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Department of Internal Medicine, Division of Molecular Oncology, Siteman Cancer Center, Washington University of School of Medicine, St. Louis, Missouri, USA

he flow of genetic information from the genome through RNA
and finally into protein has numerous regulatory steps. Recent
studies have shed light upon the complexity of the human genome, especially in cancer, where genomic rearrangements, mutation, amplifications, and deletions can deregulate the transcription rates and/or RNA stability of specific genes (1, 2). This often
leads to the overexpression of mRNAs, which, when translated
into protein, can deregulate a multitude of cellular processes, ultimately leading to tumorigenesis. In a simplistic view of translation’s impact on the cell, it is possible for mass action (i.e., an
increase in mRNA number) to drive an increase in corresponding
protein levels. This is generally controlled at the level of translation initiation. However, several studies have shown that the transcriptional landscape does not necessarily reflect the protein levels
of those mRNAs. This indicates that there is an additional level of
posttranscriptional control that selects which mRNAs are allowed
access to the translational machinery of the cell (3). One mechanism of posttranscriptional regulation of mRNA translation that
has gained considerable attention in recent years is microRNAs
(miRNAs) (4). Generally, these small, 22-nucleotide noncoding
RNAs target specific sequences in the 3= untranslated regions
(3=UTR) of mRNAs to inhibit their translation. Given the everexpanding number of identified miRNAs in mammals, a complex
network of selective translation might be achieved for each cellular
mRNA. However, miRNAs need not be the only level of mRNA
translational regulation. Indeed, several mRNAs rely on specific
RNA binding proteins as a mechanism for altering their translation efficiency.
The study presented by Kawagishi et al. (5) in this issue characterizes the function of one such RNA binging protein, HuR
(Fig. 1). A ubiquitously expressed RNA binding protein, HuR has
been shown to play a significant role in all facets of RNA biology,
including splicing, stability, localization, and translation (6). The
canonical role of HuR is to bind to the 3=UTR of mRNAs that
contain AU-rich elements (AREs). The functional outcome of the
HuR-RNA interaction appears to be context specific. In most
cases, HuR stabilizes the target mRNA. However, HuR has also
been shown to regulate the binding of miRNAs to their targets,
both promoting and inhibiting miRNA binding. This argues that
HuR is part of a larger functional complex whose assembly is
directed by the HuR targeting and surrounding mRNA sequence.
Biologically, loss of HuR expression is associated with the senescence of human diploid fibroblasts (7). HuR binds to and destabilizes the Ink4a mRNA in young fibroblasts, but as the fibroblasts age, HuR levels decrease, thus allowing an accumulation of
Ink4a mRNA. Increased translation of Ink4a mRNA into protein
ensues, leading to the inhibition of retinoblastoma (Rb) phosphorylation and ultimately to cell cycle arrest. Interestingly, destabilization of the Ink4a mRNA by HuR in young human diploid
fibroblasts involves miRNA-independent targeting of the RISC
complex to Ink4a mRNA. HuR’s regulation of cellular senescence
is not a cell type-specific event, as HuR levels fall in numerous

types of aging human tissues. Finally, HuR is also required for
embryonic development, as HuR-null mice die by embryonic day
19.5 due to splenic and skeletal defects (8).
In their study, Kawagishi and colleagues (5) examine the effects
of HuR loss on senescence in mouse embryo fibroblasts (MEFs).
Senescence in MEFs can be achieved through induction of ARF as
cells are passaged in culture (9). This study demonstrates that
aging MEFs express reduced levels of HuR protein, as previously
shown in human diploid fibroblasts. Knockdown of HuR accelerates cellular senescence in wild-type MEFs by increasing ARF protein levels. Induction of ARF in this setting is achieved through
enhanced translation of existing Arf mRNAs; ARF transcription,
mRNA stability, and protein stability are not altered upon HuR
loss. The ARF-p53 checkpoint resides downstream of HuR, as
HuR knockdown does not induce cellular senescence of Arf⫺/⫺ or
p53⫺/⫺ MEFs. Importantly, HuR does not affect Ink4a mRNA or
protein levels, demonstrating a clear difference between ARF and
INK4a regulation.
Mechanistically, HuR binds to the 5=UTR of Arf mRNA, which
prevents its association with actively translating ribosomes. Interestingly, the 5=UTR of Arf mRNA does not contain an ARE sequence, suggesting that the binding of HuR might be indirect or
through an unknown HuR binding sequence. Because the localization of Arf mRNA is not altered upon HuR knockdown, the
decrease in Arf mRNA translation may be due to HuR-dependent
steric hindrance, thereby preventing translation initiation. One
possible mechanism of HuR-mediated inhibition of Arf mRNA
translation shown is the prevention of nucleolin binding to the
3=UTR of Arf mRNA. Specifically, in the absence of HuR, Arf
mRNA is bound to nucleolin, and this correlates with an increase
in ARF protein levels. The nucleolin-Arf mRNA complex is predominantly localized to nucleoli, which also correlates with increased Arf mRNA translation. It has previously been shown that
nucleolin acts as a bridge between mRNAs and the ribosome, facilitating their interaction in the nucleolus prior to export to the
cytoplasm (10). This may provide an efficient mechanism for enhancing the translational efficiency of already-bound ribosomemRNA complexes. Kawagishi and colleagues demonstrate that a
selective deletion of HuR in the adipose tissue of mice results in
increased ARF protein expression and slightly increases plasma
glucose levels in aged animals, indicating that connections between HuR and ARF protein levels are also manifest in vivo.
The concerted effort of numerous proteins, including HuR,
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will be exciting to further examine the role of HuR in tumorigenesis and its potential interplay with the mTOR pathway in determining the overall level of the ARF tumor suppressor.
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level of HuR protein is elevated, HuR binds to the 5=UTR of Arf mRNAs in the
nucleus. HuR-Arf mRNA complexes are exported to the cytoplasm but are
translationally repressed by HuR. (Right) In aging cells or when HuR is diminished, nucleolin binds to the 3=UTR of Arf mRNAs in the nucleolus. NucleolinArf mRNA complexes are exported to the cytoplasm, where they are actively
translated in response to appropriate signals from mTOR.

nucleolin, and mTOR (11), to regulate Arf mRNA translation
warrants further investigation into its relevance to human cancer
(Fig. 1). A general examination of HuR amplification in the cBio
Cancer Genomics Portal database of human cancers shows lowgrade glioma, cervical, uterine, and ovarian cancer to have an approximately 5% amplification rate (12). In this setting, elevated
levels of HuR should decrease ARF protein levels, allowing for
deregulation of downstream growth and proliferative pathways. It
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FIG 1 Translation of existing Arf mRNAs. (Left) In young cells or when the
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