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Abstract. Anaplastic thyroid cancer (ATC) constitutes one of 
the most aggressive types of human solid cancer, and is char-
acterized by the absence of thyroid differentiation features and 
a marked degree of invasiveness. We have previously demon-
strated that the RNA‑binding protein Hu antigen R (HuR) is 
overexpressed in thyroid carcinoma; thus, the biological role 
of this RNA‑binding protein was investigated in the present 
study using the ATC cell lines SW1736 and 8505C. In both 
cell lines, HuR protein levels were higher compared with in the 
non‑tumorigenic thyroid cell line Nthy‑ori‑3.1. HuR silencing 
by RNA interference in both ATC cell lines decreased cell 
viability, increased apoptosis rates and reduced the capability 
to form colonies in soft agar. Thus, HuR plays an important 
role in the proliferation and aggressiveness of ATC cells. The 
histone deacetylase inhibitor suberoylanilide hydroxamic acid 
(SAHA) was able to reduce the viability of ATC cells. The 
results demonstrated that SAHA was able to decrease HuR 
expression in SW1736 and 8505C cells. Furthermore, since it 
is known that the transcription factor nuclear factor (NF)‑κB 
modulates HuR expression, whether SAHA affects the nuclear 
(active) fraction of NF‑κB in ATC cells was investigated. The 
data suggested that SAHA decreases ATC cell viability by 
reducing the active form of NF‑κB, which, in turn, modulates 
HuR expression.

Introduction

In the last years, it was attested that the most important 
eukaryotic mechanisms of gene expression regulation occurs 
at post‑transcriptional level  (1). These mechanisms are 
altered in several diseases, including cancer, and this could 
be due to an aberrant expression and activity of RNA‑binding 
proteins (RBPs) (2,3). These proteins are key regulators of 

post‑transcriptional gene expression and among them, one 
the most known RBP to be implicated in tumorigenesis is 
Hu antigen R (HuR) (4‑6).

HuR is the ubiquitously expressed member of the Hu 
family and it is involved in regulation of mRNA stability and 
translation. HuR is located into the nucleus and, in response 
to stimuli, can shuttle to the cytoplasm to allow its mRNA 
target to be processed. Several studies demonstrated that 
HuR is overexpressed and delocalized in the cytoplasm in 
numerous cancers, including breast cancer, lung adenocar-
cinoma, ovarian cancer, laryngeal squamous cell cancer and 
colon cancer (6,7). Moreover, various mRNA of tumorigenesis 
factors, oncogenes and anti‑apoptotic factors have been identi-
fied as HuR targets (5). In a previous study, we demonstrated 
that HuR is overexpressed also in thyroid cancer (8).

Thyroid cancer is the most widespread endocrine malig-
nancy and although it represent only the 1‑2% of all human 
neoplasms, its incidence is rapidly growing all over the world in 
the last decades (9). In most cases, thyroid carcinomas derived 
from follicular cells and could be classified as differentiated 
carcinomas, that include follicular thyroid cancer (FTC) and 
papillary thyroid cancer (PTC), and undifferentiated carci-
nomas, also named anaplastic thyroid cancer (ATC) (10).

ATC constitute one of the most aggressive and lethal 
human solid tumor and is characterized by an absence of 
thyroid differentiation features, a marked degree of invasive-
ness and extensive necrosis (11). ATC patients have a median 
survival of 5 months and less than 20% survive 12 month. 
Nowadays there are not effective therapies for ATC, since 
surgery, traditional chemotherapies and radiation therapies 
are mostly ineffective and are not able to improve the overall 
survival (10,11). Therefore, innovative approaches for ATC 
treatment are needed.

Materials and methods

Cell lines. Nthy‑ori‑3.1, derived from normal thyroid follicular 
epithelial cells and immortalized by the SV40 large T gene, 
SW1736 and 8505C cell lines, from ATC, were grown in 
RPMI1640 medium (Euro Clone, Milan, Italy) supplemented 
with 10% fetal bovine serum (Gibco Invitrogen, Milan, Italy), 
2 mM L‑glutamine (Euro Clone) and 50 mg/ml gentamicin 
(Gibco Invitrogen). Cultured cells were treated with either 
vehicle (DMSO; Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany) or suberoylanilide hydroxamic acid (SAHA) 
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(Cayman Chemical, Ann Arbor, MI, USA). Cells were 
grown in a humidified incubator (5% CO2 in air at 37˚C) 
(Eppendorf  AG, Hamburg, Germany). All cell lines have 
been validated by short tandem repeat and tested for being 
mycoplasma‑free.

