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Abstract
Celiac disease (CeD) is a chronic, immune-mediated enteropathy of the 
small intestines that arises in response to dietary gluten in subjects who are 
genetically predisposed to develop the disease. CeD affects ~1% of the 
world population and a life-long gluten-free diet (GFD) is the only treatment 
currently available. A definitive diagnosis of CeD is made by combining clinical 
symptoms, serological tests and villous atrophy being confirmed via mucosal 
biopsy. Despite these options, it is estimated that 85% CeD patients are not 
diagnosed or misdiagnosed, making the discovery of novel CeD biomarkers a 
critical goal.
 It has recently been suggested that circulating microRNAs might 
be biomarker candidates for diseases like cancer and autoimmune disease. 
Circulating miRNAs are surprisingly stable in serum and plasma. Although 
some research has been performed on intestinal biopsies, circulating 
microRNAs have not been investigated in CeD. In this study, we used next-
generation sequencing to investigate whether miRNAs in plasma and biopsies 
from the small intestine could provide potential biomarker candidates. First, 
we compared plasma microRNA profiles of CeD patients (n=16) with plasma 
profiles obtained from control subjects (n=10). We found 49 miRNAs to be 
differentially expressed in plasma of CeD patients at the time of diagnosis, of 
which 25 were upregulated in patients. We also found 11 miRNAs differentially 
expressed when comparing the diagnostic sample with the GFD samples of 
patients, and three of these miRNAs overlapped with the previous comparison. 
Additionally, we found 109 miRNAs to be differentially expressed in the 
biopsies, of which 55 were upregulated in patients at diagnosis. By intersecting 
the results for plasma and biopsies, we found 13 overlapping miRNAs, and 11 
of these with the direction of change reversing following the start of a GFD. In 
summary, we provide two panels of miRNAs differentially expressed in CeD: 
one in circulating miRNAs and one for small intestinal biopsies, both of which 
offer targets for follow-up. 

Introduction
Celiac disease (CeD) affects ~1% of 
the global population, with genetics 
predisposing individuals to develop the 
disease when gluten is ingested (1). 
Defined as a chronic, small intestinal, 
immune-mediated enteropathy, CeD 
is diagnosed through a combination 
of clinical symptoms, serological anti-

body tests, and, most definitively, by 
a duodenal mucosa biopsy proving 
villous atrophy (2). Up to now, a life-
long gluten-free diet (GFD) has been 
the only treatment for CeD. In the 
majority of cases, patients on a GFD 
re-establish villous architecture and 
become symptom-free. However, it 
has been reported that up to 30% of 
CeD cases do not respond to a GFD, 
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displaying persistent symptoms (3). 
Factors complicating CeD diagnosis 
are that villous atrophy can occur for 
other reasons (e.g. drug use) and that 
some of the antibodies used for CeD-
diagnosis may also be involved in other 
diseases (4). Given the complicated, 
sometimes ambiguous, methods of 
diagnosis and the limited, sometimes 
ineffectual, method of treatment, it 
is clear that the discovery of new 
biomarkers would help improve the 
diagnosis of CeD. 
 MicroRNAs (miRNAs) 
are small non-coding RNAs (~22 
nucleotides) involved in post-
transcriptional regulation of gene 
expression. They do so by guiding the 
RNA-induced silencing complex (RISC) 
to the 3’-UTR of target messenger 
RNA (mRNA). The RISC complex will 
either facilitate cleavage of the target 
mRNA or inhibit its translation (5). To 
date, more than 2,500 miRNAs have 
been identified in the human genome 
(6) and over 60% of the human 
protein-coding genes are estimated 
to be targeted by miRNAs (7). MiRNAs 
have been implicated in a plethora of 
biological processes, including cell 
proliferation and inflammation (8). The 
tissue- or cell-type-specific expression 
patterns of miRNAs have made them 
interesting biomarker candidates for 
cancer (9) and autoimmune diseases 
(10). Recently, it was shown that 
miRNAs are surprisingly stable outside 
of cells, in plasma and other body 
fluids, for example (11). Although 
the function of these extracellular 
circulating miRNAs is currently not 

