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Abstract
Celiac disease (CeD), defined as gluten-induced enteropathy, is a frequent
and largely underdiagnosed disease. Diagnosis relies on the detection of
highly specific serum IgA anti-transglutaminase auto-antibodies and on the
demonstration of duodenal villous atrophy. Treatment necessitates a strict
gluten-free diet, which resolves symptoms and enables histological
recovery. However, regular follow-up is necessary to assess mucosal
healing, which emerges as an important prognostic factor. Recent work on
CeD pathogenesis has highlighted how the cross-talk between
gluten-specific CD4  T cells and interleukin-15 can activate cytotoxic
intraepithelial lymphocytes and trigger epithelial lesions. Moreover,
acquisition by a subset of intraepithelial lymphocytes of somatic
gain-of-function mutations in the JAK-STAT pathway was shown to be a
decisive step in the progression toward lymphomas complicating CeD, thus
opening new therapeutic perspectives for these rare but life-threatening
complications.
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Introduction
Celiac disease (CeD) is defined as a chronic immune-mediated 
small intestinal enteropathy driven by dietary gluten in genetically 
predisposed individuals carrying HLA-DQ2 or HLA-DQ8. Sero-
logical testing has revealed its broad clinical spectrum, worldwide 
distribution, and increasing incidence in industrialized countries1. 
In most patients, a gluten-free diet (GFD) allows mucosal repair 
in one or two years2. However, a relationship has recently been  
established between lack of mucosal healing and risk of  
complications3,4. Precise diagnosis of the cause of persistent  
atrophy is crucial for guiding therapy. Poor adherence to GFD, 
which is observed in 50% of patients5, and non-celiac causes of 
enteropathy must be eliminated. Refractory celiac disease (RCD), 
which complicates CeD in about 1% of cases, and overt lymphoma 
must be considered. These conditions and their pathogenesis are 
discussed below. CeD has emerged as a model disease to dissect  
how chronic activation of the gut immune system by dietary  
antigens can progressively overcome the potent mechanisms of  
tolerance, which maintain gut homeostasis, lead to tissue damage, 
and ultimately promote lymphomagenesis.

Clinical presentation and diagnosis
The classic presentation of CeD with diarrhea, abdominal pain,  
and severe malnutrition has become rare, and many patients 
now manifest with non-digestive symptoms, notably anemia,  
osteoporosis, or arthralgia (reviewed in 6). CeD is also now  
frequently revealed by serological screening of at-risk individu-
als, including first-degree relatives and patients with autoimmune  
diseases, notably type I diabetes or autoimmune thyroiditis 
(reviewed in 6). Depending on duodenal histology and symptoms 
severity, CeD is defined as potential, asymptomatic, symptomatic, 
classic, non-classic, or refractory (reviewed in 6).

The first diagnostic step consists of the detection of serum  
anti-transglutaminase-2 (TG2) IgA (or anti-TG2 IgG in case of 
IgA deficiency that is present in up to 3% patients with CeD). This 
serological test is highly specific, sensitive, and less expensive  
than dosage of serum anti-endomysial antibodies (reviewed  
in 6). When serology is positive, duodenal biopsies are needed to  
confirm diagnosis. Bulb biopsy is now recommended in addition 
to duodenal biopsy because of evidence of ultra-short CeD7. In  
children, new criteria for diagnosis have been defined by the  
European Society of Pediatric Gastroenterology, Hepatology,  
and Nutrition. Accordingly, biopsy is no longer required if  
anti-TG2 concentrations are 10-fold the upper normal value in  
children, who are HLA-DQ2.5 or DQ8 and also have positive 
serology for anti-endomysial IgA8. In adults, reference biopsies  
are advisable since villous atrophy can persist over a long 
period (6 months to 5 years, median of 1.3 years) in more than 
40% of patients on GFD2, and lack of mucosal healing has been  
associated with increased risk of complications, notably bone  
fractures and lymphomas3,4. The latter data lead to the  
recommendation of annual biopsy follow-up until complete  
villous recovery, even in asymptomatic patients. Persistent 
intestinal villous atrophy should prompt clinicians to check for  
adherence to GFD and, in case of strict compliance, to exclude 
RCD.

Two types of RCD have been described according to the nor-
mal (type I RCD = RCDI) or abnormal (type II RCD = RCDII)  

phenotypes of intraepithelial lymphocytes (IELs). In contrast  
to CeD, RCD is almost always symptomatic and diagnosis is 
suspected because of persistent symptoms and lack of histologi-
cal recovery after GFD. Malnutrition can be particularly severe in 
RCDII due to ulcerative jejunitis. Thus, large ulcers are observed 
in 70% of patients and cause protein loss enteropathy with severe 
chronic diarrhea and hypoalbuminemia9. Presentation of RCDI 
is less severe and usually mimics active CeD. Jejunal ulcers are  
absent or very small9. By revealing large ulcers, capsule  
endoscopy can help to differentiate RCDI and RCDII but this  
exam is contraindicated in case of strictures10. RCDI diagnosis  
requires negative celiac serology and confirmation of strict  
adherence to GFD by a dietitian9. As of recently, novel urine and 
stool tests that enable quantitative detection of gliadin immu-
nogenic peptides early after ingestion of gluten can be used to  
assess dietary compliance11,12. RCDII diagnosis is more codified 
since it is based on the demonstration of a clonal population of  
IELs with a distinctive phenotype (described below). Primary 
resistance to GFD is observed in 30% of RCDI and 50% of  
RCDII. In RCDII, retrospective demonstration of a switch 
from normal to abnormal clonal IELs is difficult and was made  
only twice in our cohort9. Of note, some primary cases of  
RCDII may become asymptomatic and show partial villous  
recovery after GFD, pointing to the key role of gluten exposure  
in driving RCDII (personal observation and see below).

Diagnosis of RCDII benefits from a multidisciplinary approach. 
Immunohistochemistry can differentiate abnormal IELs, which 
contain CD3 but generally lack CD8, from normal CD8+ T-IELs. 
Flow cytometry on IELs isolated from intestinal biopsies is  
useful, especially if the frequency of abnormal IELs is less than 
50%, in order to demonstrate the absence of surface CD3 and  
T-cell receptor (TCR)13 and the frequent expression of the  
natural killer (NK) receptor NKP4614. Diagnosis is confirmed  
by demonstrating clonal TCR gamma or delta chain  
rearrangements by using multiplex polymerase chain reaction 
on DNA extracted from biopsies (Figure 1)9,15. The possibility 
of using paraffin-embedded biopsies to demonstrate clonality 
and to detect abnormal NKP46+ IELs is a recent advance 
that should facilitate RCDII diagnosis in non-specialized  
centers15,16. As highlighted below, RCDII is a malignant condi-
tion now regarded as a low-grade intraepithelial lymphoprolif-
eration. Intestinal and extra-intestinal diffusion of the malignant 
cells is frequent and can be monitored in blood and in different 
organs by testing for the clonal rearrangement and the presence 
of lymphocytes displaying the same abnormal phenotype and  
expressing CD103, a marker characteristic of IELs9,13 (Figure 1).

Extensive work-up may be necessary to eliminate other  
enteropathies refractory to GFD. RCDI should be distinguished  
from olmesartan-induced enteropathy, which necessitates the 
avoidance of this anti-hypertensive drug17, but also from autoim-
mune enteropathy, which requires a search for an underlying  
primary immunodeficiency that may benefit from specific  
therapy18–20. RCDII must be differentiated from rare cases of  
CeD complicated by large lymphocytic leukemia infiltrating 
the intestine21 but also from intestinal small T-cell lymphomas22,  
which similarly can present with severe chronic diarrhea, low  
albuminemia, intestinal villous atrophy, and clonal TCR  
rearrangement. In the latter cases, flow cytometry can be helpful  
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Figure 1. Multidisciplinary approach for differential diagnosis of type I and II refractory celiac disease. (A) Detection by multiplex 
polymerase chain reaction of clonal T-cell receptor gamma (TCRγ) chain rearrangement (peak indicated by thick arrow) in duodenal biopsies 
of type II refractory celiac disease (RCDII). The polyclonal profile (thin arrow) corresponds to normal resident T cells. RCDI biopsies show 
only a polyclonal profile (not shown). (B) Analysis of intraepithelial lymphocyte (IEL) phenotype by immunohistochemistry in paraffin sections. 
In RCDI, the majority of IELs are CD3+ and CD8+ (upper panel); in RCDII, IELs contain CD3 but generally lack CD8 (lower panel). NKP46 is a 
useful diagnostic marker as expressed by a majority of malignant IELs in RCDII (lower panel) but only by a minority of normal T-IELs in celiac 
disease and RCDI (not shown). (C) Flow cytometry on IELs isolated from duodenal biopsies. When possible, it provides precise assessment 
of IELs phenotype and notably allows a clear distinction between normal CD103+ IELs with surface CD3 in RCDI (upper panel) and abnormal 
CD103+ IEL lacking surface CD3 in RCDII (lower panel). The immunochemistry photos were reused in this figure with permission.

to identify the phenotype of malignant cells and reach  
diagnosis21,22.