Protein extraction and western blot. Total protein extraction 
was performed harvesting Nthy‑ori‑3.1, SW1736, and 8505C 
cells by scraping and lysing cells with total lysis buffer (Tris 
HCl 50 mM pH8, NaCl 120 mM, EDTA 5 mM, Triton 1%, 
NP40 1%, DTT 1 mM), supplemented with phenyl‑methylsul-
phonyl fluoride and protease inhibitors. Lysates, then, were 
centrifuged at 13,000 x g for 10 min at 4˚C and supernatants 
were quantified by Bradford assay.

For western blot analysis, proteins were electrophoresed 
either on 7.5, 10 or 12% SDS‑PAGE and then transferred to 
nitrocellulose membranes (GE Healthcare, Little Chalfont, 
UK), saturated with 5% non‑fat dry milk in PBS/0.1% 
Tween‑20. The membranes were then incubated overnight 
with rabbit polyclonal anti‑HuR antibody 1:500 (EMD 
Millipore, Billerica, MA, USA), rabbit anti‑PARP antibody 
1:400 (Abcam, Cambridge, UK), rabbit anti‑nuclear factor 
(NF)‑κB antibody 1: 200 (Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA), rabbit anti‑actin antibody 1:1,000 (Abcam) 
or rabbit anti‑LSD1 antibody 1:1,000 (Abcam). The day after, 
membranes were incubated with anti‑rabbit immunoglobulin 
coupled to peroxidase 1:4,000 (Sigma‑Aldrich) for 2 h. Blots 
were developed using UVITEC Alliance LD (UVItec Ltd., 
Cambridge, UK) with the SuperSignal Technology (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA).

HuR silencing. For transient silencing of endogenous HuR in 
SW1736 and 8505c cells, TriFECTa RNAi kit (Integrated DNA 
Technologies Inc., Coralville, IA, USA) was used following 
manufacturer's instructions. A duplex targeting a site absent 
in human genome was used as ‘universal’ negative control. 
Three different siRNA oligonucleotides (siRNA1, siRNA2 
and siRNA3) were transfected at a concentration of 1 nM 
using DharmaFECT 1 Transfection reagent (Thermo Fisher 
Scientific, Inc.), according to manufacturer's instructions. The 
day before transfection, cells were plated in antibiotics‑free 
medium. Cells were harvested 72 h after transfection and 
gene‑silencing efficiency was evaluated by protein levels 
analysis.

Cell viability. In order to test cell viability, we applied the 
methyl thiazolyl tetrazolium assay (MTT) assay. SW1736 and 
8505C cells (3,000 cells/well) were plated onto 96‑well plates 
in 200 µl medium/well and were allowed to attach to the plate 
for 24 h (t0). Plates were then incubated for 24, 48 and 72 h. 
4 mg/ml MTT (Sigma‑Aldrich) was then added to the cell 
medium and cells were cultivated for another 4 h darkened 
in the incubator. The supernatant was removed, 100 µl/well 
of DMSO (Sigma‑Aldrich) were added and the absorbance at 
570 nm was measured. All experiments were run in quadru-
plicate and cell viability was expressed as a fold‑change 
compared to control.

Soft agar assay. SW1736 and 8505C cells clonogenic 
activity after HuR silencing was evaluated by soft agar assay. 

Briefly, after 72 h HuR silencing, cells have been collected 
and 10,000 cells/plate were suspended in 4 ml of complete 
medium containing 0.25% agarose and then seeded to the 
top of a 1% agarose complete medium layer in 6 cm plates. 
The colonies were counted on an inverted microscope 
Leica DMI‑600B (Leica Microsystems Ltd., Heerbrugg, 
Switzerland). Data are representative of three independent 
experiments.

Gene expression assays. 500 ng of total RNA of SW1736 
and 8505C cells, treated with SAHA or vehicle, were reverse 
transcribed to cDNA using random exaprimers and MMLV 
reverse transcriptase (Life Technologies; Thermo Fisher 
Scientific, Inc.). Real‑time PCR was performed using Platinum 
SYBR‑Green qPCR supermix (Life Technologies; Thermo 
Fisher Scientific, Inc.) on the ABI Prism 7300 Sequence 
Detection Systems (Applied Biosystems). The ∆∆Cq method, 
by means of the SDS software (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), was used to calculate mRNA levels. 
Oligonucleotide primers were purchased from Sigma‑Aldrich 
and their sequences are available upon request.

Statistical analysis. All data obtained are expressed as 
means ± standard deviation, and significances were analyzed 
with the Student's t‑test performed with GraphPAD Software 
for Science (San Diego, CA, USA).

Results

Since we had previously demonstrated the in  vivo HuR 
overexpression in thyroid cancer and considering the necessity 
to identify innovative approaches for ATC treatment, in this 
study we focused on the expression and the importance of 
HuR in ATC cells. To this purpose, we evaluated HuR protein 
levels in a normal (Nthy‑ori‑3.1) and in two ATC (SW1736 
and 8505C) cell lines. The Western Blot analysis displayed 
a significant HuR overexpression in both ATC cells (Fig. 1), 
confirming data obtained in vivo (8).

