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Abstract
In spite of the well-established understanding of the 
phenotypic lesions occurring in the shift from native 
epithelia to invasive (adeno) carcinoma, the molecular 
typing of the precancerous changes in the gastrointes-
tinal tract remains unreliable. In recent years, no bio-
markers have aroused as much interest as the miRNAs, 
a class of non-coding RNA molecules that function as 
endogenous silencers of numerous target genes. Aber-
rant miRNA expression is a hallmark of human disease, 
including cancer. Unlike most mRNAs, miRNAs are both 
long-living in vivo  and very stable in vitro . Such charac-
teristics allow their testing in paraffin-embedded tissue 
samples, which is essential in the biological profiling of 

small (phenotypically characterized) preneoplastic le-
sions of the gastrointestinal tract (as well as in other 
fields of human pathology). The upcoming challenge 
lies in the reliable identification of disease-specific tar-
gets of dysregulated miRNAs, to enable miRNA testing 
in the clinical management of the secondary prevention 
of gastrointestinal cancer.

© 2011 Baishideng. All rights reserved.

Key words: miRNA; Dysplasia; Barrett’s esophagus; Atro-
phic gastritis; Inflammatory bowel disease

Peer reviewer: Wendy Wilhelmina Johanna de Leng, PhD, 
Department of Pathology, Internal address H04.312, Heidelber-
glaan 100, Postbox 85500, Utrecht, 3508 GA, The Netherlands

Fassan M, Croce CM, Rugge M. miRNAs in precancerous le-
sions of the gastrointestinal tract. World J Gastroenterol 2011; 
17(48): 5231-5239  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v17/i48/5231.htm  DOI: http://dx.doi.
org/10.3748/wjg.v17.i48.5231

INTRODUCTION
The molecular mechanisms involved in the multistep 
processes of  gastrointestinal (GI) cancers are one of  the 
most intriguing research fields in pathology.

In spite of  our well-established understanding of  
the phenotypic lesions occurring in the shift from native 
epithelia to invasive (adeno)carcinoma, the molecular typ-
ing of  the precancerous changes in the GI tract remains 
unreliable due to: (1) discrepancies in their histological 
classification; (2) their inherent biological heterogeneity; 
and (3) their variability on molecular biology testing. As 
a result, no reliable molecular data are currently available 
that can be implemented with confidence in GI cancer 
secondary prevention strategies[1,2].

Molecular profiling, as achievable using well-char-
acterized histology samples, would ideally be done us-
ing formalin-fixed, paraffin-embedded (FF-PE) tissue 
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samples. Unfortunately, molecular profiling from FF-PE 
samples is patchy, which makes it difficult to integrate 
molecular data (gene expression arrays, among others) 
with histological information consistently[3-5].

Hence the priority to overcome this methodological 
impasse. Despite efforts made by the scientific communi-
ty to identify biomarkers for human cancer, no such bio-
markers have aroused as much interest as the miRNAs, a 
class of  endogenous, small, non-coding RNAs that mod-
ulate gene expression by causing target mRNA degrada-
tion or inhibiting their translation[6-10]. Since their initial 
discovery in Caenorhabditis elegans (C. elegans) in 1993[11], an 
enormous amount of  research has been published, indi-
cating that the biological function of  miRNAs is crucial 
to most cellular processes. In humans, aberrant miRNA 
expression is a hallmark of  various diseases, including 
cancer[9,10]. Unlike most mRNAs (due to their molecular 
structure), miRNAs are long-living in vivo and very stable 
in vitro[3-5]. These particular features are fundamental to 
their analysis in FF-PE samples, supporting a potentially 
central role for miRNAs in the molecular study of  pre-
neoplastic GI lesions.

Focusing on the similar, multistep carcinogenic cas-
cade occurring in both esophageal and gastric adenocar-
cinomas, and on the colorectal carcinogenic processes, 
this Editorial briefly discusses the role of  miRNAs in 
preneoplastic GI pathology.

miRNAs As DIAGNOsTIC TOOls
miRNA expression profiling has the potential for differ-
entiating between normal and pathological lesions, and 
among preneoplastic lesions, it may be able to classify 

different subtypes[9,10].
Several reports have already demonstrated the excel-

lent reproducibility and accuracy of  miRNA expression 
profiling in archived FF-PE specimens. In gastroenterol-
ogy, as in other fields of  human pathology, integrating 
genome-wide profiling with the functional characteriza-
tion of  miRNAs (their overexpression or downregula-
tion) and the identification of  miRNA-specific gene 
targets currently represents the approach most likely to 
yield advances in the new field of  non-coding RNA re-
search[6-8,12].

