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Noninvasive Visualization of microRNA
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MicroRNAs (miRNAs) are non-coding endogenous
RNA regulators of gene expression that are approxi-

mately 21-nucleotide long [1]. Since its discovery in 1993
[2], the regulatory function of miRNA has been extensively
studied. MiRNAs silence gene expression mainly by
suppressing mRNA translation and enhancing mRNA
degradation [3]. MiRNA dysregulation is common in cancer
cells and has been implicated in carcinogenesis via its role in
regulating the expression of a slew of well-known oncogenes
and tumor suppressor genes [4]. Specific subsets of overex-
pressed or downregulated miRNAs have been identified in
various cancer types, including those originating from the
lung, breast and thyroid [5–7]. For instance, Nikiforova et al.
[7] investigated the expression patterns of miRNA in all
major types of thyroid tumors and found that various
histopathological types of thyroid tumors, including those
derived from the same cell type, showed significantly
different profiles of miRNA expression. A set of seven
miRNAs, including miR-221, were most differentially over-
expressed in thyroid tumors versus hyperplastic nodules in
the surgical samples. Another study found that miR-146b
was the most consistently overexpressed miRNA in both
classical papillary carcinoma and follicular variants of
thyroid origin [8].

Owing to their important regulatory function in both
malignant diseases and other pathological processes, miRNAs
have been investigated as therapeutic targets. A class of
chemically engineered oligonucleotides, termed “antagomirs”,
has been utilized as specific silencers of endogenous miRNAs
in mice [9]. Intravenous administration of antagomirs against
miR-16, miR-122, miR-192 and miR-194 resulted in a
marked reduction of corresponding miRNA levels in various
organs. Gene expression and bioinformatic analysis of mRNA
from antagomir-treated animals revealed that the 3′ untrans-
lated regions of upregulated genes were strongly enriched in
miR-122 recognition motifs, whereas downregulated genes
were depleted in these motifs. The miR-122 was also

inhibited in mice with a 2′-O-methoxyethyl phosphorothioate
ASO (antisense oligonucleotide) [10]. Recently, the experi-
ments performed in non-human primates showed that the
systemic delivery of an unconjugated, PBS-formulated locked
nucleic-acid-modified oligonucleotide (LNA-antimiR) effec-
tively antagonized the liver-expressed miR-122 [11].

Endogenous miRNA levels can be evaluated by techni-
ques such as northern blotting, RT-PCR, and microarrays
after the extraction of total RNAs from biopsy samples [5–
7]. Taylor and Gercel-Taylor [12] have analyzed miRNA
profile in isolated circulating tumor-derived exosomes. They
found that the levels of eight specific microRNAs for human
ovarian cancer were similar between cellular and exosomal
microRNAs. This technique can be used as potential
surrogate diagnostic markers for biopsy profiling. However,
the aforementioned methods are time-consuming and cannot
provide real-time information of miRNA changes.

In this issue of Molecular Imaging & Biology, Kim et al.
[13] reported a novel bioluminescence imaging (BLI)
strategy to evaluate and visualize the expression level of
miR-221. MiR-221 is upregulated in human hepatocellular
carcinoma (HCC) as well as in other malignancies [7]. The
direct targets of miR-221 include CDKN1B/p27, a key
negative regulator of the cell cycle, and CDKN1C/p57, a
cyclin-dependent kinase inhibitor (CDKI) [14, 15]. Kim et
al. constructed a miR-221-specific vector in which Gaussian
luciferase (Gluc) is driven by a CMV promoter. After the
Gluc stop codon, three repeat perfect complementary target
sequences (3×PT) of mature miR-221 were inserted. Endog-
enous miR-221 is expected to bind with the transcript of this
vector, thus suppressing the translation of Gluc or degrading
the transcript, resulting in a decrease of BLI signal. In this
way, miR-221 expression level can be indirectly visualized
and assessed. The results demonstrated that Gluc activities
were repressed in a dose-dependent manner after co-trans-
fected CMV/Gluc-3×PT_miR221with cognate pre-miRNA.
The specificity of this method was confirmed by the fact that
the Gluc activities of CMV/Gluc-3×PT_miR221 in HT-ori3,
NPA and TPC-1 cells were dramatically retrieved when they
were co-transfected with anti-miR-221. In vivo real-time
bioluminescence imaging of miR-221 production and spec-Correspondence to: Xiaoyuan Chen; e-mail: shawchen@stanford.edu



ificity related to papillary thyroid carcinoma (PTC) was also
successfully achieved [13].

