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Abstract

Recently, a novel class of global gene regulators called microRNAs (miRNAs), were identified in
both plants and animals. MiRNAS can reduce protein levels of their target genes with a minor impact
on the target genes' mRNAs. Accumulating evidence demonstrates the importance of miRNAs in
cancer. MiRNAs that are overexpressed in cancer may function as oncogenes, and miRNAs with
tumour suppressor activity in normal tissue may be downregulated in cancer. Although major
advances have been achieved in our understanding of cancer biology, as well as in the development
of new targeted therapies, the progress in developing improved early diagnosis and screening tests
has been inadequate. This results in most cancers being diagnosed in advanced stages, delaying timely
treatment and leading to poor outcomes. There is intense research seeking specific molecular changes
that are able to identify patients with early cancer or precursor lesions. MiRNA expression data in
various cancers demonstrate that cancer cells have different miRNA profiles compared with normal
cells, thus underscoring the tremendous diagnostic and therapeutic potential of miRNAs in cancer.
These unique properties of miRNAs make them extremely useful potential agents for clinical
diagnostics as well as in personalised care for individual patients in the future.

INTRODUCTION

MicroRNAs (miRNAs), as the name suggests, are small single-stranded RNA molecules, about
22 nucleotides (nt) long, that regulate gene expression. The first microRNA was identified in
1993 in the roundworm Caenorhabditis elegans by Lee et al.1 Ever since then it has become
evident that miRNAs are naturally abundant and evolutionarily conserved non-coding RNA
molecules found in both plants and animals.2 They function as a novel class of global gene
regulators® by binding to partially complementary sequences in 3’ untranslated regions (UTRS)
of downstream target mMRNAS. Various cloning and bioinformatics studies predict that the
human genome may contain up to 1000 miRNAs, and to date 706 human miRNAs are listed
in miRBase (release 13).45 MiRNA genes are spread throughout the genome and it is estimated
that they account for 2-5% of human genes.6 MiRNAs exhibit unique temporal and spatial
expression patterns that are specific for developmental stage and tissue. It is believed that
similarly to mRNA expression, miRNA expression is determined by both intrinsic cellular
factors and diverse environmental variables.7
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MiRNA biogenesis

MiRNA production begins in the cell's nucleus and involves a series of RNA processing steps.
Intergenic miRNA genes are commonly clustered and, along with those located in the introns
of protein-coding genes, are transcribed by RNA polymerase 11.8 These transcripts, known as
primiRNAs, are capped, polyadenylated and are usually several thousand bases in length.9
PrimiRNAs are then cleaved by an RNase I11 enzyme Droshal0 in association with its cofactor
Pasha (in flies) or DGCR8 (in humans) to generate ~70-90 nt long precursor miRNA (pre-
miRNA) which folds into an imperfect stem—loop hairpin structure. These pre-miRNAs are
transported to the cytoplasm by exportin 5, where they are further processed by Dicer to form
a transient 22 nt mature double stranded (ds) miRNA (miRNA duplex). One strand of this
duplex is preferentially incorporated into a miRNA-associated RNA-induced silencing
complex (MiRISC).11 The mature miRNA guides RISC to target mRNASs containing a
sequence partially complementary (miRNA target site) to the miRNA (fig 1).

» MicroRNAs are 22 nt untranslated RNA molecules

P Are evolutionarily conserved

P Are found in diverse species

P Are estimated to regulate 10-30% of all protein-coding genes

P Are involved in biological processes such as cell proliferation, differentiation,
apoptosis, metabolism, development, ageing and cancer

