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Abstract

MicroRNAs have emerged as important post-translational regulators of gene expression and are
involved in several physiological and pathological states including the pathogenesis of human
colon cancers. In regards to tumor development, microRNAS can act as oncogenes or tumor
suppressors. Both hereditary predispositions (i.e. Lynch Syndrome and Familial Adenomatous
Polyposis) contribute to the development of colon cancer. In addition, individuals who suffer from
inflammatory bowel diseases such as Crohn’s disease or ulcerative colitis have a higher risk of
developing colon cancer. Here, we discuss the occurrence of the deregulated expression of
miRNAs in colon cancer that arise due to hereditary predisposition and inflammatory bowel
disease.
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Introduction

Worldwide, colon cancer is the third most prevalent cancer in women, and second most
common in men[1]. One million new cases, and 600,000 deaths worldwide each year occur
due to colon cancer[2, 3]. Colon cancer is predominantly a disease of industrialized
countries that practice a western diet and lifestyle; epidemiological studies indicate many
risk factors including obesity, excessive alcohol consumption, excessive red meat as well as
processed meat consumption[4], a diet high in fat, smoking, low socioeconomic status[5],
and physical inactivity[6].

Almost two-thirds of colon cancer cases can be prevented by endoscopic screening or fecal
occult-blood testing (FOBT); however, only 39% of patients are diagnosed at early stages
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when the disease is localized, and treatment is most effective[7]. The American Cancer
Society recommends a colonoscopy every 5 years. Colonoscopies are invasive and
expensive[8]; patients in a study by Bandi et al. found that only 4.4% of uninsured
participants underwent endoscopy (including colonoscopy, sigmoidoscopy, or protoscopy)
[9]. However, the percentage of persons having an endoscopic screening has increased
almost 6% from 2008 to the present[10]. Fecal occult blood tests are less invasive because
they do not require bowel preparation or sedation, but they can have low sensitivity (still in
recommended range) ranging from 47%-73% in case control studies [8, 11]. In any case,
epidemiologic studies in the United States indicate that only 45% of adults aged 50-65 are
up to date with recommended colon cancer screening using either method[12].

The 5-year survival rate of patients with localized, early stage cancer is 90% compared to
only 12% if the tumor has metastasized to distant organs [7, 13]. Prognosis is directly related
to the stage-at-diagnosis. Detection of colon cancer at an early stage is difficult in the
absence of screening because symptoms are often not apparent[8]. Therefore, there is a vital
need for sensitive and non-invasive biomarkers for diagnosis.

Colon cancer etiology can be either hereditary or, more commonly, sporadic. In both cases,
gene mutations lead to transformation of normal intestinal mucosal epithelia. New evidence
also suggests an important role for microRNAs, which regulate gene transcription, in the
pathogenesis of colon cancer. Current evidence supporting microRNA involvement in both
hereditary- and inflammation-mediated colon cancers, a common risk factor for sporadic
colon cancer, will therefore be the subject of this review, including consideration of the
possible use of microRNAs as biomarkers for earlier, more accurate detection, and
prevention of colon cancer.

MicroRNAs are single stranded RNA molecules that range from 20-25 nucleotides.
MicroRNAs are derived as short non-coding RNAs with a hairpin shape, and regulate
coding genes by base pairing with the mRNA transcripts typically at the 3’-untranslated
region (3’-UTR) but also target binding sites for microRNAs have been find in the 5 -UTR
and in coding sequences [14] (Liu, C. Nucleic Acid Research 2013, 1-13). MicroRNAs are
transcribed normally by RNA polymerase Il (pol 1), although some may be transcribed by
polymerase 111[15]. After transcription, primary-microRNAs (pri-microRNAS) are capped
and polyadenylated for added stability. A microprocessor complex then crops the pri-
microRNA into pre-microRNA, which has a length of 60-100 nucelotides. The modified
hairpin structure is then exported from the nucleus to the cytoplasm by exportin-5. While in
the cytoplasm, DICER protein cleaves pre-microRNA into a single stranded, ~22 nucleotide,
mature microRNA[14]. Through a post-transcriptional binding mechanism, messenger RNA
transcripts targeted by microRNAs are either degraded if the base-pair matching is identical,
or silenced if there is a partial base-pair match. Repressed mRNAs are destabilized, and
moved to cytosolic processing bodies (P-bodies) until they are eventually degraded[15].
Proper binding of microRNAs to their mRNA targets is essential for effective silencing.
However, mutations in the microRNA processing machinery, target genes, or
polymorphisms that occur in the microRNA or target gene sites can hinder successful
binding, and can lead to unchecked or abnormal microRNA production. It is now understood
that each microRNA can target hundreds of mRNA, and a particular mRNA transcript is
usually the target of several different microRNAs (Ciafre A.S and Galardi, S. 2013, RNA
Biol 10 (6) .

