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When lin-4 was discovered in 1993 as a small noncoding
RNA that regulates the development of the earthworm
Caenorhabditis elegans,1,2 it was thought that this RNA
was a species-specific peculiarity. Seven years later,
another similar small developmentally regulated RNA,
let-7, was identified to be evolutionarily conserved, sug-
gesting that this type of RNA molecule has conserved
biological functions.3 In 2001, multiple novel transcripts
of about 22 nucleotides akin to lin-4 and let-7, termed
microRNAs (miRNAs), were cloned from worms, flies,
and human cells.4–6 These studies opened the door for
numerous exciting scientific investigations that have im-
portant biological and clinical implications.

miRNAs are processed from precursors and in their
mature forms, serve as important gene regulators that
have the capacity to down-regulate gene expression
through translation inhibition and promotion of mRNA
degradation mediated by specific target site binding to
the 3�-untranslated region of target genes.7 According to
the most recent version of miRBase (v.11.0),8 678 differ-
ent mature miRNA sequences have been identified in
humans to date. Primarily through clinico-pathological
studies involving expression analysis of miRNAs in nor-
mal and diseased, especially cancerous, human tissues
and cells, many of these molecules are emerging as
potential markers in molecular diagnostics, particularly in
the field of cancer diagnostics. As discussed below,
identification of miRNA biomarkers has been facilitated
by novel development and refinement of detection meth-
odologies. The work by Szafranska et al,9 highlighted in
this issue of The Journal of Molecular Diagnostics, details a
technical advance that expands the scope of clinical
samples amenable for global miRNA analysis.

A unique attribute of miRNAs that renders them poten-
tially useful for the molecular diagnosis of tumors is their
tissue and cell lineage specificity.10 Many of the miRNAs
are highly specific in their expression in specific tissues
and cell types, and this specificity is often retained in the
corresponding tumor tissues. Identification of cell origin
by profiling of miRNAs is more efficient compared with
global analysis of mRNAs, because the former is not

confounded by such a large pool of irrelevant genes
because of the relatively small number of miRNA species.
Therefore, miRNAs could facilitate the accurate diagno-
sis of tumors that are difficult to classify with respect to
the tissue origin by conventional means, for example,
metastatic cancer of unknown primary origin,11 a highly
aggressive malignancy that poses diagnostic and man-
agement difficulties.12 In an initial study by Lu et al,13

global microRNA profiling could accurately classify 12 of
17 poorly differentiated carcinomas. The diagnostic ac-
curacy has been further increased with the use of a
selected set of miRNAs. Recently, an miRNA classifier
consisting of 48 miRNAs generated from 253 samples
representing 22 different types of human cancers was
found to predict tissue origin with an overall accuracy of
89% in an independent blinded test set of 83 samples
using an algorithm in which one to five specific miRNAs
determine the decision at each node of a binary decision
tree.14 Moreover, the classification accuracy reached
100% in 6 of the 10 tissue types within the metastatic test
set. However, the effectiveness of this set of miRNAs in
identifying tissue origin in cases of cancers of unknown
primary was not tested in this study. Nevertheless, this
methodology compares very favorably with the mRNA-
based methods in identifying tissue origins of cancer.
Even when only a selected subset of genes is analyzed,
the latter method requires a large number of genes (usu-
ally hundreds) in the classifier to achieve a similar accu-
racy as miRNA profiling.15–18 Moreover, it uses algo-
rithms that average gene expression levels, which result
in loss of diagnostic and potential pathogenetic informa-
tion. Furthermore, it is more easily confounded by back-
ground noise related to natural variations in gene expres-
sion. As a result, mRNA-based methods may be less
robust. The power of miRNAs in determining the tissue
origin of tumors may be further enhanced by incorporat-
ing a subset of carefully selected mRNAs to generate a
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combined miRNA-mRNA classifier. The rationale behind
this lies in the observation that cell-type-specific miRNA
signatures correlate with mRNA expression patterns.19

Highly expressed mRNAs tend to lack binding sites of
highly expressed miRNAs in the same tissues, whereas
levels of mRNAs targeted by certain miRNAs tend to be
lower in tissues where those miRNAs are present at high
levels. Thus, it may be possible to increase the predictive
value of the miRNA classifier by simultaneously determin-
ing expression of a few selected mRNAs.

