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Abstract
Background The histopathologic diagnosis of celiac disease (CD) may be challenging when the duodenal biopsies mucosal 
injury is limited. Intraepithelial T-lymphocytes (IELs) can be useful to characterize the degree of mucosal inflammation. A 
small fraction of IELs expresses the γδ T-cell receptor (named γδ-IELs), whose density, determined by flow cytometry or 
frozen section immunohistochemistry (IHC), is a specific marker for CD.
Aim To establish a new IHC assay for γδ-IELs applicable to formalin-fixed paraffin-embedded (FFPE) duodenal biopsies.
Methods We analyzed γδ-IELs using IHC in 138 duodenal biopsies using a standard IHC staining protocol with a new 
monoclonal antibody H-41. IELs were quantitated with digital image analysis.
Results Compared to those in non-celiac controls (n = 51), γδ-IEL density was significantly increased in newly diagnosed 
celiac disease patients (n = 22, p < 0.0001). In ROC-curve analysis, the cutoff of 6.5 γδ-IELs/100 enterocytes distinguished 
optimally active CD patients from non-celiac controls (sensitivity 96%, specificity 95%). γδ-IEL density in CD patients 
on a gluten-free diet (n = 53) were also higher than in controls (p < 0.0001), but lower than those in newly diagnosed CD 
(p < 0.0001). The diagnostic value of γδ-IELs outperformed that of CD3 + IELs in both patient groups. γδ-IELs were bet-
ter than CD3 + IELs distinguishing between celiac disease and conditions histologically mimicking celiac disease (n = 12).
Conclusions Intraepithelial γδ T-lymphocytes can be stained and quantitated reliably in FFPE duodenal biopsies. The results 
showed excellent specificity and sensitivity for celiac disease. The new IHC method of detection of γδ-IELs is a promising 
addition to the routine histopathologic assessment methodology of celiac disease.
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Introduction

Celiac disease (CD) is an autoimmune disorder in which 
dietary gluten causes a gradually developing inflammation, 
villous atrophy, and crypt hyperplasia in the mucosa of the 
small intestine [1]. Currently, the only therapeutic option is a 
life-long, strict gluten-free diet (GFD), which is burdensome 
and limits the normal day-to-day life [1]. Active research is 
underway to develop drugs, vaccines, and safe dietary prod-
ucts to overcome the burden of this disease [2–4].

The histopathologic diagnosis of celiac disease presents 
no difficulties when biopsies from serologically positive 
patients show severe villous atrophy and crypt hyperplasia. 
Diagnostic difficulties may arise, however, when serology 
and biopsy findings are borderline. In such cases, there is 
significant interobserver variation between pathologists, and 
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risk for both under- and overdiagnosis [5–8]. Histological 
findings may show celiac disease-unrelated inflammation 
(e.g., due to non-specific duodenitis, Helicobacter infection, 
or olmesartan use). Histologic diagnosis is often challeng-
ing in patients who have avoided gluten without a previous 
diagnosis of celiac disease.

Diagnostic approaches beyond conventional histopathol-
ogy and serology have been introduced for the diagnosis 
of celiac disease [1 and references there in]. Quantitation 
of intraepithelial T-lymphocytes (IELs), identified by either 
hematoxylin-eosin (H&E) staining or CD3 immunohisto-
chemistry (CD3-IHC), can be used to characterize celiac 
disease [7–9]. However, CD3 + IEL counts have been shown 
to overlap between diagnostic entities and cannot be used 
as the main criterion for celiac disease diagnosis [7, 8]. A 
small fraction of intraepithelial T-lymphocytes expresses 
the γδ T-cell receptor (γδ-IELs) [9–11]. Their abundance 
in the villus epithelium is a highly specific marker of celiac 
disease [10–13]. γδ-IEL densities respond to a gluten-free 
diet (GFD) and gluten challenge [3, 10, 12] but may remain 
slightly elevated despite a strict GFD [11, 12, 14]. Recent 
guidelines suggest that in doubtful cases, a high γδ-IEL den-
sity is an indicator of celiac disease diagnosis or evolving 
celiac disease [15, 16].