1.0 MicroRNAs and Colon Cancer

Close to 8000 journal articles have been published on the relationship between cancer and
microRNAs, about 350 of those pertain to colon cancer specifically. There are two main
categories of microRNAs that are involved in cancer progression: those that enhance cell
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growth, survival, and proliferation (onco-microRNAs [oncomiRs]), and those that suppress
these activities (tumor-suppressor [TS]-microRNAS).

The majority of microRNAs involved in tumor promotion are TS-microRNAs. Tumor
suppressor microRNAs are downregulated in cancer cells, and would normally inhibit the
translation of protooncogenes[16]. Suppression of certain TS-microRNAS can occur through
epigenetic hypermethylation of their promoter region. Certain microRNAs are also
epigenetically controlled based on cell type. For example, miR-124a-1, 124a-3 and miR-18b
were found to be more often hypermethylated in colon cancer compared to endometrial
cancer[17]. One early piece of evidence defining microRNA involvement in colon cancer
progression came from Akao et al. who transfected SW480 colon cancer cells with
increasing concentrations of miR-143 and miR-145 transcripts resulting in decreased cell
viability. This study also identified miR-143 and miR-145 as downregulated in tumors of the
colon; therefore these two microRNAS are considered to be tumor suppressors[18].

Upregulated microRNAs in cancer cells are termed oncomiRs. miR-155 was one of the first
oncomiRs discovered. miR-155 over-expression was first identified in B-cell lymphoma,
and has now also been implicated in breast[19], colon[20] and lung cancers[21].

Numerous microRNAs have been implicated in colon cancer (Table 1, column 2); the
relative expression in colon cancer (vs. normal) cells or tissues reflects their functional
characteristics with oncomiRs having increased expression and TS-microRNAS being
decreased (Table 1). In several studies, transfection of TS-microRNAs in colon cancer cells
reduced cell proliferation[22, 23], oncogene activation[18, 22-25], or invasion[26]. For
example, cells transfected with hsa-let7a-1 and hsa-miR-126 decreased cell proliferation and
viability. Let-7a-1 inhibited C-MYC and RASactivation, and miR-126 inhibited AKT[22,
23]. Conversely, cells or tissues said to have high levels of a particular oncomiR, were drug
resistant[27], invasive[28-30]or lead to poor prognosis[29]. Colon cancer patients in one
study witnessed a decrease in plasma levels of certain oncomiRs (miR-17-3p and miR-92)
[31]. These data support the link between microRNASs and colon cancer progression.

1.1 microRNAs and HNPCC

Although APC mutations are widely known to increase colon cancer risk, the majority of
inherited cases are due to mutations in DNA mismatch repair (MMR) genes[36]. DNA
mismatch repair promotes genomic stability by correcting base-base and small insertion/
deletion mispairs that arise during DNA replication and recombination. Pathogenic
mutations in MMR genes lead to an impairment in the mismatch repair response which in
turn leads to genomic instability and contributes to cancer formation. [36]. Lynch syndrome
is the most common colon cancer predisposition that is distinguished by mutations in human
mutS homolog 2 (hMSH2), human mutL homolog 1 (hMLH1), hMSH6, or human
postmeiotic segregation increased 2 (hPMS2). The most common mutations are hMSH2 and
hMLH1[37]. DNA replication errors arising from MMR mutations can result in
microsatellite instability in repetitive sequences of DNA, such as those found in certain
tumor suppressor genes (eg. TGFBRII, IGF2R, and BAX), causing a loss of function
therefore naming this the “mutator pathway”, which leads to tumorigenesis[38].

