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INTRODUCTION

Celiac sprue, celiac disease, gluten-sensitive enteropathy — the number of names by
which this disease has been known in the literature hints at the confusion that has been associated
with it. For the purposes of this discussion, the term Celiac Sprue (CS) will be used, but the
others are still used interchangeably in the literature. Celiac sprue (CS) is a fascinating disease
with a long history. The insights that have emerged over the last century reveal that it is has long
been recognized and recent growing understanding of the disease provides insight of this
condition. It has become an example of a disease the product of in which unique interaction of
genetic, environmental, and immunologic factors aspects meet to create a disease whose full
aspects are increasingly coming to light. In this discussion, the term celiac sprue will be used
preferentially but the other names are found extensively in the literature and should be kept in
mind. Celiac sprue is characterized by (1) small intestinal malabsorption of nutrients after the
ingestion of wheat gluten or related proteins from rye and barley; (2) a characteristic, though, not
specific, villous atrophy of the small intestinal mucosa; (3) prompt clinical and histologic
improvement after adherence to a strict gluten-free diet; and (4) clinical relapse when gluten is
reintroduced.’

Classically, CS presents in the first and second years of childhood, when cereals are
introduced to the diet for the first time. Signs and symptoms include steatorrhea with or without
vomiting and occasional crampy abdominal pain. The child typically fails to thrive and is
apathetic and irritable, and exhibits with muscle wasting, hypotonia, and abdominal distention.
Increasingly this is also understood to be a disease diagnosed in adulthood, though the clinical
presentation can vary greatly. In the past, celiac sprue was perceived to be a pediatric diagnosis
but it is now often made in adult life. The clinical presentation of adults can vary greatly.
Symptoms may be gastrointestinal, including diarrhea, steatorrhea, flatulence and weight loss or
extraintestinal features, such as anemia and osteopenia.’

How and why these symptoms occur will be the topic of this discussion. These
characteristics will be discussed in view of the current knowledge of the incidence of this
disease, current understanding into the pathogenesis and pathophysiology of this disease,
associated conditions, means of diagnosis and possible treatments.

HISTORICAL PERSPECTIVE

Celiac sprue was first described by Aretaeus of Cappadocia in the second century A.D. as
an illness associated with the coelom or body cavity. *“If diarrhea does not proceed from a slight
cause of only one or two days duration and if, in addition the patient’s general system be
debilitated by atrophx of the body, the celiac disease of a chronic nature is formed.” “Sprue”
was coined in the 18™ century by Sir Patrick Manson in 1880 and is derived from the Dutch
word “spruw,” which means thrush, so named because of the high prevalence of aphthous mouth
ulcers in these patients with chronic diarrhea and wasting.'

The first detailed clinical description of the “coeliac affection” is attributed to Samuel
Gee.* Samuel Gee, a physician at St. Bartholomew’s Hospital in London who in 1888 described
the condition, and reported that the disorder affects all age groups. He described “a child who
was fed upon a quart of the best Dutch mussels daily, throve wonderfully but relapsed when the
season for mussels was over.” He reported that “if the patient can be cured at all it must be by
means of the diet. Next season he could not be prevailed upon to take them. This is an



experiment [ have not yet been able to repeat, but if the patient can be cured at all, it must be by
means of the diet.” In 1910, Benecke provided the first description of the mucosal
transformation characteristic of celiac disease.' In 1924, Sidney Haas described his treatment of
celiac sprue with a banana-rich diet that he had used effectively in treating anorexia. He
excluded bread, crackers, potatoes, and cereals. Bananas were gradually added to the diet
usually from the fourth or eighth day. The treatment was continued indefinitely.” W. K. Dicke, a
Dutch pediatrician during the early 1930s, became convinced that the consumption of bread and
wheat flour had an adverse effect on patients with this condition. He noted that children in the
Netherlands with CS did well during the war, when wheat flour was scarce, but relapsed when
bread became available. His first report appeared in Het Nederlands Tijdschriftvoor
Geneeskunde in 1941, and his observations were expanded in his doctoral thesis, submitted to the
University of Utrecht in 1950. During World War II in the Netherlands, food, particularly
cereals used to make bread, was scarce. During this time, the condition of children with celiac
disease improved, only to relapse following supply, by the Swedish Air Force, of bread at the
end of the war.” It was this serendipitous observation that led to the finding that wheat
exacerbates celiac disease. Subsequent work in the second half of the 20" century clarified the
biochemical, immunologic, and genetic factors that will be discussed later.

EPIDEMIOLOGY

The new availability of diagnostic tests for CS has resulted in revised estimates regarding
prevalence of disease. It is suspected that only the tip of the “celiac iceberg” is being identified.
With growing awareness of celiac sprue and the advent of serological means of diagnosis, data
has emerged about the previously underestimated prevalence of celiac sprue. In 1997, Maki and
Collin suggested the concept of the “celiac iceberg,” the majority of cases go clinically
undetected with either “silent (asymptomatic but with mucosal changes)” or “latent (normal
small intestine on gluten-free diet but may develop architectural changes in the future)” disease.’
The availability of serologic markers to screen patients and the increasing ease of biopsy has
opened the possibility of celiac sprue as a diagnosis and the presentation has changed from
previously defined “classic” cases. The proportion of the iceberg submerged is dependent on a
variety of such variables: awareness of CS in the medical community and the public, access to
diagnostic facilities, the age of introduction of dietary gluten in infants, the amount of gluten
ingestion in community, the prevalence of GI infections, and probably other unknown genetic
and environmental factors that influence clinical severity. ’

The role of dietary gluten in the incidence and clinical presentation of CS is significant.
Clinical features of CS have changed in young children during the last 10 years. The
presentation has changed as well. Previously common complaints of diarrhea, suboptimal
weight gain and suboptimal linear growth have become less common, with abdominal distension,
thin extremities, irritability, and fatigue more common complaints associated with celiac sprue.8
Iron deficiency anemia is most commonly seen in adult and children, followed by short stature in
children and dermatitis herpetiformis in adults with diabetes and atopy most frequently
associated conditions both in children and adults.” Incidence was three times higher ten years
ago.® The reason for the change in incidence may be the change in timing of introduction of
cereals into the diet.’ The amount of gluten consumed and the time point of gluten exposure play
a prominent role in disease modification. For example, data collected in Sweden show that there
was a fourfold increase in the incidence of CS in children under the age of two when infant



formula was changed to include 40 times more gluten.'® This phenomenon is in relation to the
concomitant increase in the proportion of infants still breastfed at 6 months, decreased
consumption of flour and the recommendation to introduce gluten in the infant’s diet when the
child is still breastfed.'® This suggests that early exposure of the immature immune system to
gliadin is a prominent cofactor for the manifestation of clinically overt CS. However, early
patterns of gluten consumption or the duration of breast-feeding do not change the overall
prevalence of CS in the population, when also the oligosymptomatic or asymptomatic cases of
adolescent and adults are taken into account.”

The genetic and environmental factors contributing to the development of disease have
been studied in relatives of CS patients and in relatively homogenous populations where it is
common. Relatives of celiac patients have received particular interest. As they share common
genetic and environmental characteristics, they are prime candidates to share the diagnosis of
celiac sprue. Concordance for CS in first-degree relatives of affected persons ranges from 8% to
18% and reaches 70% in monozygotic twins.' Another study in at-risk groups, found the
prevalence of CS was 1/22 in first degree relatives, 1/39 in second-degree relatives, and 1/56 in
symptomatic patients. The overall prevalence of CS in not-at-risk groups was 1/ 133.1 A study in
Sweden found an 8.3% prevalence of CS in first degree relative of celiac patients. In 20 year
follow up, 2/120 patients with initial biopsies showing minor mucosal changes developed celiac
sprue by repeat biopsy.'> Another study in families including two or more members with CS, a
further 9.7% of healthy first-degree relatives showed positive IgA-EMA and at least 6.2% were
shown to have CS with total percentage of CS patients in these families is as high as 40%. The
prevalence of CS is particularly high in Scandinavia. In the Finnish population, depending on
the screening test used, prevalence is between 1/67 and 1/130.

The high prevalence of celiac sprue in Europe, and in particular Scandinavia, has a long
history of investigation. Screening of Finish population with EMA showed a frequency of
1/130." Prevalence of celiac disease among Finnish schoolchildren is at least 1/99 using EMA
and tTG. The prevalence of the combination of antibody positivity and an HLA haplotype
associated with CS was 1/67.'* Using IgA and IgG AGA, then EMA for positive results to
screen healthy blood donors, prevalence of classic CS was 1/492 in southern Sweden which is
comparable to that found in rest of Scandinavia , except Denmark where the historic prevalence
was 1/10000." Recent studies using EMA to screen healthy blood donors in the Dutch
population showed a frequency of 1/333.'° A study using IgA-EMA to screen 3482 inhabitants
of Campogalliano, a region in Italy, found CS more frequent in younger age groups and
estimated the prevalence in Italian general population is 1/204 up to 1/175 with inclusion of
potential cases.'” Using IgA and IgG AGA, then EMA to screen healthy blood donors in
northern Spain found a frequency of 1/385."® A study in UK primary care population, found a
seroprevalence of undetected CS in general adult population in Cambridge, UK, of 1.2%."
Studying a primary care population in the UK, the prevalence of CS was 3.3% in participants
with IBZSO, 4.7% in participants with iron deficiency anemia, and 3.3% in participants with
fatigue.

