
Part three 
Pathogenesis
Chapter 5 93 
Aberrant T-lymphocytes in Refractory Coeliac Disease are 
not strictly confined to a small intestinal intraepithelial localization. 

Chapter 6 109 
Defective expression of T-cell receptor chains underlies loss of 
surface T-cell receptor-CD3 expression in Refractory Coeliac Disease type II. 

Chapter 7 129 
The presence of intestinal intra-epithelial γδ+ T-lymphocytes is inversely 
correlated with lymphoma development in Refractory Coeliac Disease. 

Chapter 8 145 
Decreased numbers of circulating iNKT cells in Refractory Coeliac Disease. 

Chapter 9 163 
The MYO9B gene is a strong risk factor for the development of 
Refractory Coeliac Disease.





5. 
Aberrant T-lymphocytes 
in Refractory Coeliac 
Disease are not strictly 
confined to a small 
intestinal intraepithelial 
localization.
Wieke H.M. Verbeek 1, B.Mary E. von Blomberg 2, Veerle M.H. Coupe 3, Joost J. Oudejans 2, 
Severin Daum 4, Chris J.J. Mulder 1 and Marco W.J. Schreurs 2

Departments of Gastroenterology 1 and Pathology 2  
Department of Clinical Epidemiology and Biostatistics 3

VU University Medical Centre, Amsterdam, The Netherlands

Department of Medicine I, Gastroenterology, Infectious diseases & Rheumatology 4

Charite Universitatsmedizin, Campus Benjamin Franklin, Berlin, Germany

Submitted for publication





Abstract

Background: Refractory Coeliac Disease (RCD) is characterized by persisting mucosal 
pathology in spite of a strict gluten free diet (GFD). In RCD type II phenotypically aber-
rant (CD7+CD3-CD4/8-cytoplasmicCD3+) T-lymphocytes are present within the 
Intraepitelial Lymphocyte (IEL) population in the small intestine, and 50-60% of these 
patients develops an Enteropathy Associated T-cell lymphoma (EATL). 
Aim: To investigate whether aberrant T-lymphocytes in RCD II can be detected in other 
parts of the small intestinal mucosa besides the intraepithelial compartment. 
Additionally, the presence of aberrant T-lymphocytes was analyzed in two RCD II pa-
tients that developed atypical skin lesions.
Methods: Multiparameter flow cytometric immunophenotyping was performed on both 
IEL and lamina propria lymphocyte (LPL) cell suspensions, isolated from small bowel bi-
opsy specimens of RCD II patients (n=14), and on cutaneous lymphocytes isolated from 
skin-lesion biopsy specimens of RCD II patients (n=2). In addition, immunofluorescence 
analysis of frozen RCD II derived small intestinal biopsies was performed.
Results: Our results clearly show that aberrant T-lymphocytes may be present in both 
the IEL and the LPL compartments of RCD II derived small intestinal biopsies. Although 
the highest percentages are always present in the IEL compartment, aberrant LPL can 
exceed 20% of total LPL in half the RCD II patients. Interestingly, cutaneous lym-
phocytes isolated from atypical skin lesions that developed in some RCD II patients 
showed a similar aberrant immunophenotype as found in the intestinal mucosa.
Conclusions:  In RCD II the aberrant T-lymphocytes may also reside in the subepithelial 
layer of the small intestinal mucosa, in the lamina propria, and even in extraintestinal 
localizations including the skin. Whether this phenomenon represents a passive over-
flow from the intestinal epithelium or active trafficing towards other anatomical locali-
zations remains to be elucidated. RCD II appears to be a disseminated disease, which 
may impose the risk of EATL development outside the intestine.

