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The absence of reliable quantitative laboratory tests for measurements of
microRNAs and other classes of small noncoding RNAs in archived, forma-
lin-fixed, paraffin-embedded human samples with sufficient specificity and
sensitivity has significantly limited the development of clinically relevant
noncoding RNA-based diagnostic and therapeutic applications. A report
by Renwick et al. in this issue of the JCI presents a significant technical and
methodological advance toward the development of reliable clinical labo-
ratory-compatible multicolor RNA FISH methodology for molecular diag-
nostic applications and the near-term prospect of introduction of micro-
RNA-based biomarkers into clinical practice. Further, this work is likely to
advance the development of RNA-based therapeutics and next-generation

individualized nanomedicine.

One of the significant uncertainties on
the path toward the development and
implementation of personalized, patient-
centered therapeutic interventions is a
lack of clarity in how to translate popula-
tion-based knowledge of disease progres-
sion and treatment outcomes into clini-
cal and life-saving benefits for individual
patients. Evolution of standard-of-care
concepts for therapy of localized, early-
stage prostate cancer is one of the best con-
temporary examples of this problem.

Evolution of standard-of-care
concepts for therapy of localized,
early-stage prostate cancer
Implementation of population-scale
screening and nearly uniform use of
aggressive therapies with definitive cura-
tive intent contributed to the reported
98%-100% five-year cancer-specific sur-
vival rates of patients diagnosed with
prostate cancer in the United States since
1998 (SEER 13 areas statistics). Immediate
curative intervention is the predominant
therapy of choice, and 168,000 prostatec-
tomies are performed in the United States
each year to treat prostate cancer (1). How-
ever, there is a lack of consensus regard-
ing the benefits of population-scale PSA
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screening, and there is a perceived contro-
versy about the potential for overdiagnosis
and overtreatment of clinically insignifi-
cant disease that likely would not become
life-threatening in a man’s lifetime (2).
High risk of complications significantly
altering the quality of life of many patients
undergoing immediate curative interven-
tions, therapy failure, and disease relapse
in a subgroup of patients represent other
well-documented problems of the current
approach to the clinical management of
prostate cancer. Further, socioeconomic
arguments describing significant overdi-
agnosis and unnecessary overtreatment
have been presented in studies indicat-
ing that prevention of 1 prostate cancer
death would require active treatment of
48 men for 9 years or 12 men for 14 years
(3, 4). Outcome studies from contempo-
rary population-based cohorts reported
cumulative 10-year prostate cancer-spe-
cific mortality in patients with low-risk
disease of 2.4% and 0.7% in the surveillance
group and curative intent therapy groups,
respectively (5). These studies indicate that
active surveillance may be a suitable treat-
ment option for the majority of patients
with low-risk, clinically indolent prostate
cancer. Emerging clinical evidence indi-
cates that active surveillance may be a safe,
and even perhaps the preferred, option for
older men diagnosed with a very low-grade
or small-volume form of prostate cancer
(6). Thus, for the patients with early-stage
prostate cancer, active surveillance with
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curative intent therapy, which entails the
continuous effort of a multidisciplinary
team of physicians, medical geneticists, and
clinical pathologists to carefully document
and monitor disease progression, seems
to emerge as a consensus standard-of-care
therapy choice.

Noncoding RNAs and common
human disorders

Microarray and next-generation sequenc-
ing technologies dramatically altered
our fundamental understanding of the
expanding universe of the human tran-
scriptome by revealing many thousands of
long and small noncoding RNAs (IncRNAs
and sncRNAs) that are intrinsically wired
into high-complexity regulatory networks
in human cells (7-10). Transcriptional
outputs from genomic regions around
the 22,000 protein-coding genes in the
human genome generate an average of
10 transcripts each, including transcripts
from sense, antisense, intronic, intergenic,
pseudogenes, retrotransposons, and repet-
itive elements sequences. Emerging experi-
mental and clinical evidence is mechanisti-
cally linking novel classes of sncRNAs and
IncRNAs to a broad spectrum of common,
polygenic human disorders (11-13). How-
ever, the lack of reliable quantitative labora
tory tests for measurements of IncRNAs
and sncRNAs in archived, formalin-fixed
paraffin-embedded (FFPE) human sam-
ples with sufficient specificity and sensi-
tivity has significantly limited the devel-
opment of clinically relevant noncoding
RNA-based translational applications.
This is particularly relevant to prostate
cancer which is often detected as a multi-
focal disease represented by several mor-
phologically distinct microscopic tumors
and requires careful examination of the
biomarkers expression in individual cells
within each individual lesion.