Estimates of the prevalence of CS in North America vary. It may be as low as 1/3000 but
this may represent significant underdiagnosis, however, as the prevalence of EMA in healthy
blood donors in USA is 1/250"" Another study in at-risk groups, found the prevalence of CS was
1/22 in first degree relatives, 1/39 in second-degree relatives, and 1/56 in symptomatic patients.
The overall prevalence of CS in not-at-risk groups was 1/ 133.% In the US, females present
younger and had longer duration of symptoms compared to males. The most common triggers



for diagnosis were GI symptoms. The mode of presentation were symptomatic (62%), anemia or
reduced bone density (15%), screening of first-degree relatives (13%), and incidental diagnosis
at endoscopy (8%). Lo compared those diagnosed before and after 1993, when serologic testing
was first used, and noted a reduction in those presenting with diarrhea, 73% versus 43% and a
reduction in the duration of symptoms from 9 +/- 1.1 years to 4.4 +/- 0.6 years.” A US survey of
nationwide patient support groups with 1032 respondents revealed the median age of onset was
46 years and diagnosis of adult CS was often delayed, median 12 months with 21% delayed over
10 years. Only 32% adults were underweight, and only about 50% reported frequent diarrhea
and weight loss. Another survey documented that common presenting symptoms were fatigue
(82%), abdominal pain (77%), bloating or gas (73%), and anemia (63%). Initial physician
diagnoses were often IBS (37%), psychological disorders (29%) and fibromyalgia (9%).>
Another survey of 1612 celiac patients revealed 75% (1138) were biopsy proven with women
predominating with a male:female ratio of 1:2.9. The majority of respondents were diagnosed in
their fourth to sixth decades and symptoms were present a mean of 11 years before diagnosis.
Diarrhea was present in 85%. Diagnosis was considered prompt by only 52% and 31%
consulted two or more gastroenterologists.**

At one time, celiac sprue was thought to be rare in populations that were not of Northern
European origins but it has been found worldwide. Furthermore, incidence is expected to
increase worldwide in parallel with an increase in the consumption of wheat flour. For example,
celiac sprue has been reported from the wheat-eating areas of Bengal and the Punjab, as well as
in children who immigrate from India and Pakistan to England.” In India, the incidence of CS is
expected to increase 203.08% over 10 yr and 409.6% over 20 yr.*® Celiac sprue is found in
Blacks, Arabs, Sudanese of Arab-Black stock, Cuban, Mexican, and Brazilians. It has been
suggested that the incidence of celiac sprue in Asian children is as high as that in Caucasian
children.”” A recent study of Saharawi children from the Western Sahara found the prevalence of
CS was 5.6%.%® Huge prevalence of CS, 1/18 children, has been described in an Arab people
living in the Sahara desert.” Screening Brazilian blood donors with AGA and EMA found a
prevalence of undiagnosed CS of 1/681,%° while another study estimated the prevalence of
biopsy-lprovcn CS in the Brazilian general population of 1/293, in adults 1/474 and in children
1/184.*" Screening with AGA and EMA in prenuptial examination in La Plata, an urban area of
Argentina, revealed a prevalence of 1/167.°>  Prevalence of CS in healthy, Iranian blood donors
with AGA and EMA was 1/166.% Serologic screening in Israel estimated a prevalence of at
least 1/157 in the general population.™

Special note needs to be made of the relationship of celiac sprue and immunoglobulin A
deficiency because of its relevance in diagnosing celiac sprue that will be discussed later. In a
study of 2098 celiac sprue patients, 54 (2.6%) had selective IgA deficiency. Patients with
selective IgA deficiency had a higher incidence of silent forms (7/54, 13%), recurrent infection
(16/54, 29.6%), and atopic discase (7/54, 13%).

The increased risk of celiac sprue in Down syndrome is of particular interest. A study
using EMA found the prevalence in US among children with Down syndrome is 1/250.%
Another study of patients with Downs syndrome in east coastal USA found a similar result.’’ A
survey of 1202 Down syndrome patients found a diagnosis of CS diagnosed in 55 patients.
Diagnosis was made 3.8 years from initial presentation of symptoms with diarrhea, vomiting,
failure to thrive, anorexia, constipation and abdominal distension more common. 69% had a
classic presentation, 11% atypical and 20% silent. Iron deficiency anemia and hypocalcemia
were also commonly seen. 38



WHAT CAUSES CELIAC SPRUE?
i The first theory of celiac sprue
Gsein Sadivnn pathogenesis was the “enzyme” one in
ATl " which an enzyme was thought to be
missing, leading to an inability to
digest gluten properly and thus
P creating an indigestible toxic fragment
that causes the disease. Next the “lectin
theory” entailed the presence in gluten
of a toxic lectin, or vegetable protein
that recognizes carbohydrate moieties
of glycoproteins and glycolipids found
“ on the brush border of the enterocyte
gt 2 and binds to them eliciting biological
il o ‘ effects, such as cell agglutination,
oty oo Feohentope i activation, and mitogenesis that would
initiate a series of poorly defined toxic
events. The current theory involves
the interaction of peptides found in
Sreplounsm ) certain grains called gliadin, an
enzyme called transglutaminase, and
Hett et Sharged pltary HLA class II molecules that have been
i associated with celiac sprue.

Humans started to cultivate
grasses in Southwest Asia’s Fertile Crescent at least 10,000 years ago. Primitive grasses were
artificially selected and bred for their growing properties and nutritional value. Cereals represent
a major carbohydrate source for most of the world’s population, and the intensive cultivation has
enabled civilizations to be fed. Wheat gluten is the cohesive mass that remains after washing
dough. It consists of a complex mixture of many gliadin and glutenin polypeptides. Gliadins are
monomers, whereas glutenins form large polymeric structures. On the basis of their amino-acid

sequences, gliadins can be divided S

into a- y-, w-gliadins (250-300

residues), and glutenins can be Sublardy Festucoideas Pmoicae
subdivided into high molecular / \\ / N
weight glutenins (650-800 o e il ymm“ Fonese
residues) and low molecular S T . o . T
weight glutenins (270-330 / \ | |

residues).” Many variants exist of  cows fem S Moo Aes Oy lea Sughm  Poomselum
each polypeptide type, with the WHEAT  RYE  BARLEY  OATS  RICE CORN SORGHUM MILLET
greatest variation being in gliadins. Taxonamic relationships of the major cereal grains

Generally, gluten proteins are rich in proline and glutamine residues, whereas some other amino
acids, such as glutamic acid and aspartic acid are unusually rare.*' Gliadin proteins appear late in
the evolutionary process and seem to have evolved from the duplication of a gene encoding a
sulfur-rich or cysteine-rich protein and repeated duplications of short DNA sequences encoding
for glutamine and proline. The sulfur-rich proteins in wheat like y-gliadin consist of an N-



terminal repetitive domain, based on repeats of the heptapeptide Pro-Gln-Gln-Pro-Phe-Pro-Gln,
and a nonrepetitive C-terminal domain with three broadly based conserved cysteine-rich regions,
designated A, B, and C. The sulfur-poor proteins consist of repetitive sequences alone,
containing repeats, such as the octapeptide Pro-Gln-Gln-Pro-Phe-Pro-Gln-Gln. The high content
of Pro and Gln, mainly found in these striking repetltlve sequences, and the paucity of charged
residues make the storage proteins particularly unlque ? Proline residues are known to confer
resistance against protein degradation by proteases of the GI tract. The lack of proline residues
in avenin molecules thus results in higher susceptibility of the oats proteins for degradation by
proteases in the GI tract.* Studies found a- ghadm from all wheat specws investigated contained
amino acid sequences potentially activating CS.* Minor variations in wheat gliadins are unlikel
to explain the observed differences in disease expression across genetically similar populatlons
For this reason, all cultivated wheat species are assumed to be celiac toxic cereals and should be
avoided by celiac patients.**

Gliadin has been shown to have direct toxic effects. Using intestinal cell cultures to
study the effects of gliadin revealed that gliadin was associated with significantly reduced cell
viability. In particular, microscopic investigation of all the gliadin-treated cell cultures revealed
cell damage similar to that mediated by lysosome enzyme release with signs of apoptosis and
cellular cannibalism. These alterations are very similar to those observed in duodenal biopsy
specimens from untreated celiac patients, which include a flattening reduction of the brush
border, irregular microvillar surface, cytoplasmic vacuolization, prominent and ruptured
lysosomes and increased enterocyte apoptosis. The reduction in the number of junctional
complexes observed in the experiments may be important in determining the increased 1ntest1nal
permeability described in patients with CS and in altering cell-to-cell communications.*® Within
just one hour of gliadin challenge, there was a marked upregulation of HLA-DR expression on
both enterocytes and adjacent macroph §es most noticeable in villous enterocytes, on both the
basal cytoplasm and the cell membrane.”’ Effects of gliadin on cell lines include changes in cell
shape and size, the appearance of cytoplasmic vacuoli and inclusions, rearrangement of F-actin
and tight junctions, reduction in growth and viability, directly induced apoptosis, decreased
synthesis of nucleic acids and proteins, reduced content of glutathione and related enzymes,
reduction in SH groups and increased lipid peroxidation. In conclusion, gliadin has a direct
cytotoxic effect, which may be the first step in the pathogenic mechanism of CS by triggering
and stimulating the immunological system.*®

Data indicate that gliadin peptides, although poorly or not digested by intraluminal
enzymes, can be fully digested by enterocytes in control and patients with treated CS. In patients
with active CS, incomplete degradation gliadin lead to a 33-mer, residues 56-89, that may be
responsible for the immunostimulatory and toxic effects of gliadin. * The 33-mer, residues 56-89
of a2-gliadin, was identified and was found to be stable toward breakdown by all gastric,
pancreatic, and intestinal brush border membrane proteases.’® The 33-mer carries multiple copies
of three epitopes that are immunogenic in patients with CS. Similar peptide sequences are
present in the hordeins and secalins.”® It has been demonstrated that T cell cross-reactivity
between gluten peptides and related peptide in the hordeins and secalins can be related to the
toxicity of barley and rye for patients with CS. A general lack of proline residues and the
presence of glutamic acid instead of glutamine residues in the core of the avenin peptides likely
accounts for the lack of tox1c1ty of oats in CS patients.* Peptide residues 56-75 of a—gliadin
exacerbate CS in vivo.>* Peptides corresponding to positions 57-68 and 62-75 of wheat
o~—gliadins stimulated all small intestinal gluten sensitive T cell clones from four adult



Norwegian celiac patients who carried HLA-DQ2.>* Several Pro- and Gln- rich peptide
sequences, most notably PQPQLPY, have been identified with potent immunogenic activity
toward CD4+ T cells from small intestinal biopsies of CS patients. These peptide sequences
have unusual properties: (1) they are relatively stable toward further proteolysis by gastric,
pancreatic and intestinal enzymes, (2) they recognized and deamidated by human tTG with high
selectivity, and (3) tTG catalyzed deamidation enhances their affinity for HLA-DQ2.** Selective
deamidation of peptides residues 56-75 of a-gliadin increases circulating antibody recognition of
gliadin peptides in CS patients.55 Deamidation of glutamine residues at position 65 to glutamic
acid in both molecules was essential for optimal HLA class II binding and subsequent T cell
activation. T cell activation was obliterated by the substitution of a neutral alanine residue at that
position. This is interesting because this residue is thought to point towards the T cell receptor
when the peptide is positioned within the DQ2 binding cleft.”?

