
national survey. Am J Gastroenterol 2001, 96(1): 126-31.

22. Craig, D., Robins, G., Howdle, P.D. Advances in celiac dis-
ease. Curr Opin Gastroenterol 2007, 23(2): 142-8.

23. Shan, L., Qiao, S.W., Arentz-Hansen, H. et al. Identification
and analysis of multivalent proteolytically resistant peptides from
gluten: Implications for celiac sprue. J Proteome Res 2005, 4(5):
1732-41.

24. Fasano, A., Shea-Donohue, T. Mechanisms of disease: The
role of intestinal barrier function in the pathogenesis of gastroin-
testinal autoimmune diseases. Nat Clin Pract Gastroenterol
Hepatol 2005, 2(9): 416-22.

25. van Elburg, R.M., Uil, J.J., Mulder, C.J., Heymans, H.S.
Intestinal permeability in patients with coeliac disease and rela-
tives of patients with coeliac disease. Gut 1993, 34(3): 354-7.

26. Matysiak-Budnik, T., Candalh, C., Dugave, C. et al.
Alterations of the intestinal transport and processing of gliadin
peptides in celiac disease. Gastroenterology 2003, 125(3): 696-
707.

27. Esposito, G., Cirillo, C., Sarnelli, G. et al. Enteric glial-derived
S100B protein stimulates nitric oxide production in celiac dis-
ease. Gastroenterology 2007, In press.

28. Mallegol, J., Van Niel, G., Heyman, M. Phenotypic and func-
tional characterization of intestinal epithelial exosomes. Blood
Cells Mol Dis 2005, 35(1): 11-6.

29. Mallegol, J., Van Niel, G., Lebreton, C. et al. T84-intestinal
epithelial exosomes bear MHC class II/peptide complexes poten-

Vaccines for autoimmune disorders are based on the
idea that specific epitopes of the autoantigen might be
found that will redress the pathogenic Th1 pathways in
the adaptive immune system and promote tolerance. For
example, glutamic acid decarboxylase (GAD) is the
autoantigen that promotes the autoimmune destruction of
β-cells in diabetes. The recombinant human GAD65 epi-
tope induces maturation of a subset of regulatory 
T-cells that suppress the pathogenic maturation of CD4+

and CD8+ cells involved in the autoimmune process. The
treatment was found to be safe and effective in a phase II
study in patients with type 1 diabetes (100). In the case of
CD, a gluten/HLA-DQ2/8/TG2-derived epitope might be
expected to produce similar results (101).

Recent advances in understanding the immunopatho-
genesis of CD have identified several potential targets,
including IL-15 (46), p38 mitogen-activated protein (MAP)
kinase (46), the interaction between HLA-DQ2 and CD4+

T-cells (102), TG2 (103), CCR9+ T-cells (104), the
NKG2D-MIRA interaction, IFN-γ (105) and IL-10 (106).

References

1. Chand, N., Mihas, A.A. Celiac disease: Current concepts in
diagnosis and treatment. J Clin Gastroenterol 2006, 40(1): 3-14.

2. Jabri, B., Sollid, L.M. Mechanisms of disease: Immuno-
pathogenesis of celiac disease. Nat Clin Pract Gastroenterol
Hepatol 2006, 3(9): 516-25.

3. Rostom, A., Murray, J.A., Kagnoff, M.F. American
Gastroenterological Association (AGA) Institute technical review
on the diagnosis and management of celiac disease.
Gastroenterology 2006, 131(6): 1981-2002.

4. van Heel, D.A., West, J. Recent advances in coeliac disease.
Gut 2006, 55(7): 1037-46.

5. Dube, C., Rostom, A., Sy, R. et al. The prevalence of celiac
disease in average-risk and at-risk Western European popula-
tions: A systematic review. Gastroenterology 2005, 128(4, Suppl.
1): S57-67.

6. Rewers, M. Epidemiology of celiac disease: What are the
prevalence, incidence, and progression of celiac disease?
Gastroenterology 2005, 128(4, Suppl. 1): S47-51.

7. Bevan, S., Popat, S., Braegger, C.P. et al. Contribution of the
MHC region to the familial risk of coeliac disease. J Med Genet
1999, 36(9): 687-90.

8. Karinen, H., Karkkainen, P., Pihlajamaki, J. et al. Gene dose
effect of the DQB1*0201 allele contributes to severity of coeliac
disease. Scand J Gastroenterol 2006, 41(2): 191-9.

9. Nistico, L., Fagnani, C., Coto, I. et al. Concordance, disease
progression, and heritability of coeliac disease in Italian twins.
Gut 2006, 55(6): 803-8.