Introduction

Coeliac disease (CD) is a T-cell mediated disease of the small intestine triggered by the 
ingestion of dietary wheat gluten in genetically predisposed individuals.1;2 It commits the 
patients to a life-long glutenfree diet, which is sufficient to treat the overwhelming ma-
jority of patients. However, a small group of these patients, mainly those diagnosed above 
the age of 50, fails to improve histologically and clinically upon elimination of gluten from 
the diet. These patients are regarded as suffering from Refractory Coeliac Disease (RCD). 
According to the guidelines of the European Coeliac Disease working group3 RCD pa-
tients can be subdivided into RCD type I and type II patients, with phenotypically nor-
mal and aberrant intraepithelial T-lymphocytes (IEL) in the small intestinal mucosa, re-
spectively. IELs with an aberrant immunophenotype are known to be a prognostic 
parameter in RCD since their presence is associated with the development of EATL. 
Cellier et al. have first shown that RCD is associated with this abnormal subset of IELs of 
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T-cell origin, expressing cytoplasmic CD3ε and restricted rearrangements of the TCRγ 
chain, but lacking surface expression of T-cell markers CD3, CD4 and CD8.4 When 
normal expression of T-cell surface markers occurs (RCD I), the prognosis is less dis-
mal than when an aberrant intraepithelial lymphocyte population is present (RCD II), 
50-60% of the latter patients develops EATL within 4-6 years, which has a very poor 
prognosis and a 5-year survival of only 8%.5 These EATLs are thought to arise from the 
IEL compartment, and share immunophenotypic characteristics with to the aberrant 
IELs in RCD II.6;7 Since the presence of aberrant IELs is directly associated with a signifi-
cant risk of EATL development5;8-10, the therapeutic challenge in these RCD II patients 
is to identify and subsequently target the aberrant IELs to eventually prevent EATL 
development.
Considering the fact that RCD II patients are at a high risk for development of EATL, 
accurate discrimination between both types of RCD is of utmost importance.5 In our 
previous work we showed that quantification of aberrant IELs by flow cytometry is well 
suited for the specific identification of RCD II patients.11 This was recently confirmed by 
another group, that also demonstrated flow cytometric immunophenotyping of intes-
tinal IEL to be a useful tool in the diagnostic work-up of patients with RCD.12

With regard to the potential of aberrant T-cells to disseminate, an immunohistochemi-
cal study by Verkarre et al.13 showed diffuse intraepithelial spreading to different lon-
gitudinal levels throughout the intestinal tract. The presence of aberrant T-cells was 
found to extend to the gastric as well as the colonic mucosa. Previous studies by 
Cellier et al. 4;8 already detected the aberrant T-cell population in the blood and colon 
of four RCD II patients. No studies on the cross-sectional levels of aberrant T-cells in 
the small intestine have been performed sofar. This may be interesting as EATL are 
known to have the ability to spread to an extraintestinal level,14 and the Lamina pro-
pria compartment is in direct contact with the blood stream. Therefore, in the present 
study we set out to investigate whether aberrant T-lymphocytes in RCD II can be de-
tected in other parts of the small intestinal mucosa besides the epithelial compart-
ment. Additionally, to investigate potential spreading to an extraintestinal localization, 
the presence of aberrant T-lymphocytes was analyzed in two RCD II patients that de-
veloped multiple atypical skin lesions.

Patients, material and methods
Patients 
Flow cytometric analyses on 3-4 small intestinal spike biopsy specimens were per-
formed in 16 consecutive subjects evaluated for RCD between January 2006 and 
December 2007.
These patients with RCD II (n=16), were considered to be refractory when symptoms 
of malabsorption due to villous atrophy persisted or recurred after a former good re-
sponse on a glutenfree diet (GFD). Signs and symptoms were comparable to those 
described in previous studies. 5 Histopathology of these patients showed at least par-
tial villous atrophy (Marsh IIIA) and other causes of villous atrophy had been excluded, 
including Whipple’s disease, Crohn’s disease, tuberculosis, radiation enteritis, AIDS, 
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common variable immunodeficiency syndrome, eosinophilic gastroenteritis, auto-
immune enteropathy and immunoproliferative small intestinal disease, giardiasis, 
postinfectious diarrhea, tropical sprue, collagenous sprue and protein intolerance.15  
Considering the fact that a significant number of patients (around 50%) suspected for 
RCD may indeed experience inadvertent gluten ingestion, their dietary compliance 
was carefully evaluated by a dietician, and confirmed by negative CD serology.16 The 
presence of an EATL was excluded at time of flow cytometric analysis by radiological 
and endoscopic methods, including small intestinal follow through, computed tom-
ography scanning of thorax and abdomen,17 whole body positron emission tomogra-
phy scan,18 upper gastrointestinal endoscopy, video capsule endoscopy and/or double 
balloon enteroscopy.19

Based on clinical presentation and flow cytometric analysis the RCD II patients were 
identified using the 20% cut-off value for aberrant IELs (surface CD3- CD4/8- CD7+ 
cytoplasmic CD3++), as established previously.5;11 This cut-off value has proven to be 
reliable for early risk stratification 5 and targeted therapeutic options in RCD pa-
tients.20-22 The total group consisted of 16 RCD II patients (7M/9F, mean age 62 years, 
range 46-72 years). 

