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AbsTrACT 
Aims Refractory coeliac disease type II (RCDII), a 
rare complication of coeliac disease (CD) associated 
with high morbidity, requires identification of a clonal 
population of phenotypically aberrant intraepithelial 
lymphocytes (IELs) for diagnosis. However, data 
regarding the frequency and significance of clonal T 
cell receptor (TCR) gene rearrangements (TCR-GRs) in 
small bowel (SB) biopsies of patients without RCDII 
are limited.
Methods We analysed results of TCR-GR analyses 
performed on SB biopsies at our institution over a 
3-year period, which were obtained from eight active 
CD, 172 CD on gluten-free diet (GFD), 33 RCDI, and 
three RCDII patients and 14 patients without CD. 
TCR-GR patterns were divided into clonal, polyclonal 
and prominent clonal peaks (PCPs) and these patterns 
were correlated with clinical and pathological 
features.
results Clonal TCR-GR products were detected in 
biopsies from 67% of patients with RCDII, 17% of 
patients with RCDI and 6% of patients with GFD. 
PCPs were observed in all disease phases (range 
12%–33%). There was no significant difference in 
the TCR-GR patterns between the non-RCDII disease 
categories (p=0.39). A higher frequency of surface 
CD3(−) IELs was noted in cases with clonal TCR-GR, 
but the PCP pattern did not show associations with 
any clinical or pathological feature. Persistence of 
clonal or PCP pattern on repeat biopsy was seen for 
up to 2 years without evidence of RCDII.
Conclusions Clonal TCR-GRs are not infrequent in 
cases lacking features of RCDII, while PCPs are frequent 
in all disease phases. TCR-GR results should be assessed 
in conjunction with immunophenotypic, histological 
and clinical findings for appropriate diagnosis and 
classification of RCD.

InTrOduCTIOn
Coeliac disease (CD) is a common autoimmune 
disorder (prevalence ~1%), which occurs in 
genetically susceptible individuals who develop 
an immune reaction to gluten. The diagnosis 
of CD is currently based on the presence of 
small bowel (SB) mucosal abnormalities (villous 
atrophy (VA), crypt hyperplasia, increased 
intraepithelial lymphocytes (IELs)1) and seroposi-
tivity for antiendomysial (EMA) and/or antitissue 

transglutaminase (tTG) antibodies, which are 
highly sensitive and specific for the disease. 
Permissive genetics (human leucocyte antigen 
(HLA)-DQ2 or HLA-DQ8 alleles) support 
the diagnosis, whereas their absence virtually 
excludes CD.1 2 

A gluten-free diet (GFD) is the mainstay of 
treatment, adherence to which results in the 
normalisation of SB histopathology and disap-
pearance of disease-associated antibodies in most 
instances. Persistence of severe symptoms and 
VA despite strict GFD occurs in a small subset of 
patients who are deemed to have refractory CD 
(RCD). RCD is classified into RCDI and II, based 
on the absence or presence of a clonal IEL popu-
lation manifesting an aberrant phenotype.1 3 4 The 
correct classification of RCD is critical, given that 
RCDI follows a relatively benign course, while 
RCDII is associated with poor prognosis, with 
approximately 50% of RCDII patients  devel-
oping enteropathy associated T cell lymphoma 
(EATL) within 5 years.5–7

Immunohistochemistry and flow cytometry (FC) 
are currently used to assess the phenotype of IELs. 
FC is more sensitive and specific in assessing the 
expression/loss of surface CD3, CD8 and T cell 
receptor (TCR) and aids in precise quantification 
of phenotypically aberrant IELs.6 8 The clonal 
nature of IELs is evaluated by TCR-γ and/or TCR-β 
gene rearrangement (TCR-GR) analyses; however, 
these assays can vary in sensitivity and/or spec-
ificity depending on the method used.9 10 Clonal 
TCR-GRs are detected in the majority of RCDII 
cases; however, a few studies have documented 
clonal TCR-GRs in uncomplicated CD (up to 36% 
of cases). These studies comprised a small number 
of patients, often lacking adequate clinical data, 
and many utilised older TCR-γ GR assays with 
non-standardised PCR primers and protocols.9 11–14

