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Abstract

Accepted screening tools for early cancer
detection run the gamut from Papanicolaou
staining to detect cervical cancer to
colonoscopy and biopsy for colorectal cancer
detection to imaging (mammogram and, in
high risk women, magnetic resonance imag-
ing) and biopsy for breast cancer detection.
These modalities use standard cytopathologic
assessment to determine if disease is present.
There are few biologic (DNA, RNA, protein or
carbohydrate) markers (biomarkers) that are
in general use for the detection of any cancer,
or to identify individuals at increased cancer
risk. Biomarkers have been identified that pro-
vide information to physicians on disease
prognosis. Panels of biomarkers are being
developed to predict response to treatment in
individuals with known cancer, and some are
currently in use. Nonetheless, there is a great
need to identify accurate biomarkers for the
early detection of a new cancer, to identify
individuals at increased cancer risk, and
among those with cancer, to determine their
likelihood of responding to a given treatment,
risk of disease relapse and death. Micro
(mi)RNAs hold promise as biomarkers for
determining at risk individuals, for early can-
cer detection, and among those with cancer, to
assess how likely a person is to respond a
given treatment, as well as their risk of disease
recurrence and death. Compared to methods in
current practice to diagnose most malignan-
cies, the assessment of body fluids is much
less invasive. The focus of the present review
is miRNAs in body fluids, and the potential role
that their evaluation may play as a noninvasive
tool for early cancer detection.

Introduction

Micro (mi)RNAs are short noncoding RNAs
~ 18-25 nucleotides long that can change the
expression of messenger (m)RNA.'# miRNAs
are one of several small non-coding RNAs,
including small interfering (si)RNA, ribosomal
(r)RNA, transfer (t)RNA and small nuclear
(sn)RNA.* miRNAs have been shown to either
suppress tumors or to promote their growth
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and proliferation. They interact with a specific
sequence of mRNA which alters gene expres-
sion by regulating translation of the protein
product or by mRNA degradation.> Whether
the miRNA leads to the inhibition of protein
product or mRNA destruction is thought to be
governed by the degree of mismatch between
the miRNA and its target mRNA, with degrada-
tion being the outcome for best-matched tar-
gets.’ Each miRNA may target multiple genes,
and more than one miRNA may regulate a
given target.’ A decrease in gene expression
will have a pro- or anticancer effect depending
on whether the gene target is a tumor suppres-
sor, one that induces cell differentiation, apop-
tosis or functions as an oncogene. Many
miRNAs have been identified whose expres-
sion is altered in cancer compared to benign
disease, including those of the breast,
prostate, lung and kidney,’ and miRNAs have
the potential to offer new ways to slow the
spread or eradicate a malignancy. The assess-
ment of miRNA expression has been proposed
as a biomarker of cancer risk, diagnosis, prog-
nosis and/or prediction.”

It has been observed that miRNAs are pres-
ent and detectable in a variety of body fluids.
miRNA levels in the serum of healthy individu-
als appear to correlate with levels in blood
cells, whereas miRNA serum levels among
individuals with cancer do not? Moreover,
some serum miRNAs appear to be common to
multiple cancer types.® miRNAs in serum are
stable and resistant to RNaseA, boiling,
extremes of pH, extended storage and multiple
freeze-thaw cycles.’

The mechanism by which miRNAs exit the
cell into the extracellular space is at least in part
through exosomes.’ It is known that exosomes
derived from melanoma and colon cancer can
promote tumor growth,”” and that RNA from
glioblastoma cells can be taken up and processed
by human brain endothelial cells.’ Based on this
information, it has been hypothesized that
tumor cells use exosomes to transfer miRNAs to
surrounding cells, leading to tumor growth.’