There is evidence that patients with Lynch syndrome also have a unique microRNA profile
when compared to normal individuals (Table 1, column 3). For example, miR-30a,
miR-16-2, and miR-362-5p were upregulated significantly, and miR-1238 and miR-622
were repressed in one study with Lynch syndrome patients[39]. Microarray analysis of
microRNAs was used as a powerful tool to discriminate normal and tumor tissues, as well as
within tumor type. In this same study, the researchers were able to match microRNA
profiles between suspected and proven Lynch syndrome cases. Balaguer and colleagues
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were able to distinguish the type of microsatellite instability (MSI) involved in malignancy
based on microarray data of microRNA status[39]. Mismatch repair proteins hMSH2,
hMLH1, hMSHS, can be targeted and repressed by microRNAs; miR-155 significantly
decreased the mRNA expression of hMSH2, hMLH1, and hMSHS,. These data support the
evidence that microRNAs modulate protein expression post-translationally, and can
specifically target MMR proteins involved in colon cancer progression[40]. MicroRNAS
could, therefore; contribute to triggering the molecular and cellular changes that occur in
Lynch syndrome that lead specifically to colon cancer.

1.2 microRNAs and FAP

The second most common inherited colon cancer predisposition after Lynch syndrome is
FAP. This disease occurs with a germline mutation in the APC gene, and confers 100%
colon cancer lifetime risk[41, 42]. This germline mutation, that occurs in the APC gene
located between 5021 and 5¢22, causes a truncated APC protein to be formed[43]. A
dysfunctional APC molecule allows for the constitutive activation of 3-catenin-mediated
transcription of C-MYC and cyclin D2[36], and therefore contributes to uncontrolled
proliferation. Loss of the APC gene can be bi-allelic or a single allele mutation that can lead
to additional alterations in KRAS or TP53 genes as well[44]. Abnormal chromosomal
segregation can lead to loss of heterozygocity usually in tumor suppressor genes APC or
TP53 [2, 38]. Mutated KRAS has been shown to be a mediator in the early stages of colon
carcinogenesis that involve unchecked cell proliferation and growth[45]. Chen et al. found
that miR-143 targets KRAS in colon cancer, acting as a tumor suppressor. Cancer cell
KRAS levels were inversely correlated to miR-143 expression, additionally, expression of
miR-143 was decreased dramatically in all colon cancer samples tested[46, 47].

Staphylococcal nuclease tudor domain containing 1 (SND1) is a novel component of the
RNA-induced silencing complex (RISC) involved in RNA-interference (RNAI) mechanisms
mediated by siRNAs and microRNAs, and has been shown to be over expressed in human
colon cancers and also in models of colon cancer [48]. Over expression of SND1 may
induce activation of the Wnt-B-catenin signaling pathway through down regulation of the
APC protein. [48]. However more studies are required to further understand how SND1
contributes to colon cancer.

