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MicroRNAs (miRNAs) and their role in cancer

miRNAs are non-coding short endogenous RNAs that 
act as negative regulators of gene expression by targeting 
mRNA (1). After its first discovery in C. elegans, a key 
paper confirmed the existence of many miRNAs in 
vertebrates, including humans (2). In subsequent years, 
miRNAs have emerged as critical players in modulating 
such key biological processes as cell proliferation and 
apoptotic death (1). More recently, several miRNAs are 
drawing attention for their roles in regulating glucose and 
energy metabolism (3,4).

miRNA dysregulation may lead to abnormal post-
transcriptional regulation of tumor suppressor gene and 
oncogene expression, and thereby play a role in tumor 
pathogenesis and progression. Furthermore, several miRNAs 
themselves function as tumor suppressor or oncogenes (5). 
An example is miR-143, a tumor suppressor miRNA that is 
frequently downregulated in several types of cancers including 
colorectal, nasopharyngeal, prostate and gastric cancer. The 
effects of miR-143 are mediated in part by down-regulated 
expression of major signaling molecules including KRAS, Toll-
like receptor 2, phosphatidylinositol 3-kinase and mitogen-
activated protein kinase. Recent studies show that miR-143 
can induce cancer cell apoptosis and that rescuing of miR-143 
expression can abrogate tumor growth in mice.

miR-143 in cancer metabolism

In a recent study, Miao et al. treated triple negative breast 

cancer cells with a miR-143 mimic, and observed reductions 
in glucose consumption, uptake of the glucose tracer 
18F-fluorodeoxyglucose (18F-FDG), and lactate formation. 
This metabolic effect, which is consistent with suppression 
of glycolytic flux, was accompanied by reductions of 
hexokinase-2 (HK2) mRNA and protein (6). Cancer 
cells have a characteristic shift of glucose metabolism 
from mitochondrial respiration toward increased aerobic 
glycolysis, even in the presence of sufficient oxygen. This 
phenomenon, called the Warburg effect, offers malignant 
cells survival advantage and is therefore recently emerging 
as target for anticancer therapy (7). Several miRNAs 
participate in cancer cell metabolism by regulating the 
expression of genes whose protein products either directly 
regulate metabolic machinery or indirectly modulate the 
expression of transporters or key metabolic enzymes (8). 
As the first rate-limiting enzyme of glycolysis, HK2 is 
among the top list of genes regulated by multiple miRNAs 
including miR-143 (9). Loss of miR-143 has been shown to 
repress HK2 activity, thus committing glucose metabolism 
toward glycolytic flux. The role of miR-143 as a regulator 
of cancer glycolysis has previous been observed in human 
lung cancer samples, where its expression was inversely 
associated with HK2 protein level (10).

Overexpression of miR-143 was found in several cancer 
cell lines to suppress cellular glucose metabolism and 
proliferation, and promote apoptotic death. miR-143 has 
also been shown to inhibit HK2 expression in primary 
keratinocytes and head and neck squamous cell carcinoma-
derived cell lines (11). Gain-of-function studies in human 
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prostate cancer cells showed that miR-143 decreased cell 
viability and increased apoptosis with HK2 as a metabolic 
target (12). In colon cancer cells, re-introduction of miR-143 
down-regulated HK2 and decreased lactate secretion (13).  
MiR-143 was recently found to complementary pair to 
HK2, leading to the inhibition of glycolysis in vitro and 
in vivo (14). The study by Miao et al. also showed that 
suppression of glycolysis by treatment with miR-143 
mimics was accompanied by inhibition of proliferation 
and promotion of apoptotic death of triple negative breast 
cancer cells (6). Taken together, these recent studies 
highlight the anti-tumor effect of miR-143 to involve 
inhibition of glucose metabolism through direct targeting 
of HK2 expression. This finding renders miR-143 a 
potential therapeutic agent for treating cancers that have 
high glycolytic activity.

miRNA-based cancer therapy and potential 
delivery strategies

The role of certain miRNAs as tumor suppressors suggests 
their potential utility for cancer therapy. Compared to 
DNA- and protein-based agents, these molecules have the 
added advantages of lower immune response and toxicity. 
Yet, there remain intrinsic challenges that hinder their 
clinical translation. This includes potential off-target 
effects, compromised tissue-specific delivery, poor cellular 
uptake and limited in vivo instability (15,16). In vivo miRNA 
delivery is particularly challenging because naked miRNAs 
that are administered systemically are quickly degraded by 
nucleases and cleared via renal excretion. The hydrophilic 
nature and charge of miRNAs further hinder entrance 
through cell membranes.

However, small size and low molecule weight make it 
feasible to formulate miRNA into delivery systems that help 
evade enzyme degradation and blood clearance (16). Among 
previous attempts, in vivo miRNA delivery via nanoparticles 
and liposomes has largely proved less than effective for 
clinical use. A novel approach to deliver miRNA for 
cancer therapy that is recently gaining interest is the use 
of exosomes (17), which are cell-derived nanometric small 
vesicles that routinely transfer large amounts of miRNA as 
cargo (18). In the study by Miao et al., the authors developed 
a therapeutic formulation using cholesterol-modified 
agomiR encapsulated in a neutral lipid-based delivery agent 
to deliver miR-143 in vivo (6). As a result, mice systemically 
administered with this formulation showed minimal toxic 
effects, and mice harboring triple negative breast cancer 

tumors displayed inhibition of tumor growth and increased 
apoptosis in a manner that was accompanied by reduced 
glucose metabolism and HK2 expression (6).

Monitoring of cancer therapy with FDG positron 
emission tomography (PET) imaging

Importantly, Miao et al. demonstrated that the anti-cancer 
effects of targeting tumor glycolysis could be efficiently 
monitored by 18F-FDG PET/computed tomography (PET/
CT) imaging. Hence, mice treated with five cycles of 
intravenous administration of miR-143 agomiR displayed 
significantly reduced tumor 18F-FDG uptake (6). 18F-FDG 
PET/CT is widely used in the clinics for the diagnosis 
of patients with cancer (19). Furthermore, reduction of 
tumor 18F-FDG uptake on follow-up PET/CT studies is 
an indicator of response to anti-cancer therapies (20). For 
18F-FDG uptake to serve as a marker of response to newer 
therapeutic agents, in depth understanding is required 
on the molecular mechanisms through which cancer cell 
glucose metabolism is modulated. As an example, our group 
previously investigated the anticancer effect of resveratrol 
on colon cancer cells and observed suppression of 
proliferation and promotion of apoptosis via stimulation of 
reactive oxygen species (21). In vivo delivery of resveratrol 
encapsulated in polyethylene glycol-polylactic acid 
nanoparticles in mice allowed imaging of tumor response 
by reduced 18F-FDG uptake. These findings indicate 
that the response of tumors to nanocarriers loaded with 
miRNA or small molecules that target the Warburg effect 
can be noninvasively assessed by monitoring 18F-FDG 
uptake. The success of miRNA-based cancer therapy will 
require information on the potency and duration of target-
gene silencing so that appropriate dosing schedules can 
be established. 18F-FDG PET/CT imaging may have an 
important role in addressing this issue.
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