Since determining the presence of a clonal popu-
lation of phenotypically aberrant IELs is integral to 
the diagnosis and correct classification of RCD, we 
sought to evaluate the frequency of clonal TCR-GR 
in SB biopsy samples from a large cohort of patients 
with CD that had FC-defined IEL phenotypes, 
across different phases of CD, with a sensitive PCR 
assay using the BIOMED-2 primers.10 Associations 
between clonal TCR-GR results and SB histology, 
IEL phenotype, clinical presentation and serological 
findings were also assessed.
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MATerIAls And MeThOds
Case selection
We identified SB biopsies from established and suspected patients 
with CD whose samples were submitted for TCR-GR analysis at 
our institution over a 3-year period. FC and SB histology, clin-
ical features and laboratory findings, including disease duration, 
type of symptoms (typical/diarrhoea predominant vs atypical), 
therapy and serological abnormalities (antigliadin antibodies, 
deamidated gliadin peptide, EMA and tTG), as well as clinical 
outcomes were obtained.

TCr-β Gr analysis by fluorescent PCr
DNA was extracted from fresh or formalin fixed paraffin 
embedded (FFPE) SB biopsies. Multiplexed fluorescent PCR 
analysis was performed using BIOMED-2 primers followed by 
high-resolution capillary electrophoresis.10 A clonal TCR-GR 
was defined as a prominent single peak twice the height of the 
second highest peak or 2.5 times the height of the third highest 
peak in cases with two prominent peaks within the expected size 
range. Polyclonal TCR-GR was defined as multiple peaks with 
a Gaussian peak-height distribution. Prominent clonal peaks 
(PCPs) were defined as discrete peaks that were much higher 
than the polyclonal background but did not meet the aforemen-
tioned ‘peak-height-ratio’ criteria for clonality (figure 1).

Flow cytometry
Four-colour FC of fresh SB biopsy samples was performed with 
FACSCalibur (Becton Dickinson, San Diego, California, USA) 
using a panel of antibodies: CD45, CD14, surface CD3, cyto-
plasmic CD3, CD4, CD5, CD7, CD8, CD16+56, CD19, 
CD103, CD13, CD25, HLA-DR, CD30, TCR-alpha/beta and 
TCR-gamma/delta (BD Bioscience). Data were analysed using 
Cellquest software (Becton Dickinson).

histopathological assessment
SB biopsies (Hematoxylin & Eosin stained) were classified as 
(1)  absence of VA and no increase in IELs (normal), (2) increased 
IELs without VA (Marsh I–II) and (3) increased IELs with partial 
to total VA (Marsh IIIa–IIIc).15

disease classification
Patients were classified using currently recommended clinico-
pathological criteria.16 Newly diagnosed patients with CD were 
designated as having active CD (ACD). The diagnosis was based 
on serological and histopathological findings, while patients 
were on a gluten-containing diet. Patients that did not exhibit VA 
(Marsh I/II) but had positive serologies and symptom response to 
GFD were included in this category. Patients on GFD following 
the diagnosis of CD were classified as GFD. Patients with 
persistent/recurrent malabsorptive symptoms with VA despite 
being on GFD for at least 12 months, after excluding other aeti-
ologies or any malignancy, were classified as RCD. These cases 
were subdivided into RCDI and RCDII based on the absence or 
presence of phenotypically aberrant IELs, respectively, assessed 
by FC. Patients whose clinical, biopsy and serological findings 
did not support a diagnosis of CD or those diagnosed with other 
gastrointestinal disorders were classified as non-CD.

statistical analysis
Descriptive statistics are presented for disease classification and 
results of TCR-GR analysis. The demographic, clinical, flow 
cytometric and histological characteristics of the patient groups 
were compared using Fisher’s exact test, Χ2 test for categor-
ical variables, and the t-test and analysis of variance test for 
non-parametric variables as appropriate.

