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Abstract
Idiopathic inflammatory bowel disease (IBD) pre​dominantly includes ulcerative colitis and Crohn’s disease. The pathogenesis of IBD is complex and not completely understood. MicroRNAs belong to a class of noncoding small RNAs that post-transcriptionally regulate gene expression. Unique microRNA expression profiles have been explored in IBD. In this review, we focus on the unique microRNA expression pattern in both tissue and peripheral blood from IBD patients and emphasize the potential diagnostic and therapeutic applications. The discovery of microRNAs has contri​buted to our understanding of IBD pathogenesis and might lead to clinical advance in new therapeutics.
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Core tip: Idiopathic inflammatory bowel disease (IBD) predominantly includes ulcerative colitis and Crohn disease. The pathogenesis of IBD is complex and not completely understood. MicroRNAs belong to a class of noncoding small RNAs that post-transcriptionally regulate gene expression. Unique microRNA expression profiles have been explored in IBD. In this review, we focus on the unique microRNA expression pattern in both tissue and peripheral blood from IBD patients and emphasize the potential diagnostic and therapeutic applications. The discovery of microRNAs has contri​buted to our understanding of IBD pathogenesis and might lead to clinical advance in new therapeutics.

INTRODUCTION
Idiopathic inflammatory bowel disease (IBD) predo​minantly includes ulcerative colitis (UC) and Crohn’s disease (CD), which is a chronic and recurrent inflammatory disorder primarily involving the gastrointestinal tract. The pathogenesis of IBD is multifactorial and not completely understood, but genetic, epigenetic, infec​tious, physiological, and immunological factors may all play important roles in the genesis and progression of the diseases[1-3]. So far, IBD is generally accepted as a complicated consequence attributable to inadequate immunological responses to luminal factors in gene​tically predisposed subjects.

MicroRNAs are encoded within the genomes of a wide variety of eukaryotes, including more than 700 different microRNA genes in the human genome[4,5]. MicroRNAs are evolutionarily conserved, single-stranded non-coding RNA molecules of 19-24 nucle​otides, which represent a class of regulatory RNAs that decrease stability and suppress gene expression at a post-transcriptional level. MicroRNAs concurrently modulate the expression levels of dozens or more distinct messenger RNA (mRNA) targets. Alternatively, any given mRNA sequence may be targeted by several different microRNAs[4-6]. To date, they have been predicted to target and control the expression of at least 30% of the entire mammalian genome[7]. Since their discovery in 1933, microRNAs have been found to be involved in multiple pathophysiological networks[8,9] and in the pathogenesis of a broad-spectrum of human diseases, including cancer and inflammation[10-15]. Given their potential as therapeutic targets, microRNAs have drawn a lot of attention recently.

Knowledge of microRNA in IBD has accumulated in the past seven years and has indicated that microRNAs play critical roles in the pathogenesis of chronic inflam​mation and oncogenic transformation. Herein, the review focuses on the current understanding of micro​RNA as biomarkers of pathogenesis and potential therapeutic implication in IBD.

DYSREGULATED MICRORNAS IN IBD

Multiple studies have demonstrated distinct microRNA expression profiles in tissue and peripheral blood of IBD patients. Many studies have been conducted on tissue and serum of patients with active or inactive IBD in an attempt to identify biomarkers and drivers of pathogenesis.

Aberrant microRNA profiles in mucosal tissue of UC

Since 2008, dysregulated microRNAs have been identified by examining inflamed or uninflamed colonic tissue in UC patients[16-25]. As listed in Table 1, comparing to normal healthy controls aberrantly elevated microRNAs have been found including miR-7, miR-16, miR-20b, miR-21, miR-23a, miR-24, miR-29a, miR-29b, miR-31, miR-98, miR-125b-1*, miR-126, miR-126*, miR-127-3p, miR-135b, miR-146a, miR-150, miR-155, miR-195, miR-196a, miR-206, miR-223, miR-324-3p, miR-375, miR-422b, miR-548a-3p, miR-650, miR-663, miR-let-7e*, and miR-let-7f. The decreased microRNAs include miR-143, miR-145, miR-188-5p, miR-192, miR-194b, miR-196b, miR-215, miR-216b, miR-320a, miR-346, miR-375, miR-489, miR-548e, miR-559, and miR-630.

Given the variable anatomic location of colonic tissue, the diverse inflammatory status (either inflamed or uninflamed with or without treatment), the different cohorts of healthy control and analytical systems, it is not surprising that the findings are not consistent among researchers. However, three microRNA candidates, miR-21[16-18,24], miR-29a[16,19] and miR-31[19,23], have been found aberrantly elevated by at least two independent groups.

Aberrant microRNA profiles in mucosal tissue of CD

As shown in Table 2, distinct microRNA expression profiles have also been studied in patients with CD[19,23,25-29]. MiR-9, miR-9*, miR-16, miR-21, miR-22, miR-23b, miR-26a, miR-29b, miR-29c, miR-30a, miR-30b, miR-30c, miR-31, miR-34c-5p, miR-106a, miR-126, miR-126*, miR-127-3p, miR-130a, miR-133b, miR-141, miR-146a, miR-146b-5p, miR-150, miR-155, miR-181c, miR-191, miR-196, miR-196a, miR-206, miR-223, miR-324-3p, miR-375, miR-594 and miR-663 have been found significantly increased comparing to the normal controls[19,23,26,28,29]. The decreased microRNAs include miR-7, miR-18a*, miR-19b, miR140-3p, miR-194b, miR-216b, miR-548e, miR-559, miR-629, miR-629*, and miR-let-7b[23,27,30].

Among them, miR-21[19,26], miR-31[19,23,29], miR-106a[19,26], miR-146a[19,23], and miR-223[19,26] have been found dysregulated by at least two independent groups.

Aberrant microRNA in peripheral blood of UC

As summarized in Table 3, microRNA expression is also altered in the peripheral blood in patients with UC[24,25,31-34]. In studies examining microRNAs in peripheral blood mononuclear cells of patients with either active or inactive UC, miR-15b, miR-16, miR-19a, miR-20b*, miR-21, miR-22, miR-24, miR-27a, miR-27a*, miR-28-3p, miR-28-5p, miR-29a, miR-30e, miR-31, miR-92a-1*, miR-93, miR-103, miR-103-2, miR-103-2*, miR-128, miR-138, miR-140-3p, miR-142-5p, miR-143*, miR-146a-3p, miR-150*, miR-151-5p, miR-155, miR-181b, miR-188-5p, miR-196b, miR-199a-3p, miR-199a-5p, miR-221, miR-223, miR-330-3p, miR-340*, miR-345, miR-362-3p, miR-362-5p, miR-374b, miR-378, miR-378*, miR-422a, miR-423-5p, miR-500, miR-501-5p, miR-532-3p, miR-532-5p, miR-550*, miR-598, miR-720, miR-760, miR-769-3p, miR-769-5p, miR-874, miR-941, miR-1271, miR-1274b, miR-1296, miR-let-7d, miR-let-7e, miR-let-7g, miR-let-7i*, and miR-plus-E1271 are increasingly expressed comparing to the normal population[24,25,31-34]. The decreased profiles include miR-150 and miR-505* comparing to the normal controls[25,31,33].