Isolation of IELs from small intestinal biopsy specimens and flow cytometry 
During upper endoscopy large spike forceps biopsy specimens (Medi-Globe®) were 
taken from the second part of the duodenum.23 For flow cytometric evaluation 3-4 
biopsy specimens were taken and immediately analyzed. All biopsy specimens were 
obtained for diagnostic purposes and the procedures were in accordance with the 
ethical guidelines of our institution.
Multiparameter flow cytometric immunophenotyping was performed on both IEL and 
lamina propria lymphocyte (LPL) cell suspensions, isolated from small bowel biopsy 
specimens of RCD II patients (n=16), and on cutaneous lymphocytes isolated from 
biopsy specimens derived from atypical skin lesions of RCD II patients (n=2). In addi-
tion, immunofluorescence analysis of frozen RCD II derived intestinal biopsies was 
performed.
Intraepithelial lymphocytes were isolated from intestinal biopsies as originally de-
scribed by Madrigal et al.24 with minor modifications. Briefly, biopsies were vigorously 
shaken at 37˚C for 60 min in PBS supplemented with 1mM dithiothreitol (Fluka 
BioChemika, Buchs Switzerland) and 1mM Ethylenediaminetetraacetic (Merck, 
Darmstadt Germany). Lamina propria lymphocytes were obtained from the deepithe-
lized mucosal tissue as described previously.25 Briefly, following IEL isolation residual 
biopsy tissue was digested for 2-3 hours at 37°C  by 128 U/ml collagenase (type 1A, 
Roche Diagnostics, Mannheim Germany). Subsequently, tissue was homogenized to 
release the LPL. Cutaneous lymphocytes were isolated from fresh skin biopsy speci-
mens using a similar procedure as described above for LPL.
The released IELs and LPLs were washed twice with PBS supplemented with 0,1% BSA 
(Roche Diagnostics) and subsequently stained  for 30 minutes on ice, with fluoro-
chrome-labeled monoclonal antibodies directed against CD3, CD4, CD8, CD7, CD45, 
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γδTCR (all from from BD Biosciences, San Jose CA). Cytoplasmic staining of CD3 was 
performed after cell permeabilization (Cytofix/CytoPerm PlusTM kit by BD Biosciences). 
Flow cytometric analysis was performed on a standard 4-color Fluorescence Activated 
Cell Scanner (FACSCalibur, BD Biosciences). The data were analyzed using Cellquest soft-
ware (BD Biosciences). Care was taken to analyze only viable cellular events based on 
light scatter properties. All analyses were performed on lymphocytes, based on bright 
CD45 staining and low sideward scatter. Aberrant T cells were defined as CD7+ cytoplas-
mic CD3++, surface CD3, CD4 and CD8 negative cells, as described previously.11 

Histopathology and immunofluorescence analysis
Additional duodenal biopsy specimens taken at time of endoscopy were used for 
standard histopathological evaluation. Histopathological findings on sections of for-
maline-fixed biopsy specimens were classified using the modified Marsh criteria for 
the gluten sensitive spectrum.26-28 Immunofluorescence analysis was performed on 
formalin-fixed paraffin sections using antibodies directed against human CD3, CD4 
and CD8 (DAKO), using standard procedures. Specific staining was visualized by sec-
ondary FITC- (detecting CD3) and TRITC- (detecting CD4 and CD8) labelled antibodies 
(Southern Biotec, UK), and analyzed by standard confocal laser-scanning microscopy.
Histopathological evaluation of skin biopsy specimens was performed analogously.
Assessment of T-cell clonality 

T-cell receptor-gamma (TCR-γ) gene rearrangements were analyzed on entire cryop-
reserved biopsy specimens. DNA was extracted from cryosections by a standard pro-
cedure using proteinase-K digestion and ethanol precipitation of the genomic DNA. 
TCR-γ gene rearrangements were subsequently analyzed by multiplex polymerase 
chain reaction (PCR) amplification, using the primers and probes provided by the 
BIOMED-2 consortium according to their guidelines.29  

Statistical analysis 
To compare the proportions of aberrant T-cells between the epithelial and lamina 
propria compartments, linear regression and analysis of variance (ANOVA) was used. 
Analyses were performed using SPSS software (version 11.0, SPSS Inc., Chicago, Illinois). 
A value of p<0.05 was considered statistically significant.

