
by numerous microRNAs, several of which have been 
demonstrated to have anti-tumor properties due to 
their suppression of HuR expression. This review sum-
marizes the current state of knowledge of the factors 
that regulate HuR expression, along with the circum-
stances under which these factors contribute to cancer 
and inflammation. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: HuR; RNA binding proteins; Transcription; 
RNA stability; Translation; Protein stability; Cell stress; 
MicroRNAs; Cancer

Core tip: HuR is an RNA-binding protein that regulates 
post-transcriptional processing of thousands of mRNAs, 
including many that encode proteins that are critical 
to basic cellular functions. Thus, while loss of HuR can 
lead to cell death, pathological overexpression of HuR 
is associated with numerous types of cancer. However, 
the mechanisms that govern expression of HuR have 
only begun to be delineated. This review summarizes 
the current state of knowledge of these mechanisms 
and how they may contribute to cell survival and pa-
thology.
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INTRODUCTION
HuR is a ubiquitously expressed RNA-binding protein 
(RBP) of  the embryonic lethal, altered vision (ELAV) 
family, and is one of  the best-described regulators of  
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Abstract
The RNA-binding proteins involved in regulation of 
mRNA post-transcriptional processing and translation 
control the fates of thousands of mRNA transcripts and 
basic cellular processes. The best studied of these, 
HuR, is well characterized as a mediator of mRNA sta-
bility and translation, and more recently, as a factor in 
nuclear functions such as pre-mRNA splicing. Due to 
HuR’s role in regulating thousands of mRNA transcripts, 
including those for other RNA-binding proteins, HuR can 
act as a master regulator of cell survival and prolifera-
tion. HuR itself is subject to multiple post-translational 
modifications including regulation of its nucleocytoplas-
mic distribution. However, the mechanisms that govern 
HuR levels in the cell have only recently begun to be 
defined. These mechanisms are critical to cell health, 
as it has become clear in recent years that aberrant 
expression of HuR can lead alternately to decreased 
cell viability or to promotion of pathological prolifera-
tion and invasiveness. HuR is expressed as alternate 
mRNAs that vary in their untranslated regions, leading 
to differences in transcript stability and translatability. 
Multiple transcription factors and modulators of mRNA 
stability that regulate HuR mRNA expression have been 
identified. In addition, translation of HuR is regulated 
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mRNA fate. HuR produces broad cellular effects by 
binding to its target mRNAs, which number in the low 
thousands, and by aiding in mRNA splicing, stability, and 
most often translation, although a small subset of  targets 
are translationally repressed by HuR. In recent years, 
transcriptome analysis has identified the mammalian 
mRNA targets of  HuR[1,2], and has further identified HuR 
as a master regulator of  other RNA binding proteins[3]. 
Because of  its broad effects on so many aspects of  post-
transcriptional gene control, HuR may be considered as a 
“regulator of  regulators”[3]. 

HuR binds its mRNA targets through sequences rich 
in uridine or adenosine/uridine (AREs), which are most 
typically present in non-coding regions of  the transcript, 
particularly introns and the 3’ untranslated region (UTR). 
Under normal growth conditions, HuR is present primar-
ily in the nucleus, but can shuttle to the cytoplasm to aid 
in mRNA processing. Translocation to and sequestra-
tion in the cytoplasm occurs under conditions of  cellular 
stress (e.g., UV irradiation, nutrient or energy depletion, 
heat shock[4-7]) where it is believed to aid in coordinating 
mRNA turnover in a manner that protects cell survival[8]. 
HuR is also a potent promoter of  cell proliferation and 
survival[9], but during lethal stresses, can aid in promoting 
caspase-mediated apoptosis[10]. Thus, HuR activity is criti-
cal for regulating pathways that mediate cell survival and 
death. 