It is interesting to note that gliadin peptides are transported inside enterocytes and
processed by the intestinal mucosa. However, the mechanism of internalization of gliadin
peptides is unknown. It might be suggested that the transport process of gliadin is probably
mediated by the clathrin-mediated endocytic pathway and that an alteration of this process may
be involved in the pathogenesis of CS enterocytes. An immune reaction was observed against
the cytoskeleton in both children and adults with CS. In particular, anti-actin antibodies are
shown to be more strongly associated with more severe degrees of villous atrophy. It is possible
to hypothesize that gliadin peptides can trigger a cascade of events leading to the inappropriate
presentation of tTG and cross-linked substrates to the immune system contributing to the
immune aspect of CS. This mechanism could in part explain the increased prevalence of
concomitant auto-immune disease, such as collagen diseases, type I diabetes, autoimmune
alopecia, hypophysitis, and others in CS patients with prolonged gluten exposure.>®

The first transglutaminase was identified by Heinrich Waelsch more than 40 years ago as
a liver enzyme incorporating amines into proteins.”’ Transglutaminases are mediators of
biological glues. Most common function is to catalyze the formation of isopeptide linkages
between the carboxamide group of protein-bound glutamine residues and the e-amino group of
protein-bound lysine residues. One of the isoforms of tranglutaminase is factor XIIla. Factor
XllIa is important for the clotting of blood by catalyzing the formation of e(y-glutamyl)lysine
cross-links between fibrin monomers or fibrin and a2-plasmin inhibitor. It is activated by
proteolytic cleavage of its proenzyme, factor XIII, and deficiencies cause protracted bleeding
with a frequency of 1-5/10° individuals in Japan.’® Transglutaminase I cross links the proteins
that comprise the cell envelope, a flexible insoluble barrier that lines the outer surface of fully
differentiated cells of stratified squamous epithelia, which thereby protects against mechanical
and chemical injury, or dehydration in the case of cornified epidermal cells. Mutations in
transglutaminase 1 are responsible for a major form of autosomal recessive ichthyosis, lamellar
ichthyosis, a disorder of keratinization that occurs spontaneously at a frequency between 1 and 3
x 10° individuals. Affected individuals are born embedded in hyperkeratotic skin, called
collodion-baby syndrome, which later cracks and exposes the underlying tissue, leading to life-
threatening dehydration and systemic infections. If the newborn survives the first few months of
life, the disease eventually develops into large brown plate-like scales, which cover the entire
body surface.”®

Human transglutaminase 2 or tissue transglutaminase (tTG) is a 76-kD, consisting of 686
amino acids. Tissue transglutaminase is an inducible transamidating acyltransferase that
catalyzes Ca**-dependent protein modifications. It acts as a G protein in transmembrane



signaling and as a cell surface adhesion mediator, which distinguishes it from other members of
the transglutaminase family. Tissue transglutaminase is induced in cells undergoing apoptosis in
vivo. Its overexpression primes cells for suicide and inhibition of its expression by antisense
strategy results in decreased cell death. It has been reported recently that tTG sensitizes cells for
apoptosis by interacting with mitochondria, shifting them to a higher polarized state and altered
redox status. This might provoke activation of transglutaminase crosslinking activity. During
the late stage of apoptosis, the massive increase of cytosolic Ca®* determines the switch of tTG
to its crosslinking configuration in all subcellular compartments leading to extensive
polymerization of intracellular proteins, including actin and Rb, and formation of detergent-
insoluble structures. These protein scaffolds stabilize the structure of the dying cell before its
clearance by phagocytosis, limiting the release of harmful intracellular components and
consequently inflammatory or autoimmune responses. Transglutaminase 2 deficient mice
showed decreased adherence of primary fibroblasts and impaired would healing related to altered
cytoskeletal dynamics of fibroblasts. The tTG participation in apoptosis could explain the
findings that on increasing the frequency of cell death in the knock-out mice, clearance of
apoptotic cells by phagocytosis is defective in the thymus and the liver and inflammatory as well
as autoimmune reactions develop. They also show glucose intolerance and hyperglycemia
because of reduced insulin secretion, similar to maturity-onset diabetes of the young.”’

Anti-tTG antibodies found in type I diabetes mellitus belong to IgG and IgA
immunoglobulin classes that suggests that these antibodies are formed by multiple mechanisms.
Some diabetics with IgA anti-tTG antibodies also have CS, although the disease is
asymptomatic. Celiac sprue with type I DM patients are usually homozygous for HLA-DQ?2
which may drive the production of anti-tTG antibodies. Approximately 8% of these DM patients
are positive for [gM anti-tTG antibodies and a striking 42% of patients have IgG anti-tTG
antibodies. Patients with type 1 DM have been found to have increased intestinal permeability
which may allow immunization against tTG by cells from the systemic and gastric circulation.
Pancreatic beta cells may release tTG as a neoepitope. Successful management of diabetes,
which attenuates beta cell destruction, results in decreased anti-tTG titers.>®

The role of transglutaminases in inclusion body myositis is based on the putative
involvement of these enzymes in the formation of the beta-amyloid aggregates in Alzheimer’s
disease. Transglutaminase 1 and 2 colocalize with amyloid deposits in vacuolated muscle fibers
from the inclusion body myositis. Transglutaminase 2 is important in the development of
extracellular matrix including fibrosis and atherosclerosis and may contribute to the formation of
atherosclerotic plaques by catalyzing the incorporation of lipoprotein(a) into these structures.
Transglutaminases colocalize with the plaques and tangles in the brains of Alzheimer’s disease
patients and likely contribute to the formation of extracellular neuritic senile plaques and
intraneuronal neurofibrillary tangles. Presumed involvement of transglutaminases in
Huntington’s disease is based on demonstration of elevated transglutaminase activity in the
affected regions of disease grains and studies showing huntingtin is a substrate for
transglutaminase 2. The pathologic gain of function conferred by the elongated polyglutamine
domain may be due to an increased propensity of such a domain to act as a transglutaminase
substrate. In Parkinson’s disease, a fragment of a-synuclein, known as the non-amyloid
component (NAC), has been detected in the Lewy bodies of Parkinson’s disease patients and the
neuritic plaques of Alzheimer’s disease patients. NAC acts as a substrate for transglutaminase
and is neurotoxic to primary dopaminergic neurons as formation of NAC polymers is more toxic
than monomeric forms. Progressive supranuclear palsy presents with unexpected falls, postural
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instability, vertical gaze palsy, axial rigidity, dysarthria and dementia, with midbrain atrophy
with dilation of the aqueduct of Sylvius and depigmentation of the substantia nigra and is
associated with the loss of neurons in the substantia nigra, globus pallidus, subthalamic nucleus,
basal ganglia, diencephalons and brain stem. The frequency of progressive palsy is
approximately 1-2 per 100000. Transglutaminases may be responsible for the neurofibrillary
tangles seen in progressive supranuclear palsy.”

Tissue transglutaminase can be considered a master regulator of CS.” Dieterich in 1997
described tTG as the target of EMA. Studies revealed that screening of anti-tTG is very specific
and is linked to the humoral response and involved in generating gluten peptides that stimulate T
cells present in the small intestine of CS patients. Glutamine residues in gluten- derived peptides
are converted by tTG into glutamic acid. This introduction of negative charges results in
peptides that bind with high affinity to the disease-associated HLA-DQ2 or DQ4 molecules and
trigger inflammatory T-cell responses. Sollid showed that tTG can crosslink itself to gluten and
these gluten-tTG complexes will be taken up by B-cells that express tTG-specific
immunoglobulin on their membranes.® The gluten-tTG complex will be degraded intracellularly
and gluten peptides will bind to HLA-DQ and be expressed on the cell surface. In CS patients,
gluten-specific T cells will recognize this HLA-DQ-gluten peptide complex and result in T cell
signaling for the production of tTG-specific antibodies by the B cells. Since only CS patients
have measurable numbers of gluten-specific T cells, this explains why only CS patients make
tTG-specific antibodies and the antibody titers drop after gluten withdrawal.®! During disease
development, the formation of tTG-gliadin complexes through tTG activity appears to be central
for B-cell epitope spreading from gliadin to tTG. A cellular and humoral response against tTG
can be induced in tTG null and wild type mice by subcutaneous immunization with human
recombinant or guinea pig tTG in complete Freund’s adjuvant. Immunized wild type, but not
tTG null mice develop periductal lymphocytic infiltrates in lacrimal glands but no intestinal
lesions are found. An example of epitope spreading is dermatitis herpetiformis.
Transglutaminase 3 is the major autoantigen of dermatitis herpetiformis. While most celiac
patients with or without dermatitis herpetiformis have IgA anti-tTG antibodies that cross react
with transglutaminase 3, only patients with dermatitis herpetiformis have antibody populations
that recognize transglutaminase 3 selectively and with high avidity.®* T cell reactivity towards
native gluten peptides in the intestine would result in tissue damage due to the release of
inflammatory cytokines by these T cells. It is well established that tissue damage results in the
release of cytoplasmic tTG, which can subsequently modify gluten peptides and generate a
whole series of potent T cell stimulatory peptides. This would attract more gluten specific T
cells into the small intestine, leading to more tissue damage, more tTG, and more T cell
stimulatory gluten peptides in a vicious circle with oral tolerance broken as CS results.”

