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Abstract. The incidence of thyroid cancer has increased the 
past few decades, the most frequent type has been identi-
fied to be the papillary thyroid carcinoma (PTC). Following 
thyroidectomy, radioiodine ablation treatment on PTC is 
routinely performed. However, many patients do not benefit 
from radioiodine therapy. Therefore, novel targeted therapies 
to suppress tumor growth and improve radioiodine uptake 
are required. La ribonucleoprotein domain family member 
(LARP)7 is a member of the LARP family and functions as 
a potential suppressor of the progression of carcinoma. In the 
present study, the expression status of LARP7 in PTC tissues 
and cell lines was investigated, and the cell viability, prolif-
eration and apoptotic rate, radioiodine uptake ability of PTC 
cells with overexpression of LARP7 in vitro was determined. 
Expression levels of LARP7 were significantly downregulated 
in PTC tissues and cell lines. Overexpression of LARP7 
inhibited the proliferation and increased the radioiodine 
uptake ability of PTC cells in vitro and inhibited the tumor 
growth in vivo. Furthermore, LARP7 overexpression inhibited 
the sonic hedgehog (SHH) signaling pathway and increased 
sodium/iodide symporter (NIS) expression. However, treat-
ment with recombinant human SHH partially reduced 
radioiodine uptake ability and NIS expression induced by 
LARP7. In conclusion, LARP7 may act as a tumor suppressor 
in PTC by inhibiting the SHH signaling pathway and may be a 
promising therapeutic target in patients with PTC.

Introduction

Thyroid cancer incidence is rapidly increasing in the USA, 
with an estimated annual diagnosis rate of 56,870 people and 

an annual mortality rate of 2,010 cases in 2017 (1). Papillary 
thyroid carcinoma (PTC) accounts for the majority of thyroid 
cancers and it generally exhibits favorable prognosis (2,3). 
However, the recurrence rate is approximately 15% in 
3 years (4). Following thyroidectomy in local invasion and 
distant metastasis cases, radioiodine ablation (131I) is the 
primary treatment for PTC. Nevertheless, some patients may 
fail to respond to radioiodine ablation therapy due to the loss 
of radioiodine aggregate ability in thyroid follicular cells (5). 
Therefore, determining the molecular mechanisms underlying 
radioiodine ablation refractory may aid the identification 
of novel therapeutic targets and consequently increase the 
survival of patients with PTC in the future.

La ribonucleoprotein domain family member (LARP)7 
is a member of the LARP family, that contains four La 
domain‑containing RNA‑binding proteins (LARP1, 4, 6, 
and 7), and it modulates metabolism  (6). LARP7 func-
tions as a potential suppressor in breast cancer and gastric 
carcinoma (6,7). The role of LARP7 in PTC remains to be 
elucidated. Therefore, the function and mechanism of LARP7 
with regards to PTC should be determined.

The sonic hedgehog (SHH) signaling pathway is a highly 
conserved system; it is involved in proliferation, migration, and 
invasion of PTC. The association between SHH signaling and 
radioiodine ablation refractory remains unclear. Therefore, 
further investigation of the SHH signaling pathway mecha-
nism in PTC radioiodine ablation refractory is required.

The present study aimed to evaluate the potential 
tumor‑suppressive properties of LARP7 in the PTC, LARP7 
expression in non‑neoplastic and neoplastic PTC tissues. 
Additionally, the effects of LARP7 expression on iodide 
uptake and the sodium/iodide symporter (NIS) expression in 
PTC cell lines was investigated. The potential mechanisms 
through which LARP7 increased the iodide uptake of PTC, 
including the SHH signaling pathway and NIS, were also 
investigated.

