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Abstract. Anaplastic thyroid cancer (ATC) is character‑
ized by a rapid and aggressive course of progression. 
Despite significant advances in surgery, radiotherapy and 
chemotherapy, the disease‑specific mortality due to ATC 
is approximately 100%. New strategies, such as molecular 
targeted therapies, are imperative for improving survival. 
Livin, a member of the human inhibitor of apoptosis protein 
family, has been found to be associated with tumor progres‑
sion and poor prognosis in various human cancers. The 
aim of the present study was to evaluate the role of Livin in 
cancer progression and chemoradioresistance of ATC and to 
investigate its potential as a therapeutic target. Endogenous 
Livin expression in the human BHT101 ATC cell line was 
silenced by Livin‑specific small interfering RNA. To assess 
the impact of Livin on cancer cell behavior in human ATC 
cells, various methods such as cell invasion, cell viability and 
cell apoptosis assays were applied. To assess the expression of 
Livin and the change of apoptosis‑related proteins associated 
with Livin expression, reverse transcription‑quantitative PCR 
and western blotting were performed. Immunohistochemistry 
was performed to detect Livin protein expression in human 
ATC tissues. The association between Livin expression and 
apoptotic/proliferation index was analyzed in human ATC 
cells. Livin‑knockdown suppressed tumor cell invasion; and 
conversely, it enhanced cell apoptosis, with elevated expres‑
sion levels of cleaved caspase‑3 and ‑7 and cleaved PARP. 
Livin‑knockdown enhanced radiation‑induced apoptosis, 
while reducing cell viability following radiotherapy, as well 
as lenvatinib treatment. In addition, human ATC tissues with 
high Livin‑expression exhibited a high Ki‑67 labeling index 

and low apoptotic index. In summary, these findings indicate 
the contribution of Livin to tumor progression and chemora‑
dioresistance in ATC.

Introduction

The incidence of thyroid cancer has continued to increase in the 
USA over the past 30 years (1). A Surveillance, Epidemiology, 
and End Results Program‑based study reported that between 
1975 and 2009 there was a three‑fold increase in incidence 
rate, from 4.9 to 14.3 per 100,000 individuals in the USA (1). 
Although the majority of cases (>90%) are those of differen‑
tiated thyroid cancer with a favorable prognosis, ~1% of all 
cases are anaplastic thyroid cancer (ATC) (2). ATC is one of 
the most aggressive cancers, with a 1‑year survival rate of 
only 5‑20% (3,4). Surgical treatment improves the prognosis 
of ATC (5); however, early diagnosis remains challenging (4). 
The progression and metastasis of ATC occur early and 
rapidly, making it likely that the optimal timing for surgery 
is missed (3‑6). Multimodal therapy consisting of surgery, 
systemic chemotherapy and external beam radiation therapy 
is required; however, ATC is known to be highly resistant to 
any form of therapy (6). Targeted kinase inhibitors based on 
tumor‑derived molecular alterations and emerging immuno‑
mediated combination therapies were introduced in 2013, but 
the prognosis continues to be poor (6).

For a tissue to maintain homeostasis, cell growth and death 
rates must be balanced (7). The inhibition of a cellular death 
pathway, apoptosis, is a crucial mechanism underlying the 
development and progression of cancer, which helps cancer 
cells escape the immune system (8). Furthermore, the inhibi‑
tion of apoptosis can lead to resistance to chemotherapy or 
radiation therapy (9). Inhibitors of apoptosis proteins (IAPs) 
are regulatory proteins that impede tumor cell apoptosis by 
inhibiting caspases in the apoptosis signaling pathway (10). 
Several studies have revealed links between members of the 
IAP family and cancer (10,11). IAPs play an important role 
in resistance to chemotherapy and radiotherapy  (9,12‑15); 
they are characterized by a domain termed the baculoviral 
IAP repeat  (BIR)  (9). Livin, a novel IAP family member, 
contains of a single BIR domain and a COOH‑terminal 
RING finger domain  (9,16). Human Livin manifests as 
two isoforms, Livin α and β, as a result of two alternatively 
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spliced transcripts (9). Livin is highly expressed in various 
tumor cells; however, it has minimal/no expression in most 
normal adult tissues (17,18). Several studies have shown that 
Livin expression is associated with aggressive disease course, 
chemoresistance and poor outcome  (17,19‑22); moreover, 
therapeutic sensitivity has been shown to be altered following 
Livin downregulation (23,24). Therefore, Livin may serve as a 
potential therapeutic target (25). To the best of our knowledge, 
there is no study to date on Livin expression in human ATC 
specimens or cell lines. The aim of the present study was to 
analyze the role of Livin in the ATC cell line and process the 
clinical data of patients with ATC, thereby investigating its 
potential as a therapeutic agent.