MiRNA function

It is estimated that miRNAs regulate 10-30% of all protein-coding genes. They do this in two
ways; first, miRNAs that bind to protein-coding mRNA sequences that are exactly
complementary to the miRNA induce the RNA-mediated interference (RNAI) pathway,
leading to cleavage of mMRNA by Argonaute in the RISC.12-14 This mechanism is commonly
observed in plants, although some studies do report it in animals. In the second and more
common mechanism, miRNAs exert their effect by binding to imperfect complementary sites
within the 3'UTRs of their target protein-coding mRNAS, leading to repression of expression
of these genes at the level of translation1 15720 (fig 2). Consistent with translational control,
miRNAs can reduce protein levels of their target genes with low impact on the genes' mMRNA
levels. In humans, miRNAs mainly inhibit protein translation of their target genes and
infrequently cause degradation or cleavage of the mRNA.2

Biological roles of miRNAs

Diagnostics

A large number of studies have demonstrated that miRNAs are key regulators of a variety of
fundamental biological processes such as development, cell proliferation, apoptosis, fat
metabolism, haematopoiesis, stress resistance, neural development, death and, importantly,
tumourigenesis.?! Accumulating evidence demonstrates the importance of miRNAs in cancer.
In contrast to the tight regulation during development and in normal tissues it is now well
established that miRNAs are misregulated in cancer. MiRNAs that are overexpressed in cancer
may function as oncogenes, and miRNAs with tumour suppressor activity in normal tissue may
be down-regulated in cancer (fig 3).22

in cancer

Cancer is the second leading cause of death, exceeded only by heart diseases, and accounts for
nearly one-quarter of deaths in the USA. Worldwide, cancer is the third leading cause of
mortality after cardiovascular and infectious diseases. Although we have made major advances
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in the understanding of cancer biology and pathogenesis as well as in the development of new
targeted therapies, the progress in developing improved early diagnosis and screening tests has
been inadequate. As a result, most cancers are diagnosed in advanced stages, leading to poor
outcomes. Intense research today is focused on seeking specific molecular changes that are
able to identify patients with early cancer or precursor lesions. Biological samples such as
blood, serum, stool, pancreatic juice or urine, as well as both DNA and RNA, have been
analysed for tumour-specific changes. Additionally genomic DNA alterations, circulating viral
DNA or RNA, various mutations such as KRAS, p16 and/or APC either in serum, blood or
circulating cancer cells in blood samples have been evaluated to allow the early diagnosis of
cancer patients. Recently, epigenetic changes such as gene methylation in biological samples
from cancer patients have also been analysed. In addition, serum levels of certain proteins
involved in tumour biology such as cathepsin B, E-cadherin, hepatocyte growth factor,
interleukins, and other cytokines and hormones have been measured in the serum of cancer
patients. However, none of these analysis methods has yet shown adequate sensitivities and
specificities to facilitate the detection of cancer in its early stages.?

»MicroRNAs are misregulated in almost all human cancers
P They can function as tumour suppressor genes or oncogenes
»MicroRNAs display tissue and cell lineage specificity

P Their small size and resistance to RNase degradation render them superior to mRNASs
as molecular markers

»MicroRNA expression patterns provide more pathognomonic information than
MRNA expression

The unique patterns of aberrant miRNA expression in each type of cancer, their stability in
serum and their role as biomarkers of disease risk due to inherited polymorphisms suggest that
miRNAs may potentially serve as novel molecular biomarkers for clinical cancer diagnosis.
This review will focus on miRNAs as potential diagnostics for cancers of the lower bowel.

MIRNA PROFILING FOR DIFFERENTIATING BOWEL CANCERS VERSUS
NORMAL TISSUE

One possible application of miRNAs is in establishing a diagnosis of cancer, and a large amount
of miRNA profiling data from many independent studies in various cancers show that miRNA
expression patterns can help to differentiate tumour from benign tissue accurately. A
pioneering study by Lu et al very successfully demonstrated this.24 They report that 129 of
217 miRNAs were expressed to a lower extent in all tumour samples compared with the normal
tissue. Further, they showed that expression profiles of only a few hundred miRNAS correctly
classified the tumours of different origin. Their miRNA classifier clustered the tumours from
an endothelial lineage such as colon, liver, pancreas and stomach together, and tumours of
haematopoietic origin were clustered as a separate group. In contrast, profiling of > 15 000
mRNA genes failed to group the tumors accurately.4