2.0 MicroRNA and Inflammatory Bowel Diseases (IBD) Associated with Colon Cancer

As surmised from the previous discussion of associations between microRNAS and genetic
colon cancer risk, chronic intestinal inflammation has long been associated with increased
colon cancer risk, and our current understanding of microRNAs contributes to a stronger
link between inflammation and cancer. More specifically, colitis-associated colon cancer is
associated with ulcerative colitis (UC) and Crohn’s disease, two inflammatory bowel
disorders (IBD) of uncertain etiology that are associated with 20-fold increased risk of colon
cancer with high (50%) mortality [2]. Both disorders have a strong genetic predisposition,
including associations with defects in genes related to innate immune system receptors that
interact with microbial products at the epithelial interface of the gut[49, 50]. Additional
interactions between the gut microbiota and gastric epithelium are also thought be to
causative, including disregulation of microbiota secondary to antibiotics or viral illnesses
[51]. A lack of concordance in identical twin studies for both diseases and geographic
patterns of occurrence, which trump ethnicity, are also suggestive of causative
environmental factors, including possible effects of western diets[50]. UC and Crohn’s
disease differ pathologically in that UC results in mucosal lesions that are limited to the
colon, while Crohn’s disease involves transmural lesions that can occur at any level of the
digestive tract[51]. Crohn’s disease and ulcerative colitis each have distinct but overlapping
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microRNA profiles. An additive level of complexity exists in that there is also a difference
in microRNA expression of inflamed versus quiescent UC and Crohn’s disease[52].

2.1 microRNAs and oncogenic mechanisms in chronic inflammation

Compromised tight junctions of intestinal cells are characteristic of both UC and Crohn’s
disease. Ye et al. found that the inflammatory cytokine, TNF-a, triggers miR-122a
expression, which targets occludin, a protein involved in enterocyte permeability that is
decreased in UC, Crohn’s, and other irritable bowel disorders[53]. Furthermore, with
powerful microarray analysis, several microRNAs were found to be differently expressed in
patients with ulcerative colitis including miR-21, whose expression increased over 3-fold
compared to normal tissues. Evidence from a mouse model of dextran sodium sulfate
induced colitis confirms that genetic abnormality in combination with colits is sufficient to
cause colonic dysplasia and cancer[54]. Deregulated microRNAs that increase chronic
inflammatory pathways may increase colon cancer risk in patients who have germline or
somatic mutations in DNA mismatch repair genes. A clear microRNA-mediated link
between inflammatory and hereditary risks associated with colon cancer can be seen for
miR-155. The “mutator” pathway associated with HNPCC is promoted by miR-155.
Mutation rates increase in SW620 colon cancer cells with increasing expression of
miR-155[55]. In addition, endotoxin, a component of gram negative bacteria and the
inflammatory cytokine TNF, triggered upregulation of miR-155 in SW620 colon cancer
cells.

Wau et al. found that miR-192, miR-375, and miR-422 were downregulated, yet miR-15,
miR-21, miR-23a, miR-24, miR-29a, miR-126, miR-195, and let-7f were upregulated in
UC[57]. Differences in expression of microRNAs during active vs inactive UC could
provide a better understanding of which microRNAS are acute-acting, chronic-acting,
oncomiRs, or tumor-suppressive. For example, miR-275 and miR-422b expression was
increased in inactive UC tissue samples, while miR-192 expression did not change in
inactive UC, but was decreased in active UC patients compared to healthy controls. Not only
are there differences in inflammation state, but also different microRNAs are expressed in
different locations within the colon, at least in patients with Crohn’s. In the sigmoid colon of
active Crohn’s patients, miR-23b, miR-106, and miR-191 were all increased. However, in
the terminal ileum, miR-16, miR-21, miR-223, and miR-594 were increased[58].

MicroRNAs miR-375 and miR-23a were also highly expressed in infectious colitis (1C) and
irritable bowl syndrome (IBS)[58]. Again, miR-21, and miR-126 were increased in active
UC, but not in normal, inactive, or IBS sigmoid colonic tissues[59]. Interestingly, high
levels of miR-126 were inversely correlated with mRNA levels for 1xBa, an inhibitor of
NF-xB [59], a key transcription factor responsible for inflammatory cytokine production
whose disregulation is a hallmark of IBD. Similarly, HT29 colon cancer cells transfected
with miR-126 had decreased IxBa protein expression compared to normal cells[59].
Oncogenic microRNAs, miR-21 and miR-155, which can both target mismatch repair genes,
as well as the let-7 family are highly over-expressed in active UC patients compared to
healthy controls[60]. This evidence may provide a better understanding of colon cancer
incidence as a direct result of UC or IBD. miR-145 also is downregulated in UC tissue
samples[61]. In a unique study by Olaru, micoRNA-31 expression increased when analyzed
between normal, IBD, to neoplasia, which implicates microRNAs in the progression of
inflammatory diseases into cancer[62].
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3.0 Altered COX-2 Regulation Mediated by MicroRNAs in Hereditary and Colitis-associated
Colon Cancer