Materials and methods

Cell culture and transfection. The BHT101 human ATC cell 
line was provided by Dr Won Gu Kim (Asan Medical Center, 
University of Ulsan College of Medicine, Seoul, Korea). 
BHT101 cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Invitrogen; Thermo Fisher Scientific, Inc.) 
supplemented with 20% fetal bovine serum (FBS; Invitrogen; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin 
in a humidified atmosphere of 5% CO2 at 37˚C. To knock 
down the endogenous genetic expression of Livin in ATC 
cells, small interfering RNAs (siRNAs) were used. Seeded in 
6‑well plates at a density of 2.0x105 cells/well, ATC cells were 
then transfected with 50 µM Livin‑specific siRNA (Bioneer 
Corporation) or 50 µM negative control siRNA (scrambled 
siRNA; cat. no. 1027281; Qiagen, Inc.) using Lipofectamine 
RNAiMAX (Invitrogen; Thermo Fisher Scientific, Inc.) for 
48 h at 37˚C. Subsequent experiments were performed after 
48 h. Livin‑specific siRNA sequences were as follows: Sense, 
5'‑GGA  UGG CUU AAC UCU ACC U‑3', and antisense, 
5'‑AGG UAC AGU UAA GCC AUC C‑3'.

Protein isolation and western blot analysis. Cells were lysed 
using radioimmunoprecipitation assay buffer (Biosesang Inc.), 
following which the bicinchoninic acid assay was performed to 
measure protein concentrations. Protein lysates (20‑30 µg/lane) 
after 10‑12% sodium dodecyl sulfate‑polyacrylamide gel elec‑
trophoresis were separated and electrophoretically transferred 
onto polyvinylidene fluoride membranes. The membranes 
were then incubated with 5% bovine serum albumin (Bioshop 
Canada Inc.) in Tris‑buffered saline (TBS)‑0.5% Tween‑20 
at room temperature for 1 h. Subsequently, the membrane 
was washed four times for 15  min each with TBS‑0.5% 
Tween‑20. Specific proteins were detected sequentially using 
primary antibodies against GAPDH (cat. no. sc‑25778; Santa 
Cruz Biotechnology, Inc.), Livin (α, 36 kDa; β, 34 kDa; cat. 
no. 5471; Cell Signaling Technology, Inc.), cleaved caspase‑3 
(cat. no. 9664; Cell Signaling Technology, Inc.), caspase‑3 
(cat. no.  9662; Cell Signaling Technology, Inc.), cleaved 
caspase‑7 (cat. no. 9491; Cell Signaling Technology, Inc.), 
caspase‑7 (cat. no. 9492; Cell Signaling Technology, Inc.), 
cleaved poly(ADP‑ribose) polymerase (PARP; cat. no. 5625; 
Cell Signaling Technology, Inc.), and PARP (cat. no. 9542; 
Cell Signaling Technology, Inc.). After diluting the primary 
antibodies at 1:1,000 in TBS‑0.5% Tween‑20, they were 
incubated with the membranes for 24 h at 4˚C. Anti‑rabbit 

(cat. no. 7074; Cell Signaling Technology, Inc.) or anti‑mouse 
(cat. no. 7076, Cell Signaling Technology, Inc.) horseradish 
peroxidase  (HRP)‑conjugated secondary antibodies were 
diluted at 1:2,000. The membranes were incubated with 
secondary antibodies at room temperature for 2 h. Using an 
enhanced chemiluminescence detection system for HRP 
(EMD  Millipore), immunoreactive proteins were visual‑
ized and analyzed with an LAS‑4000 luminescence image 
analyzer (FUJIFILM Wako Pure Chemical Corporation). All 
western blot analysis experiments were run independently and 
in triplicate.

RNA isolation, reverse transcription (RT) semi‑quantitative 
polymerase chain reaction (qPCR) and RT‑qPCR. TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
for RNA extraction from cells, according to the manufacturer's 
protocol. RT was performed using 1 µg total RNA, M‑MLV 
reverse transcriptase (Invitrogen; Thermo Fisher Scientific, 
Inc.), 1 µl 2 mM dNTP mix (Enzynomics Co., Ltd.), 2 µl 
0.1 M dithiothreitol (Invitrogen; Thermo Fisher Scientific, 
Inc.), 4 µl 5X first‑strand buffer (Invitrogen; Thermo Fisher 
Scientific, Inc,), 1 µl RNase inhibitor (Promega Corporation) 
and 1 µl oligo(dT) (Bioneer Corporation). The resulting cDNA 
was amplified using primers specific for Livin and GAPDH 
(Bioneer Corporation). GoTaq DNA Polymerase and 5X Green 
GoTaq reaction buffer (Promega Corporation) were used for 
PCR. qPCR was performed for 5 min at 94˚C for one cycle, 
30 sec at 94˚C, 20 sec at 58˚C and 30 sec at 72˚C for 32 cycles, 
and 7 min at 72˚C for one cycle. The primer sequences were as 
follows: Livin α and β forward, 5'‑CAC ACA GGC CAT CAG 
GAC AAG‑3' and reverse, 5'‑ACG GCA CAA AGA CGA 
TGG AC‑3'; and GAPDH forward, 5'‑ACC ACA GTC CAT 
GCC ATC AC‑3' and reverse, 5'‑TCC ACC CTG TTG CTG 
TA‑3'. The polymerase chain reaction products were separated 
electrophoretically on a 1% agarose gel containing ethidium 
bromide. Densitometry was performed using WiseUV 
(WUV‑L20; Daihan Scientific Co., Ltd.) and Multigauge V3.2, 
(Fuji Co., Ltd.).

