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Abstract
Background Regulatory T cells (Tregs) have an important role in the control of the immune responses. This study aimed to 
compare the frequency of peripheral blood (PB) CD4+ CD25+ FoxP3+ Treg cells and PB and duodenal expression levels 
of pro- and anti-inflammatory mediators in treated celiac disease (CD) patients and healthy controls.
Methods and results Duodenal biopsy specimens and PB samples were collected from 60 treated CD patients and 60 con-
trols. Flow cytometry analysis was conducted on peripheral blood mononuclear cell (PBMC) specimens and relative PB and 
duodenal mRNA expression levels of CD25, forkhead box P3 (Foxp3), interleukin (IL)-10 and granzyme B (GrzB) were 
evaluated using quantitative real-time PCR. The levels of serum IL-10 and IL-6 were tested with sandwich enzyme-linked 
immunosorbent assay kits. p values < 0.05 were considered significant. Flow cytometry analysis showed a significant decrease 
in the number of Tregs in CD patients’ PBMC specimens (p = 0.012). CD25 and Foxp3 PB mRNA expressions were also 
lower in CD patients without reaching the significance level (p > 0.05). IL-10 PB mRNA and protein expression did not differ 
between the groups (p > 0.05), and GrzB PB expression was significantly reduced in CD patients (p = 0.001). In duodenal 
specimens of CD patients, while significantly increased CD25, Foxp3 mRNA expression (p = 0.01 and 0.001, respectively) 
and decreased IL-10 mRNA expression (p = 0.02) were observed, GrzB mRNA expression did not differ between groups 
(p > 0.05). Moreover, a high serum level of IL-6 was observed in CD patients (p = 0.001).
Conclusions Despite following the gluten free diet, there may still be residual inflammation in the intestine of CD patients. 
Accordingly, finding a therapeutic approach based on strengthening the function of Treg cells in CD might be helpful.
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Introduction

Celiac disease (CD), is a worldwide chronic small intesti-
nal immune-mediated enteropathy triggered by exposure to 
dietary gluten as a result of the interplay between genetic, 
immunologic, and environmental factors [1–4]. Population‐
based studies estimated that CD affects about 1% of the gen-
eral population, although the majority of patients have not 
been diagnosed [5, 6]. Its prevalence has been reported to 
be increased over the last few decades, which can be due to 
the wide consumption of high gluten content cereals, and 
also increased knowledge about this disease [7, 8]. This 
enteropathy is considered a multi-system disorder, which is 
characterized by a combination of gastrointestinal and non-
gastrointestinal symptoms and associated conditions [1].

It has been reported that both innate and adaptive immune 
responses are involved in CD pathogenesis [9, 10]. Actually, 
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celiac disease occurs as a result of the change in the regu-
lation of the mucosal immune responses to dietary gluten 
and breaks in patients’ intestinal homeostasis and tolerance 
toward harmless intestinal antigens such as gliadin [11, 12]. 
Tolerance toward innocuous antigens is induced by a number 
of different mechanisms including regulatory T cells (Tregs) 
activation, which has been shown to effectively suppress ani-
mal models of autoimmune diseases [13–16]. In mice, the 
loss of intestinal and peripheral tolerance to the food antigen 
has been reported as a result of the depletion of Treg cells 
[17]. A combination of different markers including CD4, 
forkhead box P3 (Foxp3), CD25, CD39, CD127, OX40 etc. 
are used to identify Treg cells [14, 16, 18, 19]. Moreover, 
CD4 (+) FoxP3 (+) CD25 (+) T cells are known as the 
major natural Treg cells population [14, 16, 18].

The transcription factor forkhead box P3 has been identi-
fied as an important regulator for the development, differen-
tiation and function of Tregs [20–22]. However, according to 
Wang et al. study, Foxp3 can also be transiently upregulated 
in human activated CD4+T cells that did not acquire sup-
pressive capacity and were hyporesponsive to TCR stimula-
tion [23]. According to the previous reports, the expression 
of Foxp3 is required for maintaining homeostasis of T-cell-
mediated immune responses and mutations in its gene are 
associated with a defective function of Tregs causing the 
fatal autoimmune disorder, named immune dysregulation 
polyendocrinopathy enteropathy X-linked syndrome (IPEX) 
syndrome [18, 21, 24, 25].

