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Abstract
Celiac disease now affects about one person in a hun-
dred in Europe and North America. In this review, we 
consider a number of important and exciting recent 
developments, such as clinical associations, HLA-DQ2 
and HLA-DQ8 predispositions, the concept of poten-
tial celiac disease, the use of new imaging/endoscopy 
techniques, and the development of refractory disease. 
This review will be of use to all internists, pediatricians 
and gastroenterologists.
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INTRODUCTION
Celiac disease (CD) is an immune-mediated enteropa-
thy characterized by intolerance to gluten. CD is usually 
characterized by various gastrointestinal (GI) symptoms 
(e.g. diarrhea, malabsorption, weight loss) associated with 
consumption of  grains containing gluten (wheat, barley, 
rye). Although some CD patients may have primarily GI 
symptoms, CD may be detected due to associated extrain-
testinal disorders, even without GI symptoms, or due to 
screening for CD based on a positive family history. CD 
has a strong association with HLA-DQ2 and HLA-DQ8. 
Serological testing for antibodies to tissue transgluta-
minase (tTG) is usually positive (-95%) in the untreated 
patient. Endoscopic and histological damage seen in the 
proximal intestine is characteristic, but not diagnostic. As 
CD is defined to be a gluten-sensitive enteropathy, defini-
tive diagnosis ultimately depends on a positive small bowel 
biopsy and demonstration of  a response to a gluten-free 
diet (GFD)[1]. Common serological changes include the 
appearance of  anti-tTG and other antibodies, e.g. endo-
mysial antibodies (EMA). These antibodies have been re-
ported in some, but not all studies, to decline or disappear 
in association with a clinical and/or histological response 
to a gluten-free diet.

The clinical spectrum of  CD includes patients with 
classical gastrointestinal symptoms (e.g. diarrhea and 
weight loss), those who are detected on screening because 
of  a family history of  CD or having a CD-associated au-
toimmune condition, or those who have a predisposition 
for developing CD but at a particular time of  testing, con-
ceivably could have no symptoms, negative CD serology 
and a histologically normal small bowel biopsy. Now, a 
CD-specific quality of  life instrument has also been de-
veloped and validated psychometrically[2], and may prove 
useful in everyday clinical practice.
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EPIDEMIOLOGY
CD is highly prevalent in Caucasian populations and their 
descendants. The age of  clinical onset (based on diagno-
sis) is often described by some experts as bimodal: the 
first peak is at 8 to 12 mo of  age, and the second during 
the third to fourth decades of  life[3]. Recent studies sug-
gest, however, that CD should be considered as a disorder 
that has a risk of  developing throughout life, even in the 
elderly. Overall, CD is twice as frequent among females as 
compared to males, possibly because the necessary HLA 
haplotypes, DQ2/DQ8, are more frequent in female than 
in male CD patients (i.e. 94% vs 85%)[4]. In addition, CD 
may be detected more frequently in females because fe-
males tend to seek medical care more often than males, 
usually at a younger age. With aging, however, this female 
predominant pattern disappears. In the elderly, the ratio of  
newly diagnosed males is equivalent to newly diagnosed 
females. In the few DQ2/DQ8 -negative CD patients, 
there is a male excess, and only inheritance of  a paternal 
DQ2 haplotype leads to a daughter’s predominance[4]. 

While it is estimated that CD affects up to 2% of  Cau-
casians, the risk is higher in first-degree relatives of  af-
fected sibling pairs (17%), monozygotic twins (75%), and 
HLA-identical siblings (40%). Indeed, the single most im-
portant risk factor for celiac disease is having a first-degree 
relative with already-defined CD, particularly a sibling[5]. 
The estimated prevalence of  CD in first-degree relatives 
living in Minneapolis, USA is 11% of  all affected family 
members who carried at-risk genotypes (HLA-DQ2 in 
more than 90% of  cases, and the remainder carrying HLA-
DQ8). About half  of  these persons have clinically “silent 
disease”, and yet, their small bowel biopsies may show 
severe architectural changes[6]. This apparent disconnection 
in some patients between severity of  symptoms with CD 
and the severity of  histological abnormalities (typically de-
fined in the proximal small bowel) may reflect the variable 
extent of  histological involvement further along the length 
of  the small intestine.

The prevalence of  CD appears to be increasing, par-
ticularly as the population ages[7]. CD in the elderly has 
been reviewed and also likely reflects increased recognition 
of  undiagnosed CD in this age group[8-10]. The estimated 
prevalence of  CD in individuals in the United Kingdom 
between 45 to 76 years of  age is approximately 1.2%. 
About 20% of  all newly diagnosed celiac cases are over 60 
years of  age. The clinical presentation in these older indi-
viduals is variable, ranging from “silent” disease, to vague 
abdominal complaints, to anemia. These limited symptoms 
could also lead to a delay in diagnosis.

Prolonged gluten exposure in undiagnosed CD is seen 
to increase the incidence of  autoimmune diseases, such as 
diabetes and autoimmune thyroiditis. As far as gastrointes-
tinal complications are concerned, it is important to rule 
out collagenous and lymphocytic colitis[11,12], which may 
be mistaken for non-compliance with a gluten-free diet 
(GFD). Eight percent of  elderly persons in nursing homes 
or long-term care centers may have associated small bowel 
bacterial overgrowth, manifesting with malabsorption and 

diarrhea-like symptoms. Nutrient depletion in these indi-
viduals is common, and the incidence of  osteopenic bone 
disease is increased. Finally, neurological disorders, such as 
dementia, are becoming increasingly recognized in elderly 
patients with CD[13]. 

Screening serological tests (IgA and IgG) appear to be 
age-independent in adults. However, the elderly seem to 
have an increased incidence of  sero-negative CD. Interest-
ingly, the fate of  different celiac antibodies in genetically 
at-risk children on a normal diet has been assessed, and, re-
markably, these appear to spontaneously disappear[14]. Spe-
cifically, antibodies to tTG and EMA were spontaneously 
lost in 49% and 45%, despite continuing gluten exposure. 
Although the procedural risk of  endoscopy and biopsy may 
be marginally increased in the elderly, endoscopic biopsy 
remains crucial as the “gold standard” for diagnosis of  CD 
in this age group as well as in all other age groups.

GENETICS
It is conceivable that CD could be a heterogeneous dis-
order, not only with differing clinical presentations, but 
also different degrees of  pathological change in the small 
intestinal mucosa. Further morphometric and immuno-
histochemical studies from geographically and geneti-
cally diverse populations are needed to confirm observa-
tions on increased intraepithelial lymphocytes (IELs) in 
otherwise architecturally normal small intestine.

A small percentage of  EMA-positive patients may 
have a small bowel biopsy in which the mucosa might be 
considered by some pathologists to be architecturally nor-
mal. From 409 children who were positive for celiac-relat-
ed antibodies, 24 (5.9%) of  the individuals were reported 
to have an architecturally normal small intestinal mucosa, 
46% (11 of  these 24 patients) had increased CD3+ intra-
epithelial lymphocytes, and 71% (17 of  the 24) had an in-
creased density of  gamma-delta + cells[15]. In 17 of  these 
24 persons (70%), the number of  lamina propria CD25+ 
cells was increased, and/or the expression of  ICAM-1 
and crypt HLA-DR was enhanced. Interestingly, in those 
persons with apparently normal jejunal histology, there 
appeared to be immunohistological evidence of  immune 
activation in the epithelium, lamina propria and intestinal 
crypts. A GFD is usually not recommended in individuals 
with an architecturally-normal small bowel biopsy. So-
phisticated immunohistochemical findings, such as these, 
raise the question as to whether definition of  “normal” 
needs to be extended, and whether such subjects with 
abnormal antibodies in the intestinal biopsy may need 
further monitoring to determine if  a GFD is indicated. 
In addition, duodenal mucosal tTG detection improves 
the sensitivity of  diagnosis in CD for those with very mild 
histological changes, i.e. Marsh 1 lesions[16]. Thus, the defi-
nition of  CD may conceivably extend to persons with an 
architecturally normal mucosal biopsy, but with abnormal 
CD-associated immunohistochemical changes. Additional 
studies are needed to confirm, evaluate and further eluci-
date these interesting observations.

Gluten has specific peptide sequences which show 

2260 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com



HLA-DQ2 or HLA-DQ8 restrictive binding motifs across 
the various gluten proteins. About 40% of  the heritability 
of  CD includes the human leukocyte antigen HLA-DQ2 
and HLA-DQ8 heterodimers. The HLA DQ2 and HLA-
DQ8 molecules are necessary to develop CD, but are not, 
in themselves, sufficient for phenotypic expression of  the 
disease. Indeed, HLA markers only explain an estimated 
40% of  the heritable risk for CD. Therefore, other non-
HLA genes must also be involved. One of  these may 
relate to genetic variants on chromosome 19, in the myo-
sin IXB gene (i.e. MYO9B), and may potentially predict 
responsiveness to a GFD[17]. 

CD-associated HLA-DQ molecules bind and present 
gluten peptides to antigen-specific T-cells in the intestinal 
mucosa, and induce T-cell proliferation as well as cyto-
kine secretion. Siblings who share HLA haplotypes have 
a greater likelihood of  concordance with CD than the 
generally estimated risk for siblings. A small percentage 
of  CD patients are DQ-2 negative, usually being DR4-
positive for the class 2 antigen, DQ8. Carrying two copies 
of  DQB1*02 is associated with an even greater risk for 
CD, but does not predict an earlier age of  onset of  disease 
or disease severity. This suggests that assessment of  copy 
number of  the DQB1*02 allele could permit stratification 
of  risk[18]. 

In twin studies in which CD was diagnosed by small 
bowel biopsy and serology in one twin, monozygotic twin 
pairs had a high probability of  being concordant with 
CD in the second twin: monozygotic and dizygotic co-
twins had 70% and 9% cumulative probability of  having 
symptomatic or “silent” forms of  CD, respectively, within 
5 years[19]. Under ACE (additive genetic, common and 
unshared environmental factors/models) with CD preva-
lences of  1/91 and 1/1000, heritability estimates were 
87% and 57%, respectively[19]. 

The overall risk of  siblings of  children with CD de-
veloping CD was 10% in an Italian population, but the 
risk estimate ranged from 0.1% to 29% when HLA-DQ 
information of  the proband, parents and sibling was 
considered[20]. The risk for the sibling developing CD was 
less than 1% for 40% of  the sibs of  the probands, 1% to 
10% for 30% of  the probands, and above 25% for the re-
maining 30% of  the siblings. Thus, information about the 
risk for a second child to develop CD can be provided to 
parents with a child with CD. This antenatal estimate of  
the risk of  CD in the child may be useful to provide early 
diagnosis and management, as well as providing focused 
and specific follow-up depending upon the risk stratifica-
tion. Of  importance, because CD is treated with a GFD 
and the resultant quality of  life of  the CD patient is high, 
the antenatal diagnosis of  CD should not be used as a 
reason to consider termination of  the pregnancy.

A double dose of  DR3 (often with DQ2) is associated 
with an even higher risk of  development of  CD. HLA ge-
notyping is thought to be useful to exclude CD in family 
members, or in persons in whom there is an increased risk 
of  CD, such as those with Turner syndrome or Down’s 
syndrome[21].

