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Abstract: MicroRNAs (miRNAs) have been shown to be important for the pathogenesis of Crohn'’s
disease (CD). Exclusive enteral nutrition (EEN) is an effective therapy for inducing remission in CD.
We aimed to investigate the alteration of miRNAs expression profile in the terminal ileal mucosa of
CD patients before and after EEN. Twenty-five patients and ten healthy individuals were included.
MiRNAs expression profile was firstly assessed using microarray technology and then validation
was performed by qRT-PCR. The correlations between miRNAs and CD activity index (CDAI)
score and serum C-reactive protein (CRP) level were also evaluated. Microarray analysis showed
that mucosal miRNAs expression profile after EEN therapy was significantly changed compared
with inflamed mucosa before treatment, and was most similar to the healthy one among all CD
groups. Altered expressions of hsa-miR-192-5p, hsa-miR-423-3p, hsa-miR-99a-5p, hsa-miR-124-3p,
hsa-miR-301a-5p, hsa-miR-495-5p, and hsa-let-7b-5p were confirmed by qRT-PCR. hsa-let-7b-5p was
significantly correlated with serum CRP levels before and after EEN treatment (r = —0.518, p = 0.008,
and r = —0.569, p = 0.003). Our study showed EEN induction therapy was associated with a trend for
normalizing of the mucosal miRNAs expression profile, and expression of mucosal hsa-let-7b-5p was
correlated with serum CRP level in patients with CD.
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1. Introduction

Crohn’s disease (CD) is a chronic relapsing inflammatory bowel disorder that can affect any part
of the gastrointestinal track. It is believed that the environment-gene interactions play a major role in
the pathogenesis of CD [1,2] Epigenetic factors could mediate environment-gene interactions involved
in pathogenesis, and microRNA (miRNA) is one of the main epigenetic mechanisms [3]. MiRNAs,
the short (19-24 nucleotides) non-coding RNAs, are involved in many biological processes like cell
differentiation, proliferation, and apoptosis by inhibiting translation or degrading the target mRNA [4].

MiRNAs play an important role in regulating intestinal barrier function and intestinal immune
response. It has been demonstrated that some dysregulated miRNAs contribute to the abnormal
inflammatory response in inflammatory bowel disease (IBD), and loss of intestinal miRNAs leads to
damaged intestinal barrier function and inflammation, which is similar to IBD [5,6]. At the same time,
cell type variations between samples and increased infiltration of inflammatory cells in CD may also
lead to the different expression of certain miRNAs in serum and mucosa [7]. Therefore, these miRNAs
expression profiles may be influenced by effective therapies.

Diet is one of the environmental factors closely relevant to CD. The incidence of CD has risen
in countries with Western diet and several dietary factors such as protein, fat and sugar intake may
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contribute to the pathogenesis of CD [8]. Exclusive enteral nutrition (EEN) is one of the current
treatments of CD. The benefits of EEN in CD were firstly reported in 1973 [9]. Since then, the efficacy
of EEN on inducing remission and mucosal healing of CD has been confirmed by many studies, and
EEN becomes a preferred therapeutic strategy for the treatment of CD in some medical centers [10-14].
However, the mechanism of EEN is still undiscovered.

It is now accepted that dietary components can interact with genome and modify certain types of
gene expression under a normal and variable genetic status, which may become either risk or protective
factors for certain diseases [15,16]. Evidences are emerging that a wide range of dietary factors
(macronutrients, micronutrients and caloric restriction) can affect expressions of many miRNAs [17].
Our previous study has demonstrated both the inflamed and non-inflamed terminal ileal mucosa in
active CD have their unique miRNAs expression profiles [18]. In this study, we compared the miRNAs
expression profiles of the terminal ileal mucosa before and after EEN treatment in order to investigate
the alteration of miRNAs expression profile in the terminal ileal mucosa before and after EEN, which
may provide a new perspective for the mechanism of EEN in CD.

2. Materials and Methods

2.1. Patients

The study protocol was approved by the Institutional Ethics Committee of Jinling Hospital
(Nanjing, China). All patients gave written informed consent (Ethical approval code No. 2011NLY-039).

Requirements for inclusion in the study were very strict to minimize the impact of potentially
confounding factors like smoking, medication and surgery. Patients from Jinling Hospital satisfying the
following criteria were recruited between August 2011 and June 2014: (1) patients within the age range
of 17-40 years; (2) patients were diagnosed with ileal or ileocolonic CD using clinical, radiological,
endoscopic and histological evidence; (3) patients had a Crohn’s disease activity index (CDAI) score
of more than 150 and less than 400 and a serum C-reactive protein (CRP) level of more than10 mg/L
at the enrollment; (4) patients had received no or stable treatment of sulfasalazine or mesalazine
for more than one month; (5) patients had not received corticosteroids, immunosuppressive drugs,
biological therapies or surgeries; and (6) patients had no history of smoking. Patients meeting the
following criteria were excluded: (1) patients who presented with intestinal obstruction, fistula or
abscess; and (2) patients who complicated with other immune associated diseases or systemic diseases.
Normal healthy individuals undergoing screening ileocolonoscopies were also enrolled as the healthy
control group.

