
O R I G I N A L   A R T I C L E Eur Ann Allergy Clin Immunol

K.S. Amr1, F.S. Bayoumi2, E. Eissa3, M. Abu-Zekry4

Circulating microRNAs as potential non-invasive 
biomarkers in pediatric patients with celiac disease
1Medical molecular genetics Department, National Research Centre, Cairo, Egypt 
2Immunogenetics Department, National Research Centre, Cairo, Egypt; Microbiology and Immunology Department, 
MSA University, Egypt 
3Immunogenetics Department, National Research Centre, Cairo, Egypt
4Abu El Reesh Children’s Hospital, Cairo University, Cairo, Egypt

Key words

celiac disease; microRNA; gluten 
free diet; biomarkers; auto-
antibodies

Corresponding author 
Eman Eissa
Immunogenetics department 
National Research Centre
El Buhouth St., Dokki, 
Giza Governorate 
Cairo, Egypt
E-mail: emanessa82@yahoo.com

Doi
10.23822/EurAnnACI.1764-1489.90

Summary
Celiac disease is an enteropathy induced by ingestion of gluten triggering an immune response 
in genetically predisposed individuals. MiRNAs are small non-coding RNAs that have a role 
as regulators of gene expression at the post transcriptional level. The aim of this study is to 
evaluate the possibility of using circulating miRNAs as non-invasive biomarkers in pediatric 
patients with celiac disease. In addition, we examine the effect of a gluten-free diet on the 
expression of these miRNAs in serum of CD patients. The expression pattern of miR-21 and 
miR-31 was estimated in serum of 25 untreated CD patients (recently diagnosed), 25 treat-
ed CD patients (on gluten-free diet) and 20 healthy controls using qRT-PCR. Our results 
demonstrated the significant up-regulation of microRNA-21 in the untreated celiac patients 
in comparison with the treated group and healthy controls. Moreover, miR-31 expression was 
significantly under-expressed in the untreated celiac patients in comparison with the treated 
group and healthy controls. Furthermore, the results showed that miR-21 expression level was 
significantly positively correlated with the tTG IgA auto-antibodies. In conclusion, circulating 
miRNA-21 and miRNA-31 could serve as potential non-invasive biomarkers for pediatric 
CD patients.

their implication in the dysfunction of intestinal barrier and 
their association with certain clinical manifestation (9). 
MiRNAs are small endogenous single-stranded non-coding 
RNAs that regulate gene expression through the control of 
stability and translation of the mRNA (10,11). MiRNAs have 
been associated with various pathological conditions of the im-
mune system (12). Many studies have reported the aberrant 
expression of miRNAs in intestinal biopsies of celiac patients, 
while the role of circulating miRNAs and their expression lev-
els are still undefined compared to that of tissue miRNAs (4). 
Capuano et al. (2011) evaluated the miRNA expression pattern 
in the small intestine of children with active CD, children with 
CD on GFD and control children without CD. Their results 
showed the overexpression of miR-449a and the decrease of 
miR-124a expression in CD patients and GFD treated CD pa-
tients than in controls (13).

Introduction  

Celiac disease (CD) is an autoimmune disease affecting the 
small intestine with a prevalence of 1 in 100 to 1 in 200 sub-
jects, particularly children (1-3). This enteropathy is triggered 
by the interaction of environmental and genetic factors (3,4). 
CD is characterized by an immunological reaction against the 
TG2 (transglutaminase type 2) enzyme triggered by the in-
gestion of gluten peptides from wheat and related cereals in 
genetically predisposed individuals (2,5,6). This autoimmune 
reaction induces a duodenal damage characterized by villous 
atrophy, intraepithelial lymphocytosis, infiltration of inflam-
matory cells in the lamina propria and crypt hyperplasia (7,8).
Defects in regulation of gene expression through microRNAs 
(miRNAs) could be responsible of the changes in intestinal 
permeability and intestinal immune system (2), suggesting 
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In this study, we evaluate the possibility of using circulating miR-
NAs as non-invasive biomarkers in pediatric patients with celiac 
disease for diagnosis and prognosis. We investigate the deregu-
lated expression pattern of miRNA-21 and miRNA-31 in serum 
of celiac disease patients. In addition, we examine the effect of 
a gluten-free diet on the expression of these miRNAs in serum 
of CD patients. We then analyze the correlation between these 
miRNA expression levels and the auto-antibodies of CD patients.

Subjects and methods

Ethics

This study was approved by the ethics committee of National 
Research Center, Giza, Egypt, and written informed consents 
were obtained from the parent/guardian of all children involved 
in our study before their enrollment.