So far, the assessment of γδ-IELs has been performed 
mainly by flow cytometry (reviewed in 12, which is usu-
ally not available in daily histopathologic practice. Alterna-
tively, immunohistochemistry of frozen or PAXgene-fixed 
tissue sections has been used with success [9–11, 17–19]. 
The only γδ antibody compatible with immunohistochemi-
cal detection has been the clone g3.20, which was recently 
withdrawn from the market. Prompted by this fact, Jung-
bluth et al. [20] tested several γδ T-lymphocyte antibodies 
and showed that the monoclonal antibody clone H-41 is a 
good choice to replace clone g3.20 in IHC of lymphomas. 
H-41 was shown to react with both the δ1 or δ2 chains of 
the T-cell receptor [20], making it potentially useful also 
for celiac disease research and diagnostics. We tested the 
utility of the monoclonal antibody H-41 in IHC of duodenal 
FFPE biopsies to detect γδ-IELs in newly diagnosed celiac 
disease patients, patients on a long-term GFD and non-celiac 
disease controls.

Materials and Methods

Patients

The study material was collected at “Casa Sollievo della 
Sofferenza” Hospital, San Giovanni Rotondo (Foggia, Italy), 
and half of the non-celiac control group at Central Fin-
land Hospital (Jyväskylä, Finland). The material consisted 
of duodenal biopsies from 138 patients divided into four 

groups: First, 22 newly diagnosed untreated celiac disease 
patients were included. Second, we included 53 long-term 
treated celiac disease patients (GFD for at least 2 years). 
Forty-six of the GFD patients belonged to a randomized 
clinical trial of a dietary wheat product (ClinicalTrials.gov 
Identifier NCT03137862). Third, 12 patients had histologic 
diagnoses of well-known mimics of celiac disease as defined 
by signs of mucosal atrophy and/or intraepithelial lymphocy-
tosis (see Tables 1 and 3). Fourth, 51 non-celiac disease con-
trol patients underwent clinically indicated upper gastroin-
testinal endoscopy due to unexplained abdominal symptoms, 
dyspepsia, or symptoms of gastroesophageal reflux without 
suspicion of celiac disease. In non-celiac control patients, 
celiac disease was excluded by negative celiac-specific serol-
ogy and duodenal biopsy histopathological examination.

Biopsy Processing and Histopathology Analysis

Duodenal biopsy samples were taken during upper gastro-
intestinal endoscopy and fixed in neutral buffered formalin 
and embedded in paraffin blocks using a standard FFPE pro-
tocol. Tissue Sections (3–4 µm thick) were stained for H&E. 
Eighty-seven well-oriented samples were classified using 
morphometric measurements of villous height (VH) and 
crypt depth (CrD) ratios [21], which were further converted 
to the Marsh–Oberhuber grading system using the conver-
sion table by Adelmann et al. [22]. The measurements were 
made by two scientists having large experience on quantita-
tive histomoprhopmetry of celiac disease (co-authors A.P 
and J.T. of this study).

Immunohistochemistry

The FFPE biopsy tissue samples were sent to Jilab Inc., 
Tampere, Finland for immunohistochemical analysis. IHC 
for CD3-IELs was performed with a rabbit monoclonal 
anti-CD3 antibody (clone SP7, product RM-9107, Thermo 
Scientific, Waltham MA, dilution 1:300, incubation 1 h at 
room temperature). For γδ-IELs, a monoclonal antibody 
H-41 was used (product sc-100289, Santa-Cruz Biotechnol-
ogy, Dallas TX, at dilution 1 µg/ml, incubation 1 h at room 
temperature). A standard IHC staining protocol using high-
pH, high-temperature antigen retrieval (Tris-EDTA buffer, 
pH 9.0, 121C for 2 min), and a peroxidase-polymer-based 
detection kit (HistoFine Simple-Stain Nichirei Biosciences, 
Tokyo, Japan) was employed. Diaminobenzidine (DAB-2V, 
Nichirei) was used as chromogen (using reaction intensifica-
tion with 0.5% copper sulphate) and hematoxylin for coun-
terstaining. The staining procedure was carried out using 
an automated staining platform (LabVision Autostainer, 
ThermoFisher, Waltham, MA). An FFPE section of a known 
positive control (human tonsil) was included on every slide.
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IEL Quantitation

Slides were scanned as high-resolution whole-slide images 
at a resolution of 0.16 µm per pixel (SlideStrider scanner, 
Jilab Inc., Tampere, Finland). Areas showing the strongest 
labeling at low magnification were chosen for  CD3+ IEL and 
γδ IEL cell counting (hotspot sampling). IELs in three to six 
villi, containing at least 300 enterocytes, were counted auto-
matically using our proprietary Auto-IEL software, which 
is a modification of our previously described IHC staining 
cell counting software [23]. In cases presenting with severe 
villous atrophy, IELs were counted from the flat surface 
epithelium of the mucosa. The  CD3+- and γδ-IEL counts 
were adjusted per 100 enterocytes, denoted as “IEL density.” 
Measurements were independent of villous and crypt length 
data and clinical information.