Epidemiology of celiac disease and refractory celiac 
disease
About 1% of the worldwide population is affected by CeD, but 
there are differences between and within countries. In the US, CeD 
is more frequent among non-Hispanic whites than among non- 
Hispanic blacks and Hispanics1,23. Prevalence in Asian coun-
tries is overall comparable to that in Europe but varies largely 
depending on the frequency of HLA-DQ2 and -DQ8 and 
wheat intake. Accordingly, the prevalence of CeD is high in  
Western Asia and Northern India but lower in South India and 
South and South Eastern Asia, where rice is the staple food  
and HLA-DQ2 is less frequent24,25.

RCD incidence remains unknown. A North American referral 
center suggests a cumulative incidence of 1.5% for both RCDI  
and RCDII among patients with CeD26. In the Derby cohort,  
West27 reported 0.7% RCD cases with ulcerative jejunitis among 
713 patients with CeD. The respective proportion of RCD  
subtypes is also ill defined and may differ between countries,  

RCDI being more frequently diagnosed in North America28 and 
RCDII in European countries29–31. It is unclear whether differ-
ences can be explained by a distinct prevalence of HLA-DQ 
genotypes, HLA-DQ8 being more frequently associated with 
CeD in New York than in Paris32, or a higher gluten consumption  
in Southern than in Northern Europe (discussed in 33).

Pathophysiology of celiac disease and refractory 
celiac disease
The anti-gluten CD4+ T-cell response
Past studies have clearly demonstrated the central role of anti- 
gluten CD4+ T-cell immunity in CeD pathogenesis, thereby  
establishing the link between the main environmental trigger,  
dietary gluten, and the main genetic risk factor, the major histo-
compatibility complex (MHC) class II molecules. Thus, 90% of 
the patients express HLA-DQ2.5 (DQA1*05-DQB1*02)  and 
most of the remaining patients express HLA-DQ8 (DQA1*03-
DQB1*03:02) or HLA-DQ2.2 (DQA1*02:01-DQB1*02) (reviewed 
in 34,35) (Figure 2).

Gluten is the viscoelastic blend obtained by mixing flours from 
wheat, barley, or rye with water, which is used to make bread 
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Figure 2. Mechanisms driving activation and malignant transformation of intraepithelial lymphocytes in celiac disease and type II 
refractory celiac disease. In celiac disease (CeD) and type II refractory CeD (RCDII), CD4+ T cells are activated by gluten peptides modified 
by transglutaminase-2 (TG2) and loaded onto HLA-DQ2.5/DQ8 molecules at the surface of antigen-presenting cells. Activation of CD4+ T cells 
harboring cognate T-cell receptors (TCRs) for gluten peptides is likely initiated by dendritic cells (DCs) in gut-lymphoid tissue or mesenteric 
lymph nodes (not shown). Primed gluten-specific CD4+ T cells may then home into the gut lamina propria. Upon reactivation by gluten 
peptides presented by DCs or perhaps by plasma cells 36, the latter cells secrete cytokines—interleukin-2 (IL-2), IL-21, and interferon gamma 
(IFNγ)—which can cooperate with IL-15, produced notably by epithelial cells (ECs), to activate cytotoxic intraepithelial lymphocytes (IELs) 
and license enterocyte killing. In uncomplicated CeD, IL-2 and IL-21 cooperate with IL-15 to stimulate cytotoxic CD8+TCRαβ+ IELs expressing 
natural killer receptors (NKRs). In RCDII, somatic JAK1 or STAT3 gain-of-function (gof) mutations, which confer hyper-responsiveness to 
IL-15, IL-2, and IL-21, allow a clone of innate-like T-IELs to progressively out-compete normal T-IELs and invade the epithelium. Major 
histocompatibility complex class I polypeptide-related sequence A (MICA), which is induced by stress, and HLA-E which is induced by IFNγ, 
are two NKR ligands that are upregulated on ECs in active CeD and in RCD. Their expression promotes enterocyte killing by T-IELs in CeD, 
and by malignant innate-like T-IELs in RCDII. During their expansion in the gut epithelium, RCDII IELs can acquire additional mutations, which 
promote their transformation into aggressive enteropathy-associated lymphoma (EATL).

and pasta. It comprises hundreds of proteins displaying repeated 
sequences rich in proline and glutamine37. These proteins are  
incompletely digested in the gut lumen and release peptides, 
which can reach the subepithelial tissue and bind HLA-DQ2.5/8 
molecules at the surface of intestinal antigen-presenting cells. 
As a consequence, gluten peptides are presented to and activate  
specific CD4+ T cells (reviewed in 34,35) (Figure 2). Most  
patients with CeD respond to a limited and shared set of pep-
tides thereby defined as public or immunodominant epitopes38,39.  
A larger number of these epitopes are recognized in the context  
of HLA-DQ2.5 than in that of HLA-DQ8, likely accounting  
for the preferential association of CeD with HLA-DQ2.5.  
Immune recognition of the gluten epitopes is highly dependent 
on their post-translational modification by TG2, which converts 
neutral glutamine into negatively charged glutamic acid residues 
within the intestinal mucosa. This modification enhances gluten 

epitope avidity for HLA-DQ2/8, thus allowing the formation of  
stable HLA-DQ–gluten complexes that are critical for efficient  
T-cell engagement and activation (reviewed in 34,40).

Recent technical developments have enabled further characteri-
zation of the T- and B-cell immune responses elicited by gluten.  
A very high proportion of the gut plasma cells, which expand 
massively in the lamina propria during active CeD, were shown 
to produce IgA specific for gluten or TG2 or both. HLA-DQ  
molecules complexed gluten T cell epitopes as well as co- 
stimulatory molecules were detected at their surface, leading  
to suggest their role in gluten presentation to T cells36,41,42.  
Observation of IgA+ DQ2.5-glia-α1a presenting cells among  
TG2-specific plasma cells also strengthens the so-called  
hapten-carrier hypothesis as a mechanism by which TG2 spe-
cific B cells get help from gluten reactive T cells. This hypothesis 
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was proposed by Sollid to explain why anti-TG2 auto-antibodies  
provide a serum signature specific for active CeD and disappear 
after GFD40. Gluten-specific CD4+ T cells have been extensively 
characterized. They produce large amounts of cytokines, notably 
interferon gamma (IFNγ) and IL-21 (reviewed in 34,35). They  
possess a polyclonal TCR repertoire but preferentially use 
some variable (V)-gene segments and frequently display a non- 
germline, positively charged arginine residue in the highly variable  
CDR3 region of the Vβ chain38,39,43. The biased use of  
TCR-Vα chain segments is thought to reflect their preferential  
interaction with HLA-DQ. The arginine in the CDR3β loop  
might act as a lynchpin in the peptide–HLA-DQ interaction  
(discussed in 38). Fluorescent tetramers made of HLA-DQ2.5 
molecules bound to immunodominant gluten epitopes have been 
designed to track gluten-specific CD4+ T cells in vivo44, and  
single-cell sequencing was used to follow-up changes in their 
repertoire during the patients’ life45. This elegant combination 
of approaches showed that gluten-specific CD4+ T cells clon-
ally expand in the gut of untreated patients, where they represent  
about 2% of CD4+ T cells. A very small number of the latter cells 
circulate in blood, where they decrease after GFD. Yet memory 
gluten-specific CD4+ T cells persist in blood for decades despite 
GFD and can re-expand rapidly after oral gluten challenge,  
explaining the need for definitive GFD to prevent relapse45.  
Overall, the gluten-specific T-cell response is now well charac-
terized and its role in CeD pathogenesis undisputable. Therefore, 
many efforts are made for developing alternative treatments to  
GFD which may prevent this response, notably using oral 
enzymes46, TG2 blockers (https://zedira.com), or peptide-based 
immunotherapy to desensitize patients47.