Study subjects

This study included 70 subjects with age ranging from 2 to 14 
years. They were divided into 3 groups: Group 1 consisted of 25 
untreated CD patients (recently diagnosed); Group 2 consisted 
of 25 treated CD patients (on gluten-free diet) for about 5 years; 
Group 3 consisted of 20 healthy normal subjects matched for 
age and gender as a control group.
Patients were obtained from Cairo University Specialized Chil-
dren Hospital, Cairo, Egypt. They were diagnosed according 
to the criteria of the European Society for Paediatric Gastroen-
terology Hepatology and Nutrition (analysis of autoantibodies 

[anti-tTG and anti-endomysium IgA] by ELISA with investi-
gation of intestinal biopsy) (14). Clinical manifestations and 
treatments of CD patients are summarized in table I.

RNA extraction and quantitative real‑time PCR

MicroRNA was extracted and isolated from plasma of all sub-
jects of the study populations using miRNeasy Mini kit of Qia-
gen (Germany) according to the manufacturer’s instructions. 
For miRNA-specific reverse transcription, microRNA was 
reverse-transcribed to cDNA using TaqMan® MicroRNA Re-
verse Transcription Kit (Applied Biosystems) and using specific 
primers according to the manufacturer’s instructions. Reverse 
transcription was performed under the following conditions: 30 
min at 16 °C, 30 min at 42 °C, and followed by 5 min at 85 °C, 
and the resulting cDNA was kept at -80 °C until use.
A real-time quantitative PCR (qRT-PCR) was carried out to 
quantify the expression levels in triplicate of mature miR-
31 and miR-21 using TaqMan® MicroRNA Assay kit and 
TaqMan® Universal Master Mix (Applied Biosystems) using 
step one real-time PCR system according to the manufactur-
er’s instructions. RNU6B was used as endogenous control to 
normalize the expression levels of target miRs. Relative quan-
tification (Rq) of miRNA expression was calculated using the 
2-ΔΔCT threshold cycle method. ΔCt was determined by sub-
tracting the Ct values for RUN6B from the Ct values for the 
gene of interest. qRT-PCR was performed under the following 
conditions: 2 min at 50 °C, 10 min at 95 °C, followed by 50 
cycles at 95 °C for 15 s, and at 60 °C for 1 min.

Table I - Clinical characteristics of the studied subjects.

Characteristic Treated patients with celiac 
disease

Untreated patients with celiac 
disease (recently diagnosed)

Normal healthy controls

no. of cases 25 25 20

sex, no. male/female 14 / 11 16 / 9 8 / 12

age, (range) 2 - 14 2 - 14 2 - 14

disease duration, mean ± sd (years) 4.88 ± 1.6 0 0

tTG IgA antibodies, no. positive/
negative

13 / 12 18 / 7 0 / 20

EMA IgA antibodies, no. positive/
negative

9 / 16 15 / 10 0 / 20

medications (GFD) 25 / 25 0 / 25 0 / 20

biopsy villous shortening and relative 
increase in intraepithelial 
lymphocytes and mild chronic 
duodenitis

moderate enteritis with villous 
atrophy and moderate duodenitis

-

EMA IgA, auto-antibodies anti-endomysium IgA; GFD, gluten-free diet.
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Statistical analysis

Data were statistically analyzed using SPSS version 16.0 soft-
ware (SPSS Inc., Chicago, Illinois, USA). Nonparametric T 
test (Kruskal-Wallis test) was used to compare gene expression 
levels between groups, and Spearman’s rank correlation to test 
association between gene expression levels and auto-antibod-
ies of patients. Data were presented as the mean ± SEM. A p 
value of less than 0.05 was considered statistically significant. 
Receiver operating characteristic (ROC) curve was construct-
ed for each miRNA to evaluate the efficiency of miRNAs as 
biomarkers for CD patients against controls. Area under curve 
(AUC) values and 95% confidence intervals for each miRNA 
were calculated.

Results

Deregulation of microRNA-21 expression pattern in plasma of CD 
patients

This study demonstrated the significantly increased expression 
levels of microRNA-21 in the untreated celiac patients in com-
parison with the treated group and healthy controls (table II). 
The miR-21 expression was over-expressed in the treated CD 
patients compared with the control group (table II). In the un-
treated group, the expression of miR-21 was 8.49-fold increased 
compared to the control group (figure 1). In the treated group, 
miR-21 expression was 2.8-fold higher compared to normal 
controls (figure 1). 

Deregulation of microRNA-31 expression pattern in plasma of CD 
patients

Our results indicated that miR-31 expression was significantly 
down-regulated in the untreated celiac patients in comparison 
with the treated group and healthy controls and with insig-
nificant down regulation in CD patients compared with the 
control group (table II). MiR-31 was 3-fold lower expressed in 
the untreated CD patients compared to the healthy controls, 
and 1.5-fold decreased compared to normal controls (figure 1). 