well understood, they seem to work 
as biomarkers for several diseases 
as well as for disease stage (9, 12). 
Another positive feature of circulating 
miRNAs with respect to their potential 
use as biomarkers is that they are very 
stable and protected from RNase-
mediated degradation (13).
 In this study, we performed 
next generation sequencing to profile 
circulating miRNAs in CeD plasma 
and biopsies of the small intestine. We 
found 49 miRNAs to be differentially 
expressed in plasma between CeD 
cases and healthy controls, of which 
25 were upregulated, while others 
were downregulated in patients at 
diagnosis. For a subset of the patients, 
a sample was also taken after the 
patient started a GFD. By comparing 
CeD at diagnosis and in patients on 
a GFD, we found 11 differentially 
expressed miRNAs. Furthermore, 
we also analyzed biopsies isolated 
from the same patients and 
additional patients to check whether 
the circulating miRNA profile is a 
fingerprint of what is happening at the 
site of inflammation. We found 109 
differentially expressed miRNA when 
comparing patients with controls. Part 
of the differentially expressed miRNAs 
from biopsies overlapped with the 
plasma miRNA profile, but the direction 
of change in the opposite following 
the start of a GFD when comparing 
controls versus CeD patients.

Methods
Description of cohorts
Plasma and biopsy samples from 
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children (average age 8.6 ‐ 4.2 years) 
diagnosed with CeD and from controls 
(average age 10.3 ‐ 4.0 years) were 
obtained from the University Medical 
Hospital of Milano-Bicocca, Monza, 
Italy. A total of 36 plasma samples 
were included in this study (Table 1). 
Duodenal biopsies were obtained 
from 43 patients (33 CeD patients and 
10 control subjects) who underwent 
upper gastrointestinal endoscopy 
(Table 1). 

RNA isolation, library 
preparation and sequencing
Total RNA was isolated from 250 ‐l 
of plasma according to the manual 
of the mirVana PARIS kit (Ambion, 
Carlsbad, CA, USA). Total RNA from 
duodenal biopsies was isolated using 
Trizol reagent (Invitrogen, Carlsbad, 
CA, USA) or using the RNeasy column 
(Qiagen, Redwood City, CA, USA). 
Small RNA sequencing libraries 
were constructed using the TruSeq 
Small RNA Sample Prep Kit (Illumina, 
San Diego, CA, USA) following the 
manufacturer’s protocol. The libraries 
were checked by the Experion 
microfluidic capillary electrophoresis 
system (Bio-Rad, Hercules, CA, USA) 
and pooled (20 libraries per lane) 
before sequencing on the Illumina 
HiSeq2500 (Illumina, San Diego, CA, 
USA).

Small RNA-seq data analysis
MiRNA expression analysis was 
performed using miRanalyzer 0.3. 
Human genome version 19 (hg19) 
was used as the reference and 
miRBase v20 as the miRNA reference 
database (14). Only miRNAs with five 
or more reads on average across all 
samples were included for further 
analysis. Differential expression 
analysis was performed using the 
DESEq2 R-package, applying the 
Wald test (15). The resulting P-values 
for differentially expressed miRNAs 
were adjusted for multiple testing 
using Benjamini and Hochberg 
correction for False Discovery Rate 
(FDR) (16). Only miRNAs with FDR-
corrected P-values smaller than 0.05 
were considered to be significantly 
differentially expressed. Further, 
significant miRNAs were used to 
perform unsupervised hierarchical 
clustering in the pheatmap R-package 
v.07.7 (17) and R v.3.1.0 software 
(18).

Results
Differentially expressed 
circulating miRNAs of CeD 
patients
To discover circulating miRNAs 
differentially expressed in CeD, 
we performed next generation 
sequencing in plasma samples from 

Table 1. Description of samples used in this study
CeD plasma 
obtained at 
diagnosis

CeD plasma obtained 
after the start of a 
gluten free diet

Control 
plasma

CeD biopsies 
taken at diagnosis

Control
 biopsies

16 10 10 33 10
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CeD patients and controls (Table 
1). Differential expression analysis 
identified 49 miRNAs that were 

significantly differentially expressed 
(FDR < 0.05) at diagnosis (n = 16) 
when compared to controls (n = 10) 

Table 2. Circulating miRNAs differentially expressed between CeD cases at 
diagnosis and controls.