In FF-PE specimens, miRNA expression could also 
be visualized at cellular/sub-cellular level (in situ hybrid-
ization) and this particular characteristic makes miRNAs 
potentially suitable for supporting routine diagnostic sur-
gical pathology practice[13,14].

Aberrant miRNA expression signatures have been 
extensively investigated in preneoplastic GI diseases and 
several key oncogenic miRNAs have consistently been 
found dysregulated (Table 1)[6-8,12,15-21]. In some cases, 
specific miRNA expressions have been linked to cancer-
associated pathways, indicating a role for them in GI car-
cinogenesis. The systematic molecular evaluation of  the 
GI mucosa (always supported by the “advanced” histo-
logical and clinical characterization of  the specimens) not 
only provides new basic biological information, but can 
also pave the way to risk-stratified patient management 
programs and innovative therapeutic measures (Figure 1).

Therefore, miRNAs represent both potential cancer 
prognostic markers and therapeutic targets for the treat-
ment of  human malignancies. Further understanding of  
the biological roles of  miRNAs in cancer is required, par-
ticularly the experimental validation of  miRNA targets.

Table 1  miRNAs associated with different histological lesions of the  gastrointestinal tract

Organ Pathology Overexpressed miRNAs Downregulated miRNAs Ref.

Esophagus Barrett’s mucosa miR-15b; miR-21; miR-25; miR-143; miR-145; miR-192; 
miR-194; miR-196a; miR-200c; miR-215

let-7a; let-7c; miR-125b; miR-203; 
miR-205; miR-486-5p

[30,31-33,35, 
37]

LG-IEN miR-192; miR-196a; miR-215 let-7c; miR-203; miR-205 [32,35]
HG-IEN miR-15b; miR-21; miR-125b;  miR-192;miR-196a; miR-200a*; 

miR-215
let-7a; let-7c; miR-181b; miR-193b; 
miR-203; miR-205; miR-486-5p

[30,31-33,35, 
36]

Neosquamous epithelium miR-143 - [38]
Stomach H. pylori-related gastritis miR-21; miR-146a; miR-155; miR-223 let-7f;  miR-34b; miR-34c; miR-124a-1; 

miR-124a-2; miR-124a-3; miR-141; miR-
200a; miR-203; miR-204; miR-455

[43,45,47,49, 
50,53,56,58]

Atrophic gastritis - let-7a [55]
Colon Traditional adenoma miR-21; miR-135 miR-143; miR-145 [65]

Serrated adenoma miR-21; miR-181b - [70,71]
Hyperplastic polyp miR-181b - [71]
Crohn's disease miR-9; miR-9*; 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-146a; miR-146b-5p; miR-150; miR-155; miR-181c 
miR-191; miR-196a; miR-223; miR-324-3p; miR-375

miR-19b; miR-629 [75,79]

Ulcerative colitis let-7f; mIR-7; miR-16; miR-21; miR-23a; miR-24; miR-29a; 
miR-29b; miR-31; miR-126; miR-126*; miR-127-3p; miR-135b; 
miR-223; miR-324-3p; miR-195; miR-196a

miR-188-5p; miR-192; miR-215; miR-
320a; miR-346; miR-375; miR-422b

[75,79]

IBD dysplasia miR-31 - [80]

LG-IEN: Low-grade-intraepithelial neoplastic lesions; HG-IEN: High-grade-intraepithelial neoplastic lesions; H. pylori: Helicobacter pylori; IBD: Inflamma-
tory bowel disease.
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ONCOGENIC CASCADES IN GASTRO-
ESOPHAGEAL CARCINOMA 
In the last 25 years, it has been demonstrated that full-
blown gastroesophageal cancers are the final outcome of  
long-standing biological processes that include a progres-
sive accumulation of  genotypic and phenotypic changes 
triggered by persistent inflammatory conditions, i.e., chro-
nic acid/bile reflux in the esophagus and longstanding 
gastritis, due primarily to Helicobacter pylori (H. pylori) infec-
tion, in the stomach[1,2].

