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Summary

The human embryonic lethal abnormal visual protein, HuR, belongs to the Hu family of RNA-binding proteins. Over the past two
decades, HuR has been extensively associated with multiple biological characteristics of tumors, including tumor development
and progression, angiogenesis, invasion, migration and prognosis, since this protein regulates the stability of cancer-associated
target mRNAs due to its posttranscriptional regulatory mechanisms. A recent investigation of the multiple functions of HuR has
provided emerging evidence of its role in drug resistance in various tumors. Herein, we demonstrate the roles of HuR proteins in
the development of drug resistance, examine their involvement in various mechanisms, including apoptosis, the ABC transporter
family, the cell cycle and the DNA damage response, and provide insight into ongoing studies for developing therapeutic

strategies aimed at targeting this molecule in tumor cells.
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Introduction

Tumors are diseases that pose a serious threat to human health.
Drug therapy still plays an irreplaceable role in the treatment
of tumors, especially in patients with advanced stage diseases
or those who cannot undergo surgery. However, the emer-
gence of drug resistance has become an important obstacle
affecting therapeutic effects. Even the development of multi-
drug resistance (MDR) greatly limits the efficacy of agents.
Studies have been devoted to finding a safer and more effec-
tive therapeutic scheme for tumors. For example, immuno-
therapy and gene-targeted therapy have become research
hotspots in recent years. However, there is still no safe and
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effective treatment option. In recent years, studies have found
that posttranscriptional regulatory mechanisms play key reg-
ulatory roles in a variety of tumor biological properties (in-
cluding drug resistance). Among the most important mole-
cules are human antigen R and miRNAs. Tumor-targeted
treatment strategies for related molecules are expected to be
a secure and efficient treatment.

Human embryonic lethal abnormal visual-like protein,
HuR, is a member of the Hu family of RNA-binding proteins.
This molecule, first described in tumors nearly two decades
ago, has received much attention in tumor-related research in
recent years because it regulates the expression of various
tumor-associated molecules through posttranscriptional regu-
lation, which conversely affects the biological characteristics
of tumors. In recent years, studies have demonstrated that
HuR is associated with tumor drug resistance, suggesting that
HuR may be a novel target for tumor therapy and a marker for
therapeutic response and prognosis assessment. Emerging ev-
idence has demonstrated that HuR is associated with drug
resistance in multiple tumors, including pancreatic cancer, co-
lorectal cancer, prostate cancer, lung cancer, breast cancer,
bladder cancer, glioma, oral cancer and ovarian cancer.
Thus, therapeutic strategies targeting this small molecule
may set a new chapter in the treatment of cancers. This review
will discuss the various mechanisms of the role of HuR in
drug resistance and explore the application prospects of
targeted therapeutic strategies.
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Expression of HuR in tumors

Human antigen R (HuR) is a member of the ELAV family of
RNA-binding proteins. HuR is extensively expressed in the
cytoplasm of multiple tumors compared with other ELAV
family members (HuB, HuC, and HuD), which are exclusive-
ly expressed in neuronal tissues [1]. In the resting state, HuR is
predominantly located in the nucleus. Under various stimulat-
ing factors, HuR can recognize and bind to tumor-associated
mRNAs that are enriched with adenine/uridine (AU) or uri-
dine (U) elements through three typical RNA recognition mo-
tifs (RRMs), and the HuR-mRNA complex is then transferred
to the cytoplasm to exert its function of stabilizing the target
mRNA and regulating translation (Fig. 1) [2]. The cellular and
subcellular localization of HuR may be the basis for reg-
ulating the biological properties of tumors. Scholars have
confirmed that the mRNA stabilizing function of HuR is
essential for cancer development, although the mecha-
nisms by which HuR mediates cancer progression have
not been fully elucidated.

Although HuR plays a crucial role in the posttranscription-
al regulation of many transcripts, the regulation of its own
function and expression remains obscure. For example, HuR
has been shown to be stabilized by NEDDylation mediated by
the murine double minute 2 (Mdm2) protein [3]. Sousa et al.
[4] found that treatment of ovarian cancer cells with the
NEDDylation inhibitor MLN4924 can inhibit the
NEDDylation process of HuR and overcome the drug resis-
tance of ovarian cancer cells to carboplatin. In addition, HuR
mRNA can be regulated by Smad, TTP, RNPC1, Mdm2, pp32
and Hsfl [5-8]. Interestingly, studies have consistently shown
that HuR plays a significant role in stabilizing target mRNA.
However, Winkler et al. [9] found that HuR can bind to the
caspase-2-5' untranslated region (UTR) and negatively regu-
late mRNA and inhibit the protein level of caspase-2, leading
us to consider another class of molecules that bind to the 5’
untranslated region (UTR) or 3°’UTR of target mRNA,

mRNA stability

MDR relatied proteins

Fig. 1 HuR is localized in the nucleus of resting cells. Under
chemotherapy drug stimulation, HuR binds to mRNAs and is then
transported to the cytoplasm. Once HuR is localized in the cytoplasm, it
stabilizes the mRNA message and promotes the expression of MDR-
related proteins