miRNAs Log2
Fold change*

P-value
(FDR corrected)

hsa-miR-501-3p -1.752453039 2.40E-07
hsa-let-7d-5p 0.902145897 0.000720154
hsa-miR-25-5p -1.060164493 0.000720154
hsa-miR-21-5p 0.919570437 0.002244688
hsa-miR-144-5p 0.96834725 0.002244688
hsa-miR-30b-5p 1.228837621 0.002244688
hsa-miR-96-5p -1.302751423 0.002244688
hsa-miR-148b-5p 1.187495467 0.002244688
hsa-miR-150-3p -1.295542407 0.002244688
hsa-miR-486-5p -1.176365509 0.002660971
hsa-miR-345-5p -0.566963958 0.002660971
hsa-miR-301a-3p 0.841924392 0.002660971
hsa-miR-26a-5p 1.082947081 0.003753394
hsa-miR-26b-5p 0.810153925 0.00439181
hsa-miR-183-5p -1.016804069 0.004538239
hsa-miR-186-5p -0.710669953 0.0058485
hsa-miR-1246 -1.050415374 0.0058485
hsa-miR-152-3p 0.988192581 0.0058485
hsa-miR-424-5p 0.996951551 0.0058485
hsa-miR-3613-5p -1.125570628 0.0058485
hsa-miR-532-5p -0.720026411 0.006087895
hsa-miR-197-3p -1.131544273 0.006708981
hsa-miR-548o-3p 0.963307743 0.006708981
hsa-miR-5001-3p -0.995237061 0.007112125
hsa-miR-1294 -1.21149929 0.007843638
hsa-miR-10a-5p -1.054844301 0.008991646
hsa-miR-99b-5p -1.074647786 0.009462089
hsa-miR-15a-5p 0.867162375 0.013074401
hsa-miR-99a-5p -1.000675282 0.013947542
hsa-miR-28-5p 1.068613786 0.01402577
hsa-miR-374a-3p 1.077218026 0.014758352
hsa-miR-24-3p -0.966683914 0.018305019
hsa-miR-340-5p 0.749859006 0.018305019
hsa-miR-98-3p 1.08736937 0.018453952
hsa-miR-100-5p -0.939389404 0.019285288
hsa-miR-410-3p 0.962427365 0.02767594
hsa-miR-194-5p 0.901515547 0.031001364
hsa-miR-342-3p -0.84962461 0.033442622
hsa-miR-181c-5p 0.623139401 0.033442622
hsa-miR-136-3p 0.902771484 0.033442622
hsa-let-7c-5p 0.799900138 0.034940206
hsa-miR-629-5p -0.803016874 0.034940206
hsa-miR-126-3p 0.493356701 0.037112047
hsa-miR-941 -0.691115123 0.037112047
hsa-miR-144-3p 0.673043629 0.039246921
hsa-miR-224-5p 0.970681247 0.039246921
hsa-miR-7706 -0.732133465 0.043187598
hsa-miR-30e-5p 0.428819898 0.049653843

*Fold change relative to level at diagnosis. Bold text: miRNAs overlapping with the miRNAs 
differentially expressed in further comparison of controls vs. CeD patients at diagnosis.
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(Table 2). Of these miRNAs, 25 were 
upregulated in patients at diagnosis 
(fold change ranging from 0.2 to 2.3). 
Unsupervised hierarchical clustering 
of these 49 miRNAs revealed that 
CeD patients and controls subjects 
were clustering separately based on 
their circulating miRNA profile (Figure 
1). 

Circulating miRNAs differentially 
expressed in patients on a 
gluten free diet 
To investigate whether circulating 
miRNAs changed following the start 

of a GFD, we performed differential 
expression analysis in CeD patients 
at diagnosis (n=16) versus CeD-
GFD (n=10). This analysis uncovered 
11 miRNAs that were differentially 
expressed (FDR<0.05) between these 
two groups. Unsupervised clustering 
showed imperfect separation between 
the CeD profiles and the GFD profiles 
in plasma (Table 3, Figure 2). Three 
of these miRNAs (hsa-miR-150-3p 
(P=0.004), hsa-miR-1246 (P=0.01), 
and hsa-miR-342-3p (P=3.3 x10-
6)) overlapped with the miRNAs 
differentially expressed in our 

Figure 1. Heatmap of miRNAs significantly differentially expressed in plasma at diagnosis of CeD 
versus circulating miRNAs in plasma from non-CeD control subjects. 
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comparison of controls vs. CeD diagnoses. All three miRNAs appear to revert 
to the healthy level following the start of a GFD (fold change ranging from 0.5 
to 2.6) (Figure 3).

