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Abstract. Nasopharyngeal carcinoma (NPC) is a type of
malignant tumor characterized by high invasiveness, meta-
static potential and worldwide incidence among patients with
head and neck cancer. It has previously been demonstrated
that Lenvatinib (LEB) is an efficient anti-cancer agent by
multi-targeting of tyrosine kinase inhibitors. Iodine-131
(I-131) therapy has been accepted for the treatment of thyroid
cancer and other carcinomas. In the present study, the
combined effects of LEB and I-131 were investigated on NPC
and the potential signal pathway mediated by LEB and I-131
on NPC cells was explored. Inhibitory effects of LEB and
[-131 for NPC cells growth were investigated via MTT assay.
Migration and invasion of NPC cells was studied by aggres-
sion assays following incubation of LEB and I-131. Apoptosis
of NPC cells and tissues were analyzed via flow cytometry
and TUNEL assay, respectively. Apoptosis-related gene
expression levels in NPC cells following treatment with LEB
and I-131 were determined by western blotting. Endoplasmic
reticulum (ER) stress in NPC cells were analyzed in NPC cells
and tumor tissues. Immunohistochemistry was used to analyze
the efficacy of LEB and I-131 in NPC-tumor bearing mice.
The results demonstrated that combined treatment of LEB
and I-131 significantly inhibited growth, apoptosis, migra-
tion and invasion of NPC cells compared with single agent
therapy. Apoptosis-related gene expression levels of caspase-3
and caspase-9 were upregulated by LEB and I-131, whereas B
call lymphoma-2, and P53 were downregulated in NPC cells
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and tumor tissues. In addition, signal mechanism analysis
demonstrated that combined treatment of LEB and I-131
promoted expression levels of activating transcription factor 6,
inositol-requiring protein 1 (IER1), protein kinase RNA-like
endoplasmic reticulum kinase (RERK), and C/EBP homolo-
gous protein in NPC cells. Furthermore, combined treatment
of LEB and I-131 markedly inhibited in vivo growth of NPC
and further prolonged survival of experimental mice compared
with single agent and control groups. Immunohistochemistry
indicated that c-jun N-terminal kinase and Caspase-3 were
increased in NPS tumor tissues in xenograft models treated
with LEB and I-131. Apoptotic bodies were also increased in
tumors treated by LEB and I-131. In conclusion, these find-
ings indicate that combined treatment of LEB and I-131 may
inhibit NPC growth and aggression through upregulation of
ER stress, suggesting combined treatment of LEB and I-131
may be a potential therapeutic schedule for the treatment of
NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is an omnibus terminology
for a class of head and neck malignant epithelial tumors, which
is characterized by different histopathological appearances and
etiopathogenesis of tumorigenesis (1). Although the incidence
rate of NPC is rare in clinical settings, the mortality rate is
higher in human cancer as it is highly aggressive, according to
a clinical investigation (2). It has also been demonstrated that
NPC initiates from the epithelial cells of the nasopharynx and
is well known as leading to a high rate of regional lymph node
metastasis and distant metastasis in patients (3-5). Therefore,
strategies of inhibition of migration and invasion may be an
efficient potential clinical regiment for NPC therapy.
Generally, radiotherapy has been regarded as a primary
treatment of NPC that can temporarily control tumor
growth (6). However, high-dose irradiation and/or chemical
drugs exhibit high probability of toxicities and may even
destroy the fragile immune system in patients with NPC, which
in return leads to rapid growth and distant nasopharyngeal
invasion (7-9). Iodine-131 (I-131) therapy has been accepted
for the treatment of thyroid cancer due to lower radiation of
[p-radial and easy excretion. A number of reports have focused
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on I-131 therapy for the treatment of thyroid cancer (10,11).
The efficacy of I-131 has been previously investigated for
fewer side effects for patients with cancer. Risse ez al (12) have
investigated the efficacy of I-131 on hepatocellular cancer,
and results indicated that I-131-lipiodol exhibited the same
efficacy but with fewer side effects compared other radioac-
tive therapy procedures. Zhao et al (13) have also explored
novel specific strategies of monoclonal antibody BACS5, an
anti-nasopharyngeal cancer monoclonal antibody, conjugated
with Chinese cobra and I-13 for NPC therapy. Efficacies
of I-131 in radiotherapy have been investigated in clinical
trials (14,15). These studies indicated that I-131 combined
with other anti-cancer therapy may contribute to neoplasm
regression and metastasis suppression.