Statistics

Descriptive statistics, group comparisons, and receiver-
operator curve (ROC) analysis were performed using Graph-
Pad Prism software (version 7.03, GraphPad Software San 
Diego, CA).

Results

The monoclonal antibody H-41 yielded a strong and crisp 
immunohistochemical staining reaction in duodenal FFPE 
mucosal tissues with standard high-pH antigen retrieval 
and a wide range of primary antibody concentrations. 
Nonspecific background staining was minimal (Fig. 1). 
With the optimized staining procedure for FFPE, γδ-IELs 
were visualized similarly to that described previously for 
frozen and Paxgene-fixed Sections [11, 20]. A high cor-
relation was found between the densities of γδIELs stained 
with mAb H-41 and the currently unavailable mAb g3.20 
in PAXgene-fixed serial sections published in our previous 
study (r = 0.85, n = 30, data not shown, ref 17).

Overall, IHC data from 138 patients were included in 
this study (Table 1). Digital image analysis using AutoIEL 
allowed highly reproducible enumeration of IELs, with 
interobserver correlation coefficient r = 0.9 between two 
readers. There was a modest positive correlation between 
CD3 + IEL and γδ-IEL densities in the entire biopsy mate-
rial (r = 0.52, p < 0.001, data not shown).

Fig. 1  Examples of immu-
nohistochemistry of TCR γδ 
intraepithelial lymphocytes on 
formalin-fixed paraffin-embed-
ded duodenal sections using 
monoclonal antibody H-41. 
Panel A represents non-celiac 
control, panel B represents a 
celiac patient on a gluten-free 
diet, and Panel C represents 
active celiac disease. Hema-
toxylin counterstain. Magnifica-
tion × 200

Table 1  Demographics of the study material

CD celiac disease, GFD gluten-free diet

Patient group N Median age (range) Male/female sex ratio Proportion of Marsh 
class 0/1 (%)

Proportion of 
Marsh class 2 (%)

Proportion of 
Marsh class 3a–3c 
(%)

Disease controls 51 47 (17–88) 30% Male – – –
CD mimics 12 55 (16–80) 42% Male – – –
CD on GFD 53 40 (15–69) 37% Male 50 30 20
Active CD 22 36 (15–77) 14% Male 0 9 91
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In the analysis of the three patient subgroups (non-celiac, 
GFD celiac, and active CD patients), CD3 + and γδ IEL 
densities showed significant differences. In the non-celiac 
controls (n = 51), the median density of CD3 + IELs was 
18 per 100 enterocytes (range 6–39), whereas the median 
density for γδ IELs was 2 (range 0–9, Fig. 2). Thus, of 
the CD3 + intraepithelial T-lymphocytes, on average 9% 
expressed the γδ T-cell receptor (range 0–47). Among celiac 
patients under a GFD (n = 53), the median CD3 + IEL den-
sity was 30/100 enterocytes (range 12–55), and that for γδ 
IELs was 12/100 (range 1–32), both being significantly 
higher than in non-celiac patients (p < 0.0001 for both). 
Altogether 38% of the intraepithelial CD3 + T-lymphocytes 
expressed the γδ receptor in this group (range 5–63). The 
IEL densities were highest in patients with newly diagnosed 
active celiac disease (n = 22), for whom the median den-
sity of CD3 + IELs was 59/100 (range 28–88), and 33/100 
for TCR γδs (range 4–58) (significance for difference vs. 
non-celiac controls, p < 0.0001 for both, Fig. 2). On average, 
41% of the intraepithelial CD3 + T-lymphocytes expressed 

γδ receptor in this group (range 12–133). The difference was 
also highly significant between CD patients on GFD and 
those with active disease (p < 0.0001).

