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MicroRNA theragnostics for the clinical management of multiple

myeloma
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Theragnostics represent cutting-edge, multi-disciplinary strategies that combine diagnostics with therapeutics in order to generate
personalized therapies that improve patient outcome. In oncology, the approach is aimed at more accurate diagnosis of cancer,
optimization of patient selection to identify those most likely to benefit from a specific therapy and to generate effective
therapeutics that enhance patient survival. MicroRNAs (miRNAs) are master regulators of the human genome that orchestrate
myriad cellular pathways to control growth during physiologic and pathologic conditions. Compelling evidence shows that miRNA
deregulation promotes events linked to tumor initiation, metastasis and drug resistance as seen in multiple myeloma (MM), an
invariably fatal hematologic malignancy. miRNAs are readily detected in body fluids, for example, serum, plasma, urine, as well as
circulating tumor cells to demonstrate their potential as readily accessible, non-invasive diagnostic and prognostic biomarkers and
potential therapeutics. Specific miRNAs are aberrantly expressed early in myelomagenesis and may more readily detect high-risk
disease than current methods. Although only recently discovered miRNAs have rapidly advanced from preclinical studies to
evaluation in human clinical trials. The development of miRNA theragnostics should provide widely applicable tools for the targeted

delivery of personalized medicines to improve the outcome of patients with MM.
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INTRODUCTION

Theragnostics (a portmanteau of therapeutics and diagnostics)
incorporate multiple disciplines, for example, bioinformatics,
pharmacogenomics, proteomics and metabolomics, to design
accurate diagnostic assays with a targeted therapy that is selected
based upon testing results.? The strategy offers the opportunity
to generate an advanced molecular understanding of the disease,
to develop more effective molecular targets and to design
therapeutic agents based upon patient-specific biology of
disease. As a result, patients should more efficiently receive
personalized, targeted therapy tailored to specific biological and
molecular features of their tumor.

Accurate diagnostic testing is also designed to avoid the
unnecessary treatment of patients that are not likely to
demonstrate a significant clinical response or for whom a
specific therapy is not appropriate. The results should lead to
the earlier treatment of high-risk forms of cancers such as
multiple myeloma (MM) that may not respond to standard-of-
care therapy or that require earlier treatment at a less advanced
stage for significant clinical improvement. More broadly,
theragnostics can increase drug efficacy and safety while
significantly reducing pharmaceutical and overall health-care
costs. Theragnostics require further bioinformatic and genomic
advances before wide-scale use as standardized tools in
predictive medicine, but are key to the development and
implementation of personalized therapies that eventually will
improve the overall survival of cancer patients.

MicroRNAs (miRNAs) are an abundant class of naturally
occurring, evolutionarily conserved, RNA molecules that are not
translated into proteins but serve an important function to
negatively regulate gene expression. miRNAs specifically bind to
complementary regions within messenger RNAs (mRNAs) to
promote their degradation and/or to inhibit translation.® By
degrading or blocking the translation of mRNA targets, miRNAs
modulate the expression of more than half of the protein-coding
genes within the human genome.* Genomic and bioinformatic
analyses indicate that miRNAs have a key role in gene expression
to control diverse biological processes such as cellular growth,
differentiation, development and apoptosis.” Hence, deregulation
of a single miRNA has profound consequences because each
miRNA can bind and control a number of mRNAs.

A multitude of recent studies link the abnormal expression of
miRNAs to the pathogenesis of many solid tumor and
hematological malignancies*® The context-dependent loss of
tumor-suppressive miRNAs enhances the expression of target
oncogenes, whereas increased expression of oncogenic miRNAs
represses target tumor-suppressor genes (Figure 1).”~° miRNAs are
dispersed throughout the human genome, but nearly half
appear to be located within fragile sites or regions with altered
expression in cancers.'® Moreover, a significant number of miRNAs
are encoded in genomic regions associated with cancer to
suggest that altered expression has a causal relationship with
tumourigenesis. In summary, the overexpression, amplification
and/or deletion of miRNAs and miRNA-mediated modification
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Therapeutic application of miRNAs. In tumor cells, miRNAs can be either increased to promote oncogenic pathways (oncomirs) or

tumor-suppressive miRNAs are decreased to confer a loss-of-function phenotype. Antagomirs are synthetically engineered RNA molecules
that are complementary to oncomirs and designed to inhibit the tumor-promoting effect of oncomirs. Synthetically engineered miRNA
replacements can be transfected into tumor cells to restore the loss-of-function phenotype. miRNA replacement corrects miRNA deficiencies

to restore the loss-of-function and provide therapeutic benefit.

of epigenetic silencing impact events that contribute to
oncogenesis."'