RT‑qPCR analysis was performed using the QuantiSpeed 
SYBR‑Green Kit (cat. no.  105‑02; PhileKorea) with the 
Rotor‑Gene 6000 real‑time rotary analyzer (Corbett Life 
Science) and confirmed using melting curve analysis. RT, prior 
to qPCR, was performed as described above. Amplification 
plots were used to evaluate the quantification cycle (Cq). The 
sequences of qPCR primers used were as follows: Livin α and β 
forward, 5'‑ CAC ACA GGC CAT CAG GAC AAG‑3' and 
reverse, 5'‑ ACG GCA CAA AGA CGA TGG AC‑3'; and 18S 
rRNA forward, 5'‑GTA ACC CGT TGA ACC CCA TT‑3' and 
reverse, 5'‑CCA TCC AAT CGG TAG TAG CG‑3'. qPCR was 
performed at 95˚C for 2 min for one cycle, followed by 95˚C 
for 10 sec and 60˚C for 25 sec for 42 cycles. Each reaction was 
repeated independently at least three times. The 2‑ΔΔCq method 
was used to determine the mRNA expression levels (26).

Cell invasion assay. The number of cells that migrated 
through a 8.0‑µm pore Transwell invasion apparatus (cat. 
no. 3422; Costar, Inc.) was used to determine the extent of 
cell invasion. A day before the experiment, the upper chamber 
was coated with 1% gelatin solution for 12 h at 37˚C and then 
dried for 12 h at room temperature. After transfection for 
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48 h, the upper chamber cells transfected with 50 µM Livin 
siRNA or 50 µM negative control siRNA were seeded at 
2x105 cells in 120 µl 0.2% bovine serum albumin (BioShop 
Canada, Inc.) with FBS‑free DMEM. As the chemoattractant, 
400 µl 0.2% bovine serum albumin with FBS‑free DMEM 
containing fibronectin (cat. no. 361635; EMD Millipore) was 
loaded into the lower chamber. After a 24 h incubation period, 
cells at the bottom of the Transwell surface were stained with 
Diff‑Quik solution (Sysmex Corporation). Subsequently, the 
cells were counted in five random microscopic fields of view 
at x100 magnification using a light microscope. The results are 
presented as mean ± standard error of the number of cells per 
field after three individual experiments.

Apoptosis assay. An Annexin V ‑fluorescein isothiocya‑
nate (FITC) assay was performed to assess apoptosis. Cells 
were transfected with either 50 µM Livin siRNA or 50 µM 
negative control siRNA for 48 h. After 48 h of transfection, the 
cells were collected following trypsinization, washed twice in 
phosphate buffered saline, and resuspended in binding buffer 
(BD Biosciences). After the addition of Annexin V‑FITC 
and 7‑amino‑actinomycin  D (BD  Biosciences), the cells 
were incubated in the dark for 15 min and then resuspended 
in 400 ml binding buffer. A FACS Calibur flow cytometer 
(BD Biosciences) and BD Cell Quest version 3.3 software 
(Becton‑Dickinson) were used for cell analysis. The data 
analysis was executed using WinMDI version 2.9 (The Scripps 
Research Institute). All apoptosis assay experiments were run 
in triplicate and independently.

Cell viability assay. After 48 h of transfection, cells seeded in 
24‑well plates (1x104 cells/well) were transfected the following 
day with either 50 µM Livin siRNA or 50 µM negative control 
siRNA. Cell viability was measured after incubation for 48 h 
using an EZ‑CyTox (tetrazolium salts, WST‑1) enhanced cell 
viability assay kit (cat. no. EZ‑3000; Daeil Lab, Inc.) for 1‑2 h 
at 37˚C. The absorbance was read at 460 nm using a micro‑
plate reader. All cell viability assay experiments were run in 
triplicate and independently.

Cell irradiation or lenvatinib treatment. After 48  h of 
transfection, cells were cultured at 37˚C and treated with 
γ‑irradiation at various doses (5, 10, 20, 30 and 40 Gy) (137Cs, 
2.875 Gy/min) using a Gammacell 3000 Elan (Therathronics) 
at room temperature. A stock solution of lenvatinib (4 mg/ml; 
Eisai Co., Ltd.) was dissolved in dimethyl sulfoxide (27,28) 
and diluted at various concentrations (5, 10, 20, 40, 80 and 
160 µM) for 24 h at 37˚C for experimental use.

