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Abstract

Altered gene expression is a characteristic feature of many disease states such as tumorigenesis, 

and in most cancers, it facilitates cancer cell survival and adaptation. Alterations in global gene 

expression is strongly impacted by post-transcriptional gene regulation. The RNA binding protein 

(RBP) HuR (ELAVL1) is an established regulator of post-transcriptional gene regulation and is 

overexpressed in most human cancers. In many cancerous settings, HuR is not only over-

expressed, but it is “over-active” as denoted by increased subcellular localization within the 

cytoplasm. This dysregulation of HuR expression and cytoplasmic localization allows HuR to 

stabilize and increase the translation of various pro-survival mRNAs involved in the pathogenesis 

of numerous cancers and various diseases. Based on almost twenty years of work, HuR is now 

recognized as a therapeutic target. Herein, we will review the role HuR plays in the 

pathophysiology of different diseases and ongoing therapeutic strategies to target HuR. We will 

focus on three ongoing-targeted strategies: i) inhibiting HuR’s translocation from the nucleus to 

the cytoplasm; ii) inhibiting the ability of HuR to bind target RNA; and iii) silencing HuR 

expression levels. In an oncologic setting, HuR has been demonstrated to be critical for a cancer 

cell’s ability to survive a variety of cancer relevant stressors (including drugs and elements of the 

tumor microenvironment) and targeting this protein has been shown to sensitize cancer cells 

further to insult. We strongly believe that targeting HuR could be a powerful therapeutic target to 

treat different diseases, particularly cancer, in the near future.

Graphical Abstract

HuR, an RNA binding protein, is critical for many disease states and is particularly important for 

cancer survival and resistance to therapeutics. As shown, we highlight three current strategies 

being utilized to target HuR.

Introduction

RNA binding proteins (RBPs) are critical regulators of post-transcriptional gene regulation, 

in large part through effecting target mRNA localization, stability and translation (Pereira, 

Billaud, & Almeida, 2017). Individual RBPs can frequently act upon hundreds or thousands 
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of target mRNAs, and thus, are important for driving tissue differentiation and maintaining 

homeostasis. Unsurprisingly, dysregulated RBPs can lead to various disease states (Lukong, 

Chang, Khandjian, & Richard, 2008). In particular, many RBPs have an impact on both 

cancer tumorigenesis (Pereira et al., 2017) and cancer cell survival under stressful tumor 

microenvironment settings. Of all the RBPs, one of the best characterized is Human Antigen 

R (HuR), the protein product of embryonic lethal and abnormal vision gene ELAVL1. HuR, 

among the entire ELAVL family members consisting of HuB (ELAVL2), HuC (ELAVL3), 

and HuD (ELAVL4), is the only one to be ubiquitously expressed in all human tissues, with 

the others being primarily expressed in neuronal cells (Good, 1995; Hinman & Lou, 2008). 

In part due to its ubiquitous expression, HuR has been demonstrated to be functionally 

important and associated with a number of disease states including cancer (Srikantan & 

Gorospe, 2012; J. Wang et al., 2013).

In general, HuR’s functional activity is regulated by dynamic subcellular localization 

(Grammatikakis, Abdelmohsen, & Gorospe, 2017; Hinman & Lou, 2008; H. H. Kim et al., 

2008). Under normal cellular and physiologic conditions, HuR is primarily located in the 

nucleus, but upon exposure to intrinsic and/or extrinsic stress, HuR can translocate to the 

cytoplasm where it stabilizes and increases the translation of target mRNAs. Chronic 

activation of HuR leads to an inflammatory phenotype which underlies HuR’s contribution 

to many disease states, and is also thought to be a large part of HuR’s ability to promote 

tumorigenesis (Di Marco et al., 2005; Matsye et al., 2017; Nabors, Gillespie, Harkins, & 

King, 2001; W. Peng et al., 2018; Shin et al., 2016). Beyond this promotion of 

tumorigenesis, HuR has also been shown to be a lynchpin for driving resistance to a variety 

of stressful conditions that cancer cells face (Amreddy et al., 2018; Badawi, Hehlgans, 

Pfeilschifter, Rodel, & Eberhardt, 2017; Blanco, Jimbo, et al., 2016; Cai et al., 2019; Chand 

et al., 2017; Hostetter et al., 2008; G. L. Lin, Ting, Tseng, Juang, & Lo, 2017; Z. M. Liu, 

Tseng, Hong, & Huang, 2011; Mehta et al., 2016; Zarei et al., 2017; R. Zhang & Wang, 

2018). For instance, intrinsic factors found within the tumor microenvironment such as 

hypoxia and hypoglycemia have been demonstrated to activate HuR (Levy, Chung, 

Furneaux, & Levy, 1998; Zarei et al., 2017), as have extrinsic factors such as radiation, 

chemotherapeutics and targeted agents which can all engage HuR’s RBP function as well 

(Blanco, Jimbo, et al., 2016; Chand et al., 2017; Filippova et al., 2011; Hostetter et al., 2008; 

Mazan-Mamczarz et al., 2003). HuR’s role in cancer cell therapeutic resistance has led to a 

new line of investigation, where targeting HuR can make cancer cells more sensitive to 

existing therapeutic strategies (e.g., chemotherapies)(Amreddy et al., 2018; Blanco, Jimbo, 

et al., 2016; Cai et al., 2019; Chand et al., 2017; Guo et al., 2016; Hostetter et al., 2008). 

While this strategy of targeting HuR to sensitize cancers to anti-cancer agents has been 

established in pre-clinical models, to date this strategy has been underutilized in the clinical 

setting. The paucity of clinical trials in this arena is primarily due to a lack of clinically 

available HuR inhibitors.

This review will detail the background of HuR in relation to the pathobiology of different 

diseases and focus on methods that have been utilized to target HuR. The strategies we will 

focus on include targeting: i) the translocation of HuR, ii) the ability of HuR to bind to target 

mRNA, and iii) the expression of HuR through nanoparticle delivery of siRNA 

oligonucleotides directed against HuR mRNA.
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THE DISCOVERY OF ELAVL1, STRUCTURE AND FUNCTION

HuR, the protein product of the ELAVL1 gene, was first cloned and characterized in 1996 

(Ma, Cheng, Campbell, Wright, & Furneaux, 1996) (Figure 1). While the other members of 

the ELAVL gene family (HuB, HuC and HuD) are almost exclusively expressed in neurons, 

HuR is ubiquitously expressed in human tissues (Good, 1995; Hinman & Lou, 2008). 