MiRNA deregulation in MM

Myeloma is a clonal B-cell malignancy characterized by the
aberrant accumulation of plasma cells (PCs) within bone marrow
(BM) and extramedullary sites.'>'® Myeloma arises from the
multifocal proliferation of long-lived PCs and, despite all available
therapies, remains invariably fatal.'*'> Autologous stem-cell
transplantation and immunomodulatory agents, for example,
lenalidomide and pomalidamide, and the proteasome inhibitor
bortezomib have improved clinical management to extend
overall survival for selected myeloma patients from <3 to >5
years.'®'” Although the precise molecular events that generate
MM remain incompletely understood, our understanding of
events that underlie its development have greatly advanced.'®
Moreover, patients’ response to bortezomib-based regimens is
highly variable, and drug resistance inevitably emerges even in
patients who initially responded. The incidence and prevalence of
MM are steadily rising in Western countries because of an aging
population combined with the increased overall survival of
patients with MM. Therefore, there is an urgent, unmet need to
more accurately detect high-risk MM at an earlier stage and to
clinically advance practice.

Genomic and bioinformatic computational tools now allow
researchers to predict and validate the biological role of individual
miRNAs during tumorigenesis, to identify miRNA target genes and
to develop miRNA expression signatures that distinguish cancer-
ous from non-cancerous tissue.'® Global miRNA profiling has
revealed drastic changes in expression of multiple miRNAs in
many common human cancers. miRNA expression signatures also
provide a more accurate method of classifying cancer subtypes
than transcriptome profiling and allow classification of different
stages in tumor progression and can predict disease outcome in
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some cases. Existing algorithms combined with intracellular
network analysis can be supported with phylogenetic footprinting
and functional studies to better define the role of miRNAs during
tumorigenesis. MiRNA regulation is essential to many cellular
processes, and escape from this regulatory network seems to be a
common characteristic of several disease processes and malignant
transformation. For example, the first evidence of aberrant miRNA
expression in a human cancer was described in B-cell chronic
lymphocytic leukemia, wherein hemizygous and/or homozygous
chromosomal deletion at the 13q14 locus resulted in the loss or
reduction of miRNA-15 and miRNA-16 expression (Table 1).%°
The observation that various miRNAs are specifically overexpressed
or lost in tumors when compared with normal tissues supports a
direct, causal link between miRNAs and myelomagenesis.”'
Archival, unstained BM slides and fresh BM samples are typically
the preferred source of miRNA for MM analysis by microarray
profiling and PCR amplification. Improved extraction methods are
now available to analyze miRNA obtained from freshly obtained
BM aspirates, BM biopsy samples and tumor cells circulating in the
peripheral blood. These technical advances have improved the
quality of miRNA extracted and elevated the reproducibility of
such studies. A novel method has been developed using a protocol
for isolation of total RNA from archival samples that includes an
overnight proteinase K digestion followed by a column based kit
extraction. This method appears robust enough to allow the use of
such samples for disease classification, diagnosis and to predict
prognosis.”> Moreover, extracellular miRNAs are present in the
serum, plasma, saliva, urine and other body fluids and have
recently been shown to be associated with various pathological
conditions including MM. miRNAs circulate within the
bloodstream in a highly stable, extracellular form to more
readily provide genetic material for relevant studies. Therefore,
miRNAs represent readily accessible tools and an unprecedented
means to diagnose diseases at an earlier stage than was
previously available.
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Table 1. Selected miRNAs deregulated in MGUS, multiple myeloma and related hematological disorders
miRNA Hematological disorder
MGUS MM AL light chain Waldenstrom's ALL CLL AML CML
macroglobulinemia
mirR-212 Up71,72 Up234371.72 o Up65 _ o o o
mIR—106b—25 Up71,72 23,43,71,72 _ _ _ _ _ o
miR- 787G/ba Up71,72 U 23,43,71,72 _ Up65 Up55,64766 Up56,66770 Up56,66770 Down68770
mIR'93 Up71,72 23,43,71,72 _ . _ o _ o
miR-22 7/222a Up71,72 Up23,43,71,72 _ _ _ _ _ Up68—70
miR-1° — Up®’ — — — — — —
miR-133a® — up* — — — — — —
miR-193b-365° — up* — up® — — — —
miR-17-92 b . Up23 . o Up55,64-66 o . Up68—70
Cluster
miR-19a-19b° . U p23 . . Up55,64—66 Up56,66—70 . o
miR-20b — Up* — — — — — —
miR-32 — up* up®* — — — — —
Let — 7 family? _ Up43 Up64 _ Up64c Down’666-70 p56:66-70 _
miR-15a/16° — Down** — — Up®+ Down®®66770  jp3666-70 —
miR-192-194-215 — Down*® — — — — —
Abbreviations: AL, amyloidosis light chain; ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; CLL, chronic lymphocytic leukemia; CML,
chronic myelogenous leukemia; MM, multiple myeloma; MGUS, monoclonal gammopathy of unknown significance; miRNA, microRNAs “Found commonly
throughout these disorders. °"MM cases with t(14;16). “Let-7b. “miRNA-15a only.