Materials and methods

Cell culture and tissue collection. The human Nthy‑ori3‑1, 
and PTC cell lines, TPC‑1 and BCPAP were obtained from 
the American Type Culture Collection (Manassas, VA, USA). 
Cell lines were authenticated by short‑tandem repeat profiling 
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performed by BMR Genomics (Padua, Italy). Cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM; 
Hyclone; GE Healthcare, Logan, UT, USA) supplemented 
with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare) 
in a 95% humidified atmosphere with 5% CO2 at 37˚C. The 
recombinant human Shh N‑terminal peptide (rhSHH; R&D 
system, Minneapolis, MN, USA) was added to the culture 
medium. Human PTC specimens and their adjacent normal 
thyroid tissues (30 pairs) were collected from 30 patients 
(9 males and 21 females; age 27‑63 years) who underwent 
surgery according to an approved human protocol at the 
Weifang People's Hospital (Weifang, China), between January 
2016 and December 2016. All patient materials were obtained 
with written informed consent.

Lentivirus‑mediated LARP7 overexpression in PTC cells. 
A LARP7 overexpression plasmid and control vector were 
obtained from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA). During cell transfection, the cells (10,000/well) were 
seeded in 6‑well plates and were subsequently cultured until 
40‑60% confluence. Transfection was performed with a 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) according to the manu-
facturer's protocol. The transfection mixture was replaced 
with a medium containing 10% FBS after 6‑8 h. The expres-
sion level of LARP7 in the transfected cells was validated via 
western blot analysis 7 days post‑transfection.

Cell viability assay. Cell viability was examined by Cell 
Counting Kit‑8 (CCK8) assay (Beyotime Institute of 
Biotechnology, Haimen, China). Cells overexpressing LARP7 
and control were cultured overnight. Subsequently, cells were 
trypsinized and seeded at a density of 3,000 cells/well in a 
96‑well plate with or without 131I (0.5 ml serum‑free DMEM 
containing 0.1 µCi Na131I) for 12 h at 37˚C. Following culture 
for the indicated time (0, 24, 48 and 72 h), 10 µl CCK8 was 
added into each well. The resulting mixtures were incubated 
at 37˚C for 3 h. Subsequently the absorbance of each well was 
examined using a Multi‑skan MK3 spectrophotometer at a 
wavelength of 450 nm.

Colony formation assay. Cells transfected with LARP7 and 
control (200 cells/well) were plated in 6‑well plates with or 
without 131I. Following 1 week of culture, colonies were fixed 
with methanol and stained with 0.1% crystal violet (Beyotime 
Institute of Biotechnology) for 20 min at 37˚C, and the images 
of the stained colonies were captured using a CKX41 light 
microscope. The number of the colonies that had migrated 
through the pores was quantified by randomly counting 
10 independent visual fields using the images.

Cell apoptosis analysis. Cell apoptosis was assessed using 
flow cytometry with staining of the cells using an Annexin 
V/propidium iodide (PI) kit (Nanjing Keygen Biotech, Co, 
Ltd., Nanjing, Jiangsu, China). Briefly, cells were collected and 
washed twice in ice cold PBS. The washed cells (2x105) were 
resuspended in 100 µl binding buffer (included in the kit), and 
stained with 5 µl Annexin V and 5 µl PI. Following incubation 
for 15 min in the dark at room temperature, flow cytometry 
was performed. A flow cytometer (Cytomics FC 500 MPL; 

Beckman Coulter, Inc., Brea, CA, USA) was utilized to 
evaluate the apoptotic levels in each sample according to the 
manufacturer's protocol. Data were analyzed using ModFit LT 
3.0 (Verity Software House, Inc., Topsham, ME, USA).