Deregulation of miRNAs occurs frequently during tu-
morigenesis,7 making them attractive candidates for mo-
lecular detection of malignancy. A subset of miRNAs can
often be found up- or down-regulated in tumors com-
pared with the normal tissues in a specific tumor type or
more globally in a number of different tumor types. Not
only is the identification of these miRNAs critical in the
understanding of the pathogenetic role of miRNAs in
cancer development, it can also provide a diagnostic
methodology for distinguishing tumors from normal tis-
sues of different cell origins. In the current setting of
clinical diagnostic practice, where morphological and
antigenic evaluation appears to be adequate for accurate
diagnostic separation between tumor and normal tissues
in the vast majority of biopsies, the utility of miRNA anal-
ysis in this arena may not be too apparent. However, the
differential expression of miRNAs between tumors and
normal tissues may be exploited in the diagnosis of sam-
ples where cells are scant or poorly preserved, which
may render diagnosis of a malignancy by traditional
methods difficult, and in the noninvasive screening for
cancer, provided that alterations in specific miRNAs in
tumors can be similarly detected in uninvolved body
fluids such as peripheral blood.

The latter application is illustrated by the recent dis-
covery that higher levels (about 2.5- to 5-fold) of miR-155,
miR-210, and miR-21 can be found in the serum of pa-
tients with diffuse large B-cell lymphomas and that higher
levels of miR-21 correlates with a longer relapse-free
survival.20 Circulating nucleic acids have been impli-
cated as biomarkers for various diseases.21 This work
documents as a proof-of-concept the presence of circu-
lating miRNAs at detectable levels and their utility in
cancer diagnosis and prognosis. Because miRNAs are
frequently overexpressed in tumors, it is possible that
alteration in the profile of circulating miRNAs, which are
likely to be derived from tumor cells, is a common occur-
rence in cancer patients. Thus, detection of miRNAs in
serum and other body fluids may serve as a noninvasive
means of screening, diagnosing, and prognosing tumors.
It may also be used in the detection of occult tumor or
minimal residual neoplastic disease, assessment of
tumor load, and monitoring of treatment response.

miRNAs may also be useful in subclassifying tumors of
a particular tissue origin. Expression of specific miRNAs
has been shown to correlate with histological subtypes of
certain types of cancer, for example, ductal and lobular
breast carcinoma22; mucinous and nonmucinous carci-
noma of the lung23,24; and papillary, follicular, and ana-
plastic thyroid carcinomas.25–27 These miRNAs are likely
to play a role in the distinct pathogenetic pathways lead-

ing to the different histological subtypes, and may be
useful as a diagnostic aid in unusually difficult cases.

There is increasing evidence that miRNAs can be in-
valuable as a biomarker for patient prognosis. For exam-
ple, a set of differentially expressed miRNAs were iden-
tified in chronic lymphocytic leukemia that can separate it
into prognostic categories.28 Reduced expression of let-7
and high expression of miR-155 were associated with
poor survival in human lung cancers.29 High levels of
miR-21 are associated with poor survival and poor ther-
apeutic outcome in colon cancer.30 In addition, several
miRNAs, including miR-10b, miR-126, miR-335, miR-373,
and miR-520c were recently found to promote or sup-
press invasion and metastasis in breast cancer
cells.31–33 Some of these miRNAs were also shown to
correlate with clinical outcome and disease progression
in breast cancer. Thus, levels of these miRNAs in primary
breast tumors could be useful as predictive biomarkers of
their metastatic potential.

The application of miRNAs for molecular diagnostic
purposes is critically dependent on the development of
methods for their accurate and high-throughput quantifi-
cation. At present, the most commonly used method for
quantitative measurement of miRNAs is the real-time RT-
PCR. This method is similar to the standard real-time
RT-PCR for the detection of mRNA, except that the former
makes use of a stem-loop reverse transcription primer for
the initiation of cDNA templates.34,35 This method is rel-
atively easy to use, highly sensitive and has a broad
dynamic range. Another quantitative method is Invader
assay,36,37 which directly detects specific RNA mole-
cules using an isothermal amplification process with a
fluorescent read-out. Since its initial development, the
Invader assay for miRNA quantification has undergone
modifications (Third Wave Technology, Madison, WI, per-
sonal communication). In its current format, it offers com-
parable sensitivity, specificity, dynamic range, and ease
of use as real-time RT-PCR. However, neither of these
techniques is optimal for the simultaneous analysis of
hundreds of different miRNAs. The method of choice for
this type of analysis is global expression profiling, which
is mostly performed on glass slide microarrays38,39 but
also can be performed using bead-based flow cytom-
etry.13 The use of locked nucleic acid-modified probes
has enhanced the sensitivity and specificity of miRNA
microarrays.40

