
ONCOLOGY LETTERS  18:  637-644,  2019

Abstract. The aim of this study was to examine the impact of 
iodine on the development of thyroid cancer cells and to detect 
the underlying mechanisms. It was observed that proliferation 
was promoted and apoptosis was inhibited in cells treated with 
iodine at a specific concentration. This treatment group was 
then selected for further analysis, to investigate how iodine 
affects the development of thyroid cancer cells. It was reported 
that sperm protein associated with the nucleus, X‑linked, 
family member A1 (SPANXA1) expression in iodine‑treated 
cells was significantly upregulated. Furthermore, downregula-
tion of SPANXA1 inhibited cell proliferation, migration and 
invasion, and promoted cell apoptosis. These results suggested 
that SPANXA1 played an important role in iodine‑treated 
thyroid cancer cells. Novel associations between SPANXA1 
and thyroid cancer were described in the current study. In 
addition, SPANXA1 gene silencing resulted in the down-
regulation of PI3K and phosphorylated (p)AKT expression in 
iodine‑treated thyroid cancer cells, whereas iodine treatment 
alone resulted in upregulated PI3K and p‑AKT expression. 
Inhibiting PI3K further suppressed cell proliferation and 
contributed to apoptosis, even in the presence of SPANXA1 
at high levels. As a consequence, PI3K/AKT may be one of 
the key signalling pathways by which iodine promotes thyroid 
cancer development in association with SPANXA1. In addi-
tion, our results further suggested that patients with thyroid 
cancer may need to avoid high‑iodine intake.

Introduction

Thyroid cancer is one of the most common endocrine cancers 
and includes anaplastic carcinoma, medullary carcinoma, 
follicular carcinoma and papillary carcinoma  (1). Among 
these, the most common type of thyroid carcinoma is papil-
lary thyroid carcinoma (PTC), which accounts for about 85% 
of all thyroid cancers (2). Thyroid cancer incidence has been 
reported to have increased rapidly worldwide, with the PTC 
incidence increasing the most (3,4). Between 1975 and 2009, 
the incidence of thyroid cancer has nearly tripled from 4.9 to 
14.3 per 100,000 individuals, and the increase was attributable 
to PTC, the incidence of which increased from 3.4 to 12.5 per 
100,000 individuals (5). Although thyroid cancer typically has 
low mortality and high survival rates, disease recurrence is 
high and a subgroup of patients with tumours exhibits aggres-
sive characteristics (6). Therefore, it is important to examine 
the factors and underlying molecular mechanisms of thyroid 
cancer development to further assist in guiding the lifestyle 
choices of patients with thyroid cancer.

Numerous studies have investigated potential prognostic 
factors of thyroid cancer (7‑9); a high prevalence of BRAF 
gene mutations (10) and significantly increased expression 
levels of the sodium/iodide symporter in thyroid cancer have 
been reported (11). Although the exact mechanism remains 
unknown, it is unlikely that genetic factors alone can explain the 
increase in thyroid cancer incidence in recent years therefore, 
an association with other factors has been proposed (12,13). 
Previous epidemiological surveys have indicated that high 
iodine intake may play an important role in the promotion of 
thyroid cancer (14‑16).

Iodine is an essential trace element and affects the function 
of the thyroid gland (17). Both deficient and excessive levels of 
iodine may lead to thyroid diseases (18). However, the effects 
of iodine in thyroid cancer are controversial and whether 
iodine promotes or prevents the progression of thyroid cancer 
remains unknown. A previous study demonstrated that iodine 
can induce apoptosis and prevent the progress of thyroid 
cancer development (19). It was further reported that iodine 
prevents the transformation from PTC to anaplastic thyroid 
cancer (20,21). Gerard et al (22) suggested that thyroid cancer 
benefits from iodine deficiency through an angiogenic reaction 
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via vascular endothelial growth factor  (VEGF) induction. 
However, it was further reported that iodine may promotes the 
thyroid cancer incidence rate (14). An increase in the prevalence 
of thyroid cancer has been observed following the introduction 
of universal salt iodization (14). The papillary‑to‑follicular 
incidence rate ratios increased significantly from 3.98 between 
1980 and 1984 to 9.88 between 2005 and 2009 (23). Therefore, 
increased attention has focused on the mechanism by which 
iodine affects thyroid cancer development. For instance, a high 
iodine diet promotes thyroid cancer development by upregu-
lating p14ARF and p16INK4a expression (24). An association 
between high iodine intake and the T1799A BRAF mutation 
in PTC has been described (25). Therefore, high iodine intake 
may be a risk factor in thyroid cancer development; however, 
the underlying mechanisms have not been clearly elucidated 
and the key genes and pathways involved remain unknown. 