Among them, nine microRNAs, miR-21[24,32], miR-28-5p[31,32], miR-151-5p[31,32], miR-199a-5p[31,32], miR-345[25,34], miR-362-3p[31,33], miR-505*[31,33], miR-532-3p[31,33] and miR-532-5p[25,34], have been recognized by at least two independent groups.

Aberrant microRNA in peripheral blood of CD

As listed in Table 4, altered microRNA expression profiles are also found in the peripheral blood in patients with CD[25,31-33]. Compared to healthy controls, the increased microRNA profiles in the serum of patients with active CD include miR-16, miR-20a, miR-21, miR-23a, miR-27a*, miR-29a, miR-30e, miR-93, miR-106a, miR-107, miR-126, miR-140, miR-140-3p, miR-140-5p, miR-188-5p, miR-191, miR-192, miR-195, miR-199a-5p, miR-200c, miR-340*, miR-362-3p, miR-484, miR-532-3p, miR-877, miR-plus-E1271, and miR-let-7b. The significantly decreased microRNAs consist of miR-18a, miR-128, miR-140-5p, miR-145, miR-149*, miR-877, and miR-plus-F1065.

Among them, six microRNAs, including miR-16[25,32,33], miR-106a[32,33], miR-195[25,33], miR-199a-5p[31,32], miR-362-3p[31,32], and miR-532-3p[31,32], have been found by at least two independent groups.

MicroRNA as a differential biomarker to distinguish between UC and CD

As shown in Table 5, studies have shown that micro​RNAs are differentially expressed between UC and CD[19,31,35]. The panel of microRNAs that have been found differentially expressed in colonic tissue includes miR-19b, miR-23b, miR-100a-3p, miR-100b-5p, miR-106a, miR-150, miR-191, miR-196b, miR-223, miR-320a, and miR-629[19,35]. Wu and colleagues found three microRNAs (miR-3180-3p, miR-plus-E1035 and miR-plus-F1159) differentially expressed in the peripheral blood between UC and CD[31]. Although at least two groups have developed tissue microRNA panels that attempted to delineate between UC and CD, there is little overlap. Importantly, these studies vary in the activity status of IBD during sampling, which may explain the differences seen by independent groups.

MicroRNA in indeterminate IBD

A diagnosis of idiopathic IBD requires comprehensive analysis of clinical, radiographic, endoscopic, surgical, and histologic data. While most cases of IBD can be specifically classified as either UC or CD, 5%-10% of IBD patients bear equivocal features, falling into the category of indeterminate colitis[36-38]. The ability to better classify cases of indeterminate colitis would allow for better clinical and surgical management of these patients, especially regarding the choice of pouch procedure.

In a study by Lin and colleagues, a panel of miR-19b, miR-23b, miR-106a, miR-191 and miR-629, was evaluated in 16 patients with clinical diagnosis of indeterminate colitis. They found that 15 patients demonstrated UC-like and one CD-like microRNA expression patterns[35]. They concluded that microRNA expression pattern in indeterminate colitis are far more similar to those of UC than CD. The study of microRNA expression pattern in indeterminate colitis provides molecular evidence indicating that most indeterminate colitis are probably UC, rather than CD, which is similar to the data from long-term clinical follow-ups. Molecular testing using microRNA as promising markers to improve the classification of indeterminate IBD has the considerable advantage of being testable at the time of colectomy for improved pouch surgery selection. Before being used as a clinically validate test, clinical validation in large samples of indeterminate colitis patients, especially with correlation to pouch prognosis, is a necessity.

MICRORNA AS A POTENTIAL DRIVER OF PATHOGENESIS

Despite the heterogeneity of microRNAs identified as deregulated in IBD, a few microRNAs confirm in multiple studies and may represent causative agents in disease development. Here we focus on the microRNA with the best evidence as driver of pathogenesis.

MiR-21 potentiates disease severity in IBD

As discussed above, miR-21 has been identified as being upregulated in active UC and CD, consistent with its possible role in the pathogenesis of IBD[16-18,24]. In vitro experiments have shown that the genetic deletion of DNMT1 and DNMT3b caused dysregulation of approximately 10% of microRNAs, demonstrating tight regulation by DNA methylation[39]. The use of microarray and confirmatory pyrosequencing have shown the miR-21 locus is hypomethylated, and therefore overexpressed, in samples of peripheral blood in active CD in pediatric and adult patients[40]. To determine if miR-21 was a potential driver of IBD pathogenesis, a miR-21 knockout mouse model was developed and treated with dextran sodium sulphate (DSS) to induce a chronic colitis model with an elevation of tumor necrosis factor alpha (TNF-) that mimics human IBD[41]. In wild type mice, the addition of DSS caused a significant increase in miR-21 levels, a dramatic reduction in weight, and significant mortality while the miR-21 knockout mice were resistant to these negative effects, which supports a role of miR-21 in IBD pathogenesis.

The pathogenic effects of miR-21 overexpressing are thought to be mediated through at least 3 separate mechanisms. First, miR-21 is thought to cause increased intestinal permeability, a factor thought to initiate IBD. At baseline, no difference in intestinal permeability was seen between wild type and miR-21 knockout mice[41]. After treatment with DSS, intestinal permeability was greater in wild type mice than that of miR-21 knockout strain. Secondly, miR-21 is pro-apoptotic. Although the mechanism has not been elucidated, miR-21 knockout mice treated with DSS had less intestinal epithelial cell apoptosis[41]. Prevention of epithelial cell apoptosis may help maintain the epithelial cell barrier and limit inflammation and disease progression. Thirdly, interstitial fibrosis is a hallmark of IBD and miR-21 has been associated with fibrosis in multiple disease models. Mouse models of renal fibrosis have shown that cellular injury leads to increased levels of TNF- and subsequent induction of miR-21[42]. Inhibition of miR-21 prevented fibrosis, presumably through preventing the recruitment of pro-fibrotic inflammatory cells[42]. Increased serum levels of miR-21 were seen in humans with idiopathic pulmonary fibrosis and may serve as a non-invasive biomarker for disease progression[43]. Analysis of serum and hepatic tissue from patients with cirrhosis has also shown that increased miR-21 levels are associated with levels of fibrosis[44]. Although miR-21 has not been experimentally linked to fibrosis in IBD yet, its role deserves further study. Interestingly, miR-21 expression was found to be high in IBD-associated dysplasia suggesting that its expression is maintained throughout the development of dysplasia and carcinogenesis, but more controlled studies are needed to define its role[45].