Table II - Expression levels of miR-31, miR-21 in plasma of untreated CD patients, treated CD patients, and normal healthy controls. 
The results were expressed as mean ± SEM.

Parameters Untreated CD patients 
(mean ± SEM)

Treated CD patients 
(mean ± SEM)

Normal controls 
(mean ± SEM)

miR-21 expression level 1351 ± 18 44.3 ± 10 16 ± 8

miR-31 expression level 0.452 ± 0.06 0.9 ± 0.13 1.3 ± 0.3
1Statistically significant at p < 0.001 versus normal controls (Kruskal-Wallis test); 2Statistically significant at p < 0.01 versus normal controls (Kruskal-Wallis test).

Figure 1 - Fold changes of miR-21 and miR-31 expressions of the 
untreated and treated CD patients were determined relative to nor-
mal controls. Bar graph represents the mean ± SEM fold change. 

1Statistically significant at p < 0.01 versus controls (by Kruskal-Wallis test);  
2Statistically significant at p < 0.001 versus controls (by Kruskal-Wallis test).
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Correlations between serum microRNAs and auto-antibodies in the 
untreated and treated CD patients

In the untreated and treated group, the results clarified that 
there is a significant positive correlation between miR-21 and 
tTG IgA auto-antibodies, while it has no correlation with EMA 
IgA auto-antibodies. Our data also showed no significant cor-
relation between miR-31 expression levels with tTG IgA or 
EMA IgA auto-antibodies (table III).

ROC curve of microRNA-21 and microRNA-31

ROC curve showed that miR-21 has an AUC value of 0.847 
(95% CI 0.704 - 0.991), while miR-31 has an AUC value of 
0.801 (95% CI 0.658 - 0.944) at p < 0.001 versus normal 
controls. These findings revealed that both miR-21 and miR-
31 could function as good biomarkers for CD patients against 
healthy controls (figure 2, table IV).

Discussion

Specific miRNAs have been reported to be modulated in intes-
tinal mucosa of CD patients, suggesting their involvement in 
the pathogenesis of CD and the probability of using thereof as 
diagnostic tools or as predictors of gluten free diet outcome in 
CD patients (2,4).

Table III - Correlations between plasma miR-21 and miR-31 with 
auto-antibodies in the untreated and treated CD patients.

Untreated CD patients

parameters R (Spearman 
correlation)

miR-21 expression ~ tTG IgA auto-antibodies 0.6611

miR-21 expression ~ EMA IgA auto-antibodies -0.123

miR-31 expression ~ tTG IgA auto-antibodies -0.257

miR-31 expression ~ EMA IgA auto-antibodies 0.112

Treated CD patients

parameters R (Spearman 
correlation)

miR-21 expression ~ tTG IgA auto-antibodies 0.7752

miR-21 expression ~ EMA IgA auto-antibodies -0.160

miR-31 expression ~ tTG IgA auto-antibodies 0.291

miR-31 expression ~ EMA IgA auto-antibodies -0.341
1Correlation is significant at the 0.01 level (2-tailed); 2Correlation is significant 
at the 0.001 level (2-tailed).

Figure 2 - ROC curve of miR-21 and miR-31 for patients with 
celiac disease versus healthy controls.
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Our study demonstrated that miR-21 expression was signifi-
cantly up-regulated in active CD patients compared to healthy 
controls and also children with CD on a gluten-free diet. In ad-
dition, the expression level of miR-21 was decreased in the treat-
ed CD patients compared to untreated patients. Moreover, in 
the treated and untreated CD patients, the results showed that 
miR-21 expression level was significantly positively correlated 
with the tTG IgA auto-antibodies, while there was no correla-
tion between miR-21 and EMA IgA auto-antibodies. These 
findings are in line with results of Buoli Comani et al. (2015), 
who found a significant over-expression of miR-21-5p expres-
sion in the duodenal biopsies of active CD patients in compari-
son with controls. In addition, CD patients on a gluten-free diet 
showed a decrease in miR-21-5p compared to controls with a 
non-significant difference in expression patterns. MiR-21 is also 
widely reported as dysregulated in UC and CD (15). Ludwig 
et al. (2013) found that miR-21 was upregulated in IBD-as-
sociated dysplastic lesions compared with active patients with 
IBD (16). In a study of intestinal miRNA levels in CD, Wu et 
al (2010) identified several miRNAs that are upregulated (miR-
16, -20a, -21, and -106a) (17). Let-7b, miR16, and miR-21 
were greatly expressed in human dendritic cells, which likely 
contribute to the chronic inflammation of CD (18,19).
There were many studies reported that miR-21 had a proin-
flammatory role in IBD by impairing intestinal barrier func-
tion. Paraskevi et al. (2012) and Yang et al. (2013) found 
up-regulation of miR-21 in patients with UC in both the mu-
cosal and blood samples (20,21). MiR-21 was found to affect 
the intestinal epithelial permeability by targeting RhoB, which 
was found significantly decreased in the patients with UC. In 
addition, intestinal integrity and morphology were declined in 
Caco-2 cells and in UC patients exhibiting overexpression of 
miR-21 through targeting RhoB (21). 
Similarly, in IBD patients Shi et al. (2013) demonstrated the 
up-regulation of miR-21. Furthermore, their results showed the 
increase of intestinal permeability and epithelial cell apoptosis 
promoted by dextran sulphate sodium were attenuated in miR-
21 knockout mice (22).
On the other hand, our study results showed that miR-31 ex-
pression was significantly under-expressed in the untreated ce-