Molberg showed that tTG mediates it effect on T cell recognition of gliadin through an
ordered and specific deamidation of gliadins that creates an epitope that binds efficiently to DQ2
and is recognized by gut-derived T cells.®® Generation of epitopes by enzymatic modification is a
new mechanism that may be relevant for breaking of tolerance and initiation of autoimmune
diseases. This suggests that a tissue enzyme can modify exogenous antigen such that it is
recognized more efficiently by CD4+ T cells. Tissue transglutaminase seems to be upregulated
in inflammatory sites such as celiac mucosa, raising the possibility that intestinal infection or
other local insults could predispose to the development of gluten sensitivity. tTG mRNA levels
were one fold higher in CS patients than in controls. Immunohistochemistry and in situ
demonstration of enzymatic activity in celiac mucosa clearly showed an increased expression of

11



active tTG in the extracellular matrix of the subepithelial region and in the enterocytes.®* It
remains unclear whether the tTG specific antibodies play a causal role in the intestinal
pathology. As tTG play an important role in crosslinking components of the extracellular matrix,
it seems possible that antibodies directed at the enzyme might interfere with the interactions
between mesenchymal cells and the gut epithelium. tTG activity is frequently associated with
tissue repair and remodeling, suggesting that its overexpression in CS may be secondary to
ongoing inflammation and that resulting autoantibodies are epiphenomena.®® The increased level
of expression of transglutaminase 2, or tissue transglutaminase (tTG), in the mucosa of CS
patients seems related to inflammation. Wounding markedly increases the expression of tTG and
the tTG promoter contains response elements for the pro-inflammatory cytokines IL-6 and TNF.
Inflammation, as induced by an infection, might, in addition, breach the epithelial barrier and
lead to further influx of gluten peptides into the lamina propria. The increased concentration of
gluten peptides would lead to over-consumption and depletion of lysine and polyamines, which,
together with increased expression of tTG, would promote formation of deamidated peptides.
So, it is probable that the generation of deamidated gluten peptides is linked closely with
inflammation. Tolerogenic responses to oral antigens are difficult to evoke under inflammatory
conditions, and if deamidated gluten epitopes are not formed under normal tolerogenic
conditions, tolerance to deamidated gluten peptides would be hard to establish, once broken.
Indeed, there is epidemiological evidence that infections are a risk factor for CS."
Environmental factors may play an important role in triggering overt disease in genetically
predisposed individuals. Normal immune tolerance to dietary proteins appears to reflect the fact
that such antigens do not stimulate the innate immune system and are presented to naive CD4+ T
cells by local antigen-presenting cells that lack the full complement of costimulatory molecules
necessary for effective activation of T cells. Sensitisation to gluten could therefore be triggered
by any environmental factor which disturbs this homeostatic balance, including the release of
inflammatory mediators or other factors released during local infections, and can activate
dendritic cells fully or alter other components of the local microenvironment. It has been
suggested that infection with adenovirus 12 might precipitate the clinical and histological
appearance of CS. Kagnoff et al. reported that 89% of untreated CS patients had evidence of
past adenovirus-12 infection.”’

Role of autoantibodies in pathogenesis or as an epiphenomenon are unclear. The
significant increase in the prevalence of CS among IgA-deficient individuals speaks against a
role of the antibodies. However, most CS patients also have elevated levels of serum IgG EMA
and tTG and little is known about the antibodies found locally in the mucosa of IgA-deficient
patients. Interestingly, the EMA antibodies can, as suggested by Make, be involved in the
disease development by blocking interactions between mesenchymal cells and epithelial cells
during the migration of epithelial cells and fibroblasts from the crypts and epithelial cells of the
villi. tTG is necessary for activation of TGF-f3 and indirect inhibition by tTG Ab can be
envisaged to have broad effects as TGF-f is known to affect the differentiation of intestinal
epithelium, to stimulate extracellular matrix formation, and to regulate the function of many
immune competent cells within the gut microenvironment. tTG has been demonstrated to be
involved in attachment of fibroblasts to the extracellular matrix, suggesting that the
autoantibodies could also be involved in lesion formation by perturbing important contacts
between fibroblasts and extracellular matrix components.

In the current theory, the initial event in the pathogenesis of the celiac lesion is thought to
be an abnormal permeability that allows the entry of gliadin peptides not entirely degraded by
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the intraluminal and brush border-bound peptidases. It has been shown that increased
permeability to macromolecules secondary to loosening of the intestinal tight junctions allows
more meaningful entry of antigenic peptides. The upregulation of zonulin, an intestinal peptide
involved in tight junctions regulation, seems to be involved in the increased gut permeability to
gliadin peptides.” The early changes seen are highly suggestive of a direct toxic effect of gliadin
on epithelial cells and macrophages or of a release of prestored cytokines. From a morphologic
point of view, small bowel mucosal damage occurs as a result of gradual changes from normal
mucosa to overt mucosal atrophy with crypt hyperplasia.’” Direct toxicity of gliadin is not the
only event in CS pathogenesis. CS is triggered by the binding of one or more gliadin peptides to
CS-associated HLA-class Il molecules. These putative CS peptides bind to oligosaccharide
residues on HLA class II molecules distal to the peptide-binding groove invoking recognition
and binding by specialized subsets of yd T cell receptor bearing lymphocytes. The binding of
these T cells serves as a signal for abrogation of oral tolerance to ingested protein setting in
motion a series of immune responses directed against the small intestinal epithelium of CS
patients. CS patients are victimized by this self-destructed immune response because of
inheritance of certain combinations of HLA-DQ and DR haplotypes. Dimers encoded by HLA-
DR may be the primary restriction elements for lectin-like, gliadin peptides while the degree or
lack of immune suppression to ingested gliadins is governed by inherited HLA-DQ haplotypes.
Molecular mimicry between one or more gliadin peptides and some, as yet unidentified, bacterial
or viral superantigen plays a role in disease pathogenesis.®® New multi-gene hypothesis for the
initiation of CS in which deamidated free human peptides with T-cell epitope homology escape
negative selection, and deamidation following peptide release due to injury triggers
inflammation, thereafter repeatedly provoked by dietary gliadin immunodominant peptides
concentrated in the proximal small intestine.”

Family studies reflect the importance of genetic factors in the pathogenesis of celiac
sprue. Our understanding of the nature of this genetic predisposition began with the observation
by Howell and colleagues that CS is associated with specific HLA class II DQ haplotypes.
HLA-DQ2 is found in 95% of patients with CS, and HLA-DQS is found in most of the remaining
patients." An important link to genetic disposition was provided by the isolation of gliadin-
specific HLA-DQ2-restricted T-cell clones from celiac sprue mucosa. Further evidence showed
the primary mechanism underlying the association of CS with these HLA class II alleles is the
preferential presentation of deamidated gluten peptide antigens by HLA-DQ2 and DQ8.” Up to
30% of persons of North European ancestry express HLA-DQ2 but CS develops in only a small
proportion of these carriers. ' A gliadin-derived epitope that is dominantly recognized by
intestinal gluten-specific HLA-DQ8-restricted T cells has been identified.” It is now known that
after gluten is absorbed, lamina propria antigen processing cells, probably dendritic cells that
express HLA-DQ?2 or DQS, present gliadin peptides to sensitized T lymphocytes. These
lymphocytes then activate B lymphocytes to generate immunoglobulin and stimulate other T
lymphocytes to secrete cytokines, predominantly interferon-y and to a lesser degree interleukin
(IL)-4, IL-5, IL-6, IL-10, tumor necrosis factor (TNF)-a, and transforming growth factor-f.
These cytokines not only damage enterocytes but also induce expression of aberrant HLLA class
II cell-surface antigens on the luminal surface of enterocytes, possibly facilitating additional
direct antigen presentation by these cells to the sensitized lymphocytes.'

HLA-DQ2 is common in Europeans and is expressed in 25% to 30% of the normal
population, yet celiac sprue develops in only a minority of them.* Thus another gene, or genes, at
an HLA-unlinked locus must also participate in development of disease, and is likely to be a
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stronger determinant of disease susceptibility than the HLA locus.! However, successive genome
scans have not identified any single genetic risk factor. This suggests that there are a variety of
different genetic mutations that strongly favor the development of CS. It is surprising that a
disease with such great morbidity and mortality has not been eliminated by the process of
evolution. One possible explanation is that gluten, a protein introduced in large quantities into
the human diet only after the advent of agriculture activates mechanisms of innate immunity that
are too important to the survival of the species to be climinated.” A protective association
between CS and hereditary hemochromatosis has also been suggested.”

An example of the interplay of environment, immunology and genetics is illustrated in an
interesting case report. Carroccio et al report a case history of an infant who, at age of one year,
developed diarrhea but was not investigated until he was 25 months old. At this time IgA AGA,
EMA and tTG antibodies were detected in serum. Biopsy from proximal jejunum showed partial
villous atrophy. Giardia lamblia was found in intestinal fluid aspirates. A diagnosis of CS with
giardiasis made. He was treated with a course of metronidazole and gluten free diet was
recommended. At two month follow up, it was noted that the diarrhea had resolved within seven
days of receiving metronidazole, but gluten free diet had not been started. Repeat testing showed
that IlgA AGA and EMA were still present but in low titers. Normal diet continued, and at six
month follow up, he was noted to be doing well with satisfactory growth. Serum antibodies had
disappeared and repeat intestinal biopsy was structurally normal with only slight increase in
intraepithelial lymphocytes. At age four, he had negative serologies for CS, with HLA typing
characteristic for CS. Third jejunal biopsy showed normal villous architecture but slightly
increased epithelial CD3+ lymphocyte and yd lymphocyte count. Giardia was absent from
intestinal fluid. At this time, when antibodies disappeared from the serum, IgA EMA was
detected in the supernatant fluid from cultures of the intestinal mucosa incubated with gliadin.
The child did well on normal diet with average intake of gluten of 11 g/day. The authors
concluded that an active CS status with intestinal mucosa atrophy may regress to a latent CS
status with normal intestinal mucosa histology after removal of the environmental factors that
have presumably precipitated mucosa damage.”