In the present study, the effects of varying extra amounts 
of iodine on thyroid cancer cells were examined. In addi-
tion, high throughput RNA‑sequencing and RT‑qPCR were 
used to identify the key genes through which iodine affected 
thyroid cancer cells. The phosphatidylinositol 3‑kinase/protein 
kinase B (PI3K/AKT) signalling pathway in a series of in vitro 
assays was examined. The results revealed that SPANXA1 
may serve an important oncogenic role in thyroid cancer cells 
pre‑treated with extra‑low doses of iodine via the PI3K/AKT 
signalling pathway.

Materials and methods

Cell culture and experimental groups. Human thyroid cancer 
cell line BCPAP was purchased from Jennio Biotech Co., Ltd. 
The genetic alteration most often found in thyroid cancer is 
the mutant BRAF gene; BCPAP cells harbour the BRAF muta-
tion (26). Therefore, this cell line was selected to examine the 
impacts of iodine on the development of thyroid cancer. Cells 
cultured in Roswell Park Memorial Institute (RPMI)‑1640 
(Corning, Inc.), containing 10% foetal bovine serum (FBS; 
Corning, Inc.) was referred to as the control group. A signifi-
cant increase in the prevalence of thyroid cancer had been 
observed after universal salt iodization (15), with potassium 
iodate (KIO3) being the major additive material in the process 
of salt iodization  (27). Therefore, KIO3 was dissolved in 
RPMI‑1640 to adjust the concentration of iodine. LY294002 
was used to inhibit the PI3K/AKT signalling pathway, which 
may serve an important role in the effects of iodine on thyroid 
cancer cell growth. According to the amount of KIO3 added 
in to RPMI‑1640 medium, the iodine concentrations in the 
media were 1.0x10‑3, 1.0x10‑4, 1.0x10‑5, 1.0x10‑6, 1.0x10‑7 and 
1.0x10‑8 mol/l. The cells (3x105 cells/well) were cultured in 
iodine‑enriched environment with 5% CO2 at 37˚C to examine 
the impact of iodine. pH values at 37˚C of all culture mediums 
supplemented with iodine at 1.0x10‑3, 1.0x10‑4, 1.0x10‑5, 
1.0x10‑6, 1.0x10‑7 and 1.0x10‑8 mol/l for 24 h were measured; 
KIO3 did not change the pH value of the culture medium 
(data not shown). Iodine supplementation at 1.0x10‑6 mol/l 
promoted cell proliferation and inhibited cell apoptosis the 
most previously compared with control group, therefore, this 
concentration was used for subsequent experiments. To detect 
the expression of PI3K and p‑AKT affected by downregu-
lating SPANXA1, the cells treated with siRNA‑SPANXA1 

were compared with control group treated with siRNA‑NC 
and blank group treated without siRNAs.

Cell proliferation assay. BCPAP cells (3x103) were seeded 
in 96‑well plates in triplicates, and were cultured in 100 µl 
RPMI‑1640 containing 10% FBS. MTT (Sigma‑Aldrich; 
Merck KGaA) was added into each well at a final concentration 
of 5 mg/ml. After 4 h of MTT incubation with 5% CO2 at 37˚C 
on days 0, 1, 2 and 3, dimethyl sulfoxide (Sigma‑Aldrich; 
Merck KGaA) was added to dissolve the insoluble formazan 
reduced from MTT, and was subsequently injected into each 
well. The absorbance was measured using the Infinite® 200 
pro NanoQuant spectrophotometer (Tecan Group, Ltd.) at a 
wavelength of 490 nm to determine cell proliferation. 