10. Greco, L., Romino, R., Coto, I. et al. The first large popula-
tion based twin study of coeliac disease. Gut 2002, 50(5): 624-8.

11. Babron, M.C., Nilsson, S., Adamovic, S. et al. Meta and
pooled analysis of European coeliac disease data. Eur J Hum
Genet 2003, 11(11): 828-34.

12. Djilali-Saiah, I., Schmitz, J., Harfouch-Hammoud, E.,
Mougenot, J.F., Bach, J.F., Caillat-Zucman, S. CTLA-4 gene

Drugs Fut 2007, 32(9) 829



46. Maiuri, L., Ciacci, C., Ricciardelli, I. et al. Association
between innate response to gliadin and activation of pathogenic
T cells in coeliac disease. Lancet 2003, 362(9377): 30-7.

47. Drozina, G., Kohoutek, J., Jabrane-Ferrat, N., Peterlin, B.M.
Expression of MHC II genes. Curr Top Microbiol Immunol 2005,
290: 147-70.

48. Ryan, B.M., Kelleher, D. Refractory celiac disease.
Gastroenterology 2000, 119(1): 243-51.

49. Cellier, C., Delabesse, E., Helmer, C. et al. Refractory sprue,
coeliac disease, and enteropathy-associated T-cell lymphoma.
French Coeliac Disease Study Group. Lancet 2000, 356(9225):
203-8.

50. Rodrigo, L. Celiac disease. World J Gastroenterol 2006,
12(41): 6585-93.

51. Matteoni, C.A., Goldblum, J.R., Wang, N., Brzezinski, A.,
Achkar, E., Soffer, E.E. Celiac disease is highly prevalent in lym-
phocytic colitis. J Clin Gastroenterol 2001, 32(3): 225-7.

52. Ludvigsson, J.F., Askling, J., Ekbom, A., Montgomery, S.M.
Diagnosis underlying appendectomy and coeliac disease risk.
Dig Liver Dis 2006, 38(11): 823-8.

53. Ludvigsson, J.F., Montgomery, S.M., Ekbom, A. Celiac dis-
ease and risk of adverse fetal outcome: A population-based
cohort study. Gastroenterology 2005, 129(2): 454-63.

54. Tata, L.J., Card, T.R., Logan, R.F., Hubbard, R.B., Smith,
C.J., West, J. Fertility and pregnancy-related events in women
with celiac disease: A population-based cohort study.
Gastroenterology 2005, 128(4): 849-55.

55. Harper, J.W., Holleran, S.F., Ramakrishnan, R., Bhagat, G.,
Green, P.H. Anemia in celiac disease is multifactorial in etiology.
Am J Hematol 2007, In press.

56. Di Sabatino, A., Rosado, M.M., Cazzola, P. et al. Splenic
hypofunction and the spectrum of autoimmune and malignant
complications in celiac disease. Clin Gastroenterol Hepatol
2006, 4(2): 179-86.

57. William, B.M., Corazza, G.R. Hyposplenism: A comprehen-
sive review. Part I: Basic concepts and causes. Hematology
2007, 12(1): 1-13.

58. Fornari, M.C., Pedreira, S., Niveloni, S. et al. Pre- and post-
treatment serum levels of cytokines IL-1beta, IL-6, and IL-1
receptor antagonist in celiac disease. Are they related to the
associated osteopenia? Am J Gastroenterol 1998, 93(3): 413-8.

59. Meyer, D., Stavropolous, S., Diamond, B., Shane, E., Green,
P.H.R. Osteoporosis in a North American adult population with
celiac disease. Am J Gastroenterol 2001, 96(1): 112-9.

60. Ludvigsson, J.F., Michaelsson, K., Ekbom, A., Montgomery,
S.M. Coeliac disease and the risk of fractures - A general popu-
lation-based cohort study. Aliment Pharmacol Ther 2007, 25(3):
273-85.

61. Selby, P.L., Davies, M., Adams, J.E., Mawer, E.B. Bone loss
in celiac disease is related to secondary hyperparathyroidism. J
Bone Miner Res 1999, 14(4): 652-7.

62. Hernandez, L., Green, P.H. Extraintestinal manifestations of
celiac disease. Curr Gastroenterol Rep 2006, 8(5): 383-9.

63. Ludvigsson, J.F., Montgomery, S.M., Olen, O., Ekbom, A.,
Ludvigsson, J., Fored, M. Coeliac disease and risk of renal dis-

tiating antigen presentation by dendritic cells. Gastroenterology
2007, 132(5): 1866-76.