A strategy that combines gene expression profiling of  

intestinal biopsy specimens, linkage region information, 
and different bio-informatic tools for the selection of  po-
tential regulatory single-nucleotide polymorphisms (SNPs) 
has been used to search for novel candidate determinants 
of  predisposition to CD in previously identified linkage 
regions[22]. Abnormalities in functional proteins have been 
observed in CD. By using genetic association analysis with 
a SNPs approach, the tight junction permeability barrier 
genes, KRD 3 (2SNPs) and MAGI 2 (2SNPs), were shown 
to be associated with CD in British and Dutch persons[23].

In addition to the involvement of  HLA classⅠ re-
stricted CD8+ T-cells, the innate immune system may also 
be involved in CD. In the mucosa of  untreated CD, there 
is an increase in activated CD8+ T-cells containing large 
granzyme-B (GrB)-positive granules, as well as cell surface 
expression of  the Fas ligand (FasL). CD8+ T-cell cyto-
toxicity occurs in the mucosa of  patients with active CD 
(through Fas and FasL-mediated killing of  enterocytes). 
The gliadin interaction for this CD8+ T cell-mediated 
response (occurring through TCR/HLA class Ⅰ) induces 
enterocyte apoptosis[24]. 

Variation among four closely linked genes on chromo-
some 4q27 represents a non-HLA genetic risk factor for 
CD, mapping to a region that contains IL2, IL21, TENR, 
and K1AA1109[25]. Also, multiple common variants for 
CD influencing immune gene expression have been de-
fined with second generation genome wide association 
studies[26].

Genetic studies have also recently identified nine non-
HLA loci that contribute to CD risk. Combining HLA 
and non-HLA risk genotypes increases the sensitivity of  
CD diagnosis by 6.2% compared with using only HLA for 
identification, with only a slight decrease in specificity[27]. 
There may be a quantitative relationship between the type 
and proportion of  DQ heterodimers and the risk of  CD[28].

PATHOGENESIS
Gliadins, derived from an alcohol soluble fraction of  
gluten, are storage proteins that are ingredients in wheat, 
barley and rye as well as other grains that contain gluten 
(albeit of  less importance). Gliadins are characterized by 
a high content of  glutamine and proline residues. Glute-
nins are insoluble in aqueous alcohol and are different in 
structure from the glutens. The early immune response 
in CD patients is directed towards several of  these pep-
tides, while the long-standing inflammatory response 
may be driven by gluten peptides deamidated or cross-
linked by tTG and bound more tightly to HLA-DQ2 and 
HLA-DQ8. The tTG catalyzed modifications in gliadin 
are not restricted to single gliadin types or epitopes[29]. 
Prolamines in barley and rye are known as hordein and 
secalin, respectively. These barley and rye prolamines 
induce an mRNA interferon-gamma response in celiac 
mucosa[30]. The α-2 gliadin-33mer appears to cross the 
brush border membrane (BBM) of  the jejunal enterocyte 
by a dose-dependent mechanism. Both the uncleaved as 
well as the degraded form of  the 33mer translocate into 
the enterocyte[31]. Interferon-gamma enhances the trans-
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location of  the 33mer. 
After passage across the BBM, gliadins trigger a Th-1 

type-dependent inflammatory reaction. The effects of  
gliadin peptides and A-gliadin peptide P31-43 on cell lines 
and cultured small intestinal biopsies are mediated through 
epidermal growth factor receptor (EGFR) activation by 
interfering with EGFR endocytosis[32]. Gliadin has an im-
munogenic effect, but also directly affects cultured cells 
and intestinal preparations by way of  separate peptides 
such as A-gliadin p31-43 (P31-43). The gliadin-induced 
delay of  EGFR endocytosis in cultured intestinal biopsies 
suggests a role for EGFR activation in CD[32]. A 33 amino 
acid fragment of  α-2 gliadin is an important trigger of  the 
inflammatory process. In patients with active CD, there is 
transepithelial translocation of  the attack 33mer, as well 
as incomplete degradation of  the 33mer during intestinal 
transport. 

In persons with active CD, there is a marked accumula-
tion of  polarized Th-1 cells that produce large amounts of  
interferon γ (IFNγ). T-bet, a member of  the T-box family 
of  transcription factors, is present in CD4+ and CD8+ 
mucosal T cells in patients with CD. Interleukin 21 (IL-21) 
is present in activated CD4+ T cells, as well as in natural 
killer T cells (NK T cells). IL-21 regulates the production 
of  cytokines by T cell subsets. IL-21 increases the expres-
sion of  Stat4 and T-bet, and stimulates the production of  
IFNγ in human T cells. In duodenal mucosal biopsies from 
patients with CD, there is enhanced IL-21 RNA and pro-
tein expression, and neutralization of  IL-21 largely prevents 
peptic-tryptic and digest-enhanced IL-21 expression[33,34].

In persons with a genetic susceptibility to develop CD, 
gliadin interacts with the intestine to trigger disassembly of  
the inter-enterocyte tight junctions (TJs). The 2α-gliadin 
20mer synthetic peptides of  gliadin bind to the chemokine 
receptor, CXCR3. This binding induces MyD88-dependent 
zonulin release. In turn, zonulin release leads to increased 
intestinal permeability[35]. Increased intestinal permeability 
occurs prior to the onset of  clinically apparent CD. Even 
on a GFD, the initially enhanced intestinal permeability 
does not necessarily return to normal.

Another important aspect related to the pathogenesis 
of  CD may include the intestinal microflora that may 
be central to the clinical expression of  the disease. In 
one recent report, enrichment in the mucosa-associated 
microbiota with rod-shaped bacteria in those that de-
veloped CD may have contributed to the so-called “epi-
demic” in Swedish children less than two years of  age[36]. 

Finally, other recent studies related to CD pathogen-
esis have directly used intestinal biopsy specimens from 
CD and non-CD persons. For example, IL-15 recep-
tor α mRNA expression is higher in duodenal biopsies 
from CD compared to non-CD persons, regardless of  
whether the CD subjects are or are not consuming glu-
ten. IL-15 induces an intense immunological response in 
CD, with the production of  nitrites and IFN gamma[37].

SEROLOGY
Serological markers of  significance include EMA and tTG 

antibodies. The sensitivity of  tTG is 98% and specificity 
96%, whereas the EMA is 100% specific and sensitivity is 
greater than 90%[38]. Assays for tTG antibodies are largely 
based on the dominant antigen in the EMA test, how-
ever, tTG assays are more reliable and more reproducible, 
largely because the EMA is a qualitative assay and tTG as-
says are quantitative. 

The antibodies to tTG and deamidated gliadin pep-
tide (DGP) have been combined in a multiplex immuno-
assay of  persons suspected as having CD, to potentially 
provide a complete antibody phenotype[39], and thereby 
to improve the performance characteristics of  the sero-
logical testing. A meta-analysis has shown that the tTG 
antibody test out-performs the DGP antibody test, with 
a 5.2% greater sensitivity (93.0% vs 87.8%) and a 2.4% 
greater specificity (96.5% vs 94.1%), respectively[40].

DGP has been suggested to possibly be a better di-
agnostic test for CD before institution of  a GFD than is 
the conventional gliadin antibody testing: the sensitivity, 
specificity, and accuracy of  deamidated gliadin-IgA (74%, 
95%, and 86%), deamidated gliadin-IgA (65%, 98%, and 
84%), and deamidated gliadin-IgA + IgG (75%, 94%, 
and 86%), were superior to gliadin-IgA (63%, 90%, and 
79%) (P > 0.05) and gliadin-IgG (42%, 90%, and 60%) 
(P > 0.01), and were similar to tTG-IgA (78%, 98%, and 
90%)[39]. Further comparative evaluation with more mod-
ern serological assay methods would be useful, including 
tTG antibodies.

Because the small bowel biopsy in the person with 
CD does not have a pathognomic histological feature, 
serological testing may have an important supportive role 
in providing added information for the diagnosis of  CD. 
Tissue transglutaminase (tTG) catalyzes the Ca2+-depen-
dant formation of  cross links between protein-bound 
glutamine and glycine residues. The glutamine residue can 
be deamidated to glutamic acid by tTG, including specific 
glutamines in gluten-containing proteins. Deamidated 
gluten proteins have enhanced affinity for the HLA-DQ 
heterodimer of  antigen-presenting cells. This activates 
T-lymphocytes and produces a T-helper type 1 response 
in the mucosa of  celiac patients. The tTG-gluten complex 
is processed by B-cells, and presented to gluten-specific 
T cells, that give rise to tTG antibody T-helper type 2 
response[41]. The tTG autoantibodies interact with extra-
cellular membrane-bound transglutaminase, and thereby 
play an important role in proliferation of  epithelial cells in 
persons with predisposition to CD.

The tTG is responsible for post-translational modi-
fication of  proteins by introduction of  lysine crosslinks, 
as well as deamidation. The IgA anti-tTG responses in 
CD and in dermatitis herpetiformis are focused on the 
region of  tTG responsible for its transamidation and 
deamidation reactions, whereas the IgG response targets 
other regions of  the enzyme[42].

The performance of  serum anti-tTG may depend on 
clinical presentation of  CD; e.g. classic symptomatic dis-
ease or silent asymptomatic disease. In patients estimated 
to have Marsh-Ⅲ A, B, or C degree of  villous atrophy, 
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the sensitivity, specificity, positive and negative predic-
tive values of  the anti-tTG antibody test were 71%, 65%, 
91%, and 30%, respectively[43]. The sensitivity was 90% for 
subjects with total villous atrophy, and only 42% for those 
with partial villous atrophy. In persons thought to have a 
high pretest probability of  having CD based on symptoms 
such as weight loss, anemia, or diarrhea, 9.1% were anti-
tTG negative[44], indicating that serological testing may miss 
a substantial number of  cases of  untreated CD that are 
antibody negative. Strongly positive tTG assay results with-
out CD biopsy changes have also been recorded[45]. In the 
latter, it is not known if  further biopsies at a later date will 
reveal the typical morphological changes of  untreated CD.

The supply sources for EMA are limited to monkey 
esophagus or umbilical cord, and many assays are done “in-
house” that may not be readily duplicated in other laborato-
ries. EMA are considered to be highly sensitive and specific 
for serological changes seen in untreated CD. However, 
EMA assays are expensive, qualitative, and therefore sub-
jective. EMA is increasingly being replaced by serological 
testing for antibodies to tTG, especially since the anti-tTG 
assay can be more precisely quantitated. 

The EMA binding patterns and serum samples from 
CD patients are tTG-2 targeted, and the humoral re-
sponse against tTG occurs at the level of  the intestinal 
mucosa. tTG-2 targeted extracellular IgA deposits have 
been demonstrated by immunofluorescence in the small 
bowel mucosa in untreated celiac subjects, even when they 
are absent from the serum. In those subjects suspected 
of  having CD but who are EMA and anti-tTG negative, 
finding the tTG-2 targeted antibody in the jejunal mucosa 
may help to make the diagnosis of  CD[46].

Frozen sections of  small bowel specimens were evalu-
ated by immuno-fluorescence using rabbit antibody against 
human IgA. Although at best, semi-quantitative, these 
immunofluorescent deposits may be better initial markers 
for gluten sensitivity than small bowel mucosal IEL densi-
ties[47]. While architectural changes, such as villous atrophy, 
may lead to suspicion of  untreated CD, tTG-2 specific IgA 
deposits may potentially be more useful. Further studies 
are needed.