Results
A positive correlation between the presence of aberrant IELs and LPLs
Table 1 depicts the patient characteristics of all 16 RCD II patients included in the 
study. In all patients >20% aberrant IEL were detected. Intraepithelial lymphocytes 
(IEL) and lamina propria lymphocytes (LPL) were analyzed separately. A representative 
example of flow cytometric analysis of IEL and LPL within the one patient (no.1) is 
shown in figure 1. The presence of aberrant IEL and LPL was subsequently confirmed 
by immunofluorescence analysis in this same patient (Figure 2). Next to normal CD3+ 
CD4/8+ T-lymphocytes, the lamina propria clearly shows the presence of aberrant 
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Table 1. Patient characteristics of all RCD II patients included in the study

Patientnumber Sex & Age 

(M/F years)

Marsh at 

Diagnosis

HLA-DQ 

status

% aberrant IEL Clonal TCR-γ 

rearrangement

Skin lesions

1 F66 IIIC DQ2/2 93 Yes Yes

2 M72 IIIA DQ2/2 69 Yes No

3 F59 IIIC DQ2 69 Yes No

4 F68 IIIC DQ2 60 Yes No

5 F63 IIIC DQ2 66 Yes No

6 F64 IIIC DQ2 47 Yes Yes

7 F69 IIIC DQ2/2 44 Yes No

8 F65 IIIA DQ2 47 Yes No

9 M46 UJ Non DQ2/8 33 Yes No

10 M66 IIIA DQ2 30 Yes No

11 M51 IIIA+UJ DQ2/2 27 Yes No

12 M62 IIIB DQ2/2 25 Yes No

13 F57 IIIB DQ2 92 Yes No

14 M65 IIIA DQ2/2 67 Yes No

15 F56 IIIB DQ2 86 No No

16 M69 IIIB DQ2 43 Yes No

Figure 1. Example of flow cytometric analyses of intestinal lymphocytes isolated from the epithelial as well 

as the lamina propria layer (patient 1). Upper half: The aberrant IEL (92-93%). Bottom half: The aberrant LPL 

(57%). Left: Lymphocyte selection gate based on CD45 positivity and low sideward scatter. Middle: The aber-

rant T-cell population by double staining of surface CD3- CD7+ within the CD45+ cells; Right: surface CD3-, 

cytoplasmic CD3+ cells, double staining shown within the CD7+/CD45+cells. 

92
93

57

57
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Table 2. Lymphocyte subsets in duodenal biopsy specimens of RCD II patients as 

% of intestinal lymphocytes, determined by Flow cytometry. In all 16 patients the 

intraepithelial lymphocytes (IEL) and the lamina propria lymphocytes (LPL) were 

analyzed separately. Lympho= lymphocytes

Lympho subset (%)

Patient

CD3+ 

T-cells

CD8+ 

T-cells

CD4+ 

T-cells

CD7+ 

Lympho

TCRγδ+ 

T-cells

CD16/56+ 

NK-cells

CD19+ 

B-cells

CD7+ 

CD3- 

cytCD3+

aberrant 

T-cells

1. IEL

LPL

8

46

4

21

2

22

99

96

0.6

2

1

4

0.02

0.6

93

57

2. IEL

LPL

26

55

17

20

9

35

99

96

2

1

5

2

0.1

0.6

69

38

3. IEL

LPL

32

79

11

31

22

50

97

79

2

3

1

10

0.3

4

69

21

4. IEL

LPL

46

84

29

41

12

45

99

90

7

5

1.3

1.8

0.1

3

60

11

5. IEL

LPL

35

62

24

21

10

46

99

79

3

3

3

4

1

18

66

22

6. IEL

LPL

7

51

2

10

3

32

30

89

2

5

1

14

0.05

5

47

20

7. IEL

LPL

44

75

26

37

18

44

98

87

6

5

25

12

0.1

3

44

17

8. IEL

LPL

46

84

36

44

5

39

99

92

12

7

3

3

0.06

1

47

8

9. IEL

LPL

37

88

21

71

20

22

98

91

2

5

29

6

0.2

0.3

33

8

10. IEL

LPL

54

86

42

53

8

32

99

94

6

2

14

8

0.06

1

30

5

11. IEL

LPL

70

79

52

39

16

41

96

84

7

9

9

11

0.03

1

27

12

12. IEL

LPL

61

71

52

31

14

44

93

72

5

2

1

9

4

7

25

14

13. IEL

LPL

15

40

10

9

4

34

99

75

3

2

7

6

0

15

92

36

14. IEL

LPL

35

75

18

20

12

55

98

92

14

9

3

5

0.6

2

67

17

15. IEL

LPL

10

24

4

10

3

15

99

98

3

3

1

1

0.3

2

86

75

16. IEL

LPL

54

67

47

50

6

30

100

98

8

6

4

5

0.1

2

43

31
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Figure 2. In situ localization of aberrant IEL and LPL (patient 1).