Such natural histories have been described as Barrett’s 
model of  carcinogenesis for esophageal adenocarcinoma 
and Pelayo Correa’s multistage cascade for gastric adeno-
carcinoma[1,2].

At first, both conditions lead to the replacement of  
native by metaplastic epithelia [columnar epithelia in Bar-
rett’s esophagus (BE) and intestinal metaplasia of  the 
native gastric glands][1,2]. The phenotypic shift involved in 

these processes is due to the combined effect of  changes 
in the expression of  genetic factors, epigenetic silencing, 
transcription factors, signaling pathways and growth fac-
tors. None of  the biological mechanisms underlying the 
metaplastic transformation have been clarified in detail 
as yet, however, and genome-wide microarray expression 
analysis seems to be the most promising line of  investiga-
tion.

There are significant differences in the pathogenetic, 
morphological (histochemical and immunohistochemi-
cal) and clinical impact of  metaplasia in the two above-
mentioned anatomical settings. Intestinal metaplasia (IM), 
however, is known as the “carcinogenic field” in which 
both esophageal and gastric intraepithelial neoplastic le-
sions (IENs), be it low-grade-IENs or high-grade (HG)-
IENs and subsequent adenocarcinomas may develop[22-27].

The Barrett’s cascade
BE is characterized by the native stratified squamous epi-

HE

FF-PE

IM LG-IEN

ISH

IHC (target genes)

Microarray

qRT-PCR

Sequencing-methylation

 C   A   C   C   C  A   G    C    A  G
59  59  59  61  59 59  59   59  61 59

61                  66

Figure 1  miRNA analysis in formalin-fixed, paraffin-embedded samples. Routine histological analysis (hematoxylin and eosin) enables adequate selection of pre-
neoplastic lesions (in this case, intestinal metaplasia and low-grade-intraepithelial neoplastic lesions obtained from a resected Barrett’s adenocarcinoma specimen). 
Either miRNA-specific in situ hybridization or immunohistochemical analysis of the miRNA gene targets could be performed starting from the original paraffin block. 
To obtain total RNA or DNA, lesions are macro-dissected from the paraffin block (or micro-dissected from unstained formalin-fixed, paraffin-embedded sections). The 
genome material can be further analyzed using modern genomic techniques. HE: Hematoxylin and eosin; FF-PE: Formalin-fixed, paraffin-embedded; IM: Intestinal 
metaplasia; LG-IEN: Low-grade-intraepithelial neoplastic lesions; ISH: in situ hybridization; IHC: Immunohistochemistry; qRT-PCR: Quantitative reverse transcription-
polymerase chain reaction.
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thelium lining the esophagus being replaced by a colum-
nar epithelium with intestinal differentiation [Barrett’
s mucosa (BM)][2]. From the clinical point of  view, only 
a histological diagnosis of  IEN is currently considered 
in the definition of  high-risk BE populations, confirm-
ing the need for prognostically useful, novel molecular 
biomarkers[28]. In this scenario, several reports have inves-
tigated miRNA expression profiling in Barrett’s carcino-
genesis[15,29-33].

In their seminal work, Feber et al[29] investigated miRNA 
expression profiling in a small series of  frozen specimens 
(nine native squamous esophageal mucosa, five BM, one 
HG-IEN, and 10 Barrett’s adenocarcinoma). Among the 
miRNA expression signatures observed, miR-203 and 
miR-205 were downregulated and miR-21, miR-192 and 
miR-194 were overexpressed in esophageal adenocar-
cinoma samples[29]. It is important to bear in mind that 
miR-194 is involved in the lineage commitment deci-
sions of  the intestinal epithelium system, with a major 
role in the maturation of  the intestinal epithelium[34]. 
The authors also considered 10 squamous cell carcinoma 
specimens in their analysis, showing that specific miRNA 
expression profiles correspond to specific esophageal tu-
mor histotypes[29].