2.2. Treatment

Patients were treated with EEN for at least 4 weeks. As previously described [19], a polymeric
formula (Nutricia, Amsterdam, The Netherlands) was used in this study. During this period, any
other food and drink except water was forbidden. The enteral nutritional suspension was infused
continuously through a nasogastric tube. The daily calorie intake was 25-30 kcal/kg body weight. The
dosage of EEN was gradually increased from one-half to the full strength over 2 days to reduce side
effects. For patients who received stable treatment of sulfasalazine or mesalazine at enrollment, the
dose remained unchanged during the entire study. Both clinical and hematological assessments were
conducted to assess the efficacy of the treatment. Remission was defined as a CDAI score of less than
150 and the CRP level of less than 10 mg/L.

2.3. Intestinal Tissues Collection

For assays of miRNAs expression, three biopsy specimens per patient from either inflamed
mucosa or from normal mucosa (>8 cm from the inflamed mucosa) were removed from terminal
ileum at ileocolonoscopy 1-7 days before therapy. After treatment (1-7 days after EEN), patients who
achieved clinical remission underwent a second ileocolonoscopy. Three biopsy specimens from the
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region where lesions were present before therapy were obtained. In addition, biopsy specimens were
obtained from the terminal ileum of healthy individuals.

2.4. RNA Extraction

Total RNA including miRNAs of pinch biopsies were isolated immediately using TRIzol
(Invitrogen) and miRNeasy mini kit (QIAGEN) according to manufacturer’s instructions. The RNA
samples were stored at —80 °C until use in either the miRNA array analysis or quantitative
reverse-transcription polymerase chain reaction (QRT-PCR). RNA quality, quantity and integrity
were measured as previously described [18].

2.5. miRNA Microarray

In this study, the miRNAs expression profiles were examined using the 7th generation of
miRCURYTM LNA Array (v.18.0) (Exiqon, Vedbaek, Denmark) covering all human miRNAs annotated
in miRBase 18.0.

The miRCURY™ Hy3™ /Hy5™ Power labeling kit (Exiqon, Vedbaek, Denmark) was used
for miRNA labeling. Each sample was 3’-end-labeled with Hy3TM fluorescent label. Then, the
Hy3TM-labeled samples were hybridized on the miRCURYTM LNA Array (v.18.0). After hybridization,
the slides were achieved, washed using Wash buffer kit (Exiqon), and finally dried by centrifugation.
Then the slides were scanned using the Axon GenePix 4000B microarray scanner (Axon Instruments,
Foster City, CA, USA)., and grid alignment and data extraction were performed using GenePix Pro 6.0
software (Axon). The details were described in our previous study [17].

2.6. Quantitative Reverse-Transcription Polymerase Chain Reaction (gqRT-PCR)

QRT-PCR was used to validate the expression of miRNAs. cDNA was generated from 800 ng of
total RNA using miRNA-specific RT primers in Gene Amp PCR System 9700 (Thermo Fisher Scientific
Inc., Waltham, MA, USA). QRT-PCR was then performed in a ABI PRISM7900 system (Thermo Fisher
Scientific Inc., Waltham, MA, USA) at 95 °C for 10 min, followed by 40 cycles of 95 °C for 10 s and
60 °C for 60 s. Each sample was analyzed in triplicate. U6 was used as an endogenous control to
normalize the expression level of target miRNAs. The relative expressions of miRNAs were measured
using a comparative threshold cycle method (2-24¢T). Primers are listed in Table 1.

2.7. Data Analysis

SPSS 17.0 (Chicago, IL, USA) and GraphPad Prism 5 (San Diego, CA, USA) were used to perform
statistical analysis. Continuous data are expressed as mean =+ standard deviation (SD). For miRNAs
microarray analysis, significant differentially expressed miRNAs were identified through Volcano
Plot filtering: fold Change >2.0 and t-test p-value < 0.05. Hierarchical clusters were generated using
MEV software (v4.6, TIGR). Unpaired or paired t-tests were performed for two groups’ continuous
data comparison and one-way analysis of variance (ANOVA) for multiple groups’ continuous data
comparison. Correlations between groups were assessed using Pearson’s test. p-values of < 0.05 were
considered significant.
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Table 1. Primers used for quantitative real-time PCR.

Name Primer

GSP:5' GGGGGGTAGCTTATCAGACTG3'
R: 5’GTGCGTGTCGTGGAGTCG3'

GSP:5' GGGAGGCAAGATGCTGGC3'
R:5'GTGCGTGTCGTGGAGTCG3'

GSP:5' GGGGCTGACCTATGAATTG3'
R:5’CAGTGCGTGTCGTGGAGT3'

GSP:5' TAAGCTCGGTCTGAGGC3
R:5’CAGTGCGTGTCGTGGA3'

GSP:5' GGGGTGAGGTAGTAGGTTG3'
R:5’CAGTGCGTGTCGTGGA3'

GSP:5'GCCCCTGTACAGCCTCCTA3'
R: 5 GTGCGTGTCGTGGAGTCG3'

GSP:5' GGGGAAGTTGCCCATGTTA3'
R: 5’GTGCGTGTCGTGGAGTCG3'

GSP:5 GGGACCCCAGTGTTTAGACTAT3'
R: 5’GTGCGTGTCGTGGAGTCG3'

GSP:5' GGGTAAGGCACGCGGT3'
R: 5 GTGCGTGTCGTGGAGTCG3'