Immunofluorescence analysis of: Upper: Mucosal CD3 positive T-cells visualized by green (FITC) 

fluorescence  Middle: Mucosal CD4 or CD8 positive T-cells visualized by red (TRITC) fluorescence. 

Bottom: The overlay of staining A and B, showing the presence of both aberrant (green) and 

normal (orange) intestinal T-cells.(200x)



Chapter 5

Figure 3. The Percentage aberrant T-cells (CD7+ surface CD3- Cytoplasmic CD3+) in the Epithe-

lial layer (IEL) versus the Lamina propria layer (LPL). Liniar regerssion analysis revealed that a rise 

in aberrant IELs of 10% results in an increase in aberrant LPL of 6.4% (p=0.001).
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Figure 4. Flow cytometric analyses of lymphocytes isolated from atypical lesions in a RCD II patient  

(patient 1). Left: a representative skin lesion in RCD II patient no. 1 (approximately 1 cm in diameter).  

Middle and right: CD3 negative lymphocytes that are CD103 positive, within a lymphocyte selec-

tion gate based on CD45 positivity and low sideward scatter. The aberrant surface CD3-, cytoplas-

mic CD3++ T-cell population in this patient is 33%. 
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CD3+ CD4/8- lymphocytes, in agreement with flow cytometry. The intraepithelial 
compartment did not show normal T-cells in this patient, reflecting the 93% aberrant 
IEL found by flow cytometry. 
In table 2 the percentage lymphocyte subsets in  both IEL and LPL fractions in all RCD 
II patients are shown. Our results clearly show that aberrant T-lymphocytes may be 
present in both the IEL and the LPL compartments of RCD II derived small intestinal 
biopsies. Although the highest percentages are always present in the IEL compart-
ment, aberrant LPL can exceed 20% of total LPL in half the RCD II patients. 
In order to investigate the relation between aberrant IELs and LPLs, their levels were 
directly compared within the group of 16 RCD II patients. Linear regression analysis re-
vealed that a rise in aberrant IELs of 10% results in an increase in aberrant LPL of 6.4% 
(p=0.001). Figure 3 depicts the relationship between the percentages aberrant IELs and 
LPLs. Since the normal CD8 expression is lost upon progression to an aberrant pheno-
type there was a negative correlation between the percentage CD8+ IELs and aberrant 
IELs (p<0.0005) as well as the percentage CD8+ LPLs and aberrant LPLs (p=0.013). 

The distribution of other lymphocyte subsets in the epithelium and lamina propria
As can be seen in table 2 the percentages TCRγδ T-cells are low in both the intraepi-
thelial layer and the lamina propria. There were no significant differences between the 
two compartments. As expected, the proportion of CD4+ T-cells was significantly 
lower in the intraepithelial fraction as compared to the lamina propria fraction(p=0.048). 
Although there was no significant difference in percentage of CD19+ B-cells, a clear 
trend towards a higher percentage within LPL fraction was oberved.

Analysis of aberrant T-cells in RCD II patients with skin lesions
Histopathological evaluation of atypical skin lesions that developed within two RCD II 
patients indicated a lymphocytic infiltrate, sharing morphologcal characteristics with 
a cutaneous T-cell lymhoma. Interestingly, cutaneous lymphocytes isolated from these 
skin lesions and subsequently analyzed by flow cytometry showed a similar aberrant 
immunophenotype as was found in the intestinal mucosa. The two patients that de-
veloped such skin lesions (patient 1 and 6) are shown in table 1 and a representative 
example of one of the lesions itself in figure 4 (left panel). Interestingly, in one patient 
(patient 6) the skin lesions eventually disappeared spontaneously, whereas patient 1 
developed overt cutaneous T-cell lymphomas as well as intestinal EATL. figure 4 de-
picts the flow cytometric analysis of lymphocytes isolated from a skin biopsy speci-
men from patient 1. The presence of CD103 on these cutaneous lymphocytes suggests 
their derivation from the gut epithelium (18%, middle panel of figure 4). Furthermore, 
a substantial number of these CD103+ lymphocytes were CD3 negative, and lym-
phocytes with an aberrant (CD3- CD7+ cytCD3++) phenotype could be clearly identi-
fied (33%, right panel figure 4). Clonality analysis performed on the skin biopsy speci-
mens as well as the duodenal biopsy specimens within the same patient revealed 
similar monoclonal TCR-γ rearrangement patterns, confrming their shared clonall ori-
gin from the gut epithelium.
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Discussion