Functionally, HuR contains three RNA recognition motif (RRM) domains with which it 

binds target mRNAs (Figure 2) (Pabis et al., 2019; H. Wang et al., 2013). HuR primarily 

binds target mRNAs containing AU-rich elements (AREs) (Ripin et al., 2019) embedded 

primarily in the 3’UTR of target mRNAs. AREs predominantly function to destabilize 

mRNA through accelerated de-adenylation; however, when HuR is “active,” as an RBP, it is 

hypothesized that HuR competes for these ARE sites and confers increased stability and 

translation of bound mRNA targets (Blanco, Jimbo, et al., 2016; Lim, Lee, Joo, Song, & 

Choi, 2009; Winzen et al., 2004; Zarei et al., 2017).

“Active” HuR can be thought of as when HuR shuttles from the nucleus to the cytoplasm 

where HuR, as an RBP, stabilizes and increases the translation of target mRNAs (Blanco, 

Preet, et al., 2016; Guo et al., 2016; S. S. Peng, Chen, Xu, & Shyu, 1998). Studies have 

shown that HuR translocation is governed by the HuR Nucleocytoplasmic Shuttling 

sequence (HNS) located between the second and third RRM domains within the 

unstructured hinge region (Figure 2) (Fan & Steitz, 1998). Under certain cellular conditions, 

post-translational modifications in the HNS region can govern the dynamic subcellular 

localization of HuR by altering the ability of HuR to interact with co-factors such as 

importin α1 or transportin1, which are respectively required for import or export through the 

nuclear pore complex (Brennan, Gallouzi, & Steitz, 2000). As the altered expression of HuR 

and/or altered subcellular localization is a consistent feature observed in many disease states, 

this facet of HuR dysregulation underscores the significant role it plays in disease etiology.

HuR’s role in the pathobiology of disease

Cellular and tissue differentiation rely on coordinated large-scale regulation of target 

transcripts as part of the process of guiding signaling cascades that direct differentiation and 

homeostasis. HuR plays a key role in these pathways due to its ubiquitous expression and 

the ability to regulate thousands of targets. The importance of HuR in developmental 

biology is underscored by studies in mice demonstrating that loss of HuR leads to a 

midgestational lethal phenotype ((MGD), 2019). HuR has also been implicated later in 

development as shown by the key role it plays in muscle development (Beauchamp et al., 

2010; Cuneo, Herrick, & Autieri, 2010; Figueroa et al., 2003; F. Li et al., 2010; van der 

Giessen, Di-Marco, Clair, & Gallouzi, 2003; van der Giessen & Gallouzi, 2007; von Roretz, 

Beauchamp, Di Marco, & Gallouzi, 2011), erythropoiesis (X. Li et al., 2014; X. Zhou et al., 

2019) and immune cell differentiation (Diaz-Munoz et al., 2015). Beyond the developmental 

stages, HuR is still critical for organism survival, as postnatal HuR deletion is still lethal due 

to the loss of progenitor cells (Ghosh et al., 2009). As HuR is ubiquitously expressed, 

critical for developmental processes and differentiation, and critical for tissue homeostasis, it 

is not surprising that HuR dysregulation can contribute to disease phenotypes.
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It is believed that chronic activation/cytoplasmic localization of HuR can facilitate the 

etiology of certain diseases by causing aberrant mRNA expression changes associated with 

inflammation(Srikantan & Gorospe, 2012). In normal cells, HuR principally resides in the 

nucleus where it can effect splicing (Akaike et al., 2014; Chang et al., 2014; Gauchotte et al., 

2017; Izquierdo, 2008, 2010; Lebedeva et al., 2011; Lema et al., 2017; Srikantan & Gorospe, 

2011) and alternative polyadenylation (Dutertre et al., 2014) of targets. Chronic activation 

and cytoplasmic localization of HuR; however, can lead to a strong pro-inflammatory 

response governed by HuR’s stabilization of pro-inflammatory cytokines such as IL-6, IL-8, 

TGF-β, TNF-α, IFN-γ, CCR6, pro-inflammatory enzymes COX-2 and iNOS (J. Chen et al., 

2017; Di Marco et al., 2005; Gurgis et al., 2015; Matsye et al., 2017; Nabors et al., 2001; 

Shin et al., 2016; J. G. Wang et al., 2006; H. Zhou et al., 2007), and the inflammatory 

marker CRP (Y. Kim et al., 2015) among others. This inflammatory phenotype is in large 

part the driving force behind HuR’s implication in heart related diseases including vascular 

inflammation and atherosclerosis (Barton & Meyer, 2019; Fu, Zhai, & Yuan, 2018; F. Y. Lin 

et al., 2006), and inhibition of HuR has even been proven to be beneficial in animal models 

of cardiac hypertrophy (Green et al., 2019).

HuR dependent inflammation has also been linked to chronic diseases related to 

inflammation such as pancreatitis (W. Peng et al., 2018), rheumatoid arthritis (Sugihara et 

al., 2007; Suzuki et al., 2006), asthma (Atasoy et al., 2003; Esnault & Malter, 2003), and 

cachexia (Di Marco et al., 2005). Counterintuitively, HuR can drive an anti-inflammatory 

phenotype in myeloid cells leading to a phenotype where, when HuR is inhibited in myeloid 

cells, it can lead to an inflammatory phenotype (Christodoulou-Vafeiadou et al., 2018; 

Yiakouvaki et al., 2012). Still, in most studies and models, HuR drives the activation of a 

pro-inflammatory phenotype, and thus targeting HuR in most cases is expected to cause a 

decrease in inflammation, which is in most cases thought to inhibit disease progression.