HISTOLOGY

The diagnosis of CS is based upon histological findings in duodenal or jejunal biopsies.
In the past few years, it has turned out that the development of CS lesion in the small bowel is a
dynamic process that may present in various histologic forms. At one end of the spectrum is a
mucosa with normal architecture and an increase in intraepithelial lymphocytes (IEL), at the
other end is the classical flat mucosa. An increase in the number of IEL is the first and most
sensitive index of the effects of gluten on the mucosa and is therefore the single most important
histologic feature in CS. Intraepithelial lymphocytes are also increased in number in the stomach
and in the large bowel. The
normal gut contains up to 40
IEL/100 EC, and so anything
above indicates an ongoing
immunologic process. In CS
patients, the cell content of
the lamina propria is
increased in histologically
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altered small bowel mucosa, in particular in its upper two-thirds. Plasma cells predominate with
T cells increased to a lesser extent. In the dynamic process of the development of CS lesion, the
first architectural change to be found is crypt hyperplasia. Initially, the elongated crypts are
covered by normal appearing villi, and later on, when the lesion is more advanced, by shortened
villi which may be absent in the most severe stage, the flat mucosa. Kinetic studies of the
epithelium in CS show the rates of loss of surface enterocytes and the rate of crypt-cell
proliferation are accelerated. Increased epithelial cell proliferation leads to crypt length
increases. Enterocyte apoptosis is increased and correlates with proliferation. Local cytokine
production can induce production of epithelial mitogens by stromal cells, which control
epithelial renewal. Crypt hyperplasia is induced by growth factors, such as hepatocyte growth
factor and keratinocyte growth factor, which are released by mesenchymal cells and possibly
IELs. In more advanced stages of the CS lesion, matrix metalloproteinases, such as collagenase
or stromelysine, are also active and seem to play a central role in the development of villous
atrophy through degradation of the interstitial tissue.’®
Marsh classified the distinctive histological

changes seen in CS. He characterized the epithelial
changes based on the presence of intraepithelial
lymphocytes and villous structure in biopsies of small
intestinal mucosa. Normal mucosa has than 40
intraepithelial lymphocytes (IEL)/ 100 enterocyte (EC)
and is called type 0. Marsh type 1 is the infiltrative type
@ PNl 43 SATBRNGOR VA ) | characterized by a normal villous architecture, a normal

SRS R IS height of the crypts and an increase in [EL numbers up to
Marsh Il more than 40 IEL/100 EC. This stage is not diagnostic of
CS, but is seen in patients with latent CS, dermatitis herpetiformis, and first degree relatives of
patients with celiac sprue.”’ They usually do not have gastrointestinal symptoms and will have to
be followed up for years to monitor for changes from type 1 to flat mucosa. Marsh type 2 is the
hyperplastic type characterized by a normal villous architecture, an increase in IEL numbers up
to more than 40 IEL/ 100 EC and crypt hyperplasia. This stage is only rarely encountered and
has mainly been observed under experimental conditions or in patients with dermatitis
herpetiformis.”’ Recent studies that both the symptoms and histologic findings are gluten-
dependent, and the
authors argue that
the present
diagnostic criteria
for CS, currently
requiring a definite
villous atrophy,
would thus appear
to be in need of
revision.”® Marsh _ TR
type 3 is the so- Marsh 11l A © MarshII B
called “destructive”
type of the CS lesion and is considered diagnostic. Marsh type 3 is divided into three different
subgroups depending on the degree of villous atrophy, crypt hyperplasia, and increased volume
of the lamina propria. All have increased IELs. Villous atrophy and crypt hypertrophy can also
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be seen in other food-sensitive enteropathies, severe giardiasis, nematode infection, mild Crohn’s
disease, graft-versus-host disease, tropical sprue and other rare inflammatory conditions.”’ Type
4 is a very rare hypoplastic lesion that is characterized by a flat mucosa with normal crypt
heights and normal IEL counts.”® It is an end stage lesion in a very small proportion of patients
with severe gluten-induced lesions, who do not respond to gluten withdrawal and who may
develop malignant complications.”’

Histologic recovery in CS after starting gluten-free diet is different depending both on the
age and on the histology at diagnosis. Up to 10% of adults with CS have villous atrophy after 5
years. A study of patients with Marsh Illa, IIIb, or Illc lesions found histologic remission was
seen in 65% within 2 years, 85.3% within 5 years, and 89.9% in long term follow up. Eleven
patients (7%) with persistent partial villous atrophy had symptoms and signs of malabsorption
and were considered to have refractory CS; 5 of them developed an enteropathy-associated T-
cell lymphoma. Children recovered up to 95% within 2 years and 100% in the long term.’®

DIAGNOSIS

Small intestinal biopsy remains the gold standard for diagnosis of celiac sprue. However,
serologic studies are useful in diagnosing celiac sprue. Endomysial antibodies (EMA) are felt to
be the most sensitive and specific. Serum IgA EMA assay requires a tissue substrate, most
commonly crytostat sections of the lower third of the monkey esophagus that has a high density
of endomysium. Cost and ethical concerns led to the use of human umbilical cord as an alternate
tissue source beginning in 1994. Like all indirect immunofluorescence assays, the IgA EMA test
is a labour- and skill-intensive, with no prospect for automation, unlike ELISA tests.*” The
sensitivity of IgA EMA ranges from 57.9%"" to 99.5%" and specificity from 87.1%" to 100%.%

Serologic testing became easier when it was elucidated that the epitope against which
EMA is directed against is tissue transglutaminase (tTG). Enzyme-linked immunosorbent assay
tests for IgA anti-tTG are now widely available, less costly, and easier to perform than the
immunofluorescence assay used to detect [gA EMA. The sensitivity of IgA {TG range from
87%" to 100%** with specificity from 61%"* to 96%.% Initially the test used guinca pig liver but
more recently human recombinant sources have become available with increased specificity.*
The utility of IgA anti-tTG testing in patients on gluten free diet or with minor mucosal injury is
limited because the levels drop very quickly when gluten exposure ceases.®® It is therefore not
useful in monitoring compliance in patients.’” The poor effectiveness of anti-tTG as an indicator
of histologic recovery in celiac disease and its quick subsiding throughout the follow-up may
also be explained by the Dieterich’s hypothesis, that anti-tTG is generated in genetically
predisposed individuals by complexes formed between anti-tTG and gluten. So, it is
hypothesized that anti-tTG should disappear soon after gluten exposure ceases. Histologic
recovery, however, is much slower as has been frequently recognized in clinical practice.””

Anti-gliadin antibodies (AGA) from CS patients react with structures on gliadin and
potential autoantigens on enterocytes such as calreticulin.*® Purified gliadin, a component of the
wheat storage protein gluten, is readily available and is used as the antigen of enzyme-linked
immunosorbent assays to detect serum anti-gliadin antibodies (AGA). The sensitivity of IgA
AGA ranges from 55%" to 83%" with specificity ranging from 63.5% to 100%."' IgG AGA has
similar sensitivities ranging from 68.4% to 95%"' and specificities ranging from 76%" 1o
100%.%" AGA varies closely with gluten intake and is thus useful in monitoring compliance.”
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For initial diagnostic testing in an individual above the age of 2 years suspected of having
CS, either IgA-EMA or IgA-tTG should be used. In one study, a one-step serologic testing
(EMA) was found to be both more economical and more sensitive that the two step procedure
with AGA or tTG screening followed by EMA for confirmatory testing.'® Debate remains about
recommendations to request serum IgA levels in conjunction with the IgA antibodies, in view of
the increased prevalence of selective IgA deficiency in CS patients. In cases with proven IgA-
deficiency, performing IgG-AGA, IgG-tTG or IgG-EMA provides useful diagnostic information.
Given the
dynamic nature of this
disease, and the
Sinad ) ' fluctuating levels of
' : serum markers, there
is value in repeating
serologic testing or
g Vol deeck even performing
schscbpsionc . I Movivon] 7o ~1  HLA-DQ typing in
| o cx g some clinical
' 1 _ ' ' ' circumstances. If
el T I T O — clinical suspicion is
" ‘ | s mgs high, particularly in a
I b I ' I ‘ member of a high -
Raview | Teamar. | Ovmgnos ; T AT | risk group, and initial
‘ oy ‘ " e besslieoico of co'snilh Sov peaten ntglirarc screening is negative,
' : ot o s discrepant or
‘ equivocal then
‘ retesting can help
1 avoid more invasive
|

small intestinal
e biopsy. When

biopsies are equivocal
or may have been performed during self-imposed gluten restriction, repeat serologic testing can
be cost effective and offset the influence of sampling error.*

Celiac sprue has many of the features that make it suitable for mass screening: (1) the
condition is common and often asymptomatic; (2) undiagnosed, there is significant morbidity
and probably excess mortality; (3) a sensitive and specific screening test is available; (4) there is
an effective treatment.?” On the other hand there is no evidence that screening the general
population will lead to reduction in morbidity or be cost effective. Patients identified by
screening have shown poor compliance with a gluten-free diet and there is no data to suggest
mortality from treatment in this group. Screening will only demonstrate lead-time bias.”
Community-based case-control study found no association between recurrent abdominal pain
and the prevalence of EMA. Data do not support screening for CS in the child with classic
recurrent abdominal pain in the primary care setting.”

Despite the current data, there is still reason for active investigation of screening. The
natural history of CS is unknown. Increased malignancy especially small bowel lymphoma,
osteoporosis, infertility and pregnancy failure, growth retardation, and nonspecific low grade
morbidity are the major rationales for diagnosis subclinical or asymptomatic CS. It is noteworthy
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that malignancy occurs almost exclusively in undiagnosed or noncompliant CS patients, but it
has not been demonstrated that gluten restriction in those with asymptomatic CS reduces risk of
malignancy.’