MICRORNA AS A POTENTIAL BIOMARKER FOR CARCINOGENESIS

Longstanding IBD is a well-known risk factor for colorectal cancer, although mechanisms of carcino​genesis are poorly unknown[46,47]. Studies have shown that the risk of IBD-associated colon cancer is related to the extent of the disease, severity of inflammation, and duration[48-50]. With chronic inflammation, colonic epithelium undergoes a transformation from inflamed, but not dysplastic to progressively dysplastic, and eventually to adenocarcinoma. Colonoscopies with surveillance biopsies for IBD-associated dysplasia are used to help guide surgical timing of colectomies. Although histologic examination can reproducibly identify dysplasia, IBD-associated dysplasia cannot be distinguished from sporadic dysplasia based on histologic appearance alone. Histologic examination of IBD-associated adenocarcinomas has characteristic features and demographics which may indicate a specific pathway to carcinogenesis[51]. Molecular alterations have been shown to lead to this histological progression[52-58]. Previous studies have demonstrated molecular abnormalities in normal-appearing non-dysplastic mucosa from patients with UC who had a remote dysplastic lesion[55-57,59-61]. Aneuploidy, chromosomal alterations, p53 mutation, loss of hetero​zygosity, and chromosome instability are present in normal-appearing mucosa before the development of dysplasia[55-57,59-61].

Studies of microRNAs may elucidate distinct pathways that may help reliably identified IBD-associated dysplasia and subsequent carcinogenesis. Recent studies demonstrate that microRNAs are largely involved in oncogenesis via their regulation of tumor suppressors and oncogenes[62]. In a study by Olaru et al[63], microRNA arrays were performed on tissue from eight patients with IBD-associated dysplasia. Twenty two microRNAs (miR-31, miR-31*, miR-96, miR-135b, miR-141, miR-183, miR-192, miR-192*, miR-194, miR-194*, miR-200a, miR-200a*, miR-200b, miR-200b*, miR-200c, miR-203, miR-215, miR-224, miR-375, miR-424*, miR-429, and miR-552) were significantly upregulated and 10 microRNAs (miR-122, miR-139-5p, miR-142-3p, miR-146b-5p, miR-155, miR-223, miR-490-2p, miR-501-5p, miR-892b, and miR-1288) were downregulated in dysplastic epithelium compared to the non-dysplastic inflamed tissue.

MiR-31 identifies IBD-associated dysplasia

MiR-31 is upregulated in UC and CD, but not in other non-IBD colitis, such as microscopic colitis, that have no association with dysplasia or malignancy[64]. As early as 2007, miR-31 was found to be upregulated in sporadic colorectal adenocarcinomas[65-67]. However, the role of miR-31 in IBD-associated dysplasia or malignancy has only recently been examined. An assessment of the baseline miR-31 expression in normal tissue regardless the different anatomic locations of the colon allows for comparison of all colon specimens equally[63]. In addition, no difference of miR-31 expression level was seen between IBD-associated dysplasia and IBD-associated carcinomas. Importantly, the levels of miR-31 were found 11-fold higher in IBD-associated dysplasia or carcinoma when compared to that of IBD tissue without dysplasia[63]. Although in a smaller study set, these findings were not replicated and a link between microRNAs and p53 dysregulation was indicated[68] Taken together, these findings suggest that miR-31 alteration might happen early in carcinogenesis and may be used a biomarker for IBD-associated dysplasia or malignancy.

MICRORNA AS POTENTIAL THERAPEUTIC TARGETS FOR IBD

Understanding the underlying mechanisms that regulate gene expression and the complex interplay of factors is essential to develop novel therapeutics in IBD. The post-transcriptional regulation of gene expression is unique and is becoming increasingly important.

The ability of microRNAs to target multiple genes and biological signaling pathways has drawn great attention in potential clinical utility as innovative therapeutic agents in treatment. Antisense oligo​nucleotides complementary to microRNAs, namely anti-microRNA oligonucleotides, can target specific microRNAs abolishing their function in in vitro cultured cells, or in vivo in animal models. For example in the achievement of cancer research, recent accumulating preclinical studies have shown the feasibility of slowing tumor progression by either overexpressing tumor suppressive microRNAs, or by neutralizing the activities of oncogenic microRNAs in cell- or animal-based cancer models[69-72]. In addition, a number of clinical drugs have shown to modulate the microRNA expression as anticancer effect in vitro[73,74].

Particularly in the field of IBD, the mechanisms to modify microRNAs that might activate or inactivate pathways required for the inflammation progress are worth investigating. Potential therapeutic application targeted on microRNA is to block inflammatory progression to improve sensitivity to conventional therapies. The pharmacologic targeted tissue delivery consists of two general strategies: (1) antisense oligonucleotides complementary to specific mature microRNAs to inactivate the overexpressed pro-inflammatory process; and (2) to replace the expression of suppressive microRNAs.

To date, no therapeutic manipulation of microRNAs in IBD has been published in either cell lines or animal models yet. Although recent study has shown that inhibition of miR-21, a promising pathogenetic driver in IBD, slows the proliferation and progression in a nasopharyngeal carcinoma cell line[75]. The similar approach is expected to be tested in IBD cell line or animal model. Although side effects are another essential issue to be considered before an effective drug enters the markets, we can’t help speculating that a new therapeutic concept, targeted microRNA drug for IBD, maybe emerges in the near future.

DILEMMAS

During the past 7 years, the identification of microRNA in IBD has broadened our knowledge. However, the lack of a standardized approach often leads to inconsistent or even conflicting results.

The nomenclature for microRNA has continued to evolve since its discovery in 1993[8,9]. MicroRNAs were named in the order they were discovered, leading to identical microRNAs being given different names by different groups. As the microRNA field continues to expand, significant efforts have been made to clarify nomenclature using a unified system. Recent data added from deep genome sequencing has pushed the number of annotated microRNAs to roughly 1900 in the most recently nomenclature database, miRBase version 21[76]. The complicated historical nomenclature of microRNA makes literature evaluation difficult and diligent effort to confirm sequence identity of each in the literature must be made.

One of the most commonly encountered problems is when we attempt to verify microRNA’s role in IBD pathogenesis. Recent developments in microarrays have led to numerous attempts to identify microRNAs associated with a diverse set of disease processes. Despite the ability of candidate microRNAs to be validated by additional RT-PCR, there has been little reproducibility between groups. Differences in samples obtained from various anatomic locations, treatment regimens, and activity level of disease may account for discrepancies seen between studies. Additionally, microRNAs with the same sequence identity are given modifiers in their name based on their location within the genome. Most techniques do not distinguish microRNAs that have the same sequence but at different locations in the genome[76]. A more clear understanding of the genetic loci associated with micro​RNAs can provide insight into how they are regulated and become deregulated in pathogenesis.

CONCLUSION
In summary, the accumulating knowledge of microRNA has significantly expanded our understanding of the pathogenesis of IBD and has demonstrated the usefulness of microRNAs as biomarkers with emerging clinical utility and the potential for personalized therapies.