Table 3. Circulating miRNAs differentially expressed in CeD patients at 
diagnosis versus after being on a GFD for 6 months 

miRNAs Log2
Fold change*

P-value
(FDR corrected)

hsa-miR-342-3p 1.398803762 3.35E-06
hsa-miR-342-5p -0.9789886 0.00192163
hsa-miR-146b-3p 1.020925279 0.00201014
hsa-miR-155-5p 0.999048436 0.002926239
hsa-miR-150-3p 0.988926049 0.00444239
hsa-miR-223-3p 0.825557452 0.010540615
hsa-miR-1246 0.880652667 0.011569
hsa-miR-29a-3p 0.713728511 0.017542377
hsa-miR-204-5p 0.888590342 0.019250388
hsa-miR-146b-5p 0.830218752 0.033472162
hsa-miR-361-3p 0.633246903 0.038373763

*Fold change relative to levels to patients on GFD. Bold text: miRNAs overlapping with the CeD 
patient at diagnosis vs. control or same patient on GFD comparison. 

Figure 2. Heatmap of miRNAs significantly differentially expressed in plasma at diagnosis versus 
circulating miRNAs in plasma from CeD patients on GFD. 



166

Differentially expressed 
miRNAs in small intestinal 
biopsies
To investigate whether miRNAs 
were differentially expressed in small 
intestinal biopsies of CeD patients, 
we performed miRNA-seq on biopsies 
from 33 CeD patients and 10 non-CeD 
controls. We found 109 miRNAs to be 
differentially expressed (FDR < 0.05) 
and 55 of them were upregulated at 
diagnosis (Table 4). Unsupervised 
clustering of the profiles separated 
diagnostic samples from control 
samples, but also suggests that the 
CeD samples group into two clusters 
(Figure 4). 

Exploring the intersection 
between miRNAs in circulation 
and in biopsies of CeD patients
To determine the possible overlap 

between miRNAs differentially 
expressed in circulation in plasma 
versus those in the biopsies, we 
intersected the results of the 
individual comparisons. We found 13 
overlapping miRNAs between these 
two profiles, of which 11 displayed 
opposite directions (upregulated in 
biopsies when decreased in circulation 
and vice versa) (Table 5). In addition, 
miR-1246 was also found in the GFD 
miRNA panel (Table 3). 

Discussion
CeD can develop at any age, can differ 
in severity, and can be accompanied 
by a variety of symptoms (19). 
Although there are diagnostic 
criteria for CeD, an estimated 85% 
of affected individuals are either not 
diagnosed or incorrectly diagnosed 
(20). This means there is a great 

Figure 3. Expression patterns of three candidate miRNAs. These circulating miRNAs are differentially 
expressed when comparing controls vs. patients at diagnosis and patients at diagnosis vs. after 
being on a GFD. 
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Table 4. MiRNAs differentially expressed in the comparison CeD biopsies 
versus non-CeD control biopsies 

miRNAs Log2 
Fold change*

P-value 
(FDR corrected)