Several studies have identified miRNAs that are deregulated
during myelomagenesis, and subsequent studies have explored
the role of miRNAs as diagnostics to detect disease or to monitor
myeloma progression.”*®' These studies have found that the vast
majority of miRNAs that are aberrantly expressed in MM cells are
upregulated compared with their expression in normal PCS.2 A
recent study compared miRNA expression profiles (miREP) of 52
newly diagnosed MM patients with that obtained from PCs of two
healthy donors. Among 464 miRNAs analyzed, 95 had a higher
mean expression in PC samples of MM patients compared with
those of healthy donors.?* In patients with high-risk MM, a global
increase in specific mMiRNAs and overexpression of EIF2C2/AGO2
was also observed. In related studies, miRNA-15a was downregulated
in relapsed and/or refractory MM and found to regulate tumor
progression in MM cell lines (MMCLs) (Table 2).>* Separately, it was
found miRNAs-15a and miRNAs-16 expression levels were often
elevated in the PCs from newly diagnosed MM patients in
comparison with healthy PCs independent of chromosome 13
deletions by karyotyping.”® The miRNA-17-92 cluster, which targets
the apoptosis facilitator Bcl-2, was also reported to confer
tumourigenicity in MM.?” MiRNA-29b has been reported to
downregulate Mcl-1 and to induce apoptosis of myeloma cells.?®
The miRNA-193b-365 cluster is overexpressed in MM and three
miRNAs—720, 1308 and 1246—were significantly higher in PCs
of myeloma patients than healthy controls.?*?

A comprehensive miREP study compared PCs from normal
donors, those with monoclonal gammopathy of unknown
significance (MGUS), MM patients and MMCLs using a custom-
made microarray chip with qRT-PCR.3' MGUS patients had a group
of upregulated miRNAs with known oncogenic potential including
miRNA-21 and the miRNA-106-25 cluster. MiRNA-21 expression is
controlled in a STAT-3-interleukin (IL)-6-dependent manner and
treatment of IL-6-dependent myeloma cells with IL-6 activated
STAT-3, which in turn enhanced miRNA-21 transcription.
Importantly, ectopic expression of miRNA-21 was sufficient to
sustain the growth of IL-6-dependent cells in the absence of
exogenous IL-6.

Distinct MM subtypes have been characterized based upon
non-overlapping chromosomal translocations detected and corre-
lative gene expression signatures based upon PCs isolated from
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Table 2. miRNA correlation with the course of disease and patient
outcome in myeloma

miRNA Prognostic correlation

146b, 140, 145, 125a,
151, 223, 155, let-7f

372, 143, 155 Elevated in mgus/mm relative to normal
16 Elevated in mm relative to mgus/normal

Myelomagenesis>®

585, let-7f Aggressive course of disease>®
17-92 Disease progression, poor prognosis
15a/16-1, 584d, 373, Poor prognosis37‘41

554, 888

20a, 148 Shortened relapse-free survival’”

155, 342-3p, 181a,
181b, 128, 20b

Let-7b, let-7i, let-7d,
let-7¢, 222,23a, 27a, 29a

Overexpression in bortezomib-resistant cells

Downregulated in bortezomib-resistant cells

15a, 16 Decreased in relapsed/refractory patients
221, 222, 382, 181aq, Increased in relapsed/refractory patients
181b

153, 490, 455, 642, 500,  Improved event-free survival*’

296

Abbreviations: MM, multiple myeloma; miRNA, microRNA; MGUS, mono-
clonal gammopathy of unknown significance.