Over-expression of cyclooxygenase-2 (COX-2) could be a direct result of aberrant
expression of microRNAs, which could be an important factor in connecting inflammation
to cancer incidence. Several mechanisms other than the APC mutation discussed previously
can cause uncontrolled activation of B-catenin; these include EP, receptor activation and
prostaglandin E; ligand interaction[2]. Only a few studies have reported on the effects of
microRNAs on COX-2 and downstream signaling. Strillacci and others have shown that
miR-101 and miR-101a are inversely correlated with COX-2 expression in SW620, Caco2,
HT29, and LoVo colon cancer cell lines[63]. This inverse relationship remains true for other
cancer types as well; miR-101a was found to suppress COX-2 in HC11 mammary epithelial
cells[64]. With the use of TargetScan, an in silico microRNA prediction tool, researchers
were able to reveal that miR-26b has a unique binding site within the COX-2 3’UTR, and
cells transfected with miR-26b after nine days formed fewer colonies compared to cells
transfected with non-coding vector[65]. When the APC gene was expressed in HT29 cells,
COX-2 mRNA expression decreased, but protein expression remained the same[66].
Proposed tumor suppressor, miR-101, responds to NSAIDs in a COX-2-dependent manner.
In HCA-7 colon cancer cells treated with toxins that trigger inflammation, such as LPS,
synthetic PGE,, or PMA, miR-101 mRNA expression was decreased, but then recovered
with the treatment of NSAIDs. This microRNA could inhibit the genetic translation of
COX-2 mRNA, and is normally expressed in low-grade, well-differentiated colon cancer
tissues, but is not expressed in high-grade, poorly differentiated tissues[63].

In addition to COX-2, the EP4 prostanoid receptor has been found to be a direct target of
miR-101. Furthermore, there is an inverse relationship between miR-101 level and EP4
receptor expression[67]. Thus miR-101 appears to be able to control key nodal points along
the prostaglandin signaling pathway that can contribute to malignant progression.

4.0 MicroRNAs and Single Nucleotide Polymorphisms (SNPs)

Genetic variants can also occur in microRNA coding sequences, which influences
biogenesis. SNPs in rs7372209 and rs1834306, variants in pri-miR-26a-1, and pri-miR-100
genes, respectively, correlated with longer time to disease progression, which can be
translated to a better quality of life[68]. Alterations in microRNAs that affect its binding
motif for target MRNAs may increase or decrease affinity. Landi et al. were the first to
discover SNPs of CD86 and INSR genes that conferred increase colon cancer risk. The
microRNAs that targeted CD86 were miR-337, miR-582, miR-200a*, miR-184 and
miR-212. With a single point mutation, miR-337, miR-582 and miR-200a* bound weakly to
the CD86 3’ UTR. However, miR-184 and miR-212 increased their binding strength[69].