A study by Volinia et al was the first to show that 26 miRNAs were overexpressed and 17
downregulated in six kinds of solid cancers including stomach.?> Subsequent studies by
different groups demonstrated that several miRNAs are associated with gastric cancer. miR-21,
miR-20b, miR-20a, miR-17-5p, miR-106a, miR-18a, miR-106b, miR-18b, miR-135b,
miR-183, miR-421, miR-340*, miR-19a and miR-658 are all overexpressed in gastric cancer
compared with adjacent non-tumourous tissue. Findings by the Chan group demonstrated that
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miR-21 is over-expressed in 92% of gastric cancer, and those by Xiao et al showed 1.625-fold
increased expression of miR-106a in 55 gastric carcinoma samples compared with 17 normal
samples, and this was also confirmed in gastric cancer cell lines.26-28 Recently Schetter et al
reported that specific miRNA signatures could distinguish colon cancer from normal colon and
particularly miR-21 was found to be overexpressed in 87% of patients with colon cancer.28 On
the other hand, miR-143, miR-145,2° |et-7a-1:30 miR-16, miR-125b, miR-31, miR-133b,
miR-96 and miR-14531 were found to be significantly downregulated in colorectal cancers
(CRCs). The level of another tumour suppressor miRNA, miR-34a, is also shown to be
dramatically lower in human CRC tissue. These results are suggestive of potential diagnostic
roles for specific miRNAs in gastric cancers/CRCs.

One example of the power of mMiRNAs in differentiating normal from tumour tissue is evidence
that miRNA expression patterns can successfully separate pancreatic cancer from benign
pancreatic tissue. Pancreatic cancer is a lethal disease, and early diagnosis is limited due to the
paucity of specific markers. Twenty-one miRNAs are differentially overexpressed and four
are underexpressed relative to chronic pancreatitis and adjacent benign pancreas tissue,
indicating the diagnostic role of miRNAs in pancreatic cancer.3? Szafranska et al found that
miR-196a and miR-196b levels were significantly increased in pancreatic ductal
adenocarcinoma (PDAC) compared with normal tissue, as well as normal pancreatic lines and
acute pancreatitis specimens. MiR-217 exhibited opposite expression patterns, suggesting its
potential diagnostic power.3334 Another study by Bloomston et al has demonstrated that
aberrant expression of 22 miRNAs could accurately distinguish benign and pancreatic cancer
from normal tissue in 90% of cases and, separately from chronic pancreatitis, with 93%
accuracy.32 In 2007 Schmittgen's group reported that expression of miR-301 and miR-376a is
also upregulated in PDAC; in contrast miR-345, miR-139 and miR-142-P were found to be
significantly downregulated.33 Another miRNA profiling study by Chen et al in 2008 found
that eight miRNAs, miR-196a, miR-190, miR-186, miR-221, miR-222, miR-200b, miR-15b
and miR-95, were upregulated >3.3-fold in the pancreatic cancer tissue and cell lines compared
with that in normal tissue and human pancreatic ductal epithelium cells. Additionally several
studies independently observed that miR-155 and miR-221 were upregulated in PDAC,
suggesting a potential diagnostic utility. Figure 4 depicts the miRNAs found to be deregulated
in gastric, colorectal and pancreatic cancers in separate studies conducted by different groups.

MIRNAS IN EARLY DETECTION OF CANCERS IN BLOOD

The development of biomarkers that help detect cancer at an early stage is important since
early detection has a direct impact on prognosis and clinical outcome, as evidenced by a higher
(49%) 5-year survival in lung cancer patients diagnosed at an early stage compared with those
diagnosed later (15%). Currently employed tests for tumour biomarkers are cumbersome, time
consuming, labour intensive and offer a relatively limited number of targets. Considering the
simplicity and minimal invasive nature, the development of blood, serum or plasma biomarkers
is of considerable value.