Apoptosis analysis. BCPAP cells (3x105) were seeded into 
6‑well plates with RPMI‑1640 complete culture medium. After 
48 h of treatment, the cells were washed with PBS, suspended 
in binding buffer (Beyotime Institute of Biotechnology) and 
serum‑deprived for 24 h prior to FACS. The cells were stained 
with 5 µl Annexin V‑fluorescein isothiocyanate (FITC) and 5 µl 
propidium iodide (Vazyme Biotech Co., Ltd.) and incubated at 
room temperature for 15 min, according to the manufacturer's 
protocol. After staining, the proportion of apoptotic cells was 
analysed using a flow cytometer (BD Biosciences). 

High‑throughput RNA‑sequencing. High‑throughput 
RNA‑sequencing was conducted (Seqhealth Technology 
Co., Ltd.) to screen differentially expressed genes between 
BCPAP cells incubated in ordinary medium and the ones 
treated with extra‑lower iodine. Total RNA was isolated using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
and purified using an RNeasy Plus Mini kit (Qiagen). Each 
group was sequenced on one sequencing lane of an Illumina 
Genome Analyzer  II system (Illumina). The paired‑end 
reads were trimmed with the Illumina standard adapter 
(‘AGA​TCG​GAA​GAG​C’) low quality sequence 3'end by using 
Trim Galore (version 3, http://www.bioinformatics.babraham.
ac.uk/projects/trim_galore) and mapped to the human genome 
(version h19; ftp://ftp.ensembl.org/pub/release‑75/gtf/homo_
sapiens/Homo_sapiens.GRCh37.75.gtf.gz) using Tophat 
(version  2.1.0, http://ccb.jhu.edu/software/tophat/index.
shtml). The expression levels of each gene were analysed 
using Cufflinks (version 2.21, http://cole‑trapnell‑lab.github.
io/cufflinks). The mapped reads were used to quantify the tran-
scripts from the RefSeq reference database. For the functional 
annotation analysis of genes, the Database for Annotation, 
Visualization and Integrated Discovery (DAVID, https://david.
ncifcrf.gov/home.jsp) online tool was used.

SPANXA1‑knockdown by transient RNA interference. BCPAP 
cells (3x105) were seeded into 6‑well plates and incubated for 24 h. 
Cells were transiently transfected with synthesized SPANXA1 
small interfering (si)RNAs (GCC​TGC​CAC​TGA​CAT​TGA​
A, 20 µM; Ribobio Co., Ltd.) using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). Red fluorescent 
protein (RFP) was used to detect transfection efficiency. Media 
were changed at 4‑6 h. Cells were harvested 48 h after trans-
fection, and reverse transcription‑quantitative PCR (RT‑qPCR) 
was performed to confirm transfection.



ONCOLOGY LETTERS  18:  637-644,  2019 639

Wound healing assay. BCPAP cells in logarithmic growth phase 
were placed in 6‑well plates with a density of 3x105 cells/well. 
Once the cells reached 80% confluence, a vertical scratch was 
made on the cell layer using a 10‑µl pipette tip. Thereafter, the 
cells were incubated in serum‑free RPMI‑1640 with 5% CO2 
at 37˚C. Images of the plates were captured at 0, 24 and 48 h 
at x20 magnification using an inverted microscope (Olympus 
Corporation, Tokyo, Japan).

Cell migration assay. Transwell assays were performed to 
evaluate the invasive capability of BCPAP cells. Transwell 
chambers with polyvinylidene difluoride (PVDF) filters (pore 
size 8.0‑µm; Corning, Inc.) were pre‑coated with 50 µl Matrigel 
(BD  Biosciences) diluted  1:3 in serum‑free RPMI‑1640. 
Cells (3x104 cells/well) were suspended in 200 µl serum‑free 
RPMI‑1640 and placed into the upper chambers in triplicate. 
RPMI‑1640 containing 600 µl FBS was added to the lower 
chamber as a chemotactic factor. Following 48‑h incubation, 
the non‑invading cells on the upper surface were carefully 
removed with cotton swabs. Cells that migrated through the 
pores and adhered to the lower surface were fixed with 4% 
paraformaldehyde for 30 min at room temperature and stained 
with 0.1% crystal violet for 30 min at room temperature, 
and images were captured under a fluorescent microscope 
(Olympus Corporation). 