Two further papers with consistent results focused on 
the miRNA expression signatures associated with disease 
progression[30,31]. Our group provided comprehensive in-
formation on the miRNA profile coupled with each single 
step in the natural history of  Barrett’s carcinogenesis[32]. 
To confirm our microarray and quantitative RT-PCR 
data, we also performed miRNA-specific in situ hybridiza-
tion analyses on FF-PE tissues and identified HMGA2 
(a let-7c mRNA target, which is a small, non-histone 
chromosomal protein that can modulate transcription by 
altering chromatin architecture) as a promising biomarker 
of  BM transformation on immunohistochemical analysis. 
Based on these microarray findings, Bansal et al[33] recently 
have investigated the prognostic impact of  miRNA ex-
pression in determining BE progression, demonstrating 
that miRNAs could pinpoint high-risk BE patients with a 
reasonable clinical accuracy.

In exploring the molecular mechanisms implicated in 
BM transformation and progression, Maru et al[35] have 
particularly focused on the role of  miR-196a. As previ-
ously demonstrated by the same research group, miR-
196a is overexpressed in neoplastic samples, and its 
expression levels increase proportionally with the dedif-
ferentiation of  the IEN[35]. Moreover, they have shown 
that miR-196a plays a part in the downregulation of  the 
SPRR2C, S100A9 and KRT5 genes, the expression of  
which is characteristically decreased or lost during the 
neoplastic transformation of  esophageal tissue[35]. These 
findings strongly support a role for miR-196a as a novel 
therapeutic target in the treatment of  esophageal cancers 
and as a valuable early marker of  cancer-prone BE.

Another important oncomiR is miR-21, which is up-
regulated in various human tumors, and has been found 
to be involved in Barrett’s adenocarcinoma[29,31]. Recent 

studies have shown that miR-21 promotes cell trans-
formation by repressing tumor suppressor genes such 
as PTEN, PDCD4, RECK and TPM1[3]. Our group has 
demonstrated significant miR-21 upregulation in sam-
ples of  HG-IENs and adenocarcinoma, consistent with 
PDCD4 downregulation[36].

The dysregulation of  not just one, but multiple miR-
NAs could be implicated in cancer progression. miRNAs 
could be organized as a cluster of  genes expressed by a 
single transcription unit (i.e., polycistron), which goes to 
show how complex miRNA research may be. The miR-
106b-25 polycistron on chromosome 7q22.1 (i.e., miR-25, 
miR-93 and miR-106b) has been found to be increasingly 
activated in successive stages of  Barrett’s carcinogenesis, 
with potentially proliferative, antiapoptotic, and cell cycle 
promoting effects in vitro and tumorigenic effects in vivo 
by targeting p21 and Bim[37].

From the therapeutic standpoint, argon plasma co-
agulation (thermal ablation) is one of  the options for 
the surgical treatment of  BE patients. BM ablation usu-
ally eventually results in the formation of  neosquamous 
epithelium. IM can recur, however (so cancer could sub-
sequently develop too) even after apparently complete 
BM ablation. Biomarkers might therefore be helpful in 
clinical decision-making for BE patients, by providing 
information on the likely clinical behavior of  the mucosa 
after ablative therapy. That is why Dijckmeester et al[38] in-
vestigated miR-143 and miR-205 expression in neosqua-
mous epithelium and BM. Only miR-143 expression was 
significantly higher in neosquamous and native squamous 
esophageal mucosa than in samples of  BM[38]. It is worth 
adding that miR-143 is highly expressed in colonic tissues 
and has a significant role in suppressing colorectal cancer 
cell growth by inhibiting KRAS translation[39].

Different genetic polymorphisms could be implicated 
in miRNA-related carcinogenesis. The biogenesis of  miR-
NAs is complex and involves multiple proteins and RNAs. 
Although miRNA expression profiles have frequently 
been reported to correlate with the etiology, classification, 
progression and prognosis of  numerous human cancers, 
the effect of  common genetic variants [i.e., single nucleo-
tide polymorphisms (SNP)] of  miRNA-related genes 
on susceptibility to cancer remains unclear[9,10]. Ye et al[40]  
have demonstrated that seven SNPs were significantly 
associated with the risk of  esophageal adenocarcinoma, 
pointing to intriguing new fields of  translational research.