Novel RNA-based therapies broadly
defined as therapeutic modalities aimed at
the RNA targets and/or using nucleic acid
chemistry-based therapeutic molecules
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(e.g., oligonucleotide drugs) are rapidly
advancing into clinical trials (14-17). Nota-
bly, molecular targets for the successfully
tested in the phase II (or above) clinical
trials oligonucleotide-based therapeutics
are outside of the so called “druggable”
genome which is the primary target for
development of small-molecule drugs (14).
While most of these drugs are represented
by the single-stranded second generation
antisense oligonucleotides, there are small
interfering RNAs (siRNAs) and the first
microRNA-targeting drug, anti-miRNA-
122 oligonucleotide, Miravirsen, the locked
nucleic acid-modified antisense oligonu-
cleotide (14, 17).

Research advances

Last year, two papers reported credible
clinical evidence documenting the effi-
cient analytical performance of the IncRNA
detection in FFPE samples (18, 19). In this
issue of the JCI, Renwick et al. (20) report
on a method for detection and measure-
ment of microRNAs in clinical samples
(20). This work represents a significant
technical advance in the development of
a reliable, clinical laboratory-compatible
RNA FISH methodology for molecular
diagnostic applications. Further, it pro-
vides compelling experimental evidence to
support the feasibility of multicolor RNA
FISH technology in clinical laboratories
for highly accurate quantitative analyses
of microRNAs and other classes of disease-
associated sncRNAs such as trans-regula-
tory snpRNAs (11, 13). A notable limitation
of the study is that the RNA FISH-based
methodology was conclusively validated
only for two tumor-specific miRNAs (miR-
205 and miR-375) in the small number of
clinical samples analyzed to date. In the
context of the expressed commitment of
this group to explore the clinical utility of
RNA FISH-based microRNA analyses in
larger collections of clinical samples (20),
this study has significant translational
implications, because altered expression
and activity of miR-205 and miR-375 has
been linked to the increased likelihood of
developing castration-resistant phenotype
of human prostate cancer (13).

Recent experiments reveal that, simi-
larly to IncRNAs, mictoRNAs can target
polycomb repressive complexes to specific
genomic loci, thereby contributing to the
epigenetic reprogramming of chromatin
and control of gene expression (21, 22).
These findings, in combination with the
development of a reliable molecular diag-
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nostic test for individualized target selec-
tion and validation, should accelerate the
development of noncoding RNA-based
therapeutics. Despite advances in our
understanding of the microRNA contri-
butions to disease-relevant genetic altera-
tions, specific and efficient in vivo delivery
of the RNA-based therapeutics and diag-
nostics remains a significant and largely
intractable problem. Coincidently, several
exciting reports in the nanobiotechnology
and nanobioengineering fields suggest that
the translation of noncoding RNA-based
diagnostics and therapeutics into clinically
beneficial applications is nearly at hand.

Implications and future directions
Advances in nanotechnology have been
used to develop highly specific, inducible
reagents for modulation of RNAs. Gold-
based plasmonic nanomaterials and pho-
tothermal genetic engineering methods
have been used to develop nanovectors
that silence specific genes in vivo via pho-
tothermal activation of RNAi (23-25). A
combination of photo-heating and near-in-
frared light has been used to target gold-
based plasmonic nanoparticles and trigger
release of gene-specific siRNAs and other
classes of noncoding RNAs in a temporally
and spatially defined manner (23-25). Ren
et al. (26) reported the development and
preclinical validation of a tumor-penetrat-
ing nanocomplex that combines a tandem
tumor-penetrating and membrane-translo-
cating peptide with siRNA, which was
capable of specific and highly efficient in
vivo delivery of siRNA deep into the tumor
parenchyma (26).