RT‑qPCR analysis. Total RNA extraction from the cells 
was performed using TRIzol kit (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. The 
obtained RNA was reversely transcribed into cDNA (10 µl) 
using a PrimeScript RT Reagent kit (Takara, Bio, Inc.). cDNA 
was used as the template for qPCR detection with primers 
and SYBR Master Mixture (Takara Bio, Inc.). The PCR was 
performed using the VIIA7 Real‑Time PCR System (Thermo 
Fisher Scientific, Inc.), and the thermocycling conditions were 
as follows: Pre‑denaturation at 95˚C for 2 min, 40 cycles of 
denaturation at 95˚C for 15 sec and annealing at 60˚C for 
15 sec, followed by final extension at 95˚C for 15 sec. The 
relative mRNA expression levels in each sample were calcu-
lated using the 2‑ΔΔCq method. The primers were synthesized 
by Generay Biotech Co., Ltd., and the sequences are listed 
in Table  I. mRNA levels were normalized to the internal 
reference gene β‑actin.

Western blot analysis. Total protein was extracted from 
BCPAP cells using RIPA lysis buffer (Beyotime Institute of 
Biotechnology), and its concentration was determined using 
a bicinchoninic acid assay. Extracted protein (~25  µg) in 
each group was denatured at 95˚C for 10 min. Proteins were 
separated by 10% SDS‑PAGE and transferred onto PVDF 
membranes (100V; 60 min). The membranes were blocked 
for 2 h in Tris‑buffered saline with Tween‑20 (TBST) with 
5% non‑fat milk at room temperature, and were subsequently 
incubated at 4˚C overnight with primary antibodies against 
PI3K (cat. no. 4228; dilution, 1:1,000), phosphorylated‑AKT 
(p‑AKT; cat. no. 9271; dilution, 1:500), AKT (cat. no. 9272; 
dilution, 1:500) and GADPH (cat. no. 5174; dilution, 1:1,000). 
Following the incubation, the membranes were washed three 
times using TBST and incubated with horseradish peroxi-
dase‑conjugated anti‑rabbit immunoglobulin G secondary 

antibody (cat. no. 5151; dilution, 1:2,000) at room temperature 
for 1 h. All antibodies were purchased from Cell Signaling 
Technology, Inc. The membranes were washed with TBST, 
and the blots were examined by enhanced chemiluminescence. 
Protein expression levels were semi‑quantified by densitometry 
analysis using an imaging system (LI‑COR, Inc.).

Statistical analysis. All statistical analysis was performed 
using SPSS  18.0  software (SPSS, Inc.). The results were 
presented as the mean ± standard deviation as appropriate. All 
calculated significances are based on the one‑way analysis of 
variance test and the Tukey's post‑hoc test. For direct compari-
sons between two groups, paired Student's t‑test was used. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Iodine at 1.0x10‑6 mol/l significantly promotes cell prolifera‑
tion and inhibits apoptosis. Cell proliferation, as evaluated by 
an MTT assay, suggested that iodine at 1.0x10‑4, 1.0x10‑5, 
1.0x10‑6, 1.0x10‑7  and 1.0x10‑8 mol/l enhanced cell prolif-
eration when compared with the control group. Significant 
increases in cell proliferation compared with the control were 
observed following treatment with 1.0x10‑6 mol/l. However, 
cells incubated with iodine at 1.0x10‑3  mol/l presented 
notably decreased cell growth compared with the control 

Table I. Primer sequences used in the present study. 