Patients and tumor specimens. Paraffin‑embedded tissue 
sections from 25  patients who underwent surgery for 
definitive ATC at Chonnam National University Hwasun 
Hospital (Jeonnam, Korea) between September  2005 and 
December  2015, were collected to evaluate Livin protein 
expression. A total of 6 men and 17 women, with a mean age 
of 73.0±10.7 years (range, 37‑85 years), were enrolled in the 
present study. To ensure the diagnostic accuracy of ATC, two 
pathologists reviewed the pathological slides of all enrolled 
patients independently. Two patients were excluded because 
they were diagnosed with carcinoma showing thymus‑like 

differentiation rather than ATC. All ATC tumor tissues were 
obtained before either radiotherapy or chemotherapy. All 
23 enrolled patients were treated with definitive surgery (total 
thyroidectomy, 20 patients; subtotal thyroidectomy, 2 patients; 
hemothyroidectomy, 1 patient), among them, 16 were followed 
up with adjuvant radiotherapy or concurrent chemoradio‑
therapy. Hospital records were reviewed thoroughly for 
clinicopathological characteristics and complete medical 
history. The date of starting treatment until the date of death 
or the date of last follow‑up was calculated as the survival 
duration (months).

Immunohistochemistry. Tissue processing and immunohisto‑
chemical analysis were performed according to a previously 
described method (29). The tissue sections were incubated with 
1:100‑diluted primary antibodies against Livin (cat. no. 5471; 
Cell Signaling Technology, Inc.) in antibody diluent reagent 
solution (cat. no. 003118; Invitrogen; Thermo Fisher Scientific, 
Inc.) for 24 h at 4˚C. The staining results were interpreted 
by two independent observers without any knowledge of the 
associated clinical records. Some patients had both ATC and 
papillary thyroid carcinoma (PTC) in the thyroid gland. Since 
the Livin staining status may be different in ATC or PTC 
tissues, in these cases the staining results were interpreted 
according to the Livin staining status in the ATC tissue. Scores 
for staining intensity were as follows: 0, no staining of tumor 
cells; 1+, weak to comparable staining in the cytoplasm and/or 
nucleus relative to non‑tumor cell staining; and 2+, readily 
appreciable or dark brown staining distinctly marking the 
tumor cell cytoplasm and/or nucleus. The percentile of stained 
cells was scored as follows: 0, 0%; 1, 1‑25%; 2, 26‑50%; and 
3, ≥51%. The products of the intensity and percentile scores 
were the final intensity scores, which were defined as low 
Livin expression if ≤2 and as high Livin expression if >2.

Assessment of tumor cell proliferation and apoptosis. 
Tissue processing and immunohistochemical analysis were 
performed according to a previously described method (29). 
The tissue sections were incubated with 1:100‑diluted primary 
antibodies against Ki‑67 in antibody diluent reagent solu‑
tion (cat. no. 003118; Invitrogen; Thermo Fisher Scientific, 
Inc.) for 24 h at 4˚C. Tumor cell proliferation was visualized 
using Ki‑67 (cat. no. ab16667; Abcam) and a light microscope 
(magnification, x200). The number of Ki‑67‑positive nuclei 
per 1,000 tumor cell nuclei was used to determine the Ki‑67 
labeling index.

To detect and quantify apoptosis, the DeadEnd™ 
Colorimetric terminal deoxynucleotidyl transferase dUTP 
nick end labeling (TUNEL) system (cat. no. G7130; Promega 
Corporation) was used according to the manufacturer's 
instructions. TUNEL‑positive apoptotic cells exhibit darkly 
stained nuclei or nuclear fragments with a cytoplasmic halo, 
as observed with a light microscope (magnification, x200). 
The number of TUNEL‑positive nuclei containing apoptotic 
bodies among 1,000 tumor cell nuclei was defined as the 
apoptotic index.

Statistical analysis. An unpaired Student's t‑test was used to 
determine the significance of experimental differences. Data 
are shown as the mean ± standard error. All experimental 
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assays were run in triplicate and independently. The survival 
curves were calculated using the Kaplan‑Meier method and 
assessed with a log‑rank test. All analyses were performed 
using SPSS version 21.0 (IBM, Corp.). P<0.05 was considered 
to indicate a statistically significant difference.

Results

Livin knockdown suppresses tumor cell invasion and 
enhances tumor cell apoptosis in human ATC cells. In the 
present study, the role of Livin in tumor progression was inves‑
tigated using siRNA to inhibit the endogenous expression of 
Livin in the BHT101 human ATC cells. In the Livin‑specific 
siRNA‑treated BHT101 cells, both mRNA and protein levels 
of Livin α and Livin β were significantly lower than those in the 
negative control siRNA‑treated cells (Fig. 1A). In the cell inva‑
sion assay, there were 145.0±6.2 invading Livin‑knockdown 
BHT101 cells compared with 258.2±12.5 invading negative 
control BHT101 cells  (Fig.  1B), which was significantly 
different (P<0.05).