hsa-miR-338-3p -1.838868443 2.20E-17
hsa-miR-378c -1.718016903 4.10E-17
hsa-miR-30a-3p -0.952288615 1.58E-15
hsa-miR-7974 1.498371437 3.14E-11
hsa-miR-22-3p -0.732981039 1.84E-10
hsa-miR-192-5p -1.076847257 2.55E-09
hsa-miR-22-5p -1.183763079 2.68E-09
hsa-let-7i-3p 1.035735768 3.68E-09
hsa-miR-30a-5p -0.786829295 7.27E-09
hsa-miR-30c-2-3p -0.969933162 7.68E-08
hsa-miR-31-5p -0.930603472 1.46E-07
hsa-miR-215-5p -1.096103533 1.49E-07
hsa-miR-212-3p 1.036021015 2.61E-07
hsa-miR-223-3p 1.169023182 5.45E-07
hsa-miR-15b-5p 0.847760554 7.05E-07
hsa-miR-18a-5p 1.107362664 3.11E-06
hsa-miR-155-5p 1.047552635 6.68E-06
hsa-miR-103a-3p -0.369210996 8.82E-06
hsa-miR-376c-3p -1.072336351 9.15E-06
hsa-miR-324-5p 0.66244256 1.20E-05
hsa-miR-30c-5p -0.5946215 1.20E-05
hsa-miR-28-5p -0.464437822 2.29E-05
hsa-miR-378d -1.521399438 5.14E-05
hsa-miR-29a-3p 0.61610368 5.68E-05
hsa-miR-452-5p -0.606291169 0.000114733
hsa-miR-653-5p -0.956466217 0.000142668
hsa-miR-425-5p 0.371257231 0.000167457
hsa-miR-5571-5p 1.181696419 0.00016902
hsa-miR-181c-5p 0.433043392 0.000198712
hsa-miR-30b-5p -0.625448375 0.000198712
hsa-miR-196b-5p 1.189686578 0.000239374
hsa-miR-132-3p 0.856110769 0.000242832
hsa-miR-16-5p 1.141932607 0.000440782
hsa-miR-5571-3p 1.09261281 0.000440782
hsa-miR-30e-3p -0.332485824 0.00060112
hsa-miR-192-3p -0.704117582 0.001005765
hsa-miR-142-5p 0.562836227 0.001093093
hsa-miR-31-3p -1.05473059 0.001093093
hsa-miR-141-3p -0.802063117 0.001415156
hsa-miR-330-5p 0.63992935 0.001418651
hsa-miR-501-3p 0.980395343 0.001586232
hsa-miR-766-3p 0.84317178 0.001632634
hsa-miR-19b-3p -0.885364287 0.001809639
hsa-miR-335-5p -0.469755105 0.002550767
hsa-miR-378a-3p -0.543409036 0.002550767
hsa-miR-484 0.596348656 0.003925879
hsa-miR-34a-5p 0.696383588 0.003976168
hsa-miR-92b-3p 0.940194252 0.004223144
hsa-miR-21-3p 0.713798444 0.004755349
hsa-miR-145-5p -0.568130123 0.005120744
hsa-miR-17-5p 0.460285044 0.00516788
hsa-miR-18a-3p 0.603645852 0.005354794
hsa-miR-210-3p -0.753628685 0.006624954
hsa-miR-212-5p 0.811897349 0.006656923
hsa-miR-532-5p -0.339252982 0.006900894
hsa-miR-26b-5p -0.350454053 0.006993719
hsa-miR-99b-5p 0.788671235 0.007242043
hsa-miR-190a-5p -0.648472191 0.007600873
hsa-let-7f-5p -0.470623726 0.007869459
hsa-miR-451a -0.705729167 0.009755597
hsa-miR-509-3p -0.907562 0.009755597
hsa-miR-671-5p 0.643698896 0.011909114