GSP:5' GGGGGCTCTGACTTTATTGC3'
R: 5’GTGCGTGTCGTGGAGTCG3'

GSP:5'GCCAACCCGTAGATCCGAT3'
R: 5’GTGCGTGTCGTGGAGTCG3'

F:5'GCTTCGGCAGCACATATACTAAAAT3
R:5'CGCTTCACGAATTTGCGTGTCAT3'

GSR, gene special primer; R, reverse; F, forward.

hsa-miR-21-5p

hsa-miR-31-5p

hsa-miR-192-5p

hsa-miR-423-3p

hsa-let-7b-5p

hsa-let-7a-2-3p

hsa-miR-495-5p

hsa-miR-199b-5p

hsa-miR-124-3p

hsa-miR-301a-5p

hsa-miR-99a-5p

U6

3. Results

3.1. Characteristics of Participants

Thirty patients were enrolled. Twenty-five (83.3%) of these patients achieved remission after EEN
treatment and underwent a secondary ileocolonscopy, and the other five patients were excluded from
this study. The mean duration of EEN was 5.4 £ 1.56 weeks. Ten healthy individuals undergoing
screening ileocolonoscopies were also recruited. Samples of six patients and six healthy controls
were used for the microarray analysis, while all samples were used for the qRT-PCR validation.
Characteristics of participants are summarized in Table 2. CD patients were aged from 21 to 39 with
the same disease behavior. Nineteen of them had ileocolonic CD while six were diagnosed as ileal CD.
Ten patients received sulfasalazine or mesalazine treatment. After EEN therapy, CDAI scores and CRP
levels reduced significantly in CD patients.

As miRNAs expression levels in microarray were variable among samples, in order to reduce
false/erroneous candidate miRNAs, relatively higher stringency criteria were used: (1) background
corrected intensities >200 in all samples; (2) fold change >2.0; and (3) f-test p-value of < 0.05. Some
miRNAs were then selected for validation.



Nutrients 2016, 8, 519 50f 13

Table 2. Characteristics of all participants.

CD Patients Controls
N=25 N=10
Male/Female 17/8 4/6
Age (years) 27 (4.4) 42 (10.1)
Duration of disease (months) 14.6 (7.7) n.a
Location
ileum 6 n.a
ileocolon 19 n.a
Behavior (non-stricturing, non-penetrating) 25 n.a
CDAI before EEN 269.4 (55.5) na
CRP before EEN 33.2(18.5) 1.6 (1.3)
CDALI after EEN 77.7 (20.6) *** n.a
CRP after EEN 3.6 (2.4) *** n.a
Medication (sulfasalazine or mesalazine) 10 0
Smoker 0 0

*** p < 0.0001 compared with parameter before EEN.

3.2. Alteration of MiRNAs Expression Profiles in Terminal Ileal Mucosa of CD after EEN Treatment (EEN-M)

3.2.1. Comparison of miRNAs Expression Profiles in EEN-M and Inflamed Mucosa of Active CD

Results of microarrays demonstrated the miRNAs expression profile of EEN-M was significantly
changed compared with the inflamed mucosa before EEN, with the largest number of differentially
expressed miRNAs in all comparisons. Inflamed mucosa were clustered together in a separate
cluster from EEN-M. Of the 216 miRNAs exhibited significant differential expression (46 increased
and 170 decreased in EEN-M), 30 miRNAs fit the stringent criteria with four up-regulated
and 26 down-regulated in EEN-M. QRT-PCR on miRNAs (hsa-miR-192-5p, hsa-miR-423-3p,
hsa-miR-199b-5p, and hsa-miR-99a-5p) showed that hsa-miR-192-5p and hsa-miR-423-3p had
a significant expression increase in EEN-M, while the expression of hsa-miR-99a-5p was
decreased (Figure 1).

3.2.2. Comparison of miRNAs Expression Profiles in EEN-M and Non-inflamed Mucosa of Active CD

We then compared EEN-M and non-inflamed mucosa before EEN, and microarrays could not
separate the tissue samples in the two groups, but there were still 73 miRNAs (28 up-regulated and
45 down-regulated in EEN-M) that exhibited significant differential expression between these two
groups. Among the nine miRNAs that met the higher stringency criteria, differential expressions of
hsa-let-7b-5p, hsa-miR-124-3p and hsa-miR-301a-5p were confirmed by gRT-PCR, while no significant
difference was found in hsa-miR-192-5p and hsa-miR-31-5p (Figure 2).

3.2.3. Comparison of miRNAs Expression Profiles in EEN-M and Healthy Controls

When EEN-M and healthy controls were compared, significance analysis of differential miRNAs
expression and hierarchical clustering analysis could also clearly separate EEN-M from the healthy
controls, with 77 in a higher level and 70 in a lower level in EEN-M. Seventeen up-regulated and 30
down-regulated miRNAs fit the higher stringency criteria. Validation on five miRNAs (hsa-miR-630,
hsa-let-7a-2-3p, hsa-miR-192-5p, hsa-miR-31-5p and hsa-miR-495-5p) confirmed hsa-miR-495-5p were
differentially expressed (Figure 3).