30. Drago, S., El Asmar, R., Di Pierro, M. et al. Gliadin, zonulin
and gut permeability: Effects on celiac and non-celiac intestinal
mucosa and intestinal cell lines. Scand J Gastroenterol 2006,
41(4): 408-19.

31. Carroccio, A., Brusca, I., Iacono, G. et al. IgA anti-actin anti-
bodies ELISA in coeliac disease: A multicentre study. Dig Liver
Dis 2007, In press.

32. Sanchez, E., Alizadeh, B.Z., Valdigem, G. et al. MYO9B
gene polymorphisms are associated with autoimmune diseases
in Spanish population. Hum Immunol 2007, 68(7): 610-5.

33. Latiano, A., Mora, B., Bonamico, M. et al. Analysis of candi-
date genes on chromosomes 5q and 19p in celiac disease. J
Pediatr Gastroenterol Nutr 2007, 45(2): 180-6.

34. Shan, L., Molberg, O., Parrot, I. et al. Structural basis for
gluten intolerance in celiac sprue. Science 2002, 297(5590):
2275-9.

35. Dieterich, W., Esslinger, B., Trapp, D. et al. Cross linking to
tissue transglutaminase and collagen favours gliadin toxicity in
coeliac disease. Gut 2006, 55(4): 478-84.

36. Maiuri, L., Ciacci, C., Ricciardelli, I. et al. Unexpected role of
surface transglutaminase type II in celiac disease.
Gastroenterology 2005, 129(5): 1400-13.

37. Barone, M.V., Caputo, I., Ribecco, M.T. et al. Humoral
immune response to tissue transglutaminase is related to epithe-
lial cell proliferation in celiac disease. Gastroenterology 2007,
132(4): 1245-53.

38. Ciccocioppo, R., Di Sabatino, A., Ara, C. et al. Gliadin and
tissue transglutaminase complexes in normal and coeliac duo-
denal mucosa. Clin Exp Immunol 2003, 134(3): 516-24.

39. Kim, C.Y., Quarsten, H., Bergseng, E., Khosla, C., Sollid,
L.M. Structural basis for HLA-DQ2-mediated presentation of
gluten epitopes in celiac disease. Proc Natl Acad Sci USA 2004,
101(12): 4175-9.

40. Qiao, S.W., Bergseng, E., Molberg, O., Jung, G.,
Fleckenstein, B., Sollid, L.M. Refining the rules of gliadin T cell
epitope binding to the disease-associated DQ2 molecule in celi-
ac disease: Importance of proline spacing and glutamine deami-
dation. J Immunol 2005, 175(1): 254-61.

41. Buri, C., Burri, P., Bahler, P. et al. Cytotoxic T cells are pref-
erentially activated in the duodenal epithelium from patients with
florid coeliac disease. J Pathol 2005, 206(2): 178-85.

42. Di Sabatino, A., Ciccocioppo, R., Cupelli, F. et al. Epithelium
derived interleukin 15 regulates intraepithelial lymphocyte Th1
cytokine production, cytotoxicity, and survival in coeliac disease.
Gut 2006, 55(4): 469-77.

43. Mention, J.J., Ben Ahmed, M., Begue, B. et al. Interleukin 15:
A key to disrupted intraepithelial lymphocyte homeostasis and
lymphomagenesis in celiac disease. Gastroenterology 2003,
125(3): 730-45.

44. Meresse, B., Curran, S.A., Ciszewski, C. et al.
Reprogramming of CTLs into natural killer-like cells in celiac dis-
ease. J Exp Med 2006, 203(5): 1343-55.

45. Nikulina, M., Habich, C., Flohe, S.B., Scott, F.W., Kolb, H.
Wheat gluten causes dendritic cell maturation and chemokine
secretion. J Immunol 2004, 173(3): 1925-33.

830 Celiac disease



80. Auricchio, R., Paparo, F., Maglio, M. et al. In vitro-deranged
intestinal immune response to gliadin in type 1 diabetes.
Diabetes 2004, 53(7): 1680-3.

81. Sblattero, D., Ventura, A., Tommasini, A. et al. Cryptic gluten
intolerance in type 1 diabetes: Identifying suitable candidates for
a gluten free diet. Gut 2006, 55(1): 133-4.

82. Viljamaa, M., Kaukinen, K., Huhtala, H., Kyronpalo, S.,
Rasmussen, M., Collin, P. Coeliac disease, autoimmune dis-
eases and gluten exposure. Scand J Gastroenterol 2005, 40(4):
437-43.

83. Ziegler, A.G., Schmid, S., Huber, D., Hummel, M., Bonifacio,
E. Early infant feeding and risk of developing type 1 diabetes-
associated autoantibodies. JAMA – J Am Med Assoc 2003,
290(13): 1721-8.

