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Abstract 

Non-coding RNAs were previously thought
to have little importance because they are not
directly translated into a protein like their cod-
ing counterparts. However, it was recently
found that non-coding RNAs do in fact have a
much bigger role than previously thought.
They are involved in cancer predisposition,
development and progression. MicroRNAs,
very short non-coding RNAs, are abnormally
expressed in cancer and some harbor muta-
tions that affect expression levels. MicroRNA
alterations have been observed in all forms of
cancer that have been researched to the cur-
rent date. MicroRNAs are also located in can-
cer-associated genomic regions, which have
been previously shown to affect gene expres-
sion leading to the activation or inhibition of
cancer growth. Single-nucleotide polymor-
phisms within microRNAs can predispose
someone to cancer. MicroRNAs have been
shown to target both tumor suppressors,
inhibiting cancer development, as well as
oncogenes, stimulating cancer development.
Some microRNAs can switch between these
two functions and behave as a tumor suppres-
sor at one time and an oncogene at another
time. MicroRNAs can be used for diagnostic
purposes as well as prognostic evaluations.
Outside of microRNAs, ultraconserved genes,
another group of non-coding RNAs, also
express differently in cancer patients. Large
intervening non-coding RNAs, specifically one
termed HOTAIR, have been quantified in very
high levels in cancer cells and have been impli-
cated in metastasis. Further research into non-
coding RNAs may allow for the development of
therapies that will target non-coding RNAs cre-
ating better treatment options for cancer
patients, improving their prognosis. This
review discusses the most current discoveries
about non-coding RNAs, revealing their associ-
ations with cancer.

Introduction

MicroRNAs are short non-coding RNAs, usu-
ally only about 20 nucleotides in length. They
are formed from precursor microRNAs in the

form of hairpin loop structures.1 An interesting
characteristic of microRNAs is that they are
highly conserved among orthologous species,
indicating their importance in basic cellular
processes. In fact, these short sequences are
essential in many cellular processes, including
cell-cycle regulation, stress response, develop-
ment, differentiation, immunity, metabolism,
apoptosis, aging and neuronal patterning.2,3

One mechanism of microRNA action is the
influencing of mRNA cleavage resulting in
mRNA degradation (Figure 1A).4 The study of
microRNAs and their implications in cancer
initiation, progression and dissemination have
been continuously expanding as the science
community continues to discover more about
microRNAs and their effects on gene expres-
sion and subsequent cancer development.
Effective therapies for various types of cancer
may lie in how microRNAs stimulate or inhibit
cell proliferation.

All human cancers demonstrate
microRNA alterations

MicroRNAs play an important role in tumori-
genesis. It has been observed that microRNA
sequences are abnormally expressed in cancer.
B-cell chronic lymphocytic leukemia (CLL) was
the first type of cancer in which microRNA
alterations were observed.5 Subsequently, var-
ied expression of microRNAs between normal
and cancer cells have been recognized in other
types of cancer. In fact, microRNA alterations
have been observed in every type of cancer that
has been scientifically studied.6 In addition,
genetic mechanisms can lead to overexpres-
sion, or on the contrary, suppression of
microRNAs.7 An example is the down-regula-
tion of let-7 in lung and breast cancers and
miR-15 and miR-16 in chronic lymphocytic
leukemia.7 Also in lung and breast cancers, it
has been observed that miR-17-92 over-expres-
sion leads to cancer growth.7 Also, mutations
within microRNAs are more prevalent in can-
cer cells as compared to normal cells, which
shows that these mutations have a role in
tumorigenesis and the characteristic malig-
nant phenotype of a cancer cell.6

Many different microRNAs have been shown
to be involved in cancer and are, in most cases,
located in areas of the gene that have been
previously determined to be involved in cancer.
MicroRNAs have been found in CAGRs (can-
cer-associated genomic regions). This is sig-
nificant because CAGRs are established places
where malignant mutations have been proven
to occur.8 HOX genes, transcription factors that
have been shown to cause carcinogenesis, are
located in association with microRNAs. This
provides further evidence of the importance of

microRNAs in cancer proliferation.8 MiR-155,
which is over-expressed in leukemia, is locat-
ed within BIC, the B-cell integration cluster
which has been implicated in faster rates of
carcinongenesis.8 In addition, the presence of
some microRNAs has been shown to decrease
the risk and rate of cancer development. For
example, miR-126 has decreased the growth of
cancer cells and miR-335 has reduced the
metastasis of cancer cells when both miR-126
and 335 were restored in the cancer cell envi-
ronment after having had decreased expres-
sion.9 In essence, the restoration of these
microRNAs reversed the progression of tumor
cell growth and development.