Gene	 Primers (5'→3')

BMS1P17	 F: GCACAGGCTGCATCTCCACTA
	 R: CCCACGGCATCAGACTAAAGG
CALD1	 F: GTTTCCATCTGGGGTTTTAGTT
	 R: TATGTGGGAGAAAGGGAATGT
H3F3BP1	 F: CTGGAAGGGAAGTCTGCGAAT
	 R: TACTGGAGGGGTGAAGAAACC
IGKV10R‑2	 F: GGAGTTTTCCTTGGTTTCTGC
	 R: AGTCTCCATCCTCCCTGTCTG
MKI67	 F: AAGCCCTCCAGCTCCTAGTCCTA
	 R: GCCACTCTTTCTCCCTCCTCTCT
SACS	 F: CCAGGTGGTAAAGGAAGGAAA
	 R: GTGGGCGAGGGATCAGTAGTA
VCAN	 F: GTATTTGTAGCACTGCCCTTG
	 R: TGTCACTCTAATCCCTGTCGT
SPANXA1	 F: TTCCTCCTGTAGCGAACCACT
	 R: TGCCACTGACATTGAAGAACC
β‑actin	 F: CATGTACGTTGCTATCCAGGC
	 R: CTCCTTAATGTCACGCACGAT

BMS1P17, BMS1, ribosome biogenesis factor pseudogene 17; 
CALD1, caldesmon 1; H3F3BP1, H3 histone, family 3B pseu-
dogene  1; MKI67, marker of proliferation Ki‑67; SACS, sacsin 
molecular chaperone; SPANXA1, sperm protein associated with the 
nucleus, X‑linked, family member A1; VCAN, versican. 
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group (Fig. 1A). For apoptosis, these results were reversed. 
Apoptosis in BCPAP cells incubated with iodine at 1.0x10‑4, 
1.0x10‑5, 1.0x10‑6, 1.0x10‑7 and 1.0x10‑8 mol/l was significantly 
decreased compared with the control group; the lowest degree 
of apoptosis was observed in response to 1.0x10‑6 mol/l iodine. 
Apoptosis in samples treated with iodine at 1.0x10‑3 mol/l 
significantly increased compared with the control (Fig. 1B).

High throughput RNA‑sequencing shows that iodine at 
1.0x10‑6 mol/l promotes thyroid cancer development via 
SPANXA1. Our results indicated that iodine exhibits impor-
tant roles in thyroid cancer, particularly at 1.0x10‑6 mol/l. In 
order to investigate the molecular mechanism by which iodine 
affects thyroid cancer cells, high throughput RNA‑sequencing 
was utilized to screen for differentially expressed genes in 
BCPAP cells incubated in ordinary medium (control group) 
and cells cultured in iodine‑enriched medium (1.0x10‑6 mol/l). 
The differential expression of genes was confirmed via 
RT‑qPCR (Fig. 2). It was revealed that SPANXA1 mRNA 
expression was significantly upregulated in BCPAP cells when 
treated with iodine.

Downregulation of SPANXA1 inhibits cell proliferation, migra‑
tion and invasion, and promotes cell apoptosis in thyroid cancer 
cells incubated with an extra‑low dose of iodine. BCPAP cells 
incubated with iodine at 1.0x10‑6 mol/l were selected to be trans-
fected with 50 nmol/l siRNA‑SPANXA1 to inhibit SPANXA1 

expression  (Fig.  3A). There was no notable difference in 
efficiency between siRNA‑NC group and siRNA‑SPANXA1 
group. Therefore, the present study proposed that alterations in 
the parameters assessed may be induced by siRNA‑SPANXA1. 
After transfection, SPANXA1 mRNA expression was downreg-
ulated significantly, which was evaluated by RT‑qPCR (Fig. 3B). 
As presented in Fig. 3C, the proliferation of transfected BCPAP 
cells was lower when compared with the control group. 
The results demonstrated that migration (Fig. 3D) and inva-
sion (Fig. 3E) of the siRNA‑SPANXA1‑transfected BCPAP cells 
were also significantly decreased compared with the control 
group. The apoptotic rate of the siRNA‑SPANXA1‑transfected 
BCPAP cells significantly increased when compared with the 
control group (13.05 vs. 9.35%), which implied that down-
regulating SPANXA1 may significantly induce BCPAP cell 
apoptosis (Fig. 3F). 