All of the other ELAVL family members (HuB, HuC, HuD) have been shown to be critical 

to normal neuronal health, and thus, the dysregulation of these proteins has been linked to 

various neuronal disorders (Berto, Usui, Konopka, & Fogel, 2016; De Santis et al., 2019; 

Ogawa et al., 2018). Similarly, dysregulated HuR has been linked to several neuronal 

diseases (De Santis et al., 2019; Farooq et al., 2013; Farooq, Balabanian, Liu, Holcik, & 

MacKenzie, 2009; X. Li et al., 2009; Y. J. Liu, Lee, Lai, & Chern, 2015; Lu et al., 2014; 

Matsye et al., 2017; Perera et al., 2016; Wu et al., 2017). For instance, HuR has been shown 

to bind and potentially destabilize the neurofibromin transcript (Haeussler et al., 2000) 

contributing to the pathogenesis of Neurofibromatosis type 1 disorder. HuR has been 

characterized to affect the progression of Spinal Muscular Atrophy (SMA), which is caused 

by deficiency in survival motor neuron (SMN) protein encoded by SMN1 and to a lesser 

extent by SMN2 due to splicing defects inherent in SMN2. HuR forms aggregates with 

SMN protein (Perera et al., 2016), and can bind SMN RNA, stabilizing it and increasing 

SMN protein expression (Farooq et al., 2013; Farooq et al., 2009), which overall has a 

protective effect in this disease setting. To add to the complexity of HuR’s role in SMA, 

HuR has also been demonstrated to repress splicing of SMN2, and patients with SMN2 
mutations causing a deficiency in HuR binding to SMN2 RNA have a less severe phenotype 

(Wu et al., 2017). Taken together, HuR may attenuate levels of SMN2 RNA through splicing 

in the nucleus, and thus, modulate SMN protein expression, but once in the cytoplasm, HuR 
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may increase SMN mRNA stability and increase SMN protein expression. Future work may 

provide evidence that HuR is a target in a subset of these patients with Neurofibromatosis 

type I disorder.

HuR has also been demonstrated to have dual roles in the progression of amyotrophic lateral 

sclerosis (ALS), a disease characterized by loss of muscle motor neurons. Inhibiting HuR 

dependent regulation of VEGF, TDP-43 and FUS/TLS has been posited as a driver of ALS, 

and has been shown to cause neuronal toxicity (Lu et al., 2014). HuR has been shown to be 

inhibited in models of ALS either by mutated SOD1 (X. Li et al., 2009; Lu et al., 2007) or 

through the nuclear sequestration of HuR by over-activation of AMPK; both methods of 

HuR inhibition have been demonstrated as drivers of this disease (Y. J. Liu et al., 2015). 

Conversely, HuR is up-regulated in SOD1 mutant microglia (an ALS model), and inhibition 

of HuR (via siRNA or a HuR inhibitor) in these microglia inhibits their invasiveness and 

inflammatory properties (Matsye et al., 2017), leading to a less severe disease phenotype. 

These models, where HuR regulates both detrimental and protective pathways, demonstrates 

the complexity of studying a multifaceted molecule such as HuR in different models and cell 

types.

As HuR is ubiquitously expressed in humans, some parasitic organisms co-opt HuR biology 

to facilitate disease progression(Barnhart, Moon, Emch, Wilusz, & Wilusz, 2013). For 

example, viral infection normally causes the activation of HuR, and some viruses exploit 

active HuR function to preferentially stabilize viral RNAs (Jehung et al., 2018). HuR has 

been implicated to facilitate the infection of Hepatitis C virus (Korf, Jarczak, Beger, Manns, 

& Kruger, 2005; Shwetha et al., 2015), Sindbis virus (Sokoloski et al., 2010), Kaposi’s 

sarcoma herpes virus (Yoo et al., 2010), and HIV (Lemay et al., 2008), although HuR 

binding to HIV specific transcripts is debated (Ahn et al., 2010). In the case of HIV, HuR 

can also drive an inflammatory phenotype in response to HIV protease inhibitors commonly 

used to treat HIV, which can further exacerbate disease related complications (Zha et al., 

2010; H. Zhou et al., 2007). These findings illustrate that viral infection is yet another 

example of HuR's involvement in the pathogenesis of different diseases, and thus may be a 

viable therapeutic target in some of these instances.

HuR as critical mediator of cancer progression

HuR has been studied as an important driver and facilitator of cancer for almost twenty years 

and has been identified to be a critical target in numerous models of cancer. HuR has been 

found to regulate and contribute to almost every hallmark of cancer (Hanahan & Weinberg, 

2011): i) sustaining proliferative signaling (Holmes et al., 2018; W. Wang, Caldwell, Lin, 

Furneaux, & Gorospe, 2000; Yuan, Sanders, Ye, Wang, & Jiang, 2011; Z. Zhang, Huang, 

Zhang, & Zhou, 2017); ii) evading suppression of growth (Balkhi et al., 2013; Ghosh et al., 

2009); iii) promoting invasion and metastasis (Z. Li, Wang, Hu, Xu, & Xu, 2018); iv) 

enabling replicative immortality (Tang et al., 2018); v) inducing angiogenesis (Goldberg-

Cohen, Furneauxb, & Levy, 2002; Levy et al., 1998; Osera et al., 2015); vi) resisting cell 

death (Blanco, Jimbo, et al., 2016; Guo et al., 2016; G. L. Lin et al., 2017; H. Zhu et al., 

2015), vii) deregulating cellular energetics (Cascajo et al., 2016; Diaz-Munoz et al., 2015; 

Zarei et al., 2017) viii) promoting tumor-associated inflammation (W. Peng et al., 2018; S. 
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Sun et al., 2016), ix) and avoiding immune destruction (Brauss et al., 2017). Further 

underscoring the importance of HuR as a target in cancer, increased levels of HuR have been 

associated with tumor aggressiveness and poor outcomes in numerous tumor types (Miyata 

et al., 2013). For instance, in oral, ovarian, urothelial, esophageal, breast, lung, colorectal 

(CRC), and pancreatic (PDAC) cancers, high cytoplasmic HuR accumulation has been 

shown to correlate with worse histological grading, increased incidence of lymphatic spread 

and distant metastasis, and worse clinical outcomes (Danilin et al., 2010; Denkert et al., 

2006; Grammatikakis et al., 2017; Lim et al., 2009; Miyata et al., 2013; Richards et al., 

2010; Zucal et al., 2015).

Over the past almost twenty years there have been over a hundred papers demonstrating the 

importance of HuR in vitro in cancer cells; and genetic approaches used to inhibit HuR (e.g. 

siRNA or gene deletion) have recently been established as a potent means to inhibit tumor 

growth in vivo (Chand et al., 2017; Danilin et al., 2010; Filippova et al., 2011; Giammanco 

et al., 2014; P. Lal et al., 2017; Lopez de Silanes et al., 2003; H. Wang et al., 2018; Zarei et 

al., 2017). Interestingly, knockout of HuR utilizing clustered regularly interspersed 

palindromic sequence (CRISPR-Cas9) methodology in both PDAC and CRC cell lines 

demonstrated that lack of HuR severely attenuated in vivo tumor growth as compared to 

isogenic cells with proficient HuR (S. Lal et al., 2017). The engraftment potential of these 

knockout lines was rescued by re-expressing HuR or expressing HuR targets, which are 

frequently lost concomitantly with HuR. For example, IDH1 expression was shown to be 

lost in HuR knockout cells, and overexpression of IDH1 rescued the engraftment potential in 

HuR null lines (Zarei et al., 2017) in PDAC cells. While these pre-clinical models 

demonstrate the significant role HuR plays in tumorigenesis, targeting HuR alone may prove 

to be a challenge in the clinical setting and HuR inhibition is likely to be most effective in 

combination with other therapeutic strategies similar to the majority of cancer therapies.