REFERENCES

1
Xavier RJ, Podolsky DK. Unravelling the pathogenesis of inflammatory bowel disease. Nature 2007; 448: 427-434 [PMID: 17653185 DOI: 10.1038/nature06005]

2
Kugathasan S, Amre D. Inflammatory bowel disease--environ​mental modification and genetic determinants. Pediatr Clin North Am 2006; 53: 727-749 [PMID: 16873002 DOI: 10.1016/j.pcl.2006.05.009]

3
Maloy KJ, Powrie F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature 2011; 474: 298-306 [PMID: 21677746 DOI: 10.1038/nature10208]

4
Ambros V. The functions of animal microRNAs. Nature 2004; 431: 350-355 [PMID: 15372042 DOI: 10.1038/nature02871]

5
Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell 2009; 136: 215-233 [PMID: 19167326 DOI: 10.1016/j.cell.2009.01.002]

6
Saini HK, Enright AJ, Griffiths-Jones S. Annotation of mammalian primary microRNAs. BMC Genomics 2008; 9: 564 [PMID: 19038026 DOI: 10.1186/1471-2164-9-564]

7
Filipowicz W, Bhattacharyya SN, Sonenberg N. Mechanisms of post-transcriptional regulation by microRNAs: are the answers in sight? Nat Rev Genet 2008; 9: 102-114 [PMID: 18197166 DOI: 10.1038/nrg2290]

8
Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with antisense complementarity to lin-14. Cell 1993; 75: 843-854 [PMID: 8252621 DOI: 10.1016/0092-8674(93)90529-Y]

9
Wightman B, Ha I, Ruvkun G. Posttranscriptional regulation of the heterochronic gene lin-14 by lin-4 mediates temporal pattern formation in C. elegans. Cell 1993; 75: 855-862 [PMID: 8252622 DOI: 10.1016/0092-8674(93)90530-4]

10
Kloosterman WP, Plasterk RH. The diverse functions of microRNAs in animal development and disease. Dev Cell 2006; 11: 441-450 [PMID: 17011485 DOI: 10.1016/j.devcel.2006.09.009]

11
Lorenzen JM, Haller H, Thum T. MicroRNAs as mediators and therapeutic targets in chronic kidney disease. Nat Rev Nephrol 2011; 7: 286-294 [PMID: 21423249 DOI: 10.1038/nrneph.2011.26]

12
Kerr TA, Korenblat KM, Davidson NO. MicroRNAs and liver disease. Transl Res 2011; 157: 241-252 [PMID: 21420035 DOI: 10.1016/j.trsl.2011.01.008]

13
Esteller M. Non-coding RNAs in human disease. Nat Rev Genet 2011; 12: 861-874 [PMID: 22094949 DOI: 10.1038/nrg3074]

14
Calin GA, Croce CM. MicroRNA signatures in human cancers. Nat Rev Cancer 2006; 6: 857-866 [PMID: 17060945 DOI: 10.1038/nrc1997]

15
Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, Sweet-Cordero A, Ebert BL, Mak RH, Ferrando AA, Downing JR, Jacks T, Horvitz HR, Golub TR. MicroRNA expression profiles classify human cancers. Nature 2005; 435: 834-838 [PMID: 15944708 DOI: 10.1038/nature03702]

16
Wu F, Zikusoka M, Trindade A, Dassopoulos T, Harris ML, Bayless TM, Brant SR, Chakravarti S, Kwon JH. MicroRNAs are differentially expressed in ulcerative colitis and alter expression of macrophage inflammatory peptide-2 alpha. Gastroenterology 2008; 135: 1624-1635.e24 [PMID: 18835392 DOI: 10.1053/j.gastro.2008.07.068]

17
Takagi T, Naito Y, Mizushima K, Hirata I, Yagi N, Tomatsuri N, Ando T, Oyamada Y, Isozaki Y, Hongo H, Uchiyama K, Handa O, Kokura S, Ichikawa H, Yoshikawa T. Increased expression of microRNA in the inflamed colonic mucosa of patients with active ulcerative colitis. J Gastroenterol Hepatol 2010; 25 Suppl 1: S129-S133 [PMID: 20586854 DOI: 10.1111/j.1440-1746.2009.06216.x]

18
Feng X, Wang H, Ye S, Guan J, Tan W, Cheng S, Wei G, Wu W, Wu F, Zhou Y. Up-regulation of microRNA-126 may contribute to pathogenesis of ulcerative colitis via regulating NF-kappaB inhibitor IκBα. PLoS One 2012; 7: e52782 [PMID: 23285182 DOI: 10.1371/journal.pone.0052782]

19
Fasseu M, Tréton X, Guichard C, Pedruzzi E, Cazals-Hatem D, Richard C, Aparicio T, Daniel F, Soulé JC, Moreau R, Bouhnik Y, Laburthe M, Groyer A, Ogier-Denis E. Identification of restricted subsets of mature microRNA abnormally expressed in inactive colonic mucosa of patients with inflammatory bowel disease. PLoS One 2010; 5: pii: e13160 [PMID: 20957151 DOI: 10.1371/journal.pone.0013160]
20
Bian Z, Li L, Cui J, Zhang H, Liu Y, Zhang CY, Zen K. Role of miR-150-targeting c-Myb in colonic epithelial disruption during dextran sulphate sodium-induced murine experimental colitis and human ulcerative colitis. J Pathol 2011; 225: 544-553 [PMID: 21590770 DOI: 10.1002/path.2907]

21
Pekow JR, Dougherty U, Mustafi R, Zhu H, Kocherginsky M, Rubin DT, Hanauer SB, Hart J, Chang EB, Fichera A, Joseph LJ, Bissonnette M. miR-143 and miR-145 are downregulated in ulcerative colitis: putative regulators of inflammation and protooncogenes. Inflamm Bowel Dis 2012; 18: 94-100 [PMID: 21557394 DOI: 10.1002/ibd.21742]

22
Coskun M, Bjerrum JT, Seidelin JB, Troelsen JT, Olsen J, Nielsen OH. miR-20b, miR-98, miR-125b-1*, and let-7e* as new potential diagnostic biomarkers in ulcerative colitis. World J Gastroenterol 2013; 19: 4289-4299 [PMID: 23885139 DOI: 10.3748/wjg.v19.i27.4289]

23
Lin J, Welker NC, Zhao Z, Li Y, Zhang J, Reuss SA, Zhang X, Lee H, Liu Y, Bronner MP. Novel specific microRNA biomarkers in idiopathic inflammatory bowel disease unrelated to disease activity. Mod Pathol 2014; 27: 602-608 [PMID: 24051693 DOI: 10.1038/modpathol.2013.152]

24
Yang Y, Ma Y, Shi C, Chen H, Zhang H, Chen N, Zhang P, Wang F, Yang J, Yang J, Zhu Q, Liang Y, Wu W, Gao R, Yang Z, Zou Y, Qin H. Overexpression of miR-21 in patients with ulcerative colitis impairs intestinal epithelial barrier function through targeting the Rho GTPase RhoB. Biochem Biophys Res Commun 2013; 434: 746-752 [PMID: 23583411 DOI: 10.1016/j.bbrc.2013.03.122]

25
Iborra M, Bernuzzi F, Correale C, Vetrano S, Fiorino G, Beltrán B, Marabita F, Locati M, Spinelli A, Nos P, Invernizzi P, Danese S. Identification of serum and tissue micro-RNA expression profiles in different stages of inflammatory bowel disease. Clin Exp Immunol 2013; 173: 250-258 [PMID: 23607522 DOI: 10.1111/cei.12104]