This bioluminescence imaging strategy can be expanded to
image other miRNAs. Indeed, the same group has applied the
same technique to monitor the expression and regulation of
another miRNA, miR-23a [16]. They developed a dual-
luciferase reporter system in which the firefly luciferase
(Fluc) was under the control of miR-23a promoter to monitor
the transcriptional level of miR-23a, and a cytomegalovirus
(CMV) promoter driven Gluc gene was fused with three
copies of the target sequence of miR-23a before the poly(A)
tail to monitor the targeting activity of mature miR-23a. With
the seminal dual-luciferase reporter system, the endogenous
expression of pre-miRNA and the activity of mature miRNA
within the same cell population can be visualized simulta-
neously [16]. In another study, they successfully monitored
the changes of both miR-9 and miR-9* during the neuronal
differentiation of P19 cells by bioluminescent imaging [17].

The paper from Kim et al. in this issue of MIB provides a
novel imaging strategy to non-invasively monitor miR-221
expression level in real-time manner. The high sensitivity of
luciferase reporter gene in combination with miRNA-
specific vectors facilitates the quantitative visualization of
miRNA expression. Although luciferase reporter system has
limited clinical application [18] at the present, this cutting-
edge technique will greatly assist our understanding of the
biological function of miRNAs in a living organism. In
addition, the BLI imaging system can work as a platform for
high-throughput screening of drugs related to miRNAs.
Finally, the non-invasive imaging strategy provides a
powerful tool to monitor the efficacy of anti-miRNA therapy
because the miRNA levels can be monitored longitudinally
along with the therapeutic process.

However, there are several concerns about this particular
reporter gene imaging strategy. For example, it is a “negative”
response between luciferase signals and miRNA expression
level because the target miRNA suppresses luciferase transla-
tion and promotes its degradation under the aforementioned
miRNA-specific reporter system. A suggested construct con-
taining an inhibitory element, shown in Fig. 1, may be

considered in its place. In the presence of specific miRNAs,
the inhibitor expression will be suppressed and the reporter
gene expression will be allowed. Thus, the correlation between
reporter gene and miRNA will be “positive.” A second
problem is that the vector itself serves as an antagonist to the
target miRNA and therefore could deplete the endogenous
miRNA reservoir as both the transcripts of the vector and
target miRNA may be degraded simultaneously when they
form a complex. Finally, there is also a possibility that miRNA
will bind to the vector itself and result in accelerated
degradation of the vector, which may further complicate the
quantification of miRNAs based on BLI imaging.

Despite these potential limitations, the results from this
paper shed new light on non-invasive imaging and quantifica-
tion of endogenous miRNAs. The luciferase reporter can be
replaced by the more clinically relevant positron emission
tomography (PET) or magnetic resonance imaging (MRI)
reporters such as thymidine kinase, sodium iodide symporter or
ferritin [19–21]. Fluorescent dyes or radioisotopes labeled
oligos for targeting miRNAs may also be used to image
endogenous miRNA level after systemic administration. In
addition to investigating the roles of miRNAs in the initiation
and progression of diseases, we expect that molecular imaging
of miRNAs will also be critical to advance our understanding
of the interactions of miRNAs with their target genes and
signaling pathways, and eventually to evaluate the use of
miRNAs as a novel class of therapeutic targets.
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Fig. 1. A possible reporter gene construct to image miRNA.
a Without the presence of complementary endogenous
miRNA, the expressed inhibitor will bind with IRE (inhibitor
response element) and prohibit reporter gene expression. b
With the presence of miRNA, mRNA encoding the inhibitor
will be degraded and the reporter gene will be allowed.
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