Endoscopy should not be regarded as a screening method to judge which patients must be
submitted to duodenal biopsy. Endoscopic signs must only be considered as an adjunctive tool
that may improve the diagnostic yield.”* One study showed that children with CS may have
patchy villous atrophy of the duodenum. The bulb mucosa may be the only duodenal area
involved, both at diagnosis and after gluten challenge. Therefore, multiple endoscospic biopsies
should always be performed, not only in the distal duodenum, but also in the bulb.’ Endoscopic
markers of CS are scalloped folds, mosaic pattern nodular mucosa, and reduction in fold
numbers. In studies, endoscopic markers had a sensitivity of 59-87.5% and specificity 92-100%
with loss of folds most sensitive with mosaic pattern, nodularity and scalloping less sensitive.”
Careful inspection of the duodenum during routine upper GI endoscopy allows accurate selection
of patients for biopsy but may not detect patchy VA or milder enteropathy.% Videoendoscopy
and vital dye staining have been shown to increase the sensitivity of these endoscopic markers.

Tests of functional intestinal permeability can help diagnose CS. One study evaluated
sucrosemia after an oral load as a noninvasive test for celiac sprue. All untreated celiacs but
none of the treated celiacs had sucrose in their serum after the 8g oral challenge. None of the
controls had sucrose in their serum after the 8 or 50g challenge. Brush border sucrase activity
was low in untreated CS and may explain the findings.”® Sorbitol H2-breath test and xylose-
breath test have been shown to be very sensitive in detecting patients with slight histologic
damage (Marsh I-11Ia).”” A study assessed intestinal permeability to sucrose, lactulose, and
mannitol to screen relatives of patients with celiac sprue. The addition of lactulose/mannitol
permeability testing to the screening protocol allowed detection of all relatives who had evidence
of gluten sensitivity.'®

Small studies have looked at the usefulness of radiologic studies in diagnosing CS.

Using ultrasound, celiac sprue was diagnosed in 12 patients. An increased gallbladder volume,
the presence of free fluid in the abdominal cavity, and enlarged mesenteric lymph nodes showed
a specificity of 96%, 96% and 97% respectively, whereas the presence of dilated small bowel
loops with increased fluid content and increased peristalsis had a sensitivity of 92% an 83%
respectively. 11/12 (92%) of patients with CS and 35/150 (23%) who did not have the disease
had a least one ultrasound sign. All of the US signs were concomitantly present in 4 patients
with CS (33%) and one patient without CS (0.6%)."°! Enteroclysis has been used to study the
small intestines. Radiographic features indicative of adult CS were evaluated for diagnosis of
CS. Reversal of jejunoileal fold pattern was the single best feature, with specificity 100% and
sensitivity 59%. Accuracy was greatly improved if reversal of fold pattern and at least three of
the following features, fold thickening, decrease of jejunal folds gcolonization), increase of ileal
folds (jejunization), dilatation, and flocculation, were also found. 02

97

ASSOCIATED CONDITIONS

There is one large study of VA patients that provides the best information about
associated diagnoses. The investigators looked at 458 patients with celiac sprue and reviewed
records between 1986-1995. Diagnoses with significant association were dermatitis
herpetiformis, lactase deficiency, lymphadenopathy, and lymphoma, pancreatic insufficiency,
Crohn’s disease, functional bowel symptoms, chronic nonalcoholic hepatitis, pulmonary
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eosinophilia, nutritional marasmus, cachexia, weight loss, hy
B-complex deficiency, iron and vitamin-deficiency anemias’

gocalcemla osteoporosis, vitamin

Other lab abnormalities can be seen in celiac sprue. Celiac patients had a higher total
plasma homocysteine level than the general population, indicative of poor vitamin status. The
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mean daily intake of folate
and B12, but not vitamin B6,
was significantly lower in
celiac patients than in
controls. This suggests that
when following adults with
CS, the vitamin status should
be reviewed.'” Another
study of 159 of celiac
patients with CS found 8%
had low serum B12 at
diagnosis with 6 additional
patients who had been
receiving B12 replacement
therapy for 3-37 years before
diagnosis. The overall
prevalence of B12 deficiency
in this group was 12% (19

patients). Only 2/ 19 patients had gastrlc corpus atrophy, one with intrinsic factor antibodies and
the other with hypergastrinemia. Low B12 is common in CS and may be a presenting
manifestation.'” Red cell indices can also be used. Guidetti et al looked at RDW. Overall RDW
increase was found in 80/149 (54.7%) patients with definite diagnosis of CS and in 14/49
(28.6%) patients in whom biopsy excluded the disease. A one year gluten withdrawal led to
significant decrease in RDW, even in patients with obdurate mucosal involvement. They
concluded that an elevated RDW despite normal hemoglobin might be a reliable predictor of the
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disease.

In adult patients with iron deficiency anemia, overall prevalence of CS was 5-6%.
However, studies of adults with IDA refractory to oral iron have a much higher incidence of CS.
In a small study of adults with iron deficiency anemia, immunological screening with AGA and
EMA showed suspected CS in 5/85 cases (5.8%) with diagnosis confirmed on intestinal biopsy.
Additional studies of patients with refractory IDA showed a higher prevalence of CS as high as
20%."7 Another study looked at consecutive adult patients with IDA and response to GFD.
Prevalence of CS in their study group was 13.7% with a strong female predominance. After 6
months of gluten free diet, 14/18 (77.8%) female patients recovered from anemia, but only 5/18
(27.8%) reversed from iron deficiency. At 12 months, all but one patient (94.4%) recovered

from anemia and 9 (50%) patients from iron deficiency.
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Other investigators have looked at evidence of occult gastrointestinal blood loss in
patients with histologic lesions of CS. One study found 2/8 patients with partial villous atrophy
(25%) and 15/28 (54%) with total villous atrophy had positive Hemoccult tests. As occult GI
bleeding can be detected in about half of patient with CS, the author felt that CS should be added

to the list of factors that can contribute to IDA.
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Logan et al investigated the utility of screening

for CS in patients with positive FOBT. Five of 590 patients had had fecal occult blood tests at
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time of diagnosis and four had positive tests during investigation of diarrhea and/or anemia.
Twenty-two of 309 FOBT patients were positive for [gA AGA, but none had IgA EMA and two
had positive anti-tTG assays. Logan et al concluded that CS does not need to be considered in
the investigation of a positive FOBT, unless there are other indications.'’

Celiac sprue has long been associated with progressive neurologic deficits,
predominantly cerebellar ataxia and peripheral neuropathy. Frequent clinical association
between CS and neuropsychiatric disorders has been reported. A study of CS patients in New
York City found that approximately half of patients with CS had symptoms and signs of
neuropsychiatric involvement, most, fortunately, are minor and reversible. Gobbi et al reported a
consistent cohort of CS patients affected by drug-resistant epilepsy with cerebral calcifications
and. In his study group up to half had improvement in seizure control with gluten-free diet.""'
Prevalent opinion is that nervous system involvement in CS is believed to be caused by the
disease mechanism itself rather than by nutritional deficiencies related to malabsorption, such as
vitamin E or B12 deficiencies. Recent studies suggested that idiopathic cerebellar ataxia might
be the presenting manifestation of sensitivity to gluten with or without intestinal pathology.
They found that the prevalence of gluten sensitivity is similar in patients with sporadic (27%)
and hereditary (37%) ataxias, including patients with known ataxia genotypes. Another study
found high AGA antibody titers in 23/52 (44%) patients with Huntington’s disease, suggesting a
previously unrecognized association between HD and gluten sensitivity. The role of AGA in
these diseases is unclear.'

First report of liver involvement in celiac sprue appeared in 1977. Celiac hepatitis is
characterized by the absence of hepatomegaly, splenomegaly, or any clinical features suggesting
chronic liver disease such as hypergammaglobulininulemia. Serum autoantibodies other than
anti-tTG-related autoantibodies are not found. Histologic changes of mild lobular and portal
tract inflammation are reversible with GFD. In a group of 74 newly diagnosed adults with CS,
Maggiore and Capri'" found 40% had an elevation of serum aminotransferase activity that
normalized in most cases during treatment with GFD. Liver biopsies in this group revealed signs
of reactive hepatitis in five patients and histologic lesions of different types and severity ranging
from steatosis with focal fibrosis to pronounced fibrosis and cirrhosis in another seven patients.
Two retrospective studies in adults suggested that as many as 9% of patients with persistent and
cryptogenic elevation of serum aminotransferases may be affected by asymptomatic CS.'*

A high prevalence of CS (4.3%), four to ten times higher than expected, was recently
found in Finland in a group of 185 adult patients who had undergone liver transplantation.
Indication for liver transplantation varied: 4 patients had severe liver disease and CS, 1 had
congenital liver fibrosis, 1 had massive hepatic steatosis, and 2 had idiopathic progressive
hepatitis without apparent origin.**

All types of autoimmune liver disorder may be associated with CS, with autoimmune
hepatitis having the closest association. Prevalence of CS in patients with autoimmune hepatitis
is at least 2.7%."" Other authors have suggested CS occurs in up to 4.3% of type 1 AIH and up to
8% of type 2 ATH."'® The correlation between primary biliary cirrhosis and celiac sprue is still
unclear with numerous studies with conflicting results."** Prevalence of PBC has been reported
to be as high as 3% in celiac patients, and about 6% of individuals with CS may be affected by
PBC."" Clinical presentation can be strikingly different between PBC and CS. For example,
dermatitis herpetiformis is not associated with PBC, thyroid disease and hyper-y-globulinemia
are seen in PBC while IDDM and selective IgA deficiency are associated with CS, and CS is
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found in all ages while PBC is not diagnosed in children.''® Recent studies refute the association
demonstrating a high false positive rate of serologic tests for CS in patients with PBC.M®

MALIGNANCY

Although serology-based estimation of the incidence of CS is high, only 10-20% of
patients have an overt disease with apparent symptoms, and most have silent or asymptomatic
disease. A major concern since the late 1980s has been the increased risk of malignancies,
particularly of non-Hodgkin lymphoma, now identified as the main cause of increased mortality
in patients with CS. Pioneering study by Holmes indicated CS patients had an overall two-fold
relative risk of cancer with the risk increased 10-fold for certain GI carcinomas and 43-fold for
NHL. Recent surveys, including a vast retrospective Swedish study, provided lower figures,
with an overall risk of cancer only moderately increased and a three to six fold increased risk of
NHL. However, the risk remained 10-fold increased for small intestinal carcinomas. In a recent
European study, although prevalence of CS was increased only 2.6-fold in patients with NHL,
the odds ratio increased significantly for small bowel lymphomas and enteropathy associated
intestinal T lymphomas. Initial observations by Holmes provided evidence that a strict GFD had
a protective effect; the risk of malignancy returning to that of the general population after 5
years. A study by Askling in Sweden showed the risk of cancer disappeared after a 10 year
follow-up.“gA study of 381 CS patients found 11% had a diagnosis of cancer, most before the
diagnosis of CS.'?" Several case reports of small bowel adenocarcinoma are also reported, one of
which was found adjacent to a jejunal villous adenoma.'* However, a recent study did not find a
significantly increased risk of duodenal adenoma in CS patients compared to non-celiac
endoscoped population in New York City.'* Patients with known CS who present with
exacerbation of symptoms should be promptly investigated for occult GI malignancies, and
considered for early surgical exploration.'® In a recent study, dietary compliance was shown to
reduce the risk of lymphoma and other malignancies and, if continued for more than five years,
the risk becomes comparable to that of the general population. The risk of malignancies in
asymptomatic cases the role of screening is unclear.