Lenvatinib (LEB) is a multi-targeted tyrosine kinase
inhibitor targeting fibroblast growth factor receptor
(FGFR)1-4, platelet-derived growth factor (PDGF) receptor
(PDGFR)-f, Ret, vascular endothelial growth factor (VEGF)
receptor (VEGFR)1-3 and KIT, which can bind with various
receptors associated with tumor angiogenesis (16). Although
anti-tumor activities of LEB against various human tumors
have been reported in preclinical experiments and in
clinical trials, the molecular mechanism of anti-angiogenesis
mediated by LEB has not been elaborated in the progression
of NPC (17-19). Previous research has indicated that LEB has
clinical benefits in renal cancer cells by targeting VEGFR1-3,
FGFRI1-4, PDGFR-f, Ret, and KIT signaling pathways (20).
In addition, several agents that target the VEGF pathway have
shown clinical benefits in inhibition of metastatic tumors,
which suggested that target receptors of VEGF in cancer
cells serve a vital role in tumor therapy (21,22). Furthermore,
clinical research has demonstrated that LEB combined with
everolimus significantly extends overall survival compared
with either LEB or everolimus alone in patients with metastatic
renal cancer cells (23).

In the present study, the combined effects of LEB and
I-131 were investigated on NPC cells both in vitro and in vivo.
Preliminary results of the combined effects of LEB and I-131
on HK-1 cells are presented. The present findings suggest that
combination of LEB and I-131 significantly inhibits growth
and aggressiveness of NPC through upregulation of endo-
plasmic reticulum (ER) stress. Notably, apoptosis of NPC cells
was markedly promoted via combined management of LEB
and I-131.

Materials and methods

Ethics statement. The present study was approved by
the Ethics Committee of the Seventh People's Hospital
of Shanghai University of Traditional Chinese Medicine
(Shanghai, China).

Cell culture and regents. NPC cell line HK-1 was purchased
from the American Type Culture Collection (Manassas, VA,
USA). HK-1 cells were cultured in Dulbecco's modified Eagle's
medium (DMEM; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
All cells were cultured in a 37°C humidified atmosphere
containing 5% CO,.
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MTT assay. HK-1 cells were incubated with Lenvatinib
(5 mg/ml; Sigma-Aldrich; Merck KGaA) or/and I-131 (3 mg/ml;
Zhengzhou Double-radioisotope Application Technology Co.,
Ltd., Zhengzhou, China) in 96-well plates for 48 h in triplicate
for each condition. Following incubation, 20 xl MTT (5 mg/ml)
in PBS solution was added to each well and was further incu-
bated for 4 h. the majority of the medium was removed and
100 g1 dimethyl sulfoxide was added to each wells to dissolve
the crystals. The optical density was measured at a wavelength
of 450 nm.

Cell invasion and migration assays. Cultured HK-1 cells were
suspended as a density of 1x10° cells in 100 ul serum-free
DMEM medium for 24 h at 37°C. HK-1 cells were treated with
Lenvatinib (5 mg/ml) or/and I-131 (3 mg/ml), with non-treated
cells as a control, and then placed in the upper wells of BD
BioCoat Matrigel Chambers (BD Biosciences, Franklin
Lakes, NJ, USA) according to the manufacturer's instruc-
tions. RPMI-1640 (Thermo Fisher Scientific, Inc.) containing
20% FBS was used in the lower wells. Cells were incubated
for 12 h at 37°C. Cells were then stained with 0.5% crystal
violet at room temperature for 18 min. HK-1 cell migration
and invasion were determined in at least three random fields
(magnification, x20) under light microscopy for each sample.
The extent of migration and invasion of HK-1 cells was
mapped and quantified using ImageJ 1.37v (National Institutes
of Health, Bethesda, MD, USA).