A frame-shift mutation in the exportin 5 gene, EXPQO5, that helps to export microRNAs
from the nucleus to the cytoplasm, was found in HCT-15 and DLD-1 colon cancer cells.
This type of mutation is not uncommon in tumors that exhibit microsatellite instability, or
HNCPP tumors. About 26% of tissue samples with colon cancer deriving from germline
mutations (HNPCC) had mutated EXPOS5. Sporadic colon cancer cell lines and tissue
samples with microsatellite instability expressed a higher mutation rate of EXPO5 compared
to microsatellite stable cells and tissues[70]. Another example of a SNP was found in the
IL-23 receptor, which is suspected as a risk factor for UC and Crohn’s disease. This variant,
rs10889677, lead to both an increase in mRNA as well as protein, which suggests a loss in
microRNA regulation at the 3’ UTR site. Let-7e and Let-7f were found to decrease mRNA
and protein expression of IL-23R[71]. Differential expression of cyclooxygenases-2
(COX-2) may influence the susceptibility of patients to overt colon cancer. Results from a
study by Moore, et al. show that the T8473 SNP in the COX-2 gene was found to produce
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COX-2 mRNA that could escape miR-542-3p inhibition. Colon cancer cells transfected with
miR-542-3p rapidly degraded COX-2 mRNA and downregulated protein expression as well
as inhibited downstream effects of COX-2 such as PGE, production. Moreover, colorectal
patient samples homozygous for the T8473 variant had significantly high COX-2 mRNA
expression, and heterozygous and homozygous tissue samples had high COX-2 protein
expression[72]. These data support several phenomena: microRNAs can directly influence
the expression and functionality of inflammatory molecules involved in colon cancer
progression, and common polymorphic variation in inflammatory molecules such as COX-2
at a particular binding site for microRNAs can allow escape from genetic silencing. It is not
uncommon to discuss SNPs in the context of population variability. In a Taiwanese
population, an APC SNP, g.4479G>A, was highly expressed in homozygous carriers with
colon cancer. This polymorphism identified increased colon cancer risk[73]. Similarly, a
SNP mutation in the IC53 gene, whose upregulation has been documented in SW480 colon
cancer cells and is associated with colon cancer progression, has been demonstrated to
create a target for miR-379. Homozygous carriers of this mutation (rs2737 allele) appear to
be protected from colon cancer, which has a much later age of onset in these individuals.

MicroRNA-146a is a TS-microRNA that indirectly suppresses NF-xB. Colon cancer risk
associated with a particular SNP in miR-146a has been studied in a Chinese population, as
well as in other populations for bladder, breast, and gastric cancer. Individuals homozygous
and heterozygous for the miR-146a rs 2910164 variant had reduced colon cancer risk[74].

A marked decrease in colitis-associated invasive colon cancer occurs in mice with a
genotype named Hiccs, which is a 1.7-megabase area that has eight known genes and five
microRNAs (that also carry SNPs). With this Hiccs interval protection from H. hepaticus
infection, innate immune responses of certain proinflammatory cytokines such as TNF,
IL-18, and INF-v, were dampened[75]. This finding further confirms that some microRNAs
are genetically destined to control inflammatory mediators.

5.0 Clinical Utility of Detecting MicroRNA Changes

Since colonoscopies are expensive and invasive procedures, and FOBT can have low
specificity, novel biomarkers may be useful for early diagnosis of colon cancer. When it
comes to treatment over the past decade, more financially well off, educated, Caucasian, and
insured individuals have turned to expensive colonoscopy screening. Elderly individuals
with a fixed income, poor, publically insured or uninsured persons continue to use FOBT[9].
There is, therefore, a socioeconomic divide between screening options that could be closed
with the use of novel biomarkers screened for in blood or other body fluids. Plasma
microRNAs are fairly stable[76], and possibly only several key microRNAs would need to
be identified and analyzed during a clinical examination compared to a large cohort of
mRNAs known to be involved in cancer promotion.

In several studies, an increase in survival was observed in colon cancer patients with high
let-7a[77] and miR-143[47] expression detected in serum; furthermore, progression free
survival was positively associated with both high let-7a, and miR-143 expression, which
denotes not only a longer life, but also a better quality of life. Deciding on proper treatment
is a critical factor that helps formulate patient survival rates. Patients who would eventually
discover that they are unresponsive to EGFR therapy might benefit from early prognostic
tests that reveal microRNA status. For example, in bladder cancer cells, miR-200 family
microRNAs were able to reverse insensitivity to EGFR therapy and EMT development[78].
Use of microRNAs as biomarkers to distinguish IBD from colon cancer has also been
performed. miR-92 was used as a plasma biomarker to establish differences in IBD and
colorectal cancer. Since it is not upregulated in IBD or gastric cancer, but is in colorectal
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cancer, miR-92 is specific for malignant transformation in the GI tract as well as its regional
location. [31].