Iodine promotes thyroid cancer development via SPANXA1 
through the PI3K/AKT signalling pathway. As presented 
in Fig. 4A, PI3K and p‑AKT expression was downregulated 
following SPANXA1 knockdown. PI3K and p‑AKT expres-
sion were detected in the control and iodine treatment 
(1.0x106 mol/l) groups. It was observed that PI3K and p‑AKT 
expression levels were upregulated in the iodine treatment 
group compared with the control group (Fig. 4B). In addi-
tion, LY294002, a specific PI3K inhibitor, was added to the 
iodine‑treated cells (1.0x10‑6 mol/l; with high expression of 

Figure 1. Cell proliferation evaluated by MTT assay and flow cytometry. (A) It was observed that iodine at lower concentrations (1.0x10‑4, 1.0x10‑5, 1.0x10‑6, 
1.0x10‑7 and 1.0x10‑8 mol/l) contributed to the proliferation of BCPAP cells, while iodine of a higher concentration (1.0x10‑3 mol/l) had a negative effect. Cells 
treated with iodine at 1.0x10‑6 mol/l exhibited the most pronounced changes. (B) BCPAP cell apoptosis was analysed by flow cytometry with different concen-
trations of iodine. BCPAP cell apoptosis, when incubated with lower concentrations of iodine (1.0x10‑4, 1.0x10‑5, 1.0x10‑6, 1.0x10‑7 and 1.0x10‑8 mol/l) was 
significantly inhibited. Among these, the highest inhibitory effect was observed with 1.0x10‑6 mol/l iodine. A higher concentration of iodine (1.0x10‑3 mol/l) 
appeared to promote cell apoptosis. *P<0.05 and **P<0.01 vs. the control group. OD, optical density. 
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SPANXA1). The effects of the inhibitor on the PI3K/AKT 
signalling pathway were confirmed by an MTT assay (Fig. 4C), 
scratch (Fig. 4D) and Transwell (Fig. 4E) assays, as well as by 
flow cytometry (Fig. 4F). Downregulation of the PI3K/AKT 
signalling pathway inhibited cell proliferation, migration, 
invasion and promoted cell apoptosis. Our results suggested 
that the inhibition of the PI3K/AKT signalling pathway 
reversed the SPANXA1‑promoted development of BCPAP 
cells pre‑treated with iodine.

Discussion

Thyroid cancer is a common endocrine cancer and its 
etiological factors include radiation, the environment and 
genetics  (1,10,13). An epidemiological study showed that 
high urinary iodine is a risk factor for thyroid tumorigen-
esis (28). Another study demonstrated that iodine regulates 
G2/M  progression, induced by C‑C motif ligand 21/C‑C 
motif chemokine 7 interactions in primary cultures of thyroid 

Figure 3. Effects of SPANXA1 on BCAP cell proliferation, migration, invasion and apoptosis. (A) Microscopy images of cells transfected with 50 nmol/l 
siRNA and control cells (magnification, x400). (B) After transfection, SPANXA1 expression was decreased. (C) Proliferation of BCPAP cells treated with 
iodine at 1.0x10‑6 mol/l as assessed by an MTT assay; SPANXA1‑knockdown BCPAP cells exhibited suppressed proliferation. Migration of BCPAP cells with 
downregulated SPANXA1 was evaluated using (D) a Transwell assay and (E) invasion was analysed using a scratch‑wound assay. Downregulation of SPANXA1 
contributed to the inhibition of migration and invasion of iodine‑treated BCPAP cells. Magnification, x20. (F) Cell apoptosis results were obtained by flow 
cytometry and suggested that downregulation of SPANXA1 increased apoptosis in iodine‑treated BCPAP cells (1.0x10‑6 mol/l). *P<0.05 and **P<0.01 vs. the 
control group. NC, negative control; SPANXA1, sperm protein associated with the nucleus, X‑linked, family member A1; si, small interfering; OD, optical density.