Animal study. A total of 30 male C57BL/6 nude mice (age,
6 weeks; weight, 25-30 g) were purchased from Shanghai
SLAC Laboratory Animal Co., Ltd. (Shanghai, China). All
animals were housed under pathogen-free conditions at room
temperature with 50% humidity and 12-h light/dark cycle,
with free access to food and water. A total of 200 ul HK-1
cells (1x10°) were injected into the backside of C57BL/6 nude
mice. At 6 days following this administration, tumor-bearing
mice were divided into four groups (n=30/group) and received
treatment of PBS (5 mg/ml), or LEB (5 mg/kg) or/and I-131
(3 mg/kg). Treatments were administered once daily for
10 days. Tumor diameters were recorded every 2 days. Tumor
volume was calculated according to the following formula:
V=(LxWxW)/2, where V is tumor volume, W is tumor width,
L is tumor length. The experimental mice were sacrificed
when tumors reached a length of 18 mm.

Western blot analysis. SDS-PAGE assays were used to analyze
the affect of Lenvatinib or/and I-131 on protein expres-
sion in NPC cells. HK-1 cells were treated with Lenvatinib
(5 mg/ml) or/and I-131 (3 mg/ml) for 48 h, with non-treated
cells as controls. HK-1 cells were harvested and homogenized
at 4°C for 10 min. Radioimmunoprecipitation assay solution
(Thermo Fisher Scientific, Inc.) was used to extract protein and
concentrations were measured by bicinchoninic acid assay.
Proteins (20 pg) were separated on 10% SDS-PAGE gels,
followed by transfer to a polyvinylidene difluoride membrane.
Membranes were incubated with skimmed milk (5%) for
2 h at room temperature. Membranes were incubated with
primary antibodies, including c-jun N-terminal kinase (JNK;
1:1,200, ab112501), P38 (1:1,200; ab31828), activating tran-
scription factor (ATF)6 (1:1,200; ab37149), inositol-requiring
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protein (IER)1 (1:1,200; ab37037; all Abcam, Cambridge,
UK), protein kinase RNA-like endoplasmic reticulum kinase
(RERK; 1:1,500, MAS5-15705; Invitrogen; Thermo Fisher
Scientific., Inc.), B cell lymphoma 2 (Bcl-2; 1:1,200; ab196495),
P53 (1:1,200; ab131442), VEGF (1:1,200, ab69479), PDGF
(1:1,200; ab32570), caspase-3 (1:1,200; ab13585), caspase-9
(1:1,200; ab32539), metastasis-associated protein (MTA-1;
1:1,200; ab71153), fibronectin (FIB; 1:1,200; ab3413), C/EBP
homologous protein (CHOP; 1:1,200; ab11419) and [-actin
(1:1,200; ab6276; all Abcam) for 2 h at 37°C. Samples were
then incubated with rabbit anti-mouse IgG-horse radish perox-
idase-conjugated secondary antibody (1:1,200; sc-358914;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room
temperature for 2 h and protein expression was analyzed using
a Benchmark automated staining system (Ventana Medical
Systems, Inc., Tucson, AZ, USA). Data were analyzed using
ImageJ 1.37v (National Institutes of Health).

Immunofluorescence. HK-1 cells were treated with Lenvatinib
(5 mg/ml) or/and I-131 (3 mg/ml) for 48 h at 37°C and
fixed with 10% formaldehyde in 6-well plates for 30 min
at 37°C. Degree of ER injury in HK-1 cells was observed
via scanning electron microscopy (gold sputter coating;
magnification, x100). Additionally, HK-1 cells were incubated
with DAPI for 2 h at 37°C and then incubated with mouse
anti-human glucose-regulated protein 78 (GRP78) antibody
(1:1,200; 119-14212; RayBiotech, Inc., Norcross, GA, USA)
for 2 h at 37°C, followed by incubation with green-fluorescent
Invitrogen Alexa Fluor 488 goat anti-mouse IgG1 antibody
(1:1,200; A-21121; Thermo Fisher Scientific, Inc.) at room
temperature for 1 h to analyze the effects of Lenvatinib or/and
I-131 on GRP78 expression. A Benchmark automated staining
system was used for observation of purpose protein. Results
were observed under light microscope (magnification, x20).