Next, we investigated the similarity of miRNAs expression profiles between CD tissues and
healthy controls using the correlation coefficient R-value and the scatter plot. The results showed that
the expression profile in EEN-M group was most similar to those of the healthy controls (R = 0.8962)
(Figure 4).
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Figure 1. Comparison between inflamed mucosa of active CD and EEN-M: (A) heat map of differentially expressed miRNAs clearly separated inflamed mucosa and
EEN-M; and (B) qRT-PCR validation of miRNAs differentially expressed in EEN-M. EEN-M, mucosa after exclusive enteral nutrition treatment.
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mucosa of active CD and EEN-M; and (B) qRT-PCR validation of miRNAs differentially expressed in EEN-M.
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Figure 4. Correlation coefficient R-value and the scatter plot. The correlation coefficient R means the
difference of miRNA samples. Bigger R values mean less difference.

3.2.4. Several miRNAs Expression in All Groups

We also compared the expressions of hsa-miR-192-5p, hsa-miR-495-5p, hsa-miR-199-5p and
hsa-let-7b-5p in all the four groups. One-way ANOVA showed no significantly different expression of
hsa-miR-199-5p; hsa-let-7b-5p was decreased in both inflamed and non-inflamed mucosa of active CD
as compared with healthy controls, but after EEN treatment, this differential expression disappeared;
hsa-miR-495-5p was up-regulated in all CD groups, especially in inflamed mucosa before therapy; and
hsa-miR-192-5p was down-regulated only in inflamed mucosa (Figure 5).
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r T T 1
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Figure 5. Expression of four miRNAs in all groups. *** p < 0.0001.

3.3. Correlation between miRNAs and CDAI and CRP before and after EEN

In order to ascertain possible correlation of miRNAs levels with CD activity parameters, Pearson’s
correlation coefficient was used to evaluate the relationship between miRNAs (hsa-miR-192-5p,
hsa-miR-423-3p, hsa-miR-99a-5p, hsa-miR-495-5p, and hsa-let-7b-5p) and CDAI and CRP. A significant
correlation was detected between has-let-7b-5p and CRP both before and after EEN therapy (r = —0.518,
p =0.008, and r = —0.569, p = 0.003). However, neither CDAI nor CRP showed correlation with any
other miRNA.

4. Discussion

In the present study, we focused on investigating mucosal miRNAs expression before and after
EEN treatment for CD in adult patients. miRNAs are pivotal in the immune system, and changes
in miRNAs expression were described in many immune-mediated diseases including CD [20,21].
Previous studies have described unique miRNAs expression profiles in inflamed and non-inflamed
colonic mucosa as well as in the peripheral blood in active CD [22]. Terminal ileum, as the most
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commonly involved location, was also detected, and several miRNAs dysregulated in the inflamed
and non-inflamed mucosa of active CD were identified [18,23]. These altered miRNAs may be a cause
and/or a consequence of CD; hence, they may be affected by effective therapies and can be used as
therapeutic targets and/or biomarkers. EEN is an effective treatment for the management of active
CD. Patients with CD can benefit from EEN in terms of clinical remission, mucosal healing, improved
nutrition status, and intestinal flora modification.

Our study indicated that in patients who achieved remission after EEN therapy, the miRNA
expression profile was significantly altered, and it was more similar to the healthy one than the
profile of non-inflamed mucosa before EEN. In addition, within the miRNAs verified by qRT-PCR,
hsa-let-7b-5p was found to be significantly correlated with serum CRP level, both before and after
EEN therapy.

In the present study, we also found that EEN therapy was effective to induce remission in adult CD
patients, and the rate of remission was favorably with those reported previously [24,25]. As described
in Materials and Methods, in the current study, only patients with mild-to-moderate active L1B1/L3B1
CD, who received no corticosteroids, immunosuppressive drugs, or biological therapy before were
included. Besides, all smokers were excluded from this study. These restrictions may contributed
to the high rate of remission in this study. In addition, an appropriate regimen for EEN and good
compliance of our patients may also lead to the high response rate.

Several potential mechanisms of EEN have been raised. Recent evidence indicated that EEN
could induce remission in CD by nutrients’ (like glutamine, vitamin D and short-chain fatty acids)
direct anti-inflammatory effects, promoting restitution of the epithelial barrier, and affecting microbial
composition [26]. Our recent study demonstrated that EEN could reduce remission through modifying
mesenteric fat inflammation [27]. However, the exact mechanisms of EEN remains unclear.

There is accumulating evidence that miRNAs play an important role in CD pathogenic processes.
For example, miR-141 is reduced in the epithelial cells of the inflamed colons from CD patients, which
results in inflammatory cells trafficking into inflamed sites through miR141/CXCL12§3 pathway [28];
miR-122 can target NOD2 to decrease intestinal epithelial cell injury in CD [29]; miR-200b, which can
partially protect intestinal epithelial cells from fibrogenesis in vitro, is dysregulated in the serum of
the fibrosis CD group [30]; and miR-21 and miR-31 were indicated to be significant in IBD-associated
carcinogenesis [31,32]. Among miRNAs of which alteration were confirmed by qRT-PCR in our study,
some of them have also been reported to regulate inflammatory response in IBD. A recent study showed
miR-495 could attenuate innate immune responses via suppression of NOD2 signaling pathway, and
reduction of miR-124 could promote inflammation via IL-6/STAT3 pathway [33,34]. Increasing studies
also indicated that diverse dietary factors have been found to interact with the genome, modify gene
expression by affecting the expression profile of miRNAs or their function [35,36]. Davidson et al.
reported that feeding rats with a diet containing n-3 polyunsaturated fatty acids could reverse the
dysregulation of carcinogen-directed miRNAs, and Milenkovic et al. noted dietary polyphenols could
modulate the expression of miRNA in the liver using mice model [37,38]. In the present study, we
also observed a trend for normalizing of the miRNA expression after EEN therapy in patients with
CD. These data suggest that EEN-induced remission may be associated with modification of miRNAs
expression in the mucosa of CD, although more evidences are needed to confirm this hypothesis.