resulTs
Case composition
During the study period, 286 samples (from 245 patients) were 
identified. Sixteen samples from patients with incomplete clin-
ical information (n=12) and those with non-CD related T cell 
lymphoproliferative disorders (n=4) were excluded. The distri-
bution of the remaining 270 samples was as follows: 187 GFD 
(172 patients), eight ACD (eight patients), 51 RCDI (33 patients), 
nine RCDII (three patients) and 15 non-CD (14 patients). 
Samples from a single time point were used for TCR-GR anal-
ysis in 202 patients (88%) and 28 patients had repeat biopsies 
analysed, the majority for persistent symptoms (table 1). Data 
of nine patients diagnosed with RCDI elsewhere prior to the 

Figure 1 Representative images of clonal (top), polyclonal (middle) and prominent clonal peak (bottom) TCR-GR patterns. Arrows indicate distinct 
peaks.
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commencement of our study, with only follow-up biopsies anal-
ysed at our institution, are excluded from table 1 (please see 
the section Analysis of follow-up biopsies below for details).

Patient demographics and clinicopathological characteristics
Clinical and pathological characteristics of patients at the time of 
first biopsy during the study period are shown in table 1. Consis-
tent with prior observations, our series showed a female predom-
inance (76%). There was no statistical difference in the gender 
ratio and type of presenting symptoms between disease groups. 
The mean age of patients with RCDI and RCDII at the time of 
biopsy was significantly higher than that of patients with ACD 
and GFD (p=0.005). Patients in the ACD and non-CD groups 
had shorter disease duration (mean 1.8 and 9.6 months, respec-
tively). However, no significant difference in disease duration 
was observed between GFD, RCDI and RCDII groups (p=0.32). 
A significantly higher number of patients with RCDI and RCDII 
received immunomodulatory therapy (prednisone, budesonide 
and/or azathioprine) compared with those on GFD (p<0.0001); 
none of the patients with ACD received such therapy. VA was 
significantly more frequent in patients with ACD compared 
with patients on GFD and non-CD patients (p=0.018). Diag-
noses of patients in the non-CD group comprised collagenous 
sprue (n=2), tropical sprue (n=3) and eosinophilic oesophagitis 
(n=1), all showing VA, and gastro-oesophageal reflux disease 
and non-coeliac gluten sensitivity (n=1, each), both lacking VA. 
Six patients did not have a specific pathological diagnosis and all 
except one showed normal histology.

Patients with ACd
In the ACD cohort (eight samples from eight patients), none 
of the SB biopsies showed clonal TCR-GR products. One case 
showed a PCP pattern, while biopsies from seven patients 
(87.5%) showed polyclonal products (table 1).

Patients on GFd
One hundred and eighty seven samples from 172 patients were 
analysed. A polyclonal TCR-GR pattern was seen in 130/172 
(76%) patients and 31 (18%) and 11 (6%) showed PCP and 
clonal TCR-GR patterns, respectively. Positive serologies and/or 
VA were detected in 5/11 (45%) patients with clonal TCR-GRs 
and 16/31 (52%) patients with a PCP pattern. Of patients with 
both negative serology and normal histopathology, 1/41 (2.4%) 
had a clonal TCR-GR and 4/41 (9.8%) had a PCP pattern 
(table 1).

Patients with rCdI
Fifty-one samples from 33 patients were analysed. As mentioned 
above, RCDI was diagnosed elsewhere in nine patients and only 
follow-up biopsies (showing normal histology) were assessed at 
our institution (see the Analysis of follow-up biopsies section 
below).

All 24 patients diagnosed with RCDI on first biopsy within 
the study period showed VA; 63% had diarrhoea-predominant 
symptoms and 57% received immunomodulatory drug therapy. 
Clonal TCR-GR was detected in 4/24 (17%) patients and 3/4 
(75%) had positive serologies. The PCP pattern was seen in 6/24 
(25%) patients, none with positive serologies. Of the 14 patients 
with polyclonal products, three (21%) had positive serologies 
(table 1).