Correa’s cascade
Despite a steady decline in the related mortality in the 
past few decades, gastric cancer is still the second cause 
of  death due to cancer worldwide[41]. H. pylori-associated 
gastritis is the most common gastric adenocarcinoma 
precursor (leading to intestinal-type, or the so-called “epi-
demic”gastric cancer)[42].

Matsushima et al[43] have investigated the miRNA ex-
pression profiling of  H. pylori-positive mucosa samples, 
finding 31 significantly dysregulated miRNAs. The sever-
ity of  both active and chronic inflammatory infiltration 
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significantly correlated with the expression of  several 
miRNAs, supporting a biological role for miRNAs in 
host immune response to H. pylori infection[44]. Among 
others, miR-155 has been suggested as a central effector 
of  H. pylori-induced immune response: H. pylori infec-
tion raises miR-155 expression levels in gastric epithelial 
cell lines and gastric mucosal tissues by activating nuclear 
factor-κB and the activator protein-1 pathway, and via 
the Foxp3 transcription factor in T cells[45,46]. The overex-
pressed miR-155 could also negatively modulate the re-
lease of  the proinflammatory cytokines interleukin-8 and 
GRO-a, leading to chronic H. pylori-related infection[47].

Another important H. pylori-induced miRNA is miR-
146a, which seems to have a role in a negative feedback 
loop that modulates the inflammatory damage by target-
ing IRAK1 and TRAF6[47]. Two common SNPs in its pre-
miRNA sequence (rs2910164 and rs11614913) have also 
been associated with a greater susceptibility to gastric can-
cer in the Chinese and Japanese populations[48].

Among healthy volunteers, individuals with H. pylori 
infection show higher methylation levels of  miR-34b, 
miR-34c, miR-124a-1, miR-124a-2 and miR-124a-3[49,50]. 
These data strongly suggest that H. pylori infection (in 
addition to protein-coding genes) induces DNA methyla-
tion of  miRNA genes, also indicating that miRNA silenc-
ing is an early event in the oncogenic process and the 
result of  a global epigenetic field defect.

Another important miRNA that is dysregulated in 
chronic gastritis is miR-27a. Arisawa et al[51] have shown 
a close correlation between miR-27a genome polymor-
phism and the onset of  advanced gastric mucosa atrophy 
in Japanese men, suggesting a definitive role for miR-27a 
in the development of  the “cancerization field. These 
findings are further supported by the fact that miR-27a 
has been found upregulated in gastric cancer samples; it 
correlates with gastric cancer lymph node metastasis; and 
functions as an oncogene by targeting the tumor suppres-
sor gene prohibitin[52].

miR-21 seems to play a fundamental part in gastric 
carcinogenesis, being constantly upregulated in gastric 
adenocarcinoma (as already demonstrated in others mis-
cellaneous solid tumors, as well as Barrett’s adenocarci-
noma)[53]. In vitro, miR-21 upregulation has been shown to 
enhance significantly migration and capacity for invasion 
of  gastric cancer cell lines[53]. On the other hand, miR-21 
knockdown causes a significant reduction in cell prolif-
eration and a significant increase in apoptosis[53]. miR-21 
is also significantly overexpressed in H. pylori-infected 
gastric mucosa, suggesting an early, important involve-
ment of  miR-21 in the development of  gastric cancer[53].

The tumor suppressor let-7a is one of  the founder 
members of  the miRNA family, which was first identi-
fied in C. elegans. In gastric cancer, let-7a is downregulated 
and negatively regulates HMGA2 expression (like let-
7c)[54,55]. let-7a downregulation has already been identified 
in chronic atrophic gastritis samples[56].