For risk assessment and the detection of
previously unknown disease, a non- or mini-
mally invasive approach is preferable to one
that is more invasive, requiring needle or sur-
gical biopsy. These less invasive approaches
generally involve the assessment of circulating
(blood) or organ specific body fluids (urine,
cerebrospinal fluid, breast nipple aspirate
fluid, bile, pancreatic duct fluid, etc.). This
review will focus on reports which suggest that
miRNAs may serve as biologic markers of can-
cer risk, diagnosis, prognosis or prediction,
with a particular emphasis on miRNAs that are
expressed in body fluids. The review is not
meant to be exhaustive for each cancer type.
The reader is directed to excellent reviews of
miRNAs in specific cancers.!™
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Cancer risk

The ability to detect miRNAs in body fluids
has only recently been established. As such,
there are few reports demonstrating the asso-
ciation of body fluid miRNA expression in
healthy individuals with risk of developing
cancer in the future. Nonethless, there are
reports demonstrating associations of cell
based miRNA expression with future risk of
both solid organ and blood based malignan-
cies. A single nucleotide polymorphism in an
miRNA complementary site in the KRAS 3’
untranslated region has been associated with
increased risk of non-small lung cancer.”
Mutations in miRNAs were found in a subset
of patients with CLL which were not found in
healthy individuals, suggesting that screening
for these mutations may predict future risk.'®

Cancer diagnosis

Few DNA, RNA or protein based biomarkers
are Food and Drug Administration (FDA)
approved to screen individuals without known
disease for the early detection of a given can-
cer. We differentiate these tests from early
detection modalities such as colonoscopy and
Papanicolaou (Pap) staining, which collect tis-
sues by biopsy or cells by smear to obtain a
diagnosis which is generally accepted as a gold
standard and sufficient to institute treatment.
Two tests that are FDA approved based on pro-
tein or DNA assessment are prostate-specific
antigen to detect prostate cancer, and alter-
ations in chromosomes 3, 7, 9 and 17 to detect
bladder cancer.” Results of protein expression
(PSA assessement of the blood) or fluores-
cence in situ hybridization (for altered chro-
mosome testing in urine) that are consistent
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with cancer generally require validation with
an invasive biopsy before treatment is institut-
ed. On the other hand, a PSA result, for exam-
ple, indicating no cancer, generally does not
require follow-up biopsy in the absence of
other reasons for clinical suspicion. An miRNA
biomarker, if FDA approved as a cancer diag-
nostic, could in theory be similarly useful.
Another potential use of miRNAs in the diag-
nosis of cancer is in the determination of dis-
ease origin and cancer subtype when standard
pathologic workup of a malignancy does not
provide definitive evidence of this.

In a report which assessed 217 miRNAs in
cancer samples, the pattern of expression var-
ied between tumor type. The pattern of miRNA
expression predicted tumor type better than
mRNA expression.® miRNA expression has
also been shown to differ between certain can-
cer subtypes, including those of the thyroid"
and breast.’ A benefit in using miRNA assess-
ment as a cancer detection tool is its relative
stability in fluids like plasma and serum which
have high levels of RNase activity and their
ability to hold up well after cycles of freeze-
thawing.” Assessment of serum found that
miRNA expression levels are reproducible.®

miRNAs have been found in many body flu-
ids, and some are differentially expressed in
individuals with cancer compared to controls
(Table 1). One study? evaluated miRNA
expression in 12 body fluids collected from
healthy individuals. miRNAs were detected in
amniotic fluid, breast milk, bronchial lavage,
cerebrospinal fluid (CSF), clostrum, peritoneal
fluid, plasma, pleural fluid, saliva, seminal
fluid, tears, and urine at varying concentra-
tions. On average, urine, CSF, and pleural fluid
contained lower concentrations of miRNAs
than the other fluids. A high concentration of
miRNAs was found in tears, suggesting the
potential for miRNA-based biomarkers to aid
in the early, noninvasive diagnosis of glauco-
ma, age-related macular degeneration, and
malignancies. The spectrum of miRNA expres-
sion in benign and malignant urothelial condi-
tions suggests that urinary miRNA assesse-
ment may prove useful in the early detection of
malignancies of the kidney, ureter and blad-
der!