Figure 2. High throughput RNA‑sequencing data shown as a heat map and expression of different genes in BCPAP cells treated with iodine at 1.0x10‑6 mol/l. 
Red represents high expression, and green represents low expression. *P<0.05 and **P<0.01 vs. the control group. KIO3, potassium iodate; BMS1P17, BMS1, 
ribosome biogenesis factor pseudogene 17; CALD1, caldesmon 1; H3F3BP1, H3 histone, family 3B pseudogene 1; MKI67, marker of proliferation Ki‑67; 
SACS, sacsin molecular chaperone; SPANXA1, sperm protein associated with the nucleus, X‑linked, family member A1; VCAN, versican. 
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cancer cells with RET/PTC expression (29). A study using rats 
revealed that low and high iodine diets reduced the expres-
sion of p14ARF and p16INK4a, and promoted thyroid cancer 
development (24). Therefore, the association between iodine 
and thyroid cancer has become a key area of interest within the 
field. However, the underlying mechanisms by which iodine 
affects thyroid cancer cells remain unclear.

The present study investigated how iodine affected 
the physiological features of thyroid cancer cells in vitro, 
including proliferation and apoptosis. The results indicated 
that iodine served a dual role in the proliferation and apoptosis 
of thyroid cancer cells. Compared with the control group, 
extra‑high doses of iodine (1.0x10‑3  mol/l) inhibited cell 
proliferation and promoted cell apoptosis, while extra‑low 
doses of iodine (1.0x10‑4‑1.0x10‑8 mol/l) exhibited opposing 
effects. In particular, proliferation in cells incubated with 
iodine at 1.0x10‑6 mol/l increased significantly. The experi-
mental outcomes suggested that extra‑low doses of iodine may 
be unfavourable for patients with thyroid cancer. Therefore, 
iodine intake should be restricted, since extra iodine may 
expedite tumour progression. 

Thyroid cancer cells cultured with iodine at 1.0x10‑6 mol/l 
were selected for subsequent experiments, investigating 
prominent biological alternations induced by iodine. High 
throughput RNA‑sequencing results indicated that the level of 
SPANXA1 was increased in thyroid cancer cells treated with 
this specific concentration of iodine. It should be noted that 
the effects of the SPANX gene family on tumour cells have 
been reported for various cancers, including melanoma (30), 

myeloma and haematological malignancies (31). High SPANX 
gene expression promotes the progression of various cancers 
under most circumstances. For instance, experimental 
evidence suggested that SPANX‑A/C/D promotes breast 
cancer progression by regulating complementary cellular 
functions to induce its invasiveness (32). Furthermore, there 
may be a potential association between SPANX overexpres-
sion and prostate cancer development (33). To the best of our 
knowledge, less attention has been paid to the SPANXA1 gene 
in previous cancer research. In melanoma and glioblastoma 
cell lines, SPANXA1 is the most frequently expressed SPANX 
variant (34). Previous studies demonstrated that SPANXA1 
expressed in thyroid tissue and thyroid cancer (35,36). Our 
findings regarding the connection between SPANXA1 and 
thyroid cancer complemented the exploration of thyroid cancer 
from a genic point of view.

To confirm the role of SPANXA1, its expression was down-
regulated in thyroid cancer cells through transfection. It was 
found that transfected thyroid cancer cells exhibited reduced 
cell proliferation, migration and invasion and increased 
thyroid cancer cell apoptosis. These findings indicated that 
SPANXA1 was one of the key genes, which enhanced the 
process of tumour growth in cells treated with an extra‑low 
dose of iodine. High levels of SPANX in tumour cells have 
been detected in various cancers (32,33). The use of SPANX 
as a prognostic marker may be promising; however, little is 
known about the cellular behaviour during the regulation of 
SPANX expression. In this context, the tumour‑suppressive 
role of downregulated SPANX was supported by transfection 