26
Wu F, Zhang S, Dassopoulos T, Harris ML, Bayless TM, Meltzer SJ, Brant SR, Kwon JH. Identification of microRNAs associated with ileal and colonic Crohn’s disease. Inflamm Bowel Dis 2010; 16: 1729-1738 [PMID: 20848482 DOI: 10.1002/ibd.21267]

27
Nguyen HT, Dalmasso G, Yan Y, Laroui H, Dahan S, Mayer L, Sitaraman SV, Merlin D. MicroRNA-7 modulates CD98 expression during intestinal epithelial cell differentiation. J Biol Chem 2010; 285: 1479-1489 [PMID: 19892711 DOI: 10.1074/jbc.M109.057141]

28
Brest P, Lapaquette P, Souidi M, Lebrigand K, Cesaro A, Vouret-Craviari V, Mari B, Barbry P, Mosnier JF, Hébuterne X, Harel-Bellan A, Mograbi B, Darfeuille-Michaud A, Hofman P. A synonymous variant in IRGM alters a binding site for miR-196 and causes deregulation of IRGM-dependent xenophagy in Crohn’s disease. Nat Genet 2011; 43: 242-245 [PMID: 21278745 DOI: 10.1038/ng.762]

29
Huang Y, Tong J, He F, Yu X, Fan L, Hu J, Tan J, Chen Z. miR-141 regulates TGF-β1-induced epithelial-mesenchymal transition through repression of HIPK2 expression in renal tubular epithelial cells. Int J Mol Med 2015; 35: 311-318 [PMID: 25421593 DOI: 10.3892/ijmm.2014.2008]

30
Nguyen HT, Dalmasso G, Müller S, Carrière J, Seibold F, Darfeuille-Michaud A. Crohn’s disease-associated adherent invasive Escherichia coli modulate levels of microRNAs in intestinal epithelial cells to reduce autophagy. Gastroenterology 2014; 146: 508-519 [PMID: 24148619 DOI: 10.1053/j.gastro.2013.10.021]
31
Wu F, Guo NJ, Tian H, Marohn M, Gearhart S, Bayless TM, Brant SR, Kwon JH. Peripheral blood microRNAs distinguish active ulcerative colitis and Crohn’s disease. Inflamm Bowel Dis 2011; 17: 241-250 [PMID: 20812331 DOI: 10.1002/ibd.21450]

32
Paraskevi A, Theodoropoulos G, Papaconstantinou I, Mantzaris G, Nikiteas N, Gazouli M. Circulating MicroRNA in inflammatory bowel disease. J Crohns Colitis 2012; 6: 900-904 [PMID: 22386737 DOI: 10.1016/j.crohns.2012.02.006]

33
Zahm AM, Thayu M, Hand NJ, Horner A, Leonard MB, Friedman JR. Circulating microRNA is a biomarker of pediatric Crohn disease. J Pediatr Gastroenterol Nutr 2011; 53: 26-33 [PMID: 21546856 DOI: 10.1097/MPG.0b013e31822200cc]

34
Duttagupta R, DiRienzo S, Jiang R, Bowers J, Gollub J, Kao J, Kearney K, Rudolph D, Dawany NB, Showe MK, Stamato T, Getts RC, Jones KW. Genome-wide maps of circulating miRNA biomarkers for ulcerative colitis. PLoS One 2012; 7: e31241 [PMID: 22359580 DOI: 10.1371/journal.pone.0031241]

35
Lin J, Cao Q, Zhang J, Li Y, Shen B, Zhao Z, Chinnaiyan AM, Bronner MP. MicroRNA expression patterns in indeterminate inflammatory bowel disease. Mod Pathol 2013; 26: 148-154 [PMID: 22899284 DOI: 10.1038/modpathol.2012.131]

36
Hildebrand H, Fredrikzon B, Holmquist L, Kristiansson B, Lindquist B. Chronic inflammatory bowel disease in children and adolescents in Sweden. J Pediatr Gastroenterol Nutr 1991; 13: 293-297 [PMID: 1791507 DOI: 10.1097/00005176-199110000-00010]

37
Moum B, Vatn MH, Ekbom A, Aadland E, Fausa O, Lygren I, Sauar J, Schulz T, Stray N. Incidence of ulcerative colitis and indeterminate colitis in four counties of southeastern Norway, 1990-93. A prospective population-based study. The Inflammatory Bowel South-Eastern Norway (IBSEN) Study Group of Gastroenterologists. Scand J Gastroenterol 1996; 31: 362-366 [PMID: 8726304 DOI: 10.3109/00365529609006411]

38
Meucci G, Bortoli A, Riccioli FA, Girelli CM, Radaelli F, Rivolta R, Tatarella M. Frequency and clinical evolution of indeterminate colitis: a retrospective multi-centre study in northern Italy. GSMII (Gruppo di Studio per le Malattie Infiammatorie Intestinali). Eur J Gastroenterol Hepatol 1999; 11: 909-913 [PMID: 10514127 DOI: 10.1097/00042737-199908000-00018]

39
Han L, Witmer PD, Casey E, Valle D, Sukumar S. DNA methylation regulates MicroRNA expression. Cancer Biol Ther 2007; 6: 1284-1288 [PMID: 17660710 DOI: 10.4161/cbt.6.8.4486]

40
Adams AT, Kennedy NA, Hansen R, Ventham NT, O’Leary KR, Drummond HE, Noble CL, El-Omar E, Russell RK, Wilson DC, Nimmo ER, Hold GL, Satsangi J. Two-stage genome-wide methylation profiling in childhood-onset Crohn’s Disease implicates epigenetic alterations at the VMP1/MIR21 and HLA loci. Inflamm Bowel Dis 2014; 20: 1784-1793 [PMID: 25144570 DOI: 10.1097/mib.0000000000000179]

41
Shi C, Liang Y, Yang J, Xia Y, Chen H, Han H, Yang Y, Wu W, Gao R, Qin H. MicroRNA-21 knockout improve the survival rate in DSS induced fatal colitis through protecting against inflammation and tissue injury. PLoS One 2013; 8: e66814 [PMID: 23826144 DOI: 10.1371/journal.pone.0066814]

42
Zarjou A, Yang S, Abraham E, Agarwal A, Liu G. Identification of a microRNA signature in renal fibrosis: role of miR-21. Am J Physiol Renal Physiol 2011; 301: F793-F801 [PMID: 21775484 DOI: 10.1152/ajprenal.00273.2011]

43
Yang G, Yang L, Wang W, Wang J, Wang J, Xu Z. Discovery and validation of extracellular/circulating microRNAs during idiopathic pulmonary fibrosis disease progression. Gene 2015; 562: 138-144 [PMID: 25725128 DOI: 10.1016/j.gene.2015.02.065]

44
Zhao J, Tang N, Wu K, Dai W, Ye C, Shi J, Zhang J, Ning B, Zeng X, Lin Y. MiR-21 simultaneously regulates ERK1 signaling in HSC activation and hepatocyte EMT in hepatic fibrosis. PLoS One 2014; 9: e108005 [PMID: 25303175 DOI: 10.1371/journal.pone.0108005]