The small size, relative stability and resistance to RNase degradation make the miRNAs more
superior molecular markers than mRNAs.3° The recent advances in quantitative real-time PCR
(gRT-PCR) methods have improved the sensitivity of miRNA detection to a few nanograms
of total RNA, thus making it possible to quantify miRNA by gRTPCR on fine-needle aspiration
biopsy samples.3® Furthermore, a few recent studies have demonstrated that miRNAs are
extremely stable in human plasma and serum where they are protected from RNases. Their
stability and predictive properties make them ideal candidates to be tested in patient serum and
plasma samples. This provides a means of direct measurement of the miRNAs from patients'
blood, surpassing the need for invasive procedures. A report by Chen et al showed that miRNA
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expression profiles from serum of healthy individuals were significantly different from that of
patients with non-small cell lung cancer (NSCLC), CRC and type 2 diabetes.3’

Avery recent study by Ng et al found profound overexpression of five miRNAs in both plasma
and tissue samples of patients with CRC compared with that in healthy controls. Of these,
miR-17-3p and miR-92 were significantly elevated in patients with CRC. Furthermore, these
researchers demonstrated that miR-92 plasma levels correctly discriminated CRC from gastric
cancer, inflammatory bowel disease and normal subjects in an independent set of plasma
samples.38 CRC is the third most common cancer worldwide. The current colonoscopic
screening is both invasive and costly, while the fecal occult blood test is limited by low
sensitivity and meticulous dietary restriction. Therefore, the finding that miR-92 can serve as
a potential non-invasive molecular marker for CRC screening is very encouraging.

Several other studies have shown the diagnostic potential of miRNAs that can be measured in
serum. Lawrie et al demonstrated that miR-21 levels are high in the serum from patients with
diffuse B cell lymphoma, and this was associated with relapse-free survival.3® Also studies in
mice implanted with human prostate cancer cells demonstrated high circulating levels of
tumour-derived miRNAs. High serum miR-141 levels were detected in patients with metastatic
prostate cancer and were also found to identify patients with prostate cancer with high accuracy.
40 A similar study investigating the expression of miRNAs in plasma demonstrated that
miR-141 is a biomarker for prostate cancer.%0 In a study conducted by Chen and colleagues,
unigue serum miRNA profiles were identified in patients with lung cancer, CRC and diabetes.
Furthermore, 63 miRNAs not present in healthy individuals were observed in the serum from
patients with lung cancer. Specifically miR-25 and miR-223 with high expression in the sera
from patients with lung cancer were found to be biomarkers for NSCLC. Expression of
miR-4385-5p, miR-361-3p, miR-326 and miR-487b was found to be specific to patients with
CRC.37

An interesting study carried out by Tayler et al profiled miRNASs in circulating tumour-derived
exosomes in ovarian cancer. Exosomes are small (50-100 nm) membrane vesicles of endocytic
origin in the peripheral circulation of women with ovarian cancer. This group found that levels
of the eight specific miRNAs were similar between cellular and exosomal miRNAs. These
exosomal miRNAs displayed similar profiles in patients with ovarian cancer but were
significantly distinct from that in benign disease, and exosomal miRNAs were not found in
normal controls.41 Recently the same group demonstrated that in patients with lung
adenocarcinoma, the circulating exosomal miRNA and tumour-derived miRNA patterns were
similar but different from those of healthy controls. These results suggest that circulating
exosomal miRNAs can serve as a potential diagnostic tool in ovarian cancer and as a screening
test for lung adenocarcinoma.