Seronegative (EMA or tTG) CD occurs in less than 
10% of  celiacs, particularly in those with lesser degrees of  
villous atrophy. The presence of  EMA in subjects with an 
architecturally-normal small bowel biopsy could indicate 
early developing CD. Serum and intestinal celiac anti-auto-
bodies and intra-epithelial lymphocytes have been assessed 
as possible indicators of  developing CD. Celiac autoanti-
body deposits have been recorded to provide a sensitivity 
and specificity of  93% and 93%, respectively, in detecting 
subsequent CD; this is compared to 59% and 57% for 
CD3+; 76% and 60% for gamma-delta+, and 88% and 
71% for villous tip intra-epithelial lymphocytes[48]. 

Simple “in the office” anti-tTG tests have been devel-
oped commercially, and the blood drop-based assay for 
IgA anti-tTG was reported to have a sensitivity of  90% 
and a specificity of  95%[49]. The sensitivity and specific-
ity of  serum anti-tTG is laboratory-dependent, and as-
say results may differ for clinical compared to research 

laboratories. Because CD does not have a pathognomic 
histological feature, serology may have a supportive role 
in making the diagnosis. As CD is defined as a gluten-
sensitive enteropathy, a clinical or serological response to 
a GFD is essential to establish a diagnosis of  CD. Some-
times, re-biopsy after a GFD is necessary, or even further 
evaluation after a gluten challenge may be required.

A normal tTG level does not predict recovery of  vil-
lous atrophy in celiac subjects on a GFD. For example, 16 
of  48 (33%) subjects with CD on a GFD had persistent 
villous atrophy, but 7 of  these 16 (44%) had a normal 
tTG[50]. In a multicenter, prospective study involving adult 
subjects attending one of  several primary care practices, 
and in individuals not having symptoms or a condition 
known to be associated with CD, initial testing was done 
with anti-tTG. Those with elevated anti-tTG were tested 
for EMA (IgA), and then those in turn who were posi-
tive for EMA underwent an intestinal biopsy and HLA 
typing[51]. A positive anti-tTG was found in 3.1%, and the 
prevalence of  CD in the serologically screened sample was 
2.3%. When a similar study was performed in a university 
hospital, the prevalence of  CD was 3.5%, and a negative 
HLA-DQ type excluded the diagnosis[52]. However, the 
“addition of  HLA-DQ typing to TGA and EMA testing, 
and the addition of  serological testing to HLA-DQ typ-
ing, provided the same measures of  test performance as 
either testing strategy alone”[52].

Because the EMA and anti-tTG responses may remain 
elevated in CD on a GFD, it may be useful to measure 
soluble CD163, a scavenger receptor shed by tissue mac-
rophages and correlated with the inflammatory lesion in 
CD. Those subjects with a more severe (Marsh grade 3) 
lesion had higher levels of  CD163 than did those with a 
milder (Marsh grade 2, grade 1 or grade 0) lesion[53]. Fur-
ther studies are needed. 

There are three fatty acid binding proteins in the cytosol 
of  the intestine: intestinal FABP (I-FABP), liver FABP (L-
FABP), and ileal bile acid binding protein (I-BABP). These 
are present in increased amounts in the serum of  persons 
with enterocyte damage from, for example, mesenteric 
thrombosis or necrotizing enteritis. Because I-FABP and 
L-FABP are found predominantly in the enterocytes in the 
upper portion of  the jejunal villi, it is not surprising that 
their concentration is increased in the plasma of  persons 
with CD. When measurements were made within one year 
of  the introduction of  a GFD, these initially increased I- 
and L-FABP levels fell to normal[54]. Together with follow-
ing the patient’s symptoms, quality of  life, and celiac serol-
ogy, assessing intestinal permeability may potentially prove 
to be a useful non-invasive test to follow the histological 
improvement of  CD patients on a GFD.

The current standard for the assessment of  adherence 
to a GFD in adult CD patients is largely based on a per-
sonal clinical evaluation. However, most serological assays 
appear to compare adequately in sensitivity and specificity 
to a thorough nutritional evaluation of  the assessment of  
adherence to a GFD[55]. This is important, since only ap-
proximately 45%-80% of  patients with CD adhere strictly 
to a GFD. This is thought to place them at increased risk 
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of  developing metabolic bone disease, anemia, gastroin-
testinal symptoms, as well as impaired psychological well-
being and quality of  life.

MUCOSAL HISTOLOGY
Criteria for the diagnosis of  CD include the initial dem-
onstration of  small bowel architectural changes includ-
ing mucosal villous atrophy with crypt hyperplasia, along 
with increased intra-epithelial lymphocytosis. However, 
this may be a slowly developing process and the changes 
are not specific. In addition, some persons may suffer 
from CD symptoms before histological evidence can be 
documented. While some authors have suggested that an 
anti-tTG level can be defined which gives a positive pre-
dictive value of  100% for CD[56], it remains the standard 
of  practice to always obtain a biopsy to determine if  the 
histological changes of  untreated CD are present before 
initiation of  a GFD. 

Some have noted that there may be significant dif-
ferences between pathologists in mucosal biopsy inter-
pretation[57]. The older Marsh classification, as modified 
by Oberhuber and colleagues, continues to be used by 
many pathologists. But for some, it may be considered 
complex because there are many different diagnostic cat-
egories. A simpler grading system has been proposed[57] 
based on three villous morphologies (A, non-atrophic; 
B1, atrophic, villous-ratio < 3:1; B2, atrophic, villi no 
longer detectable), and an intraepithelial lymphocyte 
count of  > 25/100 enterocytes. Compared to the older 
classification system, this simpler classification schema 
was thought by the investigators to be superior. 

However, the severity of  villous atrophy based on 
histological analysis of  biopsy specimens taken from the 
proximal intestine does not necessarily predict the sever-
ity of  symptoms in CD for either children or adults. For 
example, when clinical symptoms of  18 CD patients with 
a good histological recovery were compared with 13 CD 
who had persistent small intestinal villous atrophy despite 
maintaining a GFD, symptoms could be absent despite 
the persistence of  morphological abnormalities[58]. Other 
authors also noted the lack of  association between the 
histological CD lesion and clinical manifestations[59]. In-
deed, the lack of  correlation between the degree of  villous 
atrophy and symptoms was stressed in a further study of  
499 CD patients, in which 44% had a classical presenta-
tion and 56% had atypical or silent CD[60]. These findings 
are not surprising, however, since the response to a GFD 
occurs initially in the most distal small bowel. Months to 
even years on a strict GFD may be needed before im-
provements in the proximal intestinal mucosa occur. 

While duodenal biopsy represents the “gold standard” 
for the diagnosis of  CD, capsule endoscopy (CE) has 
revealed that over a third of  celiac patients have macro-
scopic mucosal changes extending beyond the duodenum, 
and in approximately 7%, the entire small bowel was in-
volved[61]. As compared with duodenal biopsy for detect-
ing changes in CD, the sensitivity of  CE was reported to 
be 88%, specificity 91%, positive predictive value 97%, 

and negative predictive value 71%.
“Latent CD” is defined as abnormal celiac serology 

and a normal small bowel biopsy (Marsh stage 0). These 
so-called “latent CD” patients have an increased hazard 
(HR) ratio for death comparable to those with Marsh 1-2 
and Marsh 3: 1.35; 95% CI, 1.14-1.58, median follow-up, 
6.7 years; HR, 1.72; 95% CI, 1.64-1.79; median follow-up, 
7.2 years; HR, 1.39; 95% CI, 1.33-1.45; median follow-up, 
8.8 years, respectively[62]. This corresponded with excess 
mortality of  1.7 per 1000 person-years in “latent CD”, 
10.8 in Marsh 1-2, and 2.9 in Marsh 3 stage CD. This 
raises the possibility that it may be important to diagnose 
very early CD. However, this label of  “latent CD” may 
differ from the original definition of  latent CD (without 
serological studies) where abnormal small intestinal archi-
tectural changes were induced with a high gluten-contain-
ing diet (initially reported in dermatitis herpetiformis) and 
then normalized on a GFD.

Given that duodenal biopsy is still the “gold stan-
dard” for the diagnosis of  CD, it is of  interest to know 
that when only two duodenal biopsies are obtained, di-
agnosis of  untreated CD is confirmed in 90%, however, 
increasing the number of  biopsies to 3 increased detec-
tion to 95%, and to 4 biopsies, 100% respectively[63].

While some present with symptoms and a small bowel 
biopsy is done to exclude CD, others will present with 
positive serology and a duodenal biopsy is then obtained. 
Occasionally lesions may be patchy or detected only in the 
duodenum, resulting in potential for sampling error and a 
false-negative result. Confocal endomicroscopy (CEM) is 
a novel method that permits magnification in vivo of  the 
gastrointestinal mucosa by up to 1000-fold. In persons with 
known CD, accuracy of  CEM in diagnosing CD was re-
ported to be excellent, with receiver operator characteristics 
under the curve of  0.946, sensitivity of  94%, and specificity 
of  92%[64]. CEM was also sensitive in the detection of  his-
tological changes following treatment with a GFD.

“Lymphocytic enteritis” (Marsh 1) may be associated 
with symptoms, yet serological markers of  CD appeared 
to be of  limited value in identifying these individuals. In 
130 of  221 first-degree relatives of  HLA-DQ2-positive 
patients with CD, relatives were positive also for HLA-
DQ2, and 49% were Marsh 0, 25% Marsh 1, < 1% Marsh 
2 and 10% Marsh 3. Only 17 of  221 relatives had positive 
serological markers for CD[65]. These authors argued that 
the higher number of  symptomatic patients with lympho-
cytic enteritis (Marsh 1) supports HLA-DQ2 genotyping 
strategy followed by duodenal biopsy in relatives of  CD 
patients. Further studies to confirm these observations are 
needed.

Anti-tTG levels have continued to be used in assess-
ing initiation and maintenance of  a GFD. It is believed 
that tTG levels might be followed to reduce the risk of  
complications and monitor histological changes in the 
upper small bowel[66]. 

CLINICAL PHENOTYPES
The ESPGHAN (European Society of  Pediatric Gastro-
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enterology, Hepatology and Nutrition) criteria distinguish 
between three different forms of  CD so that classification 
might be more precise: the latent or potential form defined 
by the presence of  anti-celiac antibodies; the silent form 
(asymptomatic) defined by the presence of  anti-celiac anti-
bodies and villous atrophy of  the small intestine; and the 
symptomatic form defined by the presence of  anti-celiac 
antibodies, villous atrophy and clinical symptoms. 

The adult height of  children with classical CD (e.g. 
symptomatic with diarrhea) is influenced by their com-
pliance to a GFD. Children diagnosed with CD after 4 
years of  age show a slower and less complete catch-up 
growth. A delayed diagnosis of  CD may be associated 
with a shorter adult height in men, but not in women[67]. 

While abdominal symptoms may respond quickly to a 
GFD, it may take up to a year or more after the introduc-
tion of  a GFD for persons with CD to achieve normaliza-
tion of  their initially abnormal small bowel biopsy. Elderly 
patients respond more slowly than younger patients to a 
GFD.

“Gluten sensitivity” may be defined as symptoms, 
such as diarrhea, apparently induced by gluten-containing 
foods. These have been reported in the absence of  chang-
es in small intestinal histology. In persons with diarrhea-
predominant irritable bowel syndrome (D-IBS), stool 
frequency and the gastrointestinal symptoms score return 
to normal values in 60% of  D-IBS subjects who were 
positive for HLA-DQ2 and CD-associated serum IgG 
after six months on a GFD, compared to only 12% who 
were negative[68].