MM patients.>>3* Stratification of MM patients by gene expression
profiles (GEPs) into subgroups illustrates that MM is not a single
disease but represents remarkably distinct forms of the same
disease. MM is characterized by very complex cytogenetic
aberrations that affect prognosis and affect miRNA expression as
well. Not surprisingly, early studies indicate that MM patients can
also be stratified based upon distinct miREPs. The upregulation of
miRNAs-1 and 133a correlates with MM patients that display the
translocation (t)(14;16) to support the premise that deregulated
miRNA expression is directly linked to specific chromosomal
aberrations.>® miRNAs-221 and 99b were similarly associated with
specific chromosomal aberrations.>® Myeloma is characterized by
chromosomal abnormalities that vary in prognostic significance.
Specific miRNA signatures were associated with the most
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common translocations seen in MM patients — t(4;14), t(11;14)
and del(13q) (Table 3%’). Distinct miREP patterns were
determined from MM patient PCs and compared within the
molecular subtypes determined by GEP using highly purified
tumor samples from 40 patients.>® The study was designed to
correlate the occurrence of specific miRNAs the expression of
predicted target mRNAs. Results were then integrated into the
myeloma subtypes based upon chromosomal translocations and
also correlated to miRNA expression. The miRNA expression
patterns that were identified were associated mainly with IgH
translocations. Patients that harbored t (4;14) displayed specific
overexpression of Let-7e, miRNA-125a-5p and miRNA-99b.
However, the occurrence of other chromosomal changes, for
example, chromosome 1q gain, chromosome 13q and 17p
deletions, and hyperdiploid were weakly correlative with specific
miRNA signatures.>”*'

Specific miRNA signatures were also associated with Igh t (4;14)
and t (11;14) and Del (13q). Expression levels of miRNAs were
distinct between translocation-based subtypes and correctly
predicted these abnormalities in >85% of cases. MiRNAs
associated with different MM isotopes including IgG, IgA light
chain MM. miRNA profiles may in fact be a better discriminator of
myeloma biology and risk-stratification than GEP or cytogenetic.
The studies strongly suggest the potential diagnostic/prognostic
utility of miRNA for the identification of patients with MGUS likely
to progress to MM.2* Future studies that employ a greater
number of patient samples, more advanced miRNA microarray
platforms and an integrative analysis based upon computational
target prediction and miRNA/mRNA profiling could be useful to
correlate miRNA expression with chromosomal translocations
specific to MM and to unravel the complex network of functional
miRNAs and their mRNA targets.

MiRNA deregulation in MGUS

MGUS is characterized by the restricted clonal expansion of
antibody-secreting PCs in BM and progresses to MM at a rate of
~ 1% per year.*? GEP has revealed major differences between the
PCs isolated from healthy donors and individuals with MGUS but
the distinctions between the PCs of MGUS and MM patients were
less pronounced.>**?** miREP studies have also revealed that
individual miRNAs were expressed differently in PCs from MGUS
compared with normal donors.3' miRNAs-21, 181a/181b and the
106b-25 cluster were upregulated in PCs from both MGUS and
MM patients compared with those of healthy donors. In contrast,
miRNA-32, 19a/b and the 17-92 cluster were upregulated in
MMCLs and PCs from MM patients but not in MGUS or healthy
donors. Unsupervised cluster analysis revealed that MM and
MGUS samples have miREPs distinct from CD138 " cells from
healthy donors.>” A comparison of miRNAs with those aberrantly
expressed in other B-cell and T-cell malignancies revealed
a surprising (40%) degree of similarity to suggest the existence
of a common miRNA signature among these diseases (Table 1).
In addition, 39 miRNAs were associated with MGUS, 23 (59%) of
which were aberrantly expressed in MM, suggesting common

Table 3. miRNA correlation with chromosomal events in MM
miRNA Chromosomal event
1,133a t(14:16) 35
Let-7e, 125a-5p, 99b, 342, 214 t(4:14) 35-37
375, 650, 1933, 582 t(11:14)
7¢, 7b, 221, 15a/16, 196a, 19a, 20a del(13q) 35-37