The findings from all these studies build a foundation and provide a rationale to delve further
into the potential of mMiRNAS as circulating cancer biomarkers for different cancers. However,
most of these studies have been conducted in small and limited patient populations. Therefore,
in order to prove the practical utility of miRNAs in clinical diagnosis, further validation in
larger and independent cohorts is necessary. Since individual miRNA levels in one type of
cancer can vary within different patients, designing a fingerprint comprising a signature of
multiple miRNAs as opposed to a single miRNA or or couple of miRNAs would be a more
reliable, accurate and sensitive tool for determining cancer status. Moreover, all these studies
measured circulating miRNAs in populations after they developed cancer, and so conducting
prospective studies to profile miRNA signatures in normal populations with a family history
of cancer beforehand would also prove useful. Furthermore, to enable the use of mMiRNAs as
early cancer detectors in a true sense it will be important to investigate when exactly these
miRNAs become significantly expressed during the development of cancer.
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MIRNAS CAN DISTINGUISH BETWEEN TUMOUR SUBTYPES

Around 15% of CRCs develop through microsatellite instability pathway and are as such
molecularly classified as microsatellite-stable and microsatellite-unstable (MSS or MSI)
cancers. The two are similar histologicaly; however, MSI cancers have more favourable clinical
outcomes than MSS tumours. Also, MSI cancers usually follow a benign disease course and
do not respond well to chemotherapy. Lanza et al first demonstrated that 14 miRNAs were
differentially expressed between the two CRC subtypes.#? Interestingly, significant
overexpression of the oncogenic miR-17-92 family members, miR-17-5p, miR-20, miR-25,
miR-92-1, miR-92-2, miR-93-1 and miR-106a, was observed in MSS versus MSI colon cancer.
Consistent with this report, another group also found that MSS and MSI cancers have distinct
miRNA profiles, and a signature of specific miRNAs (miR-142-3p, miR-212, miR-151 and
miR-144) correctly classified the majority of colon cancers as either MSI or MSS with 84%
accuracy, 81% specificity and 92% sensitivity.4243

The strong association of deregulated miRNA expression with breast cancer has been well
documented by a vast amount of data from numerous studies. In a genome-wide miRNA
expression profiling study of a large set of breast cancer and normal tissue, lorio et al
demonstrated that 29 miRNAs were differentially expressed in breast cancer versus normal
tissues; miR-21 and miR-155 were upregulated, whereas miR-10b, miR-125b and miR-145
were downregulated, suggesting that these miRNAs may potentially act as diagnostic markers.
Subsequent studies showed that expression patterns of miR-21 and miR-145 could discriminate
between cancer and normal tissues.#44> Another group has demonstrated the potential of
miR-145 as a novel biomarker for breast cancer diagnosis.® Blenkiron et al have developed
a bead-based flow cytometric method and showed that miRNA profiling of 93 primary human
breast tumours accurately classified those as luminal A, luminal B, basal-like, HER2* and
normal-like. Particularly they found that miR-155 could discriminate ER™ and ER* tumours.
47 In addition, a study led by Scott et al profiling miRNAs in a cohort of 20 different breast
tumours followed by supervised analysis identified a unique subset of miRNAs that
distinguished HER2* from HER2™ and ER* from ER™ breast cancers.*8

Findings from these studies suggest that miRNAs possibly influence the pathogenesis of
different cancer subtypes and hence function as effective diagnostic markers differentiating
them.

MIRNAS IN DIAGNOSING TUMOURS OF UNKNOWN ORIGIN

An ever-increasing number of tumour profiling studies in different cancers have shown that
each cancer and normal tissue has a unique miRNA signature that distinguishes normal from
neoplastic tissue, premalignant lesions from malignant ones, and primary tumours from one
organ system from others. Moreover, miRNAs are differentially expressed across different
tumour types.*® Furthermore, the downregulation or overexpression of certain miRNAs has
been correlated with aggressive or metastatic phenotypes. Metastatic cancers of unknown
primary origin represent a unique class with a frustrating diagnosis and huge treatment
challenge for the patient as well as the oncologist. Over the past few years, cancer chemotherapy
has become more targeted according to tumour type and primary site of origin. Cancers of
unknown primary origin are defined as histologicaly confirmed metastatic tumours for which
no known primary site has been identified. Autopsy studies have revealed the lungs, pancreas,
liver, kidney, gut, bone, etc. to be the possible primary sites.>? These cancers of unknown
primary site represent approximately 3—-6% of aggressive malignancies, ranking among the 10
most common malignancies with poor prognosis and ill-defined therapeutic strategies. In
addition, previous attempts to classify them better and determine their tissue of origin by
conventional MRNA-based expression profiling have failed. As a result all cancer types in this
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category tend to be treated equivalently with only consideration for the cell type, leading to
reduced antineoplastic efficacy and poor outcome.