Of six RCDI patients  with positive serology, three (50%) 
displayed clonal TCR-GR and three (50%) had polyclonal 
TCR products. Of 17 patients with negative serology, one (6%) 
displayed clonal TCR-GR, six (35%) exhibited a PCP pattern 
and 10 (59%) showed polyclonal products.

Patients with rCdII
Nine biopsies were evaluated from three patients. All three 
patients had follow-up biopsies during the study period and all 

Table 1 Clinicopathological characteristics of patients at the time of first analysis of small bowel biopsies

Total (n=221) ACd (n=8) GFd (n=172) rCdI (n=24) rCdII (n=3) non-Cd (n=14) P values

Age (mean (SE)) 
(range)

44.25 (5.1)
(26–71)

48.88 (1.3)
(19–88)

57.38 (2.9)
(24–79)

67.00 (5.1)
(42–75)

60.86 (3.4)
(40–76)

0.0052

Gender 0.7946

  Female 169 7 131 18 3 10

  Male 52 1 41 6 0 4

Duration of disease mean (SE) 
[range], in months

1.8 (1.1) (0–6) 89.2 (12.4) (2–
1251)

105.2 (25.8) (8-
655)

84.00 9.6 (2.6) (4–18) 0.4811 (0.3248*)

Diarrhoea 2/8 (25%) 102/172 (59%) 15/24 (63%) 1/3 (33%) 8/14 (57%) 0.3336

Immunomodulatory therapy 0/6 (0%) 23/158 (16%) 13/23 (57%) 2/2 (100%) 4/11 (42%) <0.0001

Positive serology 6/8 (75%) 64/150 (43%) 6/23 (26%) 2/3 (67%) 0/12 (0%) 0.0049 (0.0967†)

Histology <0.0001 (0.0179‡) 

  VA with ↑IELs 6/8 (75%) 51/172 (30%) 24/24 (100%) 3/3 (100%) 7/14 (50%)

  ↑IELs without VA 2/8 (25%) 54/172 (31%) 0/24 (0%) 0/3 (0%) 1/14 (7%)

  Normal 0/8 (0%) 67/172 (39%) 0/24 (0%) 0/3 (0%) 6/14 (43%)

TCR 0.0044 (0.3888§) 

  Clonal 0/8 (0%) 11/172 (6%) 4/24 (17%) 2/3 (67%) 0/14 (0%)

  Polyclonal 7/8 (88%) 130/172 (76%) 14/24 (58%) 0/3 (0%) 10/14 (71%)

  PCP 1/8 (12%) 31/172 (18%) 6/24 (25%) 1/3 (33%) 4/14 (29%)

*Analysis of GFD, RCDI and RCDII groups only.
†Analysis of ACD, GFD, RCDI and RCDII groups only.
‡Analysis of non-RCD disease categories only.
§Analysis of ACD, GFD, RCDI and non-CD groups only.
ACD, active coeliac disease; GFD, gluten-free diet; IELs, intraepithelial lymphocytes; non-CD, aetiology other than coeliac disease; PCP, prominent clonal peaks; RCD, refractory 
coeliac disease; TCR, T cell receptor rearrangement; VA, villous atrophy; SE, standard error. 
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received immunomodulatory drug therapy. Two patients showed 
clonal TCR-GR and one displayed the PCP pattern (table 1). The 
latter case was diagnosed as RCDII prior to the study period 
based on histopathological features, detection of aberrant 
phenotype by FC and clonal products by TCR-GR analysis.

Analysis of follow-up biopsies
Thirteen patients with GFD had follow-up biopsies, with three 
(23%) subsequently being diagnosed as RCDI. Two of these 
cases demonstrated no change in the TCR pattern (polyclonal), 
whereas one showed a PCP pattern on repeat biopsy.

Twelve patients with RCDI had follow-up biopsies, including 
nine that were first diagnosed elsewhere. None showed disease 
progression to RCDII, with 7/12 cases (58%) remaining poly-
clonal on repeat testing and five (42%) showing persistent clonal 
or PCP TCR-GR patterns.