TARGETING HUR TO SENSITIZE CANCER CELLS

As HuR is quickly activated by a number of anti-cancer therapies and can regulate numerous 

pro-survival pathways, targeting HuR can be viewed as a promising sensitizer for cancer 

therapies (Blanco, Jimbo, et al., 2016). For example, inhibition of HuR has been 

demonstrated to sensitize tumor cells to cancer associated stressors such as 

chemotherapeutics (Amreddy et al., 2018; Blanco, Jimbo, et al., 2016; Cai et al., 2019; 

Filippova et al., 2011; Hostetter et al., 2008; G. L. Lin et al., 2017; Z. M. Liu et al., 2011; 

Zarei et al., 2017), radiation (Badawi et al., 2017; Mehta et al., 2016; R. Zhang & Wang, 

2018), targeted agents (Chand et al., 2017; Hostetter et al., 2008), hypoxia (Blanco, Jimbo, 

et al., 2016; Gauchotte et al., 2017), low glucose (Zarei et al., 2017; Zarei et al., 2019) and 

apoptosis activators (TRAIL, Caspases, apoptasome) (Badawi et al., 2017; Durie et al., 

2011; Lal, Kawai, Yang, Mazan-Mamczarz, & Gorospe, 2005; Romeo et al., 2016) (Figure 

3).

Recently, HuR has been shown to be critical for resistance to the DNA damaging agent 

oxaliplatin in both normoxia through the regulation of CDC6 (Cai et al., 2019), and 

particularly in the setting of hypoxia through the regulation of the serine/threonine kinase 

involved in cell survival Pim1 (Blanco, Jimbo, et al., 2016). In hypoxia, the knockdown of 
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either Pim1 or HuR causes a 3 to 10-fold increase in sensitivity to oxaliplatin (Blanco, 

Jimbo, et al., 2016). Furthermore, HuR has been shown to be critical for resistance to 

radiotherapy in breast and colorectal cancers (Badawi et al., 2017; Mehta et al., 2016). This 

was demonstrated through an approximately 2-fold increase in sensitivity upon HuR 

inhibition to low levels of radiation, with observed increases in γ-H2AX foci and ROS 

production (Mehta et al., 2016). This sensitization was demonstrated to be largely caused 

through inactivation of thioredoxin and an increase in Caspase 2 (Badawi et al., 2017; Mehta 

et al., 2016). The increase in Caspase 2 is intriguing, as HuR has been demonstrated to 

decrease translation of Caspase 2L through sequestration of the mRNA transcript, and loss 

of HuR causes an increase in protein expression (Winkler et al., 2014). This dual function of 

increasing the expression of pro-death proteins and decreasing the expression of pro-survival 

proteins makes targeting HuR applicable to sensitizing cancer cells to a wide variety of 

therapeutics. Thus, targeting HuR for sensitizing cancer cells to further insult may be key 

when ultimately evaluating the efficacy of potential HuR inhibitors for the clinic.

Tools for targeting HuR

As many laboratories have clearly implicated HuR’s role in tumorigenesis and pro-survival, 

various laboratories have initiated programs to develop inhibitors of HuR. Three main 

methods for inhibiting HuR that have been explored in the field (Figure 4). First, HuR has 

been targeted via inhibiting its cytoplasmic localization. Second, HuR has been targeted by 

inhibiting its ability to bind target mRNAs. Third, HuR has been targeted via decreasing its 

expression, which is normally accomplished via silencing with siRNA oligonucleotide 

delivery.

Inhibiting HuR Translocation

As stated previously, HuR in normal tissues is primarily localized to the nucleus where it can 

function in splicing (Akaike et al., 2014; Izquierdo, 2008; H. Zhu, Zhou, Hasman, & Lou, 

2007) and alternative polyadenylation (Izquierdo, 2008; H. Zhu et al., 2007). However, 

HuR’s regulation of target stability in the cytoplasm is thought to be central to its pro-

tumorigenic function (Fus, Pihowicz, Koperski, Marczewska, & Gornicka, 2018; Gallouzi et 

al., 2000; Gauchotte et al., 2017; Guo et al., 2016; Hostetter et al., 2008; Lim et al., 2009; 

Melling et al., 2016; Miyata et al., 2013; Nowotarski & Shantz, 2010; Tatarian et al., 2018; 

Toyota et al., 2018; D. Wang et al., 2014; Z. Zhu et al., 2013). As HuR cytoplasmic 

localization is commonly observed in cancer, inhibiting the translocation of HuR from the 

nucleus to the cytoplasm can be thought of as tantamount to inhibiting HuR’s ability to 

promote tumor progression. HuR translocates reversibly from the nucleus to the cytoplasm 

through the nuclear pore complex. This translocation is mediated by the association of HuR 

with cofactors such as transportin-1, transportin-2, importin-α1, and 14-3-3θ (H. H. Kim & 

Gorospe, 2008; Rebane, Aab, & Steitz, 2004; W. Wang et al., 2004), all of which when 

activated mainly lead to HuR’s nuclear localization. Conversely, the association of HuR with 

ANP32B, ANP32A, and XPO1 (Fries et al., 2007; Gallouzi, Brennan, & Steitz, 2003; 

Gravina et al., 2014; Williams et al., 2010) have been shown to be key mediators of HuR 

export. HuR localization may also be dependent upon RNA Polymerase II activity. This was 

demonstrated using a chimeric Pyruvate Kinase containing a portion of HuR’s hinge region 
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containing the HNS (amino acids 205–237). This chimeric protein maintained nuclear 

localization, however treatment with the transcriptional inhibitor actinomycin D inhibited 

this nuclear retention (Fan & Steitz, 1998).