Immunohistochemistry. Tumors sections were obtained from
NPC xenograph mice and were fixed with 10% formaldehyde
at 4°C for 8 h and embedded in paraffin. Tumor samples
were cut into sections (6 mm) and antigen retrieval was also
performed by incubating tissue sections at 93°C for 20 min,
followed by incubation on ice for 40 min. Dehydration was
performed by passing a graded concentrations of ethanol
(100, 95, 85, 70 and 50%) Tumor sections were incubated
with rabbit anti-human JNK (1:1,200; ab112501), caspase-3
(1:1,200; ab13847), hypoxia-inducible factor (HIF)la (1:1,200;
ab51608), tumor necrosis factor (TNF)-a (1:1,200; ab6671)
and VEGF (1:1,200; ab46154; all Abcam) antibodies for 2 h
at 37°C, followed by incubation with anti-rabbit [gG-HRP
secondary antibody (1:1,000; MBS435036; MyBioSource, San
Diego, CA, USA) at room temperature for 1 h and washing
with PBS. VENTANA System Software 12.3 (BenchMark,
San Francisco, CA, USA) was used for observation of proteins.

Apoptosis assay. Flow cytometry and terminal deoxynucleo-
tidyl-transferase-mediated dUTP nick end labeling (TUNEL)
assays were used to analyze the apoptosis rate of HK-1 cells and
apoptotic bodies in tumor tissues. Flow cytometry analyzed
apoptosis rate of HK-1 cells via Annexin V-fluorescein isothio-
cyanate and propidium iodide staining (Annexin V-FITC kit;
BD Biosciences). TUNEL assays were used to analyze the
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number of apoptosis body in tumors isolated form experi-
mental mice through flow cytometry. All procedures were
performed as detailed previously (24). Data were analyzed
using FlowJo™ software v10.2 (FlowJo LLC, Ashland, OR,
USA).

Histopathological examination using hematoxylin and
eosin (H&E) staining. Tissues were fixed with 4% form-
aldehyde overnight at 4°C. Tissues were embedded in
paraffin and cut into 6-mm slices. Hematoxylin staining
was performed for 8§ min at room temperature and coun-
terstain in eosin-phloxine solution was performed for 1 min
at room temperature. After staining tissues were observed
under an optical microscope (magnification, x200; Nikon
Eclipse TE2000-U; Nikon Corporation, Tokyo, Japan) for
histopathological analysis.

Statistical analysis. All data were presented as the
means + standard error of the mean of three independent
experiments. Data comparisons between two groups were
performed using Student's t-test and comparisons of data
between multiple groups were evaluated via one-way analysis
of variance followed by Tukey's test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Combined effects of LEB and I-131 on growth and aggres-
siveness of NPC cells in vitro. As presented in Fig. 1A, results
indicated that combined treatment of LEB (5 mg/ml) and I-131
(3 mg/ml) significantly inhibited growth of HK-1 NPC cells
compared with either LEB or I-131. Migration and invasion
assays demonstrated that combination of LEB (10 mg/ml)
and I-131 (10 mg/ml) significantly suppressed migration and
invasion of HK-1 cells following incubation for 48 h (Fig. 1B
and C). Western blot analysis also demonstrated that tumor
metastasis-related genes MTA-1 and FIB were significantly
decreased by combined treatment of LEB (5 mg/ml) and
I-131 (3 mg/ml) compared with either agent alone (Fig. 1D).
These data indicate that combined treatment of LEB and I-131
significantly inhibits growth and aggressiveness of NPC cells
in vitro.