Western blot analysis. The expression levels of LARP7, 
sonic hedgehog (SHH), protein patched homolog 1 (PTCH1), 
glioma‑associated protein 1 (GLI1) and sodium‑iodide 
symporter (NIS) proteins were analyzed via western blot 
assay using the following primary antibodies: Mouse poly-
clonal LARP7 (1:200; cat. no. sc515209), SHH (1:200; cat. 
no. sc1194), PTCH1 (1:200; cat. no. sc23929), GLI1 (1:200; 
cat. no. sc20687) (all from Santa Cruz Biotechnology, Inc.), 
mouse polyclonal NIS (1:200; cat. no.  ab101084; Abcam, 
Cambridge, MA, USA) overnight at 4˚C. Normalization was 
performed by blotting the same samples with an antibody 
against mouse monoclonal β‑actin (1:800; cat. no. AA128; 
Beyotime Institute of Biotechnology) overnight at 4˚C. 
Radioimmunoprecipitation assay buffer (Thermo Fisher 
Scientific, Inc.) was used to extract total protein from cell 
lines. Protein concentration of whole cell lysates was 
assessed using the Pierce™ Bicinchonic Acid Protein Assay 
kit (Pierce; Thermo Fisher Scientific, Inc.). Equal amounts of 
proteins (30 µg) from the lysates of the cells were subjected 
to electrophoresis via 10% SDS‑PAGE (Beyotime Institute of 
Biotechnology) at 80 V for 30 min then 100 V for 1.5 h, and 
were transferred onto polyvinylidene difluoride membranes 
(EMD Millipore, Billerica, MA, USA). Following blocking 
in 5% skimmed milk for 60 min at room temperature, the 
membranes were then incubated with the aforementioned 
diluted primary antibodies. Following incubation with perox-
idase‑coupled secondary antibody (1:2,000; cat. no. A0216; 
Beyotime Institute of Biotechnology) at 37˚C for 2 h, specific 
bands were visualized with enhanced chemiluminescence 
reagent (Nanjing KeyGen Biotech Co., Ltd.) on an autoradio-
graphic film. Images were analyzed using ImageJ Software 
(National Institutes of Health, Bethesda, MD, USA).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from cells was isolated using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. Complementary DNA was 
synthesized from 500  ng of total RNA, reaction mixture 
(20 µl) containing 1 µg of total RNA was reverse transcribed to 
cDNA using a PrimeScript RT Reagent kit with gDNA Eraser 
(Takara Biotechnology Co., Ltd., Dalian, China) according to 
the manufacturer's protocol. RT‑qPCR was performed using a 
SYBR Premix Ex Taq (Takara Bio, Inc. Ostu, Japan) according 
to the manufacturer's protocols. The RT‑qPCR conditions 
were applied for detecting mRNAs: 95˚C for 30 sec, followed 
by 40 cycles of 95˚C for 30 sec, 60˚C for 30 sec and 72˚C for 
30 sec. The β‑actin was used as internal controls for the detec-
tion. The primer sequences used are presented in Table I. The 
mRNA relative expression levels were calculated using 2‑ΔΔCq 
and normalized to the reference (8).

Iodine uptake assay. Cells were cultured in 24‑well plates 
(105  cells/0.5  ml) and treated with or without 0.5  µg/ml 
rhSHH (R&D Systems, Inc.) for 24 h, subsequently, radio-
iodine uptake assays were performed. Cells were washed 
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twice with 0.5  ml PBS and subsequently incubated with 
0.5 ml of serum‑free DMEM/F‑12, which contained µCi 
carrier‑free Na131I (0.1 m) (Atomic Hi‑tech Radiation Co., 
Ltd., Beijing, China), with or without perchlorate (100 µM) 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). 
Perchlorate was used as a NIS‑competitive inhibitor for 
radioiodine uptake. Following 1‑h incubation at 37˚C, the 
radioiodine‑containing medium was removed and cells were 
rinsed twice with 1 ml PBS. Subsequently, cells in each well 
were lysed with NaOH and washed twice with PBS. The 
cell‑associated radioactivity of the collected lysed cells was 
measured using a gamma counter.