DNA zipper and molecular tweezer tech-
nologies could also aid in the therapeutic
manipulation of RNAs. Conceptually, a
DNA zipper system consists of a normal
strand (N) made up of conventional DNA
bases, a weak strand (W) engineered to have
inosine substituting for guanine, and an
opening strand (O) that contains a comple-
mentary sequence of conventional nucleo-
tides. Incorporation of inosine in the W
strand provides less than natural bond-
ing affinities to N in forming the [N:W]
helix (27). When the O strand sequence is
introduced (a conventional base comple-
ment of N), it competitively displaces W
from the [N:W] helix and forms an [N:O]
complex. Landon et al. (27) incorporated
this principle in the development of a
molecular nanodevice that can perform
the functions of biological tweezers, which
can sense, bind, and release target DNAs.
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Conformational changes during the DNA
zipper opening and closing cycles can be
physically linked with fluorescent mole-
cules to induce transitional states readily
detectable by in vivo imaging techniques.
We envision the design of a DNA zipper
system to sense specific noncoding RNAs,
which will function as an opening strand
and trigger the release of therapeutic pay-
loads and/or diagnostic imaging detectable
states. These exciting new ideas articulate
the basic principles for development of
the next generation of diagnostic nano-
devices and therapeutic nanovectors that
implement gated access and control on-
demand release (GACOR) nanotechnology.
Development and preclinical evaluation of
GACOR nanovectors for guided on-target
delivery and on-demand controlled release
of diagnostic and therapeutic agents will
be crucial for the in vivo interrogation of
functional significance and potential diag-
nostic and therapeutic utility of identified
noncoding RNA targets as well as protein-
coding transcripts.

In the near future, it should be possible to
deliver oligonucleotide drugs with the sin-
gle cell precision level in vivo. This highly
anticipated technological breakthrough
will be essential for critical testing of the
validity of the cancer stem cell hypothesis
and experimental and clinical assessment
of the utility of selective therapeutic tar-
geting of human tumor stemness path-
ways to prevent clinical progression (28).
These exciting studies will facilitate the
conclusive, evidence-based interrogation
of the molecular and genetic mechanisms
of disease states and enable unequivocal
validation of diagnostic and therapeutic
noncoding RNA targets.
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Giardia: both a harmless commensal
and a devastating pathogen
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The highly prevalent protozoan Giardia lamblia is an enteropathogen that
can be asymptomatic in some individuals, while leading to persistent diar-
rhea and substantial morbidity in others. In this issue of the JCI, Bartelt
etal. describe a mouse model of the disease and investigate the contribution
of coincident malnutrition with the development of symptomatic infection.
This work in part explains how Giardia infection can lead to growth retarda-
tion, and may offer insights that guide future therapeutic strategies.

Giardia lamblia (synonymous with G. intes-
tinalis and G. duodenalis), referred to herein
as Giardia, was first detected in 1681 by

A

ntonie van Leeuwenhoek when looking

at his own stools and was later described in
1859 by Lambl (1). Finding the organism as
frequently in patients without symptoms
as in those with diarrheal illness has led
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many over the years to conclude that the
organism is not a pathogen. Giardia can be
identified in stools of 2% to 5% of presum-
ably healthy people living in industrialized
countries like the United States and in 20%
to 30% of people in developing regions (2).
It is found in water sources and infects
many animal species. The organism can be
classified into at least 8 different genotypes
called assemblages in humans and animals,
with assemblages A and B being the most
important in human infection. Each year
in the United States, we identify approxi-
mately 20,000 people with Giardia infec-
tion, but the actual prevalence is estimated
to be much higher.

The two faces of Giardia infection

In rural areas of the developing world,
Giardia is ubiquitous and infects nearly
all children, although most remain free
of symptoms (3). In these endemic areas,
infants experience an acute clinical disease
only when first exposed to the protozoan,
but quickly recover from infection without
adverse long-term effects (4). Self-limiting
diarrhea from a Giardia infection is com-
mon in young children newly attending
day care centers (5, 6) and in international
travelers (7) to endemic areas when first
exposed to the protozoa. After initial expo-
sure in otherwise healthy people, symptom-
atic infection occurs rarely. Risk factors for
first symptomatic infection in young chil-
dren were shown in one study carried outin
rural Egypt to include young age, poverty,
low education level, in-home storage of
drinking water, and unhygienic treatment
of girls related to gender discrimination
(8). A proportion of infected people, mainly
underweight children with preexistent mal-
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