The alpha chain of the interleukin (IL)-2 receptor (IL-2 
Rα/CD25) also plays a crucial role in Treg cells’ develop-
ment and maintains their immunoregulatory functions [26, 
27]. IL-2 by binding to the interleukin-2 receptor (IL-2R) 
and through signal transducer and activator of transcrip-
tion 5 (STAT5) pathway upregulates Foxp3 expression and 
causes Treg cells differentiation in thymic precursors [28, 
29]. Natural Tregs due to their chromatin inaccessibility of 
the IL-2 locus are dependent on other sources of IL-2 for 
survival and response to the T-cell growth factor IL-2 by 
expressing CD25 [20, 30, 31]. Moreover, Tregs’ high-level 
expression of CD25 is known as one of their suppressive 
mechanisms that leads to IL-2 deprivation-mediated meta-
bolic disruption and apoptosis of effector T cells [32].

Treg cells also use other suppressive mechanisms includ-
ing the secretion of inhibitory cytokines like IL-10 and the 
production of cytolytic factors such as granzyme B (GrzB) 
for modulating the inflammatory responses and controlling 
various types of immune responses [20, 33].

Currently, lifelong complete adherence to a gluten-free 
diet (GFD) has remained the mainstay of CD treatment that 
results in the normalization of the histological lesions and 
antibody levels [34]. However, strict GFD is difficult to 

maintain and re-exposure to gliadin results in the recurrence 
of acute disease and gliadin specific CD4+T cells activation 
[35–38]. In fact, the results of recent studies indicate the less 
effectiveness of GFD in treating CD and show that appar-
ently well-controlled GFD-treated CD patients continue to 
have an intestinal injury and present gluten-induced acute 
symptoms [39]. Hence, finding a new treatment pathway for 
this disorder becomes an urgent need. Accordingly, emerg-
ing research has focused on evaluating the number and func-
tion of CD patients’ Treg cells. Since most celiac patients are 
on a gluten-free diet, we decided to evaluate the percentage 
of Tregs in peripheral blood (there are the same CD4+T cell 
clones in PB and intestine with the same phenotype that tar-
get gluten peptides [39]) from GFD-treated CD patients and 
evaluate the expression levels of pro- and anti-inflammatory 
mediators in patient’s peripheral blood as well as duodenal 
specimens.

Material and methods

Study subjects

Sixty CD patients under GFD treatment for at least 6 months 
[mean age 40 ± 12.24 years, male 25 (41.6%), female 35 
(58.3%)] whose diagnosis was set based on clinical pres-
entations and histological findings compatible with sero-
logical results (tTG IgA) were recruited from the outpatient 
clinic of Gastroenterology Department at the Taleghani 
Hospital (Tehran, Iran) during 2018–2020. Medical history 
from all subjects was revised by the gastroenterologist in 
charge of patient enrolment. The mean disease duration was 
3.75 ± 3.2 years and patients were on a GFD for an average 
of 2.5 ± 0.9 years. Sixty gender and age- matched non-celiac 
subjects [mean age 38 ± 13.2 years, male 27 (45%), female 
33 (55%)] with no family history of CD or other autoimmune 
diseases and food intolerance attending the endoscopy unit 
because of other gastrointestinal (GI) disorders, who had 
normal small intestinal biopsy specimens also considered as 
a control group. There was no significant difference between 
age (p = 0.715) and gender (p = 0.18) among CD patients and 
controls. Pregnant and lactating women, patients with any 
other autoimmune/gastrointestinal diseases, and who had a 
history of anti-inflammatory and prohibited drug intake were 
excluded from the study. The study was approved by the 
ethical committee of the Research Institute for Gastroenter-
ology and Liver Diseases (RIGLD), Shahid Beheshti Uni-
versity of Medical Sciences, Tehran, Iran (IR.SBMU.MSP.
REC.1397.564) and written informed consent was obtained 
from both patients and controls before enrollment.
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Sampling

Distal duodenal biopsy specimens, as well as peripheral 
blood samples, were collected from patients and controls. 
All biopsy specimens were obtained using the single pass 
biopsy method that was performed for diagnostic or follow-
up purposes and none were made only for the purpose of 
this study. Biopsy specimens were immediately submerged 
in cold RNA later solution and stored at 4 °C overnight and 
thereafter at − 20 °C until RNA purification.