The role of cytototoxic intraepithelial lymphocytes and 
interleukin-15 in tissue damage
If gluten-specific CD4+ T cells are indispensable to trigger CeD, 
it is now clear that tissue damage also requires the activation  
of cytotoxic IELs in the presence of interleukin-15 (IL-15). A 
massive expansion of IELs and notably of CD8+ IELs with an αβ 
TCR is one of the cardinal features of active CeD (Figure 2). IL-15  
has emerged as a key player in CeD. This cytokine, notably  
produced by intestinal epithelial and dendritic cells, stimulates  
IEL expansion and cytotoxic activity and impairs their negative 
regulation by regulatory T cells and transforming growth factor  
beta (TGF-β) (reviewed in 34,35). Studies in mouse models  
further indicate that upregulation of IL-15 and activation of intesti-
nal CD4+ T cells by the dietary antigen are both necessary to drive  
the cytotoxic activation of CD8+TcRαβ+ IELs and epithelial  
damage (reviewed in 48). The mechanism of cooperation is not 
yet definitively demonstrated but was ascribed in one mouse 
model to the synergistic effects of IL-15 and of IL-2 produced by  
antigen-specific CD4+ T cells49. In this model, the two cytokines 
were sufficient to drive the expansion of IELs and to enhance 
their expression of granzyme B and of NK receptors independ-
ently of any direct antigen recognition. These results are remi-
niscent of findings in CeD. Thus, in active CeD, CD8+ T-IELs  
display enhanced expression of granzyme B and of the activat-
ing NK receptors NKG2D and CD94-NKG2C. In the presence  
of IL-15 in vitro, these cells can kill targets expressing MICA 

and HLA-E, the respective ligands of these receptors (reviewed  
in 34,35). This scenario may operate during active CeD, when 
expression of MICA, HLA-E, and IL-15 is upregulated in the  
duodenal epithelium50,51. In CeD, it is likely that not only IL-2  
but also IL-21 that is produced by gluten-specific CD4+ T cells  
can cooperate with IL-15 to drive IEL activation (Figure 2).

A second subset of T-IELs characterized by the expression of  
a γδ TCR has attracted much attention in CeD. Indeed, TCRγδ+ 
IELs expand in patients with potential CeD before the develop-
ment of epithelial lesions and their number remains increased  
long after initiating GFD (reviewed in 35). Recent work indicates 
that the repertoire of resident TCRγδ+ cells in various tissues is 
shaped by butyrophilin-like molecules (BTNLs) expressed by  
epithelial cells52. In the human gut, expression of BTNL3 and 
BTNL8 drives the selective expansion of resident Vγ4+/Vδ1+  
IELs52. Strikingly, in active CeD, the gut epithelium loses BTNL8 
expression and this loss is associated with a profound depletion  
of resident Vγ4+/Vδ1+ IELs that are replaced by a distinct subset  
of Vδ1+ IELs. The latter cells failed to recognize BTNL3/BTNL8 
and displayed a distinct functional program dominated by the 
production of IFNγ. Avoidance of dietary gluten restored BTNL8 
expression but was insufficient to reconstitute the physiological  
resident Vγ4+/Vδ1+ IELs subset among TCRγδ+ IELs53. Overall, 
these data show that chronic inflammation permanently recon-
figures the tissue-resident TCRγδ+ IELs compartment in CeD.  
However, the exact role of the latter cells in CeD pathogenesis 
remains elusive.

Ongoing questions in celiac disease pathogenesis
Several questions remain to be answered. It is still unclear why  
only 5 to 10% of patients carrying predisposing HLA will develop 
gluten-specific CD4+ T cells and tissue damage. Besides HLA-
DQ2.5 homozygosity, which increases the risk of CeD (reviewed 
in 40), about 50 CeD-associated common genetic variants, most 
of which are shared with other autoimmune diseases, have been 
identified by genome-wide studies. Yet their influence is modest 
overall and they bear no predictive value54,55. A possible role of  
the gut microbiota remains elusive. Yet changes in duodenal 
and fecal microbiota in active CeD and observations in mouse  
models suggest its influence on gluten-induced pathology,  
possibly via modulation of gluten degradation56,57. The long- 
lasting hypothesis of a viral trigger was recently examined in  
humanized mice carrying HLA-DQ8, which develop gluten- 
specific CD4+ T cells58. Intestinal infection by a reovirus that 
induced type I interferon resulted in loss of systemic tolerance to 
gluten, although the mice did not develop any intestinal lesions58. 
Recent epidemiological data from the TEDDY cohort of chil-
dren at risk of CeD support the predisposing role of infections by  
gut-tropic viruses. Thus, risk of seroconversion increased within 
the three months following an episode of gastrointestinal infec-
tion whereas risk of CeD decreased in children vaccinated against  
rotavirus before three months of age59. Finally, one unanswered 
question concerns the mechanism(s) of IL-15 upregulation in the 
intestine of patients with CeD. The inducing role of epithelial  
stress has been suggested60 perhaps triggered by microbiota- 
derived innate signals or by peptides present in wheat or  
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gluten27,61. Despite these interrogations, the mechanisms described 
above provide a plausible scenario and explain the efficacy of a 
strict GFD in the vast majority of patients with CeD. Yet primary 
or secondary resistance to GFD can develop in a small fraction of  
patients with RCD.

Mechanisms of resistance to gluten-free diet in type I and 
type II refractory celiac disease
As indicated above, differential diagnosis of RCDI and RCDII is 
based on the presence or absence of a clonal population of IELs 
with an unusual phenotype. Accordingly, the intestine of patients 
with RCDI contains polyclonal T cells and immunophenotyping  
does not reveal any significant difference with uncomplicated  
CeD except for a moderate and inconstant increase in the  
percentage of CD4+ IELs (13 and personal data). Extra-intestinal 
autoimmunity is more frequent than in uncomplicated CeD, and 
disease is improved by immunosuppressive therapies. There-
fore, we have suggested that autoimmune cells develop in the  
intestine of patients with RCDI and drive the persistence or  
relapse of intestinal lesions. However, this mechanism remains 
hypothetical. Long-lasting inflammation may promote the frequent 
development of collagenous sprue and predispose patients to the 
onset of overt lymphomas. Yet this severe complication is much  
less frequent than in RDII (reviewed in 13).

In contrast to RCDI, RCDII is now a well-characterized entity  
that can be defined as a low-grade clonal intraepithelial  
lymphoproliferation with a high risk of transformation into overt 
enteropathy-associated T-cell lymphoma (EATL) (reviewed in 13). 
In keeping with their intraepithelial origin, malignant IELs  
express the αE integrin (CD103), the expression of which may 
disappear with disease progression, notably in EATL (reviewed in 
13 and personal observation). As indicated above, in most patients, 
malignant IELs lack expression of surface CD3-TCR complexes 
and CD8 but they contain intracellular CD3 and display clonal  
rearrangement of TCR genes13. Conversely, the abnormal IELs 
express NK receptors, notably NKP46, and, in the presence of  
IL-15, they can kill enterocyte lines in vitro14,50,62, a property  
which may explain the severe ulcerative jejunitis often observed 
in patients with RCDII13. These characteristics of the malignant 
IELs are instrumental for diagnosis. They have also raised many  
speculations on their cellular origin. We have recently shown,  
contrary to many expectations, that they do not derive from the 
transformation of T-IELs but from a small subset of unusual  
innate-like T-IELs present in the normal intestine. Like their  
malignant counterpart, the latter cells do not express surface  
CD3 but contain intracellular CD3 and DNA rearrangements of 
the TCR, and they also possess NK receptors and NK functions14. 
This unusual phenotype is imprinted by a combination of IL-15 
and NOTCH signals during their differentiation in the gut epithe-
lium from bone marrow precursors. Innate-like T-IELs form only a 
very small fraction of IELs in the normal adult intestine as well as 
in uncomplicated CeD, where most IELs are T lymphocytes14. If 
almost all RCDII cases arise from a transformed clone of innate-
like T-IELs, there are some exceptions. Thus, in rare RCDII cases,  
the clonal intraepithelial lymphoproliferation develops from  
TCRγδ+ IELs or even from TCRαβ+ IELs expressing (or not) 
CD8 (unpublished observations). Immunohistochemical detection 

of NKP46 can help diagnosis as this NK marker is expressed by 
malignant IELs in most cases of RCDII but by only a minority of 
normal T-IELs in CeD and RCDI16.

Why may a clone of innate-like T-IELs (RCDII IELs) progres-
sively expand at the expense of the normal polyclonal T-IELs, 
which massively infiltrate the gut epithelium of patients with CeD?  
Following work showing that IL-15 provides signals to RCDII IELs 
which promote their expansion and cytotoxic activation (reviewed 
in 13,35), we recently showed that RCDII IELs frequently  
contain somatic JAK1 or STAT3 gain-of-function mutations 
(or both), which confer hyper-responsiveness to IL-1514. These  
mutations may also promote response to other cytokines present in 
the intestine of patients with CeD, notably IL-2 and IL-21, which 
are produced by gluten-activated CD4+ T cells63. Thus, JAK1 and 
STAT3 mutations may enable transformed innate-like T-IEL to  
outcompete normal resident T lymphocytes in the cytokine-rich 
environment of the intestine of patients with CeD. Our ongoing 
work further suggests that RCDII IELs can acquire additional  
mutations that may promote their dissemination in and beyond 
intestine and ultimately lead to their transformation into  
aggressive EATL (13,21 and unpublished observations).