Animal studies. All experiments involving animals were 
approved by the Animal Care and Welfare Committee of 
Weifang Medical University (Weifang, China). Lv‑control 
or Lv‑LARP7 (1x108/ml) (Santa Cruz Biotechnology, Inc.) 
BCPAP cells (1.0x106) were subcutaneously injected into the 
right flanks of 4‑week‑old BALB⁄c athymic nude mice (n=12, 
female, weight range; 20‑25 g) (Laboratory Animal Center of 
Yangzhou University, Yangzhou, China) and maintained in a 
specific‑pathogen free environment with constant humidity 
(45‑50%) and constant temperature (25‑27˚C) under a 12 h 
light/dark cycle with free access to food and water. These 
nude mice were randomly divided into two groups (6 mice 
per group)  (9). Tumor volume (mm3) was calculated every 
3 days over 3 weeks using the following formula: V=0.5 x 
length x width2. Tumors were collected and imaged at 3 weeks 
following inoculation.

Immunohistochemistry. Paraffin‑embedded sections of tumor 
tissue (4 µm thick) were deparaffinized in xylene, rehydrated 
via graded alcohol solutions, blocked in methanol containing 
3% hydrogen peroxide for 10 min at room temperature, and 
then incubated with mouse anti‑human anti‑Ki67 antibody 
(1:200; cat. no. sc‑23900; Santa Cruz Biotechnology, Inc.) at 
4˚C overnight. Following rinsing with PBS solution, biotinyl-
ated goat anti‑rabbit serum IgG (1:2,000; cat. no. ab64256; 
Abcam) was used as secondary antibodies and streptavidin 
peroxidase complex reagent were applied for 1 h at room 
temperature. Finally, the sections were incubated in a 3, 
3'‑diaminobenzidine solution at room temperature for 10 min 
and then counterstained with hematoxylin for 3 min at room 
temperature. Ten randomly selected visual fields per section 
were examined under a light microscope to evaluate the Ki67 
expression.

Statistical analysis. Statistical analyses were performed 
using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). All 
experiments were performed in triplicate. Unless otherwise 
indicated, the data were evaluated as mean ± standard devia-
tion. Differences between two groups were assessed using 
two‑tailed Student's t‑test. Data of more than two groups were 
using one way analysis of vaiance with post hoc test by Tukey's 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

LARP7 expression is significantly downregulated in papillary 
thyroid carcinoma tissues and cells. LARP7 expression 
levels were detected in 30 paired PTC tissues and their corre-
sponding non‑neoplastic thyroid tissues by RT‑qPCR. The 
expression level of LARP7 was significantly reduced in PTC 
tissues when compared with the non‑neoplastic thyroid tissues 
(Fig. 1A). Immunohistochemistry demonstrated that LARP7 
was overexpressed in adjacent normal tissues compared with 
the PTC samples (representative images from 30 pairs; Fig. 1B 
and C). Furthermore, LARP7 mRNA and protein expression 
levels were significantly higher in the human thyroid cell line 
Nthy‑ori3‑1 cell line when compared with the PTC cell lines 
using RT‑qPCR and western blot analysis (Fig. 1D and E, 
respectively).

Overexpression of LARP7 reduces cell proliferation, induces 
cell apoptosis and enhances radioiodine uptake in  vitro. 
In order to investigate the effect of LARP7 in PTC cells, 
LARP7 was overexpressed in the TPC‑1 and BCPAP cells. 
The expression level of LARP7 was confirmed by western 
blotting (Fig. 2A and B). The cell viability of the TPC‑1 and 
BCPAP cells was examined using the CCK8 assay 24, 48 and 
72 h after incubation. LARP7 overexpression significantly 
abrogated the viability of both cell lines (Fig. 2C and D). It 
is of note that LARP7 overexpression significantly increased 
the inhibitory effect on cell viability, which was reduced 
following 131I treatment (Fig. 2C and D). The colony forma-
tion assay revealed that LARP7 overexpression inhibited cell 
proliferation (Fig. 2E and F), and the combination of LARP7 
overexpression with 131I treatment led to a reduced number of 
colonies compared with LARP7 overexpression or 131I alone 
(Fig. 2E and F). In addition, flow cytometry analysis was used 
to determine the effect of LARP7 overexpression on cell apop-
tosis. The findings demonstrated that LARP7 overexpression 

Table I. Sequences of all primers used in the present study.