Alterations in microRNA might
influence predisposition to
developing cancer

Variations in sequence that cause
microRNAs to be abnormally expressed may
provide a new method of determining cancer
predisposition.2 From studies done on CLL,
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miR-16 has been shown to be involved in can-
cer predisposition.6 MiR-21 is over-expressed
in many types of cancer.2 In addition, germline
variants help to pinpoint which genes are
involved in familial predisposition to cancer.10

For example, SNPs (single-nucleotide polymor-
phisms), which are point mutations found
within microRNAs, have been observed to
increase the risk of cancer when a patient’s
medical history shows genetic predisposition
to developing cancer.10 SNPs that occupy
microRNA binding sites may cause a change in
protein function, thus increasing a person’s
chance of being predisposed to developing a
certain type of cancer.11 A woman’s risk of
developing ovarian cancer has been shown to
be positively correlated to SNPs in microRNA
binding sites, whereas variant alleles of the
same SNPs are inversely correlated with can-
cer risk.12 This means that only certain SNP
alleles are associated with cancer risk, where-
as others are present in the absence of cancer.
MicroRNA binding site SNPs are not only
involved in cancer predisposition, but may also
have implications in determining diagnosis
and prognosis for patients with cancer.11

Further study of microRNA signatures may
allow for screening tests to be developed that
would have the capability of determining
whether or not someone is predisposed to hav-
ing a specific type of cancer.

microRNA can function as
tumor suppressors, oncogenes
or both

MicroRNA genes that contribute to cancer
development are called oncogenes, and those
that inhibit cancer progression are called
tumor suppressors. However, some microRNA
genes are not exclusively classified as either
oncogenes or tumor suppressors, but instead
can have dual functions acting as either acti-
vators or suppressors depending on the type of
cancer cell they express as well as microRNA
alterations.13 An example of these microRNAs
with both properties is miR-17-19b-1 which is
an oncogene but can also act as a tumor sup-
pressor if it targets E2F1, a gene that encodes
the E2F1 transcription factor and controls
tumor suppressor proteins and regulates the
cell cycle.8 Another example is miR-181a which
can act as an oncogene or a tumor suppressor
depending on what kind of cell it is found in.8

In CLL, miR-181a/b and miR-29a/b have been
proven to be tumor suppressors, directly tar-
geting the TCL1 oncogene.2

Some microRNAs act only as tumor suppres-
sors or oncogenes, not both. In colorectal can-
cer, miR-17-92 has been found to be an onco-

gene by promoting growth of cancer cells and
inhibiting apoptosis, defined as programmed
cell death.5 The tumor suppressor gene, TP53,
which controls the transcription of miR-34, has
been shown to regulate senescence, naturally
occurring biological aging, as well as apopto-
sis, showing that this tumor suppressor plays a
role in upstream regulation.5

Not only can the presence of microRNAs
cause or inhibit cancer development, but their
absence can also cause similar effects. For
example, if tumor suppressors are silenced,
such as in the let7 family, the absence of the
expression of these microRNAs may cause
cancer cells to proliferate at a much higher
rate than if those tumor suppressors had been
expressed normally.14 In contrast, the silencing
of oncogenes, such as miR-155, may inhibit
the proliferation of cancer cells, and thus, slow
the development of cancer, presenting poten-
tial targets for treatment therapies.

Diagnostic tools for cancer
include microRNA profiling

Diagnostic tools for cancer have been devel-
oped that identify microRNA signatures,
meaning lists of microRNAs differentially
expressed or associated with specific clinical
parameters. These tools include bead-based
flow cytometry, isolation of microRNA clones
(microRNA amplification profiling) and
oligonucleotide microRNA microarray chips.8