To evaluate the effect of Livin on apoptosis, an 
Annexin V apoptosis assay was conducted. The results of 

the flow cytometric analysis revealed that Livin knockdown 
significantly increased the proportion of apoptotic cells 
(P<0.05; Fig. 1C). Next, the expression levels of apoptosis 
regulatory proteins following transfection with siRNA were 
evaluated. Levels of cleaved caspase‑3, cleaved caspase‑7 and 
cleaved PARP were significantly higher in Livin‑knockdown 
BHT101 cells compared with in the negative control cells 
(P<0.05;  Fig.  1D). These results demonstrated that Livin 
knockdown leads to tumor cell apoptosis by regulating apop‑
tosis regulatory proteins such as caspase‑3, caspase‑7 and 
PARP in human ATC cells.

Livin knockdown enhances radiosensitivity in human ATC 
cells. It was further examined whether Livin knockdown 
enhances radiosensitivity by inducing apoptosis in BHT101 
cells. Radiation (20 Gy) was applied to cells after transfec‑
tion with Livin siRNA or negative control siRNA for 48 h. 
A significantly higher extent or apoptosis was detected with 
the combination of Livin siRNA and radiation compared 
with radiation alone (P<0.05; Fig. 2A). Consistently, cleaved 
caspase‑3, cleaved caspase‑7 and cleaved PARP levels 
following radiation treatment were significantly higher in the 

Figure 1. Effect of Livin knockdown on cell invasion and apoptosis in human anaplastic thyroid cancer cells. (A) Compared with negative control siRNA, 
the mRNA and protein levels of Livin α and Livin β were reduced by Livin siRNA in BHT101 cells, as shown by RT‑semi‑qPCR, RT‑qPCR and western 
blotting. *P<0.05 vs. C. (B) Compared with negative control cells, significantly fewer Livin knockdown BHT101 cells demonstrated invasion capacity in a 
cell invasion assay. Magnification, x100. Stained invading cells were counted and presented as the mean ± standard error for three independent experiments. 
*P<0.05 vs. C. (C) In a cell apoptosis assay, flow cytometry demonstrated that Livin‑knockdown BHT101 cells exhibited more apoptosis compared with 
control cells. *P<0.05 vs. C. (D) Compared with the levels in the control cells, levels of cleaved caspase‑3, cleaved caspase‑7 and cleaved PARP were higher 
in Livin‑knockdown BHT101 cells. Cleaved proteins were normalized to the corresponding total protein level. *P<0.05. RT, reverse transcription; siRNA, 
small interfering RNA; C, negative control siRNA‑transfected cells; L, Livin‑specific siRNA‑transfected cells; 7‑AAD, 7‑amino‑actinomycin D; PARP, 
poly(ADP‑ribose)polymerase.
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Livin‑knockdown cells compared with in the control cells 
(P<0.05; Fig. 2B). The effect of Livin knockdown on apoptosis 

under various radiation doses was also assessed. Cells treated 
with radiation alone exhibited radioresistance without any 

Figure 2. Effect of Livin knockdown on radiosensitivity in human anaplastic thyroid cancer cells. (A) A combination treatment of Livin‑knockdown with 20 Gy 
radiation resulted in significantly more apoptosis of BHT101 cells compared with the control (20 Gy radiation alone). (B) Livin‑knockdown cells exhibited 
greater expression of cleaved caspase‑3, cleaved caspase‑7 and cleaved PARP compared with control cells (20 Gy radiation alone). Cleaved proteins were normal‑
ized to the corresponding total protein level. (C) Under various radiation doses, the combination of Livin knockdown and radiation demonstrated a continuous 
increase in apoptosis and a larger intergroup difference compared with the control (20 Gy radiation alone). *P<0.05. siRNA, small interfering RNA; C, negative 
control siRNA transfected cells; L, Livin‑specific siRNA‑transfected cells; R, radiation, 7‑AAD, 7‑amino‑actinomycin D; PARP, poly(ADP‑ribose)polymerase.
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further increase in apoptosis under the >20 Gy radiation 
dose; conversely, the combination of Livin knockdown and 
radiation resulted in a continuous increase in apoptosis, 
which was significantly different (P<0.05; Fig. 2C). These 
findings indicated that a combination of Livin knockdown 
and radiotherapy enhances radiation‑induced apoptosis in 
human ATC cells.

To determine the effect of Livin knockdown on the 
cytotoxicity of radiation over time, a cell viability assay was 
performed with BHT101 cells. Following 20 Gy radiation 
treatment, the number of viable Livin‑knockdown BHT101 
cells, calculated by absorbance, was significantly decreased 
at 48  and  72  h compared with the negative control cells 
(P<0.05; Fig. 3). As the radiation time increased, the differ‑
ences in cell viability between the two groups increased. This 
indicated that Livin knockdown enhances the cytotoxicity of 
radiotherapy in human ATC cells.