Overall, these data provide much better insight into the mecha-
nisms that drive lymphomagenesis in CeD. They also suggest pos-
sible therapeutic strategies, such as IL-15 blockade as tested in a 
recent international clinical trial64 or alternatively the use of JAK 
inhibitors. However, possible risks are to impair a putative anti-
tumoral response or to promote the clonal escape of malignant 
cells carrying additional mutations conferring a growth advantage 
or both. More work is necessary to delineate benefits and risks  
of these therapies. Another question concerns factors, which pre-
dispose patients with CeD to develop RCDII and EATL. The  
higher frequency of HLA-DQ2.5 homozygosity in RCDII (about 
65%) than in uncomplicated CeD (about 30%)13 points to a key 
role of the adaptive anti-gluten T-cell response. Accordingly,  
RCDII and EATL develop preferentially in patients with poor  
adherence to the diet or undiagnosed until late in life13. Moreover, 
strict GFD, even if insufficient to treat RCDII, is indispensable to 
control malignant cell expansion and to reduce the epithelial dam-
age that is induced by malignant cells13. A recent genome-wide 
analysis in two small cohorts of patients with RCDII of Dutch 
or French origin also points to a predisposing genetic locus in  
7p14.3 (P = 2.37 Å ~ 10−8, odds ratio = 2.36), which may  
control expression of FAM188B65. The exact contribution of this 
variant to CeD-associated lymphomagenesis remains elusive but 
interestingly FAM188B was recently implicated in the regulation  
of P53, which plays an important role in tumor surveillance66.

Treatment and outcome
GFD remains the standard treatment of CeD and is currently  
the only treatment to reduce inflammation and allow villous  
recovery. In patients with CeD, GFD prevents the onset of  
autoimmune diseases and lymphoproliferative disorders67,68. 
Accordingly, celiac patients with mucosal inflammation are at 
higher risk of mortality (10.8 per 1000 person-years) than those 
without mucosal damage (1.7 per 1000 person-years)69. Given 
the social burden of GFD, many efforts are currently made for  
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developing alternative treatments. The efficacy of oral enzymother-
apy has not yet been proven46. TG2 blockade (https://zedira.com)  
or peptide-based immunotherapy to desensitize patients47 is  
currently under assessment.

Strict GFD is also indispensable in RCD but complementary  
treatments are needed. In both RCDI and RCDII, the standard 
option consists of administration of open-capsule budesonide70. 
This particular oral route allows spreading of budesonide in 
the proximal part of the small bowel, where mucosal damage is  
maximal. Budesonide allows clinical remission and villous  
recovery in around 90% of both types of RCD70. In RCDI with  
steroid dependence, immunosuppressive drugs may be used.  
Owing to the risk of promoting overt lymphoma, they are no  
longer used in many centers for RCDII treatment9. In RCDII,  
chemotherapy with purine analogs such as cladribine, pentosta-
tine, or fludaribine can been used71,72, notably before autologous 
stem cell transplantation, which is a valuable therapeutic option in 
RCDII73. Evidence of IL-15 contribution to RCDII pathogenesis 
has led to a recent clinical trial using human anti–IL-15 antibody64. 
Demonstration of JAK1/STAT3 mutations14 provides the rationale  
to test JAK inhibitors, but as discussed above, there are some  

caveats to both approaches (Figure 3). The objectives of treating  
RCD are to cure malnutrition and to prevent onset of overt  
EATL. The risk of EATL is higher in RCDII (about 50% 5 years 
after diagnosis of RCDII) than in RCDI (less than 14%)9. Patients 
with RCDII must be regularly followed up with upper/lower  
endoscopy with the optional usage of computed tomography scan 
or magnetic resonance image small bowel follow-through. Posi-
tron emission tomography is useful to detect EATL74. Importantly,  
RCD is not a necessary step between CeD and EATL, as EATL 
can complicate known or unknown CeD and presents notably as a  
surgical emergency with small bowel obstruction or peritonitis75.  
Whatever the underlying enteropathy, EATL is frequently  
multifocal and can present as a mesenteric mass. If EATL is local-
ized, elective surgery may be useful to prevent complications  
during chemotherapy76. For EATL expressing CD30 (80% of  
cases), chemotherapy is now combined with anti-CD30 antibody 
coupled to a cytotoxic agent (Figure 3)77. Small bowel carcinoma 
is another malignant complication but largely less frequent than  
lymphomas. Thus, a recent follow-up study of a cohort of 1138 
patients with CeD during 25 years revealed 29 cases of RCD,  
and seven cases of EATL, but only four cases of small bowel  
carcinomas78.

Figure 3. Therapeutic strategies in refractory celiac disease. Open-capsule budesonide is the first-line treatment in type I (RCDI) and 
type II (RCDII) refractory celiac disease. Immunosuppressive drugs can be used in steroid-dependent RCDI but not in RCDII. Autologous 
stem cell transplantation (auto-SCT) preceded (or not) by treatment with purine analogues can be proposed in RCDII before the age of 65 
years. Targeted therapy with human anti–interleukin-15 (anti–IL-15) antibody is currently tested in RCDI and RCDII. JAK1 inhibitor may be 
considered in RCDII. At the stage of enteropathy-associated lymphoma (EATL), chemotherapy with anti-CD30 antibody coupled to a cytotoxic 
drug (brentuximab vedotin) followed by auto- or allogenic SCT (allo-SCT) is currently tested if malignant cells express CD30. For CD30-
negative EATL, IVE/MTX (ifosfamide, vincristine, etoposide, and methotrexate) chemotherapy followed by auto-SCT can be used76. CeD, 
celiac disease; GFD, gluten-free diet.
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Conclusions
CeD is frequent and has a mainly benign course under GFD. 
Lymphomatous complications are rare but their progno-
sis is poor because of a lack of efficient treatment. Absence 
of mucosal healing is an important risk factor for such  
complications. Recent advances in the pathophysiology of CeD 
and RCD open the possibility of targeted therapies but their  
efficiency and safety remain to be assessed.

Grant information
The laboratory of Intestinal Immunity is supported by INSERM 
and by grants from Agence Nationale pour la Recherche (ANR)  
(IRAC, COELAR), Association pour la Recherche Contre le  

Cancer (ARC PGA1-RF20180206809), la Fondation Princesse 
Grace, and the French Association of patients intolerant to gluten 
(AFDIAG). SC is supported by grants from ANR and AFDIAG. 
Institut Imagine is supported by Investissement d’Avenir  
ANR-10-IAHU-01.

The funders had no role in study design, data collection and  
analysis, decision to publish, or preparation of the manuscript. 

Acknowledgments
We thank Dr Elizabeth Macintyre (Biological Hematology,  
Hôpital Necker Enfants Malades) for images of multiplex 
polymerase chain reaction, Dr Julie Bruneau (Pathology, Hôpital 
Necker Enfants Malades) for images of immunohistochemistry,  
and Nicolas Guegan (Laboratory of Intestinal Immunity) for  
fluorescence-activated cell sorting analyses.

References F1000 recommended

1.  Ludvigsson JF, Murray JA: Epidemiology of Celiac Disease. Gastroenterol 
Clin North Am. 2019; 48(1): 1–18. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

2. Lebwohl B, Murray JA, Rubio-Tapia A, et al.: Predictors of persistent villous 
atrophy in coeliac disease: a population-based study. Aliment Pharmacol Ther. 
2014; 39(5): 488–95. 
PubMed Abstract | Publisher Full Text | Free Full Text 

3. Thomason K, West J, Logan RF, et al.: Fracture experience of patients with 
coeliac disease: a population based survey. Gut. 2003; 52(4): 518–22. 
PubMed Abstract | Publisher Full Text | Free Full Text 

4. Lebwohl B, Granath F, Ekbom A, et al.: Mucosal healing and risk for 
lymphoproliferative malignancy in celiac disease: a population-based cohort 
study. Ann Intern Med. 2013; 159(3): 169–75. 
PubMed Abstract | Publisher Full Text | Free Full Text 

5. Vahedi K, Mascart F, Mary JY, et al.: Reliability of antitransglutaminase 
antibodies as predictors of gluten-free diet compliance in adult celiac disease. 
Am J Gastroenterol. 2003; 98(5): 1079–87. 
PubMed Abstract 

6.  Lebwohl B, Sanders DS, Green PHR: Coeliac disease. Lancet. 2018; 
391(10115): 70–81. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

7.  Mooney PD, Kurien M, Evans KE, et al.: Clinical and Immunologic 
Features of Ultra-Short Celiac Disease. Gastroenterology. 2016; 150(5): 
1125–34. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

8. Husby S, Koletzko S, Korponay-Szabó IR, et al.: European Society for Pediatric 
Gastroenterology, Hepatology, and Nutrition guidelines for the diagnosis of 
coeliac disease. J Pediatr Gastroenterol Nutr. 2012; 54(1): 136–60. 
PubMed Abstract | Publisher Full Text 