@ Springer

namely, miRNAs, which inhibit the degradation or translation
of target mRNAs and thus negatively regulate the expression
of cancer-related molecules [10]. Whether the stability of
mRNA is increased or decreased may depend on the binding
strength of HuR and miRNA to the target mRNA [11-13]. In
addition, miRNAs can also interact with specific sites in the
3’UTR and 5’UTR of HuR mRNA. Notably, HuR regulates
the expression of many molecules through different posttran-
scriptional mechanisms, including mRNA trafficking, mRNA
decay and protein translation.

HuR and tumor drug resistance

Drug therapy plays an irreplaceable role in the treatment of
cancers. However, the emergence of drug resistance is the
most relevant obstacle in treatment efficacy. Accumulating
studies have explored specific mechanisms to overcome this
phenomenon. In recent years, HuR has been widely studied in
terms of drug resistance. In pancreatic cancer, Aldona
Jakstaite et al. [14] found that HuR silencing can promote
the sensitivity of pancreatic cancer cells to gemcitabine
(GEM). Similarly, Blanco et al. [15] found that the inhibition
of HuR homodimerization and its cytoplasmic translocation
by the HuR inhibitor MS-444 can significantly enhance the
sensitivity of PDA cells to oxaliplatin and 5-fluorouracil under
physiological hypoxic conditions. Romeo et al. [16] also
showed that the treatment of PDA cells with the HuR inhibitor
(MS-444) enhanced TRAIL sensitivity. However, Costantino
et al. [17] found that HuR enhances the sensitivity of tumor
cells to gemcitabine by stabilizing the mRNA of
deoxycytidine kinase, a key metabolic enzyme involved in
gemcitabine activity. We speculate that the function of HuR
may be attributed to the regulation of different types of cancer-
related proteins. In addition, in numerous tumors, such as
prostate cancer, breast cancer, lung cancer, colorectal cancer,
oral cancer, bladder cancer and glioma, recent studies have
shown that the differential expression of HuR was associated
with chemoresistance in tumors (Table 1). In conclusion, over-
expression of HuR mediates the development of multidrug
resistance in tumors, and HuR is expected to be a target for
drug therapy and reverse multidrug resistance.

HuR-mediated pathways in drug resistance
Regulation of the ABC transporter family

The ATP-binding cassette transporter superfamily belongs to a
family of transporter genes that utilize ATP hydrolysis for
energy, and approximately 48 ABC transporters have been
associated with drug resistance [18], the most important of
which include P-glycoprotein (P-gp) (encoded by ABCB1),
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breast cancer resistant protein (BCRP) (encoded by ABCG 2)
and multidrug resistance protein (MRP) (encoded by ABCC
family) [19, 20]. The expression level of ABC transporters is
generally higher in drug-resistant cells, and these proteins ex-
ert protective and excretory functions by expelling drugs from
cells [21]. Therefore, it is easy to understand that the overex-
pression of ABC transporters plays a significant role in the
development of MDR. A recent study showed that HuR reg-
ulates the expression of ABC transporters in tumors, which
may provide new clues for HuR in regulating the mechanisms
of MDR (Fig. 2).