There is a complex network of proteins that interacts with HuR to determine HuR’s 

subcellular localization and HuR’s interaction with these different proteins is dependent 

upon numerous post-translation modifications that HuR undergoes including 

phosphorylation, neddylation, ubiquitination, methylation, acetylation and parylation (Chu, 

Chuang, Kulp, & Chen, 2012; Embade et al., 2012; Ke et al., 2017; H. H. Kim et al., 2008; 

H. Li et al., 2002). Most of these modifications that effect HuR’s localization take place in 

the HuR nucleocytoplasmic shuttling sequence (HNS) between HuR’s second and third 

RRM domain (Figure 2). This nucleocytoplasmic shuttling sequence and RRM3 are 

generally considered to be the most critical portions of the protein necessary for these 

interactions that dictate its localization (Doller, Schlepckow, Schwalbe, Pfeilschifter, & 

Eberhardt, 2010). For an extensive review on HuR post-translational modifications, please 

refer to: “Post-translational control of HuR function” (Grammatikakis et al., 2017).

As these post-translational modifications of HuR can impact cellular localization, targeting 

translocation becomes a complex process. This complexity causes inhibitors of HuR’s 

translocation to only be effective in certain situations and/or in specific cell lines. For 

instance, data from the Gorospe laboratory has shown in CRC cells that activation of AMPK 

causes the activation of importin-α1 leading to HuR’s nuclear re-uptake from the cytoplasm 

(W. Wang et al., 2002; W. Wang et al., 2004). Similar results were seen in C2Cl2 (mouse 

muscle cells) where AMPK activation with AICAR , an adenosine monophosphate analogue 

that is a strong activator of AMPK, caused a nuclear retention of HuR and inhibition of 

function (Di Marco et al., 2005). However, work in HepG2 cells (human liver carcinoma) 

demonstrated that treatment with AICAR can increase LDLR in an HuR-dependent manner. 

This HuR-dependent increase in LDLR implies that cytoplasmic localization of HuR was 

occurring through AICAR treatment (Yashiro, Nanmoku, Shimizu, Inoue, & Sato, 2013). It 

has also been demonstrated that in ARPE-19 (human retina) cells, AICAR treatment 

promoted HuR’s cytoplasmic translocation (Viiri et al., 2013). The distinct differences 

observed between these studies indicate that intrinsic differences in cell type and signaling 

may be a major factor when testing potential translocation inhibitors in multiple settings.

Small Molecule Inhibitors of HuR Translocation

Many different potential inhibitors of HuR translocation have been tested in vitro (Table 1). 

One of the first HuR inhibitors to be identified and characterized in vitro and in vivo is 

MS-444 (Blanco, Preet, et al., 2016). MS-444 was initially discovered as an inhibitor of 

myosin light chain kinase and was derived from the bacteria micromonospora (Nakanishi, 

Chiba, Yano, Kawamoto, & Matsuda, 1995). It was later found that MS-444, along with 

dehydromuctactin and okicenone, function as inhibitors through binding to HuR and 

impacting dimerization, which is necessary prior to subcellular trafficking (Meisner et al., 

2007). MS-444 has been demonstrated to impact cancer growth in models of CRC, PDAC, 

and glioma, along with inhibiting HuR cytoplasmic translocation (Blanco, Preet, et al., 2016; 

Lang et al., 2017; Romeo et al., 2016; J. Wang, Hjelmeland, Nabors, & King, 2019). While 
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MS-444 was not used in combination in vivo, it was found to significantly enhance 

sensitivity to PARP inhibitors, oxaliplatin, 5-Fluorouracil and sTRAIL in vitro (Blanco, 

Jimbo, et al., 2016; Chand et al., 2017; Romeo et al., 2016).

Another example of a HuR translocation inhibitor is the FDA-approved pyrvinium pamoate, 

which is currently approved to treat enterobiasis (pin worms). Pyrvinium has been shown to 

act as an HuR translocation inhibitor through indirect mechanisms instead of direct binding 

(Guo et al., 2016). Pyrvinium pamoate has been shown to work through both the activation 

of the AMPK pathway, and also through activating CDK1 leading to nuclear retention of 

HuR (Guo et al., 2016) through CDK1 dependent phosphorylation of HuR at Ser202. In vivo, 

pyrvinium pamoate was shown to inhibit the cytoplasmic accumulation of HuR and 

significantly increased the effectiveness of cisplatin in a bladder cancer xenograft model 

(Guo et al., 2016). These HuR inhibitor-based studies demonstrate the significance of 

cytoplasmic localization in HuR’s tumor-promoting activity and provide the framework for 

further validation to determine if translocation inhibitors may be effective as a single agent 

therapy and for sensitizing cells to further insults.

Inhibiting HuR Target Binding

HuR binds target mRNAs by recognizing adenine and uridine rich elements (AREs), 

generally in the 3’UTR of target mRNA. AREs are typically 50-150 nucleotide motifs and 

are classified into three major groups. Class I AREs have one to three of the ARE 

characteristic pentameric nucleotide sequence AUUUA scattered throughout this 50-150 bp 

region. Class II AREs contain several (generally 5 - 8) of these pentameric sequences with 

several overlapping AREs, while Class III AREs have long U rich stretches (C. Y. Chen & 

Shyu, 1995; C. Y. Chen, Xu, & Shyu, 2002). HuR can bind these different classes of AREs 

with a preference for U rich sequences, the top motif described as HUUUUHW (Bhandare, 

Goldberg, & Dowell, 2017). Inhibitors of HuR mRNA target binding have been identified 

using high-throughput approaches, utilizing purified HuR protein and a target mRNA that 

bears a fluorescent label. The binding of HuR protein and the fluorescently labeled mRNA 

can be screening for compounds that block mRNA target binding to HuR through changes in 

fluorescent polarization. While this is a useful screening approach, limitations exist in that 

these screens are performed outside of cells and typically against only one HuR-ARE target 

at a time. Subsequent validation of “hit” compounds require cell based assays in order to 

take into account the interactions of HuR with other mRNA stability factors, such as other 

RBPs, microRNAs, and long non-coding RNAs.

Identified Small Molecule Inhibitors of HuR (Target RNA binding inhibition)

As we described previously, target binding inhibitors can be used to inhibit HuR’s ability to 

bind target mRNAs. CMLD-2 is an example of an HuR target binding inhibitor that has been 

tested in vitro in colorectal, lung, and pancreatic cancer cells (Table 1). CMLD-2 was 

identified using a fluorescently labeled 16 nucleotide RNA sequence containing the binding 

site for the established HuR target Msi1 through library screening of 6000 compounds, and 

validated using cell-based assays (Wu et al., 2015). Other compounds found to inhibit HuR 

mRNA target binding also include AZA-9 (Kaur et al., 2017), quercetin (Chae et al., 2009), 
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b-40 (Chae et al., 2009), and b-41 (Chae et al., 2009). It should be noted that some of these 

compounds have been utilized in combination with other drugs, suggesting that inhibition of 

HuR may be a contributing factor to the efficacy of these combinational studies.