Flow cytometry analysis

Peripheral blood mononuclear cells (PBMCs) of patients 
and controls were separated using Ficoll-Paque (GE Health-
care™) density gradient centrifugation. A regulatory T 
cell staining kit (eBioscience, San Diego, USA) was used 
according to the manufacturer’s instruction. Staining of sur-
face molecules was performed using anti-CD4-FITC and 
anti-CD25-APC antibodies with a standard procedure and 
incubated at 4 °C for 15 min. Washing with flow cytom-
etry staining buffer was carried out, and upon permeabili-
zation, the cells were stained with anti-Foxp3-PE antibody 
and incubated at 4 °C for 30 min. All monoclonal antibod-
ies (mAbs) were used at manufacturers’ recommended 
dilutions. At the end, the cells were washed, resuspended 
with flow cytometry staining buffer, and the frequency of 
CD4+ CD25+ Foxp3+ regulatory T cells was analyzed 
using BD flow cytometry (©FACSCalibur, BD Company, 
San Diego, CA, USA) and flowjo software (©FlowJo, LLC, 
Ashland, OR, USA). Indeed, CD4+ cells were gated (cells 
expressing CD4 at levels above those of the unstained cells) 
and assessed for surface expression of CD25 and Foxp3.

Quantitative real‑time PCR (RT‑qPCR)

Total ribonucleic acid (RNA) was isolated from fresh biopsy 
specimens and whole blood samples of all patients and 
controls using a YTA Total RNA Purification Mini kit for 
Blood/Cultured Cell/Tissue kit (Yekta Tajhiz Azma, Iran) 
according to the provided protocol. RNA concentration and 
quality were determined by an ND-1000 spectrophotom-
eter (NanoDrop, Fisher Thermo, Wilmington, DE, USA). 
cDNA synthesis was performed using the 2 Step 2X RT-
PCR Premix (Taq) kit (BioFact™, South Korea) according 
to the manufacturer’s instructions. Specific primer sequences 
were designed using gene runner software (V. 3.05). Quan-
titative RT-PCR was performed in technical duplicate via 
qPCR on the thermocycler Rotor Gene Q MDx (QIAGEN) 
with SYBR Green Master Mix (BioFact™, South Korea). 
Relative mRNA expression levels of CD25, Foxp3, as Treg 
cells specific markers, and IL-10 and GrzB, as their sup-
pressive mediators, were evaluated and normalized to Beta-
2-microglobulin (B2M) expression using the ΔΔCt method. 
The gene-specific primers sequences are shown in Table 1.

Enzyme‑linked immunosorbent assay

Serum was obtained from fresh whole blood samples that 
were allowed to clot for 15 min and then centrifuged for 
20 min at 2000 rpm, aliquoted and promptly stored at −80 °C 
until further assay. The levels of serum IL-10 (as Tregs 
developed anti-inflammatory cytokine) and IL-6 (as celiac 
disease pathogenesis related proinflammatory cytokine) 
were tested with sandwich enzyme-linked immunosorbent 
assay (ELISA) kits (Karmania Pars Gene, Iran). All samples 

Table 1  Primer sequences used 
for real time PCR

Gene symbol Primer sequence Product length 
(bp)

References

CD4 F:5′-ACA TCA AGG TTC TGC CCA C-3′
R:5′-TGG CAG GTC TTC TTC TCA C-3′

190 This study

CD25 F:5′-ACT TCC TGC CTC GTC ACA AC-3′
R:5′-ACT CTT CCT CTG TCT CCG CT-3′

174 This study

Foxp3 F:5′-TCA TCT GTG GCA TCA TCC G-3′
R:5′-AGG AAC TCT GGG AAT GTG C-3′

167 This study

Il-10 F:5′-AAG AAG GCA TGC ACA GCT CA-3′
R:5′-AAG TGG GTG CAG CTG TTC TC-3′

106 This study

GrzB F:5′-CCT GGG AAA ACA CTC ACA CACA-3′
R:5′-GTC GTA ATA ATG GCG TAA GTC AGA T-3′

91 This study

B2M F:5′-TGC TGT CTC CAT GTT TGA TGT ATC T-3′
R:5′-TCT CTG CTC CCC ACC TCT AAGT-3′

86 This study
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were assayed in triplicate and all tests were performed 
according to the manufacturer’s protocols.