The uses of miRNAs are not only as potential therapeutic targets, but also as latent biomarkers.
Both serum and mucosal miRNAs expression profiles can help in distinguishing CD from ulcerative
colitis [22]. Let-7d and let-7e might be potential therapeutic biomarkers, which can predict the
therapeutic effect of infliximab in CD [39]. Our study indicated that the decreased expression
of has-let-7b-5p existed not only in inflamed but also in non-inflamed mucosa of active CD,
and hsa-let-7b-5p was significantly correlated with serum CRP levels which is a commonly used
inflammatory marker in CD. Thus, it may be a potential biomarker of inflammation in CD, which may
be helpful to detect the mucosal inflammation in an early stage.
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We applied stringent selection criteria to try to pick out more reliable candidate miRNAs. Among
miRNAs fit this criteria, expressions of 30 miRNAs were commonly altered in both non-inflamed
mucosa before EEN and EEN-M such as hsa-miR-495-5p, which may be important for the sensitization
of the non-inflamed mucosa to the intestinal microbes and/or relapse of inflammation. Besides,
differentially expressed miRNAs between inflamed mucosa and EEN-M may contribute to the
mechanism of action of EEN in inducing disease remission in CD, and also may be potential biomarkers
of CD activity. There were also numerous distinctively expressed miRNAs between non-inflamed
mucosa and EEN-M, and the expression level were more similar to the healthy subjects after EEN
treatment, such as hsa-let-7b-5p, which may account for the protective effect of EEN in CD.

There are several limitations of this study. First, the sample size is small, which may reduce the
power of this study. Second, we only investigate the responders to EEN. It may be helpful to determine
whether non-responders are characterized by a distinct miRNAs expression. Third, the results of the
present study are characteristic for only the non-stricturing, non-penetrating luminal ileal /ileocolonic
CD. The influence of EEN on miRNAs expression in other CD patients is not clear. Fourth, the age of
control group was older than patients, which may influence the accuracy of healthy miRNAs profiles.
Fifth, this was a single IBD center study, and only Han Chinese patients were included.

5. Conclusions

In conclusion, our data showed that in patients who achieved remission after EEN treatment,
there was a trend for normalizing of the mucosal miRNAs expression profile. Besides, the expressions
of mucosal hsa-let-7b-5p was correlated with serum CRP levels, both before and after EEN treatment.
However, further multi-center studies with a larger number of patients are needed to confirm
our results.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2072-6643/8/8/519/s1,
Table S1: Comparison between inflamed mucosa of active CD and EEN-M. Differentially expressed miRNAs
satisfying the higher stringency criteria. Table S2: Comparison between non-inflamed mucosa of active CD and
EEN-M. Differentially expressed miRNAs satisfying the higher stringency criteria. Table S3: Comparison between
EEN-M and healthy control. Differentially expressed miRNAs satisfying the higher stringency criteria in EEN-M
(miRNAs in red color were also dysregulated in non-inflamed mucosa of active CD vs. healthy control).

Acknowledgments: This study was funded by National Natural Science Foundation of China (81500429 and
81570500). Microarray experiments were performed by Kang Chen Bio-tech, Shanghai, China.

Author Contributions: WM.Z. and J.S.L. conceived and designed the experiments; Z.G. performed the
experiments; Z.G., Y.L. and J.EG. analyzed the data; L.L.G., ZM.W. and L.C. contributed materials; and Z.G.
wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Abraham, C.; Cho, J.H. Inflammatory bowel disease. N. Engl. J. Med. 2009, 361, 2066-2078. [CrossRef]
[PubMed]

2. Cho, ].H. The genetics and immunopathogenesis of inflammatory bowel disease. Nat. Rev. Immunol. 2008, 8,
458-466. [CrossRef] [PubMed]

3. Ventham, N.T,; Kennedy, N.A.; Nimmo, E.R.; Satsangi, ]. Beyond gene discovery in inflammatory bowel
disease: The emerging role of epigenetics. Gastroenterology 2013, 145, 293-308. [CrossRef] [PubMed]

4.  Ambros, V. The functions of animal microRNAs. Nature 2004, 431, 350-355. [CrossRef] [PubMed]

5. McKenna, L.B.; Schug, J.; Vourekas, A.; McKenna, J.B.; Bramswig, N.C.; Friedman, J.R.; Kaestner, K.H.
MicroRNAs control intestinal epithelial differentiation, architecture, and barrier function. Gastroenterology
2010, 139, 1654-1664. [CrossRef] [PubMed]