Combined effects of LEB and I-131 on apoptosis of NPC
cells and tumor angiogenesis-related protein in vitro. The
effects of LEB and I-131 on apoptosis of NPC cells and tumor
angiogenic protein expression levels were analyzed in vitro.
It was observed that combined treatment of LEB (5 mg/ml)
and I-131 (3 mg/ml) significantly promoted apoptosis of HK-1
cells compared with single agents (Fig. 2A). Pro-apoptosis
gene expression levels of Caspase-3 and Caspase-9 were
significantly upregulated by LEB and I-131 in HK-1 cells
(Fig. 2B). Anti-apoptosis gene expression levels of Bcl-2 and
P53 were significantly downregulated by combined treatment
with LEB and I-131 in NPC cells (Fig. 2C). Furthermore,
it was demonstrated that combined treatment with LEB
(3 mg/ml) and I-131 (3 mg/ml) significantly inhibited tumor
angiogenesis-related protein expression including VEGF and
PDGF in HK-1 cells (Fig. 2D). These results suggest that
combined treatment with LEB and I-131 may significantly
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Figure 1. Combination of LEB and I-131 inhibits growth and aggressiveness of nasopharyngeal carcinoma cells in vitro. (A) Growth of HK-1 cells following
treatment with LEB or/and I-131 determined by MTT assay. (B) Migration (magnification, x20) and (C) invasion (magnification, x20) of HK-1 cells following
treatment with LEB or/and 1-131 determined via aggression assays. (D) Expression levels of MTA-1 and FIB in HK-1 cells following treatment with LEB
or/and I-131 determined by western blotting. The data are presented as the mean + standard error of the mean of three independent experiments. “"P<0.01.
LEB, Lenvatinib; I-131, iodine-131; MTA-1, metastasis-associated protein; FIB, fibrinogen.

promote apoptosis and inhibit tumor angiogenesis-related
protein of NPC cells in vitro.

Combination of LEB and I-131 regulates apoptosis of NPC
cells through ER stress. In order to elucidate the mechanism
of NPC cells mediated by LEB and I-131, changes of ER
stress in HK-1 cells were analyzed. ATF6, IER1, RERK and
CHOP expression levels were analyzed in HK-1 cells. The
results demonstrated that combined treatment of LEB and
[-131 upregulated ATF6, IER1 RERK and CHOP expres-
sion levels in HK-1 cells (Fig. 3A). It was also demonstrated
that mRNA expression levels were significantly upregulated
by combined treatment with LEB and I-131 in HK-1 cells
(Fig. 3B). Immunolocalization indicated that structure of ER
was damaged by combined treatment of LEB and I-131, as
presented by the broken ER structure visible in Fig. 3C. In addi-
tion, results demonstrated that GRP78 expression was higher
in HK-1 cells following combined treatment of LEB and I-131
(Fig. 3D). It was also demonstrated that numbers of adhered
HK-1 cells were decreased by combined treatment of LEB and
I-131 (Fig. 3E). Furthermore, JNK and P38 expression levels
in HK-1 cells were also upregulated by combined treatment of
LEB and I-131 (Fig. 3F). Collectively, these results suggest that

combined treatment of LEB and I-131 can promote apoptosis
of NPC cells through increasing ER stress.