Abbreviations: MM, multiple myeloma; miRNA, microRNA.
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miRNA-dependent events during the progression from MGUS
to MM.**

miRNA diagnostics and prognostics in MM

Translational studies suggest that individual tumor types com-
monly express miRNA signatures that can be useful in categoriz-
ing, detecting and predicting disease outcome.** Transcriptional
profiling suggests that miREP may successfully classify tumor
types and that the miRNA repertoire is a stable and unique
feature that represents distinct tumor types and stages of
differentiation.***” Because of their stability in a number of
body fluids, for example, plasma, serum, urine and the relative
ease for routine quantification, miRNAs are emerging as important
diagnostic and prognostic tools. miRNAs hold great promise as
readily accessible biomarkers to facilitate early disease detection
and to monitor disease progression. miRNAs-21 and 10b have
been implicated in the progression of many tumor types,
including the lethal, metastatic phase of breast cancer.*®
HOX9, c-Myc, Bcl-2 and SHP1/SHP2 represent targets of miRNA-
146b, 140, 145, 125a, 151, 223, 155 and Let-7f, and changes in
expression of these miRNAs may be involved in myelomagenesis
and associated with overall prognosis.>® miRNA-17-92 clusters are
other pivotal miRNAs activated by Myc and are highly linked to
the progression of MM. miRNA-17-92 cluster expression is not
decreased in MM with chromosome 13 deletion and contributes
to a poor MM prognosis.>” Gao et al.*' reported that in addition to
miRNA-17-92 cluster expression, miRNA-15a and 16-1 are also
linked to poor prognosis in MM patients.*’ Those with elevated
miRNA-17, 20 and 92 levels had shorter progression-free survival
than those with reduced miRNA levels. Higher miRNA-20a and
148a levels in myeloma patients are associated with a shorter
relapse-free survival, to suggest a possible association between
miRNA-20a and poor prognosis.>’ Expression of miRNAs-153,
490, 455, 642, 500 and 296 is associated with a better event-free
survival, whereas miRNAs-548d, 373, 554 and 888 expression
correlates with a poorer outcome.?” Polymorphisms related to
miRNAs (miRSNPs) also have a prognostic impact in myeloma,
and two miRSNPs—KRT81 and XPO5—are prognostic after
melphalan-based autologous stem-cell transplantation.®’ The
precise role of miRNAs in myeloma needs to be further
elucidated, although they are predicted to be involved in PC
growth, survival, growth factor response, homing, drug
resistance and BM interaction.

Similar to miRNA’s that exist within tumor cells, cell-free,
circulating miRNAs have also been detected and proposed to
function as ’extracellular communication RNAs' that control
proliferation, differentiation and metastasis.2®*? As miRNAs are
freely circulating and highly stable within the bloodstream, there
is great interest for their use as biomarkers. miRNAs represent an
important new class of biomarkers whose concentration in blood
may emulate tissue- and disease-specific expression profiles.
Circulating miRNAs escape degradation by residing within
microvesicles, exosomes, microparticles and/or apoptotic bodies,
although the formation of protein-miRNA complexes has also
been proposed.®® In addition, miRNAs have been isolated from
circulating tumor cells (CTCs) with tremendous utility as naturally
occurring, blood-based biomarkers for non-invasive diagnosis and
to monitor therapeutic response. CTCs are detectable within the
bloodstream at the earliest stages of MM and can determine the
genetic evolution of the tumor during the course of treatment. In
MM, malignant PCs have been isolated from BM biopsies and
CTCs.>** Although myeloma cells are found throughout BM,
these malignant cells are irregularly scattered in patches
throughout the skeletal system. Therefore, BM biopsy
(repeatedly at the iliac crest) represents an imprecise method to
detect and monitor disease status. Technological advances allow
for improved cell separation and standardized, reproducible,
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highly sensitive methods to enumerate CTCs in the peripheral
blood. CTCs offer an unprecedented approach to incorporate
miRNA studies and unravel the molecular basis of MM, drug
resistance and disease progression.>®> Although research on CTCs
and circulating miRNAs is still in its infancy, robust data will bring
rigor to bear in this field and advance the overall miRNA network.

The accurate diagnosis and frequent surveillance of MM can be
improved using miRNA obtained from patient BM biopsies,
circulating miRNA or miRNA from CTCs. miRNAs offer potential
as diagnostics to distinguish the characteristic expression
signatures that distinguish MM from normal or MGUS PCs. As
each of the MM subtypes also display their own unique miRNA
signatures, these predictors may eventually replace the current
clinical and biological markers used to diagnose MM. Compre-
hensive characterization of miRNA signatures will require the
inclusion of a maximum number of different miRNAs and will be
achieved most readily through high-throughput screening plat-
forms combined with state-of-the art bioinformatics.

