
Circulating MicroRNA Is a Biomarker of Pediatric Crohn Disease

Adam M. Zahm*, Meena Thayu*, Nicholas J. Hand*, Amber Horner*, Mary B. Leonard†, and

Joshua R. Friedman*

*Division of Gastroenterology and Nutrition, Department of Pediatrics, University of Pennsylvania

School of Medicine, Philadelphia, PA.

†Division of Nephrology, Department of Pediatrics, University of Pennsylvania School of

Medicine, Philadelphia, PA.

Abstract

Objective—The gold standard for the diagnosis and evaluation of Crohn disease (CD) is

endoscopy/colonoscopy, although this is invasive, costly, and associated with risks to the patient.

Recently, circulating microRNAs (miRNAs) have emerged as promising noninvasive biomarkers.

Here, we examined the utility of serum miRNAs as biomarkers of CD in children.

Patients and Methods—Studies were conducted using sera samples from patients with

pediatric CD, healthy controls, and a comparison group of patients with pediatric celiac disease.

Serum miRNA levels were explored initially using a microfluidic quantitative reverse

transcription-polymerase chain reaction array platform. Findings were subsequently validated

using quantitative reverse transcription-polymerase chain reaction in larger validation sample sets.

The diagnostic utility of CD-associated serum miRNA was examined using receiver operating

characteristic analysis.

Results—A survey of miRNA levels in the sera of control and patients with CD detected

significant elevation of 24 miRNAs, 11 of which were chosen for further validation. All of the

candidate biomarker miRNAs were confirmed in an independent CD sample set (n = 46). To

explore the specificity of the CD-associated miRNAs, they were measured in the sera of patients

with celiac disease (n = 12); none were changed compared with healthy controls. Receiver

operating characteristic analyses revealed that serum miRNAs have promising diagnostic utility,

with sensitivities for CD above 80%. Significant decreases in serum miRNAs were observed in 24

incident patients with pediatric CD after 6 months of treatment.

Conclusions—The present study identifies 11 CD-associated serum miRNA with encouraging

diagnostic potential. Our findings suggest serum miRNAs may prove useful as noninvasive

biomarkers in CD.
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The diagnosis of inflammatory bowel disease (IBD) is often achieved only months or years

after the onset of symptoms. Several serological indicators of IBD have been identified; in

general, they are antibodies directed against antigens expressed by organisms of the

intestinal microbiome (1–4). For example, the anti-Saccharomyces cerevisiae antibody

(ASCA) interacts with mannose epitopes of this yeast species and is present in 48% to 80%

of patients with CD (5,6). In general, these markers are specific for IBD, but experience low

sensitivity.

CD biomarkers can also be of value after the diagnosis is established, as measures of disease

activity and predictors of outcome. The available serological markers have not proven useful

in these contexts (7–13). Other serum and stool markers, such as C-reactive protein (CRP)

and fecal calprotectin, are elevated in inflammatory and gastrointestinal diseases, but are not

specific for IBD (14–19). The introduction of additional sensitive, specific, and noninvasive

diagnostic markers may aid in the diagnosis of IBD, reduce patient risk and discomfort by

reducing invasive testing, and accelerate the study of new treatments.

MicroRNAs (miRNAs) are short, noncoding RNAs that regulate target mRNAs via

transcript degradation or translational repression. Cell- and tissue-specific miRNA

expression profiles are altered in numerous disease states (20–30). The loss of all of the

intestinal miRNA results in impaired barrier function and inflammation similar to IBD (31).

With the exception of gastric and colorectal cancers (32,33), little is known regarding the

function of miRNA in intestinal disease. Wu et al (34) profiled miRNA expression in colon

biopsies in ulcerative colitis (UC), indeterminate colitis, infectious colitis, microscopic

colitis, and irritable bowel syndrome. Significant changes were confirmed in 11 miRNAs in

UC tissues when compared with normal controls, of which 5 were altered at least 2-fold.