Among the complications of  undiagnosed and, there-
fore, untreated CD are growth failure in children, infertil-
ity, anemia, osteoporosis, small intestinal non-Hodgkin 
lymphoma[69], and a 3.9-fold increased all-cause mortality 
rate[70]. Potentially, this may underscore the importance of  
diagnosing and treating even latent CD.

Celiac patients were reported to have a 5.4-fold higher 
risk of  non-Hodgkin’s lymphoma, but no increased risk of  
Hodgkin’s or chronic lymphatic leukemia. A shared sus-
ceptibility amongst siblings is observed[69]. It remains con-
troversial whether there is an increased risk of  developing 
lymphoma in CD if  the disease is asymptomatic[58,71]. 

There is a 5-fold increase in risk of  lymphoprolif-
erative malignancy in CD in comparison to the general 
population[72].

CLINICAL ASSOCIATIONS
The prevalence of  autoimmune diseases (e.g. autoimmune 
thyroid disease) is increased in persons with CD, as com-
pared with the healthy control population. Conversely, 
CD is increased in persons with autoimmune diseases. 
The cumulative risk of  autoimmune disease in patients 
with CD is 8% at age 15, and 16% at age 30 years. Factors 
associated with an increased risk of  autoimmune diseases 
associated with CD include a family history of  autoim-
mune disorders, and a diagnosis of  CD before the age of  
36[73]. Once the diagnosis of  CD has been made, patients 
who are adherent to a GFD have a 6% risk of  developing 

autoimmune disease at 10 years, vs 16% in those who are 
not compliant with a GFD. Expressed differently, the inci-
dence of  autoimmune disease is 5.4 per thousand patient 
years during adherence to a GFD, vs 11.3 per thousand 
patient years during non-adherence. 

Asymptomatic CD is also seen in children and adults 
with autoimmune hepatitis and autoimmune bile duct dis-
ease. CD may be associated with asymptomatic increases 
in transaminase values. Persons with autoimmune liver 
disease should be examined for possible CD. In persons 
with CD who have acute hepatitis, an autoimmune cause 
should be suspected[74]. 

More and more clinical associations have been sug-
gested for CD. For example, 42% of  CD patients had oral 
soft tissue lesions, as compared to only 2% of  non-CD 
patients[75]. Recurrent aphthous stomatitis disappeared in 
89% of  patients after one year of  a GFD. 

Biopsy-defined CD has a 4-fold higher prevalence in 
those with irritable bowel syndrome[76]. Mental disorders, 
non-compliance with the GFD, active medical co-mor-
bidities, and dissatisfaction with doctor/patient commu-
nication were associated with reduced CD Questionnaire 
scores[77].

Up to 10% of  patients with CD have neurological 
symptoms ranging from polyneuropathy, epilepsy, myoc-
lonus, multifocal leukoencephalopathy, dementia, chorea, 
migraine, memory/attention impairment and peripheral 
axonal and demyelinating neuropathies as well as acetyl-
choline-antibody positive myasthenia gravis[78]. Autoim-
munity may act as a mechanism triggering neurological 
dysfunction[79], and anti-neuronal, anti-gliadin and tTG 
antibodies may contribute to neurological impairment 
through Apaf-1 activation with Bax and cytochrome C 
translocation, leading to impairment of  mitochondrial-
dependent apoptosis. There is no statistically significant 
association between CD and subsequent development of  
Parkinson’s disease, Alzheimer’s disease, hereditary ataxia, 
symptoms of  ataxia, Huntington’s disease, or spinal mus-
cular atrophy[80]. 

Adult but not pediatric patients with CD have an in-
creased risk of  sepsis, particularly pneumococcus infec-
tion[81]. In CD there is an increased prevalence of  splenic 
hypofunction[82].

Using community-based cohorts and a record-linkage 
database, the adjusted relative risk of  cardiovascular dis-
ease in CD was 2.5 for new EMA positive vs EMA nega-
tive individuals[83]. This suggests that CD may be associated 
with an increased risk of  cardiovascular outcome. There 
may also be an association between CD and eosinophilic 
esophagitis[84].

Aldolase B deficiency causes hereditary fructose in-
tolerance, and this may be associated with CD[85]. In CD 
patients as compared with individuals with dyspepsia 
or healthy controls, serum ghrelin concentrations are 
higher, not correlated to the severity of  duodenal histo-
logical lesions, and revert to normal during the institu-
tion of  a GFD, despite persistent duodenal lymphocytic 
infiltration[86]. It is not clear if  these alterations in ghrelin 
concentrations have any biological importance in CD.
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In 18 CD patients, there was increased intestinal 
5-HT-enterochromaffin cell numbers, higher peak plas-
ma 5-HT levels and postprandial area under the curve 
of  5-HT levels after a high-carbohydrate meal, as well as 
increased platelet 5-HT stores[87]. The authors suggested 
that serotonin excess may mediate dyspeptic symptoms 
in untreated CD. Further evaluation is required. 

A meta-analysis of  serological or histological diagnosis 
of  CD in unselected adults with dyspepsia showed that 
the numerically increased prevalence was not statistically 
significant[88]. Another systematic review and meta-analysis 
by the same group, examining 14 studies with 2,278 per-
sons diagnosed with IBS, had an approximately 4% preva-
lence of  CD. The OR for biopsy-proven CD in IBS cases 
vs controls was 4.34[89]. In children with CD, 40% had 
elevated transaminase values; of  those with elevated trans-
aminase values, 95% were cryptogenic and normalized on 
a GFD, and 5% had autoimmune hepatitis that required 
immunosuppression plus a GFD to normalize clinical and 
biochemical parameters[90].

TREATMENT
Gluten free diet
What is the definition of  a GFD? Even “gluten-free” 
products may not be completely free of  gluten. In 1998, 
the World Health Organization/Food and Agriculture 
Organizations Commission proposed that foods which 
are said to be “gluten-free” could not contain more than 
200 ppm of  gluten. Each individual with CD may have a 
unique threshold or tolerance to the amount of  gluten in 
the diet. Daily gluten intake of  less than 10 mg is unlikely 
to cause significant histological abnormalities in the intes-
tine of  patients with CD[91]. Patients adhering to a GFD 
report an improved health related quality of  life.

A systematic review has revisited the complications 
and need for long term follow-up in CD[92]. A 16-ques-
tion disease-specific symptom index has been validated 
in adults with CD[93]. Such an index might be used to 
monitor the response of  a CD patient to a GFD.

The treatment of  CD is the life-long use of  a GFD. A 
primary goal in the care of  patients with CD is to improve 
the quality of  their lives, through a collaboration of  the 
stakeholders[94]. Lanzini et al[95] assessed in 465 consecutive 
CD patients, the histological outcome after a GFD con-
sumed for a median of  16 mo. While CD serology became 
negative in 83% of  CD patients with Marsh Ⅲ lesions on 
a GFD, mucosal biopsy histology normalized in only 8%, 
improved except for increased intraepithelial lymphocytes 
in 65%, was unchanged in 26% and worsened in 1%. The 
authors concluded that “complete normalization of  duo-
denal lesions is exceptionally rare in adult celiac patients 
despite adherence to GFD, symptoms disappearance and 
negative CD related serology”.

Early diagnosis and treatment are important in CD, 
as some of  the associated complications may be irre-
versible, unless the CD is treated[96]. Growth retardation, 
osteoporosis and abnormal dentition will remain perma-

nent if  not treated early. The prevalence of  associated 
depression is up to 37%, similar to that of  persons with 
other chronic conditions[97]. 

In children with CD, long-term consumption of  oats 
may be well tolerated[98], although concern has been ex-
pressed regarding possible contamination of  oats with 
other gluten-containing grains. Other investigators have 
demonstrated that transamidation of  wheat flour inhib-
its the response to gliadin of  intestinal T cells in CD[99]. 
It has always been assumed that patients with CD must 
remain on a GFD for life. However, up to 10% of  CD 
patients diagnosed in childhood were reported to de-
velop long-term latency of  their CD when returning to 
a gluten-containing diet[100]. In patients who have been 
on a GFD and have no symptoms, even if  there were 
small bowel CD-like histological abnormalities which 
remained, some had no evidence of  clinical relapse even 
though they had been on a gluten-containing “normal” 
diet for more than 2 years. 

Individuals with villous atrophy but no symptoms 
are said to have “silent” CD. Almost half  of  CD pa-
tients may clinically tolerate a gluten-containing diet, 
yet continue to have mucosal abnormalities. Indeed, ap-
proximately 10% of  CD patients diagnosed in childhood 
may develop clinical tolerance to gluten. In the United 
Kingdom, about one-third of  CD subjects are under no 
active follow-up[101]. 

Alternatives to a gluten free diet
There may be poor compliance with the GFD because 
it is difficult and gluten-free products are expensive. For 
these reasons, new approaches have been taken in the 
treatment of  CD. Some of  these include orally adminis-
tered endopeptidase, antagonists to S100B protein, IL-15 
blockers, elemental diets and transamidation of  wheat 
flour. Lactobacilli added to sourdough for fermentation 
are able to break down the proline-/glutamine-rich glu-
ten peptide. This may play a role in the future treatment 
of  CD[102]. Supplementation of  nutrients may become 
essential depending upon the severity of  malnutrition. 
One double–blind placebo-controlled multicenter trial 
showed a significant improvement in general well being 
after 6 mo of  supplementation with vitamin B[103]. 

Prolyl-endopeptidases are able to digest ingested 
gluten. Oral therapy with prolyl-endopeptidases, exog-
enous protease enzymes, represents a new approach to 
managing CD[104]. Bacterial prolyl-endopeptidase from 
Flavobacterium meningosepticum removes gluten toxicity by 
cleaving it into small fragments which lack T-cell stimu-
latory properties[105]. After prolonged exposure to high 
concentrations of  bacterial prolyl-endopeptidase, the 
amount of  immunostimulatory gliadin peptides reach-
ing the local immune system in CD is decreased[106]. The 
prolyl-endoprotease from Aspergillus niger (AN-PEP) is a 
member of  the serine peptidase family, and this degrades 
gluten peptides rapidly[107]. This AN-PEP is capable of  
accelerating the degradation of  gluten in a gastrointes-
tinal model that closely mimics in-vivo digestion[108]. The 
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pH optimum of  the enzyme is compatible with that 
found in the stomach, and the enzyme is resistant to 
degradation by pepsin. 

The gluten proteins may be purposely modified to 
abolish their capacity to stimulate the interferon gamma 
from CD4+ T-cells[109]. Another approach to the therapy 
of  CD is the designing of  non-toxic wheat, rye or barley 
based on their protein homology[110,111].

 Other therapeutic approaches would include the 
binding of  gluten to HLA-DQ2 or HLA-DQ8, or block-
ing the gluten-reactive T cells by immunotherapy (e.g. 
vaccination). For example, transamidation of  wheat flour 
with a food-grade enzyme and an appropriate amine do-
nor (microbial transglutaminase and lysine methyl ester) 
can be used to block the T-cell mediated gliadin activ-
ity[99]. Gluten contains many immunogenic peptides, but 
there may be weak varieties with a natural low number 
of  T-cell-stimulatory epitopes[111]. 

Polymeric binders reduce the deleterious effects of  
gliadin on intestinal epithelium in cultured cells and trans-
genic mice[112]. These binders have a strong affinity for 
gliadin, inhibiting cytoskeleton disorganization and ultra-
structural changes in intestinal epithelial cells. Their ben-
eficial use in humans remains to be established.