One of the few HuR target binding inhibitors tested in vivo is 15,16-Dihydrotanshinone I 

(DHTS), which was shown to be effective at reducing tumor volume in a colorectal cancer 

xenograft model (P. Lal et al., 2017). Using DHTS-treated HeLa cells, transcript levels of 

HuR target mRNAs were reduced as expected, but some target transcript levels 

paradoxically increased. Accordingly, HuR ribonucleoprotein immunoprecipitation assays 

revealed that DHTS did not uniformly inhibit HuR binding to target mRNAs. DHTS was 

found to cause a shift from binding targets with lower affinities, to binding a smaller subset 

of mRNA that had higher affinities for HuR (P. Lal et al., 2017). While DHTS demonstrated 

HuR specificity, it may be RNA context-dependent and DHTS may cause an increase or 

decrease in HuR’s ability to bind specific target mRNAs. This may prove to be of 

importance if specific targets modulate stress responses (i.e. oxaliplatin resistance), and 

DHTS could be expected to either synergize with or antagonize oxaliplatin treatment.

Targeting HuR via silencing its expression

Genetic inhibition of HuR expression using knockdown (i.e. shRNA, siRNA) and knock out 

(i.e. CRISPR/Cas9) approaches have demonstrated feasibility for inhibiting cancer cell and 

tumor growth both in vitro and in vivo (Chand et al., 2017; Danilin et al., 2010; Filippova et 

al., 2011; Giammanco et al., 2014; P. Lal et al., 2017; H. Wang et al., 2018; Zarei et al., 

2017), but a clinically viable method for inhibiting HuR expression has not been fully 

realized. One method for delivering HuR-specific siRNAs that has been demonstrated in 
vitro, takes advantage of extracellular vesicles which are naturally produced by cells. By 

conjugating siRNA with cholesterol as a means to efficiently load siRNAs into extracellular 

vesicles, silencing of HuR was observed in treated cell cultures (O’Loughlin et al., 2017). 

Another method for delivering siRNA-targeting HuR was developed with the goal to help 

treat diabetic retinopathy. Diabetic retinopathy progression is facilitated by HuR’s 

stabilization and increased translation of VEGF mRNA (Amadio et al., 2010; Yam & Kwok, 

2007). Cationic liposomes (lipoplexes) complexed with siRNAs targeting HuR were able to 

decrease HuR protein expression after direct injection into the retina of rats with diabetic 

retinopathy. While downregulation of HuR expression was limited, a significant decrease in 

VEGF and retinal thickness was observed with lipoplex treatment (Amadio et al., 2016). 

Importantly, control naked siRNA injected into the retina produced similar results and were 

able to reduce of HuR and VEGF expression, undermining the potential efficacy of the 

lipoplexes at delivering siRNA, particularly if they are used in a systemic setting.

Another method utilized to systemically deliver siRNA oligonucleotides against HuR 

mRNA to cancer cells utilizes DNA dendrimer (i.e. 3DNA®) nanocarriers (Huang et al., 

2016). These particles are made from building blocks of double stranded DNA containing 2 

free non-complementary arms at each end of each chain. These monomers can be built upon 

each other in a stepwise fashion, with cross-linking after each round of addition. Targeting 

moieties can be attached to the free ends of the nanoparticle to achieve more selective 

targeting. As folic acid receptors are frequently up-regulated in cancer cells, 3DNA® 
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nanoparticles can be coated with a folic acid moiety. Additionally, other drugs or 

deliverables such as siRNAs can be attached; the siRNA for these nanoparticles is not 

encapsulated, and is chemically modified for protection prior to delivery in vivo. Using this 

approach, in vivo treatment with 3DNA® nanoparticles containing a folic acid targeting 

moiety and modified siHuR oligos significantly reduced ascites development in an ovarian 

cancer model, along with extending the life of treated mice by 1.5 fold as compared to the 

control treated animals (Huang et al., 2016).

Liposome-based nanoparticles utilizing DOTAP:cholesterol as siRNA delivery agents have 

shown positive results in lung cancer cell models (Muralidharan et al., 2016). These 

nanoparticles are formed with a lipid bilayer of DOTAP (a cationic lipid) stabilized by small 

amounts of cholesterol. The positive charge of DOTAP allows these nanoparticles to stably 

interact with negatively charged siRNA oligonucleotides. A benefit of this approach is that 

the siRNA is encapsulated within the lipid bilayer and is protected from degradation. These 

nanoparticles also contained folic acid on the surface attached by short PEG linkers, which 

allowed for receptor-mediated endocytosis and subsequent silencing of HuR in folic acid 

receptor over-expressing cancer cells in vitro (Muralidharan et al., 2016). The folic acid-

targeted DOTAP:cholesterol was not used in vivo, however modifications of the 

DOTAP:cholesterol particle to target HuR in transferrin receptor (CD71) expressing cells 

has been tested in a lung cancer model in vivo (Muralidharan, Babu, et al., 2017). Delivered 

using either intertumoral or intravenous injections, these CD71-targeted nanoparticles led to 

a decrease in lung cancer tumor size and an inhibition of metastatic growth (Muralidharan, 

Babu, et al., 2017).

As a means to target HuR in combination with chemotherapy, nanoparticles comprised of 

poly amidoamine (PAMAM) were used to deliver both siHuR and cisplatin (Amreddy et al., 

2018). While the efficacy of this approach was demonstrated in in vitro models, its 

feasibility in vivo has not been established. With regard to systemic in vivo siRNA delivery 

using the 3DNA® and DOTAP:cholesterol nanoparticles, both were shown to be well 

tolerated and effective(Huang et al., 2016; Muralidharan, Babu, et al., 2017). Currently, there 

are no reports utilizing nanoparticles against HuR in combination with other therapeutics in 
vivo, and further development of these reagents in combination with conventional 

chemotherapeutic drugs will be needed for advancing this type of HuR-targeting approach.