The authors focused on microRNA-192 (miR-192; 1.9-fold lower in active UC), showing

that it localizes to colonic epithelia and is able to repress expression of the chemokine

CXCL2 (MIP-2a) in a colonic epithelial cell line. They suggest that in UC, decreased

miR-192 levels result in intestinal inflammation via increased CXCL2 secretion by epithelial

cells. The same group has also investigated ileal and colonic miRNA expression, resulting in

the identification of several miRNAs whose levels are altered in CD (35).

The recent discovery of circulating miRNAs possessing remarkable stability has prompted a

number of studies investigating their potential merit as noninvasive biomarkers (36,37).

Specific circulating miRNA profiles have now been described for various conditions,

particularly cancer (36–41). In some cases, these circulating miRNA profiles are known to

correlate with miRNA expression changes in the diseased tissue (41,42). Additionally,

changes in circulating miRNA profiles may precede those of standard blood biomarkers

(39,41), and several disease-specific profiles are known to possess both diagnostic and

prognostic value (43,44). Taken together, these properties implicate miRNAs to be

attractive, blood-based, noninvasive biomarkers.

To date, a single study has explored serum or plasma miRNAs within the scope of IBD. In

an investigation of markers of colorectal cancer, Ng et al (45) described a significant

decrease in plasma miR92 levels in a group of 20 elderly patients with IBD. Recently, Wu et

al (46) identified peripheral blood cell miRNAs capable of distinguishing adult patients with

CD and UC. Although a number of differentially expressed miRNAs were identified by this

cell-based approach, the use of serum or plasma miRNA has the potential advantage of

reflecting miRNA changes in the intestinal tissue itself, rather than blood cells.

Here, we have performed a study to test the hypothesis that the combination of epithelial

damage and inflammation seen in CD results in altered circulating miRNA levels. We have

identified a panel of serum miRNAs that are increased in patients with CD compared with
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healthy controls. These serum miRNAs show promise as clinically useful, noninvasive

biomarkers for diagnosis and treatment response of pediatric CD.

PATIENTS AND METHODS

Serum Samples

Sera from patients with pediatric CD and healthy controls were obtained as part of

institutional review board–approved studies at the Children’s Hospital of Philadelphia

Research Institute (M.T. and M.B.L.); CD diagnosis was confirmed by standard parameters

as previously described (47–49). Site of disease was defined according to the Montreal

classification (50). CD activity was assessed using the Pediatric Crohn Disease Activity

Index (PCDAI) (51). Controls were recruited for studies of growth and nutrition, had normal

height and body mass index, and had no history of chronic diseases. Characteristics of

patients with CD and controls are summarized in Table 1. Pediatric celiac disease serum

samples and controls were obtained from Dr Alessio Fasano of the University of Maryland

School of Medicine. Samples with visible evidence of hemolysis were excluded from the

study. Serum was stored at −80°C until RNA isolation.

RNA Isolation

Total RNA was isolated from 60mL of serum using the mirVana miRNA Isolation Kit

(Ambion, Austin, TX) according to manufacturer’s instructions. Exogenous Caenorhabditis

elegans and human miRNAs were added as normalizing controls immediately following

serum denaturation. RNA was eluted with 100mL elution solution (95°C) and stored at

−80°C. Quality of total RNA preparations was confirmed using the Agilent 2100

Bioanalyzer with the RNA 6000 Pico kit (Agilent Technologies, Santa Clara, CA).

miRNA Analysis by Low-density Array

TaqMan Human MicroRNA Arrays (Applied Biosystems, Foster City, CA) were used to

quantify serum miRNA content according to the manufacturer’s instructions. Reverse

transcription (RT) products were preamplified and arrays were processed and analyzed by

the ABI PRISM 7900HT Sequence Detection System (Applied Biosystems). miRNA levels

were normalized against exogenous human embryonic-specific miRNAs (miR-302a and

miR-372 for pool A arrays and miR-302d for pool B arrays) added in equal amounts during

RNA isolation to control for assay variability (52).

qRT-PCR

Total RNA volumes of 1.33mL were reverse transcribed and amplified using the TaqMan

MicroRNA Reverse Transcription and miRNA Assay Kits (Applied Biosystems) according

to the manufacturer’s instructions. Reactions were performed in duplicate. miRNA levels

were normalized to the levels of 2 exogenous C elegans miRNAs lacking homology to

human sequences (cel-miR-54 and cel-miR-238) added during RNA isolation (36).