Antigen-presenting cells include dendritic cells, mac-
rophages and B-cells. A unique subset of  dendritic cells 
appears to be responsible for local activation of  gluten-
reactive T-cells in the celiac lesion[113]. Enteric glial cells 
(EGC) release neurotropic factors and are activated by 
inflammatory insults. EGC-derived S100B protein re-
leased in astroglial cells is increased in the duodenum of  
patients with CD, with increased S100B messenger RNA 
and protein expression, increased iNOS protein expres-
sion, and increased nitrite production in treated CD[114]. 
This does not occur in those CD patients on a GFD, or 
in non-CD control subjects. Products derived to block 
EGC-derived S100B protein may have a therapeutic role.

IL-15 has proinflammatory and anti-apoptotic proper-
ties. IL-15 is over-expressed in the enterocytes and lamina 
propria mononuclear cells of  untreated CD, where its lev-
el reportedly correlates with the degree of  mucosal dam-
age[115]. IL-15 also promotes IEL survival. Blocking IL-15 
and suppressing uncontrolled IEL activation and survival 
has the potential to provide a new therapeutic approach 
to prevent tissue damage in CD. In the intestinal mucosa 
of  CD patients, IL-15 impairs Smad3-dependant TGF-
beta signaling in human T-lymphocytes downstream from 
Smad3 nuclear translocation[116]. There is upregulation 
of  phosphor-c-jun. This provides further support to the 
suggestion of  the potential therapeutic effect of  blocking 
IL-15. 

Intestinal permeability is increased in patients with 
CD, and is associated with alterations in tight junction 
proteins (e.g. zonulin). Addition of  zonulin may prevent 
T-cell mediated stimulation in CD. In a double-blind ran-
domized placebo-controlled study of  milligram doses of  
AT-1001, an inhibitor of  paracellular permeability derived 
from Vibrio cholera, prevented the expected increases in in-
testinal permeability in subjects with CD challenged with 

gluten[117]. AT-1001 use is also associated with a diminu-
tion in the anticipated rise of  interferon-gamma levels. 

REFRACTORY DISEASE
Recurrent symptoms sometimes develop in biopsy-proven 
CD patients on a GFD. The most common cause of  non-
responsive CD, which occurs in about 30% of  CD patients, 
is non-adherence to a GFD. A Celiac Dietary Adherence 
Test (CDAT) consistency in a 7-item questionnaire was 
developed using a logistic regression, and validated against 
transglulaminase serology for the assessment of  adher-
ence to a GFD[118]. Usually, poor compliance to a GFD is 
thought to be responsible, although compliance may some-
times be difficult to establish. Intentional dietary indiscre-
tion may be evident, but sometimes, there is limited aware-
ness of  gluten-containing substances. Gluten is ubiquitous, 
being documented in pill capsules and other materials, such 
as communion wafers.

Other causes, detailed elsewhere[119], may be respon-
sible for recurrent symptoms even though the CD patient 
appears to be following a strict GFD. Some causes include 
associated primary or secondary pancreatic insufficiency, 
small intestinal bacterial overgrowth, collagenous sprue, or 
lymphocytic or collagenous colitis. Rarely, a complication 
may be responsible (e.g. lymphoma, carcinoma).

Sometimes, no initial response to a GFD ever occurs 
and symptoms persist. In these subjects, biopsies may be 
abnormal, but the gluten-dependent nature of  the small 
bowel abnormalities was never documented. This has 
been labeled “unclassified sprue” or “sprue-like intestinal 
disease”. Some of  these persons may eventually prove 
to have a lymphoma. As many as approximately half  of  
patients with CD on a GFD for more than two years 
may be able to tolerate a gluten challenge, even though 
they have mucosal abnormalities[100]. About 10% of  CD 
patients diagnosed in childhood may develop temporary 
tolerance to gluten. However, because of  the continuing 
mucosal abnormalities, they remain at risk of  developing 
the complications of  CD. Indeed, adolescents who do 
not adhere to a GFD have a lower quality of  life[120].

Immunohistochemical labeling has helped to define 
an abnormal prognostic profile of  intra-epithelial lym-
phocytes in the small bowel mucosa, so-called “refractory 
celiac disease, type 2 (RCD 2)” characterized by an aber-
rant clonal IEL population with loss of  IEL antigens. 
About half  of  RCD 2 patients develop an enteropathy-
associated T-cell lymphoma (EATL) within 5 years, and 
a particular HLA-DQ subtype, DQ2, if  homozygous, 
predisposes to RCD 2[121]. 

Complete duodenal mucosal recovery in CD may be 
limited and may require prolonged periods of  a GFD. In 
one study, remission was seen in 65% or no histological 
improvement was seen in 26% of  patients[95]. This might 
be anticipated, however, if  only duodenal biopsies are 
being taken since the proximal small intestine is most se-
verely affected and varying periods of  time are required 
for recovery to be significant. An apparent failure to his-
tologically respond to a GFD may only reflect that duo-

2267 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com

Freeman HJ et al . Recent advances in celiac disease



denal, rather than more distal small intestinal biopsies 
were repeated.

Refractory CD has been defined as persistent or recur-
rent villous atrophy with crypt hyperplasia and increased 
intraepithelial lymphocytes (IELs) despite a strict GFD for 
greater than 12 mo (or if  severe persisting symptoms ne-
cessitate intervention independent of  the duration of  the 
GFD)[122]. In assessing the GFD response, the site of  re-
biopsy and duration on a strict GFD are crucial to the def-
inition of  refractory disease. In some, as suggested by this 
definition, the opportunity for re-evaluation is very limited 
because of  rapid progression of  the intestinal disease. 

RCD is usually manifested by recurrence of  symp-
toms and intestinal abnormalities, despite adherence to 
a GFD. RCD can be further defined from a prognostic 
perspective by the histological appearance of  monoclonal 
or polyclonal intraepithelial lymphocytes (RCD type 2) vs 
normal lymphocytes (type 1)[123]. These changes and the 
development of  an EATL were shown to be adverse fac-
tors in the prognosis of  CD, particularly in the first two 
years after CD has been deemed to be refractory[124]. 

 Refractory celiac disease (RCD) type 2 but not type 
1 shortens the sufferer’s life expectancy[123].

Corticosteroids may improve clinical symptoms in 
some patients with RCD. Unfortunately, the histologi-
cal response to steroids has not been consistent[123]. 
Patients with RCD 1 may benefit from immunosuppres-
sive therapy, whereas those with RCD 2 may respond 
to Cladribine or to stem cell transplantation. Treatment 
with cladribine and anti-CD-52 has been shown to be 
associated with histological improvement. Azathioprine 
and anti-tumor necrosis factor-α have shown only lim-
ited success. The development of  an overt lymphoma 
within 8 wk of  treatment was seen in 3 out of  4 of  
these patients, thereby preventing further use. Alterna-
tive strategies that have been suggested include stem cell 
transplantation to replace the abnormal intra-epithelial 
lymphocyte population, and the blocking of  IL-15[125-129].

CONCLUSION
Celiac disease is being increasingly diagnosed because of  
the recognition that the disease may be present without 
significant intestinal symptoms, may be associated with 
other autoimmune disorders and may be suspected from 
serological screening. Definition of  the disease includes an 
intestinal biopsy before treatment with a GFD along with 
documentation of  a definitive GFD response. In some 
patients, this may necessitate further intestinal biopsy after 
a period on a GFD. Serological testing may be useful in 
providing additional evidence that CD is present and may 
be useful in some patients to assess GFD compliance. Re-
cent studies focused on the genetic basis and pathogenesis 
of  CD have emerged to improve understanding of  the 
complex molecular alterations that occur with CD. 

REFERENCES
1 Freeman HJ. Pearls and pitfalls in the diagnosis of adult ce-

liac disease. Can J Gastroenterol 2008; 22: 273-280
2 Dorn SD, Hernandez L, Minaya MT, Morris CB, Hu Y, Leser-

man J, Lewis S, Lee A, Bangdiwala SI, Green PH, Drossman 
DA. The development and validation of a new coeliac disease 
quality of life survey (CD-QOL). Aliment Pharmacol Ther 2010; 
31: 666-675

3 Schuppan D, Junker Y, Barisani D. Celiac disease: from 
pathogenesis to novel therapies. Gastroenterology 2009; 137: 
1912-1933

4 Megiorni F, Mora B, Bonamico M, Barbato M, Montuori M, 
Viola F, Trabace S, Mazzilli MC. HLA-DQ and susceptibility 
to celiac disease: evidence for gender differences and par-
ent-of-origin effects. Am J Gastroenterol 2008; 103: 997-1003

5 Freeman HJ. Risk factors in familial forms of celiac disease. 
World J Gastroenterol 2010; 16: 1828-1831

6 Rubio-Tapia A, Van Dyke CT, Lahr BD, Zinsmeister AR, 
El-Youssef M, Moore SB, Bowman M, Burgart LJ, Melton LJ 
3rd, Murray JA. Predictors of family risk for celiac disease: 
a population-based study. Clin Gastroenterol Hepatol 2008; 6: 
983-987

7 Vilppula A, Kaukinen K, Luostarinen L, Krekelä I, Patri-
kainen H, Valve R, Mäki M, Collin P. Increasing prevalence 
and high incidence of celiac disease in elderly people: a 
population-based study. BMC Gastroenterol 2009; 9: 49

8 Freeman HJ. Adult celiac disease in the elderly. World J Gas-
troenterol 2008; 14: 6911-6914

9 Thomson AB. Small intestinal disorders in the elderly. Best 
Pract Res Clin Gastroenterol 2009; 23: 861-874

10 Rashtak S, Murray JA. Celiac disease in the elderly. Gastro-
enterol Clin North Am 2009; 38: 433-446

11 Freeman HJ. Collagenous colitis as the presenting feature 
of biopsy-defined celiac disease. J Clin Gastroenterol 2004; 38: 
664-668

12 Freeman HJ. Collagenous mucosal inflammatory diseases of 
the gastrointestinal tract. Gastroenterology 2005; 129: 338-350

13 Freeman HJ. Neurological disorders in adult celiac disease. 
Can J Gastroenterol 2008; 22: 909-911

14 Simell S, Hoppu S, Hekkala A, Simell T, Ståhlberg MR, 
Viander M, Yrjänäinen H,Grönlund J, Markula P, Simell 
V, Knip M, Ilonen J, Hyöty H, Simell O. Fate of five celiac 
disease-associated antibodies during normal diet in geneti-
cally at-risk children observed from birth in a natural his-
tory study. Am J Gastroenterol 2007; 102: 2026-2035

15 Paparo F, Petrone E, Tosco A, Maglio M, Borrelli M, Salvati 
VM, Miele E, Greco L, Auricchio S, Troncone R. Clinical, 
HLA, and small bowel immunohistochemical features of 
children with positive serum antiendomysium antibodies 
and architecturally normal small intestinal mucosa. Am J 
Gastroenterol 2005; 100: 2294-2298

16 Santaolalla R, Fernández-Bañares F, Rodríguez R, Alsina M, 
Rosinach M, Mariné M, Farré C, Salas A, Forné M, Loras C, 
Espinós J, Viver JM, Esteve M. Diagnostic value of duodenal 
antitissue transglutaminase antibodies in gluten-sensitive 
enteropathy. Aliment Pharmacol Ther 2008; 27: 820-829