For instance, Kenneth et al. [22] showed that compared
with adjacent normal tissues, the tumor tissues from colorectal
cancer patients who did not respond to 5-FU-based chemo-
therapy had a higher level of ABCG2. The high expression of
ABCG2 in tumors is associated with the overexpression of
HuR and low expression of miR-519¢ because miR-519c tar-
gets both ABCG2 and HuR. Furthermore, the overexpression
of ABCG2 was caused by the interaction of miR-519¢, HuR
and the 3’ untranslated region (UTR) of ABCG2. Thus, miR-
519c and HuR may also be potential drug targets that modu-
late ABCG2 against resistance in CRC chemotherapy (Fig. 3).
Liu et al. [23] found that in prostate cancer, there is a down-
regulation of miR-133b and an upregulation of HuR. miR-
133b can target and inhibit the expression of HuR. The ectopic
expression of miR-133b and knockdown of HuR can inhibit
cell viability and promote DTX-induced apoptosis in DTX-
treated prostate cancer cells, whereas the overexpression of
HuR reverses this effect. In addition, both miR-133b and
HuR can target the ATP binding cassette (ABC) subfamily
G member 2 (ABCG2), and the overexpression of HuR par-
tially eliminates the inhibitory effect of miR-133b on ABCG2
expression. In conclusion, the posttranscriptional regulation of
HuR by miR-133b enhances DTX cytotoxicity by inhibiting
ABCGQG2, revealing a novel miR-133b / HuR / ABCG2 regu-
latory pathway to reverse chemotherapy resistance in prostate
cancer. In addition, we found that multiple miRNAs are asso-
ciated with chemoresistance in prostate cancer, including

Fig. 2 HuR regulates drug
resistance in tumor cells through
various cellular processes. The
upregulation of HuR regulates

/ // \\7\\

miRNA-
519¢

Fig. 3 In colorectal cancer cells, the expression of miR-519c¢ is decreased
and the expression of HuR is increased. Both molecules promote the
expression of ABCG2, thus regulating drug resistance in colorectal
cancer

miR-205 [24, 25], miR-31, miR-212 [26], miR-200c [27],
miR-21 [28], miR-34a [29, 30], miR-181a [31], miR-195
[32], miR-130a [33], miR-143 [34], miR-148a [35], miR-
199 [36], miR-375 [37], miR-155 [38], miR-133b, and miR-
204 [39]. The relationship between the above miRNAs and
HuR has not been fully elucidated. We speculate that the
miRNA/HuR/target gene regulatory axis plays an important
role in tumor chemoresistance. Furthermore, Lin et al. [40]
found that in colorectal cancer, HuR knockdown enhanced
Epi-induced apoptosis by decreasing the cellular mRNA
levels of MDR1, MRP1 and MRP2. We can conclude that
HuR-mediated posttranscriptional regulation and its own reg-
ulatory mechanisms play a crucial role in tumor resistance
associated with the ABC transporter family.

Regulation of cell apoptosis

Apoptosis is one of the most important mechanisms by which
multicellular organisms respond to environmental changes
and maintain tissue homeostasis [41, 42]. Therefore, any dis-
turbances in apoptotic mechanisms will have serious conse-
quences. The inactivation or deficiency of apoptotic ability is
a key factor in the development of cancer. Apoptosis is con-
trolled by two closely related signaling pathways: the intrinsic
pathway, which responds to DNA damage in cells, and the
extrinsic pathway, whose extracellular signal is mainly

/ e N
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derived from toxic cells of the immune system [43]. These
two approaches have considerable cross-talk and can be
performed simultaneously. Members of the Bcl-2 family
are activated in the intrinsic pathway to play a central role
in response to DNA damage and p53 activity. There are
three different Bcl-2 subfamilies [44, 45],, including anti-
apoptotic proteins (Bcl-2, Bcl-XL, Mcl-1, Bcel-w), pro-
apoptotic proteins (Bax, Bak, Bok) and regulatory proteins
(BH3-only protein). The first two groups of proteins with
multiple Bel-2 homology domains (BH) have antagonistic
effects on the regulation of apoptosis. Regulatory proteins,
including Puma, Noxa, Bid, Bad, Bim and Bmf, compris-
ing only a single Bcl-2 homology 3 domain (BH3-only
protein), promote apoptosis by modulating the interaction
of the other two groups. Recent studies have shown that
HuR plays a crucial role in regulating apoptosis and its
relationship with chemoresistance in tumors.