Conclusion

In this review we have described how microRNA expression influences pathogenesis of
both hereditary colon cancer and inflammatory disease-associated colon cancers. Better
classification, clinical diagnosis, prognosis, and tailored therapy can be accomplished by
understanding the molecular etiology as well as the biological and pathological nature of
colon cancer. Aberrant microRNA expression can be influenced by polymorphisms in genes
that code for microRNA machinery proteins or proteins that are known to be linked to
carcinogenesis, and are targets of microRNAs.

We have found that, in particular, microRNAs involved in the onset of familial adenomatous
polyposis and progression to colon cancer have yet to be discovered. This particular
knowledge gap needs to be addressed to provide a more complete picture of microRNA role
in the two most common hereditary predisposition syndromes that put patients at a higher
risk for colon cancer. While changes in microRNA expression have yet been associated with
FAP, it remains possible that altered APC expression in FAP could be further exacerbated
by abnormal formation of microRNA machinery which could lead to the production of
oncomiRs, tumor suppressive microRNAs that deregulate APC’s downstream targets.
Therefore, possibly with a microarray analysis, these interactions could reveal those
microRNAS that contribute to FAP patients” high risk for colon cancer. Albeit it was quite
informative, only one study far has shown that specific microRNAs are deregulated in
HNPCC as well. Deregulation of gene expression occurs in each cause of colon cancer, but a
genetic screening and microRNA profile generation may become an important clinical tool
for diagnosing, predicting prognosis, and providing more personalized treatment options.
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Figurel.
Several MicroRNAs have been implicated in ulcerative colitis (UC), Crohn’s disease (CD),
familial adenopolyposis (FAP), and hereditary non-polyposis colon cancer
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Table 1

. . . a
MicroRNAs and expression levels in colon cancer

MicroRNA Expression in CC | ColitigInherited | Reference
hsa-miR-15 Up uc [57]
hsa-miR-16 Up CD [58]
hsa-miR-16-2 Up HNPCC [39]
hsa-miR-18b Hypermethylated NS [17]
hsa-let-7f Up uc [57]
hsa-miR-21 Up CD, UC [57]
hsa-miR-23a Up uc [57]
hsa-miR-23b Up CD [58]
hsa-miR-24 Up uc [57]
hsa-miR-26b Down NS [65]
hsa-miR-29a Up IBS [57]
hsa-miR-30a Up HNPCC [39]
hsa-miR-31 Up IBD [62]
hsa-miR-106 Up CD [58]
hsa-miR-124a-1 | Hypermethylated | NS [17]
hsa-miR-124a-3 | Hypermethylated NS [17]
hsa-miR-126 Up Active UC [57]
hsa-miR-143 Down NS [18, 46, 47]
hsa-miR-145 Down uc [18, 46, 47]
hsa-miR-155 Up CD, UC [20, 55, 60]
hsa-miR-191 Up CD [58]
hsa-miR-192 Down uc [57]
hsa-miR-195 Up uc [57]
hsa-miR-223 Up CD [58]
hsa-miR-275 Up Active UC [58]
hsa-miR-362-5p | Up HNPCC [39]
hsa-miR-375 Down uc [57]
hsa-miR-422 Down uc [57]
hsa-miR-542-3p | Down NS [67]
hsa-miR-594 Up CD [58]
hsa-mR-622 Down HNPCC [39]
hsa-miR-1238 Down HNPCC [39]
hsa-let-7f Up uc [57]

Page 14

- . . L . . . e .
Partial list of microRNAs and expression levels in either colitis-associated or hereditary colon cancer. Abbreviations: CD, Crohn’s Disease;

HNPCC, hereditary nonpolyposis colon cancer; IBS, Irritable Bowel Syndrome; NS, Not Specified; UC, Ulcerative Colitis.
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