Livin knockdown enhances chemosensitivity of lenvatinib in 
human ATC cells. It was evaluated whether Livin knockdown 
enhances chemosensitivity by inducing apoptosis in BHT101 
cells. Cells were transfected with Livin siRNA or negative 
control siRNA for 48 h, following which the cells were treated 
with lenvatinib (5‑80  µM) for 24  h. The combination of 
Livin siRNA and lenvatinib resulted in a significantly higher 
level of apoptosis compared with lenvatinib alone at 20 µM 

(P<0.05; Fig. 4A). Cells treated with lenvatinib alone exhibited 
chemoresistance with no significant increase in apoptosis was 
observed even at an increased dose, whereas cells treated 
with Livin knockdown and lenvatinib showed a continuous 
increase in apoptosis with increasing doses of lenvatinib. 
Similarly, the cell viability assay showed that the number of 
viable Livin‑knockdown BHT101 cells, calculated by absor‑
bance, treated with 40 or 80 µM lenvatinib was significantly 
lower than that of the negative control cells (Fig. 4B). These 
findings implied that the combination of Livin knockdown 
and lenvatinib enhances the chemosensitivity of lenvatinib in 
human ATC cells.

Elevated Livin expression is associated with a high Ki‑67 
labeling index and low apoptotic index in human ATC tissues. 
Table I presents the clinicopathological variables of the patients 
with ATC. The mean size of ATC was 5.4±2.9 cm (range, 
0.5‑13.0 cm), and 12 patients (52.2%) presented with PTC with 
ATC. The majority of patients (22/23; 95.7%) had extrathy‑
roidal extension, and 60.9% (14/23) had a distant metastasis at 
the time of diagnosis. After surgery, 16 patients were treated 
with adjuvant radiotherapy and 2 patients were treated with 
adjuvant chemotherapy. Formalin‑fixed paraffin‑embedded 
biopsy tissues acquired from 23 patients with ATC were used 
for immunohistochemical staining to examine Livin protein 
expression. Livin protein staining demonstrated a heterogenous 
pattern, with predominantly nuclear and/or cytoplasmic dark 
brown staining in tumor cells (high expression; Fig. 5A) rather 
than weak or no staining (low expression; Fig. 5B). According 
to our grading criteria, 30.4% of patients (7/23) exhibited high 
Livin expression, while 69.6% of patients (16/23) exhibited 
low Livin expression. Tumors with high Livin expression had 
significantly higher Ki‑67 labeling and lower apoptotic indexes 
compared with those with low Livin expression  (Table  II; 
P<0.02 and P<0.03, respectively; Fig.  5C  and  D). These 
findings indicated that tumors with high Livin expression 
exhibited higher tumorigenic activity, which potentiated tumor 
progression in ATC.

Figure 3. Effect of Livin knockdown on the cytotoxicity of radiation 
over time in human anaplastic thyroid cancer cells. The number of viable 
Livin‑knockdown BHT101 cells, calculated by absorbance, was significantly 
lower than that of negative control cells (20 Gy radiation alone) at 48 and 
72 h. *P<0.05 vs. C. siRNA, small interfering RNA; C, negative control 
siRNA‑transfected cells; L, Livin‑specific siRNA‑transfected cells.

Table I. Clinicopathological variables of patients with ana‑
plastic thyroid carcinoma (n=23).

Variable	V alue

Mean age ± standard deviation	 73.0±10.7 (37.0-85.0)
(range), years
Sex, n (%)
  Male	   6 (26.1)
  Female	 17 (73.9)
Mean size ± standard deviation	 5.4±2.9 (0.5-13.0)
(range), cm
Extrathyroidal extension, n (%)
  No 	 1 (4.3)
  Yes	 22 (95.7)
PTC component, n (%)
  No 	 11 (47.8)
  Yes	 12 (52.2)
Distant metastasis, n (%)
  No	 9 (39.1)
  Yes	 14 (60.9)
Radiotherapy, n (%)
  No	 7 (30.4)
  Yes	 16 (69.6)
Chemotherapy, n (%)
  No	 21 (91.3)
  Yes	 2 (8.7)

PTC, papillary thyroid carcinoma.
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For the 23  patients with ATC who were enrolled in 
the present study, the median survival duration was only 
2.9 months. Livin expression was not associated with radio‑
therapy or chemotherapy, and radiotherapy or chemotherapy 
were not associated with an improved survival (P>0.05; data 
not shown). Patients with a low Livin expression exhibited a 
longer median overall survival time compared with patients 
with high expression (2.9  months in the low‑expression 
group vs. 1.9 months in the high‑expression group). However, 
there was no significant difference in overall survival when 
analyzed with Kaplan‑Meier curves and a log‑rank test 
(P=0.12; Fig. 6).