For instance, Lin et al. showed that the knockout of HuR
increases Bax mRNA levels but decreases Bcl-2 mRNA
levels. The combination of siHuR and Epi further amplifies
the mRNA level of Bax and gently reduces Bcl-2 expression
in the colorectal cancer cell line HCT116. These results ex-
plain that HuR knockdown enhanced Epi-induced apoptosis,
but HuR overexpression did not rescue cells from Epi-induced
apoptosis. In addition, Filippova et al. [46] found that HuR
was required for anchorage-independent growth, survival and
chemoresistance (etoposide, cisplatin, and topotecan) in glio-
mas; the mechanisms were partially attributed to the fact that
HuR can bind to the 3’'UTR of Bcl-2 family proteins and
regulate their expression. Gliomas are characterized by the
significant overexpression of the anti-apoptotic Bcl-2 family,
which is associated with poor prognosis and therapeutic resis-
tance [47, 48]. Muralidharan et al. [49] found that treatment of
non-small cell lung cancer cells with CMLD-2 produced dose-
dependent cytotoxicity, causing cell cycle arrest in the G1
phase and apoptosis. As a HuR small molecule inhibitor,
CMLD-2 can decrease the mRNA of HuR and HuR-regulated
proteins (Bcl-2 and p27) in tumor cells. In addition, in
CMLD-2-treated NSCLC cells, the expression of HuR,
Bcl-2, cyclin E and Bcel-XL decreased, accompanied by
the increased expression of Bax and p27. Recently,
Badawi et al. [50] found that the knockdown of HuR sig-
nificantly increased the sensitivity of colon cancer cells to
drugs (doxorubicin and paclitaxel). Functionally, doxoru-
bicin and paclitaxel increased the interaction of cytoplas-
mic HuR with the S'untranslated region (5'UTR) of cas-
pase-2, suggesting the activation of a new HuR-mediated
survival mechanism. Similarly, in prostate cancer, MiR-
34a, HuR and its downstream targets SIRT1 and Bcl-2 play
important roles in the development of paclitaxel resistance,
all molecules can be useful biomarkers and promising ther-
apeutic targets for chemoresistance in hormone-refractory
prostate cancer [51].

@ Springer

Cell cycle and DNA damage response

With advancements in our understanding of the basic mecha-
nisms of tumor-related research, cell cycle physiology, and
apoptotic mechanisms, it is becoming increasingly apparent
that the cell cycle plays a key role in chemosensitivity, espe-
cially combined chemotherapy. The cell cycle is a mechanism
of cell division, which is driven by the CDK protein family
[52]. These kinases are positively regulated by cyclins (A, B,
D, and E) and negatively regulated by CDKIs [53]. For in-
stance, Cdk6 and Cdk4, as key regulators of Rb, interact with
cyclin D isoforms and drive the progression of a cell through
G1 [54, 55]. CDK inhibitors serve as important checkpoints at
various stages of the cell cycle [S6-58]. An important function
of these checkpoints is to prevent damaged DNA from repli-
cating in future daughter cells. These checkpoints act as fail-
safe mechanisms to repair damaged DNA and, if not repaired,
initiate cell death. The most important checkpoints include
p21, p27, and p57. p27 is a G1 checkpoint CDK inhibitor,
and the increased function of p27 regulates drug resistance
by enhancing apoptosis [59]. Recent studies have shown that
HuR participates in the process of cell cycle-related chemo-
therapy resistance in tumors.

Cell cycle checkpoints enable cells to repair DNA in re-
sponse to DNA damage, and defects in the DNA damage
response (DDR) can lead to tumor development [60]. The
DDR network contains several signaling pathways that even-
tually recruit a range of proteins to the DNA damage site. In
normal cells, damaged DNA is usually repaired during the G1/
S checkpoint [61]. However, most cancer cells, including
PDA cells, are defective in the G1/S checkpoint. Therefore,
many cancer cells rely on the G2/M checkpoint to repair dam-
aged DNA. The G2/M checkpoint is predominantly deter-
mined by the posttranslational modification of cyclin-
dependent kinase-1 (CDK1) by the tyrosine kinase WEEI
[62]. WEEI and Mytl phosphorylate CDK1 at tyrosine-15
(Y15) and threonine-14 (T14), causing G2/M arrest during
DNA replication. Lal et al. [63] showed that silencing HuR
sensitized PDA cells to DNA-damaging anticancer agents
(mitomycin C, oxaliplatin, cisplatin, carboplatin, and a
PARP inhibitor). The positive regulation of WEE1 by HuR
increases YH2AX levels, induces Cdk1 phosphorylation and
promotes cell cycle arrest at the G2/M transition, thereby pro-
moting tumor growth. In addition, PARP-1 senses and initiates
DNA damage repair (DDR) through self-modification by co-
valently adding poly(ADP-ribose) (PAR) to itself and
transforming other receptor proteins [64]. PARP inhibitors
are a promising treatment, but most responsive tumors devel-
op drug resistance [65, 66]. Recently, Chand et al. [67] found
that PARPi monotherapy combined with targeted silencing of
HuR significantly reduced tumor growth compared with
PARPi therapy alone. Therefore, the strategy of inhibiting
HuR directly promotes the accumulation of DNA damage.
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In addition, in bladder cancer, Guo et al. [68] showed that
pyrvinium pamoate, a HuR small molecule inhibitor, dra-
matically downregulated several key DNA repair genes by
inhibiting HuR in genotoxically stressed cells, including
DNA ligase IV and BRCA2, leading to genomic instability
and cell death. The combination of this inhibitor with che-
motherapeutic drugs (such as cisplatin, doxorubicin, vin-
cristine and oxaliplatin) not only enhances the cytotoxicity
of bladder cancer cells but also synergistically inhibits the
growth of bladder tumor xenografts derived from mouse
patients. In general, HuR mediates tumor progression and
chemoresistance by targeting multiple DNA damage repair
genes, and the strategy of inhibiting HuR directly promotes
DNA damage accumulation.