84. Goh, C., Banerjee, K. Prevalence of coeliac disease in chil-
dren and adolescents with type 1 diabetes mellitus in a clinic
based population. Postgrad Med J 2007, 83(976): 132-6.

85. Taylor, J.C., Gough, S.C., Hunt, P.J. et al. A genome-wide
screen in 1119 relative pairs with autoimmune thyroid disease. J
Clin Endocrinol Metab 2006, 91(2): 646-53.

86. Verslype, C. Evaluation of abnormal liver-enzyme results in
asymptomatic patients. Acta Clin Belg 2004, 59(5): 285-9.

87. Elfstrom, P., Montgomery, S.M., Kampe, O., Ekbom, A.,
Ludvigsson, J.F. Risk of primary adrenal insufficiency in patients
with celiac disease. J Clin Endocrinol Metab 2007, In press.

88. Liden, M., Kristjansson, G., Valtysdottir, S., Hallgren, R.
Gluten sensitivity in patients with primary Sjogren’s syndrome.
Scand J Gastroenterol 2007, 42(8): 962-7.

89. Smedby, K.E., Akerman, M., Hildebrand, H., Glimelius, B.,
Ekbom, A., Askling, J. Malignant lymphomas in coeliac disease:
Evidence of increased risks for lymphoma types other than
enteropathy-type T cell lymphoma. Gut 2005, 54(1): 54-9.

90. Smedby, K.E., Hjalgrim, H., Askling, J. et al. Autoimmune
and chronic inflammatory disorders and risk of non-Hodgkin lym-
phoma by subtype. J Natl Cancer Inst 2006, 98(1): 51-60.

91. Hill, I.D., Dirks, M.H., Liptak, G.S. et al. Guideline for the
diagnosis and treatment of celiac disease in children:
Recommendations of the North American Society for Pediatric
Gastroenterology, Hepatology and Nutrition. J Pediatr
Gastroenterol Nutr 2005, 40(1): 1-19.

92. Kupper, C. Dietary guidelines and implementation for celiac
disease. Gastroenterology 2005, 128(4, Suppl. 1): S121-7.

93. Akobeng, A.K., Ramanan, A.V., Buchan, I., Heller, R.F.
Effect of breast feeding on risk of coeliac disease: A systematic
review and meta-analysis of observational studies. Arch Dis
Child 2006, 91(1): 39-43.

94. Scott, E.M., Gaywood, I., Scott, B.B. Guidelines for osteo-
porosis in coeliac disease and inflammatory bowel disease. Gut
2000, 46(90001): i1-i8.

95. The BioBalance Corporation announces approval of
Probactrix clinical trial for celiac disease. BioBalance
Corporation Press Release, December 15, 2005.

96. Alba Therapeutics Corporation reports preliminary phase IIa
clinical trial results for AT-1001 for the treatment of celiac dis-
ease. Announces plans for advancing AT-1001 into later stage
clinical trials. Alba Therapeutics Press Release, May 7, 2007.

ease — A general population cohort study. Nephrol Dial
Transplant 2006, 21(7): 1809-15.

64. Ludvigsson, J.F., Elfstrom, P., Broome, U., Ekbom, A.,
Montgomery, S.M. Celiac disease and risk of liver disease: A
general population-based study. Clin Gastroenterol Hepatol
2007, 5(1): 63-9.

65. Frustaci, A., Cuoco, L., Chimenti, C. et al. Celiac disease
associated with autoimmune myocarditis. Circulation 2002,
105(22): 2611-8.

66. Stevens, F.M., Connolly, C.E., Murray, J.P., McCarthy, C.F.
Lung cavities in patients with coeliac disease. Digestion 1990,
46(2): 72-80.

67. Book, L., Hart, A., Black, J., Feolo, M., Zone, J.J.,
Neuhausen, S.L. Prevalence and clinical characteristics of celiac
disease in Downs syndrome in a US study. Am J Med Genet
2001, 98(1): 70-4.

68. Bushara, K.O. Neurologic presentation of celiac disease.
Gastroenterology 2005, 128(4, Suppl. 1): S92-7.

69. Cervio, E., Volta, U., Verri, M. et al. Sera of patients with celi-
ac disease and neurologic disorders evoke a mitochondrial-
dependent apoptosis in vitro. Gastroenterology 2007, 133(1):
195-206.

70. Ludvigsson, J.F., Reutfors, J., Osby, U., Ekbom, A.,
Montgomery, S.M. Coeliac disease and risk of mood disorders
— A general population-based cohort study. J Affect Disord
2007, 99(1-3): 117-26.