17 Wolters VM, Verbeek WH, Zhernakova A, Onland-Moret C, 
Schreurs MW, Monsuur AJ, Verduijn W, Wijmenga C, Mul-
der CJ. The MYO9B gene is a strong risk factor for develop-
ing refractory celiac disease. Clin Gastroenterol Hepatol 2007; 5: 
1399-1405, 1405.e1-e2

18 Murray JA, Moore SB, Van Dyke CT, Lahr BD, Dierkhis-
ing RA, Zinsmeister AR, Melton LJ 3rd, Kroning CM, El-
Yousseff M, Czaja AJ. HLA DQ gene dosage and risk and 
severity of celiac disease. Clin Gastroenterol Hepatol 2007; 5: 
1406-1412

19 Nisticò L, Fagnani C, Coto I, Percopo S, Cotichini R, Limon-
gelli MG, Paparo F, D’Alfonso S, Giordano M, Sferlazzas C, 
Magazzù G, Momigliano-Richiardi P, Greco L, Stazi MA. 
Concordance, disease progression, and heritability of coeliac 
disease in Italian twins. Gut 2006; 55: 803-808

20 Bourgey M, Calcagno G, Tinto N, Gennarelli D, Margaritte-

2268 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com

Freeman HJ et al . Recent advances in celiac disease



Jeannin P, Greco L, Limongelli MG, Esposito O, Marano C, 
Troncone R, Spampanato A, Clerget-Darpoux F, Sacchetti 
L. HLA related genetic risk for coeliac disease. Gut 2007; 56: 
1054-1059

21 Sollid LM, Lie BA. Celiac disease genetics: current concepts 
and practical applications. Clin Gastroenterol Hepatol 2005; 3: 
843-851

22 Castellanos-Rubio A, Martin-Pagola A, Santín I, Hualde I, 
Aransay AM, Castaño L, Vitoria JC, Bilbao JR. Combined 
functional and positional gene information for the identifi-
cation of susceptibility variants in celiac disease. Gastroen-
terology 2008; 134: 738-746

23 Wapenaar MC, Monsuur AJ, van Bodegraven AA, Weers-
ma RK, Bevova MR, Linskens RK, Howdle P, Holmes G, 
Mulder CJ, Dijkstra G, van Heel DA, Wijmenga C. Associa-
tions with tight junction genes PARD3 and MAGI2 in Dutch 
patients point to a common barrier defect for coeliac disease 
and ulcerative colitis. Gut 2008; 57: 463-467

24 Mazzarella G, Stefanile R, Camarca A, Giliberti P, Cosentini 
E, Marano C, Iaquinto G, Giardullo N, Auricchio S, Sette 
A, Troncone R, Gianfrani C. Gliadin activates HLA class 
I-restricted CD8+ T cells in celiac disease intestinal mucosa 
and induces the enterocyte apoptosis. Gastroenterology 2008; 
134: 1017-1027

25 van Heel DA, Franke L, Hunt KA, Gwilliam R, Zhernakova 
A, Inouye M, Wapenaar MC, Barnardo MC, Bethel G, Hol-
mes GK, Feighery C, Jewell D, Kelleher D, Kumar P, Travis 
S, Walters JR, Sanders DS, Howdle P, Swift J, Playford RJ, 
McLaren WM, Mearin ML, Mulder CJ, McManus R, McGin-
nis R, Cardon LR, Deloukas P, Wijmenga C. A genome-wide 
association study for celiac disease identifies risk variants in 
the region harboring IL2 and IL21. Nat Genet 2007; 39: 827-829

26 Dubois PC, Trynka G, Franke L, Hunt KA, Romanos J, 
Curtotti A, Zhernakova A, Heap GA, Adány R, Aromaa A, 
Bardella MT, van den Berg LH, Bockett NA, de la Concha 
EG, Dema B, Fehrmann RS, Fernández-Arquero M, Fiatal 
S, Grandone E, Green PM, Groen HJ, Gwilliam R, Houwen 
RH, Hunt SE, Kaukinen K, Kelleher D, Korponay-Szabo I, 
Kurppa K, MacMathuna P, Mäki M, Mazzilli MC, McCann 
OT, Mearin ML, Mein CA, Mirza MM, Mistry V, Mora B, 
Morley KI, Mulder CJ, Murray JA, Núñez C, Oosterom E, 
Ophoff RA, Polanco I, Peltonen L, Platteel M, Rybak A, Sa-
lomaa V, Schweizer JJ, Sperandeo MP, Tack GJ, Turner G, 
Veldink JH, Verbeek WH, Weersma RK, Wolters VM, Urce-
lay E, Cukrowska B, Greco L, Neuhausen SL, McManus R, 
Barisani D, Deloukas P, Barrett JC, Saavalainen P, Wijmenga 
C, van Heel DA. Multiple common variants for celiac dis-
ease influencing immune gene expression. Nat Genet 2010; 
42: 295-302

27 Romanos J, van Diemen CC, Nolte IM, Trynka G, Zher-
nakova A, Fu J, Bardella MT, Barisani D, McManus R, van 
Heel DA, Wijmenga C. Analysis of HLA and non-HLA al-
leles can identify individuals at high risk for celiac disease. 
Gastroenterology 2009; 137: 834-840, 840.e1-e3

28 Pietzak MM, Schofield TC, McGinniss MJ, Nakamura RM. 
Stratifying risk for celiac disease in a large at-risk United 
States population by using HLA alleles. Clin Gastroenterol 
Hepatol 2009; 7: 966-971

29 Dieterich W, Esslinger B, Trapp D, Hahn E, Huff T, Seil-
meier W, Wieser H, Schuppan D. Cross linking to tissue 
transglutaminase and collagen favours gliadin toxicity in 
coeliac disease. Gut 2006; 55: 478-484

30 Bracken SC, Kilmartin C, Wieser H, Jackson J, Feighery 
C. Barley and rye prolamins induce an mRNA interferon-
gamma response in coeliac mucosa. Aliment Pharmacol Ther 
2006; 23: 1307-1314

31 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
32 Barone MV, Gimigliano A, Castoria G, Paolella G, Maurano 

F, Paparo F, Maglio M, Mineo A, Miele E, Nanayakkara M, 
Troncone R, Auricchio S. Growth factor-like activity of glia-
din, an alimentary protein: implications for coeliac disease. 
Gut 2007; 56: 480-488

33 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

34 Meresse B, Verdier J, Cerf-Bensussan N. The cytokine in-
terleukin 21: a new player in coeliac disease? Gut 2008; 57: 
879-881

35 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

36 Ou G, Hedberg M, Hörstedt P, Baranov V, Forsberg G, 
Drobni M, Sandström O, Wai SN, Johansson I, Hammar-
ström ML, Hernell O, Hammarström S. Proximal small in-
testinal microbiota and identification of rod-shaped bacteria 
associated with childhood celiac disease. Am J Gastroenterol 
2009; 104: 3058-3067

37 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. Clin Exp Immunol 2008; 154: 64-73

38 Casellas F, Rodrigo L, Vivancos JL, Riestra S, Pantiga C, 
Baudet JS, Junquera F, Diví VP, Abadia C, Papo M, Gelabert J, 
Malagelada JR. Factors that impact health-related quality of 
life in adults with celiac disease: a multicenter study. World 
J Gastroenterol 2008; 14: 46-52

39 Rashtak S, Ettore MW, Homburger HA, Murray JA. Com-
parative usefulness of deamidated gliadin antibodies in the 
diagnosis of celiac disease. Clin Gastroenterol Hepatol 2008; 6: 
426-432; quiz 370

40 Lewis NR, Scott BB. Meta-analysis: deamidated gliadin 
peptide antibody and tissue transglutaminase antibody com-
pared as screening tests for coeliac disease. Aliment Pharmacol 
Ther 2010; 31: 73-81

41 Barone MV, Caputo I, Ribecco MT, Maglio M, Marzari R, 
Sblattero D, Troncone R, Auricchio S, Esposito C. Humoral 
immune response to tissue transglutaminase is related to 
epithelial cell proliferation in celiac disease. Gastroenterology 
2007; 132: 1245-1253

42 Byrne G, Ryan F, Jackson J, Feighery C, Kelly J. Mutagene-
sis of the catalytic triad of tissue transglutaminase abrogates 
coeliac disease serum IgA autoantibody binding. Gut 2007; 
56: 336-341

43 Abrams JA, Brar P, Diamond B, Rotterdam H, Green PH. 
Utility in clinical practice of immunoglobulin a anti-tissue 
transglutaminase antibody for the diagnosis of celiac dis-
ease. Clin Gastroenterol Hepatol 2006; 4: 726-730

44 Hopper AD, Hadjivassiliou M, Butt S, Sanders DS. Adult 
coeliac disease. BMJ 2007; 335: 558-562

45 Freeman HJ. Strongly positive tissue transglutaminase anti-
body assays without celiac disease. Can J Gastroenterol 2004; 
18: 25-28

46 Salmi TT, Collin P, Korponay-Szabó IR, Laurila K, Par-
tanen J, Huhtala H, Király R, Lorand L, Reunala T, Mäki M, 
Kaukinen K. Endomysial antibody-negative coeliac disease: 
clinical characteristics and intestinal autoantibody deposits. 
Gut 2006; 55: 1746-1753

47 Koskinen O, Collin P, Korponay-Szabo I, Salmi T, Iltanen 
S, Haimila K, Partanen J, Mäki M, Kaukinen K. Gluten-
dependent small bowel mucosal transglutaminase 2-specific 
IgA deposits in overt and mild enteropathy coeliac disease. 

2269 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com

Freeman HJ et al . Recent advances in celiac disease



J Pediatr Gastroenterol Nutr 2008; 47: 436-442
48 Salmi TT, Collin P, Järvinen O, Haimila K, Partanen J, Lau-

rila K, Korponay-Szabo IR, Huhtala H, Reunala T, Mäki M, 
Kaukinen K. Immunoglobulin A autoantibodies against 
transglutaminase 2 in the small intestinal mucosa predict 
forthcoming coeliac disease. Aliment Pharmacol Ther 2006; 
24: 541-552

49 Nemec G, Ventura A, Stefano M, Di Leo G, Baldas V, Tom-
masini A, Ferrara F, Taddio A, Città A, Sblattero D, Marzari 
R, Not T. Looking for celiac disease: diagnostic accuracy of 
two rapid commercial assays. Am J Gastroenterol 2006; 101: 
1597-1600

50 Hopper AD, Hadjivassiliou M, Hurlstone DP, Lobo AJ, 
McAlindon ME, Egner W, Wild G, Sanders DS. What is the 
role of serologic testing in celiac disease? A prospective, 
biopsy-confirmed study with economic analysis. Clin Gas-
troenterol Hepatol 2008; 6: 314-320

51 Catassi C, Kryszak D, Louis-Jacques O, Duerksen DR, Hill I, 
Crowe SE, Brown AR, Procaccini NJ, Wonderly BA, Hartley 
P, Moreci J, Bennett N, Horvath K, Burk M, Fasano A. De-
tection of Celiac disease in primary care: a multicenter case-
finding study in North America. Am J Gastroenterol 2007; 
102: 1454-1460

52 Hadithi M, von Blomberg BM, Crusius JB, Bloemena E, 
Kostense PJ, Meijer JW, Mulder CJ, Stehouwer CD, Peña AS. 
Accuracy of serologic tests and HLA-DQ typing for diag-
nosing celiac disease. Ann Intern Med 2007; 147: 294-302