Aberrant overexpression of  HuR can lead to cellular 
transformation, and indeed, heightened HuR levels have 
been observed in tumors from tissues throughout the 
body. Thus, tight regulation of  HuR expression is key to 
promoting healthy cell survival while at the same time 
preventing pathological proliferation. Not surprisingly, 
regulation of  HuR expression is intricately controlled at 
multiple levels of  transcriptional, post-transcriptional, 
translational, and post-translational control. Here we will 
review the current state of  knowledge of  these mecha-
nisms and discuss how HuR expression is controlled in 
physiologically adaptive ways such as response to cellular 
stress, and in situations that lead to pathological prolifera-
tion of  cells and tumor formation.

PHYSIOLOGICAL EXPRESSION OF HUR 
AND RESPONSES TO STRESS	
Regulation of HuR mRNA expression 
The first studies of  genetic regulation of  HuR were 
performed in 2000 when the 5’ region of  the mouse 
HuR gene was isolated and mapped. Primer extension 
experiments using mRNA from various tissues and cell 
lines revealed three products, suggesting the presence of  
multiple alternative transcriptional start sites. A SpeI-SmaI 
restriction fragment containing most of  exon I and a few 
hundred bases of  upstream sequence was demonstrated 
to contain transcriptional activity in reporter assays[11]. 
However, a definitive transcriptional activator was not 
identified until 2008, when it was revealed that HuR ex-
pression was mediated through the phosphatidylinositol-

3-kinase (PI3K)/protein kinase B (Akt)/nuclear factor 
kappa B(NF-κB) pathway[12]. An NF-κB binding site in 
the HuR promoter was described as starting 133 bases 
upstream of  the transcriptional start site, although a spe-
cific start sequence was not specified. Nonetheless, the 
activity of  this binding site was clearly proven in various 
gastric carcinoma cell lines. Later studies from our own 
laboratory confirmed that PI3K/Akt/NF-κB regulation 
of  HuR is also present in renal proximal tubule cells, and 
that this pathway is one arm of  a positive feedback loop 
that results not only in transcriptional activation of  HuR, 
but also in continued increases in Akt activity[13]. There-
fore, without a “braking” mechanism for this signaling 
pathway, heightened levels of  Akt and HuR can lead to 
tumorigenic conditions, as will be described below.

A second level of  regulation for HuR was identified 
as a consequence of  the use of  alternate transcriptional 
start sites. Our work on the role of  HuR in renal proximal 
tubule cells during metabolic stress had identified two 
transcriptional start sites, at approximately 150 and 20 
bases upstream of  the coding region[14,15]. The 5’ UTR of  
these alternate transcripts are very different; the longer 
mRNA contains a G+C-rich 5’ UTR with a great deal of  
predicted secondary structure, while the shorter mRNA 
contains an A+T-rich sequence with very little second-
ary structure. In vitro translation assays demonstrated the 
shorter mRNA to be much more readily translated than 
the longer form[14]. During normal growth the alternate 
transcriptional start sites were used at roughly equal 
frequencies, but following metabolic stresses to kidney 
cells such as thapsigargin treatment or energy depletion, 
expression of  the shorter transcript was increased[15]. 
Expression of  this transcript was found to be regulated 
by multiple Smad 1/5/8 binding sites that were present 
in the 5’ UTR of  the longer transcript. Expression from 
these sites was further shown to be responsive to bone 
morphogenetic protein 7 (BMP-7), which notably is a key 
regulator of  renal development and recovery from isch-
emic stresses[16-20]. These findings suggest that metabolic 
stresses may prime cells to synthesize a more readily trans-
latable form of  HuR mRNA to aid in cell survival. Figure 
1 depicts the transcriptional mediators and Akt activation 
pathway that lead to increased HuR mRNA expression.