168

hsa-miR-365a-3p 0.594137008 0.012613275
hsa-miR-151a-3p -0.285417744 0.013815443
hsa-miR-193b-3p 0.644854153 0.014914784
hsa-miR-4446-3p 0.947312085 0.014948475
hsa-miR-138-5p 0.522353442 0.015578333
hsa-miR-203a -0.475124139 0.015578333
hsa-miR-15a-5p 0.481471553 0.017463909
hsa-miR-1301-3p 0.667299395 0.018447067
hsa-miR-223-5p 0.636695222 0.018918691
hsa-miR-345-5p 0.311969346 0.019180029
hsa-miR-144-5p -0.663149275 0.019498302
hsa-miR-361-3p 0.342902352 0.022623464
hsa-miR-1271-5p 0.886385558 0.026408677
hsa-miR-136-3p -0.531388403 0.026552014
hsa-miR-940 0.691425444 0.02936837
hsa-miR-7-5p 0.490753226 0.029724111
hsa-miR-1246 -0.781885696 0.029724111
hsa-miR-92a-1-5p 0.644378204 0.031407517
hsa-miR-3653 -0.726525751 0.033393284
hsa-miR-363-3p -0.403083341 0.034208777
hsa-miR-125b-5p 0.543695191 0.035276822
hsa-miR-183-5p 0.522029254 0.035474322
hsa-miR-500a-3p 0.293541524 0.035474322
hsa-miR-26b-3p -0.397978505 0.035474322
hsa-miR-708-5p 0.647477663 0.03609184
hsa-miR-9-5p 0.472814992 0.03609184
hsa-miR-146b-3p 0.472650574 0.03609184
hsa-miR-362-5p -0.533784896 0.03609184
hsa-miR-362-3p -0.692711623 0.03609184
hsa-miR-215-3p -0.612382789 0.037232615
hsa-miR-802 -0.449524987 0.038078996
hsa-miR-335-3p 0.456275267 0.038226205
hsa-miR-548e-3p -0.456770432 0.038817519
hsa-miR-185-5p -0.473531655 0.038817519
hsa-miR-181d-5p 0.417865092 0.039533733
hsa-miR-107 -0.270259609 0.039533733
hsa-miR-330-3p 0.560958928 0.041491029
hsa-miR-29b-3p 0.4406467 0.041491029
hsa-miR-6503-3p -0.636345517 0.041491029
hsa-let-7e-3p 0.501521576 0.04214792
hsa-miR-455-5p -0.440783608 0.042498975
hsa-miR-561-5p -0.544415348 0.042888397
hsa-miR-433-3p 0.768015157 0.045813063
hsa-miR-153-3p -0.588561888 0.045813063
hsa-miR-30d-3p -0.354872082 0.046167262
hsa-miR-28-3p -0.346960942 0.047957877
hsa-miR-589-5p 0.401471587 0.049517631

 *Fold change relative to levels at diagnosis

need for specific biomarkers in CeD. 
In this study, we investigated whether 
circulating miRNAs could serve as 
biomarkers. To address this question, 
we performed small RNA-seq on 
plasma and small intestinal biopsies 
from CeD patients at diagnosis and 
from non-CeD control individuals.
 In the plasma profiles, 
we found 49 circulating miRNAs 

differentially expressed between 
CeD samples and control samples 
(25 miRNAs are higher and 24 
miRNAs lower in CeD as compared to 
controls). Several of these circulating 
miRNAs appear to be deregulated in 
other immune-related diseases. Nine 
of our candidate miRNAs  (miR-25-5p, 
-21-5p, -30b-5p, -148b-5p, -26a-5p, 
-152-3p, -24-3p, -181c-5p, and -30e-
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Fig. 4. Heatmap of 109 miRNAs differentially expressed in biopsies from CeD patients at time of 
diagnosis vs. control biopsies.

Table 5. Differently expressed miRNAs that were common between patients at 
time of diagnosis and controls in circulation and in the small intestine.

miRNAs
Log2 Fold 
change 
(plasma)

P-value 
(plasma)

Log2 Fold 
change 
(biopsies)

P-value 
(biopsies)

hsa-miR-501-3p -1.752453039 2.40E-07 0.980395343 0.001586232
hsa-miR-144-5p 0.96834725 0.002244688 -0.663149275 0.019498302
hsa-miR-30b-5p 1.228837621 0.002244688 -0.625448375 0.000198712
hsa-miR-345-5p -0.566963958 0.002660971 0.311969346 0.019180029
hsa-miR-26b-5p 0.810153925 0.00439181 -0.350454053 0.006993719
hsa-miR-183-5p -1.016804069 0.004538239 0.522029254 0.035474322
hsa-miR-1246 -1.050415374 0.0058485 -0.781885696 0.029724111
hsa-miR-532-5p -0.720026411 0.006087895 -0.339252982 0.006900894
hsa-miR-99b-5p -1.074647786 0.009462089 0.788671235 0.007242043
hsa-miR-15a-5p 0.867162375 0.013074401 0.481471553 0.017463909
hsa-miR-28-5p 1.068613786 0.01402577 -0.464437822 2.29E-05
hsa-miR-181c-5p 0.623139401 0.033442622 0.433043392 0.000198712
hsa-miR-136-3p 0.902771484 0.033442622 -0.531388403 0.026552014

Both fold changes are relative to diagnosis.