Tumorigenesis results from a loss of genome integrity that affects the function of genes
controlling cell division, cell differentiation, and cell death. The chronic inflammation, crypt
hyperplasia and increased presence of IELs in CS likely contribute to increased risk of
malignancy.“gA study of CS patients found the frequency of chromosome abnormalities in
peripheral blood lymphocytes decreased significantly on a GFD and concluded that genomic
instability is a secondary phenomenon, likely caused by chronic intestinal inflammation.'**
Another study in patients with CS looked at the effect of the gluten-induced mucosal injury on
telomeres and found accelerated telomere shortening that would increase the process of end-to-
end fusions resulting in chromosomal changes that play a role in the cancer predisposition
observed in CS patients.’?

AUTOIMMUNE DISORDERS

Sjorgen’s syndrome is probably the most common rheumatic autoimmune condition
occurring in connection with CS."* A study of Sjorgen’s syndrome patients found CS in 15%
with HLA DQ2 present in 56% patients, including all with CS.'*” The presence of false positive
AGA in patients with SLE is common. Despite shared HLA loci there does not seem to be an
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association between celiac disease and SLE.'*® Studies do not support an association with CS and
seropositive RA or the screening of such patients for CS.'*’ A study of EMA and tTG-positive
relatives of celiac patients found autoimmune disease was present in 20%."" Serologic testing of
CS patients found 25% were positive for at least one other autoantibody, with significant
prevalence of anti-thyroid microsome, anti-nuclear, and anti-gastric parietal cells, while the
relatives were positive 17.8%, with an increased prevalence of anti-nuclear and anti-thyroid
microsome antibodies.'*! Another study of celiac patients had increased prevalence of serum
anti-ssDNA (14%), anti-dsDNA (23%), anticardiolipin (14%), and anti-EMA (63%). The
relevance of this finding on the extraintestinal manifestations of CS or the coexistence of
autoimmune conditions and CS remains to be determined.'** Relatives of CS patients have an
increased prevalence of autoimmune disease compared to control groups, and relatives of CS
patients with autoimmune diseases, have a risk as high as 25% of being silent celiacs and might
need screening for CS.'*

OSTEOPOROSIS

Osteomalacia and severe bone disease are relatively rare but low bone mineral density
seems to follow dermatitis herpetiformis as the most common extraintestinal manifestation of
CS."* In a study by Meyer et al., celiac patients (105 women and 23 men), with average age 56
yr old and on GFD a mean of 7.5 years, were found to have osteoporosis in 34% patients at
lumbar spine, 27% at the femoral neck, 36% at the radius. Osteopenia was present in 38% at the
lumbar spine, 44% at the femoral neck, and 32% at the radius. When matched to age-matched
controls, men were more severely affected than women. BMD did not differ between those on
GFD or who had not begun therapy and only 28% of participants had normal BMD." Lindh et
al found biopsy-proven CS in 3.2% of patients suffering from osteoporosis. Nuti et al found IgA
tTG in 9.4% of patients with osteoporosis.'*® A study in Argentina showed that patients with CS
seem to have an increased risk of fractures; 25% celiac patients had experienced one or more
fractures, compared with 8% hospital controls."*® Vazquez et al. found 25% of patients with CS
have had one to five fractures in the peripheral skeleton versus 8% of controls. Most fractures
were located in the wrist, radius, and ulna and occurred prior to diagnosis or while patients were
noncompliant with GFD."’ Fisher et al. found 347 consecutive older patients with hip fractures
were AGA positive in 11-13% but none EMA positive. They concluded that CS does not appear
be an important contributing pathogenic factor in older hip fracture population with osteoporosis
and patients with CS do not represent a population at particularly high risk of osteoporotic
fracture, and thus targeting them for osteoporosis screening and treatment is not justified.'®

A strict GFD improves bone mineralization, even in one year.'*” Brera et al. found the
rate of bone metabolism is altered in children with untreated CS and remarkable changes occur
after the initiation of GFD.'* A study of untreated CS patients found 34% had normal BMD,
40% had osteopenia, and 26% had osteoporosis. Between males and females, there were no
statistical differences in bone metabolism or in most of the nutritional indices. In treated
patients, whom showed a mucosal recovery in only 57%, GFD led to a significant improvement
in BMD, bone metabolism and nutrition, even in postmenopausal women.'*!

The mechanisms of disturbances in bone metabolism in CS are poorly understood. In
patients with symptomatic CS, low bone mass appears to be related to malabsorption, reduced
calcium absorption due to intestinal villi atrophy, vitamin D deficiency and secondary
hyperparathyroidism. Calcium malabsorption may be the result of vitamin D deficiency or the
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reduction in the active absorptive surface area. Steatorrhea reduces calcium and vitamin D
absorption by chelating them to intraluminal fat. Secondary hyperparathyroidism due to
hypocalcemia accelerates bone turnover and bone loss. Sophisticated investigations discovered
that vitamin D receptors are still normally present in the duodenal mucosa of celiac patients,
even those with mucosal damage and villous atrophy. However, the vitamin D-regulated
proteins that actively uptake calcium from the intestinal lumen are lost from the area of damaged
small intestine mucosa. Calcium malabsorption is thus determined by the reduction in vitamin
D-regulated proteins and enzymes involved in active calcium absorption, which are located in
the functional zone of this area.'** Impaired intestinal calcium malabsorption leads to secondary
hyperparathyroidism, which is often present and may serve to aggravate the bone disease by
increasing bone turnover. Consequently, markers of bone formation and bone resorption are
often increased.'*® Results show that bone weakening in CS might result from metabolic
disturbances of bone remodeling affecting trabecular and cortical bone masses, the mechanical
quality of the bone material, and a reduction of muscle strength impairing the modeling-
dependent optimization of bone structure. Dietary treatment seems to correct almost exclusively
the metabolically induced disturbances, which were predominant in women. The induced
secondary hyperparathyroidism would enhance the remodeling of trabecular, endosteal, and
intracortical bone, resulting in trabecular thinning, cortical-subcortical bone mass loss,
enhancement of the intracortical porosity, and impairment of the mechanical quality or intrinsic
stiffness of the cortical bone. CS was shown to impair muscle mass and probably the mechanical
usage of the skeleton. This could affect the natural distribution of the available bone mass and
the achievement of an optimal bone architectural design.'* There seems to be impairment of
peripheral reduction of testosterone to the active dihydrotestosterone which may play a role as
well.'** Intestinal inflammation and cytokines may also play a role in reducing bone mass.

ENDOCRINE DISORDERS

An estimated 1-1.5% of diabetic children suffer from celiac sprue. Patients with diabetes
and celiac sprue usually present with classical symptoms poor glycemic control with frequent
hypoglycemia. Diarrhea is often misinterpreted as due to autonomic diabetic neuropathy or
exocrine pancreatic insufficiency, and therefore the diagnosis of CS delayed. Studies report the
frequency of autoimmune IDDM in celiac patients ranges from 3.5% to 7.4%. There is no
evidence that the risk of CS in type 2 DM is increased compared to population at large. The
diabetic susceptibility is also associated with HLA DR3-DQ2 and DR4-DQ8. The association
between the two diseases could thus be partially explained by the sharing of a common genetic
factor in HLA region. Not et al. showed that the prevalence of other autoimmune diseases was
significantly higher in first-degree relatives of autoimmune IDDM patients found to have silent
CS than in relatives without CS antibodies. Saukkonen et al observed that the prevalence of CS
in siblings of patients with autoimmune IDDM did not differ from that reported from population-
based screening studies.'>® Subclinical hypothyroidism is an especially frequent finding in CS.
In patients with autoimmune thyroid disease, a celiac prevalence of approximately 2-4% has
been reported.136 The prevalence of autoimmune diseases was significantly higher in patients
with both CS and autoimmune thyroiditis than in patients with autoimmune thyroiditis alone.**
In a recent screening survey, five of 41(12.5%) patients with Addison’s disease of autoimmune
origin were found to be suffering from CS. Alopecia areata has been found in approximately 2%
of CS patients and GFD may initiate hair growth in some patients.