Statistical analysis

All the data were expressed as the mean ± standard devia-
tion (SD). Two groups were compared by Student’s t-test. 
Results were analyzed using SPSS (version 24; Chicago, 
IL, USA) and GraphPad Prism 6.07 software. p values were 
considered significant at less than 0.05.

Results

Decreased frequencies of CD4 + CD25 + Foxp3 + Treg 
in PBMCs of CD patients

Flow cytometry was conducted to investigate the frequency 
of Tregs in PBMCs of CD patients and healthy controls. 
To identify Tregs, CD4+ lymphocytes were gated from a 
total cell population, and CD25+ and Foxp3+ populations 
were further gated. As shown in Fig. 1, the percentage of 
CD4+ CD25+ Foxp3+ Treg population was significantly 
decreased in treated CD patients (Mean ± SD: 0.29 ± 0.26) 
compared to healthy controls (Mean ± SD: 2.373 ± 1.44) 
(p = 0.012).

mRNA expression of CD25, Foxp3, GrzB and IL‑10 
in duodenal and PBMC specimens of CD patients

The data derived from the real-time PCR showed a sig-
nificant increase in CD25 and Foxp3 mRNA expression in 
freshly isolated duodenal specimens of treated CD patients 
(Mean ± SD: 1.11 ± 1.25 and 2.32 ± 1.43, respectively) com-
pared with healthy non-CD subjects (Mean ± SD: 0.62 ± 0.83 
and 1.1 ± 1.12, respectively) (p = 0.01, 0.001, respectively) 
(Fig. 2). On the other hand, their expression was lower in 
CD patients’ PBMC specimens without reaching signifi-
cant values (Mean ± SD: 0.71 ± 0.37 and 0.76 ± 0.28 vs. 
0.88 ± 0.6 and 0.91 ± 0.41, respectively) (p > 0.05). Duode-
nal mRNA level of IL-10 was significantly decreased in CD 
patients (Mean ± SD: 0.25 ± 0.06) than controls (Mean ± SD: 
0.8 ± 0.06) (p = 0.02), but its peripheral blood expression 
did not differ between the groups (Mean ± SD: 1.09 ± 0.33 

vs. 0.99 ± 0.27) (p > 0.05). While no significant differ-
ence was observed in the expression levels of GrzB in CD 
patients’ and controls duodenal specimens (Mean ± SD: 1. 
24 ± 0.69 vs. 1.11 ± 0.71) (p > 0.05) (p > 0.05), its periph-
eral blood expression was significantly lower in CD patients 
(Mean ± SD: 0.37 ± 0.22) relative to controls (Mean ± SD: 
0.91 ± 0.25) (p = 0.001) (Fig. 2).

Cytokine levels

Regulatory T cells are well known to suppress the effector 
activity of T cells. We then aimed to determine the produc-
tion of IL-6 as a pro-inflammatory cytokine and IL-10 as 
Treg cells produced anti-inflammatory cytokine in serum 
samples of CD patients compared with these levels in non-
CD controls using the ELISA method. According to our 
results, serum level of IL-6 was significantly higher in CD 
patients (Mean ± SD: 21.95 ± 8.25) compared with controls 
(Mean ± SD: 3 ± 1.16) (p = 0.001). Levels of serum IL-10 
did not significantly differ between patients (Mean ± SD: 
8.4 ± 2.96) and controls (Mean ± SD: 7.38 ± 3.71) (p > 0.05) 
(Fig. 3).