6. Ye, D.; Guo, S.; Al-Sadi, R.; Ma, T.Y. MicroRNA regulation of intestinal epithelial tight junction permeability.
Gastroenterology 2011, 141, 1323-1333. [CrossRef] [PubMed]


http://dx.doi.org/10.1056/NEJMra0804647
http://www.ncbi.nlm.nih.gov/pubmed/19923578
http://dx.doi.org/10.1038/nri2340
http://www.ncbi.nlm.nih.gov/pubmed/18500230
http://dx.doi.org/10.1053/j.gastro.2013.05.050
http://www.ncbi.nlm.nih.gov/pubmed/23751777
http://dx.doi.org/10.1038/nature02871
http://www.ncbi.nlm.nih.gov/pubmed/15372042
http://dx.doi.org/10.1053/j.gastro.2010.07.040
http://www.ncbi.nlm.nih.gov/pubmed/20659473
http://dx.doi.org/10.1053/j.gastro.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/21763238

Nutrients 2016, 8, 519 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Fasseu, M.; Treton, X.; Guichard, C.; Pedruzzi, E.; Cazals-Hatem, D.; Richard, C.; Aparicio, T.; Daniel, F,;
Soule, J.C.; Moreau, R.; et al. Identification of restricted subsets of mature microRNA abnormally expressed in
inactive colonic mucosa of patients with inflammatory bowel disease. PLoS ONE 2010, 5, €13160. [CrossRef]
[PubMed]

Molodecky, N.A.; Soon, L.S.; Rabi, D.M.; Ghali, W.A.; Ferris, M.; Chernoff, G.; Benchimol, E.I; Panaccione, R.;
Ghosh, S.; Barkema, H.-W.; et al. Increasing incidence and prevalence of the inflammatory bowel diseases
with time, based on systematic review. Gastroenterology 2012, 142, 46-54. [CrossRef] [PubMed]

Voitk, A.].; Echave, V,; Feller, ] H.; Brown, R.A.; Gurd, EN. Experience with elemental diet in the treatment of
inflammatory bowel disease. Is this primary therapy? Arch. Surg. 1973, 107, 329-333. [CrossRef] [PubMed]
Buchanan, E.; Gaunt, WW.; Cardigan, T.; Garrick, V.; McGrogan, P; Russell, R.K. The use of exclusive enteral
nutrition for induction of remission in children with Crohn’s disease demonstrates that disease phenotype
does not influence clinical remission. Aliment Pharmacol. Ther. 2009, 30, 501-507. [CrossRef] [PubMed]
Yamamoto, T.; Nakahigashi, M.; Saniabadi, A.R.; Iwata, T.; Maruyama, Y.; Umegae, S.; Matsumoto, K.
Impacts of long-term enteral nutrition on clinical and endoscopic disease activities and mucosal cytokines
during remission in patients with Crohn’s disease: A prospective study. Inflamm. Bowel Dis. 2007, 13,
1493-1501. [CrossRef] [PubMed]

Hiwatashi, N. Enteral nutrition for Crohn’s disease in Japan. Dis. Colon. Rectum. 1997, 40, 548-S53. [CrossRef]
[PubMed]

Hirakawa, H.; Fukuda, Y.; Tanida, N.; Hosomi, M.; Shimoyama, T. Home elemental enteral hyperalimentation
(HEEH) for the maintenance of remission in patients with Crohn’s disease. Gastroenterology 1993, 28, 379-384.
Yamamoto, T.; Nakahigashi, M.; Umegae, S.; Kitagawa, T.; Matsumoto, K. Impact of elemental diet on
mucosal inflammation in patients with active Crohn’s disease: Cytokine production and endoscopic and
histological findings. Inflamm Bowel Dis. 2005, 11, 580-588. [CrossRef] [PubMed]

Lee, G.; Buchman, A.L. DNA-driven nutritional therapy of inflammatory bowel disease. Nutrition 2009, 25,
885-891. [CrossRef] [PubMed]

Subbiah, M.T. Understanding the nutrigenomic definitions and concepts at the food-genome junction.
OMICS. 2008, 12, 229-235. [CrossRef] [PubMed]

Garcia-Segura, L.; Perez-Andrade, M.; Miranda-Rios, J. The emerging role of MicroRNAs in the regulation of
gene expression by nutrients. J. Nutr. Nutr. 2013, 6, 16-31. [CrossRef] [PubMed]

Guo, Z.; Wy, R.; Gong, J.; Zhu, W.; Li, Y,; Wang, Z.; Li, N.; Li, ]. Altered microRNAs expression in inflamed
and non-inflamed terminal ileal mucosa of adult patients with active Crohn’s disease. J. Gastroenterol Hepatol.
2015, 30, 109-116. [CrossRef] [PubMed]

Guo, Z.; Wu, R.; Zhu, W.; Gong, ].; Zhang, W.; Li, Y.; Gu, L.; Li, N.; Li, J. Effect of exclusive enteral nutrition
on health-related quality of life for adults with active Crohn’s disease. Nutr. Clin. Pract. 2013, 28, 499-505.
[CrossRef] [PubMed]

Lu, L.E; Liston, A. MicroRNA in the immune system, microRNA as an immune system. Immunology 2009,
127,291-298. [CrossRef] [PubMed]

Garzon, R.; Calin, G.A.; Croce, C.M. MicroRNAs in Cancer. Annu. Rev. Med. 2009, 60, 167-179. [CrossRef]
[PubMed]