9.  Malamut G, Afchain P, Verkarre V, et al.: Presentation and long-term 
follow-up of refractory celiac disease: comparison of type I with type II. 
Gastroenterology. 2009; 136(1): 81–90. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

10. Barret M, Malamut G, Rahmi G, et al.: Diagnostic yield of capsule endoscopy in 
refractory celiac disease. Am J Gastroenterol. 2012; 107(10): 1546–53. 
PubMed Abstract | Publisher Full Text 

11.  Comino I, Fernández-Bañares F, Esteve M, et al.: Fecal Gluten Peptides 
Reveal Limitations of Serological Tests and Food Questionnaires for 
Monitoring Gluten-Free Diet in Celiac Disease Patients. Am J Gastroenterol. 
2016; 111(10): 1456–65. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

12.  Moreno ML, Cebolla Á, Muñoz-Suano A, et al.: Detection of gluten 
immunogenic peptides in the urine of patients with coeliac disease reveals 
transgressions in the gluten-free diet and incomplete mucosal healing. Gut. 
2017; 66(2): 250–7. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

13. Malamut G, Meresse B, Cellier C, et al.: Refractory celiac disease: from bench to 
bedside. Semin Immunopathol. 2012; 34(4): 601–13. 
PubMed Abstract | Publisher Full Text 

14. Ettersperger J, Montcuquet N, Malamut G, et al.: Interleukin-15-Dependent T-Cell-
like Innate Intraepithelial Lymphocytes Develop in the Intestine and Transform 
into Lymphomas in Celiac Disease. Immunity. 2016; 45(3): 610–25. 
PubMed Abstract | Publisher Full Text 

15. Derrieux C, Trinquand A, Bruneau J, et al.: A Single-Tube, EuroClonality-Inspired, 
TRG Clonality Multiplex PCR Aids Management of Patients with Enteropathic 
Diseases, including from Formaldehyde-Fixed, Paraffin-Embedded Tissues. 
J Mol Diagn. 2019; 21(1): 111–22. 
PubMed Abstract | Publisher Full Text 

16. Cheminant M, Bruneau J, Malamut G, et al.: NKp46 is a diagnostic biomarker 
and may be a therapeutic target in gastrointestinal T-cell lymphoproliferative 
diseases: a CELAC study. Gut. 2018; pii: gutjnl-2018-317371. 
PubMed Abstract | Publisher Full Text 

17. Scialom S, Malamut G, Meresse B, et al.: Gastrointestinal Disorder Associated 
with Olmesartan Mimics Autoimmune Enteropathy. PLoS One. 2015; 10(6): 
e0125024. 
PubMed Abstract | Publisher Full Text | Free Full Text 

18. Akram S: Exam 2: Adult Autoimmune Enteropathy: Mayo Clinic Rochester 
Experience. Clin Gastroenterol Hepatol. 2007; 5: 1245. 
Publisher Full Text 

19. Parlato M, Charbit-Henrion F, Abi Nader E, et al.: Efficacy of Ruxolitinib Therapy 
in a Patient With Severe Enterocolitis Associated With a STAT3 Gain-of-
Function Mutation. Gastroenterology. 2019; 156(4): 1206–1210.e1. 
PubMed Abstract | Publisher Full Text | Free Full Text 

20. Malamut G, Verkarre V, Suarez F, et al.: The enteropathy associated with 
common variable immunodeficiency: the delineated frontiers with celiac 
disease. Am J Gastroenterol. 2010; 105: 2262–75. 
PubMed Abstract | Publisher Full Text 

21. Malamut G, Meresse B, Verkarre V, et al.: Large granular lymphocytic leukemia: 
a treatable form of refractory celiac disease. Gastroenterology. 2012; 143(6): 
1470–1472.e2. 
PubMed Abstract | Publisher Full Text 

22. Malamut G, Meresse B, Kaltenbach S, et al.: Small intestinal CD4+ T-cell 
lymphoma is a heterogenous entity with common pathology features. Clin 
Gastroenterol Hepatol. 2014; 12(4): 599–608.e1. 
PubMed Abstract | Publisher Full Text 

23. Choung RS, Ditah IC, Nadeau AM, et al.: Trends and racial/ethnic disparities 
in gluten-sensitive problems in the United States: findings from the 
National Health and Nutrition Examination Surveys from 1988 to 2012. Am J 
Gastroenterol. 2015; 110(3): 455–61. 
PubMed Abstract | Publisher Full Text 

24.  Ramakrishna BS, Makharia GK, Chetri K, et al.: Prevalence of Adult Celiac 
Disease in India: Regional Variations and Associations. Am J Gastroenterol. 
2016; 111(1): 115–23. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

Page 9 of 12

F1000Research 2019, 8(F1000 Faculty Rev):969 Last updated: 26 JUN 2019

https://f1000.com/prime/735066394
http://www.ncbi.nlm.nih.gov/pubmed/30711202
http://dx.doi.org/10.1016/j.gtc.2018.09.004
https://f1000.com/prime/735066394
http://www.ncbi.nlm.nih.gov/pubmed/24428688
http://dx.doi.org/10.1111/apt.12621
http://www.ncbi.nlm.nih.gov/pmc/articles/4012428
http://www.ncbi.nlm.nih.gov/pubmed/12631662
http://dx.doi.org/10.1136/gut.52.4.518
http://www.ncbi.nlm.nih.gov/pmc/articles/1773600
http://www.ncbi.nlm.nih.gov/pubmed/23922062
http://dx.doi.org/10.7326/0003-4819-159-3-201308060-00006
http://www.ncbi.nlm.nih.gov/pmc/articles/3788608
http://www.ncbi.nlm.nih.gov/pubmed/12809831
https://f1000.com/prime/727865956
http://www.ncbi.nlm.nih.gov/pubmed/28760445
http://dx.doi.org/10.1016/S0140-6736(17)31796-8
https://f1000.com/prime/727865956
https://f1000.com/prime/726113363
http://www.ncbi.nlm.nih.gov/pubmed/26836585
http://dx.doi.org/10.1053/j.gastro.2016.01.029
https://f1000.com/prime/726113363
http://www.ncbi.nlm.nih.gov/pubmed/22197856
http://dx.doi.org/10.1097/MPG.0b013e31821a23d0
https://f1000.com/prime/726334575
http://www.ncbi.nlm.nih.gov/pubmed/19014942
http://dx.doi.org/10.1053/j.gastro.2008.09.069
https://f1000.com/prime/726334575
http://www.ncbi.nlm.nih.gov/pubmed/22964554
http://dx.doi.org/10.1038/ajg.2012.199
https://f1000.com/prime/726760263
http://www.ncbi.nlm.nih.gov/pubmed/27644734
http://dx.doi.org/10.1038/ajg.2016.439
http://www.ncbi.nlm.nih.gov/pmc/articles/5059698
https://f1000.com/prime/726760263
https://f1000.com/prime/725963329
http://www.ncbi.nlm.nih.gov/pubmed/26608460
http://dx.doi.org/10.1136/gutjnl-2015-310148
http://www.ncbi.nlm.nih.gov/pmc/articles/5284479
https://f1000.com/prime/725963329
http://www.ncbi.nlm.nih.gov/pubmed/22810901
http://dx.doi.org/10.1007/s00281-012-0322-z
http://www.ncbi.nlm.nih.gov/pubmed/27612641
http://dx.doi.org/10.1016/j.immuni.2016.07.018
http://www.ncbi.nlm.nih.gov/pubmed/30268943
http://dx.doi.org/10.1016/j.jmoldx.2018.08.006
http://www.ncbi.nlm.nih.gov/pubmed/30448772
http://dx.doi.org/10.1136/gutjnl-2018-317371
http://www.ncbi.nlm.nih.gov/pubmed/26101883
http://dx.doi.org/10.1371/journal.pone.0125024
http://www.ncbi.nlm.nih.gov/pmc/articles/4477936
http://dx.doi.org/10.1016/j.cgh.2007.08.027
http://www.ncbi.nlm.nih.gov/pubmed/30557559
http://dx.doi.org/10.1053/j.gastro.2018.11.065
http://www.ncbi.nlm.nih.gov/pmc/articles/6433619
http://www.ncbi.nlm.nih.gov/pubmed/20551941
http://dx.doi.org/10.1038/ajg.2010.214
http://www.ncbi.nlm.nih.gov/pubmed/22922421
http://dx.doi.org/10.1053/j.gastro.2012.08.028
http://www.ncbi.nlm.nih.gov/pubmed/24316103
http://dx.doi.org/10.1016/j.cgh.2013.11.028
http://www.ncbi.nlm.nih.gov/pubmed/25665935
http://dx.doi.org/10.1038/ajg.2015.8
https://f1000.com/prime/726056001
http://www.ncbi.nlm.nih.gov/pubmed/26729543
http://dx.doi.org/10.1038/ajg.2015.398
https://f1000.com/prime/726056001