liac patients in comparison with the treated group and healthy 
controls. Moreover, its expression was restored in the treated 
CD patients compared to the untreated celiac patients. In addi-
tion, miR-31 expression level was not correlated with tTG IgA 
nor EMA IgA auto-antibodies in both the untreated CD group 
and treated CD group. 
These results are similar to that of previous studies in which, 
Vaira et al. (2014) investigated the duodenal mucosa miRNA 
expression profile and confirmed significant deregulation of 
miR-31-5p and miR-551b-5p in classical CD patients, and five 
miRNAs in anaemic CD patients (miR-31-5p, miR-192-3p, 
miR-551b-5p, miR-638 and miR-1290) compared with non-
CD controls (6). In addition, the duodenal fibroblasts obtained 
from patients are then incubated with gliadin peptides (13 and 
33 mer) and measured for the miRNA expression. The deregu-
lation of miRNA levels was observed in untreated CD patients 
for miR-192-3p, miR-31-5p and miR-1285-3p (6). 
Buoli Comani et al. (2015) analyzed duodenal biopsies of pedi-
atric celiac patients for examining a panel of miRNAs and their 
target genes compared to controls. After that, they evaluated 
the circulating miRNA patterns in untreated CD patients or on 
a gluten-free diet compared to controls. They found that miR-
31-5p and miR-338-3p were underexpressed in the duodenum 
samples of CD patients (2). In addition, circulating miR-31-5p 
in untreated CD patients displayed a significantly decline com-
pared to controls. Moreover, there is no statistically significant 
difference in miRNA levels between controls and CD patients 
on a gluten-free diet (2). 
In a study performed by Magni et al. (2014) in the duodenum 
of adult CD patients, the significantly decreased expression of 
miR-192-5p, miR-31-5p, miR-338-3p, and miR-197 were 
demonstrated as compared with controls (5). FOXP3, the target 
of miR-31-5p, showed upregulation in CD patients. Further-
more, exposure of CD patients to gliadin led to changes in the 
expression of FOXP3, miR-192-5p, miR-31-5p, CXCL2 and 
NOD2 (5).
Olaru et al. (2011) found that miR-31 was increased succes-
sively at each stage of IBD progression from non-inflamed to 
inflamed non-neoplastic, dysplastic, and finally cancer (23). In 
addition, RT-PCR analysis revealed altered expression of miR-

Table IV - AUCs and 95% Confidence Intervals of miRNA-31 and miRNA-21 for CD patients versus normal controls.

CD patients against normal controls

AUC1 standard 
error2

95% confidence 
intervals

sensitivity specificity LR+ LR- cut-off 
value

miRNA-21 0.8471 0.073 0.704 - 0.991 82.4% 80.8% 4.3 0.22 61.28

miRNA-31 0.8011 0.073 0.658 - 0.944 93.8% 72% 3.35 0.086 0.7
1Statistically significant at p < 0.001 versus controls; 2Under the nonparametric assumption.
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31, -125a, -142-3p, and -146a discriminating between the in-
flamed mucosa of CD and UC (24).
In our previous study, we showed the aberrant expression of 
miR-31 and miR-21 in SLE patients compared to their first-de-
gree relatives and controls. Moreover, our results indicated that 
both of miR-31 and miR-21 could serve as regulatory biomark-
ers in patients with SLE (25). This may indicate the altered ex-
pression of these circulating miRs in the autoimmune diseases.

Conclusion

Our study demonstrated the deregulation of circulating miR-
NA-21 and miRNA-31 expression levels in children with CD 
and showed that miR-21 expression level was positively correlat-
ed with the tTG IgA auto-antibodies. In addition, our findings 
indicated that a gluten free diet has influenced the expressions 
of miRNA-21 and miRNA-31 in serum of pediatric CD pa-
tients. Therefore, circulating miRNA-21 and miRNA-31 could 
be used as potential non-invasive diagnostic and prognostic bio-
markers for pediatric CD patients.
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