Gene	 Forward (5'‑3')	 Reverse (5'‑3')

SHH	 CCCAATTACAACCCCGACATC	 TCACCCGCAGTTTCACTCCT
PTCH1	 TGAGACTGACCACGGCCTG	 ACCCTCAGTTGGAGCTGCTTC
GLI1	 AGGGCTGCAGTAAAGCCTTCA	 CTTGACATGTTTTCGCAGCG
NIS	 GCGTGGCTCTCTCAGTCAA	 GCGTCCATTCCTGAGCTG
β‑actin	 GATCATTGCTCCTCCTGAGC	 ACTCCTGCTTGCTGATCCAC

SHH, sonic hedgehog; PTCH1, protein patched homolog 1; GLI1, glioma‑associated protein 1; NIS, sodium‑iodide symporter.
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Figure 2. Overexpression of LARP7 inhibits cell growth and increases iodine uptake in PTC cells. Western blot analysis revealed the efficiency of LARP7 overex-
pression with Lv‑LARP7 in (A) TPC‑1 and (B) BCPAP cell lines. (C) TPC‑1 and (D) BCPAP cells transfected with Lv‑control or Lv‑LARP7 were cultured with 
or without 131I (0.1 mci/well) for 24, 48 and 72 h and the viability was quantified using a Cell Counting Kit‑8. LARP7 overexpression in (E) TPC‑1 and (F) BCPAP 
cells reduced the colony‑forming efficiency, which was greater when LARP7 overexpression and 131I. Lv‑control or Lv‑LARP7‑treated (G) TPC‑1 and (H) BCPAP 
cells treatment was combined with 131I irradiation for 12 h, and apoptotic rate was quantified using flow cytometry. Iodine uptake assay demonstrated that LARP7 
overexpression improved the iodine uptake in (I) TPC‑1 and (J) BCPAP cells. Data are presented as the mean ± standard deviation. *P<0.05. CPM, counts per 
minute; LARP7, La ribonucleoprotein domain family member; Lv, lentivirus; OD, optical density; PTC, papillary thyroid carcinoma. 

Figure 1. LARP7 is markedly downregulated in PTC tissues and cells. (A) LARP7 mRNA expression, (B) representative immunohistochemical staining 
of LARP7 in PTC specimens and their corresponding non‑neoplastic thyroid tissues (n=30 pairs) and (C) its quantification using Image Pro Plus and mean 
optical densities (compared with the adjacent normal thyroid tissues). LARP7 (D) mRNA and (E) protein expression levels in human normal thyroid cell line 
Nthy‑ori3‑1, and human PTC lines TPC‑1 and BCPAP, as assessed by reverse transcription‑quantitative polymerase chain reaction and western blot analysis, 
respectively. Data are presented as the mean ± standard deviation. *P<0.05. LARP7, La ribonucleoprotein domain family member 7; PTC, papillary thyroid 
carcinoma. 
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promoted the apoptosis of PTC; however, the combination 
of LARP7 overexpression with 131I treatment led to a greater 
apoptotic rate of PTC compared with LARP7 overexpression 
or 131I alone (Fig. 2G and H). The cell iodine uptake ability 
was investigated further and as demonstrated in Fig. 2I and J, 
as radioiodine uptake was markedly increased in TPC‑1 and 
BCPAP cell lines.

Overexpression of LARP7 inhibits tumor growth in  vivo. 
The present study investigated the association of LARP7 and 
tumor progression in vivo using subcutaneously transplanted 
Lv‑control or Lv‑LARP7 BCPAP cells into BALB⁄c athymic 
nude mice (n=6/group). Tumors were removed and imaged 
3 weeks following cell implantation (Fig. 3A). Results revealed 
that LARP7 overexpression significantly inhibited tumorige-
nicity (Fig. 3B and C). Histological analysis of the proliferation 
index revealed that Lv‑LARP7 tumors had a significantly lower 
number of Ki67 positive cells compared with the Lv‑control 
tumors (Fig. 3D and E). These findings revealed that LARP7 
significantly inhibited the tumor growth in vivo.