Detection of miRNAs can be performed not only with
fresh or frozen tissues but also with formalin-fixed, paraf-
fin-embedded (FFPE) samples. miRNA has been shown
by RT-PCR to be a superior analyte compared with
mRNA when FFPE materials are used because miRNAs
are small and therefore less subject to RNA degrada-
tion.41 FFPE materials have also been used successfully
in expression profiling studies of miRNA on different mi-
croarray platforms.14,42,43 The current study by Szafran-
ska et al in this issue of The JMD systematically compared
the use of FFPE and frozen materials and demonstrated that
expression profiling of miRNAs can be performed in an
accurate and reproducible fashion on FFPE materials
using a commercially available, one-color, non-locked
nucleic acid-based array platform and optimized RNA

412 Tam
JMD September 2008, Vol. 10, No. 5



extraction methods. Their results provide solid evidence
for the feasibility of FFPE as a suitable source in miRNA
profiling, which would enable a wider collection of clini-
cally annotated patient materials to be studied retrospec-
tively. However, several observations in the study sug-
gest potential pitfalls. Although miRNA expression
profiles generated from FFPE materials are highly similar
to those derived from frozen materials, there is some loss
of signals in the former, particularly when the materials
are fixed for a longer duration and when the miRNAs are
present in low abundance. Profiling using FFPE materials
is also more susceptible to nonspecific signals generated
by nonspecific hybridization to degraded products of
mRNA. As a result, false negatives and positives can
arise more frequently when comparing miRNA expres-
sion patterns between two FFPE samples. Fortunately,
the detection of the most differentially expressed genes
does not appear to be compromised based on a limited
comparison. Thus, global comparative expression profil-
ing of FFPE materials may be most suitable for the initial
identification of the more differentially expressed and
relatively more abundant miRNAs. Reliable identification
of less differentially expressed miRNAs of low to medium
abundance may require the use of frozen materials, or
other quantitative methods if specific miRNAs are known
to be involved. Because the concordance of miRNA pro-
files between FFPE and frozen materials can vary de-
pending on tissue type and block age, a comparison
between these two sources for miRNA expression profil-
ing, if feasible, is recommended before embarking a
large-scale study on FFPE materials.

Armed with the ability to analyze global miRNA gene
expression in FFPE samples, we are in a better position to
perform large-scale studies to identify additional miRNAs
with potential in cancer diagnostics and to confirm the
existing sets of miRNAs as candidates for clinical biomar-
kers. Besides cancer diagnostics, it is likely that miRNAs
will also be useful in molecular diagnostics of other dis-
eases as we begin to elucidate the role of miRNAs in the
normal physiology of different organs and their alterations
in various disease processes. For example, it is conceiv-
able that circulating miRNAs may be used for risk strati-
fication of chronic diseases like cardiovascular disease
or diabetes. Despite the many exciting developments
that demonstrate the potential capacity of miRNAs for
tumor classification and prognosis, their practical use as
biomarkers in a routine clinical setting is still in its infancy.
To ascertain and accelerate its advancement beyond the
developmental phase, efforts should be made to perform
retrospective and prospective studies in global and
gene-specific analysis of miRNAs on multiple indepen-
dent cohorts of patient samples using standardized
methodologies. Robust methods for accurate detection
of specific or multiple miRNAs using very limited quanti-
ties of input RNA need to be developed to enable repro-
ducible and reliable miRNA quantification on small sam-
ples, for instance, cytology specimen or laser-capture
microdissected tumor cells. To improve accuracy in di-
agnostic and prognostic classifications and in predicting
clinical outcome, miRNA may be evaluated together with
a selected set of mRNA and protein markers to develop a

“collaborative” classifier. Finally, because miRNAs func-
tion as micromanagers in gene regulatory networks,
many miRNAs that have been identified as potential
markers in neoplasms may have a pathogenetic role
instead of being a by-product of the disease states. This
immediate pathogenetic relevance makes miRNAs dis-
tinct from many other biomarkers. Continued investiga-
tions into the biochemical functions of miRNAs through
target identification will uncover important mechanistic
insights into their potential as biomarkers and therapeutic
targets and offer opportunities for discovery of additional
biomarkers.
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