Combined treatment of LEB and I-131 inhibits tumor growth
and promotes apoptosis in xenograft mice model. The in vivo
effects of combined treatment of LEB and I-131 were analyzed
in a xenograft mice model. As presented in Fig. 4A, tumor
growth was significantly inhibited by combined treatment with
LEB and I-131 in a 30-day observation. TUNEL assay revealed
that apoptotic bodies were increased by combined treatment
of LEB and I-131 in tumors in experimental xenograft mice
(Fig. 4B). Immunohistochemistry demonstrated that JINK and
Caspase-3 expression levels were upregulated in NPC tumors
in mice treated with LEB and I-131 (Fig. 4C). In addition,
TNF-a and HIF-1a expression levels were also upregulated
by combined treatment of LEB and I-131 in tumors in experi-
mental xenograft mice (Fig. 4D). Furthermore, H&E staining
assay demonstrated that angiogenesis and VEGF expression
levels were significantly decreased in tumors following treat-
ment with LEB and I-131 compared with single agent and
PBS groups (Fig. 4E). Collectively, these results indicate that
combined treatment of LEB and I-131 inhibits tumor growth
and promotes apoptosis in a xenograft mice model.
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Figure 2. Combination of LEB and I-131 promotes apoptosis of nasopharyngeal carcinoma cells and inhibits tumor angiogenesis-related protein in vitro.
(A) Apoptosis rate of HK-1 cells following treatment with LEB or/and I-131 determined by flow cytometry. (B) Protein expression levels of Caspase-3
and Caspase-9 in HK-1 cells determined by western blotting. (C) Protein expression levels of Bcl-2 and P53 in HK-1 cells determined by western blotting.
(D) VEGF and PDGF expression levels in HK-1 cells determined by western blotting. The data are presented as the mean + standard error of the mean of three
independent experiments. "P<0.05, “P<0.01. LEB, Lenvatinib; I-131, iodine-131; Bcl-2, B cell lymphoma 2; VEGF, vascular endothelial growth factor; PDGF,

platelet-derived growth factor.

Discussion

NPC is a rare, highly aggressive cancer (25). Standard
therapies for NPC remain toxic and ineffective (26). I-131
is known as producing relatively low radiation, and has
exhibited anti-cancer effects in several types of human
cancer, including thyroid and hepatocellular cancer (10-12). In
addition, targeted therapy of LEB has presented the potential
to completely eradicate tumors, but with low toxicity to
normal human tissues during cancer treatment (27,28). In the
present study, the combined effects of I-131 and LEB for the
treatment of NPC were investigated in vitro and in vivo. The
findings demonstrated that combined treatment of I-131 and
LEB not only significantly inhibited growth, apoptosis, and
aggressiveness of NPC cells in vitro, but also suppressed NPC
cells growth in xenograft mice in vivo. Notably, these findings
indicated that combined treatment of I-131 and LEB promoted
apoptosis of NPC cells through upregulation of ER stress.
Currently, inhibition of tumor growth is the primary and
most fundamental facet in the progression of cancer treat-
ment (29). Enhancement of apoptosis in tumor tissues has
been reported to contribute to inhibition of tumor growth and
may lead to immunological recognition of immune system in
cancer patients (30). Conventional radiotherapy is the most

frequently used treatment of NPC, however, radiotherapy
injury seriously may damage the immune system (31). I-131
radioimmunotherapy has proven advantageous in the treat-
ment of human thyroid cancer due to lower radiation, easier
excretion and higher accuracy (32).

Notably, the role of I-131 in theranostic action has been
identified in tumor diagnostics (33,34). Ionizing effects of on
I-131 target radiotherapy on cancer cells have been identified
in rabbit VX2 tumor models (35). In the present study, the
efficacy of I-131 was explored in NPC cells and xenograft
mice. The results have indicated that I-131 inhibits growth and
aggressiveness of NPC cells. I-131 induces apoptosis of NPC
cells through ER stress. However, it was also observed that
the efficacy of single I-131 treatment was limited and yielded
unsatisfactory effects.