Pekow, J.R.; Kwon, ].H. MicroRNAs in inflammatory bowel disease. Inflamm. Bowel Dis. 2012, 18, 187-193.
[CrossRef] [PubMed]

Wu, F; Zhang, S.; Dassopoulos, T.; Harris, M.L.; Bayless, T.M.; Meltzer, S.J.; Brant, S.R.; Kwon, J.H.
Identification of microRNAs associated with ileal and colonic Crohn’s disease. Inflamm. Bowel Dis. 2010, 16,
1729-1738. [CrossRef] [PubMed]

Sakurai, T.; Matsui, T.; Yao, T.; Takagi, Y.; Hirai, F; Aoyagi, K.; Okada, M. Short-term efficacy of enteral
nutrition in the treatment of active Crohn’s disease: A randomized, controlled trial comparing nutrient
formulas. JPEN ]. Parenter. Enter. Nutr. 2002, 26, 98-103. [CrossRef]

Gearry, R.B.; Day, A.S.; Wall, C.L. Use of exclusive enteral nutrition in adults with Crohn’s disease: A review.
World |. Gastroenterol. 2013, 19, 7652-7660.

Burgess, L. Exclusive enteral nutrition and induction of remission of active Crohn’s disease in children.
Expert Rev. Clin. Immunol. 2013, 9, 375-384.


http://dx.doi.org/10.1371/journal.pone.0013160
http://www.ncbi.nlm.nih.gov/pubmed/20957151
http://dx.doi.org/10.1053/j.gastro.2011.10.001
http://www.ncbi.nlm.nih.gov/pubmed/22001864
http://dx.doi.org/10.1001/archsurg.1973.01350200189039
http://www.ncbi.nlm.nih.gov/pubmed/4198183
http://dx.doi.org/10.1111/j.1365-2036.2009.04067.x
http://www.ncbi.nlm.nih.gov/pubmed/19549288
http://dx.doi.org/10.1002/ibd.20238
http://www.ncbi.nlm.nih.gov/pubmed/17879280
http://dx.doi.org/10.1007/BF02062020
http://www.ncbi.nlm.nih.gov/pubmed/9378012
http://dx.doi.org/10.1097/01.MIB.0000161307.58327.96
http://www.ncbi.nlm.nih.gov/pubmed/15905706
http://dx.doi.org/10.1016/j.nut.2009.06.011
http://www.ncbi.nlm.nih.gov/pubmed/19647622
http://dx.doi.org/10.1089/omi.2008.0033
http://www.ncbi.nlm.nih.gov/pubmed/18687041
http://dx.doi.org/10.1159/000345826
http://www.ncbi.nlm.nih.gov/pubmed/23445777
http://dx.doi.org/10.1111/jgh.12644
http://www.ncbi.nlm.nih.gov/pubmed/24910152
http://dx.doi.org/10.1177/0884533613487218
http://www.ncbi.nlm.nih.gov/pubmed/23851180
http://dx.doi.org/10.1111/j.1365-2567.2009.03092.x
http://www.ncbi.nlm.nih.gov/pubmed/19538248
http://dx.doi.org/10.1146/annurev.med.59.053006.104707
http://www.ncbi.nlm.nih.gov/pubmed/19630570
http://dx.doi.org/10.1002/ibd.21691
http://www.ncbi.nlm.nih.gov/pubmed/21425211
http://dx.doi.org/10.1002/ibd.21267
http://www.ncbi.nlm.nih.gov/pubmed/20848482
http://dx.doi.org/10.1177/014860710202600298

Nutrients 2016, 8, 519 13 of 13

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Feng, Y.; Li, Y,; Mei, S.; Zhang, L.; Gong, ].; Gu, J.; Zhang, W.; Zhu, W.; Li, N,; Li, ]. Exclusive enteral nutrition
ameliorates mesenteric adipose tissue alterations in patients with active Crohn’s disease. Clin. Nutr. 2014, 33,
850-858. [CrossRef] [PubMed]

Huang, Z.; Shi, T.; Zhou, Q.; Shi, S.; Zhao, R.; Shi, H.; Dong, L.; Zhang, C.; Zeng, K.; Chen, J.; et al. miR-141
Regulates colonic leukocytic trafficking by targeting CXCL12beta during murine colitis and human Crohn’s
disease. Gut 2014, 63, 1247-1257. [CrossRef] [PubMed]

Chen, Y;; Wang, C.; Liu, Y.; Tang, L.; Zheng, M.; Xu, C.; Song, J.; Meng, X. miR-122 targets NOD2 to decrease
intestinal epithelial cell injury in Crohn’s disease. Biochem. Biophys. Res. Commun. 2013, 438, 133-139.
[CrossRef] [PubMed]

Chen, Y,; Ge, W.; Xu, L.; Qu, C.; Zhu, M,; Zhang, W.; Xiao, Y. miR-200b is involved in intestinal fibrosis of
Crohn’s disease. Int. J. Mol. Med. 2012, 29, 601-606. [PubMed ]

Ludwig, K.; Fassan, M.; Mescoli, C.; Pizzi, M.; Balistreri, M.; Albertoni, L.; Pucciarelli, S.; Scarpa, M.;
Sturniolo, G.C.; Angriman, L; et al. PDCD4/miR-21 dysregulation in inflammatory bowel disease-associated
carcinogenesis. Virchows Arch. 2013, 462, 57-63. [CrossRef] [PubMed]