Other regulatory signaling pathways

Drug resistance mechanisms in tumors are complex and di-
verse. In addition to the regulatory mechanisms mentioned
above, HuR can also modulate drug resistance through other
novel signaling pathways.

Jakstaite et al. [14] found that in pancreatic cancer, silenc-
ing of HuR significantly enhanced the therapeutic effect of
gemcitabine by inhibiting the expression of cyclooxygenase-
2 (COX-2) and heme oxygenase-1 (HO-1). COX-2 induces
cancer development and progression by producing 15(R)-15-
methyl prostaglandin E2 (mPGE2), which inhibits apoptosis,
promotes cell proliferation, stimulates angiogenesis, and re-
duces the immune response [69]. In addition, Richards et al.
[70] also found that HuR mediates gemcitabine resistance by
targeting cyclooxygenase-2 (COX-2) and vascular endothelial
growth factor (VEGF) in pancreatic cancer. Janakiraman et al.
[71] found that overexpression of COX-2 inhibits the cleavage
of caspase-3 and HuR to promote paclitaxel resistance and
tumor growth in oral cancer. Therefore, the HuR/COX-2 reg-
ulatory pathway plays a crucial role in drug resistance.

HuR and pancreatic cancer chemoresistance have been ex-
tensively studied. Pancreatic ductal adenocarcinoma (PDA) ex-
hibits a high level of hypoxia and is characterized by low oxy-
gen pressure (pO2) and reduced O2 intracellular perfusion.
Chronic hypoxia is strongly associated with chemoresistance,
and this phenomenon is known as hypoxia-induced
chemoresistance. Hypoxia-inducible preoncogenic serine-
threonine kinase PIM1 (proviral integration site of Moloney
murine leukemia virus 1) is a key regulator of hypoxia-
induced chemoresistance in PDA and other cancers [72].
PIM1 drives chemoresistance by phosphorylating and
inactivating key apoptosis and tumor suppressor proteins. The
molecular mechanism of PIM1 overexpression in PDA is close-
ly related to HuR. HuR is mainly expressed in the nucleus of
PDA cells. Under hypoxic stress, HuR translocates to the cyto-
plasm and binds to ARE-rich elements (AREs) in the 38 base
pair region of the 3'-untranslated region of PIM1 mRNA,

resulting in the overexpression of PIM1. The HuR inhibitor
MS-444 eliminates hypoxia-induced PIM1 overexpression by
inhibiting HuR homodimerization and cytoplasmic transloca-
tion and enhances the sensitivity of PDA cells to oxaliplatin and
5-fluorouracil under physiological hypoxia. HuR protects
PDAC:s from hypoxia and nutrient-related stress. Since nutrient
deprivation and chemotherapy induce a surge in reactive oxy-
gen species (ROS), the adaptive mechanisms required for
PDACs to maintain oxidative stress in the microenvironment
may also contribute to chemoresistance. HuR can mediate pan-
creatic cancer chemotherapy resistance by regulating the ex-
pression of isocitrate dehydrogenase 1 (IDH1) under low nutri-
ent conditions [73]. In addition, in pancreatic cancer cells, HuR
stabilizes dCK mRNA and promotes the expression of
deoxycytidine kinase. Deoxycytidine kinase (dCK) is a key
metabolic enzyme that activates GEM by phosphorylation
and produces the active metabolites gemcitabine diphosphate
and triphosphate, thus inhibiting DNA chain elongation and
causing cell death [74]. Additionally, HuR-mediated drug resis-
tance mechanisms may also be associated with autophagy [75]
and EMT processes [76].