45
Ludwig K, Fassan M, Mescoli C, Pizzi M, Balistreri M, Albertoni L, Pucciarelli S, Scarpa M, Sturniolo GC, Angriman I, Rugge M. PDCD4/miR-21 dysregulation in inflammatory bowel disease-associated carcinogenesis. Virchows Arch 2013; 462: 57-63 [PMID: 23224068 DOI: 10.1007/s00428-012-1345-5]

46
Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal cancer in ulcerative colitis: a meta-analysis. Gut 2001; 48: 526-535 [PMID: 11247898 DOI: 10.1136/gut.48.4.526]

47
Jess T, Gamborg M, Matzen P, Munkholm P, Sørensen TI. Increased risk of intestinal cancer in Crohn’s disease: a meta-analysis of population-based cohort studies. Am J Gastroenterol 2005; 100: 2724-2729 [PMID: 16393226 DOI: 10.1111/j.1572-0241.2005.00287.x]

48
Rutter M, Saunders B, Wilkinson K, Rumbles S, Schofield G, Kamm M, Williams C, Price A, Talbot I, Forbes A. Severity of inflammation is a risk factor for colorectal neoplasia in ulcerative colitis. Gastroenterology 2004; 126: 451-459 [PMID: 14762782 DOI: 10.1053/j.gastro.2003.11.010]

49
Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, Kornbluth A, Bodian C, Ullman T. Histologic inflammation is a risk factor for progression to colorectal neoplasia in ulcerative colitis: a cohort study. Gastroenterology 2007; 133: 1099-1105; quiz 1340-1341 [PMID: 17919486 DOI: 10.1053/j.gastro.2007.08.001]

50
Rubin DT. The changing face of colorectal cancer in inflammatory bowel disease: progress at last! Gastroenterology 2006; 130: 1350-1352 [PMID: 16618426 DOI: 10.1053/j.gastro.2006.03.015]

51
Liu X, Goldblum JR, Zhao Z, Landau M, Heald B, Pai R, Lin J. Distinct clinicohistologic features of inflammatory bowel disease-associated colorectal adenocarcinoma: in comparison with sporadic microsatellite-stable and Lynch syndrome-related colorectal adenocarcinoma. Am J Surg Pathol 2012; 36: 1228-1233 [PMID: 22790862 DOI: 10.1097/PAS.0b013e318253645a]

52
Xie J, Itzkowitz SH. Cancer in inflammatory bowel disease. World J Gastroenterol 2008; 14: 378-389 [PMID: 18200660 DOI: 10.3748/wjg.14.378]

53
Svec J, Musílková J, Bryndová J, Jirásek T, Mandys V, Kment M, Pácha J. Enhanced expression of proproliferative and antiapoptotic genes in ulcerative colitis-associated neoplasia. Inflamm Bowel Dis 2010; 16: 1127-1137 [PMID: 20027603 DOI: 10.1002/ibd.21178]

54
Willenbucher RF, Aust DE, Chang CG, Zelman SJ, Ferrell LD, Moore DH, Waldman FM. Genomic instability is an early event during the progression pathway of ulcerative-colitis-related neoplasia. Am J Pathol 1999; 154: 1825-1830 [PMID: 10362807 DOI: 10.1016/S0002-9440(10)65438-7]

55
Burmer GC, Rabinovitch PS, Haggitt RC, Crispin DA, Brentnall TA, Kolli VR, Stevens AC, Rubin CE. Neoplastic progression in ulcerative colitis: histology, DNA content, and loss of a p53 allele. Gastroenterology 1992; 103: 1602-1610 [PMID: 1358743]

56
Brentnall TA, Crispin DA, Rabinovitch PS, Haggitt RC, Rubin CE, Stevens AC, Burmer GC. Mutations in the p53 gene: an early marker of neoplastic progression in ulcerative colitis. Gastroenterology 1994; 107: 369-378 [PMID: 8039614]

57
Rubin CE, Haggitt RC, Burmer GC, Brentnall TA, Stevens AC, Levine DS, Dean PJ, Kimmey M, Perera DR, Rabinovitch PS. DNA aneuploidy in colonic biopsies predicts future development of dysplasia in ulcerative colitis. Gastroenterology 1992; 103: 1611-1620 [PMID: 1426881]

58
Pekow J, Dougherty U, Huang Y, Gometz E, Nathanson J, Cohen G, Levy S, Kocherginsky M, Venu N, Westerhoff M, Hart J, Noffsinger AE, Hanauer SB, Hurst RD, Fichera A, Joseph LJ, Liu Q, Bissonnette M. Gene signature distinguishes patients with chronic ulcerative colitis harboring remote neoplastic lesions. Inflamm Bowel Dis 2013; 19: 461-470 [PMID: 23388545 DOI: 10.1097/MIB.0b013e3182802bac]

59
Chen R, Rabinovitch PS, Crispin DA, Emond MJ, Koprowicz KM, Bronner MP, Brentnall TA. DNA fingerprinting abnormalities can distinguish ulcerative colitis patients with dysplasia and cancer from those who are dysplasia/cancer-free. Am J Pathol 2003; 162: 665-672 [PMID: 12547724 DOI: 10.1016/S0002-9440(10)63860-6]

60
Rabinovitch PS, Dziadon S, Brentnall TA, Emond MJ, Crispin DA, Haggitt RC, Bronner MP. Pancolonic chromosomal instability precedes dysplasia and cancer in ulcerative colitis. Cancer Res 1999; 59: 5148-5153 [PMID: 10537290]

61
Okahara S, Arimura Y, Yabana T, Kobayashi K, Gotoh A, Motoya S, Imamura A, Endo T, Imai K. Inflammatory gene signature in ulcerative colitis with cDNA macroarray analysis. Aliment Pharmacol Ther 2005; 21: 1091-1097 [PMID: 15854170 DOI: 10.1111/j.1365-2036.2005.02443.x]

62
Garzon R, Calin GA, Croce CM. MicroRNAs in Cancer. Annu Rev Med 2009; 60: 167-179 [PMID: 19630570 DOI: 10.1146/annurev.med.59.053006.104707]

63
Olaru AV, Selaru FM, Mori Y, Vazquez C, David S, Paun B, Cheng Y, Jin Z, Yang J, Agarwal R, Abraham JM, Dassopoulos T, Harris M, Bayless TM, Kwon J, Harpaz N, Livak F, Meltzer SJ. Dynamic changes in the expression of MicroRNA-31 during inflammatory bowel disease-associated neoplastic transformation. Inflamm Bowel Dis 2011; 17: 221-231 [PMID: 20848542 DOI: 10.1002/ibd.21359]

64
Zhang C, Zhao Z, Osman H, Watson R, Nalbantoglu I, Lin J. Differential expression of miR-31 between inflammatory bowel disease and microscopic colitis. Microrna 2014; 3: 155-159 [PMID: 25665881 DOI: 10.2174/2211536604666150209115444]