LEB is an oral multi-targeted tyrosine kinase inhibitor
of VEGFRI1-3, FGFR1-4, PDGFR-p, Ret, and KIT. Previous
research has indicated that VEGF, FGFR1-4, PDGFR-, Ret,
and KIT-mediated angiogenesis is a key factor in the processes
of tumor angiogenesis (36). LEB is a target-therapeutic drug
due to its role as an efficient anticancer agent in patients with
advanced solid tumor (37). In addition, Dubbelman et al (38)
have recently explored the efficacy and pharmacokinetics of
LEB in patients with advanced solid tumors or lymphomas.
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Figure 3. Combination of LEB and I-131 regulates apoptosis of nasopharyngeal carcinoma cells through ER stress. (A) ATF6, IER1, RERK and CHOP
expression levels in HK-1 cells following treatment with LEB or/and I-131 determined by western blotting. (B) Analysis of mRNA expression levels of ATF6,
IER1, RERK and CHOP expression levels in HK-1 cells. (C) Effects of LEB or/and I-131 on ER in HK-1 cells (magnification, x100). (D) GRP78 expression in
HK-1 cells following combined treatment of LEB and I-131 determined by immunofluorescence (magnification, x20). (E) Adhered morphology of HK-1 cells
following treatment with LEB or/and I-131 (magnification, x20). (F) INK and P38 expression levels in HK-1 following treatment with LEB or/and I-131. The
data are presented as the mean + standard error of the mean of three independent experiments. “P<0.01. LEB, Lenvatinib; I-131, iodine-131; ATF6, activating
transcription factor 6; IER1, inositol-requiring protein 1; RERK, protein kinase RNA-like endoplasmic reticulum kinase; CHOP, C/EBP homologous protein;
GRP78, glucose-regulated protein 78; JNK, c-jun N-terminal kinase.
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Figure 4. In vivo effects of combined treatment of LEB and I-131 in an NPC xenograft mice model. (A) Effects of combined treatment of LEB and I-131
on tumor growth in NPC xenograft mice model. (B) Apoptotic bodies in tumors following treatment with LEB or/and 1-131 determined by terminal
deoxynucleotidyl-transferase-mediated dUTP nick end labeling assay (magnification, x20). (C) JNK and Caspase-3 expression levels in tumors following
treatment with LEB or/and I-131 determined by immunohistochemistry (magnification, x20). (D) Expression levels of TNF-a and HIF-1a in tumors following
treatment with LEB or/and I-131 determined by immunohistochemistry (magnification, x20). (E) Angiogenesis and VEGF expression in tumors following treatment
with LEB or/and 1-131 determined by hematoxylin and eosin staining (magnification, x20). “P<0.01. LEB, Lenvatinib; I-131, iodine-131; NPC, nasopharyngeal
carcinoma; JNK, c-jun N-terminal kinase; TNF-a, tumor necrosis factor-a; HIF-1a, hypoxia-inducible factor-1a; VEGF, vascular endothelial growth factor.



Tohyama et al (39) have also indicated the anti-tumor activity
of LEB by targeting multiple tyrosine kinase receptors in
preclinical human thyroid cancer models. In the present
study, the combined efficacy of I-131 and LEB for the treat-
ment of NPC was reported. The present findings indicate
that combined treatment of I-131 and LEB significantly
suppresses growth and aggression of NPC both in vitro and
in vivo. Notably, the findings also indicated that apoptosis of
NPC was enhanced by synergetic treatment of I-131 and LEB
mediated by ER stress.

Apoptosis resistance is the most important characteristic
of NPC, which limits the efficacy of anti-cancer drugs in
clinical settings (40). It has been identified that upregulation
of ER stress may induce apoptosis of cancer cells (41,42).
ER stress upregulation potentiating apoptosis also has been
observed in human triple negative breast carcinoma cells (43).
In the present study, it has been demonstrated that ATF6,
IER1 RERK, and CHOP expression levels were increased by
synergetic treatment of I-131 and LEB in NPC cells and tumor
tissues. These molecules contribute to ER stress upregulation
and promote apoptosis of PC cells and tumor tissues.

In conclusion, the present study has demonstrated the
inhibitory effects of I-131 and LEB in NPC cells and an NPC
xenograft mice model. The combination of target therapy of
LEB and lower-radiation I-131 for NPC therapy was inves-
tigated. Notably, the present data indicates that combined
treatment of I-131 and LEB significantly inhibits the tumor
growth in NPC xenograft mice. The findings also suggested
that the combined treatment of I-131 and LEB has potential
application for the treatment of patients with NPC. However,
further investigations are required to identify the pharmaco-
dynamics and toxicology of combined treatment of I-131 and
LEB. Clinical experiments may be considered to confirm the
conclusions of the present study.
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