Enzyme-linked Immunosorbent Assay

Serum levels of CRP and ASCA IgG were determined in control and patients with CD using

commercial enzyme-linked immunosorbent assay Kits (Calbiotech, Spring Valley, CA;

ALPCO, Salem, NH) according to the manufacturer’s instructions.

Statistical Analysis

Significantly altered miRNAs from the low-density array (LDA) experiment were identified

using Significance Analysis of Microarrays software (Stanford University, Stanford, CA).

All other statistical calculations were performed using Stata 11.0 (StataCorp, College
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Station, TX). Fisher exact test, Mann-Whitney test, and Wilcoxon matched-pairs signed rank

test were used to determine significance. Hierarchical cluster analysis (complete-linkage

clustering with Euclidean (L2) distance) was performed using the 68 miRNAs detected in all

12 LDA samples. Receiver operating characteristic (ROC) curve analyses were used to

determine diagnostic utility. Correlation between miRNAs was determined by Spearman

correlation test. Heat maps were generated using Matrix2png (53). Expression data were

presented as mean ± stanstandard error with 2-sided P values.

RESULTS

Discovery of CD-associated Circulating miRNA Using Low-density Array qRT-PCR

A microfluidic quantitative reverse transcription-polymerase chain reaction (qRT-PCR)

LDA platform capable of detecting 667 mature human miRNAs was used to identify CD-

associated miRNAs in an exploratory cohort of patients with CD with active disease (12.5 ±

1.4 years, 67% boys, PCDAI = 32.5 ± 8.4, n = 6), compared with age- and sex-matched

healthy controls. Hierarchical clustering analysis revealed altered serum miRNA profiles in

patients with CD compared with controls (Fig. 1A). Differences in individual serum miRNA

levels between groups were identified using significance analysis of microarrays (54). A

total of 24 miRNAs were increased at least 50% in patients with CD at a false discovery rate

of 6% (Supplementary Table 1 [http://links.lww.com/MPG/A51] and Supplementary Fig. 1

[http://links.lww.com/MPG/A52]). Ten of the 24 miRNAs are members of 3 paralogous

genomic miRNA clusters with oncogenic properties, namely miR-17–92, miR-106b-25, and

miR-106a-363 (55–57). No circulating miRNAs were significantly decreased in patients

with CD. A panel of 11 miRNAs was selected for direct confirmation by qRT-PCR; a single

member (miR-20a, miR-93, and miR-106a) from each of the 3 paralogous miRNA clusters

was included. Good agreement was observed between the array and individual qRT-PCR

validation results (Fig. 1B). All but 1 of the selected miRNAs was significantly increased in

the CD sera at least 2.5-fold (Fig. 1C).

Confirmation of CD-associated Circulating miRNA in an Independent Sample Set

To verify the differences in serum miRNA levels between patients with CD and controls,

qRT-PCR was performed on a larger, distinct set of incident cases of CD (n = 46), similar to

the exploratory cohort in terms of demographic and disease characteristics, and control

subjects (n = 32) (Table 1). Each of the selected 11 miRNAs was significantly elevated

(range 2.7- to 8.7-fold) in the serum of patients with CD compared with controls at a P

<0.0001 (Table 2). The results from miR-106a and miR-484 are illustrated in Figure 2A. No

correlation was observed between miRNA levels or white or red blood cell count, indicating

that the altered miRNA levels are not a simple reflection of hematologic changes. The

miRNA levels also did not correlate with the albumin concentration, erythrocyte

sedimentation rate, or CRP level (data not shown).