65
Xu XM, Qian JC, Deng ZL, Cai Z, Tang T, Wang P, Zhang KH, Cai JP. Expression of miR-21, miR-31, miR-96 and miR-135b is correlated with the clinical parameters of colorectal cancer. Oncol Lett 2012; 4: 339-345 [PMID: 22844381 DOI: 10.3892/ol.2012.714]

66
Slaby O, Svoboda M, Fabian P, Smerdova T, Knoflickova D, Bednarikova M, Nenutil R, Vyzula R. Altered expression of miR-21, miR-31, miR-143 and miR-145 is related to clinicopathologic features of colorectal cancer. Oncology 2007; 72: 397-402 [PMID: 18196926 DOI: 10.1159/000113489]

67
Schee K, Boye K, Abrahamsen TW, Fodstad Ø, Flatmark K. Clinical relevance of microRNA miR-21, miR-31, miR-92a, miR-101, miR-106a and miR-145 in colorectal cancer. BMC Cancer 2012; 12: 505 [PMID: 23121918 DOI: 10.1186/1471-2407-12-505]

68
Kanaan Z, Rai SN, Eichenberger MR, Barnes C, Dworkin AM, Weller C, Cohen E, Roberts H, Keskey B, Petras RE, Crawford NP, Galandiuk S. Differential microRNA expression tracks neoplastic progression in inflammatory bowel disease-associated colorectal cancer. Hum Mutat 2012; 33: 551-560 [PMID: 22241525 DOI: 10.1002/humu.22021]

69
Krützfeldt J, Rajewsky N, Braich R, Rajeev KG, Tuschl T, Manoharan M, Stoffel M. Silencing of microRNAs in vivo with ‘antagomirs’. Nature 2005; 438: 685-689 [PMID: 16258535 DOI: 10.1038/nature04303]

70
Meister G, Tuschl T. Mechanisms of gene silencing by double-stranded RNA. Nature 2004; 431: 343-349 [PMID: 15372041 DOI: 10.1038/nature02873]

71
Elmén J, Lindow M, Schütz S, Lawrence M, Petri A, Obad S, Lindholm M, Hedtjärn M, Hansen HF, Berger U, Gullans S, Kearney P, Sarnow P, Straarup EM, Kauppinen S. LNA-mediated microRNA silencing in non-human primates. Nature 2008; 452: 896-899 [PMID: 18368051 DOI: 10.1038/nature06783]

72
Tong AW, Nemunaitis J. Modulation of miRNA activity in human cancer: a new paradigm for cancer gene therapy? Cancer Gene Ther 2008; 15: 341-355 [PMID: 18369380 DOI: 10.1038/cgt.2008.8]

73
Rossi L, Bonmassar E, Faraoni I. Modification of miR gene expression pattern in human colon cancer cells following exposure to 5-fluorouracil in vitro. Pharmacol Res 2007; 56: 248-253 [PMID: 17702597 DOI: 10.1016/j.phrs.2007.07.001]

74
Blower PE, Verducci JS, Lin S, Zhou J, Chung JH, Dai Z, Liu CG, Reinhold W, Lorenzi PL, Kaldjian EP, Croce CM, Weinstein JN, Sadee W. MicroRNA expression profiles for the NCI-60 cancer cell panel. Mol Cancer Ther 2007; 6: 1483-1491 [PMID: 17483436 DOI: 10.1158/1535-7163.MCT-07-0009]

75
Li Y, Yan L, Zhang W, Wang H, Chen W, Hu N, Ou H. miR-21 inhibitor suppresses proliferation and migration of nasopharyngeal carcinoma cells through down-regulation of BCL2 expression. Int J Clin Exp Pathol 2014; 7: 3478-3487 [PMID: 25031780]

76
Kozomara A, Griffiths-Jones S. miRBase: annotating high confidence microRNAs using deep sequencing data. Nucleic Acids Res 2014; 42: D68-D73 [PMID: 24275495 DOI: 10.1093/nar/gkt1181]

Footnotes
Conflict-of-interest statement: The authors have no conflicts of interest to disclose.
Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Peer-review started: April 24, 2015

First decision: July 20, 2015

Article in press: October 26, 2015
P- Reviewer: Maric I    S- Editor: Yu J    L- Editor: A    E- Editor: Liu XM





Table 1  Aberrant microRNA expression in human colonic tissue in ulcerative colitis


Status


�
Tissue type


�
Control


�
Aberrant microRNA expression


�
Ref.


�
�
Active UC


�
Sigmoid, n = 15


�
Healthy


�
Decreased: miR-192 and 375


�
Wu et al[16], 2008


�
�
�
�
�
Increased: miR-16, 21, 23a, 24, 29a, 126, 195, 422b and let-7f


�
�
�
�
Sigmoid, n = 12


�
Healthy


�
Increased: miR-21 and 155


�
Takagi et al[17], 2010


�
�
�
Sigmoid, n = 12


�
Healthy


�
Increased: miR-21 and 126


�
Feng et al[18], 2012


�
�
�
Colon, nonspecific, n = 10


�
Healthy


�
Decreased: miR-188-5p, 215, 320a and 346


�
Fasseu et al[19], 2010


�
�
�
�
�
Increased: miR-7, 31, 135b and 223


�
�
�
�
Colon, nonspecific, n = 5


�
Healthy


�
Increased: miR-150


�
Bian et al[20], 2011


�
�
�
Colon, nonspecific, n = 8


�
Healthy


�
Decreased: miR-143 and 145


�
Pekow et al[21], 2012


�
�
�
Colon, nonspecific, n = 20


�
Healthy


�
Increased: miR-20b, 98 and let-7e*


�
Coskun et al[22], 2013


�
�
Active or inactive UC


�
Colon, distalmost, n = 10


�
Healthy


�
Decreased: miR-194b, 216b, 548e and 559


�
Lin et al[23], 2014


�
�
�
�
�
Increased: miR-31, 146a, 206 and 663


�
�
�
Inactive UC


�
Sigmoid, n = 15


�
Healthy


�
Increased: miR-16, 23a, 24, 29a, 375 and 422b


�
Wu et al[16], 2008


�
�
�
Colon, nonspecific, n = 8


�
Healthy


�
Decreased: miR-188-5p, 215, 320a and 346


�
Fasseu et al[19], 2010


�
�
�
�
�
Increased: miR-29a, 29b, 126*, 127-3p, 196a and 324-3p


�
�
�
�
Colon, nonspecific, n = 19


�
Healthy


�
Increased: miR-20b and 125b-1*


�
Coskun et al[22], 2013


�
�
Unknown


�
Colon, nonspecific, n = 15


�
Healthy


�
Increased: miR-21


�
Yang et al[24], 2013


�
�
Active UC


�
Colon, nonspecific, n = 20


�
Inactive UC


�
Increased: miR-98


�
Coskun et al[22], 2013


�
�
�
Colon, left or sigmoid, n = 9


�
Inactive UC


�
Decreased: miR-196b, 489 and 630


�
Iborra et al[25], 2013


�
�
�
�
�
Increased: miR-548a-3p and 650


�
�
�
UC: Ulcerative colitis.