In addition, microarray analysis of a blood
sample can reveal microRNA fingerprints pres-
ent in blood, which may be used to diagnose
ovarian cancer because these profiles are dis-
ease-specific, eliminating the possibility of
mistakenly diagnosing a patient with a differ-

ent type of cancer.15 Using PCR analysis,
microRNAs can be used as biomarkers for
diagnosing cancer found in a patient’s blood
serum or plasma.16 Blood testing provides a rel-
atively inexpensive, simple and fast method of
diagnostic testing. Screening for various
microRNA expression levels in order to diag-
nose a potential cancer patient is currently
happening and will become more prevalent as
more knowledge about microRNAs becomes
available, ensuring accurate diagnoses. In
addition, outside of cancer, microRNAs as
diagnostic markers for other types of disease,
including heart disease and immune disor-
ders, are currently being researched. For
example, microRNAs are down-regulated in
patients with cardiomyopathies.9 Specifically,
miR-1 and miR-133 are inversely related to
hypertrophy; when these microRNAs are down-
regulated, hypertrophy is more likely to occur
and when the same microRNAs are up-regulat-
ed, hypertrophy is inhibited.9

microRNA profiling can be uti-
lized to determine cancer prog-
nosis

MicroRNA expression has been shown to
forecast the clinical progression of disease as
shown specifically in CLL pathogenesis.2 In
CLL, the oncogene TCL1 is a marker for poor
prognosis because it is directly correlated to
ZAP-70 (zeta-associated protein) expression.2

CLL patients with genetic deletions at loca-
tions 17p and 11q have been shown to have
more progressive disease, along with a poorer
prognosis, as compared to patients without
these deletions.2 In a recent publication, it
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Figure 1. Mechanism of action of microRNAs and lincRNAs. (A) RNA polymerase II tran-
scribes a microRNA gene to form a pri-miRNA. Drosha and pasha create a pre-miRNA
from the pri-miRNA. Exportin 5 moves the pre-miRNA out of the nucleus and into the
cytoplasm. Dicer produces a mature miRNA. Then, RISC processes the mature miRNA.
One strand is chosen and messenger RNA binds it complementarily to the selected
miRNA. Target mRNA is produced. (B) HOTAIR attaches to the polycomb complex.
Methylation occurs when the HOTAIR with the PRC2 attaches to me3k27.
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was shown that patients with 13q deletions,
associated with increased expression of both
miR-15a and miR-16, had increased TP53
expression.17 In the same paper, decreased
levels of ZAP70 were shown to be correlated
with increased survival.17 Deletions and other
genomic aberrations leading to cancer gene
expression have proven to be accurate predic-
tors of disease progression with deletions
usually representing more aggressive cancer
forms. More specifically, miR-223 and miR-29c
are expressed at very low amounts in patients
who are predicted to have a shorter survival
time (poor prognosis).2 MiR-155 has also been
shown to be highly expressed in poor progno-
sis cases.8 Acute myeloid leukemia (AML)
patients who present with increased expres-
sion of miR-191 have been shown to have a
reduced survival time.8 Also, serum
microRNAs may influence biological process-
es and disease development at additional loca-
tions in the body, suggesting microRNA
involvement in metastasis.18 By researching
how microRNA expression is varied, more
prognostic tools may be discovered so that
patient survival time may be more accurately
determined. Also, better therapeutic methods
for cancer treatment and inhibition of tumor
growth may lie within microRNA expression.
The pharmaceutical industry is already inves-
tigating microRNAs that activate or inhibit
metastasis as well as miRSNPs that affect
gene expression in order to evaluate whether
or not these microRNAs may be potential tar-
gets for new drug therapies.19

Ultraconserved regions are
also altered in cancerous cells

Ultraconserved regions (UCRs) are strictly
conserved, non-coding sequences that are the
same among orthologous species as well as
among individuals within the same species.
These ultraconserved regions transcribe ultra-
conserved genes.6 It has been hypothesized
that microRNAs may regulate the expression
of ultraconserved regions in various cancers
including colorectal cancer and CLL.5 There
are some UCRs that have been specifically
identified as playing a role in cancer. For
example, UC.73A is an oncogene that promotes
colon cancer. When expression is decreased,
cancer cell growth and proliferation is inhibit-
ed.5 Also, UC.159 has deletions more often in
cancer patients as compared to normal con-
trols.6 In CLL, UC.73 has also been shown to be
expressed higher in cancer samples as com-
pared to normal samples, and when repressed,
colon cancer cell proliferation was inhibited.9

Usually, deviation from the normal popula-

tion’s ultraconserved sequence is observed in
people who have some type of abnormal clini-
cal condition, including cancer.6 Oncology
patients have more ultraconserved region
mutations than those without cancer.6