Challenges and Potential Limitations for targeting HuR

There are many opportunities to target HuR through the array of factors that modulate its 

activity. Small molecules inhibiting HuR’s translocation and/or ability to bind target mRNAs 

have been the most well studied to date, with nanoparticle delivery of siRNA to silence of 

HuR expression only recently being developed (Figure 1). As each type of targeting strategy 

requires its own method of validation and testing, further studies are needed to confirm the 

mechanism of action and identify potential on- and off-target effects. With the field moving 

forward, validating these strategies in altering a disease phenotype will become a critical 

component. Aspects to consider when testing pre-clinical in vivo models can incorporate 

assays that examine: i) In vivo confirmation of nuclear HuR retention in tissues for HuR 

translocation inhibitors; ii) Tissue-specific confirmation of HuR knockdown using siHuR 
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delivery approaches; iii) Conformation of disruption of HuR:RNA interaction using HuR 

target mRNA binding inhibitors; and iv) Evaluation of changes in HuR-target and global 

gene expression to demonstrate the downstream effects of targeting an RBP such as HuR.

While the targeting approaches described herein offer distinct advantages, each has its 

unique challenges and limitations. Targeting HuR translocation may be only impactful under 

specific scenarios given the number of cellular effectors that govern HuR’s localization, and 

that an incomplete inhibition could lead to a decrease in efficacy. Of note, targeting HuR 

molecular interactions (i.e. HuR dimerization), may prove to be beneficial as this mode of 

targeting could impact HuR translocation in all settings. Current high-throughput methods 

for identifying inhibitors that disrupt RNA binding have demonstrated success. However, 

this biochemical approach can yield false positive results through their interaction with 

target RNA and masking the HuR binding site or by stabilizing inhibitory RNA secondary 

structure (Meisner et al., 2004). As there are over a thousand RBPs (Gerstberger, Hafner, & 

Tuschl, 2014) with a high degree of homology between their conserved RRM domains, 

efforts to demonstrate HuR specificity are warranted. These RRM domains do however 

appear to have a large degree of variability both in target sequence, target structure, and 

protein structure (Maris, Dominguez, & Allain, 2005), and so this may not prove to be a 

significant hurdle. Nanoparticle delivery of siRNA offers a direct targeted approach, 

however tissue targeting and effective systemic delivery of siRNA-containing nanoparticles 

need further validation for clinical utility. Further advances in the nanoparticle delivery field, 

including exploring other potential methods for siRNA delivery such as using siRNA 

conjugated to ligands (i.e. small peptides) (Gandioso et al., 2017) and siRNA antibody 

conjugates (Tushir-Singh, 2017) are viable options to nanoparticle based delivery.

With any novel therapeutic approach lies the potential for off-target effects and toxicity. 

Based on HuR's ubiquitous expression pattern and necessity in early development, systemic 

inhibition of HuR could be detrimental. HuR has been shown to be critical for survival with 

knockout mice dying within ten days due to loss of progenitor cells, particularly those of 

myeloid and intestinal lineage (Ghosh et al., 2009). This, while concerning, is not 

uncommon as most chemotherapeutics that target rapidly dividing cells exhibit some levels 

of intestinal or myeloid toxicity (Boussios, Pentheroudakis, Katsanos, & Pavlidis, 2012; 

Kurtin, 2012). When examining potential HuR inhibitor toxicity, dosage may be an 

important parameter, since heterozygous loss of HuR displayed no harmful effects in mice, 

although HuR+/− mice did show increased sensitivity to whole body radiation induced 

toxicities with ~20 - 50% decrease in hematopoietic cell counts (Ghosh et al., 2009). In light 

of this, small molecule inhibitors of translocation may be less likely to cause toxicity, as they 

may not inhibit nuclear functions of HuR. Similarly, tissue-specific nanoparticle delivery of 

siRNAs targeting HuR may be able to selectively target tumor sites as opposed to normal 

tissue and circumvent the potential off-target toxicities of silencing HuR.

Concluding Remarks and Perspectives

Based on recent literature, HuR has been established as a novel post-transcriptional target in 

many cancer types and HuR inhibition may be more efficacious in combination with other 

agents. Targeting HuR to sensitize cancer cells to certain therapeutics is logical when one 
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applies the basics of HuR biology. HuR activation can be thought of as a direct response to 

acute stressors, allowing for a quick and coordinated shift towards the cell having a pro-

survival transcriptome. Inhibiting HuR thus allows other therapeutic agents to work virtually 

unopposed until other methods of transcriptional regulation (transcription factors etc.) can 

come in to play. Unsurprisingly, as a critical “first-responder” of sorts for a variety of 

therapeutics, inhibiting HuR has been shown to cause a dramatic sensitization to numerous 

different chemotherapeutics in many cancer types.

Bearing in mind that HuR inhibitors can be thought of as a critical sensitizing agent, the first 

clinical trials to determine clinical efficacy of HuR inhibitors most likely will include other 

agents. Realistically, nanoparticle-based methods of targeting HuR have more hurdles to go 

through prior to making it to the clinic, and so the first combination clinical trial will likely 

be utilizing a small molecule inhibitor of HuR in combination with another conventional 

therapeutic. Numerous studies have demonstrated the increased efficacy of platinum-based 

drugs (i.e. oxaliplatin and cisplatin) upon HuR inhibition (Amreddy et al., 2018; Blanco, 

Jimbo, et al., 2016; Guo et al., 2016). As platinum-based regimens are commonly used in 

many cancer types, a combination trial with a platinum-based therapy as the backbone may 

be the most appropriate, efficacious and fastest accruing trial to initiate.

HuR is likely to be the first RBP to be targeted clinically, either with innovative small 

molecules, or as one of many new targets made accessible with therapeutic siRNA delivery. 

The clinical inhibition of HuR is poised to be a potential breakthrough not only for cancer 

treatment, but also to help the biomedical field realize that RBPs as a gene regulatory class 

of proteins are not only therapeutically important, but also targetable. With notable 

investigations of targeting HuR ongoing, the clinical realization of a HuR inhibitor now 

seems not only likely but also inevitable, and has the potential to change the face of 

oncology.
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Figure 1. Timeline of HuR discoveries, and discoveries specifically targeting HuR’s role in 
cancer:
HuR was first cloned in 1996, however it has only been in the last decade that HuR has been 

more widely accepted as an important target in cancer. This chart details the total number of 

publications focused on HuR, and relevant discoveries relating to targeting HuR in cancer.
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Figure 2. Structure and Function of HuR.
The crystal structure of RRMs 1 and 2 bound to RNA has been determined, as has that of 

two RRM3 (as could potentially be observed with an HuR dimer) moieties bound to RNA. 