71. Rosenberg, N.R., Vermeulen, M. Should coeliac disease be
considered in the work up of patients with chronic peripheral neu-
ropathy? J Neurol Neurosurg Psychiatry 2005, 76(10): 1415-9.

72. Collin, P., Reunala, T. Recognition and management of the
cutaneous manifestations of celiac disease: A guide for derma-
tologists. Am J Clin Dermatol 2003, 4(1): 13-20.

73. Cannistraci, C., Lesnoni, L.P., I, Cardinali, G. et al. Co-local-
ization of IgA and TG3 on healthy skin of coeliac patients. J Eur
Acad Dermatol Venereol 2007, 21(4): 509-14.

74. Ludvigsson, J.F., Wahlstrom, J., Grunewald, J., Ekbom, A.,
Montgomery, S.M. Coeliac disease and risk of tuberculosis: A
population based cohort study. Thorax 2007, 62(1): 23-8.

75. Ventura, A., Magazzu, G., Greco, L. Duration of exposure to
gluten and risk for autoimmune disorders in patients with celiac
disease. SIGEP Study Group for Autoimmune Disorders in
Celiac Disease. Gastroenterology 1999, 117(2): 297-303.

76. Barker, J.M. Type 1 diabetes-associated autoimmunity:
Natural history, genetic associations, and screening. J Clin
Endocrinol Metab 2006, 91(4): 1210-7.

77. Ludvigsson, J.F., Ludvigsson, J., Ekbom, A., Montgomery,
S.M. Celiac disease and risk of subsequent type 1 diabetes: A
general population cohort study of children and adolescents.
Diabetes Care 2006, 29(11): 2483-8.

78. Sumnik, Z., Cinek, O., Bratanic, N. et al. Risk of celiac dis-
ease in children with type 1 diabetes is modified by positivity for
HLA-DQB1*02-DQA1*05 and TNF -308A. Diabetes Care 2006,
29(4): 858-63.

79. Sapone, A., de Magistris, L., Pietzak, M. et al. Zonulin upreg-
ulation is associated with increased gut permeability in subjects
with type 1 diabetes and their relatives. Diabetes 2006, 55(5):
1443-9.

Drugs Fut 2007, 32(9) 831



logues of a high affinity 33-residue peptide from alpha2-gliadin.
J Am Chem Soc 2006, 128(6): 1859-67.

103. Watts, R.E., Siegel, M., Khosla, C. Structure-activity rela-
tionship analysis of the selective inhibition of transglutaminase 2
by dihydroisoxazoles. J Med Chem 2006, 49(25): 7493-501.

104. Papadakis, K.A., Prehn, J., Moreno, S.T. et al. CCR9-posi-
tive lymphocytes and thymus-expressed chemokine distinguish
small bowel from colonic Crohn’s disease. Gastroenterology
2001, 121(2): 246-54.

105. Przemioslo, R.T., Lundin, K.E., Sollid, L.M., Nelufer, J.,
Ciclitira, P.J. Histological changes in small bowel mucosa
induced by gliadin sensitive T lymphocytes can be blocked by
anti-interferon gamma antibody. Gut 1995, 36(6): 874-9.

106. Salvati, V.M., Mazzarella, G., Gianfrani, C. et al.
Recombinant human interleukin 10 suppresses gliadin depen-
dent T cell activation in ex vivo cultured coeliac intestinal
mucosa. Gut 2005, 54(1): 46-53.

97. Phase IIb study to study the efficacy of AT1001 to treat celi-
ac disease (NCT00492960). ClinicalTrials.gov Web site,
September 20, 2007.

98. Gass, J., Khosla, C. Prolyl endopeptidases. Cell Mol Life Sci
2007, 64(3): 345-55.

99. Rizzello, C.G., De Angelis, M., Di Cagno, R. et al. Highly effi-
cient gluten degradation by lactobacilli and fungal proteases dur-
ing food processing: New perspectives for celiac disease. Appl
Environ Microbiol 2007, 73(14): 4499-507.

100. Revolutionary immunologic data explains function of
Diamyd diabetes vaccine. Diamyd Press Release, May 3, 2007.

101. Phillips, W.J., Smith, D.J., Bona, C.A., Bot, A., Zaghouani,
H. Recombinant immunoglobulin-based epitope delivery: A novel
class of autoimmune regulators. Int Rev Immunol 2005, 24(5-6):
501-17.

102. Xia, J., Siegel, M., Bergseng, E., Sollid, L.M., Khosla, C.
Inhibition of HLA-DQ2-mediated antigen presentation by ana-

832 Celiac disease