Because CD sera were compared with sera of healthy control patients, it is possible that the

observed elevations in panel miRNAs occur during enteritis of any kind. To address this

possibility, miRNA levels were measured in the sera of children with active celiac disease

and age-, race-, and sex-matched controls without celiac disease (Table 3). All 11 panel

miRNAs elevated in CD serum were unaltered in the serum of celiac patients in comparison

with healthy controls (Table 2 and Fig. 2A). The data suggest that elevated levels of the CD-

associated circulating miRNAs are not a general result following intestinal tract

inflammation and destruction, because active celiac disease involves inflammatory-mediated

damage to the proximal small bowel mucosa.
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Spearman rank correlation revealed that each CD-associated miRNA was positively

correlated (P <0.0001) with each of the other CD-associated miRNAs (Supplementary Fig.

2A [http://links.lww.com/MPG/A52]). Among the miRNAs, the strongest miRNA–miRNA

correlation (r = 0.983) was between miR-20a and miR-106a, members of the paralogous

clusters miR-17–92 and miR-106a-363, respectively, whereas the lowest correlation (r =

0.709) was between miR-192 and miR-484 (Supplementary Fig. 2B [http://links.lww.com/

MPG/A52]). In contrast, levels of CD-associated miRNAs did not correlate with disease

activity as determined by PCDAI score. Interestingly, esophageal disease involvement was

significantly associated with higher serum levels of 8 CD-associated miRNAs (all except

miR-16, miR-192, and let-7b; P <0.05).

Clinical Performance of Circulating miRNA as a Biomarker for CD

To assess the diagnostic utility of CD-associated miRNAs, we determined their receiver

operating characteristics. ROC curves revealed that the CD-associated miRNAs have

promising diagnostic properties, with area under the ROC curve (AUC) values of 0.82 to

0.92 (Table 4 and Fig. 2B), sensitivities of 70% to 83%, and specificities of 75% to 100%

(Table 5). These values compared favorably to those of erythrocyte sedimentation rate and

serum levels of CRP, ASCA IgG, and albumin, using standard diagnostic thresholds.

To determine whether CD-associated circulating miRNA levels change with treatment, we

analyzed the sera of 24 patients with incident CD, similar to our larger cohort in terms of

demographics and disease severity, at the time of diagnosis and 6 months later. Between

baseline and 6 months, median PCDAI scores decreased significantly (P<0.001). At the 6-

month study visit, the proportions of study subjects who had received the following

medication during that interval were systemic steroids 16 (67%), methotrexate 1 (4%), 6-

mercaptopurine or azathioprine 10 (42%), and infliximab 2 (8%). Significant reductions

were observed in the levels of miR-484 and miR-195 (Fig. 3). All other panel miRNAs

showed no significant change following treatment, although most trended downward (Fig.

3B). Changes in panel miRNA levels and PCDAI scores were not significantly correlated.

These results suggest that CD-associated circulating miRNAs may be markers of response to

therapeutic intervention.

Analysis of CD-associated Circulating miRNAs Using Internal Reference miRNAs

One obstacle to the clinical use of circulating miRNA as a biomarker derives from its

acellular nature. In assays of cellular miRNAs, a variety of “housekeeping” RNA species are

used commonly to correct for differences in tissue mass, RNA yield, or quality. Because no

such internal controls are present for assays of circulating miRNA, in our initial assays, 2

artificial C elegans miRNAs were added at the time of RNA purification and used as

surrogate references (see Patients and Methods). However, it was noted in our LDA analyses

that miR-150 and miR-342–3p were present at equivalent levels in patients with CD and

controls (Supplementary Fig. 3A [http://links.lww.com/MPG/A52]). We therefore

determined whether they could be used as internal reference miRNAs. The results obtained

using the endogenous reference miRNAs were nearly identical to those obtained using

exogenous reference miRNA (Supplementary Fig. 3B [http://links.lww.com/MPG/A52]).

These results indicate that it may be possible to eliminate the use of exogenous miRNA in

future analyses.

DISCUSSION

Circulating miRNAs have recently emerged as candidate biomarkers for disease, particularly

cancer (36,37,39,58). The present study is the first to demonstrate the potential of circulating

miRNAs as noninvasive biomarkers of pediatric CD. An initial screen of patients with CD
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by microfluidic qRT-PCR array identified a significantly altered serum miRNA profile in

comparison with healthy controls. These findings were subsequently validated in a much

larger set of cases and controls.