The oncogenic miR-106a, a member of  the miR-
106a-92 cluster, has been found upregulated in gastric 
cancer tissues and it has been significantly associated with 

negative clinicopathological parameters[56,57]. The miR-
106a-92 cluster has a marked gene structure homology 
with other miRNA clusters recognized as being onco-
genic, i.e., miR-17-92 and miR-106b-25. On this point, 
Petrocca et al[58] have observed dysregulation of  the miR-
106b-25 cluster (i.e., miR-106b, miR-92 and miR-25) 
determined by transcription factor E2F1 expression in 
H. pylori-related gastric carcinogenesis and gastric cancer 
cell lines. miR-206b and miR-93 directly regulate E2F1 
expression, establishing an miRNA-related negative 
feedback loop[58]. The upregulation of  these miRNAs 
interferes with the transforming growth factor (TGF)-β 
tumor suppressor pathway, hindering the expression of  
CDKN1A and BCL2L11[58]. TGF-β controls the turn-
over of  intestinal, as well as gastric, cells leading them to 
cell cycle arrest followed by apoptosis. By downregulat-
ing two of  the most important downstream effectors in 
the TGF-β pathway, the miR-106b-25 cluster ensures 
the development of  a resistance to TGF-β-mediated cell 
cycle arrest and apoptosis, and may represent an interest-
ing novel therapeutic target for the treatment of  gastric 
cancer. In the same study, the authors identified a seven-
miRNA signature associated with chronic H. pylori-related 
gastritis, which included the above-mentioned miR-155[58].

ONCOGENIC CAsCADEs IN COlOREC-
TAl ADENOCARCINOMA
The historically well-established pathway of  sporadic 
colorectal cancer is the so-called adenoma-carcinoma 
sequence, formally described by Morson in 1962[59]. Ap-
proximately 60% of  sporadic colorectal cancers (CRCs) 
are consistent with this phenotypic sequence. The lesions 
included in this “cascade” are tubular, tubulovillous and 
villous adenomas (with different IEN grades)[60].

More recently, however, molecular genetic findings 
have highlighted two further pathways: (1) serrated car-
cinogenesis, in which the sessile serrated adenoma is 
considered the precursor lesion; and (2) the mixed-type 
sequence, combining the molecular features of  both the 
traditional and the serrated pathways[60,61].

A fourth route is the one resulting from longstand-
ing/relapsing inflammation associated with inflammatory 
bowel disease (IBD), Crohn’s disease (CD) and ulcerative 
colitis (UC)[62,63]. The first report of  CRC in IBD came 
from Crohn and Rosenberg in 1925[64]. From a molecu-
lar point of  view, the IBD-related carcinogenic process 
seems to follow a temporal sequence of  genetic altera-
tions different from the situation seen in sporadic cancers. 
The IBD-related CRC risk increases in long-standing coli-
tis and parallels the anatomical extent and severity of  the 
related inflammation. From the pathological standpoint, 
IBD-associated CRC can arise from: (1) raised dysplastic 
lesions or dysplasia-associated lesions or masses; and (2) 
endoscopically flat dysplastic lesions. In both cases, the 
lesions can blend easily with the gross inflammatory ab-
normalities commonly encountered in IBDs, making their 
endoscopic detection difficult even for the experienced 
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endoscopist, resulting in the need for innovative dysplasia-
specific biomarkers[61].

Sporadic colorectal cancer
A whole constellation of  experimental studies on CRC 
has provided insight into the miRNA-mediated, regula-
tory links to well-known oncogenic and tumor suppres-
sor signaling pathways[20,65-67].

Global miRNA downregulation is a common feature 
of  colorectal carcinogenesis. As described previously for 
gastroesophageal diseases, CpG island hypermethylation 
has been described as a mechanism for miRNA silencing 
in CRC samples too. Balaguer et al[68] also have demon-
strated high rates of  miR-137 CpG island methylation in 
colorectal adenomas, suggesting that the epigenetic si-
lencing of  specific tumor-suppressor miRNAs is an early 
event in the multistep colorectal carcinoma cascade.

Several investigations on paired samples of  colorec-
tal neoplasia and normal mucosa have demonstrated 
reduced levels of  miR-143 and miR-145 in both colonic 
adenoma and carcinoma[39]. These two miRNAs reveal a 
tumor suppressor-like activity in vitro by targeting KRAS 
(miR-143) and the insulin receptor substrate 1 (IRS-1; 
miR-145), among others[39].