Whole blood, plasma, serum

miRNAs are present in the circulation of
humans and other animals,”' and many studies
have found the expression of certain miRNAs
in the circulation associated with the presence
of disease. For example, miR-210,% miR-200a
and miR-200b* expression were higher in the
circulation of patients with pancreatic cancer
that in controls, suggesting that screening for
these miRNAs may be useful to screen for pan-
creatic cancer. miR-141 expression has been
found to be elevated in the circulation of men
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Table 1. Body Fluid miRNA Expression in Individuals with cancer compared to controls.

Increased expression in cancer

Blood Pancreas 200a, 200b, 210 (22,23)
Prostate 141 (19
Colorectal 29,92, 17-3p (24, 25)
DLBCL* 21,155,210 (29)
0SCC* 31 (30)
Breast 21,195, let-Ta (26,27)
Lung 25,223 (18)
Pleural effusion Lung, gastric 24,264, 30d (34
Urine Bladder 126, 182, 199a (35)
Saliva 0SCC 31 (30)
Decreased expression in cancer
Saliva 0SCC 200a, 125a (36)
Lower ratio in cancer
Blood HCC1 92a/638 €1))
Urine Bladder 126/152, 182/152 (35)

*DLBCL, diffuse large B-cell lymphoma; HCC, hepatocellular carcinoma; OSCC, oral squamous cell carcinoma.

with prostate cancer compared to controls.”
In subjects with colorectal cancer, miR-92 and
miR-17-3p were elevated in the plasma com-
pared to controls.** Notably, miR-92 was not
elevated in subjects with irritable bowel dis-
ease. miR-29a and miR-92 expression were
found to be elevated in individuals with adeno-
mas (precursor lesions) and in those with col-
orectal cancer (CRC).” Circulating miR-21,%
miR-195 and let-7Ta?” expression were
increased in women with breast cancer com-
pared to controls. Altered expression patterns
of circulating miR-25 and -223 have been
found among individuals with lung cancer® and
to differentiate papillary from follicular and
anaplastic thyroid carcinoma.” miR-155, miR-
210, and miR-21 were found to be elevated in
the serum of patients with diffuse large B-cell
lymphoma (DLBCL) compared to controls.”
miR-31 expression, elevated in the plasma of
subjects with oral squamous cell carcinoma
compared to controls, decreased after surgical
resection of the tumor.*

The relative expression of miRNAs (miRNA
ratio) is altered in certain cancers. For exam-
ple, the ratio of miR-92a to miR-638 in the
plasma of subjects with hepatocellular carcino-
ma (HCC) is lower than in controls. The lower
ratio increased toward that of controls after
surgical resection. Neither subjects with hepa-
titis B nor C infection lacking HCC had miRNA
ratios that were significantly different from
controls.*!

Combinations of miRNAs have also been
evaluated in an attempt to increase the detec-
tion ability. Seven miRNAs were found to pre-
dict the presence of esophageal squamous cell
carcinoma® with 96% specificity and 78.5%
sensitivity. Expression of a panel of eight
miRNAs present in the serum of women with
ovarian cancer was distinct from that of
women with benign disease and controls.*
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Malignant pleural effusions

Three miRNAs (24, 26a and 30d) were found
to be elevated in the cell free pleural fluid of
individuals with lung or gastric cancer who
had malignant effusions compared to individu-
als without cancer who had benign effusions.**

Urine

Urine levels of miR-126, miR-182, and miR-
199a were found to be more abundant in indi-
viduals with bladder cancer than in controls.*
Moreover, the ratio of miR-126/miR-152 and
miR-182/miR-152 was higher in individuals
with bladder cancer than in either controls or
individuals with urinary tract infections. The
miR-126/miR-152 ratio had a sensitivity of 72%
and specificity of 82% while the miR-182/miR-
152 ratio had a sensitivity of 55% and specifici-
ty of 82% to separate individuals with bladder
cancer from controls.”