Using miRNA-based classification, Rosenfeld has recently attempted to define tumour identity
in tumours of unknown origin. MiRNA microarrays run on 22 different tumour tissues and
metastases were used to construct a classifier based on 48 miRNAs. This classifier, when used
on a blinded test set of 83 samples, predicted tissue type with approximately 90% accuracy.
The classification system developed in these studies could therefore be utilised to identify the
tissue of origin in cancers of unknown primaries. Moreover, despite the smaller number of
miRNAs (a few hundred) than the protein-coding genes (several thousands), the unique yet
differential miRNA expression patterns correlated more accurately with cancer type, stage and
clinicopathological variables than gene profiling.>!

An analogous study by Lu and colleagues profiled miRNA expression in 17 poorly
differentiated tumours with non-diagnostic histological appearance and demonstrated that their
smaller miRNA classifier made a superior diagnosis of the samples compared with that by the
large mRNA classifier.24 This miRNA classifier was also found to be more informative with
better predictive power for diagnosis of cancer of unknown primary than the traditional
profiling of several thousands of MRNA genes.2 This could be a significant step towards the
use of miRNA-based classification and identification of cancers of unknown origin, a major
clinical problem, and can pave the way to the use of more personalised and targeted therapeutic
strategies.

MIRNAS IN DIAGNOSING CANCER PREDISPOSITION

The notion that single nucleotide polymorphisms (SNPs) in protein-coding genes can affect
the functions of proteins and in turn influence the individual susceptibility to cancers has been
well documented. However, the role of miRNA-associated SNPs in disease is just emerging.
Because small variations in the quantity of mMiRNAs may have an effect on thousands of target
mRNAs and result in diverse functional consequences, the most common genetic variation,
SNPs, in miRNA sequences may also be functional and therefore may represent ideal candidate
biomarkers for cancer diagnosis, prognosis and outcome. SNPs that disrupt miRNA gene
sequences have been associated with cancer risk. Inherited mutations or rare SNPs in the
primary transcripts of hsa-mir-15a and hsa-mir-16-1 have been linked to familial chronic
lymphocytic leukaemia and familial breast cancer.>2 Several miRNA-associated SNPs have
been shown to increase breast cancer susceptibility—for example, an SNP, rs11614913 located
inthe pre-miRNA of miR-196a2, has been identified in the miRNA hsa-mir-196a2. The variant
geno-types CC/CT were associated with significantly increased breast cancer risks in a case—
control study of 1009 breast cancer cases and 1093 cancer-free controls in a population of
Chinese women. Similarly the subjects carrying variant homozygous genotypes hsa-
mir-499rs3746444: A> G displayed significantly increased risks of breast cancer (odds ratio
(OR) 1.75; 95% CI 1.07 to 2.85 for rs3746444 GG, respectively) compared with their wild-
type homozygotes.>3 Another study conducted by Shen et al has identified a G to C
polymorphism (rs2910164) within the sequence of the mir-146a precursor and demonstrated
that a variant C allele led to increased levels of mature miR-146 in patients with breast and
ovarian cancer and predisposed them to an earlier age of onset of familial breast and ovarian
cancer.>* All of these findings suggest, for the first time, that common SNPs in miRNAs may
contribute to breast cancer susceptibility and may serve as novel biomarkers for breast cancer
diagnosis.