While the crystal structure of the hinge region and thus the HNS has not been determined, 

studies have confirmed the overall importance of post-translational modifications in this 

region governing the localization of HuR between the cytoplasm and the nucleus.
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Figure 3. HuR as a sensitizer.
HuR inhibition has been used as a successful means to sensitize cancer calls. Standard of 

care chemotherapeutics cause damage which activates HuR causing a rapid response and 

stabilization of pro-survival mRNA. This leads to cell survival and chemotherapeutics 

resistance. Inhibition of HuR in response to DNA damaging agents can be accomplished 

through either inhibition of HuR expression (here shown with siRNA carrying 

nanoparticles), HuR translocation (here shown with pyrvinium), or target binding (here 

shown with DHTS), all of which would in this case lead to the loss of regulation of targets 

such as PIM1 or CDC6 and enhanced cell sensitivity.
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Figure 4. Methods of Targeting HuR:
HuR is commonly targeted in one of three ways. 1) Targeting HuR’s expression levels, 2) 

translocation, and 3) target mRNA binding. There are various potential therapeutics that 

target HuR at each one of these 3 steps. Overall, the inhibition of HuR leads to an inhibition 

of the tumorigenic pathways that HuR promotes.
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Table 1
Small Molecule HuR Inhibitors:

Small molecules that have been identified as inhibitors of HuR in vitro and in vivo. These drugs are 

categorized by their mechanism of action, and whether they have been utilized in vitro, in vivo or both.

Published HuR inhibitors Mechanism of action IC50 (in vitro)* Status Reference

MS-444 HuR translocation 2.1-40.7 μM In vitro/ in vivo (Blanco, Jimbo, et al., 2016; 
Blanco, Preet, et al., 2016; 
Meisner et al., 2007)

Pyrvinium Pamoate HuR translocation 1.093 μM In vitro/ in vivo (Guo et al., 2016)

Cryptotanshinone HuR translocation 6.0 μM In vitro/ in vivo (Z. Zhu et al., 2016)

MPT0B098 HuR translocation 0.08 - 0.51 μM In vitro/ in vivo (Cheng et al., 2013)

Dehydromutactin HuR translocation 39.0 - 130.0 μM In vitro only (Meisner et al., 2007)

Okicenone HuR translocation 0.53 - 2.9 μg/ml In vitro only (Meisner et al., 2007)

SP600125 HuR translocation 0.12 - 16.0 μM In vitro/ in vivo (Hostetter et al., 2008)

5-aza 2’ deoxycytidine / 
trichostatin A

HuR translocation 0.1 uM - 0.5 uM In vitro/ in vivo (Hostetter et al., 2008)

N-Benzylcantharidinamide HuR translocation 50.0 - 100.0 μM In vitro only (Lee et al., 2014)

Triptolide HuR translocation 0.01 - 0.03 μM In vitro/ in vivo (L. Sun et al., 2011)

Leptomycin B HuR translocation 0.01 μM In vitro/ in vivo (Mutka et al., 2009)

Selinexor HuR translocation 0.12 - 0.22 μM In vitro/ in vivo (Hing et al., 2015)

Latrunculin A HuR trafficking 0.33 - 0.76 μM In vitro/ in vivo (Doller et al., 2015)

Blebbistatin HuR trafficking 0.43 - 22.8 μM In vitro/ in vivo (Doller et al., 2015)

CMLD2 HuR target mRNA binding 
inhibition

25.9 - 28.8 μM In vitro only (Muralidharan, Mehta, et al., 
2017)

AZA-9 HuR target mRNA binding 
inhibition

51.9 - 67.6 μM In vitro only (Kaur et al., 2017)

15,16-dihydrotanshinone-I 
(DHTS)

HuR target mRNA binding 
inhibition

0.84 - 1.2 μM In vitro/ in vivo (D’Agostino et al., 2015; P. Lal et 
al., 2017)

Quercetin HuR target mRNA binding 
inhibition

5.78 - 31.04 μg/ml In vitro/ in vivo (Chae et al., 2009)

B-40 HuR target mRNA binding 
inhibition

0.38 μM In vitro only (Chae et al., 2009)

B-41 HuR target mRNA binding 
inhibition

6.21 μM In vitro only (Chae et al., 2009)

Tanshinone II HuR target mRNA binding 
inhibition

4.0 μM In vitro only (D’Agostino et al., 2015)

Cetylpyridinium choride HuR target mRNA binding 
inhibition

0.8-2.1 μg/ml In vitro only (D’Agostino, Adami, & 
Provenzani, 2013)

Mitoxantrone HuR target mRNA binding 
inhibition

0.01 - 1.13 μM In vitro/ in vivo (D’Agostino et al., 2013)

Suramin HuR target mRNA binding 
inhibition

732 μM In vitro/in vivo (Kakuguchi et al., 2018)

NSC# 5836 HuR target mRNA binding 
inhibition

14.7 μM In vitro (Z. Wang, Bhattacharya, & 
Ivanov, 2015)

NSC# 7572 HuR target mRNA binding 
inhibition

41.0 μM In vitro (Z. Wang et al., 2015)
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Published HuR inhibitors Mechanism of action IC50 (in vitro)* Status Reference

NSC# 44750 HuR target mRNA binding 
inhibition

26.9 μM In vitro (Z. Wang et al., 2015)

NSC# 50648 HuR target mRNA binding 
inhibition

97.4 μM In vitro (Z. Wang et al., 2015)

NSC# 62685 HuR target mRNA binding 
inhibition

16.7 μM In vitro (Z. Wang et al., 2015)

NSC# 84126 HuR target mRNA binding 
inhibition

2.7 μM In vitro (Z. Wang et al., 2015)

NSC# 91438 HuR target mRNA binding 
inhibition

4.6 μM In vitro (Z. Wang et al., 2015)

NSC# 109292 HuR target mRNA binding 
inhibition

44.4 μM In vitro (Z. Wang et al., 2015)

NSC# 123418 HuR target mRNA binding 
inhibition

69.6 μM In vitro (Z. Wang et al., 2015)

NSC# 143491 HuR target mRNA binding 
inhibition

21.7 μM In vitro (Z. Wang et al., 2015)

NSC# 227186 HuR target mRNA binding 
inhibition

41.9 μM In vitro (Z. Wang et al., 2015)

NSC# 651084 HuR target mRNA binding 
inhibition

17.4 μM In vitro (Z. Wang et al., 2015)

KH-3 Unknown Unknown In vitro/in vivo (Green et al., 2019)

*
IC50 values obtained in vitro through HuR binding inhibition and/or inhibition of cell proliferation/viability.
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