5p) have also been implicated in type 
1 diabetes (21). Of these, miR-24 is 
also deregulated in the circulation of 
patients with rheumatoid arthritis and 
miR-21 has been reported to be higher 
expressed in patients with Crohn’s 

disease (10). These results suggest 
that some of our candidates might be 
specific to autoimmune diseases. 
 We also identified 11 
circulating miRNAs that are 
differentially expressed in CeD patients 
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at diagnosis versus CeD patients on 
a GFD. Three of these 11 miRNAs 
(hsa-miR-150-3p, hsa-miR-1246 
and hsa-miR-342-3p) were found 
to be differentially expressed in the 
comparison between CeD diagnosis 
and controls with the direction of 
change reversing following the start of 
a GFD. These three miRNAs are thus 
interesting candidate biomarkers for 
use in screening for CeD development 
in high-risk individuals, as well as for 
use in monitoring GFD adherence, a 
finding which should be validated by 
further study.
 We also investigated miRNA 
expression in CeD biopsies. By 
comparing CeD patients and non-
CeD controls, we found 109 miRNAs 
differentially expressed, including 
several miRNAs known to play a role 
in the immune system. One example 
of these is miR-155, which is known 
to promote the development of 
inflammatory Th1 and Th17 cells, 
and which was also found to be 
upregulated in multiple sclerosis 
patients with active disease (22). 
This miRNA was upregulated >2-fold 
(P = 6.6 x10-6) in the small intestine 
of CeD patients. Although we do not 
know exactly which cells miR-155 
is expressed in, we speculate that 
miR-155 could play a role in disease 
pathogenesis by regulating the Th1 
and/or Th17 pathways. 
 Interestingly, three miRNAs 
(miR-192-5p, miR-31-5p and miR-
338-3p) that are differentially 
expressed in the biopsies in our study 
were also found in an independent 

CeD study focusing on adult CeD 
patients (23). In this study Magni et al. 
initially identified seven differentially 
expressed miRNAs, only four of which 
could be validated. The validation of 
these candidates did not stop at re-
quantification of the specific miRNAs 
in additional samples; the authors 
also investigated the expression of 
potential target genes of the candidate 
miRNAs at the protein level. Their 
findings suggested a role for these 
miRNAs in the innate and adaptive 
immune response (23). For example, 
the decrease in miR-31-5p in CeD 
biopsies correlated negatively with an 
increase in its validated target FOXP3, 
both on mRNA and protein level. 
FOXP3 is involved in regulatory T-cell 
development (24) and the number of 
FOXP3-positive cells in the intestinal 
mucosa of CeD patients was indeed 
increased (25). These three miRNAs 
therefore remain primary candidates 
for functional follow-up. 
 We also investigated the 
intersection between the two panels 
(plasma and biopsies). We found 13 
miRNAs to be present in both profiles, 
of which 11 showed opposing 
directions (upregulated in biopsies 
while decreased in circulation, and 
vice versa). It is tempting to speculate 
that an increase in circulation is 
caused by active secretion of miRNAs 
by cells present in the biopsies 
and, conversely, that a decrease in 
circulation if caused by retention of 
miRNAs in cells in the biopsies (26).
 Although circulating miRNAs 
are promising biomarkers for CeD, 
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the biology of circulating miRNAs is 
currently not known. It is important to 
keep in mind that intestinal biopsies 
contain multiple cell types, and that 
circulating miRNA profiles are shaped 
by miRNA expression throughout the 
entire body and are not necessarily 
derived from cells involved or affected 
by disease. It has been proposed 
that circulating miRNAs can originate 
from blood cells or endothelial cells 
or even from organs that are exposed 
to high blood flow such as the liver, 
lungs and kidney (9). This makes 
both types of samples in this study 
more heterogeneous in nature with 
respect to their miRNA profile than, for 
instance, miRNA profiles of purified 
cell types. 
 In summary, we provide 
two different panels of differentially 
expressed miRNAs in CeD (one 
in circulation and one in the small 
intestine). Three circulating miRNAs 
are potential biomarkers that can 

be used to monitor GFD-adherence. 
Three miRNAs that we found to 
be differentially expressed in CeD 
biopsies have previously been 
identified in an independent CeD 
study. Whether and/or how these 
miRNAs are involved in CeD pathology 
still needs to be resolved. 
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