All 24 miRNAs significantly altered in CD sera were elevated. The pathogenesis of IBD is a

complex process involving inflammatory signaling, lymphocyte infiltration of the gut, and

epithelial cell damage. Each of these may result in increases in the levels of circulating

miRNA. For example, exosomes secreted in the course of inflammatory signaling may carry

specific miRNAs into the circulation. The intestine is a highly vascular organ, and thus

activated lymphocytes in the lamina propria may contribute to circulating miRNA.

Furthermore, injury to intestinal epithelia may result in increases in epithelium-specific

miRNAs in the circulation, as has been observed for tissue miRNAs in heart or liver injury

(39,59). For instance, we found that circulating miR-192 is elevated in CD; miR-192 is also

the most greatly expressed miRNA in intestinal epithelia (31).

In a study of intestinal miRNA levels in CD, Wu et al (35) identified several miRNAs that

are upregulated; these include 4 of the miRNAs we have described (miR-16, -20a, -21, and

-106a). Let-7b, miR16, and miR-21 are greatly expressed in human dendritic cells, which

likely contribute to the chronic inflammation of CD (60,61). In contrast, the internal control

miRNAs (miR-150 and miR-342-3p) are not detected in intestinal epithelia (62). None of

the panel miRNAs are restricted to a single cell type, yet they are greatly correlated with

each other, suggesting that CD may be associated with a specific circulating miRNA

signature that reflects both inflammation and enteritis.

Serological testing is frequently used in the diagnosis of children with suspected IBD,

although evidence suggests current markers are suboptimal as screening tools for disease in

this patient population, with reported sensitivities ranging from 55% to 71% (63–65). Thus,

although the diagnosis of CD ultimately must be made on histopathologic grounds, the

introduction of improved noninvasive testing may help to close the gap between the onset of

symptoms and the final diagnosis, allowing for earlier treatment. Conversely, a negative

screening test result may help reduce unnecessary endoscopy/colonoscopy.

The serum miRNAs examined here display encouraging diagnostic utility, performing

favorably in comparison with some standard serological markers. MiR-484 and let-7b each

possessed sensitivities > 80%, and 3 had specificities > 90% in comparison with healthy

controls. In addition, each panel miRNA was unchanged in the serum of celiac patients

compared with age-, race-and sex-matched controls, suggesting that these miRNAs may be

specific for IBD or CD, rather than simply indicators of intestinal inflammation in general.

This finding contrasts with current IBD serological markers, which are often present in non-

IBD intestinal disease. For instance, ASCA is detected in a large proportion of patients with

celiac disease, whereas perinuclear anti-neutrophil cytoplasmic antibodies can also be

present in celiac disease or microscopic colitis (9,12,13).

Once the diagnosis of IBD is made, the current serological markers of CD are of limited use

because they correlate poorly with disease activity or outcome in both adult and pediatric

patients (66,67). Studies of circulating miRNA suggest that it may be a more dynamic

biomarker; for example, levels of plasma miR-1, the most abundantly expressed miRNA in

the heart (68), are elevated at the time of diagnosis in acute myocardial infarction and return

to normal by the time of hospital discharge (38). Likewise, miRNA released from tumor

cells can significantly alter circulating miRNAs levels, which normalize following tumor

resection (42,69,70). We have found that after 6 months of treatment, serum miR-484 and

miR-195 levels were significantly reduced from levels observed at the time of diagnosis.

Reductions in panel miRNA levels did not significantly correlate with improved PCDAI
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scores. However, it remains possible that serum miRNAs accurately represent improvements

at the mucosal level, as clinical scoring systems, as well as other surrogate markers,

correlate poorly with mucosal healing (71,72).