In order to evaluate the importance of HuR and its 
biological effects in ATC cells, we performed an RNA inter-
ference assay. In a first set of experiments, we performed the 
silencing using three different HuR‑specific siRNA (1 nM). 
As shown in Fig. 2A and B, in both SW1736 and 8505C cell 
lines, siRNA 1 and 2 induces a strong HuR silencing, while 
siRNA 3 seems to have no effects on the RBP expression. 
Then, we investigated HuR silencing effects on cell viability, 
apoptosis and clonogenic ability. In both cell lines, 1 nM 
siRNA 1 treatments induce a slight (about 20%), but signifi-
cative cell viability reduction (Fig. 2C). In order to measure 
HuR silencing effects on apoptosis, we performed a Western 
Blot analysis of PARP, a well‑known caspase substrate that 
is specifically cleaved during apoptosis (12). As shown in 
Fig. 2D, siRNA 1 increases apoptosis phenomena compared 
to control, in both SW1736 and 8505C cells. Since mRNA 
of genes involved in cell aggressiveness have been identi-
fied among known HuR‑targets, we investigated the ability 
of SW1736 and 8505C to form colonies in soft agar, after 
HuR‑silencing. We detected a 40% reduction of clonogenic 
ability after siRNA 1 treatments in both SW1736 and 8505c 
cells (Fig. 2E). Therefore, all these data indicate that HuR 
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plays a positive role in cell proliferation and in colonies 
forming ability in ATC‑derived cell lines.

Histone deacetylase (HDAC) inhibitors are an important 
class of anticancer agents. One of the most known HDAC 
inhibitor is the SAHA, that is able to induce cell growth arrest 
and apoptosis in different cancer cell lines (13). In a previously 
study, we have demonstrated how SAHA 3 µM treatment lead 
to decrement of cell viability in the SW1736 cell line (14). 
Besides, Zhang et al have demonstrated that the treatment 
with SAHA induces a reduction of HuR protein expression in 
mouse epidermal JB6 Cl41 cells (15).

For this reason, after confirming SAHA‑related reduction 
cell viability in 8505C cells (data not shown), we focused on 
SAHA effects on HuR protein levels in the two ATC cell lines, 
in order to determine if SAHA effects in ATC is also due to 
HuR downregulation. We evaluated, at different time point, 
whether a 3µM SAHA treatment significantly altered HuR 
mRNA and protein levels in SW1736 and 8505C cells (Fig. 3). 
After 48 h SAHA treatment, a reduction about 60 and 50% of 
HuR mRNA levels has been detected in SW1736 and 8505C, 
respectively (Fig. 3A). Thereafter, HuR protein levels have 
been evaluated after 72 h SAHA 3 µM treatment. As shown 
in Fig. 3B and C, SAHA induces a strong HuR protein levels 
decrease in both cell lines.

To define whether SAHA treatment operate directly on 
HuR transcription or involve other factors implicated in its 
regulation, we evaluated NF‑κB protein levels. Kang et al have 
demonstrated that NF‑κB, binding HuR promoter, directly acti-
vates its transcription to promote tumorigenesis (16). NF‑κB is 
a transcription factor implicated in various aspects of tumor 

biology, such as cell proliferation, survival, angiogenesis, 
invasion, metastasis and drug resistance. Inactivated NF‑κB 
localized in the cytoplasm and complexed with the inhibitory 
protein IκBα while activated NF‑κB is translocated into the 
nucleus where it binds its DNA target sequences (17,18).

In order to evaluate activated NF‑κB levels, we performed 
a Western Blot analysis on ATC cells nuclear fraction, 
treated or not with SAHA. Data obtained show that SAHA 

Figure 1. HuR expression in ATC cell lines. (A) Western blot analysis of HuR 
expression in a non‑tumorigenic thyroid cell lines (Nthy‑ori‑3.1) and in two 
ATC‑derived cell lines (SW1736 and 8505C). (B) Densitometric analysis of 
HuR protein levels in thyroid cell lines. For each cell line, the results were 
normalized against β‑actin levels and expressed in arbitrary unit. Results are 
shown as mean ± standard deviation. *P<0.05 by Student's t‑test.