All three patients with RCDII had follow-up biopsies, with 
two showing persistent clonal TCR-GRs in multiple repeat 
biopsy samples (n=8) and one showing persistent PCP pattern 
and VA.

Altogether, of the 28 patients with follow-up biopsies, three 
(11%) had a change in diagnosis from GFD to RCDI (interval 
between biopsies 11–32 months). Diagnosis was unchanged on 
repeat biopsy in 25 patients (interval between biopsies 5–35 
months).

In 13/28 (46%) patients with repeat biopsies, clonal (n=4, 
31%) or PCP (n=9, 69%) TCR-GR patterns were found at first 
biopsy in our study period with none showing disease progres-
sion (table 2). A ‘transient’ clonal (n=1) or PCP (n=3) TCR-GR 
pattern was noted in 4/13 cases (all GFD) with follow-up biopsies 
showing a polyclonal TCR-GR pattern (time interval between 
biopsies 6–24 months). Two of these showed VA and positive 
serology suggesting exposure to dietary gluten. Persistent clonal 
or PCP TCR-GR patterns were observed in 9/13 patients (time 
interval between biopsies 5–25 months). Identical sized clonal 
product or PCPs were found on subsequent biopsies in 8/9 
(89%) patients, including three with RCDII, with the majority 
exhibiting VA and a subset (n=4, 50%) demonstrating positive 
serologies. One patient with RCDI showed different clonal/PCP 
TCR-GR patterns on repeat biopsies with persistent VA.

In the remaining 15/28 patients with repeat biopsies, 13 
showed polyclonal TCR-GR on initial and follow-up biopsies 
with no change in diagnosis and 2/15 patients demonstrated 
polyclonal TCR-GR on initial diagnosis with follow-up biopsies 
showing a clonal or PCP pattern. The latter case progressed from 
GFD to RCD1 while the former showed no disease progression.

Concurrent TCr-β Gr analysis of fresh and FFPe biopsy 
samples
Repeat TCR-GR analysis of FFPE biopsies from the same time 
point in 57/71 (80%) cases confirmed the original TCR-GR 
pattern, while 14 (20%) showed discordant results, findings in 
line with prior studies.17 Seven (10%) showed conversion of 
PCP pattern to polyclonal or vice versa and were considered to 
represent ‘pseudoclones’ and 6 (8%) showed clonal TCR-GR on 
analysis of fresh biopsy and a PCP pattern on FFPE or vice versa 
with unchanged TCR-GR product size. These cases were consid-
ered to harbour clonal TCR-GRs. One case with a polyclonal 
TCR-GR on analysis of fresh biopsy showed clonal TCR-GR 
on testing FFPE tissue. This patient was also considered to have 
clonal TCR-GR for the purpose of this study. The follow-up 
biopsy of this patient (GFD) showed polyclonal TCR-GR with 
no change in diagnosis.

Correlation of TCr-β Gr patterns with clinical and 
pathological features
Overall, a significantly higher proportion of patients with RCDII 
showed clonal TCR-GR compared with other disease groups 
(p=0.004). There was no significant difference in the frequen-
cies of different TCR-GR patterns between the non-RCDII 
disease groups (p=0.39). Clonal TCR-GR was found in 6% of 
GFD and 17% of RCDI, but in none of the ACD and non-CD 
cases. The PCP pattern was seen in all patient groups including 
4 cases in the non-CD group, without significant differences 
between the groups (table 1).