Table 2  Aberrant microRNA expression in human colonic tissue in Crohn’s disease


Status


�
Tissue type


�
Control


�
Aberrant microRNA expression


�
Ref.


�
�
Active CD


�
Sigmoid, n = 5


�
Healthy


�
Decreased: miR-19b and 629


�
Wu et al[26], 2010


�
�
�
�
�
Increased: miR-23b, 106a and 191


�
�
�
�
Terminal ileum, n = 6


�
Healthy


�
Increased: miR-16, 21, 223, and 594


�
Wu et al[26], 2010


�
�
�
Colon, nonspecific, n = 16


�
Healthy


�
Increased: miR-9, 21, 22, 26a, 29b, 29c, 30b, 31, 34c-5p, 106a, 126, 126*, 127-3p, 130a, 133b, 146a, 146b-5p, 150, 155, 181c, 196a, 324-3p and 375


�
Fasseu et al[19], 2010


�
�
�
Colon, nonspecific, n = 8


�
Healthy


�
Decreased: miR-7


�
Nguyen et al[27], 2010


�
�
�
Colon, nonspecific, n = 120


�
Healthy


�
Increased: miR-196


�
Brest et al[28], 2011


�
�
Active and inactive CD


�
Colon, nonspecific, n = 15


�
Healthy


�
Increased: miR-31 and 141


�
Huang et al[29], 2015


�
�
�
Colon, distalmost, n = 9


�
Healthy


�
Decreased: miR-194b, 216b, 548e and 559


Increased: miR-31, 146a, 206 and 663�
Lin et al[23], 2014


�
�
Inactive CD


�
Colon, nonspecific, n = 8


�
Healthy


�
Increased: miR-9*, 21, 22, 26a, 29b, 29c, 30a*, 30b, 30c, 31, 34c-5p, 106a, 126*, 127-3p, 133b, 146a, 146b-5p, 150, 155, 196a, 223 and 324-3p


�
Fasseu et al[19], 2010


�
�
Active CD


�
Colon, left or sigmoid, n = 9


�
Inactive CD


�
Decreased: miR-18a*, 140-3p, 629* and let-7b


Increased: miR-328, 422a and 885-5p�
Iborra et al[25], 2013


�
�
CD: Crohn’s disease; UC: Ulcerative colitis.





Table 3  Aberrant microRNA expression in human peripheral blood in ulcerative colitis 


Status


�
Tissue type


�
Control


�
Aberrant microRNA expression


�
Ref.


�
�
Active UC


�
Peripheral blood, n = 13


�
Healthy


�
Decreased: miR-505*


�
Wu et al[31], 2011


�
�
�
�
�
Increased: miR-28-5p, 103-2*,151-5p, 199a-5p, 340*, 362-3p, 532-3p and plus-E1271


�
�
�
�
Peripheral blood, n = 88


�
Healthy


�
Increased: miR-16, 21, 28-5p, 151-5p, 155 and 199a-5p


�
Paraskevi et al[32], 2012


�
�
Active and inactive UC


�
Peripheral blood, n = 18


�
Healthy


�
Decreased: miR-150


Increased: miR-15b, 19a, 24, 27a, 28-3p, 29a, 30e, 93, 103, 128, 142-5p, 196b, 199a-3p, 221, 223, 345, 374b, 423-5P, 532-5p, 598, 760, let-7d, let-7e and let-7g�
Iborra et al[25], 2013


�
�
Inactive UC


�
Peripheral blood, n = 13


�
Healthy


�
Decreased: miR-505*


�
Zahm et al[33], 2011


�
�
�
�
�
Increased: miR-103-2, 362-3p and 532-3p


�
�
�
Inactive UC


�
Peripheral blood, n = 10


�
Healthy


�
Decreased: miR-505*


�
Wu et al[31], 2011


�
�
�
�
�
Increased: miR-103-2*, 362-3p and 532-3p


�
�
�
Unknown


�
Peripheral blood, n = 20


�
Healthy


�
Increased: miR-20b*, 22, 27a*, 31, 92a-1*, 138, 140-3p, 143*, 146a-3p, 150*,181b, 188-5p, 330-3p, 362-5p, 345, 378, 378*,422a, 500, 501-5p, 532-5p, 550*, 720, 769-3p, 769-5p, 874, 941, 1271, 1274b, 1296 and let-7i*


�
Duttagupta et al[34], 2012


�
�
�
Peripheral blood, n = 15


�
Healthy


�
Increased: miR-21


�
Yang et al[24], 2013


�
�
UC: Ulcerative colitis.





Table 4  Aberrant microRNA expression in human peripheral blood in Crohn’s disease


Status


�
Tissue type


�
Control


�
Aberrant microRNA expression


�
Ref.


�
�
Active CD


�
Peripheral blood, n = 14


�
Healthy


�
Decreased: miR-149* and plus-F1065


�
Wu et al[31], 2011


�
�
�
�
�
Increased: miR-199a-5p, 340*, 362-3p, 532-3p and plus-E1271


�
�
�
�
Peripheral blood, n = 46


�
Healthy


�
Increased: miR-16, 20a, 21, 30e, 93, 106a, 140, 192, 195, 484 and let-7b


�
Zahm et al[33], 2011


�
�
�
Peripheral blood, n = 128


�
Healthy


�
Increased: miR-16, 23a, 29a, 106a, 107, 126, 191, 199a-5p, 200c, 362-3p and 532-3p


�
Paraskevi et al[32], 2012


�
�
Active and inactive CD


�
Peripheral blood, n = 18


�
Healthy


�
Decreased: miR-877


�
Iborra et al[25], 2013


�
�
�
�
�
Increased: miR-16, 27a*, 140-3p, 140-5p and 195


�
�
�
Inactive CD


�
Peripheral blood, n = 5


�
Healthy


�
Decreased: miR-149*


�
Wu et al[31], 2011


�
�
�
�
�
Increased: miR-340*


�
�
�
Active CD


�
Peripheral blood, n = 9


�
Inactive CD


�
Decreased: miR-18a, 128, 140-5p and 145


�
Iborra et al[25], 2013


�
�
�
�
�
Increased: miR-188-5p and 877


�
�
�
CD: Crohn’s disease; UC: Ulcerative colitis.





Table 5  Differential microRNA expression between ulcerative colitis and Crohn’s disease 


Status


�
Tissue type


�
Control


�
Aberrant microRNA expression


�
Ref.


�
�
Inactive UC


�
Colon, nonspecific, n = 8


�
Inactive CD


�
Decreased: miR-100a-3p, 100b-5p, 150, 196b, 223 and 320a


�
Fasseu et al[19], 2010


�
�
Active or inactive UC


�
Colon, distalmost, n = 12


�
Active or Inactive CD


�
Increased: miR-19b, 23b, 106a, 191 and 629


�
Lin et al[35], 2013


�
�
Active UC


�
Peripheral blood, n = 13


�
Active CD


�
Increased: miR-3180-3p, plus-E1035 and plus-F1159


�
Wu et al[31], 2011


�
�
CD: Crohn’s disease; UC: Ulcerative colitis.
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