LARP7 regulates SHH signaling pathway in PTC cells. 
A recent study revealed that the loss of LARP7 expression 
contributed to cancer progression and metastasis (5). In cancer 
cells, one of the primary signaling pathways associated with 
cancer progression and metastasis is the SHH signaling 
pathway (10). The present study investigated whether LARP7 
is involved in regulating the SHH signaling pathway in PTC 

cells. Expression levels of the principal components of the 
SHH signaling pathway in LARP7‑overexpressing TPC‑1 and 
BCPAP cells were analyzed. Overexpression of LARP7 inhib-
ited the expression levels of SHH pathway‑associated genes, 
including SHH, PTCH1 and GLI1 in TPC‑1 and BCPAP cell 
lines at the mRNA and protein levels (Fig. 4).

LARP7 increases cell iodine uptake ability through SHH 
signaling pathway‑mediated expression of NIS in PTC cells. 
The present study investigated the mechanism through which 
LARP7 increases the iodine uptake ability of PTC cells, the 
expression level of NIS in LARP7 overexpressing cells and 
control TPC‑1 and BCPAP cells were also assessed. The 
mRNA and protein expression levels in LARP7‑overexpressing 
PTC cells were upregulated compared with control cells, as 
determined by RT‑qPCR and western blot analysis (P<0.05; 
Fig. 5A‑D). In order to determine whether LARP7 increased 
cell iodine uptake ability via the SHH signaling pathway, TPC‑1 
and BCPAP cells were treated with rhSHH. rhSHH treatment 
reduced NIS mRNA and protein expression levels in both cell 
lines (P<0.05; Fig. 5A‑D). These findings raveled that the SHH 
signaling pathway may regulate NIS expression. As presented 
in Fig. 5E and F, radioiodine uptake was significantly reduced 
in TPC‑1 and BCPAP cells treated with rhSHH. Subsequently, 
TPC‑1 and BCPAP cells overexpressing LARP7 and control 
cells were treated with rhSHH and RT‑qPCR and western blot 
analysis demonstrated that LAPR overexpression combined 
with led to rhSHH treatment led to reduced NIS mRNA and 

Figure 3. LARP7 overexpression impaired tumor growth in a xenograft mouse model. (A) Representative images of tumor size following subcutaneous 
injection with Lv‑control or Lv‑LARP7 BCPAP cells in athymic nude mice (n=6/group) and (B) tumor size and (C) weight were quantified. (D) Representative 
images of Ki67+ tumors following subcutaneous injection with Lv‑control or Lv‑LARP7 BCPAP cells in athymic nude mice (n=6/group). Magnification, x200. 
(E) Quantification of Ki67+ cells from Lv‑control or Lv‑LARP7 group tumor sections. Data are expressed as the mean ± standard deviation. *P<0.05. LARP7, 
La ribonucleoprotein domain family member; Lv, lentivirus; PTC, papillary thyroid carcinoma. 
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Figure 4. LARP7 inhibited the activation of the SHH signaling pathway. TPC‑1 and BCPAP cells were transfected with Lv‑control or Lv‑LARP7, and the 
mRNA expression levels of (A) SHH, (B) GLI1 and (C) PTCH1 and their (D) protein expression levels were quantified using reverse transcription‑quantitative 
polymerase chain reaction and western blot analysis, respectively. Data are expressed as the mean ± standard deviation. *P<0.05. GLI1, glioma‑associated 
protein 1; LARP7, La ribonucleoprotein domain family member; Lv, lentivirus; PTC, papillary thyroid carcinoma; PTCH1, protein patched homolog 1; SHH, 
sonic hedgehog. 