25.  Makharia GK, Catassi C: Celiac Disease in Asia. Gastroenterol Clin North Am. 
2019; 48(1): 101–13. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

26. Roshan B, Leffler DA, Jamma S, et al.: The incidence and clinical spectrum 
of refractory celiac disease in a north american referral center. Am J 
Gastroenterol. 2011; 106(5): 923–8. 
PubMed Abstract | Publisher Full Text 

27. West J: Celiac disease and its complications: A time traveller’s perspective. 
Gastroenterology. 2009; 136(1): 32–4. 
PubMed Abstract | Publisher Full Text 

28.  Rubio-Tapia A, Kelly DG, Lahr BD, et al.: Clinical staging and survival in 
refractory celiac disease: a single center experience. Gastroenterology. 2009; 
136(1): 99–107; quiz 352-3. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

29. Al-Toma A, Verbeek WH, Hadithi M, et al.: Survival in refractory coeliac disease 
and enteropathy-associated T-cell lymphoma: retrospective evaluation of 
single-centre experience. Gut. 2007; 56(10): 1373–8. 
PubMed Abstract | Publisher Full Text | Free Full Text 

30. Daum S, Cellier C, Mulder CJ: Refractory coeliac disease. Best Pract Res Clin 
Gastroenterol. 2005; 19(3): 413–24. 
PubMed Abstract | Publisher Full Text 

31. Malamut G, Cellier C: Is Refractory Celiac Disease More Severe in Old Europe? 
Am J Gastroenterol. 2011; 106(5): 929–32. 
PubMed Abstract | Publisher Full Text 

32. Johnson TC, Diamond B, Memeo L, et al.: Relationship of HLA-DQ8 and 
severity of celiac disease: comparison of New York and Parisian cohorts. Clin 
Gastroenterol Hepatol. 2004; 2(10): 888–94. 
PubMed Abstract | Publisher Full Text 

33. Biagi F, Corazza GR: Mortality in celiac disease. Nat Rev Gastroenterol Hepatol. 
2010; 7(3): 158–62. 
PubMed Abstract | Publisher Full Text 

34.  Jabri B, Sollid LM: T Cells in Celiac Disease. J Immunol. 2017; 198(8): 
3005–14. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

35. Meresse B, Malamut G, Cerf-Bensussan N: Celiac disease: an immunological 
jigsaw. Immunity. 2012; 36(6): 907–19. 
PubMed Abstract | Publisher Full Text 

36.  Høydahl LS, Richter L, Frick R, et al.: Plasma Cells Are the Most Abundant 
Gluten Peptide MHC-expressing Cells in Inflamed Intestinal Tissues From 
Patients With Celiac Disease. Gastroenterology. 2019; 156(5): 1428–1439.e10. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

37. Dupont FM, Vensel WH, Tanaka CK, et al.: Deciphering the complexities of the 
wheat flour proteome using quantitative two-dimensional electrophoresis, 
three proteases and tandem mass spectrometry. Proteome Sci. 2011; 9: 10. 
PubMed Abstract | Publisher Full Text | Free Full Text 

38.  Dahal-Koirala S, Ciacchi L, Petersen J, et al.: Discriminative T-cell receptor 
recognition of highly homologous HLA-DQ2-bound gluten epitopes. J Biol 
Chem. 2019; 294(3): 941–52. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

39. Sollid LM, Qiao SW, Anderson RP, et al.: Nomenclature and listing of celiac 
disease relevant gluten T-cell epitopes restricted by HLA-DQ molecules. 
Immunogenetics. 2012; 64(6): 455–60. 
PubMed Abstract | Publisher Full Text | Free Full Text 

40.  Sollid LM: The roles of MHC class II genes and post-translational 
modification in celiac disease. Immunogenetics. 2017; 69(8–9): 605–16. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

41. Di Niro R, Mesin L, Zheng NY, et al.: High abundance of plasma cells secreting 
transglutaminase 2-specific IgA autoantibodies with limited somatic 
hypermutation in celiac disease intestinal lesions. Nat Med. 2012; 18(3): 441–5. 
PubMed Abstract | Publisher Full Text | Free Full Text 

42.  Dørum S, Steinsbø Ø, Bergseng E, et al.: Gluten-specific antibodies of celiac 
disease gut plasma cells recognize long proteolytic fragments that typically 
harbor T-cell epitopes. Sci Rep. 2016; 6: 25565. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

43. Broughton SE, Petersen J, Theodossis A, et al.: Biased T Cell Receptor Usage 
Directed against Human Leukocyte Antigen DQ8-Restricted Gliadin Peptides 
Is Associated with Celiac Disease. Immunity. 2012; 37(4): 611–21. 
PubMed Abstract | Publisher Full Text 

44. Christophersen A, Ráki M, Bergseng E, et al.: Tetramer-visualized gluten-specific 
CD4+ T cells in blood as a potential diagnostic marker for coeliac disease 
without oral gluten challenge. United European Gastroenterol J. 2014; 2(4): 
268–78. 
PubMed Abstract | Publisher Full Text | Free Full Text 

45.  Risnes LF, Christophersen A, Dahal-Koirala S, et al.: Disease-driving CD4+ T 
cell clonotypes persist for decades in celiac disease. J Clin Invest. 2018; 128(6): 
2642–2650. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

46.  Syage JA, Murray JA, Green PH, et al.: Latiglutenase Improves Symptoms in 
Seropositive Celiac Disease Patients While on a Gluten-Free Diet. Dig Dis Sci. 
2017; 62(9): 2428–2432. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

47.  Goel G, King T, Daveson AJ, et al.: Epitope-specific immunotherapy 
targeting CD4-positive T cells in coeliac disease: Two randomised, double-
blind, placebo-controlled phase 1 studies. Lancet Gastroenterol Hepatol. 2017; 
2(7): 479–493. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

48. Korneychuk N, Meresse B, Cerf-Bensussan N: Lessons from rodent models in 
celiac disease. Mucosal Immunol. 2015; 8(1): 18–28. 
PubMed Abstract | Publisher Full Text 

49. Korneychuk N, Ramiro-Puig E, Ettersperger J, et al.: Interleukin 15 and CD4+ T 
cells cooperate to promote small intestinal enteropathy in response to dietary 
antigen. Gastroenterology. 2014; 146(4): 1017–27. 
PubMed Abstract | Publisher Full Text 

50. Hüe S, Mention JJ, Monteiro RC, et al.: A Direct Role for NKG2D/MICA 
Interaction in Villous Atrophy during Celiac Disease. Immunity. 2004; 21(3): 
367–77. 
PubMed Abstract | Publisher Full Text 

51.  Meresse B, Curran SA, Ciszewski C, et al.: Reprogramming of CTLs into 
natural killer-like cells in celiac disease. J Exp Med. 2006; 203(5): 1343–55. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

52.  Di Marco Barros R, Roberts NA, Dart RJ, et al.: Epithelia Use Butyrophilin-
like Molecules to Shape Organ-Specific γγ T Cell Compartments. Cell. 2016; 
167(1): 203–218.e17. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

53.  Mayassi T, Ladell K, Gudjonson H, et al.: Chronic Inflammation Permanently 
Reshapes Tissue-Resident Immunity in Celiac Disease. Cell. 2019; 176(5): 
967–981.e19. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

54. Trynka G, Hunt KA, Bockett NA, et al.: Dense genotyping identifies and localizes 
multiple common and rare variant association signals in celiac disease. Nat 
Genet. 2011; 43(12): 1193–201. 
PubMed Abstract | Publisher Full Text | Free Full Text 

55. Trynka G, Wijmenga C, van Heel DA: A genetic perspective on coeliac disease. 
Trends Mol Med. 2010; 16(11): 537–50. 
PubMed Abstract | Publisher Full Text 

56.  Caminero A, Galipeau HJ, McCarville JL, et al.: Duodenal Bacteria From 
Patients With Celiac Disease and Healthy Subjects Distinctly Affect Gluten 
Breakdown and Immunogenicity. Gastroenterology. 2016; 151(4): 670–83. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

57. Verdu EF, Galipeau HJ, Jabri B: Novel players in coeliac disease pathogenesis: 
Role of the gut microbiota. Nat Rev Gastroenterol Hepatol. 2015; 12(9): 497–506. 
PubMed Abstract | Publisher Full Text | Free Full Text 

58.  Bouziat R, Hinterleitner R, Brown JJ, et al.: Reovirus infection triggers 
inflammatory responses to dietary antigens and development of celiac 
disease. Science. 2017; 356(6333): 44–50. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

59.  Kemppainen KM, Lynch KF, Liu E, et al.: Factors That Increase Risk of Celiac 
Disease Autoimmunity After a Gastrointestinal Infection in Early Life. Clin 
Gastroenterol Hepatol. 2017; 15(5): 694–702.e5. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