Figure 2. Biological effects of HuR silencing in ATC cells. (A) SW1736 and 
(B) 8505C cells were transfected with non‑targeting siRNA (CN, negative 
control) or three different siRNA (1, 2 and 3) sequence specific to HuR 
(1 nM) and collected after 72 h treatment. HuR protein levels were analyzed 
by western blot analysis, as described in Materials and methods section. 
For each cell line, the results were normalized against β‑actin levels and 
expressed in arbitrary unit. (C) SW1736 and 8505C cells were transfected to 
either siRNA1 (#1.1) or CN for 72 h and cell viability was analyzed by MTT 
assay. (D) Densitometric analysis of cleaved PARP fraction levels obtained 
with western blot assay in SW1736 and 8505C cells transfected to either 
siRNA1 (#1.1) or CN for 72 h. (E) Histogram representing the number of 
colonies per cell line evaluated by colony formation assay of SW1736 and 
8505C transfected to either siRNA1 (#1.1) or CN for 72 h. Results are shown 
as mean ± standard deviation. *P<0.05 by Student's t‑test.
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administration induces a significative reduction of nuclear 
NF‑κB fraction after 24 and 48 h in both SW1736 and 8505C 
cells (Fig. 4). These results demonstrate that SAHA treatment 
reduces activated NF‑κB levels in ATC cells.

Discussion

HuR is a RNA‑binding protein that plays a major role in 
regulating gene expression  (19) and that can contribute to 
tumorigenesis (4). HuR transcription is positively regulated 

by the NF‑κB or by Smad, while the levels of its mRNA and 
protein are conditioned upon multiple regulation mecha-
nisms (16,19). Several studies indicate that HuR expression and 
localization are modified in different cancer types, including 
thyroid cancer (4,14). ATC, although is a rare thyroid cancer 
histotype, is characterized by a very poor prognosis and a 
complete absence of differentiation markers  (20). Current 
treatments, based on combination of surgery, chemotherapy 
and external radiotherapy, are not effective. Therefore, new 
therapies for ATC are particularly needed.

In order to find new strategies to treat this aggressive 
thyroid cancer subtype, we investigated HuR expression and 
its biological effects in two ATC‑derived cell lines, SW1736 
and 8505C. Therefore, we have demonstrated that HuR is 
overexpressed in ATC cells and that its silencing determine 
cell viability reduction due to an increase in apoptosis 
processes, in both cell lines. Focusing on HuR involvement 
in cell tumorigenicity, we have established that HuR silencing 
reduces ATC cells colony forming ability. In this way, we have 
proved, for the first time, the importance of HuR in ATC cell 
lines in terms of cell viability, cell death and tumor aggressive-
ness. Therefore, HuR could be a possible therapeutic target for 
ATC treatment.

Consequently, in a second experimental setting, we focused 
on substances able to reduce HuR expression in thyroid cancer. 
In particular, SAHA, a HDAC inhibitor already FDA‑approved 
for the treatment of several neoplastic diseases (21), proved to 
induce HuR downregulation in mouse epidermal JB6 Cl41 
cells (15). Moreover, in a previous study, we demonstrated 
SAHA effects on SW1736 cell viability  (14), and in this 
study, these data have been confirmed also in 8505C cells. 
Our data shown that SAHA induces a strong HuR mRNA 
and protein levels reduction, in both ATC cell lines. To better 
understand the mechanism through which SAHA induces 

Figure 4. Effects of SAHA treatment on activated NF‑κB levels in ATC cell 
lines. Densitometric analysis of nuclear NF‑κB protein levels in SW1736 and 
8505C cell lines after DMSO or SAHA 3 µM administration for 24 or 48 h. 
For each cell line, the results were normalized against LSD1 expression and 
expressed in arbitrary unit. Results are shown as mean ± standard deviation. 
*P<0.05 by Student's t‑test.

Figure 3. SAHA effects on HuR expression in ATC cells. (A) Relative expres-
sion levels of HuR mRNA after SAHA 3 µM or DMSO treatment for 48 h. 
RNA extraction and qPCR are described in Materials and method section. 
For each cell line, the results were normalized against β‑actin levels and 
expressed in arbitrary unit, calculated as described in Materials and Methods 
section. (B) Western blot analysis of HuR expression in SW1736 and 8505C 
treated with SAHA 3 µM or DMSO for 72 h. (C) Densitometric analysis of 
HuR protein levels in ATC cell lines treated with SAHA or DMSO. For each 
cell line, the results were normalized against β‑actin levels and expressed in 
arbitrary unit. Results are shown as mean ± standard deviation. *P<0.05 by 
Student's t‑test.
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HuR downregulation, we investigate the effects of this drug on 
NF‑κB, which is the major transcription factor of HuR (16). In 
SW1736 and 8505C cell lines, SAHA treatment determines a 
decrease of activated NF‑κB protein levels. This data corrobo-
rate the idea that SAHA effects on HuR expression are not 
direct, but could be due to its effects of NF‑κB.

In conclusion, our findings indicate, for the first time, that 
the RBP HuR plays an important role in ATC tumorigenesis. 
Moreover, we have demonstrated that the HDAC inhibitor 
SAHA could be used to obtain a HuR downregulation as 
consequences of reduction of NF‑κB activation.
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