Figure 5. LARP7 overexpression in TPC‑1 and BCPAP cells incubated for 24 h with or without of 0.5 µg/ml rhSHH. RNA expression levels of NIS were 
significantly downregulated by rhSHH compared with the control in (A) TPC‑1 and (B) BCPAP cells. Protein expression levels of NIS were significantly 
downregulated by rhSHH compared with the control in (C) TPC‑1 and (D) BCPAP cells. Radioiodine uptake assay demonstrated that treatment with rhSHH 
significantly reduced the radioiodine uptake ability of (E) TPC‑1 and (F) BCPAP cell lines where LARP7 overexpression was induced. Data are expressed as 
the mean ± standard deviation. *P<0.05. LARP7, La ribonucleoprotein domain family member; Lv, lentivirus; NIS, sodium‑iodide symporter; PTC, papillary 
thyroid carcinoma; PTCH1, protein patched homolog 1; SHH, sonic hedgehog; rhSHH, recombinant human SHH peptide.
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protein expression levels (P<0.05; Fig. 5A‑D). Radioiodine 
uptake assay indicated that treatment with rhSHH significantly 
reduced the radioiodine uptake ability of TPC‑1 and BCPAP 
cell lines, which was previously increased by LARP7 overex-
pression alone (P<0.05; Fig. 5E and F).

Discussion

PTC, with a rapidly increasing morbidity in the USA, is a 
common endocrine malignancy. In PTC, oncogene aberrant 
deregulation contributes to tumor progression (10). However, 
the role of tumor suppressors involved in cellular processes 
associated with tumorigenesis and therapy in PTC remains 
to be elucidated. Furthermore, the majority of patients with 
PTCs exhibit no alterations in commonly implicated onco-
genes (3). Therefore, genes and mechanisms that currently 
remain unidentified might also have critical roles in papillary 
thyroid carcinogenesis. In the present study, LARP7 was 
downregulated in PTC tissues and cell lines. In addition, 
in vitro data demonstrated that LARP7 inhibited the viability 
and proliferation and increased the radioiodine uptake ability 
of PTC cells. Therefore, LARP7 might have an important role 
in tumorigenesis and survival of PTC.

Following thyroidectomy, radioiodine ablation is the most 
important auxiliary treatment for PTC. This technology 
is commonly used to delete the residual tissues following 
thyroidectomy (4). Furthermore, the metastatic lesions, which 
cannot be removed by surgery, may be removed using this 
method. However, a few cases become refractory to radioio-
dine therapy (5). The loss of radioactive iodine (RAI) uptake 
inversely correlates with survival. For patients with RAI 
refractory disease, few treatment options are available because 
these tumors are generally resistant to external radiation 
and conventional chemotherapy (11). The side effects of 131I 
therapy are more tolerable than those of external radiation, 
conventional chemotherapy, or small‑molecule inhibitors (12). 
However, at present, no novel treatment has been demonstrated 
to improve overall survival despite improved progression‑free 
survival in some patients with RAI refractory disease (12). 
Accordingly, strategies to restore and increase thyroidal RAI 
accumulation for patients with RAI refractory disease are 
clinically important. NIS is an intrinsic plasma membrane 
protein, which offers thyroid cells the distinct function to 
uptake, concentrate iodine (12). Patients with low expression 
of NIS may be pre‑disposed to an iodine‑refractory metastatic 
disease, which may lead to treatment failure  (13,14). NIS 
expression in thyroid cancer cells is regulated by the binding 
of transcription factors, such as paired box 8 and micro RNAs 
(miRs), to the NIS upstream enhancer (13). Small interfering 
RNAs may be used to knockdown molecular targets reducing 
NIS expression or function (15,16). Anti‑miRs may be poten-
tial candidates to increase TSH‑stimulated RAI accumulation 
in thyroid cancer cells when critical miRs regulating NIS 
expression or function are identified (14).