Production of  transcripts with alternate 3’ UTR due 
to multiple polyadenylation sites is common in both 
rodents and humans, and the choice of  polyadenylation 
sites may be used to achieve a specific biological out-
come. In many cases, this choice can produce either a 
long 3’ UTR that contains AREs or a shorter 3’ UTR that 
lacks AREs[21]. In this way, it is expected that mRNAs 
from a single gene may be produced with lesser or greater 
stability. The HuR gene itself  encodes two polyadenyl-
ation variants, a longer and more labile form containing 
functional AREs, and a shorter, more predominant form 
that lacks AREs[22]. It was subsequently demonstrated 
that HuR autoregulates its expression by virtue of  con-
trol over the production of  these variants. Briefly, HuR 
regulates its own expression through a negative feedback 
loop[23]. Nuclear HuR can bind its own pre-mRNA and 
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increase production of  the longer, more labile variant, 
thus keeping HuR levels at constant and relatively low 
physiological levels. These results also suggested that un-
der conditions in which HuR is primarily cytoplasmic, the 
negative feedback loop may be interrupted, thus leading 
to increased HuR levels and potential oncogenic trans-
formation of  cells. Under some circumstances, HuR may 
also serve as a positive regulator of  its own expression, as 
a role for HuR has been proposed in facilitating export 
of  HuR mRNA from the nucleus in senescent cells[24]. 
More recent studies have implicated the RNA-binding 
protein RNPC1 as a mediator of  HuR mRNA stability. 
RNPC1, like HuR, can bind to AREs and regulate tran-
script stability or translation. While it was demonstrated 
that RNPC1 stabilizes HuR mRNA by binding to its 3’ 
UTR, it is currently unclear whether RNPC1 and HuR 
bind the same sequences within the 3’ UTR[25]. As will 
be described below, the RBP tristetraprolin (TTP) can 
also bind to the HuR mRNA to promote its degradation, 
and the cellular levels of  TTP can affect promotion of  a 
tumor phenotype[26]. These studies indicate that regula-
tion of  HuR mRNA stability is likely to involve multiple 
protein binding sites and RBPs that can vary depending 
on the state of  cellular health and growth. Figure 1 sum-
marizes the transcriptional and post-transcriptional me-
diators that regulate expression of  HuR mRNA. 

Expression patterns during development, aging, and 
cellular senescence 
HuR was first described as the fourth member of  the 
ELAV family of  proteins that was originally identified in 
Drosophila. The three original members (currently called 
HuB, HuC, and HuD) were shown to have neuron-spe-
cific expression, but unexpectedly, a fourth member (now 
called HuR) was predicted by polymerase chain reaction 
and low-stringency cDNA library screening of  verte-
brates and was expressed in all tissues tested, including 
brain, kidney, lung, heart, liver, muscle, skin, testis, and 
ovary[27]. Shortly thereafter, a cDNA was isolated from 
HeLa cells and the corresponding mRNA was similarly 
found to be expressed in a wide variety of  human tis-

sues[28]. A murine version was described one year later[29]. 
Assays of  mouse tissues from early embryogenesis to 
adulthood were performed to determine levels of  HuR 
expression during vertebrate development. From the 
small number of  embryonic and extra-embryonic tissues 
selected for assays, HuR was shown to have develop-
mental age- and tissue-specific variability in expression. 
Interestingly, HuR levels strongly paralleled levels of  
AUF1, another RBP that binds AREs in target mRNAs, 
but promotes their degradation[30,31]. A more comprehen-
sive examination of  HuR levels in adult murine tissues 
showed that HuR protein was most strongly expressed 
in lymphoid tissues, intestine, and testes, with moderate 
expression in liver and uterus, and the lowest expression 
in brain, heart, lung, kidney, skeletal muscle, and ovary[32].