On the other hand, in a cancer association study of 479 hepatocellular carcinoma (HCC) and
504 control subjects, Xu et al demonstrated that male individuals with the GG genotype in
rs2910164 were twofold more susceptible to HCC (OR 2.016, 95% CI 1.056 to 3.848, p =
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0.034) compared with those with the CC genotype.>® Furthermore, in a case—control
association study for papillary thyroid carcinoma (PTC) Jazdzewski et al found that individuals
heterozygous (GC genotype) for the same SNP had an increased risk of acquiring PTC (OR
1.62, 95% Cl 1.3 to 2.0, p = 0.000007).%6

A case—control study of 346 Caucasian patients with oesophageal cancer conducted by Wu et
al®’ provides the first evidence that miRNAs may affect oesophageal cancer risk in general
and that the specific genetic variants in miRNA-related genes may affect oesophageal cancer
risk individually and jointly. Seven SNPs were found to be significantly associated with
oesophageal cancer risk, the most prominent being the homozygous wild-type geno-type of
the SNP rs6505162 located in the pre-miR-423 region.>’” Two other SNPs in the miRNA
processing pathway genes XPO5 and RAN were also identified and associated with an
increased oesophageal cancer risk. The XPO5 SNP has also been reported to be associated
with an increased risk of renal cell carcinoma.>’58

A recent genotyping study by Horikawa et al genotyping 40 SNPs from 11 miRNA processing
genes and 15 miRNA genes in 279 Caucasian patients with renal cell carcinoma and 278
matched controls reported that two SNPs in the GEMIN4 gene were significantly associated
with altered renal cell carcinoma risks, indicating a possible putative role for the genetic
polymorphisms of the miRNA machinery genes in the diagnosis of renal cell carcinoma.>®
There is also evidence that miRNA-binding site SNPs can influence cancer risk. Two recent
papers report SNPs in miRNA target sites in human cancer genes®® and show that allele
frequencies vary between normal people and patients with cancer.8 A recent case—control
study in a cohort from the Czech Republic, a population with the highest worldwide incidence
of CRC, found that two miRNA-binding site polymorphisms, rs17281995 and rs1051690 in
the 3'UTRs of CD86 and INSR genes, respectively, were significantly associated with
increased CRC risk.51 An SNP identified in a miRNA-binding site in the kit oncogene was
associated with increased gene expression in papillary thyroid carcinoma.52 Another SNP has
been identified in a let-7-binding site in the KRAS oncogene, which disrupts let-7 regulation
of KRAS and is also associated with altered cellular miRNA levels. This SNP let-7
complementary site (LCS6SNP) has been shown to be a biomarker of an increased risk of
developing NSCLC in two independent case—control studies.53 Taken together, the findings
from all these studies, summarised in Table 1, demonstrate the valuable utility of miRNA-
associated SNP evaluation in cancer predisposition.

Although these results demonstrate the possible application of miRNA-associated SNPs in
cancer diagnosis, one must be prudent in interpreting the data on account of the small sample
size. Therefore, large, independent, well-characterised, family and population-based case—
control and additional validation studies are warranted. In order to take a step closer to the
implementation of miRNA-associated SNP-based analysis in the clinic, one would have to
characterise the miRNA-related SNPs further, develop novel in vivo molecular functional
assays and thus gain a better insight into the biological significance of these SNPs and their
contribution to cancer progression.