Analysis of the cases stratified by TCR-GR patterns (clonal, 
polyclonal and PCP) showed no significant differences between 
the groups with regard to age, clinical, serological and histo-
logical parameters (table 3). Specifically, comparison of the 

Table 2 Follow-up clinicopathological data of cases with initial clonal or PCP TCR GR pattern

TCr pattern
(initial→f/u)

disease status Interval, 
months

histology symptoms serology Cd4(-)
Cd8(-) sCd3(−) TCr (−)At dx f/u At dx f/u At dx f/u At dx f/u

Transient

1   C→PC GFD GFD 24 ↑IEL VA Absent Absent + − <20 <10 <10

2   PCP→PC GFD GFD 6 ↑IEL ↑IEL Absent Present − − 27–34 <10 <10

3   PCP→PC GFD GFD 23 VA VA Present Absent + − <20 <10 <10

4   PCP→PC GFD GFD 12 ↑IEL ↑IEL Present Present − − <20 <10 <10

Persistent

5   PCP→C (≠) RCDI RCDI 12 VA VA Present Present − − <20 <10 <10

6   PCP→PCP (=) RCDII RCDII 6 VA VA Absent Absent + ? 1–21 69–70 <10

7   PCP→PCP (=) RCDI RCDI 20 VA VA Present Present − + <20 <10 <10

8   PCP→PCP (=) RCDI RCDI 23 VA VA Present Present − − <20 <10 2–13

9   PCP→C (=) RCDI RCDI 25 ↑IEL VA Absent Absent − − 16–25 <10 <10

10   C→PCP (=) GFD GFD 15 VA VA Absent Absent + − <20 <10 <10

11   PCP→PC→PCP (=) RCDI RCDI 9, 14 VA VA Absent Present − + 30–46 <10 <10

12   C ×3 (=) RCDII RCDII 12, 18 ↑IEL ↑IEL Present Present − ? 20–28 17–26 <10

13   C ×5 (=) RCDII RCDII 9, 2, 7, 5 VA VA Absent Present − − <20 36–85 <10

C, clonal; dx, diagnosis; f/u, follow-up; GR, gene rearrangement; IEL, intraepithelial lymphocytes; PC, polyclonal; PCP, prominent clonal peaks; TCR, T cell receptor; VA, villous 
atrophy; ?, unknown; (=), identical size products; (≠), different size products. 
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clonal and PCP groups showed no significant differences in 
the frequency of VA, serological status, diarrhoea-predomi-
nant presentation and use of immunomodulatory drug therapy. 
However, analysis of FC showed a significantly higher fraction 
of surface CD3(−) lymphocytes in the clonal TCR-GR group 
compared with the PCP and polyclonal groups (p<0.0001). 
These results were significant even when RCDII cases were 
excluded from analysis (p=0.023). There was no association 
between cases with clonal TCR-GR and expansions of other 
T cell populations. Additionally, no statistically significant differ-
ences were observed between the clonal and PCP cases with 
respect to the PCR primer sets showing abnormalities (D–J and/
or V–J) (table 3).

Furthermore, no statistically significant differences in the 
TCR-GR patterns of GFD cases with and without VA were 
observed, irrespective of the duration of GFD (p=0.91) or 
on comparing patients on GFD for >12 months to those on 
GFD <12 months from diagnosis (p=0.9) (see online Supple-
mentary table S1). No significant differences in the TCR-GR 
patterns were noted on comparing seropositive and seronega-
tive patients with GFD (p=0.91). Analysis of TCR-GR patterns 
based on the presence or absence of VA, when ACD and GFD 
groups were combined, also did not show any statistically signif-
icant differences (p=0.88) (online Supplementary table S1).

dIsCussIOn
RCDI and II are rare complications of CD that have signifi-
cantly different clinical features and prognoses.1 16 Current diag-
nostic algorithms incorporate the IEL phenotype and results of 
TCR-GR analyses, in distinguishing between RCDI and II.4 The 
phenotype of IELs in CD and RCDI and II has been reason-
ably well characterised.12 18–20 However, data regarding the 
patterns of TCR-GR in different phases or clinical presenta-
tions of CD are limited and their clinical significance remains 

unclear.11–14 Standardisation of multiplex PCR assays and opti-
misation of primers for TCR-GR studies has led to increased 
sensitivity in the detection of clonal T cell populations in T cell 
neoplasms.10 In our study, we investigated the significance of 
the different TCR-GR patterns using the BIOMED-2 primers 
in different phases of CD, including RCD, and correlated these 
findings with the relevant clinical and pathological features.