Early studies of  HuR expression also examined its 
levels and effects on cell health during cellular aging. In 
multiple in vitro models of  cellular senescence, HuR levels 
were shown to decrease, as did the half-lives of  HuR’s 
corresponding mRNA targets. Further, HuR overexpres-
sion and knockdown of  expression with antisense RNAs 
revealed a direct relationship between the levels of  HuR 
and a “younger” cell phenotype[33]. However, a follow-
up study examining the levels of  mRNA regulatory pro-
teins in human tissue arrays from individuals of  various 
ages, revealed that HuR expression remained relatively 
unchanged with increasing age[34]. Therefore, the signifi-
cance of  the cellular senescence studies as they relate to 
human aging is unclear. The human tissue array study 
also confirmed previous murine studies in demonstrat-
ing tissue-specific levels of  expression and the parallel 
expression of  HuR and ARE-binding protein AUF1. 
Other studies, described below, indicate the importance 
of  maintaining appropriate balances of  RBPs that both 
degrade and stabilize ARE-containing mRNAs[26], so the 
parallel expression of  HuR and AUF1 is likely a mecha-
nism to ensure an appropriate balance of  these mRNA 
transcripts.

Regulation of HuR translation and protein stability
In recent years, regulation of  HuR biosynthesis by mi-
croRNAs (miRNAs) has been identified as a key process 
in controlling HuR levels. Multiple miRNAs, including 
miR-16 and miR-519, have been identified as inhibitors 
of  HuR translation via direct binding of  HuR mRNA. 
These miRNAs have been implicated in suppression of  
tumor cell growth through inhibition of  HuR synthesis, 
and discussion of  their function will be addressed below. 
In this section, we will discuss mechanisms that modulate 
HuR expression through regulators of  protein stability 
and cleavage.

HuR is subject to multiple levels of  post-translational 
regulation from diverse signals. As stated above, nucleocy-
toplasmic shuttling is an important mechanism by which 
HuR can be triggered to exert differential effects in cells. 
As previously reviewed, phosphorylation by various kinas-
es, including checkpoint kinase 2 (Chk2), Cdk1, p38, and 
PKC, can regulate HuR levels in the cytoplasm and/or 
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binding to target mRNAs[35]. HuR methylation by CARM1 
(co-activator-associated arginine methyltransferase 1) 
can similarly affect HuR activity[36]. However, control of  
HuR protein levels and function through degradation or 
cleavage also has been shown to be key to HuR’s effects 
on cellular processes. Mild heat shock was demonstrated 
to rapidly decrease HuR protein without altering mRNA 
levels or translation rates. This loss of  HuR was found to 
be due to ubiquitin-mediated proteolysis and is believed 
to enhance cell survival by altering the stability and/or 
translation of  HuR target mRNAs[37]. Through a different 
pathway, ubiquitin-mediated proteolysis was also shown to 
cause HuR degradation when cancer cells are subjected to 
inhibition of  glycolysis, which may represent an attempt 
to slow proliferation in the absence of  cellular energy[38].

Post-translational regulation of  HuR protein levels 
can be altered depending on the context of  the stress. 
Mild stresses most often induce translocation of  HuR 
from the nucleus to the cytoplasm, resulting in increased 
cell survival. It was reported that lethal stress such as 
treatment with the apoptosis inducer staurosporine also 
results in HuR translocation to the cytoplasm; however, 
once there, HuR may be cleaved by caspases, leading 
to an enhanced apoptotic response[39]. Similar caspase-
mediated cleavage events were noted in cells subjected to 
chronic, but not acute, hypoxia. Further, one of  the HuR 
cleavage products produced was demonstrated to bind 
the 3’ UTR of  a HuR target mRNA (c-myc) and block 
its translation, leading to decreased cell viability[40]. A very 
recent study has demonstrated that under a lethal stress 
(staurosporine), HuR, which normally binds and stabi-
lizes both pro- and anti-apoptotic mRNA targets, was 
cleaved and the resulting cleavage products bound and 
stabilized the pro-apoptotic mRNA caspase-9, but not 
the anti-apoptotic target prothymosin[10]. These results 
all suggest that the cleavage of  HuR under lethal stress 
results in products that shift HuR’s function from a pro-
survival factor to a pro-apoptosis activator.