CONCLUSIONS

The current diagnostic methods in cancer lack sufficient sensitivity and specificity to facilitate
the detection of cancer in its early stages. In the case of colon cancer, the available diagnostic
tests are invasive, uncomfortable for the patient, as well as expensive. The studies reviewed
here clearly demonstrate that several aspects of miRNAs including their intricate nature of
interaction with multiple targets and multiple pathways make them extremely useful potential
agents for clinical diagnostics (fig 5). Profiling of blood miRNAs as a diagnostic test for colon
cancer would be a huge advance in the field, and a non-invasive as well as an easy alternative
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to colonoscopy. Diagnosis of metastatic cancers with an unknown primary site of origin is very
frustrating both for the patient and for the physician, and also poses huge treatment challenges.
The power of miRNAs in accurately identifying the tissue of origin in such cases is a significant
advance. The study of miRNA SNPs and miRNA-binding site SNPs as biomarkers of cancer
risk is another way in which miRNAs may open up new avenues, allowing early cancer
detection. By identifying those at greatest risk, the application of improved diagnostic tests
becomes more cost-effective. To harness the true potential miRNAs as diagnostic markers in
clinical settings, and to ensure and advance their practical utility, it will be necessary to perform
both prospective and retrospective miRNA profiling studies in multiple cohorts representing
all patient populations using highly efficient and optimised methods. Furthermore, to improve
the accuracy and efficiency of miRNA in cancer diagnostics, a combined evaluation of
miRNAs and selective mMRNA as well as protein markers will help in developing a more
complete classifier. Although the field of miRNAs and their roles in diseases are in their
infancy, more information becomes available about the function of miRNAs and their roles in
various gene regulatory pathways with every passing week, leading to better insights into their
role as diagnostic biomarkers. Additionally, with continuing technological advances
facilitating easy and cost-effective methods for the detection of miRNAs, the idea of harnessing
the tremendous potential of mMiRNAs as novel diagnostic biomarkers looks very promising.
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Figure 1.
Biogenesis of microRNAs (miRNAs). MiRNA genes are generally transcribed by RNA

polymerase Il (Pol I) within the nucleus to form large capped and polyadenylated pri-miRNA
transcripts. These pri-miRNA transcripts are processed by the RNase |11 enzyme Drosha and
its cofactor, DGCRS, to a pre-miRNA precursor product. The pre-miRNA is then transported
to the cytoplasm by exportin 5. Subsequently, another RNase 111 enzyme, Dicer, processes the
pre-miRNA to generate a transient ~22 nucleotide miRNA:miRNA* duplex. This duplex is
then loaded into the miRNA-associated RNA-induced silencing complex (miRISC), which
includes the Argonaute proteins, and the mature single-stranded miRNA is preferentially
retained in this complex.
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Figure 2.

Mechanism of action of microRNAs (miRNAs). The mature miRNA negatively regulates gene
expression by binding to complementary sites in the target mRNA in one of two ways
depending on the degree of complementarity between the miRNA and its target. MiRNAS that
bind to mRNA targets with imperfect complementarity at the sites located within the 3’
untranslated region (UTR) of the mRNA gene block target gene expression at the level of
protein translation. MiRNAs that bind to their mRNA targets with perfect (or nearly perfect)
complementarity at the sites generally found in the coding sequence or open reading frame
(ORF) of the mRNA target induce target mMRNA cleavage. miRISC, miRNA-associated RNA-
induced silencing complex.
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MicroRNAs (miRNAs) as tumour suppressors and oncogenes. Downregulation or loss of
miRNAs with tumour suppressor function may increase translation of oncogenes and hence
formation of excess oncogenic proteins, leading to tumour formation. On the other hand,
upregulation of oncogenic miRNAs may block tumour suppressor genes and also lead to
tumour formation.
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Figure 4.

MicroRNAs (miRNAs) misregulated in pancreatic, colorectal and gastric cancers. Upregulated
miRNAs in each cancer type are shown in green, and the downregulated miRNAs are shown
in red. MicroRNAs that are upregulated in all three cancers are shown in green at the top.
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Figure 5.

MicroRNAs (miRNAS) as potential diagnostic biomarkers. Various aspects of miRNAs
provide novel ways of utilising these in disease diagnosis. The unique miRNA signatures of
different tumours distinguish the cancer from normal tissue. MiRNA classifiers can accurately
identify the tissue of origin in the case of cancers of unknown primaries. Blood-based miRNA
profiling as a diagnostic test provides a non-invasive and fast alternative to traditional methods.
MiRNA patterns can also differentiate various tumour subtypes. Testing for miRNA-associated
SNPs is another novel approach towards predicting cancer predisposition.
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