We found that the presence of clonal TCR-GR is not specific 
for RCDII. This pattern was seen in a small but significant frac-
tion of RCDI and GFD cases (17% and 6%, respectively), but 
not in ACD and non-CD cases. However, PCPs were detected 
in a sizeable subset of cases in all disease groups, including 
RCDII. There was no association between clonal or PCP 
TCR-GR patterns and the clinicopathological characteristics 
of CD patients assessed in this study. This finding supports the 
results of prior studies of RCD patients, which found no associ-
ation between detection of clonal TCR-GR in SB biopsies and 
clinical outcome.21 22Intriguingly, FC showed an association 
between a significantly higher sCD3(−) lymphocytic popula-
tion and clonal TCR-GR in non-RCDII SB biopsies. The signif-
icance of this finding is unclear. FC analysis used in this study 
could not reliably distinguish whether the sCD3(-) lymphocytes 
represented activated T cells that had downregulated CD3 or 
intraepithelial innate lymphoid cells (ILCs), which lack sCD3 
expression.23 24 As no increase in sCD3(-) lymphocytes was seen 
in ACD biopsies, we favour these cells to be ILCs. Importantly, 
since whole biopsy samples were used for FC and TCR-GR 
analysis, the source of clonal TCR-GRs (lamina propria T cells 
vs IELs) is not known. Future analyses of purified or sorted 
lymphocyte fractions are awaited to discern if clonal TCR-GRs 
reflect expansions of intraepithelial innate T cells or ILCs or 
gliadin-responsive lamina propria T cells.

In a subset of our cases with follow-up biopsies, persistence 
of identical-sized PCR products (either as a distinct clone or 

Table 3 Clinicopathological, molecular and phenotypic characteristics of cases with different TCR-GR patterns

Clonal Polyclonal PCP P values

Age mean (SE) 
(range)

56.29 (3.8)
(31-88)

50.07 (1.3)
(19-86)

50.88 (2.8)
(19-81)

0.3676

Histology 0.4380

   VA 9/17 (53%) 65/161 (40%) 17/43 (40%)

  ↑IELs without VA 5/17 (29%) 38/161 (24%) 14/43 (32%)

  Normal 3/17 (18%) 58/161 (36%) 12/43 (28%)

Positive serology 7/14 (50%) 57/141 (40%) 15/42 (36%) 0.7373

Diarrhoea 9/17 (53%) 97/163 (60%) 23/43 (53%) 0.7091

Immunomodulatory therapy 5/17 (29%) 32/149 (21%) 7/36 (19%) 0.7031

TCR PCR primer sets 0.5081*

  D–J 5/17 (30%) 0/163 19/43 (44%)

  V–J 6/17 (35%) 0/163 10/43 (23%)

  D–J and V–J 6/17 (35%) 0/163 14/43 (33%)

Flow (%) mean (SE)(range) 

  CD8(+) 56.35 (7) (2–90) 60.99 (1.2) (5–94) 59.37 (2.5) (13–82) 0.5259

  CD4(+) 13.94 (3.6) (4–57) 15.46 (1.0) (2–82) 16.28 (1.8) (4–67) 0.8022

  TCR a/b 62.82 (6.2) (10–90) 64.52 (1.1) (33–93) 63.76 (2.5) (13–92) 0.8929

  TCR g/d 13.06 (2.9) (1–38) 20.37 (1.1) (1–62) 19.17 (2.3) (1–56) 0.1359

  TCR(-) 0.47 (2.0) (−23 to 18) 3.14 (0.5) (−12 to 43) 4.24 (1.2) (−23 to 29) 0.1630

  sCD3(-) 17.8 (8.2) (−2 to 86) 2.77 (0.4) (−14 to 24) 3.41 (1.9) (−12 to 70) <0.0001 (0.0227†, 0.6141‡) 