Saliva

Salivary levels of miR-31 were found to be
higher in individuals with oral squamous cell
carcinoma (0SCC) than in controls.** They
also compared salivary to plasma miR-31 levels
and found that in both OSCC and controls, sali-
vary levels were higher.** Another study evalu-
ating miRNAs in saliva from individuals with
0SCC found that levels of miR-200a and miR-
125a are lower than in controls.*

Cancer prognosis

Serum levels of miRNA-375 and miRNA-141
were found to be elevated in men with
advanced prostate cancer, both in screening
and validation patient sample sets.”” miR-21
levels were found to be increased in hormone
refractory prostate cancer compared to benign
prostatic hyperplasia, localized prostate cancer
and androgen dependent prostate cancer.”
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Women with advanced breast cancer had high-
er levels of miR-21 than those with earlier
stage disease.® Among individuals with
DLBCL, increased serum miR-21 was associat-
ed with improved relapse-free survival.”’ miR-
29a expression has been associated with
advanced compared to early stage CRCs
tumors.”® Circulating let-7a levels were found
to be lower in women with breast cancer that
had node positive compared to node negative
disease.”

Cancer prediction

An advantage that clinicians have in identi-
fying cancer prediction markers compared to
markers of risk or screen for cancer are that
tumor tissue is available and has generally
already been obtained. Thus, the need for body
fluid markers to predict response to treatment
is not as urgent, so long as the markers pres-
ent in the tumor are reliable. Nonetheless, a
limited number of studies have been per-
formed using body fluids to predict response to
treatment. Circulating levels of miR-10b and
miR-21 were higher in women with estrogen
receptor (ER) negative compared to ER posi-
tive tumors.* Women with progesterone recep-
tor (PR) positive breast cancers have been
reported to have higher miR-155 expression
than women with PR negative tumors.”’ The
expression of miR-152 in cell-free fluid from
malignant pleural effusions in subjects with
lung or gastric cancer was found to discrimi-
nate docetaxel sensitive samples from resist-
ant samples.*

Summary

Thus far over 700 miRNAs have been identi-
fied in the human genome. Few if any of these
potential disease biomarkers have been ade-
quately validated for clinical use. Validation in
amulticenter trial will require the standardiza-
tion of miRNA analysis. Several techniques
and platforms for miRNA analysis currently
exist, including microarray analysis, bead
analysis, and quantitative RT-PCR. Standardi-
sation must also determine the optimal type of
miRNA for analysis (mature versus pre-
miRNAs) and the number of miRNAs to be
included in a clinical test. Uniformity of exper-
imental conditions is also required. Moreover,
the best material for analysis (tissue type, body
fluid type and whether fresh, frozen or fixed),
the appropriate method of specimen storage
and uniform interpretation of test results will
be required. Heterogeneity of the tumor is
another important factor to be considered,
since the goal is repeatable results. Other tech-
nical issues that must be addressed before rou-
tine clinical use include test sensitivity (espe-
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cially with low abundant miRNAs) and speci-
ficity (especially with members of the same
family). A critical question that needs to be
answered is the ability of miRNAs to provide
additional information for patient diagnosis
and management that goes beyond clinical and
pathologic information that are currently avail-
able. To date, reports of prospective studies
that have defined the significance of miRNA
testing over and above clinical and pathologic
information are few.

The ability to measure miRNAs in body flu-
ids holds particular promise for cancer risk
assessment and early disease detection. Thus
far, most studies have been performed on sam-
ples from the circulation. It is possible if not
likely that organ specific body fluids will be
more predictive of disease, as they are not
diluted by the contribution from other organs
in the body. Additional work needs to be done
looking at organ specific body fluids for cancer
risk assessment and early disease detection.

miRNAs have shown the ability to differenti-
ate between stages or clinicopathological fea-
tures of many cancers, however more research
is needed to confirm these findings and to find
new prognostic and predictive miRNAs. The
ability to accurately determine the stage at
diagnosis as well as whether an individual will
respond to an intervention is critical to optimal
patient management.
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