Among the overexpressed miRNAs, miR-21 (an im-
portant regulator of  PDCD4 expression) has frequently 
been found dysregulated in CRC samples[3,69]. Consistent 
with these data, we found that miR-21 was significantly 
upregulated in IEN and CRC biopsy samples, sugges-
tive of  a diagnostic role for this miRNA in discriminat-
ing between neoplastic and non-neoplastic lesions[70]. 
We observed a similar PDCD4 dysregulation in serrated 
adenomas too, suggesting a major oncogenic function 
for miR-21 that is acquired early in different pathways of  
colorectal carcinogenesis. Similar results were have been 
reported by Schmitz et al[71], who have found significant 
miR-21 overexpression in sessile serrated adenomas by 
comparison with both normal mucosa and hyperplastic 
polyps (though miR-21 expression alone failed to distin-
guish between the histological lesions considered).

Sequence variations in the miRNA-binding sites of  
CD86 and INSR have been associated with a higher risk 
of  CRC (with ORs of  2.74 and 1.94, respectively)[72,73]. 
These data, integrated with genome-wide association stud-
ies supported by high-resolution SNP arrays and next-
generation sequencing technology, could help clinicians to 
assess CRC genetic susceptibility more accurately, with the 
prospect of  stratifying patients according to their “mo-
lecular” cancer risk.

Inflammatory bowel diseases
IBDs result from an abnormal immune response to en-
vironmental factors in genetically susceptible hosts. miR-
NAs have been increasingly recognized as important in 
the development of  both the innate and the adaptive 
immune system, and dysregulated miRNA expression has 
already been described in several immune-related diseas-
es. miRNA expression profiling in active CD and UC has 

been the object of  several studies, which have consistent-
ly shown unique disease-specific miRNA signatures[74-77]. 
Supporting the role of  miRNAs in immune system dys-
regulation, Wu et al[78] have demonstrated that miR-192 
(which is significantly upregulated in UC) blocks tumor 
necrosis factor α-induced stimulation by targeting the 
chemotactic cytokine MIP-2α. Fasseu et al[79] have studied 
both active and inactive IBD samples, and have demon-
strated that miRNAs are crucial players in the onset/re-
lapse of  active inflammation. In particular, they have 
found two subsets of  14 (UC) and 23 (CD) miRNAs 
with a significant dysregulation in comparison to healthy 
controls (Table 1), and among these, eight that were com-
monly dysregulated in non-inflammed UC and CD (miR-
26a, miR-29a, miR-29b, miR-30c, miR-126*, miR-127-3p, 
miR-196a, and miR-324-3p)[79]. What is more, underlying 
the importance of  miRNA dysregulation in IBD onset, 
several miRNA genes with altered expression co-localized 
with acknowledged IBD-susceptibility loci[79].

miR-31a has been indicated as a specific marker of  
IBD-related dysplasia[80]. It is overexpressed in both IBD-
related dysplasia and IBD-associated CRC (and also sig-
nificantly increased in sporadic CRC, although to a lesser 
degree than in IBD-related neoplasia). Preliminary studies 
have demonstrated the angiogenic potential of  miR-31 
via the targeting of  FIH-1 in CRC-derived cell lines[80].

Beyond their histopathological applications, miRNAs 
offer a number of  practical advantages due to their rela-
tively high stability in vivo, and in the circulation in par-
ticular. In addition, they do not require the use of  specific 
antibody-linked detection reagents of  protein biomarkers, 
and they offer the specificity of  nucleic acid detection 
methods such as RT-PCR. In IBD patients, differences in 
circulating immune cells in CD and UC are reflected by 
altered miRNA expression, supporting the usefulness of  
peripheral blood miRNA analysis as an innovative non-
invasive class of  biomarkers[81].

CONClUsION
Preneoplastic lesions within the GI tract include a broad 
spectrum of  phenotypic alterations, which may be dif-
ficult to assess only on the basis of  their phenotypical 
features and are hard to stratify in different prognostic 
classes.

As this review shows, miRNAs and miRNA-related 
gene expression and polymorphism have a central role in 
assessing the individual (patient-specific) cancer suscep-
tibility and cancer progression. The upcoming challenge 
lies in the reliable identification of  disease-specific targets 
of  dysregulated miRNAs, to enable miRNA testing in 
clinical practice. The miRNA revolution is only just be-
ginning!
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