
Study design

We enrolled  at the Department of 
Gastroenterology of the University Federico II of 
Naples:
• N° 20 adult patients with active celiac disease 
(CD)
• N°17 patients in follow-up, after at least six 
months of gluten-free diet (GFD)
• N°10 healthy donors (H) 

All patients carried the HLA-DQ2.5 genotype.
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Introduction
The diagnosis of Celiac Disease (CD) in adults is 
established by elevated serum levels of tissue 
transglutaminase antibodies (IgA-tTG2) and anti-
endomysium antibodies (anti-EMA), along with the 
evaluation of intestinal mucosal damage, 
regardless of the presence of symptoms. 

We have developed an innovative diagnostic 
approach to detect activated gliadin-specific CD4+ 
T cells in the blood of adult celiac patients.

State-of-the-art
The most commonly used method to detect 
activated antigen-specific CD4+ T cells relies on 
cytokine measurement through assays such as  
ELISA, ELISPOT, or intracellular cytokine staining 
(ICS). However, the measurement of  a single 
cytokine may significantly underestimate the 
magnitude of the antigen-specific CD4+ T-cell 
response

Gliadin  Activation CD4+ T  cells (G.A.T.CD4) 
method
1x106Peripheral blood mononuclear cells (PBMC)  
were stimulated with a pool of five deamidated 
gliadin immunodominant peptides, Pool 1-5 (10 
μg/mL) or with a deamidated pepsin-trypsin digest 
of gliadin, PT-TG (50 μg/mL).  After 48 hours, 
gliadin-specific, responsive CD4+ T cells were 
identified by OX40 (CD134) and 4-1BB (CD137) 
surface markers , using flow cytometry

Methods 

Results 
Gliadin-activated CD4+ T cell assay (G.A.T.CD4) detects CD-specific T cells in untreated patients 

Immune responsiveness to gliadin antigens was assessed in PBMCs from adult celiac patients and healthy non-
CD donors. The percentages of circulating T cells specific for gliadin antigens were measured within the subset 
of CD3+CD4+ cells expressing the early activation OX40 and 4-1BB surface markers 

CD4+ T cell response to gliadin stimulation 
measured by the G.A.T.CD4 assay, is higher in 
untreated celiac patients compared to other 
groups and correlates with anti-tTG2 antibody 
levels

The figure shows the percentage of 
CD3⁺/CD4⁺/OX40⁺/4-1BB⁺ T cells after PBMC 
stimulation with gliadin peptides (Pool 1–5, 
Panel A) or enzymatically digested gliadin (PT-G, 
Panel B) in healthy donors (H), treated celiac 
patients on gluten-free diet (GFD), and untreated 
celiac patients (CD). Mean values are indicated 
by horizontal lines. 

Statistical analysis was performed using the 
unpaired Student’s t-test (**** p < 0.0001).

The correlation between serum anti-tTG2 titers 
and the frequency of activated CD4⁺ T cells in 
response to gliadin peptides (Panel C) or PT-G 
(Panel D) was assessed by Pearson’s test; 
correlation coefficients (r) are shown.

Representative flow cytometry dot plots of 
CD3+/CD4+/OX40+/4-1BB+ cells for one subject 
per group (H, GFD, CD) are showed in Panel E. 
From left to right, the plots display: cells stained 
with isotype controls (used to define 
fluorescence thresholds), unstimulated cells 
(Medium), cells stimulated with Pool 1–5, with 
PT-G, and with PHA used as a positive control.

The ROC curve (Panel F)  analysis allowed us to 
evaluate the sensitivity and specificity of the 
assay by comparing the frequency of 
CD3⁺/CD4⁺/OX40⁺/4-1BB⁺ T cells in untreated 
celiac patients (CD) versus those on gluten-free 
diet (GFD), following stimulation with gliadin 
antigens. The analysis identified optimal cut-off 
values and clearly distinguished between the two 
groups, confirming the robustness of the 
G.A.T.CD4 assay and reinforcing the biological 
relevance of the observed T cell activation.

The identification of antigen-responsive CD4+ T cells is complicated by their low frequency and functional 
heterogeneity. Most methods aiming at the evaluation of CD4+ T cell activation are based on cytokine 
measurement but,  due to the functional cell heterogeneity, the analysis of a single cytokine might significantly 
underestimate the magnitude of the total antigen-specific response.

The G.A.T.CD4 (Gliadin-Activated  CD4 T )cell method is based on the assessment of percentages of circulating 
gliadin-specific activated CD4+ T cells that express OX40 (CD134) and 4-1BB (CD137) surface markers, both 
upregulated shortly after T-cell receptor engagement by antigen-HLA complex, independently of the cytokine 
secretion or cell differentiation stage. 

G.A.T.CD4 method is a promising new diagnostic tool in place of the biopsy, which, to date, is required for adult 
subjects. Furthermore, G.A.T.CD4 is also a promising assay useful for monitoring disease remission after a 
gluten-free diet. 
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Gating strategy to select gliadin-specific, 
activated CD4+ T cells  
Live lymphocytes are selected by  size (FSC-A) and 
granularity (SSC-A) (Panel A), and  by CD3 /CD4 

marker surface expression (Panel B). Cell 
activation is measured as a percentage of 
OX40/4-1BB double-positive cells within the 
CD3+CD4+ T cell subset (Panel C).
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