A number of limitations to this preliminary analysis can be rectified with a larger cohort of

cases and controls. The non-significant trend toward decreased circulating levels of several

miRNAs in the longitudinal analysis may be because of lack of statistical power. In addition,

it will be essential to obtain adequate numbers of CD cases reflecting different disease

locations and types of complications. Likewise, it will be important to determine whether

UC is characterized by a distinct set of circulating miRNAs, because these may be useful in

distinguishing UC from colitis caused by CD. It will also be essential to analyze circulating

miRNA levels in patients with gastrointestinal complaints not caused by CD (eg, infectious,

allergic, or functional disease) because this is the group in whom noninvasive testing can be

most useful. The analysis of other inflammatory conditions, such as rheumatoid arthritis, can

also help establish the specificity of the CD-associated circulating miRNAs, although in

practice, other clinical features can also serve to distinguish CD and nongastrointestinal

disease.

In summary, this pilot study has identified a number of miRNAs significantly increased in

the serum of patients with pediatric CD These CD-associated miRNAs display encouraging

clinical utility that will require confirmation in large validation groups. Our findings suggest

that large-scale investigations combining circulating miRNAs, laboratory, and genetic

markers of CD may result in composite models with improved sensitivity and specificity for

IBD in general and CD in particular.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Low-density array (LDA) analysis of serum miRNA in patients with pediatric CD. A,

Dendrogram showing hierarchical cluster analysis using 68 miRNAs detected in all samples

by LDA. B, Scatterplot of relative serum miRNA levels of 11 CD-associated miRNAs and 2

unaltered control miRNAs as determined by LDA and individual qRT-PCR. Open circles,

control samples; filled circles, CD samples; r, Spearman rank correlation coefficient. C,

Comparison of relative levels of CD-associated miRNAs in control and CD samples

determined by individual qRT-PCR. Data are presented as fold change in comparison with

controls. *P <0.05. CD = Crohn disease; LDA = low-density array; miRNA = microRNA;

qRT-PCR = quantitative reverse transcription-polymerase chain reaction.
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FIGURE 2.
Validation of CD-associated circulating miRNAs. A, Box-whisker plots of CD-associated

serum miRNAs validated in an independent set of controls (n = 32) and CD cases (n = 46) as

well as celiac cases (n = 12) and associated controls (n = 12). Box, 25% to 75%; whisker,

upper, lower adjacent values; line, median; points, outside values. Data are presented as fold

change in comparison with controls. B, Receiver operating characteristic curves of 2 CD-

associated miRNAs in sera of patients with pediatric CD (n = 46) and healthy controls (n =

32). AUC = area under the curve; CD = Crohn disease; miRNAs = microRNAs.
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FIGURE 3.
Response of CD-associated circulating miRNAs following treatment. A, Dot plots of 2 CD-

associated miRNAs in sera of patients with pediatric CD at diagnosis and following 6

months of treatment (n = 24). Data are presented as fold change relative to level at

diagnosis. Solid lines connect data points for each patient. Dashed line = median; *P =

0.003; n.s. = not significant, using the Wilcoxon matched-pairs signed rank test. B, Serum

miRNA levels in patients with pediatric CD at diagnosis and following 6 months of

treatment (n = 24). Data are presented as fold change relative to level at diagnosis. *P =

0.003 for miR-484 and P = 0.037 for miR-195 using the Wilcoxon matched-pairs signed

rank test. CD = Crohn disease; miRNAs = microRNAs.
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TABLE 1

Baseline characteristics in patients with CD and controls

CD (n = 46)
Controls
(n = 32)

Age, y 13.7 ± 3.0 13.1 ± 4.1

Sex, male,% 65.2 53.1

Race, white,% 84.8* 65.6

PCDAI 34.7 ± 18.1

  Median (range) 32.5 (7.5, 80)

  No active disease (≤slO), % 6.5

  Mild disease (11–30), % 39.1

  Moderate/severe (> 30), % 54.3

Months since diagnosis 1.0 ± 1.9

Site of disease, n (%)

  Isolated ileal disease 0

  Isolated colonic disease 1 (2)

  Ileocolonic disease 28 (61)

  Isolated upper GI tract disease 1 (2)

  Perirectal involvement 21 (46)

  Colonic involvement 45 (98)

  Ileal involvement 29 (63)

  Duodenal involvement 13 (28)

  Gastric involvement 40 (87)

  Esophageal involvement 22 (48)

Continuous variables presented as mean ± standard deviation unless otherwise indicated. Subjects may be counted in multiple disease site

subgroups. CD = Crohn disease; GI = gastrointestinal; PCDAI = pediatric Crohn disease activity index.