Discussion

ATC is among the most serious malignant tumors for which 
no effective treatment currently exists, and multimodal treat‑
ment is required  (6). Owing to its rarity, most studies on 
ATC therapy are retrospective (3‑5). Therefore, it is difficult 
to identify the most efficacious treatment regimen for ATC. 
Several studies have demonstrated that longer survival can 
be expected in stage IVA and IVB patients, who are eligible 
for total tumor resection with adjuvant radiotherapy/concur‑
rent chemoradiotherapy  (30,31). However, the majority of 
ATCs exhibit advanced disease progression with regional 
or systemic metastasis at diagnosis, for which it may be 
impossible to perform curative surgery. In patients with 
non‑resected ATC, radiation therapy or chemotherapy could 
be considered. Pezzi et al  (32) reported improved survival 
outcome in non‑resected ATC patients with radiation therapy 
with a cumulative dose of >45 Gy. Although conventional 
chemotherapy involving paclitaxel, docetaxel or doxoru‑
bicin is employed, the benefit on survival is only marginal, 
and the duration of the response is short (33,34). Recently, 
various tyrosine kinase inhibitors have been approved for 
cancer treatment. Lenvatinib is a multikinase inhibitor that 
targets the vascular endothelial growth factor receptor 1‑3, 
fibroblast growth factor receptor 1‑4, platelet‑derived growth 
factor receptor‑α, and RET and KIT proto‑oncogenes (35). 
Lenvatinib was approved for patients with radioiodine‑refrac‑
tory differentiated thyroid cancer, based on the results of the 
SELECT trial, which demonstrated marked improvement in 
progression‑free survival and response rate (36). Although 
the efficacy of lenvatinib in ATC is limited, several studies 
have shown that it can be employed as a possible treatment for 

Figure 4. Effect of Livin knockdown on the chemosensitivity of lenvatinib 
in human anaplastic thyroid cancer cells. (A) In a cell apoptosis assay, a 
combination treatment of Livin knockdown with lenvatinib resulted in 
greater apoptosis of BHT101 cells compared with control cells treated with 
lenvatinib alone. Under various lenvatinib doses, the combination of Livin 
knockdown and lenvatinib showed a continuous increase in apoptosis than in 
control cells treated with lenvatinib alone, showing a significant intergroup 
difference at 20 µM. *P<0.05 vs. C. (B) In a cell viability assay, after applying 
40 or 80 µM lenvatinib, the number of viable Livin‑knockdown BHT101 
cells, calculated by absorbance, was significantly lower than that of negative 
control cells. *P<0.05. siRNA, small interfering RNA; C, negative control 
siRNA‑transfected cells; L, Livin‑specific siRNA‑transfected cells.

Table II. Association between Livin expression and prolifera‑
tion/apoptosis in patients with anaplastic thyroid cancer. 

	 Livin expression
	------------------------------------------
Parameter	 Total	 Low	 High	 P-value
	 (n=23)	 (n=16)	 (n=7)

Ki-67 labeling	 39.3±10.6	 35.9±9.6	 47.0±8.8	 0.02
indexa

Apoptotic indexa	 27.4±21.8	   32.7±23.5	  15.5±10.7	 0.03

aData are presented as the mean ± standard deviation.
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ATC. In preclinical human thyroid cancer xenograft models, 
lenvatinib exhibited significant antitumor activity in five ATC 
xenografts (35). Several case reports demonstrated its possible 
efficacy as a therapeutic agent for ATC (37,38). A phase II 
trial of lenvatinib in 17 ATC patients demonstrated a median 
progression‑free survival of 7.4 months and a median overall 
survival of 10.6 months with manageable toxicities (39). The 
objective response rate was 24% and the disease control rate 

was 94% in the 17 cases. Therefore, the efficacy of lenvatinib 
in ATC cells was evaluated in the present study.

Apoptosis involves the sensor phase, wherein cell death 
signals are sensed by monitoring the extra‑ and intracellular 
environment, and the effector phase, wherein cell death is caused 
via mitochondrial apoptosis signaling pathways, which involve 
the inhibition of downstream caspases (caspase‑3, ‑7 and ‑9), 
leading to their inactivation and degradation (7). Resistance to 
apoptosis can be acquired by cancer cells through a variety of 
strategies. The IAP group includes structurally related proteins 
with antiapoptotic potential associated with tumorigenesis and 
tumor resistance to chemotherapy and radiotherapy (40). IAP 
family members include NAIP, c‑IAP1, c‑IAP2, XIAP, survivin, 
Apollon, ILP‑2 and Livin (40). Livin, a newly discovered IAP (41), 
is not expressed in most normal adult tissues but is expressed 
in several cancer cell lines (17,18). Similar to other IAP family 
members, Livin shows an antiapoptotic activity depending on the 
BIR domain (41). Livin is essential for tumor progression and 
poor prognosis in several tumors as it regulates the tumor cell 
sensitivity to chemotherapy and radiotherapy (9,13,14,42‑46). 
Therefore, inactivating Livin may help induce apoptosis and can 
be considered a treatment modality for certain cancers.