Olaru, A.V,; Selaru, EM.; Mori, Y.; Vazquez, C.; David, S.; Paun, B.; Cheng, Y; Jin, Z.; Yang, J.; Agarwal, R.;
et al. Dynamic changes in the expression of MicroRNA-31 during inflammatory bowel disease-associated
neoplastic transformation. Inflamm. Bowel Dis. 2011, 17, 221-231. [CrossRef] [PubMed]

Chuang, A.Y.; Chuang, J.C.; Zhai, Z.; Wu, F; Kwon, ].H. NOD2 expression is regulated by microRNAs in
colonic epithelial HCT116 cells. Inflamm. Bowel Dis. 2014, 20, 126-135. [CrossRef] [PubMed]

Koukos, G.; Polytarchou, C.; Kaplan, J.L.; Morley-Fletcher, A.; Gras-Miralles, B.; Kokkotou, E.;
Baril-Dore, M.; Pothoulakis, C.; Winter, H.S.; lliopoulos, D. MicroRNA-124 regulates STAT3 expression and
is down-regulated in colon tissues of pediatric patients with ulcerative colitis. Gastroenterology 2013, 145,
842-852. [CrossRef] [PubMed]

Shay, N.E; Banz, W.J. Regulation of gene transcription by botanicals: Novel regulatory mechanisms.
Annu. Rev. Nutr. 2005, 25, 297-315. [CrossRef] [PubMed]

Bull, C.; Fenech, M. Genome-health nutrigenomics and nutrigenetics: Nutritional requirements or ‘nutriomes’
for chromosomal stability and telomere maintenance at the individual level. Proc. Nutr. Soc. 2008, 67, 146-156.
[CrossRef] [PubMed]

Milenkovic, D.; Deval, C.; Gouranton, E.; Landrier, J.F,; Scalbert, A.; Morand, C.; Mazur, A. Modulation
of miRNA expression by dietary polyphenols in apoE deficient mice: A new mechanism of the action of
polyphenols. PLoS ONE 2012, 7, €29837. [CrossRef] [PubMed]

Davidson, L.A.; Wang, N.; Shah, M.S.; Lupton, J.R.; Ivanov, I.; Chapkin, R.S. n-3 Polyunsaturated fatty
acids modulate carcinogen-directed non-coding microRNA signatures in rat colon. Carcinogenesis 2009, 30,
2077-2084. [CrossRef] [PubMed]

Fujioka, S.; Nakamichi, I.; Esaki, M.; Asano, K.; Matsumoto, T.; Kitazono, T. Serum microRNA levels in
patients with Crohn’s disease during induction therapy by infliximab. |. Gastroenterol. Hepatol. 2014, 29,
1207-1214. [CrossRef] [PubMed]

® © 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.clnu.2013.10.009
http://www.ncbi.nlm.nih.gov/pubmed/24200200
http://dx.doi.org/10.1136/gutjnl-2012-304213
http://www.ncbi.nlm.nih.gov/pubmed/24000293
http://dx.doi.org/10.1016/j.bbrc.2013.07.040
http://www.ncbi.nlm.nih.gov/pubmed/23872065
http://www.ncbi.nlm.nih.gov/pubmed/22294131
http://dx.doi.org/10.1007/s00428-012-1345-5
http://www.ncbi.nlm.nih.gov/pubmed/23224068
http://dx.doi.org/10.1002/ibd.21359
http://www.ncbi.nlm.nih.gov/pubmed/20848542
http://dx.doi.org/10.1097/01.MIB.0000436954.70596.9b
http://www.ncbi.nlm.nih.gov/pubmed/24297055
http://dx.doi.org/10.1053/j.gastro.2013.07.001
http://www.ncbi.nlm.nih.gov/pubmed/23856509
http://dx.doi.org/10.1146/annurev.nutr.25.050304.092639
http://www.ncbi.nlm.nih.gov/pubmed/16011469
http://dx.doi.org/10.1017/S0029665108006988
http://www.ncbi.nlm.nih.gov/pubmed/18412988
http://dx.doi.org/10.1371/journal.pone.0029837
http://www.ncbi.nlm.nih.gov/pubmed/22253797
http://dx.doi.org/10.1093/carcin/bgp245
http://www.ncbi.nlm.nih.gov/pubmed/19825969
http://dx.doi.org/10.1111/jgh.12523
http://www.ncbi.nlm.nih.gov/pubmed/24447044
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patients 
	Treatment 
	Intestinal Tissues Collection 
	RNA Extraction 
	miRNA Microarray 
	Quantitative Reverse-Transcription Polymerase Chain Reaction (qRT-PCR) 
	Data Analysis 

	Results 
	Characteristics of Participants 
	Alteration of MiRNAs Expression Profiles in Terminal Ileal Mucosa of CD after EEN Treatment (EEN-M) 
	Comparison of miRNAs Expression Profiles in EEN-M and Inflamed Mucosa of Active CD 
	Comparison of miRNAs Expression Profiles in EEN-M and Non-inflamed Mucosa of Active CD 
	Comparison of miRNAs Expression Profiles in EEN-M and Healthy Controls 
	Several miRNAs Expression in All Groups 

	Correlation between miRNAs and CDAI and CRP before and after EEN 

	Discussion 
	Conclusions 