miRNA therapeutics for MM

The past decade has witnessed rapid progress in treatment for
MM, but the landscape looks even more promising with newer
agents that exploit novel targets and previously unaddressed
oncogenic pathways. Remarkably, eight regimens have been
approved in the past decade—two within the past year—to
collectively increase overall survival threefold (with additional
gains anticipated).”®> Newer agents may be better tolerated,
provide more sustained responses and benefit a broader spectrum
of patients.>’"®" Although the first human miRNA was discovered
in 2000, the miRNA field has rapidly progressed beyond the
discovery phase, advanced through translational studies and
entered into clinical trial evaluation.”” Certain miRNAs are
overexpressed in cancers and demonstrate oncogenic properties
(oncomirs), whereas others are lost during tumourigenesis and
display tumor-suppressive properties (Figure 1). This provides a
two-pronged approach for anti-cancer therapeutic application:
to inhibit oncomirs using RNA molecules complementary
(antagomirs) to the oncomir or to replace tumor-suppressive
miRNAs that are reduced in tumors with the goal of restoring lost
function. The artificial introduction of synthetically engineered
miRNAs or the inhibition of endogenous miRNAs has provided
additional clues to the function of miRNAs in cancer. Expression of
exogenous, small RNA molecules, such as anti-oncomirs, has
demonstrated a role for many individual miRNAs in cancer.*® Let-7
is the first identified anti-oncomir that functions as a ‘post-
transcriptional-gatekeeper’ of specific genes that control cell
growth. In lung cancer, certain oncogenes are downregulated by
Let-7 to maintain normal cell progression.>® It appears that many
miRNAs have a conserved function, and that their deregulation
results in functional changes commonly seen in diverse tumor
types.

miRNAs that display tumor-suppressive roles to repress the
expression of growth-promoting genes are reduced in many
tumors.%® Although miRNA antagonists are conceptually similar to
other inhibitory strategies, for example, small-molecule enzyme
inhibitors, restoring the function of a miRNA by replacement is a
less well-characterized approach. MiRNA replacements represent a
new research horizon and an innovative technological
advancement to investigate the function of an individual miRNA
with unmatched specificity and efficacy and to provide uniform
potency at low concentrations and superior biological stability.
Tumor-suppressor miRNAs that display a loss of function in cancer
cells can be replaced by therapies that re-introduce engineered
miRNA replacements into diseased tissues to reactivate pathways
and drive a therapeutic response. In many cases, reactivation of
these miRNA-regulated pathways interferes with oncogenic
properties of the cell, blocks uncontrolled proliferation and

Leukemia (2014) 732-738

induces the apoptotic cascade. The rationale for developing
miRNA replacements is based upon the premise that aberrantly
reduced miRNAs have a key role in the development of human
disease, and that correcting these deficiencies by restoring miRNA
functions will provide clinical benefit.5"®? Therapeutically restoring
the activity of tumor suppressors for clinical benefit has been
investigated previously through gene therapy, but practical,
widespread efficacy is lacking. Finally, miRNAs may be beneficial
in cancer treatment as has been described for the therapeutic
delivery of miRNA mimics in animal models. A recent study
reported the antitumour activity of synthetic miRNA-34a as well as
anti-proliferative activity, apoptotic effects and modulation of gene
expression in clinically relevant xenograft models of myeloma.®®

Concluding remarks

Rapidly emerging evidence points to the vast potential of miRNAs
as theragnostics to advance the clinical management of MM.
A goal is to now identify surrogate miRNAs as reliable diagnostics
for early disease detection, as prognostics to detect patients with
high-risk disease. The development of more effective diagnostics
guided by bioinformatics, genomics, proteomics and pharmaco-
genomics represents a conceptual departure from traditional
practice used in drug discovery. An advantage of miRNA
theragnostics is the rational design of agents to identify patient
subpopulations most likely to respond to a given therapy. A major
challenge now is to decipher the role of individual miRNAs in the
development of MM as well as related hematological disorders
(Table 1). Importantly, many miRNAs deregulated in MM are
similarly deregulated in related hematological disorders and
malignancies. Future studies are needed to define the role of
the broader family of non-coding (nc) RNAs, for example, long
ncRNAs, small nuclear RNAs, in cancer. Clearly, there remains a
need for further translational and clinical research to fully integrate
the mass of information obtained from diverse technology platforms
in meaningful way for physicians, patients and the health-care
system. miRNAs represent highly promising, state-of-the-art tools
with immediate translational impact and practical application at
the point of patient care. MiRNA-based theragnostics will fuse
diagnostics with targeted therapy as personalized medicines to
improve patient management and outcome.
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