60. Setty M, Discepolo V, Abadie V, et al.: Distinct and Synergistic Contributions of 
Epithelial Stress and Adaptive Immunity to Functions of Intraepithelial Killer 
Cells and Active Celiac Disease. Gastroenterology. 2015; 149(3): 681–691.e10. 
PubMed Abstract | Publisher Full Text | Free Full Text 

61.  Caminero A, McCarville JL, Zevallos VF, et al.: Lactobacilli Degrade Wheat 
Amylase Trypsin Inhibitors to Reduce Intestinal Dysfunction Induced by 
Immunogenic Wheat Proteins. Gastroenterology. 2019; 156(8): 2266–2280. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

62. Mention JJ, Ben Ahmed M, Bègue B, et al.: Interleukin 15: A key to disrupted 
intraepithelial lymphocyte homeostasis and lymphomagenesis in celiac 
disease. Gastroenterology. 2003; 125(3): 730–45. 
PubMed Abstract | Publisher Full Text 

63.  Kooy-Winkelaar YM, Bouwer D, Janssen GM, et al.: CD4 T-cell cytokines 
synergize to induce proliferation of malignant and nonmalignant innate 
intraepithelial lymphocytes. Proc Natl Acad Sci U S A. 2017; 114(6): E980–E989. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

64. Cellier C, et al.: Safety and effectiveness of the anti-IL-15 monoclonal antibody, 
AMG 714, in patients with type 2 refractory coeliac disease (pre-enteropathy-
associated T cell lymphoma): a phase 2a, randomized, double-blind, placebo-
controlled, parallel-group study. submitted.

65. Hrdlickova B, Mulder CJ, Malamut G, et al.: A locus at 7p14.3 predisposes to 
refractory celiac disease progression from celiac disease. Eur J Gastroenterol 
Hepatol. 2018; 30(8): 828–37. 
PubMed Abstract | Publisher Full Text | Free Full Text 

66.  Choi ES, Lee H, Sung JY, et al.: FAM188B enhances cell survival via 
interaction with USP7. Cell Death Dis. 2018; 9(6): 633. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

67. Cosnes J, Cellier C, Viola S, et al.: Incidence of Autoimmune Diseases in Celiac 
Disease: Protective Effect of the Gluten-Free Diet. Clin Gastroenterol Hepatol. 
2008; 6(7): 753–8. 
PubMed Abstract | Publisher Full Text 

Page 10 of 12

F1000Research 2019, 8(F1000 Faculty Rev):969 Last updated: 26 JUN 2019

https://f1000.com/prime/735066393
http://www.ncbi.nlm.nih.gov/pubmed/30711203
http://dx.doi.org/10.1016/j.gtc.2018.09.007
https://f1000.com/prime/735066393
http://www.ncbi.nlm.nih.gov/pubmed/21468013
http://dx.doi.org/10.1038/ajg.2011.104
http://www.ncbi.nlm.nih.gov/pubmed/19041868
http://dx.doi.org/10.1053/j.gastro.2008.11.026
https://f1000.com/prime/726779731
http://www.ncbi.nlm.nih.gov/pubmed/18996383
http://dx.doi.org/10.1053/j.gastro.2008.10.013
http://www.ncbi.nlm.nih.gov/pmc/articles/3466593
https://f1000.com/prime/726779731
http://www.ncbi.nlm.nih.gov/pubmed/17470479
http://dx.doi.org/10.1136/gut.2006.114512
http://www.ncbi.nlm.nih.gov/pmc/articles/2000250
http://www.ncbi.nlm.nih.gov/pubmed/15925846
http://dx.doi.org/10.1016/j.bpg.2005.02.001
http://www.ncbi.nlm.nih.gov/pubmed/21540899
http://dx.doi.org/10.1038/ajg.2011.105
http://www.ncbi.nlm.nih.gov/pubmed/15476152
http://dx.doi.org/10.1016/S1542-3565(04)00390-8
http://www.ncbi.nlm.nih.gov/pubmed/20125093
http://dx.doi.org/10.1038/nrgastro.2010.2
https://f1000.com/prime/727506738
http://www.ncbi.nlm.nih.gov/pubmed/28373482
http://dx.doi.org/10.4049/jimmunol.1601693
http://www.ncbi.nlm.nih.gov/pmc/articles/5426360
https://f1000.com/prime/727506738
http://www.ncbi.nlm.nih.gov/pubmed/22749351
http://dx.doi.org/10.1016/j.immuni.2012.06.006
https://f1000.com/prime/734704492
http://www.ncbi.nlm.nih.gov/pubmed/30593798
http://dx.doi.org/10.1053/j.gastro.2018.12.013
http://www.ncbi.nlm.nih.gov/pmc/articles/6441630
https://f1000.com/prime/734704492
http://www.ncbi.nlm.nih.gov/pubmed/21314956
http://dx.doi.org/10.1186/1477-5956-9-10
http://www.ncbi.nlm.nih.gov/pmc/articles/3238214
https://f1000.com/prime/734472958
http://www.ncbi.nlm.nih.gov/pubmed/30455354
http://dx.doi.org/10.1074/jbc.RA118.005736
http://www.ncbi.nlm.nih.gov/pmc/articles/6341401
https://f1000.com/prime/734472958
http://www.ncbi.nlm.nih.gov/pubmed/22322673
http://dx.doi.org/10.1007/s00251-012-0599-z
http://www.ncbi.nlm.nih.gov/pmc/articles/3349865
https://f1000.com/prime/731686342
http://www.ncbi.nlm.nih.gov/pubmed/28695286
http://dx.doi.org/10.1007/s00251-017-0985-7
https://f1000.com/prime/731686342
http://www.ncbi.nlm.nih.gov/pubmed/22366952
http://dx.doi.org/10.1038/nm.2656
http://www.ncbi.nlm.nih.gov/pmc/articles/4533878
https://f1000.com/prime/726334969
http://www.ncbi.nlm.nih.gov/pubmed/27146306
http://dx.doi.org/10.1038/srep25565
http://www.ncbi.nlm.nih.gov/pmc/articles/4857092
https://f1000.com/prime/726334969
http://www.ncbi.nlm.nih.gov/pubmed/23063329
http://dx.doi.org/10.1016/j.immuni.2012.07.013
http://www.ncbi.nlm.nih.gov/pubmed/25083284
http://dx.doi.org/10.1177/2050640614540154
http://www.ncbi.nlm.nih.gov/pmc/articles/4114117
https://f1000.com/prime/733234972
http://www.ncbi.nlm.nih.gov/pubmed/29757191
http://dx.doi.org/10.1172/JCI98819
http://www.ncbi.nlm.nih.gov/pmc/articles/5983310
https://f1000.com/prime/733234972
https://f1000.com/prime/727849956
http://www.ncbi.nlm.nih.gov/pubmed/28755266
http://dx.doi.org/10.1007/s10620-017-4687-7
http://www.ncbi.nlm.nih.gov/pmc/articles/5709215
https://f1000.com/prime/727849956
https://f1000.com/prime/727618803
http://www.ncbi.nlm.nih.gov/pubmed/28506538
http://dx.doi.org/10.1016/S2468-1253(17)30110-3
http://www.ncbi.nlm.nih.gov/pmc/articles/5676538
https://f1000.com/prime/727618803
http://www.ncbi.nlm.nih.gov/pubmed/25354320
http://dx.doi.org/10.1038/mi.2014.102
http://www.ncbi.nlm.nih.gov/pubmed/24361466
http://dx.doi.org/10.1053/j.gastro.2013.12.023
http://www.ncbi.nlm.nih.gov/pubmed/15357948
http://dx.doi.org/10.1016/j.immuni.2004.06.018
https://f1000.com/prime/13753
http://www.ncbi.nlm.nih.gov/pubmed/16682498
http://dx.doi.org/10.1084/jem.20060028
http://www.ncbi.nlm.nih.gov/pmc/articles/2121214
https://f1000.com/prime/13753
https://f1000.com/prime/726756019
http://www.ncbi.nlm.nih.gov/pubmed/27641500
http://dx.doi.org/10.1016/j.cell.2016.08.030
http://www.ncbi.nlm.nih.gov/pmc/articles/5037318
https://f1000.com/prime/726756019
https://f1000.com/prime/735060192
http://www.ncbi.nlm.nih.gov/pubmed/30739797
http://dx.doi.org/10.1016/j.cell.2018.12.039
https://f1000.com/prime/735060192
http://www.ncbi.nlm.nih.gov/pubmed/22057235
http://dx.doi.org/10.1038/ng.998
http://www.ncbi.nlm.nih.gov/pmc/articles/3242065
http://www.ncbi.nlm.nih.gov/pubmed/20947431
http://dx.doi.org/10.1016/j.molmed.2010.09.003
https://f1000.com/prime/726482889
http://www.ncbi.nlm.nih.gov/pubmed/27373514
http://dx.doi.org/10.1053/j.gastro.2016.06.041
https://f1000.com/prime/726482889
http://www.ncbi.nlm.nih.gov/pubmed/26055247
http://dx.doi.org/10.1038/nrgastro.2015.90
http://www.ncbi.nlm.nih.gov/pmc/articles/5102016
https://f1000.com/prime/727486541
http://www.ncbi.nlm.nih.gov/pubmed/28386004
http://dx.doi.org/10.1126/science.aah5298
http://www.ncbi.nlm.nih.gov/pmc/articles/5506690
https://f1000.com/prime/727486541
https://f1000.com/prime/726972145
http://www.ncbi.nlm.nih.gov/pubmed/27840181
http://dx.doi.org/10.1016/j.cgh.2016.10.033
http://www.ncbi.nlm.nih.gov/pmc/articles/5576726
https://f1000.com/prime/726972145
http://www.ncbi.nlm.nih.gov/pubmed/26001928
http://dx.doi.org/10.1053/j.gastro.2015.05.013
http://www.ncbi.nlm.nih.gov/pmc/articles/4550536
https://f1000.com/prime/735157875
http://www.ncbi.nlm.nih.gov/pubmed/30802444
http://dx.doi.org/10.1053/j.gastro.2019.02.028
https://f1000.com/prime/735157875
http://www.ncbi.nlm.nih.gov/pubmed/12949719
http://dx.doi.org/10.1016/S0016-5085(03)01047-3
https://f1000.com/prime/727165354
http://www.ncbi.nlm.nih.gov/pubmed/28049849
http://dx.doi.org/10.1073/pnas.1620036114
http://www.ncbi.nlm.nih.gov/pmc/articles/5307453
https://f1000.com/prime/727165354
http://www.ncbi.nlm.nih.gov/pubmed/29787419
http://dx.doi.org/10.1097/MEG.0000000000001168
http://www.ncbi.nlm.nih.gov/pmc/articles/6373482
https://f1000.com/prime/733309636
http://www.ncbi.nlm.nih.gov/pubmed/29795372
http://dx.doi.org/10.1038/s41419-018-0650-6
http://www.ncbi.nlm.nih.gov/pmc/articles/5967306
https://f1000.com/prime/733309636
http://www.ncbi.nlm.nih.gov/pubmed/18255352
http://dx.doi.org/10.1016/j.cgh.2007.12.022