PATHOLOGICAL OVEREXPRESSION OF 
HUR, REGULATION BY MICRO-RNAS, 
AND CANCER
HuR levels are elevated in numerous types of cancer 
The importance of  HuR to cell survival and proliferation 
is made evident by the many types of  tissues in which 
elevated HuR levels are associated with cancer. These 
tumor types include breast, lung, ovarian and colon can-
cers[41] and numerous other tissues. Notably, while HuR 
is typically localized primarily to nuclei, high cytoplasmic 
levels of  HuR are known to be associated with worse 
prognosis in numerous types of  cancers including human 
lung adenocarcinoma[42], gall bladder carcinoma[43], uro-
thelial carcinoma[44], ovarian cancer[45], breast cancer[46,47], 
cervical cancer[48], laryngeal squamous cell cancer[49], and 
colon cancer[50]. HuR has been shown to interact with and 
regulate a large number of  mRNA transcripts with AREs 

that are involved in oncogenic cellular transformation. 
As previously reviewed, these include regulators of  cell 
growth and division (e.g., c-myc, cyclins), gene products 
involved in invasion and metastasis (e.g., MMP-9), pro-
survival mediators (e.g., prothymosin-α), and products 
that can trigger local angiogenesis [e.g., vascular endothe-
lial growth factor (VEGF), hypoxia-inducible factor 1 
(HIF-1)][41].

Early work to examine the mechanisms behind regu-
lation of  HuR expression in cancer was performed in 
gastric tumor cells that expressed high levels of  HuR. No 
genetic or epigenetic alterations were noted in these cells, 
but the elevated HuR expression was found to be depen-
dent on excessive levels of  PI3K-Akt signaling. Further, 
NF-κB, a downstream regulator of  Akt, was shown to 
directly activate HuR transcription through a binding site 
in the HuR promoter. Akt was also implicated in pro-
moting transport of  HuR from the nucleus to the cyto-
plasm[12]. Although this study clearly implicated aberrant 
transcriptional control of  HuR as contributing to cancer, 
most of  our understanding of  HuR’s regulation in cancer 
cells comes from analysis of  its interactions with miR-
NAs. MiRNAs are small (about 22 nucleotides) noncod-
ing RNA molecules that post-transcriptionally regulate 
gene expression by inducing mRNA degradation and/or 
suppressing translation. The interplay between HuR and 
microRNAs is complex, since defined miRNAs directly 
regulate HuR expression, and HuR is capable of  inhibit-
ing miRNA-mediated suppression or activation of  target 
mRNAs. The latter effect occurs mostly in mRNAs that 
contain AREs downstream of  miRNA binding sites in 
their 3’ UTR. It is postulated that miRNA target sites 
extensively overlap with HuR binding sites that are ob-
served even in the intronic regions of  various growth 
promoting gene transcripts[51], and the relationship be-
tween HuR and various miRNAs is usually functionally 
antagonistic. Competitive interaction usually results in 
an enhanced gene expression if  HuR-mRNA binding 
dominates. However, when both HuR and miRNAs co-
operatively bind transcripts, such mRNAs are usually 
expressed at lower levels[52]. MicroRNAs are differentially 
expressed in tumor cells and their interactions with RBPs 
such as HuR may eventually determine the outcome of  
tumor progression, chemotherapy and drug resistance. 
The variation of  miRNA expression in primary versus 
metastatic tumors may partially explain the aggravated tu-
morigenic response in spite of  interventional procedures 
in a number of  cancers[53].