LARP7 is a member of the LARP family that contains four 
La domain‑containing RNA‑binding proteins. LARP7 may 
bind to and stabilize 7SK small nuclear RNA (17). LARP7 is 
also involved in transcription elongation controlled by RNA 
Polymerase II (17). Consequently, the 7sk‑LARP7 complex 
suppresses the positive transcription elongation factor b 

(P‑TEFb) complex, which is the ubiquitous and principal 
promoter of general mRNA elongation and processing (18‑20). 
In breast cancer, LARP7 regulates breast cancer epithe-
lial‑mesenchymal transition and metastasis, thereby suggesting 
a novel therapeutic option to treat metastatic breast cancer 
by blocking P‑TEFb activation (6). However, the mechanism 
of LARP7 suppression in tumor progression, which is inde-
pendent of P‑TEFb remains to be elucidated. The role of 
LARP7 in PTC should also be determined. The present study 
demonstrated that LARP7 expression was significantly down-
regulated in PTC tissues and cells compared with the adjacent 
normal thyroid tissues. Furthermore, it was revealed that 
LARP7 overexpression reduced cell viability and prolifera-
tion, increased the apoptotic rate, and induced cell radioiodine 
uptake in TPC‑1 and BCPAP cells. These findings suggested a 
potential role of LARP7 in regulating PTC biological activity, 
which to the best of our knowledge was not previously reported. 
The present study also established a lentiviral‑mediated 
LARP7 overexpression model and demonstrated that LARP7 
overexpression significantly increased NIS expression, which 
coincided with increased radioiodine uptake ability.

Previous studies demonstrated that the SHH signaling 
pathway has an important role in the development and progres-
sion of PTC (21‑23). The SHH signaling pathway is initiated by 
the binding of the secreted SHH ligand to PTCH1, which relieves 
the PTCH1‑mediated repression of smoothened (SMO). SMO 
triggers the downstream signaling cascade inducing nuclear 
translocation of GLI1, activating the transcription of SHH 
target genes, including PTCH1 (24). The association of the SHH 
signaling pathway and radioiodine uptake ability remains to be 
elucidated. In the present study, rhSHH significantly reduced 
mRNA and protein levels of NIS and SHH pathway‑associated 
genes, such as PTCH1 and GLI1 in PTC cells. Radioiodine 
uptake was also significantly reduced in TPC‑1 and BCPAP cell 
lines. These findings indicated that the SHH signaling pathway 
may regulate radioiodine uptake ability.

Additionally, the present study aimed to investigate the 
hypothesis that LARP7 overexpression increases NIS expres-
sion and the radioiodine uptake ability of PTC cells through the 
SHH signaling pathway. Firstly, it was demonstrated that the 
LARP7 overexpression significantly reduced the mRNA and 
protein levels of SHH pathway‑associated genes in PTC cells. 
In addition, rhSHH reduced LARP7‑induced overexpression 
of NIS. Finally, radioiodine uptake assay demonstrated that 
treatment with rhSHH significantly reduced the radioiodine 
uptake ability of TPC cells which was previously increased 
following LARP7 overexpression.

These findings support the hypothesis that LARP7 inhibits 
SHH signaling pathway and enhances the therapeutic effects 
of radioiodine. However, the present study has some limita-
tions. Due to the low expression level of LARP7 in TPC‑1 and 
BCPAP cells, expression of LARP7 was not suppressed using 
small interfering RNA. Therefore, the association of LARP7 
and PTC was not further demonstrated using knockdown of the 
LARP7 expression. In the future, immortal human follicular 
thyroid cell lines Nthy‑ori3‑1 may employed, with upregulated 
expression levels of LARP7 than PTC cell lines. Furthermore, 
the present study did not investigate the association between 
LARP7 and follicular thyroid cancer and anaplastic thyroid 
cancer, which is also resistant to radioiodine ablation, which 
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requires investigation in future studies  (4). Providing that 
LARP7 overexpression may enhance the therapeutic effect of 
radioiodine follicular and anaplastic thyroid cancers, LARP7 
may be considered as a novel target of alternative therapeutic 
approaches for thyroid cancer.

In conclusion, LARP7 may have inhibited the proliferation 
and increased the radioiodine uptake of PTC cells by regu-
lating the SHH signaling pathway. Therefore, LARP7 may be 
a novel target for the development of alternative therapeutic 
approaches for PTC.
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