68. Holmes GK, Prior P, Lane MR, et al.: Malignancy in coeliac disease--effect of a 
gluten free diet. Gut. 1989; 30(3): 333–8. 
PubMed Abstract | Publisher Full Text | Free Full Text 

69. Ludvigsson JF, Montgomery SM, Ekbom A, et al.: Small-Intestinal Histopathology 
and Mortality Risk in Celiac Disease. JAMA. 2009; 302(11): 1171–8. 
PubMed Abstract | Publisher Full Text 

70.  Mukewar SS, Sharma A, Rubio-Tapia A, et al.: Open-Capsule Budesonide for 
Refractory Celiac Disease. Am J Gastroenterol. 2017; 112(6): 959–967. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

71.  Dray X, Joly F, Lavergne-Slove A, et al.: A severe but reversible refractory 
sprue. Gut. 2006; 55(8): 1210–1. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

72.  Al-Toma A, Goerres MS, Meijer JW, et al.: Cladribine therapy in refractory 
celiac disease with aberrant T cells. Clin Gastroenterol Hepatol. 2006; 4(11): 
1322–7. quiz 1300. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

73.  Al-Toma A, Visser OJ, van Roessel HM, et al.: Autologous hematopoietic 
stem cell transplantation in refractory celiac disease with aberrant T cells. 
Blood. 2007; 109(5): 2243–9. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

74. Hoffmann M, Vogelsang H, Kletter K, et al.: 18F-fluoro-deoxy-glucose positron 
emission tomography (18F-FDG-PET) for assessment of enteropathy-type T 
cell lymphoma. Gut. 2003; 52(3): 347–51. 
PubMed Abstract | Publisher Full Text | Free Full Text 

75. Malamut G, Chandesris O, Verkarre V, et al.: Enteropathy associated T cell 
lymphoma in celiac disease: A large retrospective study. Dig Liver Dis. 2013; 
45(5): 377–84. 
PubMed Abstract | Publisher Full Text 

76. Sieniawski M, Angamuthu N, Boyd K, et al.: Evaluation of enteropathy-associated 
T-cell lymphoma comparing standard therapies with a novel regimen including 
autologous stem cell transplantation. Blood. 2010; 115(18): 3664–70. 
PubMed Abstract | Publisher Full Text 

77.  Horwitz S, O'Connor OA, Pro B, et al.: Brentuximab vedotin with 
chemotherapy for CD30-positive peripheral T-cell lymphoma (ECHELON-2): 
a global, double-blind, randomised, phase 3 trial. Lancet. 2019; 393(10168): 
229–240. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

78.  Eigner W, Bashir K, Primas C, et al.: Dynamics of occurrence of refractory 
coeliac disease and associated complications over 25 years. Aliment 
Pharmacol Ther. 2017; 45(2): 364–372. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

Page 11 of 12

F1000Research 2019, 8(F1000 Faculty Rev):969 Last updated: 26 JUN 2019

http://www.ncbi.nlm.nih.gov/pubmed/2707633
http://dx.doi.org/10.1136/gut.30.3.333
http://www.ncbi.nlm.nih.gov/pmc/articles/1378455
http://www.ncbi.nlm.nih.gov/pubmed/19755695
http://dx.doi.org/10.1001/jama.2009.1320
https://f1000.com/prime/727433367
http://www.ncbi.nlm.nih.gov/pubmed/28323276
http://dx.doi.org/10.1038/ajg.2017.71
https://f1000.com/prime/727433367
https://f1000.com/prime/726779738
http://www.ncbi.nlm.nih.gov/pubmed/16849355
http://dx.doi.org/10.1136/gut.2005.089987
http://www.ncbi.nlm.nih.gov/pmc/articles/1856279
https://f1000.com/prime/726779738
https://f1000.com/prime/721302438
http://www.ncbi.nlm.nih.gov/pubmed/16979946
http://dx.doi.org/10.1016/j.cgh.2006.07.007
https://f1000.com/prime/721302438
https://f1000.com/prime/720033702
http://www.ncbi.nlm.nih.gov/pubmed/17068146
http://dx.doi.org/10.1182/blood-2006-08-042820
https://f1000.com/prime/720033702
http://www.ncbi.nlm.nih.gov/pubmed/12584214
http://dx.doi.org/10.1136/gut.52.3.347
http://www.ncbi.nlm.nih.gov/pmc/articles/1773540
http://www.ncbi.nlm.nih.gov/pubmed/23313469
http://dx.doi.org/10.1016/j.dld.2012.12.001
http://www.ncbi.nlm.nih.gov/pubmed/20197551
http://dx.doi.org/10.1182/blood-2009-07-231324
https://f1000.com/prime/734560442
http://www.ncbi.nlm.nih.gov/pubmed/30522922
http://dx.doi.org/10.1016/S0140-6736(18)32984-2
http://www.ncbi.nlm.nih.gov/pmc/articles/6436818
https://f1000.com/prime/734560442
https://f1000.com/prime/727022220
http://www.ncbi.nlm.nih.gov/pubmed/27885681
http://dx.doi.org/10.1111/apt.13867
https://f1000.com/prime/727022220


 

Open Peer Review

  Current Peer Review Status:

Editorial Note on the Review Process
 are written by members of the prestigious  . They are commissioned andF1000 Faculty Reviews F1000 Faculty

peer reviewed before publication to ensure that the final, published version is comprehensive and accessible. The
reviewers who approved the final version are listed with their names and affiliations.

The reviewers who approved this article are:
Version 1

The benefits of publishing with F1000Research:

Your article is published within days, with no editorial bias

You can publish traditional articles, null/negative results, case reports, data notes and more

The peer review process is transparent and collaborative

Your article is indexed in PubMed after passing peer review

Dedicated customer support at every stage

For pre-submission enquiries, contact   research@f1000.com

 Armin Alaedini
Department of Medicine, Celiac Disease Center, Columbia University Medical Center, New York, NY, USA

 No competing interests were disclosed.Competing Interests:

1

 Alessio Fasano
Massachusetts General Hospital for Children, Boston, USA

 No competing interests were disclosed.Competing Interests:

2

Page 12 of 12

F1000Research 2019, 8(F1000 Faculty Rev):969 Last updated: 26 JUN 2019

https://f1000research.com/browse/f1000-faculty-reviews
http://f1000.com/prime/thefaculty