Regulation of HuR expression by microRNAs 
The first miRNA demonstrated to regulate HuR was 
miR-519, as predicted by sequence analysis and confirmed 
by experimental procedures in 2008[54]. MiR-519 binding 
sites were identified in both the coding region and 3’ UTR 
of  HuR. MiR-519 was shown to inhibit HuR expression 
in multiple tumor cell lines by suppressing HuR transla-
tion, but not HuR mRNA levels. Modulating the levels 
of  miR-519 within cells affected HuR downstream tar-

114WJBC|www.wjgnet.com November 26, 2013|Volume 4|Issue 4|

Govindaraju S et al . Regulation of HuR expression



gets. Not unexpectedly, decreasing the ability of  miR-519 
to bind HuR (through addition of  antisense miR-519), 
increased HuR levels and the rate of  cell division. In a 
subsequent study, HuR and miR-519 levels were examined 
in pairs of  cancerous and adjacent healthy tissue[55]. HuR 
protein, but not mRNA, levels were increased in the can-
cer samples, and miR-519 levels were markedly reduced. 
miR-519 was also shown to inhibit tumor growth from 
HeLa cells injected into athymic mice, supporting the no-
tion of  miR-519 as a tumor suppressor that acts through 
HuR[55]. Notably, miR-519 levels were demonstrated to 
increase in a model of  cellular senescence, suggesting that 
triggering of  senescence through inhibition of  HuR is a 
mechanism by which tumor suppression may occur[56].

In the last five years, several new miRNA regulators 
of  HuR have been identified. MiR-16 was demonstrated 
to translationally repress HuR in breast cancer cells by 
interacting with the 3’ UTR of  HuR mRNA[57]. This 
miRNA also suppresses translation of  COX-2, tumor ne-
crosis factor-α and Bcl-2[58,59], which, interestingly, are all 
tumor-promoting genes positively regulated by HuR. The 
complexity of  the interaction between HuR and miR-16 
was demonstrated to an even greater degree when it was 
shown that association of  a HuR/miR-16 complex with 
AREs of  several target transcripts could facilitate inhibi-
tion of  miR-16 expression in colorectal cancer cells[60]. 
Thus, the tumor suppressor activity of  miR-16 and the 
tumor-promoting activities of  HuR appear to antagonize 
one another at multiple levels.

miR-125a was first reported to inhibit cell growth 
and promote apoptosis by translationally repressing 
HuR in breast cancer cells[61]. In another study, miR-125 
was shown to inhibit phosphorylation of  Akt in breast 
cancer cells[62]. This suppression of  Akt activation could 
interfere with the growth-promoting environment 
through various downstream pathways, one of  which is 
the transcriptional activation of  HuR expression through 
Akt/NF-κB signaling[12,13]. Thus, miR-125 may inhibit 
HuR expression at multiple levels, through direct trans-
lational suppression and through indirect inhibition of  
transcription. Overexpression of  another miRNA, miR-
34a, was shown to suppress HuR protein levels in pros-
tate cancer cells, thus modulating cell proliferation and 
drug resistance in those cells[63]. However, no potential 
binding sites for miR-34a were found by in silico analysis 
of  the HuR 3’ UTR, suggesting that miR-34a may regu-
late HuR through binding in other regions of  the tran-
script or through other mechanisms. MiR-9 similarly acts 
as a tumor suppressor by directly binding the 3’ UTR 
of  HuR, thus suppressing HuR expression and expres-
sion of  its downstream targets[64]. HuR has also recently 
been reported to be a target of  miR-146, a potent anti-
inflammatory molecule[65]. HuR was shown to be a direct 
target of  miR-146, which suppresses both HuR mRNA 
and protein levels. HuR is established as a regulator of  
mRNAs involved in inflammation[35,66], as well as a posi-
tive regulator of  NF-κB activity[13,67]. Thus, one pathway 
through which miR-146 exerts its anti-inflammatory ef-
fects is through suppression of  HuR. 