53 Daly A, Walsh C, Feighery C, O’Shea U, Jackson J, Whelan A. 
Serum levels of soluble CD163 correlate with the inflamma-
tory process in coeliac disease. Aliment Pharmacol Ther 2006; 
24: 553-559

54 Derikx JP, Vreugdenhil AC, Van den Neucker AM, Groot-
jans J, van Bijnen AA, Damoiseaux JG, van Heurn LW, 
Heineman E, Buurman WA. A pilot study on the noninva-
sive evaluation of intestinal damage in celiac disease using 
I-FABP and L-FABP. J Clin Gastroenterol 2009; 43: 727-733

55 Leffler DA, Edwards George JB, Dennis M, Cook EF, Sch-
uppan D, Kelly CP. A prospective comparative study of 
five measures of gluten-free diet adherence in adults with 
coeliac disease. Aliment Pharmacol Ther 2007; 26: 1227-1235

56 Hill PG, Holmes GK. Coeliac disease: a biopsy is not always 
necessary for diagnosis. Aliment Pharmacol Ther 2008; 27: 
572-577

57 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 differ-
ent histologic criteria used in celiac disease. Clin Gastroen-
terol Hepatol 2007; 5: 838-843

58 Kaukinen K, Peräaho M, Lindfors K, Partanen J, Woolley N, 
Pikkarainen P, Karvonen AL, Laasanen T, Sievänen H, Mäki 
M, Collin P. Persistent small bowel mucosal villous atrophy 
without symptoms in coeliac disease. Aliment Pharmacol 
Ther 2007; 25: 1237-1245

59 Murray JA, Rubio-Tapia A, Van Dyke CT, Brogan DL, Knip-
schield MA, Lahr B, Rumalla A, Zinsmeister AR, Gostout CJ. 
Mucosal atrophy in celiac disease: extent of involvement, cor-
relation with clinical presentation, and response to treatment. 
Clin Gastroenterol Hepatol 2008; 6: 186-193; quiz 125

60 Brar P, Kwon GY, Egbuna II, Holleran S, Ramakrishnan R, 
Bhagat G, Green PH. Lack of correlation of degree of villous 
atrophy with severity of clinical presentation of coeliac dis-
ease. Dig Liver Dis 2007; 39: 26-29; discussion 30-32

61 Rondonotti E, Spada C, Cave D, Pennazio M, Riccioni ME, 
De Vitis I, Schneider D, Sprujevnik T, Villa F, Langelier J, 
Arrigoni A, Costamagna G, de Franchis R. Video capsule 
enteroscopy in the diagnosis of celiac disease: a multicenter 
study. Am J Gastroenterol 2007; 102: 1624-1631

62 Ludvigsson JF, Montgomery SM, Ekbom A, Brandt L, 
Granath F. Small-intestinal histopathology and mortality risk 
in celiac disease. JAMA 2009; 302: 1171-1178

63 Pais WP, Duerksen DR, Pettigrew NM, Bernstein CN. How 
many duodenal biopsy specimens are required to make 
a diagnosis of celiac disease? Gastrointest Endosc 2008; 67: 
1082-1087

64 Leong RW, Nguyen NQ, Meredith CG, Al-Sohaily S, Kukic 
D, Delaney PM, Murr ER, Yong J, Merrett ND, Biankin AV. 
In vivo confocal endomicroscopy in the diagnosis and eval-
uation of celiac disease. Gastroenterology 2008; 135: 1870-1876

65 Esteve M, Rosinach M, Fernández-Bañares F, Farré C, Salas 
A, Alsina M, Vilar P, Abad-Lacruz A, Forné M, Mariné M, 
Santaolalla R, Espinós JC, Viver JM. Spectrum of gluten-sen-
sitive enteropathy in first-degree relatives of patients with 
coeliac disease: clinical relevance of lymphocytic enteritis. 
Gut 2006; 55: 1739-1745

66 Dipper CR, Maitra S, Thomas R, Lamb CA, McLean-Tooke 
AP, Ward R, Smith D, Spickett G, Mansfield JC. Anti-tissue 
transglutaminase antibodies in the follow-up of adult co-
eliac disease. Aliment Pharmacol Ther 2009; 30: 236-244

67 Weiss B, Skourikhin Y, Modan-Moses D, Broide E, Fradkin 
A, Bujanover Y. Is adult height of patients with celiac dis-
ease influenced by delayed diagnosis? Am J Gastroenterol 
2008; 103: 1770-1774

68 Wahnschaffe U, Schulzke JD, Zeitz M, Ullrich R. Predictors 
of clinical response to gluten-free diet in patients diagnosed 
with diarrhea-predominant irritable bowel syndrome. Clin 
Gastroenterol Hepatol 2007; 5: 844-850; quiz 769

69 Gao Y, Kristinsson SY, Goldin LR, Björkholm M, Caporaso 
NE, Landgren O. Increased risk for non-Hodgkin lympho-
ma in individuals with celiac disease and a potential famil-
ial association. Gastroenterology 2009; 136: 91-98

70 Rubio-Tapia A, Kyle RA, Kaplan EL, Johnson DR, Page W, 
Erdtmann F, Brantner TL, Kim WR, Phelps TK, Lahr BD, 
Zinsmeister AR, Melton LJ 3rd, Murray JA. Increased preva-
lence and mortality in undiagnosed celiac disease. Gastroen-
terology 2009; 137: 88-93

71 Mearin ML, Catassi C, Brousse N, Brand R, Collin P, Fabi-
ani E, Schweizer JJ, Abuzakouk M, Szajewska H, Hallert C, 
Farré Masip C, Holmes GK. European multi-centre study on 
coeliac disease and non-Hodgkin lymphoma. Eur J Gastroen-
terol Hepatol 2006; 18: 187-194

72 Lewis NR, Logan RF, Hubbard RB, West J. No increase in 
risk of fracture, malignancy or mortality in dermatitis her-
petiformis: a cohort study. Aliment Pharmacol Ther 2008; 27: 
1140-1147

73 Cosnes J, Cellier C, Viola S, Colombel JF, Michaud L, Sarles 
J, Hugot JP, Ginies JL, Dabadie A, Mouterde O, Allez M, 
Nion-Larmurier I. Incidence of autoimmune diseases in 
celiac disease: protective effect of the gluten-free diet. Clin 
Gastroenterol Hepatol 2008; 6: 753-758

74 Caprai S, Vajro P, Ventura A, Sciveres M, Maggiore G. 
Autoimmune liver disease associated with celiac disease in 
childhood: a multicenter study. Clin Gastroenterol Hepatol 
2008; 6: 803-806

75 Campisi G, Di Liberto C, Iacono G, Compilato D, Di Prima 
L, Calvino F, Di Marco V, Lo Muzio L, Sferrazza C, Scalici 
C, Craxì A, Carroccio A. Oral pathology in untreated coeliac 
[corrected] disease. Aliment Pharmacol Ther 2007; 26: 1529-1536

76 Ford AC, Spiegel BM, Talley NJ, Moayyedi P. Small intesti-
nal bacterial overgrowth in irritable bowel syndrome: sys-
tematic review and meta-analysis. Clin Gastroenterol Hepatol 
2009; 7: 1279-1286

77 Häuser W, Gold J, Stein J, Caspary WF, Stallmach A. Health-
related quality of life in adult coeliac disease in Germany: 
results of a national survey. Eur J Gastroenterol Hepatol 2006; 
18: 747-754

78 Freeman HJ, Gillett HR, Gillett PM, Oger J. Adult celiac 
disease with acetylcholine receptor antibody positive myas-
thenia gravis. World J Gastroenterol 2009; 15: 4741-4744

79 Cervio E, Volta U, Verri M, Boschi F, Pastoris O, Granito 
A, Barbara G, Parisi C, Felicani C, Tonini M, De Giorgio R. 

2270 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com

Freeman HJ et al . Recent advances in celiac disease



Sera of patients with celiac disease and neurologic disorders 
evoke a mitochondrial-dependent apoptosis in vitro. Gastro-
enterology 2007; 133: 195-206

80 Ludvigsson JF, Olsson T, Ekbom A, Montgomery SM. A 
population-based study of coeliac disease, neurodegenera-
tive and neuroinflammatory diseases. Aliment Pharmacol 
Ther 2007; 25: 1317-1327

81 Ludvigsson JF, Olén O, Bell M, Ekbom A, Montgomery SM. 
Coeliac disease and risk of sepsis. Gut 2008; 57: 1074-1080

82 Di Sabatino A, Rosado MM, Cazzola P, Riboni R, Biagi F, 
Carsetti R, Corazza GR. Splenic hypofunction and the spec-
trum of autoimmune and malignant complications in celiac 
disease. Clin Gastroenterol Hepatol 2006; 4: 179-186

83 Wei L, Spiers E, Reynolds N, Walsh S, Fahey T, MacDonald 
TM. The association between coeliac disease and cardiovas-
cular disease. Aliment Pharmacol Ther 2008; 27: 514-519

84 Quaglietta L, Coccorullo P, Miele E, Pascarella F, Troncone 
R, Staiano A. Eosinophilic oesophagitis and coeliac disease: 
is there an association? Aliment Pharmacol Ther 2007; 26: 
487-493

85 Ciacci C, Gennarelli D, Esposito G, Tortora R, Salvatore F, 
Sacchetti L. Hereditary fructose intolerance and celiac dis-
ease: a novel genetic association. Clin Gastroenterol Hepatol 
2006; 4: 635-638

86 Lanzini A, Magni P, Petroni ML, Motta M, Lanzarotto F, 
Villanacci V, Amato M, Mora A, Bertolazzi S, Benini F, Ricci 
C. Circulating ghrelin level is increased in coeliac disease 
as in functional dyspepsia and reverts to normal during 
gluten-free diet. Aliment Pharmacol Ther 2006; 23: 907-913

87 Coleman NS, Foley S, Dunlop SP, Wheatcroft J, Blackshaw E, 
Perkins AC, Singh G, Marsden CA, Holmes GK, Spiller RC. 
Abnormalities of serotonin metabolism and their relation 
to symptoms in untreated celiac disease. Clin Gastroenterol 
Hepatol 2006; 4: 874-881

88 Ford AC, Ching E, Moayyedi P. Meta-analysis: yield of di-
agnostic tests for coeliac disease in dyspepsia. Aliment Phar-
macol Ther 2009; 30: 28-36

89 Ford AC, Chey WD, Talley NJ, Malhotra A, Spiegel BM, 
Moayyedi P. Yield of diagnostic tests for celiac disease in 
individuals with symptoms suggestive of irritable bowel 
syndrome: systematic review and meta-analysis. Arch Intern 
Med 2009; 169: 651-658

90 Di Biase AR, Colecchia A, Scaioli E, Berri R, Viola L, Vestito 
A, Balli F, Festi D. Autoimmune liver diseases in a paediat-
ric population with coeliac disease - a 10-year single-centre 
experience. Aliment Pharmacol Ther 2010; 31: 253-260

91 Akobeng AK, Thomas AG. Systematic review: tolerable 
amount of gluten for people with coeliac disease. Aliment 
Pharmacol Ther 2008; 27: 1044-1052

92 Haines ML, Anderson RP, Gibson PR. Systematic review: 
The evidence base for long-term management of coeliac dis-
ease. Aliment Pharmacol Ther 2008; 28: 1042-1066

93 Leffler DA, Dennis M, Edwards George J, Jamma S, Cook 
EF, Schuppan D, Kelly CP. A validated disease-specific 
symptom index for adults with celiac disease. Clin Gastroen-
terol Hepatol 2009; 7: 1328-1334, 1334.e1-e3