In this study we set out to investigate whether aberrant T-lymphocytes in RCD II can 
be detected in other parts of the small intestinal mucosa besides the epithelial com-
partment. Additionally, the presence of aberrant T-lymphocytes was analyzed in two 
RCD II patients that developed multiple atypical skin lesions.
Previously we have shown that quantification of aberrant T-cells by flow cytometry is 
preferable to T-cell clonality analysis for identification of RCD patients at risk for EATL 
development. A cut-off value of 20% aberant T-cells in the intraepithelial compart-
ment is of use in risk stratification of RCD patients. Aberrant IELs were found in RCD II 
patients with a median of 52% (range 27-94%) and medians of 1-8% in CD patient and 
control groups11 Little is known about the distribution of these aberrant T-cells 
thoughout the different compartments of the small intestine. Verkarre et al.13 and 
Cellier et al 4;8 showed by means of immunohistochemistry that aberrant IELs can be 
found diffusely spread at different longitudinal levels throughout the intestinal tract. 
Furthermore, Cellier et al showed their presence in blood by flow cytometry.4;8  
The present study clearly shows that aberrant T-lymphocytes can be present in both 
the IEL and the LPL compartments of RCD II patients. Although the highest percent-
ages are always present in the IEL compartment, aberrant LPL can exceed 20% of total 
LPL in half the RCD II patients. Aberrant IELs and LPLs showed a significant linear rela-
tion: a rise in aberrant IELs of 10% resulted in an increase in aberrant LPL of 6.4% 
(p=0.001). The presence of aberrant LPL was confirmed by immunohistochemical 
staining, excluding contamination of LPL by IEL during isolation.
The percentages TCRγδ+ T-cells in the present study were low in the epithelial layer as 
well as in the lamina propria. In a previous study we have also found a significantly lower 
proportion of TCRγδ+ IELs in RCD II as compared to all other CD groups.30 Regarding the 
proportion of CD4+ T-cells and CD19+ B-cells, one would expect higher proportions in 
the lamina propria layer than intraepithelially, as these cells are known to reside in this 
compartment. As compared to the intraepithelial layer, this was indeed the case for CD4+ 
T-cells (p=0.048). However, for CD19+ B-cells the relation was not significant, possibly due 
to large variability in proportions in combination with the relatively small sample size.
No previous studies on the cross-sectional small intestinal dissemination of aberrant 
T-cells in RCD II have been performed sofar. Our results indicate that aberrant LPLs can 
indeed be detected, indicating cross-sectional dissemination. The close contact of the 
lamina propria to the blood stream may thus faciliate the ability of aberrant 
T-lymphocytes to spread to an extraintestinal level. This is an interesting finding as 
EATLs are known to have the ability to spread extraintestinally.14 Indeed, cutaneous 
lymphocytes isolated from patients developing atypical skin lesions showed a similar 
aberrant immunophenotype as was found in the intestinal mucosa. An explanation for 
the actual presence of aberrant T-cells in the skin is not currently available since we 
did not analyze the presence of skin homing receptors yet. However, their expression 
of CD103, in addition to a similar monoclonal TCR rearrangement, at least indicates 
their origin from gut-derived clonal aberrant T-cells.
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Apparently, in RCD II the aberrant T-lymphocytes may also reside in the extraepithelial 
layer of the small intestinal mucosa, and even in an extraintestinal localization includ-
ing the skin. Whether this phenomenon represents a passive overflow from the intes-
tinal epithelium or active trafficking towards an other anatomical localization remains 
to be elucidated. In conclusion, our results show that RCD II indeed is a disseminated 
disease, which clearly imposes a risk of EATL development outside the intestine. To 
what extent the dissemination of aberrant T-cells in RCD II contributes to the spread-
ing of EATL has yet to be elucidated. An interesting scope for future investigations 
would be to investigate whether a high percentage aberrant LPLs is an independent 
prognostic parameter for the development extraintestinal EATL.
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