To the best of our knowledge, no previous studies have 
elucidated the role of Livin in ATC. In the present study, 
decreased tumor cell invasion and increased apoptosis in 
Livin‑knockdown BHT101 cells were demonstrated. Apoptosis 
induced by chemotherapy (lenvatinib) and radiotherapy was 
enhanced in Livin‑knockdown BHT101 cells. Furthermore, 
Livin‑knockdown cells demonstrated significantly increased 
expression of cleaved caspase‑3, cleaved caspase‑7, and cleaved 
PARP following radiotherapy. Lenvatinib is a potent angiogen‑
esis inhibitor that targets multiple receptor tyrosine kinases, 

Figure 5. Protein expression of Livin and assessment of tumor cell proliferation/apoptosis in human anaplastic thyroid cancer tissues. Immunostaining of 
Livin protein revealed (A) dark brown staining distinctly marking the cytoplasm and/or nucleus of the tumor cells (2+ staining intensity) compared with 
(B) no staining of tumor cells (0 staining intensity). (C) Immunostaining of Ki‑67 revealed dark brown staining of nucleus, indicating cell proliferation. 
(D) The presence of beaded or shrunken chromatin and apoptotic body with a clear halo was examined by TUNEL staining, which indicated apoptotic cells. 
Magnification, x200.

Figure 6. Kaplan‑Meier curves of overall survival for patients with anaplastic 
thyroid cancer according to Livin expression. There was no association 
between Livin expression and overall survival of patients with anaplastic 
thyroid cancer (n=23, P=0.12). Solid line, patients with low Livin expression; 
dotted line, patients with high Livin expression.
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including VEGF receptors (35). Targeting tumor angiogenesis 
can induce nutrient starvation and hypoxia, leading to apop‑
tosis in tumor cells (47). The loss of the effect of suppressing 
apoptosis during Livin knockdown, appears to strengthen the 
antitumor effect of lenvatinib and radiotherapy. The obtained 
results implied that Livin plays a pivotal role in ATC progres‑
sion and resistance to chemotherapy and radiotherapy.

Several studies have shown that Livin is associated 
with the aggressive metastasis and prognosis of variable 
cancers (17,19‑22); however, to the best of our knowledge, no 
studies have been conducted on ATC patients. It is difficult to 
analyze ATC patients because of the low incidence and short 
median survival rate. A total of 10,960 patients underwent 
thyroid surgery between 2005 and 2015 at Chonnam National 
University Hwasun Hospital (Jeonnam, Korea), of whom 
only 23 were ATC patients. For those 23 patients, the median 
survival was only 2.9 months. There was no significant differ‑
ence in clinical aggressiveness owing to the small number of 
patients and short survival time; the only differences noted 
were histological aggressiveness, such as Ki‑67 labeling index 
and apoptotic index, between the high‑ and low‑Livin expres‑
sion groups. Further studies with a higher number of patients 
are needed to confirm the differences in clinical characteristics 
according to Livin expression.

Several studies have identified Livin as a possible diagnostic 
marker and therapeutic tool for malignant tumors  (48‑61). 
El Ali et al (48) reported significant differences in the levels 
of serum anti‑Livin antibodies between patients with gastro‑
intestinal cancer and healthy subjects (48). Several studies 
have also suggested that anti‑Livin antibody may be a useful 
diagnostic marker for a variety of tumors, including those 
of the gastrointestinal tract, lung and breast  (49‑51); this 
also indicates that Livin may be a tumor‑associated antigen. 
Therefore, Livin can serve as a novel immunotherapy target. 
Zhang et al (52) reported that Livin peptide could be used as a 
novel substitute to trigger cell immunity by loading dendritic 
cells in combination with chemotherapeutic agents in cases 
of non‑small cell lung cancer. In addition to its potential as 
a direct immunotherapy agent, prognosis of ATC can be 
improved by increasing chemosensitivity of ATC cells. The 
inhibition of apoptosis is one mechanism of chemoresistance 
because several chemotherapy drugs induce apoptosis (8). As 
a member of the IAP family, Livin has been shown to cause 
chemoresistance in various cancers  (53‑57). Furthermore, 
several studies have shown that Livin knockdown increases 
chemosensitivity to multiple anticancer drugs, suggesting its 
potential as an adjuvant therapeutic agent (58‑61).

In conclusion, the present study demonstrated that Livin is 
positively expressed in ATC and contributes to tumor progres‑
sion and chemoradioresistance in ATC. However, the current 
study had some limitations, such as that it was produced using 
one ATC cell line and that the number of enrolled patients was 
small. Therefore, further studies including animal studies are 
needed to support the present results. Although, in summary, 
the present study suggests the possibility of Livin as a thera‑
peutic target in ATC.
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