94 Troncone R, Ivarsson A, Szajewska H, Mearin ML. Review 
article: future research on coeliac disease - a position report 
from the European multistakeholder platform on coeliac dis-
ease (CDEUSSA). Aliment Pharmacol Ther 2008; 27: 1030-1043

95 Lanzini A, Lanzarotto F, Villanacci V, Mora A, Bertolazzi 
S, Turini D, Carella G, Malagoli A, Ferrante G, Cesana BM, 
Ricci C. Complete recovery of intestinal mucosa occurs very 
rarely in adult coeliac patients despite adherence to gluten-
free diet. Aliment Pharmacol Ther 2009; 29: 1299-1308

96 Kurppa K, Collin P, Viljamaa M, Haimila K, Saavalainen 
P, Partanen J, Laurila K, Huhtala H, Paasikivi K, Mäki M, 
Kaukinen K. Diagnosing mild enteropathy celiac disease: a 
randomized, controlled clinical study. Gastroenterology 2009; 
136: 816-823

97 Garud S, Leffler D, Dennis M, Edwards-George J, Saryan 
D, Sheth S, Schuppan D, Jamma S, Kelly CP. Interaction 
between psychiatric and autoimmune disorders in coeliac 
disease patients in the Northeastern United States. Aliment 
Pharmacol Ther 2009; 29: 898-905

98 Holm K, Mäki M, Vuolteenaho N, Mustalahti K, Ashorn M, 
Ruuska T, Kaukinen K. Oats in the treatment of childhood co-
eliac disease: a 2-year controlled trial and a long-term clinical 
follow-up study. Aliment Pharmacol Ther 2006; 23: 1463-1472

99 Gianfrani C, Siciliano RA, Facchiano AM, Camarca A, 
Mazzeo MF, Costantini S, Salvati VM, Maurano F, Mazzarella 
G, Iaquinto G, Bergamo P, Rossi M. Transamidation of wheat 
flour inhibits the response to gliadin of intestinal T cells in 
celiac disease. Gastroenterology 2007; 133: 780-789

100 Matysiak-Budnik T, Malamut G, de Serre NP, Grosdidier 
E, Seguier S, Brousse N, Caillat-Zucman S, Cerf-Bensussan 
N, Schmitz J, Cellier C. Long-term follow-up of 61 coeliac 
patients diagnosed in childhood: evolution toward latency 
is possible on a normal diet. Gut 2007; 56: 1379-1386

101 Bebb JR, Lawson A, Knight T, Long RG. Long-term follow-
up of coeliac disease--what do coeliac patients want? Ali-
ment Pharmacol Ther 2006; 23: 827-831

102 Kiyosaki T, Matsumoto I, Asakura T, Funaki J, Kuroda M, 
Misaka T, Arai S, Abe K. Gliadain, a gibberellin-inducible 
cysteine proteinase occurring in germinating seeds of wheat, 
Triticum aestivum L., specifically digests gliadin and is 
regulated by intrinsic cystatins. FEBS J 2007; 274: 1908-1917

103 Hallert C, Svensson M, Tholstrup J, Hultberg B. Clinical 
trial: B vitamins improve health in patients with coeliac 
disease living on a gluten-free diet. Aliment Pharmacol Ther 
2009; 29: 811-816

104 Cerf-Bensussan N, Matysiak-Budnik T, Cellier C, Heyman 
M. Oral proteases: a new approach to managing coeliac dis-
ease. Gut 2007; 56: 157-160

105 Diosdado B, Stepniak DT, Monsuur AJ, Franke L, Wap-
enaar MC, Mearin ML, Koning F, Wijmenga C. No genetic 
association of the human prolyl endopeptidase gene in the 
Dutch celiac disease population. Am J Physiol Gastrointest 
Liver Physiol 2005; 289: G495-G500

106 Matysiak-Budnik T, Candalh C, Cellier C, Dugave C, Na-
mane A, Vidal-Martinez T, Cerf-Bensussan N, Heyman M. 
Limited efficiency of prolyl-endopeptidase in the detoxifica-
tion of gliadin peptides in celiac disease. Gastroenterology 
2005; 129: 786-796

107 Stepniak D, Spaenij-Dekking L, Mitea C, Moester M, de Ru 
A, Baak-Pablo R, van Veelen P, Edens L, Koning F. Highly 
efficient gluten degradation with a newly identified prolyl 
endoprotease: implications for celiac disease. Am J Physiol 
Gastrointest Liver Physiol 2006; 291: G621-G629

108 Mitea C, Havenaar R, Drijfhout JW, Edens L, Dekking L, 
Koning F. Efficient degradation of gluten by a prolyl endo-
protease in a gastrointestinal model: implications for coeliac 
disease. Gut 2008; 57: 25-32

109 Anderson RP, van Heel DA, Tye-Din JA, Jewell DP, Hill AV. 
Antagonists and non-toxic variants of the dominant wheat 
gliadin T cell epitope in coeliac disease. Gut 2006; 55: 485-491

110 Vader LW, Stepniak DT, Bunnik EM, Kooy YM, de Haan W, 
Drijfhout JW, Van Veelen PA, Koning F. Characterization 
of cereal toxicity for celiac disease patients based on protein 
homology in grains. Gastroenterology 2003; 125: 1105-1113

111 Spaenij-Dekking L, Kooy-Winkelaar Y, van Veelen P, Dri-
jfhout JW, Jonker H, van Soest L, Smulders MJ, Bosch D, 
Gilissen LJ, Koning F. Natural variation in toxicity of wheat: 
potential for selection of nontoxic varieties for celiac disease 
patients. Gastroenterology 2005; 129: 797-806

112 Pinier M, Verdu EF, Nasser-Eddine M, David CS, Vézina A, 
Rivard N, Leroux JC. Polymeric binders suppress gliadin-
induced toxicity in the intestinal epithelium. Gastroenterol-
ogy 2009; 136: 288-298

113 Ráki M, Tollefsen S, Molberg Ø, Lundin KE, Sollid LM, 

2271 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com

Freeman HJ et al . Recent advances in celiac disease



Jahnsen FL. A unique dendritic cell subset accumulates in 
the celiac lesion and efficiently activates gluten-reactive T 
cells. Gastroenterology 2006; 131: 428-438

114 Esposito G, Cirillo C, Sarnelli G, De Filippis D, D’Armiento 
FP, Rocco A, Nardone G, Petruzzelli R, Grosso M, Izzo P, 
Iuvone T, Cuomo R. Enteric glial-derived S100B protein 
stimulates nitric oxide production in celiac disease. Gastro-
enterology 2007; 133: 918-925

115 Di Sabatino A, Ciccocioppo R, Cupelli F, Cinque B, Mil-
limaggi D, Clarkson MM, Paulli M, Cifone MG, Corazza 
GR. Epithelium derived interleukin 15 regulates intraepithe-
lial lymphocyte Th1 cytokine production, cytotoxicity, and 
survival in coeliac disease. Gut 2006; 55: 469-477

116 Benahmed M, Meresse B, Arnulf B, Barbe U, Mention JJ, 
Verkarre V, Allez M, Cellier C, Hermine O, Cerf-Bensussan 
N. Inhibition of TGF-beta signaling by IL-15: a new role for 
IL-15 in the loss of immune homeostasis in celiac disease. 
Gastroenterology 2007; 132: 994-1008

117 Paterson BM, Lammers KM, Arrieta MC, Fasano A, Med-
dings JB. The safety, tolerance, pharmacokinetic and phar-
macodynamic effects of single doses of AT-1001 in coeliac 
disease subjects: a proof of concept study. Aliment Pharmacol 
Ther 2007; 26: 757-766

118 Leffler DA, Dennis M, Edwards George JB, Jamma S, Mag-
ge S, Cook EF, Schuppan D, Kelly CP. A simple validated 
gluten-free diet adherence survey for adults with celiac dis-
ease. Clin Gastroenterol Hepatol 2009; 7: 530-536, 536.e1-e2

119 Freeman HJ. Adult celiac disease followed by onset of 
systemic lupus erythematosus. J Clin Gastroenterol 2008; 42: 
252-255

120 Wagner G, Berger G, Sinnreich U, Grylli V, Schober E, Hu-
ber WD, Karwautz A. Quality of life in adolescents with 
treated coeliac disease: influence of compliance and age at 
diagnosis. J Pediatr Gastroenterol Nutr 2008; 47: 555-561

121 Al-Toma A, Goerres MS, Meijer JW, Peña AS, Crusius JB, 
Mulder CJ. Human leukocyte antigen-DQ2 homozygos-
ity and the development of refractory celiac disease and 

enteropathy-associated T-cell lymphoma. Clin Gastroenterol 
Hepatol 2006; 4: 315-319

122 Al-Toma A, Verbeek WH, Mulder CJ. Update on the man-
agement of refractory coeliac disease. J Gastrointestin Liver 
Dis 2007; 16: 57-63

123 Malamut G, Afchain P, Verkarre V, Lecomte T, Amiot A, 
Damotte D, Bouhnik Y, Colombel JF, Delchier JC, Allez M, 
Cosnes J, Lavergne-Slove A, Meresse B, Trinquart L, Ma-
cintyre E, Radford-Weiss I, Hermine O, Brousse N, Cerf-
Bensussan N, Cellier C. Presentation and long-term follow-
up of refractory celiac disease: comparison of type I with 
type II. Gastroenterology 2009; 136: 81-90

124 Rubio-Tapia A, Kelly DG, Lahr BD, Dogan A, Wu TT, Mur-
ray JA. Clinical staging and survival in refractory celiac dis-
ease: a single center experience. Gastroenterology 2009; 136: 
99-107; quiz 352-353

125 Akram S, Murray JA, Pardi DS, Alexander GL, Schaffner 
JA, Russo PA, Abraham SC. Adult autoimmune enteropa-
thy: Mayo Clinic Rochester experience. Clin Gastroenterol 
Hepatol 2007; 5: 1282-1290; quiz 1245

126 Al-Toma A, Goerres MS, Meijer JW, von Blomberg BM, 
Wahab PJ, Kerckhaert JA, Mulder CJ. Cladribine therapy in 
refractory celiac disease with aberrant T cells. Clin Gastroen-
terol Hepatol 2006; 4: 1322-1327; quiz 1300

127 Al-toma A, Visser OJ, van Roessel HM, von Blomberg BM, 
Verbeek WH, Scholten PE, Ossenkoppele GJ, Huijgens PC, 
Mulder CJ. Autologous hematopoietic stem cell transplanta-
tion in refractory celiac disease with aberrant T cells. Blood 
2007; 109: 2243-2249

128 Al-Toma A, Verbeek WH, Visser OJ, Kuijpers KC, Oudejans 
JJ, Kluin-Nelemans HC, Mulder CJ, Huijgens PC. Disap-
pointing outcome of autologous stem cell transplantation 
for enteropathy-associated T-cell lymphoma. Dig Liver Dis 
2007; 39: 634-641

129 Bishton MJ, Haynes AP. Combination chemotherapy fol-
lowed by autologous stem cell transplant for enteropathy-
associated T cell lymphoma. Br J Haematol 2007; 136: 111-113

S- Editor  Tian L    L- Editor  Kerr C    E- Editor  Ma WH 

2272 May 14, 2011|Volume 17|Issue 18|WJG|www.wjgnet.com

Freeman HJ et al . Recent advances in celiac disease