While the miRNAs described above all directly bind 
to HuR mRNA and inhibit synthesis of  the protein, 
other miRNAs can positively regulate HuR synthesis 
through indirect mechanisms. MiR-29a, a miRNA abun-
dant in breast cancer cells, binds to and degrades the 
mRNA transcript of  tristetraprolin (TTP), another RBP 
that works to promote decay of  target mRNAs. Because 
HuR mRNA is a target of  TTP-mediated degradation, 
miR-29a’s overall effects are to reduce TTP levels while 
increasing HuR expression. This imbalance in the HuR/
TTP ratio correlated with increased expression of  ARE-
containing, tumor-promoting mRNAs. Importantly, inhi-
bition of  miR-29a reversed the imbalance, suggesting this 
microRNA as a potential target for inhibition in breast 
cancer[26]. This study demonstrates that miRNA-mediated 
regulation of  other RBPs is critical to the overall activity 
of  HuR and provides insight into ways in which a net-
work of  RBPs can control cell fate. Figure 2 summarizes 
the effects of  miRNAs along with post-translational 
mechanisms in regulating cellular levels of  HuR.

SUMMARY AND FUTURE DIRECTIONS
The diverse molecular functions of  HuR in both nor-
mal and malignant tissues have prompted researchers to 
probe the role of  this master regulator in various types 
of  human cancer, inflammation, and other diseases. 
Elucidating the mechanisms of  transcriptional, post-tran-
scriptional, translational, and post-translational regulation 
of  HuR in both cellular stress and disease can provide 
critical insights into HuR’s overarching control of  cellular 
processes. Although our knowledge of  these mechanisms 
has expanded rapidly over the last decade, there are many 
aspects of  HuR expression that still require study. The 
full range of  transcription factors that regulate HuR 
expression is not yet elucidated, and how aberrant tran-
scription of  HuR might lead to cancer and other diseases 
is largely unexplored. Further, the functional relevance 
of  HuR mRNAs with alternate 5’ and 3’ UTRs is still not 
well developed. Multiple studies, including our own, have 
noted uncoupling of  HuR mRNA and protein levels in 
both normal and malignant tissues[29,66,68], and the mecha-
nisms behind this uncoupling must still be investigated. 
However, this phenomenon is likely to be related, at least 
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in part, to the presence of  alternate mRNA HuR tran-
scripts with different translatabilities and mRNA half-
lives. How these alternate mRNAs are generated and 
translated during normal cell growth, cellular stress, and 
oncogenesis must still be determined. It is clear that HuR 
itself  is likely to be subjected to post-transcriptional regu-
lation by a variety of  RBPs that are still undefined. 

Increasing evidence demonstrates that miRNAs are 
involved in a complex, intricate network with HuR to 
post-transcriptionally regulate genes involved in develop-
ment, stress, cell cycle, and cell survival, and this interplay 
might very well regulate a multitude of  disease pathways. 
Fine tuning of  such regulatory networks between a large 
repertoire of  miRNAs and RBPs very well might be a 
trigger or a switch dictating the fate of  every cell in the 
human body. Although it is clear from murine knockout 
studies that HuR expression is critical for organismal 
development and survival[69], little is known about how 
differences in HuR expression among various tissues and 
at different stages of  development affect these processes. 

In this review, we have used HuR’s role in cancer to 
illustrate how alteration of  its expression can contribute 
to human disease. MiRNA and HuR interactions are in 
the limelight for their outcomes in the field of  cancer, 
but it is also clear that alterations in HuR expression are 
associated with other physiological and pathological pro-
cesses. For example, expression of  HuR mRNA, as well 
as two of  its targets, the VEGF and HIF-1α mRNAs, 
was shown to increase in animal models of  hypoxia[70]. 
Subsequently, we demonstrated increased levels of  HuR 
protein expression in rat kidneys subjected to ischemia-
reperfusion injury, and only in the regions of  the kidney 
susceptible to damage[14]. Heightened HuR levels have 
also been associated with a number of  vascular patholo-
gies[71]. However, the mechanisms behind these changes 
in HuR levels have not been determined. Through in vitro 
studies of  normal, stressed, and cancer cells, there now 
exists a catalogue of  mechanisms by which HuR expres-
sion is regulated. These findings should provide a strong 
basis for understanding the molecular changes that result 
in altered HuR expression in other diseases. Work to ex-
tend these findings to physiological and disease processes 
at the whole animal level should now be undertaken.
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