Transcribed ultraconserved regions (T-UCRs)
are usually found in cancer-associated genom-
ic regions as well as in fragile sites, meaning
that these T-UCRs may play a role in the devel-
opment of cancer, and could therefore be a tar-
get for therapy.9 As of January 2011, no thera-
pies have been discovered that use UCGs as
therapeutic targets in cancer.9 UCR sequences
that differ from the norm have been proven to
contribute to the malignancies brought on by
cancer cells.20

Hotair is a lincRNA important
in metastasis

Not only short non-coding RNAs are impli-
cated in cancer (See Table 1 for ncRNA com-
parisons). It has been recently discovered that
large intervening non-coding RNAs
(lincRNAs), specifically one in this class called
HOTAIR (Figure 1B), are involved in cancer
metastasis.21 These lincRNAs are referred to as
long non-coding RNAs because they have many
more nucleotides in their sequence as com-
pared to short ncRNAs. In fact, long ncRNAs
are usually composed of several hundred
nucleotides, as opposed to the twenty or so
nucleotides that comprise short ncRNAs. The
HOTAIR gene is termed from HOX Antisense
Intergenic RNA.21 HOTAIR binds PRC2, the
Polycomb repressive complex. PRC2 functions
as a silencer of tumor suppressor genes, thus
promoting cancer progression.22 Also, it has
been found that HOTAIR may cause the PRC2
complex to change genomic locations.22

HOTAIR sends the PRC2 complex to target
genes to silence tumor suppressors, eliminat-
ing any inhibition of cancer progression and

metastasis.22 HOTAIR is extremely over-
expressed in metastasized tumor cells as com-
pared to normal cells. These things combined
create a mechanism that could potentially
explain the significance of highly increased
expression of HOTAIR in metastasized tumors,
thus explaining the association between
HOTAIR and cancer metastasis. HOTAIR has
been found to be over-expressed in metasta-
sized tumors of both breast and lung cancers.22

Metastasized tumors that express HOTAIR and
PRC2 may be sensitive to drugs that inhibit
these two components. If chemotherapy med-
ications are developed that target lincRNAs
and, as a result, HOTAIR and PRC2, these
treatments may be able to inhibit the growth
and metastasis of breast and lung cancers cells
as well as other types of cancer that involve
lincRNAs.22

Conclusions

Discoveries about microRNAs and their crit-
ical roles as oncogenes and tumor suppressors
are being made every day. The initial link
between microRNAs and CLL, discovered in
2002, opened new topics of research with sig-
nificant clinical applications. The close associ-
ations between expression levels of various
microRNAs and the development of cancer
have shown that microRNAs are related to can-
cer predisposition and tumor development,
proliferation and inhibition. The high correla-
tions between microRNA expression and other
known genetic factors that have been previ-
ously determined to be associated with cancer,
such as cancer-associated genomic regions
(CAGRs) and ultra conserved regions (UCRs),
linked these genes to cancer genomics and
gene evolution. Because the study of the corre-
lations between microRNAs and cancer is a
new field, many areas still need to be thor-
oughly researched before any conclusions can
be made as to definitive causes and effects
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Table 1. Comparison between several categories of ncRNAs.

Property miRNAs UCGs lincRNAs
(T-UCRs)

Length 20-21 nt >200 nt >200 nt
Binding protein Argonaute family unknown PRC2
Number of human genes >1000 in miRBase ver 962 longer as 200 nt > 10,000 genes
Expression patterns Most cell types Most cell types Most cell types
Biogenesis Dicer dependent Unknown Unknown
Conservation High Highest Low
Function Post-transcriptional Possibly gene regulation Gene regulation

regulation of target 
mRNAs

miRNAs, microRNAs; UCGs, ultraconserved genes; T-UCRs, transcribed ultraconserved regions; lincRNAs, long non-coding RNAs; PRC2, poly-
comb repressive complex 2.
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between microRNA expression and the regula-
tion of cancer proliferation and growth inhibi-
tion. As research about microRNAs and their
implications in cancer progresses, scientists
hope to use microRNAs to develop further
advanced technology, making earlier cancer
diagnoses and more accurate prognoses possi-
ble. In addition, using knowledge about
microRNAs, researchers hope to develop more
efficient therapies for cancer patients. 
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