*Analysis of clonal and PCP groups only.
†Analysis excluding the RCDII group.
‡Analysis of polyclonal and PCP groups only.
GR, gene rearrangement; IELs, intraepithelial lymphocytes; PCP, prominent clonal peaks; RCDII, refractory coeliac disease type II; TCR, T cell receptor rearrangement; VA, villous 
atrophy; SE, standard error. 
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PCP) was noted for over 2 years without evidence of RCDII 
based on FC phenotyping of the IELs. Nearly all of these cases 
showed persistent VA and half of the non-RCDII cases showed 
positive serologies consistent with gluten exposure. Our find-
ings somewhat differ from those of Liu and colleagues,11 
who detected clonal TCR-GRs in 16% of CD cases. Transient 
clonal GRs were associated with GFD-non-compliance but 
not with expansions of aberrant IELs. However, persistent 
clonal TCR-GRs detected in 9% of CD cases were associated 
with concurrent or progressive expansion of aberrant IELs 
and progression to RCDII or EATL. Of interest, persistence 
of aberrant IELs or clonal TCR-GR alone was not associated 
with development of EATL. In their study, aberrant IELs were 
quantified by immunohistochemistry and a cut-off value of 
40% was established to diagnose RCDII. It has been shown 
that immunohistochemistry is suboptimal for phenotypic 
characterisation of IELs and this modality can misclassify 
a proportion of CD or RCDI cases as RCDII.1 8 19 20 In our 
study, FC analysis allowed precise characterisation of IELs and 
a more accurate assessment of disease status.

A recent study utilising high-throughput sequencing of 
TCR-β genes to characterise the small intestinal T cell reper-
toire in CD and RCD detected frequent dominant clonotypes 
in RCDII cases along with lower numbers of other clonotypes 
(reduced repertoire).25 Dominant TCR sequences/clonotypes 
were also noted in the biopsies of patients without CD and 
with RCDI, while patients with ACD had a significantly higher 
number of clonotypes (expanded repertoire) compared with 
CD patients on GFD, which might reflect bystander activation 
and expansion of T cells as a consequence of inflammation. 
The dominant clones in RCDII appeared gliadin-independent, 
and the authors found that 4/5 patients with RCDII that even-
tually progressed to EATL showed >50% frequency of the 
most common clonotypes. However, similar to our findings, 
persistence of specific TCR clones was noted in patients with 
GFD (and ACD) for several years without disease progres-
sion to RCDII. Further studies evaluating the relationship of 
specific TCR clonotypes with expansions of aberrant IELs 
may help elucidate the pathogenesis of RCDII.

Comprehensive evaluation of GFD adherence is crucial 
when assessing for RCD. This can be challenging in symp-
tomatic patients who report strict dietary compliance and 
are unaware of surreptitious/trace gluten ingestion.4 26 27 
Furthermore, there is variability among patients with regard 
to gluten tolerance and time to normalisation of the duodenal 
mucosa following GFD.4 28 29Characterisation of TCR-GRs 
by next-generation sequencing to determine the composition 
of T cell clonotypes in patients on stringent GFD and those 
consuming gluten might be useful in understanding the impact 
of low level gluten exposure on TCR-GR assays.

Our study indicates that the results of TCR-GR analyses 
should be interpreted with caution when entertaining a diag-
nosis of RCDII, as clonal TCR-GRs can be seen in up to 
17% of non-RCDII cases. Corroboration with the results of 
FC determined IEL phenotype and biopsy histopathology 
is necessary. The PCP pattern, observed in 12%–29% of 
non-RCDII biopsies, does not define clonality and can be 
seen in all phases of CD as well as in non-CD cases. Since 
discrepant TCR-GR results between fresh (or frozen) and 
FFPE samples have been described and also noted in 20% 
of our cases, analysis of fresh or frozen biopsies is recom-
mended.17 However, repeat TCR-GR analysis on a different 
FFPE biopsy sample or a follow-up biopsy may help clarify 
an indeterminate result.10 30 The complexity these analyses 

present for evaluating suspected RCDII suggests that patients 
are best served by specialised centres that employ a multidis-
ciplinary approach to the diagnosis and clinical management 
of patients with CD.
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