Discussion

In the present study, we evaluated the percentage of 
Tregs in peripheral blood of treated CD patients (who 
were on a GFD for more than 6  months) and investi-
gated patients’ pro- and anti-inflammatory mediators’ 
expression relative to controls. Our results showed that 
CD4+ CD25+ Foxp3+ T cells were significantly decreased 
in the peripheral blood of treated CD patients (p = 0.012). 
Accordingly, the CD patient’s PB mRNA expression lev-
els of CD25 and Foxp3 were lower than controls, though 
they did not reach statistical significance (p > 0.05). In this 
regard, Belhadj Hmida et al. reported a comparable per-
centage of peripheral blood Treg cells among treated CD 
patients and controls and observed resistance of intraepi-
thelial lymphocytes to these cells’ suppressive effects [17]. 
Frisullo and colleagues also reported reduced peripheral 
blood level of CD4+ CD25+ Foxp3+ T cells in treated 
CD patients than in controls without reaching significant 
values [40]. Kumar et al. showed a reduced peripheral 
blood number of Foxp3+ T cells in treated CD patients 
than in controls [41]. The percentage of peripheral blood 
Treg cells in active CD patients has been described as 
increased, decreased or unchanged relative to controls 
[17, 18, 40–43]. It can be hypothesized that changes in 
these cells’ population might be transient in CD patients 
leading to different reports by researchers. Moreover, this 

Fig. 1  Flow cytometry analysis of CD4+ CD25+ Foxp3+ T-cells 
(gated on CD4+ cells) in PBMC specimens. A Unstained control 
sample, B CD patient sampl, C healthy control sample. D The differ-
ences in Treg percentage among groups. The data are shown as the 
means ± SD. APC allophycocyanin, PE phycoerythrin
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is noteworthy that, Christophersen and colleagues evalu-
ated the T cell response to gluten using tetramer-based 
techniques in HLA-DQ2.5+ individuals. According to 
their results, no gluten epitopes related Treg responses 
were observed in the majority of their study subjects. 
The exact reason why most susceptible individuals never 
develop CD despite gluten exposure is still unexplained, 
but based on this finding, Treg cells may not play a role 
in controlling the immune responses to gluten in healthy 
subjects. Therefore, defects in Tregs control are unlikely 
to result in celiac disease pathogenesis [44]. But it has 
been proven that the presence of Tregs in the inflamed 
area is necessary to modulate the immune reaction and 
suppress effector T cells [25]. In this regard, Belhadj 
Hmida et al. reported a significantly higher percentage of 
CD4+ CD25+ Foxp3+ lymphocytes in the lamina propria 
of GFD treated CD patients than controls [17]. Our results 
also showed increased duodenal expression of CD25 and 
Foxp3 in GFD treated CD patients compared to the control 
group (p = 0.01, 0.001, respectively). It can be assumed 
that despite following the diet, patients’ intestines may still 
have residual inflammation and Tregs accumulation in this 
area is to suppress tissue damage.

According to our results, PB mRNA and protein lev-
els of IL-10 did not differ between two studied groups 
(p > 0.05), but the PB mRNA level of GrzB was signifi-
cantly lower in patients than in the controls (p = 0.001). 
In duodenal samples of CD patients, GrzB mRNA expres-
sion did not show significant changes (p > 0.05), but IL-10 
expression was significantly reduced relative to con-
trols (p = 0.02). IL-6 serum level was also significantly 
increased in patients than in controls (p = 0.001). Cook 
et al. in their in vitro study, found the impaired polyclonal 
suppressive function of peripheral blood Foxp3 + Treg 
cells following oral gluten challenge of celiac patients 
who were on a GFD for ≥ 6 months [35]. As CD patients 
in our study have shown lower intestinal IL-10 and PB 
GZMB mRNA levels than controls, and due to their signif-
icantly higher protein levels of IL-6 as a proinflammatory 
cytokine, their re-exposure to small amounts of gliadin 
may lead to severe inflammation.

The major limitation of the study is that our analysis 
of Tregs percentage is restricted to the peripheral blood 
samples and we did not evaluate their numbers in duodenal 
samples. Studies including active CD subjects and using 
Tregs in vitro suppressor activity assays are also needed 
to confirm the results of our study.

Fig. 2  levels of CD25, Foxp3, as Treg cells specific markers, and 
IL-10 and GrzB, as their suppressive activity indicators
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Conclusion

According to the last findings suggesting the less effec-
tiveness of GFD in treating CD, evidence of pathogenic 
T cells remaining active during this regimen, observing 
reduced frequency of Tregs in GFD patients’ peripheral 
blood samples but reported increased Tregs frequency in 
their duodenal specimens, we speculate that, despite fol-
lowing the GFD, there may still be residual inflamma-
tion in the intestine. Accordingly, finding a therapeutic 
approach based on strengthening the function of Treg cells 
in celiac disease for reducing harmful immune responses 
in case of exposure to gluten becomes more important.
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