Using receiver-operator curve (ROC) analysis, we defined 
an optimal cutoff value of 6.5/100 for γδ IEL density was 
able to distinguish between active celiac disease patients and 
disease controls (area under curve 0.9973, Fig. 3). Using this 
cutoff, and the commonly used 25/100 for CD3 + IELs, we 
defined their diagnostic value for celiac disease. As shown 
in Table 2, γδ IEL density outperforms CD3 in diagnos-
tic classification. The sensitivity and specificity of γδ-IELs 
for active CD were 95% and 96%, respectively. Using the 
same cutoff, the sensitivity and specificity between controls 
and CD patients on GFD were 83% and 96%, respectively 
(Table 2). It should be noted that the cutoffs defined with the 
current biopsy material should be validated with independ-
ent biopsy materials to establish the true diagnostic value of 
γδ IEL counts defined by IHC on FFPE biopsies.

Histologic classification of CD usually includes the 
Marsh–Oberhuber classification to describe the degree of 
mucosal damage. We analyzed the CD3 + IEL and TCR γδ 
IEL data according to the Marsh–Oberhuber classes. There 
was a significant trend for higher CD3 + and γδ IEL densities 
in higher degrees of morphological damage (Marsh–Ober-
huber types 3a-3c) (p = 0.001 by ANOVA, Fig. 4).

In routine histopathology, diagnosis of celiac disease may 
be challenging in patients presenting with non-specific duo-
denitis, Helicobacter infection, or olmesartan use. Therefore, 
we analyzed γδ IELs and CD3 + IELs in 12 selected patients, 
whose duodenal biopsy histology was reported to mimic 
celiac disease (Table 3). The results are shown in Table 3. 
Using the cutoff 6.5/100 for γδ-IELs, all cases fell below the 
cutoff suggesting the absence of celiac disease. In contrast, 
7 of 12 could be considered suspicious for celiac disease 
because of CD3-IEL counts exceeding the commonly used 
cutoff 25/100. The quantitative IEL counts of CD mimics 

Fig. 2  Distribution of duodenal CD3 + and TCR γδ + intraepithelial 
lymphocyte densities in non-celiac controls, celiac mimics, celiac dis-
ease patients on a GFD, and celiac disease patients with active celiac 
disease. Median and 95% confidence intervals are shown with hori-
zontal lines. Dashed horizontal lines show the diagnostic cutoffs (6.5 
and 25, respectively)
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Fig. 3  Receiver-operator-curve (ROC curve) analysis of discrimina-
tion between cases with active celiac disease and non-celiac controls. 
The ROC curve corresponds to TCR γδ-IELs/100 enterocytes
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are compared to the other groups also in Fig. 2. Examples 
of duodenal mucosal CD3 and TCR γδ IHC stainings in a 
typical CD and a case of celiac mimic are shown in Fig. 5.

Discussion

The main finding in our γδ-IEL FFPE biopsy IHC study 
was excellent specificity and sensitivity for celiac disease, 
which was also evident in patients on a GFD. In non-celiac 
controls, the mean γδ-IEL density was only 2/100, and in 
biopsies mimicking celiac disease histology it was 4/100. 
Thus, in clinical diagnostics very low γδ-IEL densities are 
indicative of conditions other than celiac disease even with-
out using digital image analysis. Our results are in line or 

even better than numerous flow cytometric studies report-
ing sensitivity varying between 66 and 97% and specificity 
between 91 and 97% [24, reviewed in 12]. When using IHC 
of γδ-IELs on frozen sections, slightly lower specificity and 
sensitivity have been reported in one study [11]. Thus, our 
IHC on FFPE sections seems to yield similar or better diag-
nostic results than previously used methods. The advantage 
of IHC is the possibility to use standard immunohistochem-
ical staining on FFPE biopsy sections, which are readily 
available in pathology laboratories.