HuR may be a new tumor biomarker

The cytoplasmic HuR status of tumors has been shown to
be associated with poor prognostic value in many tumor
types, including pancreatic cancer, colorectal cancer, lung
cancer, gastric cancer, breast cancer and ovarian cancer
[77-81]. In most of the published retrospective studies,
immunohistochemistry was used to evaluate the intracel-
lular expression pattern of HuR in human malignancies.
HuR cytoplasmic expression was associated with poor pa-
tient survival, disease-free survival, metastasis-free surviv-
al or overall survival. In about a previous study on the
relationship between HuR and urinary tumors, we re-
vealed that HuR may be a significant urological tumor
biomarker. Furthermore, in colorectal cancer, Kenneth
et al. found that most CRC samples from nonresponsive
patients to 5-FU-based chemotherapy expressed higher
ABCG2 and HuR but lower miR-519¢. Therefore, miR-
519¢, HuR and ABCG2 may be useful biomarkers for
predicting the patient response to adjuvant chemotherapy.
In pancreatic cancer, Richards et al. showed that cytoplas-
mic HuR expression is a positive predictor of GEM treat-
ment. Costantino et al. also showed that HuR levels in
PDA regulate the therapeutic efficacy of gemcitabine,
serving as a marker of the clinical utility of this conven-
tional chemotherapeutic drug and a potential target for
pancreatic cancer intervention. Studies in multiple tumors
have shown that HuR may be a biomarker of potential
value for diagnosis and prognosis. However, previous re-
views were insufficiently based on retrospective studies.
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Therefore, the validation of HuR as a predictor marker should
be performed in a prospective manner with studies focusing
on clinical trials with advanced or metastatic patients.

Potential role of HuR as a drug treatment
target

The multidrug resistance mechanisms of tumors are complex
and diverse. The exploration of drug resistance mechanisms
has never stopped. In recent years, post-transcriptional regu-
latory mechanisms have played a key role in drug resistance.
HuR, which was first described in tumors nearly two decades
ago, has received much attention in tumor-related research,
and its mediated post-transcriptional regulation mechanism
is closely related to tumor drug resistance. We hypothesized
that the therapeutic effect of targeting HuR is stronger than
targeting a single drug-resistant protein since HuR can target
various drug resistance-related proteins. Currently, there are
two strategies to target HuR, including transfection(siRNA)
and inhibition(small molecules). Knockdown of HuR through
siRNA transfecting inhibits tumors cell migration, invasion,
proliferation, apoptosis and epithelial-mesenchymal transi-
tion process. In bladder cancer, pyrvinium pamoate, as a novel
HuR inhibitor that dose-dependently inhibits cytoplasmic ac-
cumulation of HuR. Combining pyrvinium pamoate with che-
motherapeutic agents not only led to enhanced cytotoxicity
but also synergistically suppressed the growth of patient-
derived bladder tumor xenografts in mouse. Interestingly,
mice bearing primary bladder cancer xenografts did not lose
weight or suffer other significant side effects at tested dosages,
which demonstrating the safety of HuR. In addition, other
HuR inhibitors include MS-444, CMLD-2, DHTS.
However, the concept of targeted therapy still needs further
exploration. For example, How effective and safe is the
targeting of HuR? how long HuR can promote survival ef-
fects? We believe that targeted therapy strategies for HuR will
open a new era in drug treatment.

Conclusion

HuR mediates tumor chemotherapeutic resistance by regulat-
ing the stability of a variety of cancer-associated target
mRNAs and the translation of proteins via post-
transcriptional regulatory mechanisms. Recent genetic studies
have shown that HuR silencing can promote the sensitivity of
tumors to chemotherapeutic drugs. The function of HuR is
also regulated by other molecules. For example, miRNA can
bind to the 3'-UTR of HUR mRNA and regulate the expression
of'this molecule, which can cause the chemotherapy resistance
of tumors. Therefore, understanding the role of HuR in tumor
sensitivity to chemotherapeutic drugs may provide insight to

@ Springer

guide ongoing research of tumor-targeted drugs. However,
large-scale animal model experiments and clinical trials are
needed. In addition to HuR, the embryonic lethal abnormal
vision (ELAV) family proteins found in mammalian cells in-
clude HuB, HuC, and HuD. The characteristics and roles of
several other ELAV proteins have not been fully elucidated.
The research on HuR also provides direction for the study of
other ELAV family proteins.
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