*
P < 0.05 compared with controls.
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TABLE 2

Serum miRNAs in patients with Crohn and celiac disease compared with controls

Fold change

miRNA Crohn (n = 46) Celiac (n = 12)

miR-16 8.74 ± 1.54* 1.04 ± 0.60

let-7b 7.49 ± 1.32* 1.19 ± 0.73

miR-195 5.67 ± 0.90* 0.95 ± 0.53

miR-106a 4.79 ± 0.63* 0.98 ± 0.49

miR-20a 4.63 ± 0.63* 0.90 ± 0.42

miR-30e 4.60 ± 0.59* 0.96 ± 0.34

miR-140 4.51 ± 0.65* 0.96 ± 0.37

miR-484 4.50 ± 0.51* 1.23 ± 0.44

miR-93 4.48 ± 0.60* 0.87 ± 0.49

miR-192 4.24 ± 0.74* 0.87 ± 0.27

miR-21 2.72 ± 0.24* 0.73 ± 0.27

Fold change is relative to controls and presented as mean ± SE.

*
P < 0.0001.
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TABLE 3

Baseline characteristics in patients with celiac disease and controls

Controls (n = 12) Celiac disease (n = 12)

Age, y 14.0 ± 0.7 14.0 ± 0.8

Sex, male,% 25.0 25.0

Race, white,% 100 100

EMA positive, % 0 100*

tTG-IgA, U/mL 0.8 ± 0.1 38.8 ± 8.5*

AGA-IgG, U/mL 9.9 ± 2.0 19.5 ± 6.0

AGA-IgA, U/mL 3.9 ± 1.0 8.1 ± 2.4

Continuous variables presented as mean ± SE. AGA = anti-gliadin antibody; EMA = anti-endomysial antibody; tTG = anti-tissue transglutaminase

antibody.

*
P < 0.05 compared with controls.
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TABLE 4

ROC analyses of panel miRNAs

miRNA AUC 95% CI

miR-484 0.917 0.860–0.974

miR-16 0.902 0.832–0.971

miR-30e 0.882 0.805–0.958

miR-106a 0.879 0.806–0.952

miR-195 0.876 0.800–0.952

miR-20a 0.863 0.785–0.941

let-7b 0.860 0.781–0.939

miR-21 0.853 0.770–0.936

miR-93 0.852 0.769–0.935

miR-192 0.834 0.744–0.923

miR-140 0.821 0.728–0.915

AUC = area under the curve; CI = confidence interval; ROC = receiver operating characteristics.
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TABLE 5

Diagnostic properties of panel miRNAs and CD-related laboratory values

miRNA Sensitivity, % Specificity, %
Correctly

classified, %

miR-16 73.91 100 84.62

miR-484 82.61 84.38 83.33

miR-30e 73.91 96.88 83.33

miR-106a 76.09 90.62 82.05

miR-195 69.57 96.88 80.77

miR-20a 73.91 87.50 79.49

miR-21 76.09 84.38 79.49

miR-140 73.91 87.50 79.49

let-7b 82.61 75.00 79.49

miR-192 78.26 78.12 78.21

miR-93 71.74 84.38 76.92

Test Threshold Sensitivity, % Specificity, %
Correctly

classified, %

CRP 0.9 mg/dL 63.64 93.55 76.00

ASCA IgG 10 U/mL 62.22 80.65 69.74

ESR 20 mm/h 52.17 — —

Alhnmin 3.5 g/dL 41.30 — —

ASCA = anti-Saccharomyces cerevisiae antibody; CD = Crohn disease; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; miRNAs

= microRNAs.
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