In addition to active celiac disease, we also observed 
slightly elevated γδ IEL densities in celiac patients who had 
been on a gluten-free diet for over 2 years. This suggests 
that even low amounts of inadvertent dietary gluten are suf-
ficient to maintain the presence of γδ IELs. Alternatively, 
γδ IELs may be present in the villus epithelium as some 
kind of "memory cells" due to their invasion and abundance 
before the GFD. Biologically, it is surprising how little is 
known about the function of γδ-IELs at the molecular level. 
They are known to possess a regulatory function on glu-
ten‐reactive helper T cells through the release of cytokines 
and growth factors, but more detailed knowledge of the 
functional properties remains obscure [25]. Whatever the 
pathogenetic explanation is, persistence γδ-IELs, also shown 
in a previous IHC study [19], could be a useful diagnostic 
feature when diagnosing celiac disease in patients who have 
been avoiding gluten before diagnostic work-up. In this situ-
ation, mucosal damage is usually partial, causing diagnostic 
uncertainty for villous atrophy. Elevated γδ IEL densities 
(> 6.5/100) favor the diagnosis of celiac disease irrespective 
of diet, as indicated by the high specificity and sensitivity. 
The pathogenetic relevance of higher γδ-IEL densities was 
evidenced by the significant correlation with Marsh–Ober-
huber classification.

Analysis of γδ IELs in conditions histologically mimick-
ing celiac disease provided information with potential differ-
ential diagnostic applicability. While CD3 + IELs could not 
distinguish mimics from a true CD very well, low γδ-IEL 
densities suggested the diagnosis other than CD in all 12 
mimic cases studied. Although many more data sets are 
needed to establish this finding and the optimal cutoff, it is 
possible to speculate that H-41 γδ IEL IHC as an aid to the 

Table 2  Diagnostic value of CD3 + and TCR γδ IELs for active and treated celiac disease

* Classified as < 25 and ≥ 25 CD3 + IELs per 100 enterocytes, which is a commonly used cutoff for CD3-IELs
**  Classified as < 6.5 and ≥ 6.5 TCR γδ IELs per 100 enterocytes
NPV negative predictive value, PPV positive predictive value, GFD gluten-free diet

Non-celiac controls vs. active CD Non-celiac controls vs. CD on GFD

Sensitivity % Specificity % NPV % PPV% Sensitivity % Specificity % NPV % PPV%

CD3 + IELs* 100 78 100 67 72 78 73 78
γδ IELs** 95 96 98 91 83 96 84 96

Fig. 4  Distribution CD3 + and γδ IEL densities in celiac patients 
according to the Marsh classification. Medians are shown with hori-
zontal lines and 95% confidence intervals with whiskers. Dashed 
horizontal lines show the diagnostic cutoffs (6.5 and 25, respectively)
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histologic classification of cases presenting with mild enter-
opathy [13, 26], as well as in patients negative for serum 
autoantibodies [24, 27].

In conclusion, we encourage researchers and pathol-
ogy laboratories to test the new IHC method for γδ-IELs 
on FFPE biopsy materials to assist the diagnosis and 

classification of celiac disease. This new method may be 
useful in clinical diagnostics as well as in research, where 
archived paraffin blocks can now be studied. The utility of 
the new γδ IEL IHC assay in the diagnostics of pediatric 
celiac disease remains to be studied.

Table 3  Clinical diagnoses and 
CD3 + and TCR- γδ IEL values 
for 12 selected patients whose 
duodenal biopsy histology 
mimicked celiac disease

Using the cutoff 25/100 for CD3-IELs, 7 of 12 had been called suspicious for celiac disease
Using the cutoff 6.5/100 for gammadelta-IELs, none (0 of 12) was suspicious for celiac disease

Case ID Clinical Diagnosis TCR γδ IELs/100 CD3 + IELs/100

1 Helicobacter pylori infection 0 28
2 Helicobacter pylori infection 1 47
3 Helicobacter pylori infection 0 24
4 Crohn’s disease 1 12
5 Crohn’s disease 6 29
6 Cytomegalovirus infection 3 29
7 Cytomegalovirus infection 0 7
8 Giardiasis 2 41
9 Giardiasis 3 11
10 Drug-related duodenitis (valsartan and doxa-

zosin)
5 32

11 Drug-related duodenitis (olmesartan) 1 26
12 Drug-related duodenitis (olmesartan) 2 12

Fig. 5  Comparison of CD3 and 
γδ IHC on serial formalin-fixed 
paraffin-embedded sections of 
duodenal biopsies representing 
active celiac disease (A, B), 
and drug-related duodenitis (C, 
D). The lack of intraepithelial 
TCR-γδ labeling suggests a 
diagnosis other than celiac dis-
ease. Hematoxylin counterstain. 
Magnification × 200
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