]
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It has been hypothesized that increased intestinal permeability in untreated CS
predisposes to other autoimmune disorders by facilitating further external antigens such as food
proteins, bacterial products, and endotoxins to enter the intestinal lamina propria, thus leading to
the activation of autoimmune phenomena. Ventura et al examined the relationship between
prevalence of autoimmune diseases and the duration of exposure to gluten. They observed that
the development of autoimmune conditions was related to the age at diagnosis of CS which
related to the time of gluten exposure. The number of autoimmune conditions in those celiac
patients in whom the GFD was adopted in childhood was not significantly different from that of
controls. By contrast, in celiac patients who had started GFD at the age of 10 years or more, the
frequency of autoimmune conditions was significantly increased. Age at diagnosis of CS was
the only independent predictor for the development of autoimmune conditions. The authors
suggested that an early diagnosis and treatment of CS might protect against the development of
autoimmune diseases."*

GASTROINTESTINAL DISORDERS

In a study of 600 first-degree relatives of patients with celiac sprue, 10 cases of
inflammatory bowel disease, seven cases of ulcerative colitis and three cases of Crohn’s disease,
were identified among first-degree relatives, whereas only one case of IBD was identified among
the 1,196 first-degree relatives of control patients. Only the prevalence of UC was statistically
significant."*® Sanders et al reported a prevalence of CS of 5% among population of 300 patients
with newly diagnosed IBS. O’Leary et al found a prevalence of 20% of celiac patients screened
for IBS symptoms by Rome I criteria versus 5% of controls. Small intestinal bacterial
overgrowth is most common among those with predisposing motility or structural disorders, with
authors proposing that disturbed intestinal motility secondary to CS may account in part for the
unexpectedly high proportion of CS with small intestinal bacterial overgrowth. Although
prolonged orocecal transit is a recognized phenomenon in untreated celiac patients with active
mucosal lesions, it reverts to normal within 6-8 months of GFD.'*’A case control study of 300
consecutive new patients who fulfilled Rome II criteria for IBS found 66 with positive antibodies
of whom 14 had CS. There was significant association of CS with IBS compared with controls.
Thirteen of the fourteen patients described an improvement in IBS-type symptoms since
commencing GFD.'*® Of 150 celiac patients reviewed, 30/150 (20%) fulfilled ROME I criteria.
Celiac patients with IBS-type symptoms had a markedly lower quality of life than those without
and GFD improved quality of life.'* These findings have been found in other recent studies.'*’

REFRACTORY CELIAC SPRUE

Refractory celiac sprue is a rare syndrome with a poor prognosis, defined by
malabsorption due to gluten-related enteropathy after initial or subsequent failure of a strict GFD
and after exclusion of any disorder mimicking CS. Refractory celiac sprue type (RCS) I has
normal IELs by phenotyping, while type II has phenotypically immature IELs defined by
characteristic T-cell markers. Recent evidence suggests that RCS comprises a heterogenous
group of patients with diverse underlying causes with a small proportion of these patients seem
to have an adult form of autoimmune enteropathy, characterized by the presence of
antienterocyte antibody; however, a larger group of patients seem to have a cryptic intestinal T-
cell lymphoma, characterized by the presence of phenotypically abnormal, monoclonal
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intraepithelial lymphocytes, despite benign cytology. Recent estimated prevalence of true RCS
is 7-8%. The clinical response to gluten withdrawal, with resolution of diarrhea and weight gain,
tends to occur in the first weeks of a GFD, although histologic improvement may continue for up
to 2 years so a one-year gluten-free period is a reasonable arbitrary period to await histologic
resolution before making a diagnosis of RCS."' In a study of reported nonresponsive CS, 50%
were found to have gluten contamination while 18% were due to RCS."** Refractory celiac
sprue is a diagnosis of exclusion. Other conditions that may resemble RS are intestinal
lymphoma, ulcerative jejunitis, autoimmune enteropathy, collagenous sprue, intolerance to
nongluten dietary proteins, such as milk, egg and soy-induced enteropathies, giardiasis, bacterial
overgrowth, Whipple’s disease, pancreatic insufficiency, irritable bowel syndrome, lymphocytic
colitis, collagenous colitis, T-cell lymphoma, pancreatic cancer, fructose intolerance, protein
losing enteropathy, cavitating lymphadenopathy syndrome and tropical sprue.'** Topical steroids
have been used in patients with uncomplicated celiac disease on a normal diet, but their efficacy
has not been evaluated in RCS. It has been suggested that steroids should be used in three
situations in CS: (1) inability or refusal to tolerate a GFD despite deteriorating health (2)
complicating ulcerative jejunitis and (3) deteriorating health despite adherence to a GFD and
milk-free diet, such as RCS. There is limited experience with azathioprine and cyclosporine in
treating RCS." A study confirmed earlier anecdotal reports of efficacy of azathioprine in RCS
with clear clinical and histological improvement shown in most patients. However,
monoclonality persisted after treatment.'>* In another study, 8 of 13 adult RCS treated with
cyclosporine in therapeutic doses had histological improvement (61%) in five of whom (38%)
normalization of villi was demonstrated.'> A case of patient with RCS in whom remarkable
clinical and histological improvement was achieved on elemental diet was reported.>® Other
attempts at immunomodulation are reported.157 IL-10 and blocking of IL-15 have been proposed
as treatments. *®

Ulcerative jejunoileitis is a rare condition characterized by chronic idiopathic ulcerations
affecting the small bowel, unrelated to drugs, ischemia, infections, or other known causes.
Although UJI is a well known complication of CS, its relationship to CS may not be obvious in
patients failing to respond to a GFD. Mortality rate is high due to obstruction, bleeding and
perforation. GFD may be effective in some patients but may require steroids and often
surgery.'”’ Enteropathy associated T cell lymphoma (EATCL) of the small intestine is a well
documented complication of CS. The 5 year survival of patients with CS associated lymphoma
of the small intestine is about 10%, which is much lower than those with primary GI
lymphomas'®

TREATMENT

The importance of gluten withdrawal has been known since the 1950s and remains the
essential treatment for celiac sprue. This involves the complete removal of gluten-containing
cereal grains, such as wheat, barley and rye, from the diet. One gram of native gliadin is
adequate to induce small bowel reactions after 4-6 hours.’® There is no conclusive data on the
threshold of gluten sensitivity of celiac patients. Every effort should be made to keep the diet of
celiac patients as gluten-free as possible.'®! This is often very difficult to initiate and maintain.
The role of patient education is essential and the assistance of a dietitian can not be
underestimated. National celiac associations and support groups are available with helpful
recipes and information readily available over the internet. Gluten-free products are available
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but access and cost can put undue pressure on patients. The possibilities of contamination as
well as inadvertent ingestion are issues that must be addressed in the follow-up of patients with
celiac sprue. There is a tendency for higher levels of contamination with increased processing,.
The level of contamination was in most cases low. The Codex Alimentarius Commission is the
international body responsible for the execution of the Joint FAO/WHO Food Standards
Program. A standard for gluten-free has
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treatment will require thorough appraisal. Furthermore, one unresolved key issue is to simply
define who deserves treatment. The wide clinical spectrum of the disease might reflect a wide
level of individual sensitivity, some of which could be compatible with a normal diet.
Epidemiologic studies providing a precise appraisal of the risk of complications are therefore
needed to substantiate the need for a treatment in individuals with silent or pauci-symptomatic
disease determined by serologic studies.'®

The impact of a diagnosis of celiac sprue and its concomitant change in lifestyle should
not be underestimated. Celiac women adhering to the treatment regimen for several years
perceive the disease burden to be worse than men do. In light of similar differences in their
quality of life, inquiry is warranted into the way celiac men and women are coping with the
disorder. Women were less satisfied with the outcome at ten years than men were, and expressed
more concern about the impact on socializing with friends and having to abstain from important
things in life.'® After ten years on a GFD, adult celiac patients fail to attain the same degree of
subjective health as the general population. This is particularly true for female patients and
suggests that factors beyond normalization of the intestinal mucosa are of importance for the
perceived health status of celiacs diagnosed in adult life."®® Celiac patients showed good
knowledge of the disease, directly correlated to their socioeconomic level. At diagnosis, relief
was most intense feeling. Anger was inversely correlated with actual compliance to diet.'
Quality of life was poorer in both celiac and diabetic patients than in healthy controls and
significantly correlated with anxiety. In CS, affective disorders should be ascribed to difficulties
in adjusting to the chronic nature of the disease rather than directly to the disease itself.'’A
recent survey of members of the Canadian Celiac Association found that 45% of respondents
reported that following GFD was very or moderately difficult. Quality of life of individuals with
CS was comparable to the mean quality of life of Canadians.'® Improved quality of life after
diagnosis was reported by 77%.%* Interestingly, the prevalence of surgery in CS patients is
greater than the general population, specifically appendectomy, tonsillectomy, hernia repair and
cosmetic surgery.16

The toxicity and tolerance of oats has been examined in several studies. In a recent
study, nineteen celiac sprue patients on gluten free diet were challenged with 50g oats/day for 12
weeks. Purity of the oats was verified by ELISA, western blot, and mass spectrometry, with
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contamination with barley found in one sample. Oats generally well tolerated but several
patients reported initial abdominal discomfort and bloating. One patient developed partial
villous atrophy and rash during first oat challenge. She improved on oats free diet but developed
subtotal villous atrophy and dramatic dermatitis during second challenge. This study concluded
that most celiac sprue patients can tolerate oats but contamination of commercial oats by other
cereals is a problem and celiacs should select oats from manufacturers that are devoted to
producing oats without such contamination.'” In another randomized, controlled study, adults
had a mean oat intake in oat group of 49.9 +/- 14.7 g/day at 6 months for patients in remission
and 46.6+/-13.3 g/day at 12 months for patients with newly diagnosed CS. The oat and control
groups did not differ significantly in nutritional status, symptoms or laboratory measures.
Patients in remission, regardless of diet, did not have worsening architecture of the duodenal villi
or increase in mononuclear cell infiltration. This study concluded that moderate amounts of oats
can be included in a gluten-free diet for most adult patients with CS without adverse effects but
severe CS patients were excluded.'”" This same group examined the effect of oats on serologic
markers. In this study, the rate of antigliadin and antireticulin antibodies did not differ between
diet groups in patients with newly diagnosed CS. They found oats had no effect on antibody
levels in patients with remission and no increase in number of intraepithelial lymphocytes in oats
group. These results were felt to strengthen the view that adult patients with CS can consume
moderate amounts of oats without adverse immunological effects.'”” This group also reported no
difference in controls versus oats consuming patients after five years of follow up.'”

CONCLUSION

Celiac sprue is a gluten-sensitive disorder with small intestinal malabsorption that is the
result of genetic, environmental, and immunologic factors that have recently been better
understood. It is more common than previously thought and an awareness of the varied
presentations and associated conditions can help raise clinical suspicion. Diagnosis can be
readily made with serologic testing and small intestinal biopsy. Treatment with gluten free diet
is effective and readily available, and continued research into celiac sprue will further explain its
pathogenesis and lead to other effective treatments.
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