Figure 4. Effects of the PI3K/AKT signalling pathway. (A) Downregulation of SPANXA1 suppresses PI3K and p‑AKT expression in iodine‑treated BCPAP 
cells (1.0x10‑6 mol/l). (B) PI3K and p‑AKT protein expression were increased in BCPAP cells incubated with iodine at 1.0x10‑6 mol/l. Applying PI3K inhibitor 
LY294002 to iodine‑treated cells suppressed biological behaviours, including cell proliferation, invasion and migration, but promoted apoptosis, as demonstrated 
by (C) MTT, (D) wound healing and (E) Transwell assays, as well as (F) flow cytometry, respectively. Magnification, x20. *P<0.05 and **P<0.01 vs. the control 
group. SPANXA1, sperm protein associated with the nucleus, X‑linked, family member A1; p, phosphorylated; PI3K, phosphoinositide 3‑kinase; t, total. 
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experiments. In conjunction with increased gene expression 
in thyroid cancer cells treated with iodine, these results may 
suggest the involvement of SPANXA1 in iodine‑mediated 
thyroid cancer development, yet the potential effects of 
SPANXA1 on other tumour cells require further investigation. 

After documenting the high prevalence of SPANXA1 
in iodine‑treated thyroid cancer, the signalling pathway by 
which SPANXA1 exerts its oncogenic action on thyroid cancer 
cells treated with extra‑low doses of iodine was elucidated. 
PI3K/AKT, a classical signalling pathway, is involved in the 
regulation of various human cancers (37). Activating PI3K stim-
ulates the phosphorylation of AKT and therefore influences the 
biological behaviour of tumours (38,39). It has been previously 
reported that the PI3K/AKT signalling pathway was connected 
to thyroid cancers (40,41). It was demonstrated that leptin is 
involved in thyroid cancer pathogenesis through the PI3K/AKT 
signalling pathway via the obesity receptor  (42). Another 
study proposed that miR‑34a regulates growth arrest specific 
1 expression to promote proliferation and suppress apoptosis 
of thyroid cancer cells via the PI3K/AKT/BAD signalling 
pathway (43). A previous study established that p‑53‑inducible 
gene 3 plays an oncogenic role in thyroid cancer via the regula-
tion of the PI3K/AKT/PTEN signalling pathway (44).

The PI3K/AKT signalling pathway is involved in the 
thyroid autoregulation induced by iodide (45), and therefore, 
it is proposed that the PI3K/AKT signalling pathway is 
highly likely to be involved in thyroid cancer development 
in iodine‑rich environments. To confirm this, the associa-
tion between SPANXA1 expression and protein targets of 
the PI3K/AKT signalling pathway were examined in thyroid 
cancer cells. PI3K and p‑AKT exhibited increased expres-
sion in thyroid cancer cells treated with an extra‑low dose of 
iodine. SPANXA1 gene silencing in these cells resulted in the 
downregulation of PI3K and p‑AKT expression. These results 
revealed that the PI3K/AKT signalling pathway was involved 
in the progression of SPANXA1‑mediated thyroid cancer 
cells, pre‑treated with extra‑low doses of iodine. Data analysis 
was further conducted to elucidate whether the PI3K/AKT 
signalling pathway is the key signalling pathway through 
which SPANXA1 affects thyroid cancer cells treated with 
extra‑low doses of iodine. Inhibiting PI3K, without changing 
SPANXA1 expression, reduced cell proliferation, migration 
and invasion, and promoted apoptosis. This highlighted the 
importance of the PI3K signalling pathway in the development 
of iodine‑treated thyroid cancer cells.

In summary, extra‑low doses of iodine promoted the prolif-
eration and inhibited the apoptosis of thyroid cancer cells, 
particularly at 1.0x10‑6 mol/l. The molecular mechanisms 
behind this phenomenon were examined by a series of experi-
ments using thyroid cancer cells treated with iodine at this 
specific concentration. The SPANXA1 gene was discovered 
to be responsible for the development of iodine‑treated thyroid 
cancer cells. The high expression of SPANXA1 promoted 
cell proliferation and inhibited cell apoptosis. In addition, 
PI3K/AKT was proposed to be a key signalling pathway 
through which SPANXA1 mediates its effects. The results 
suggested that SPANXA1 may be a biomarker in thyroid 
cancer and may help in developing effective dietary plans for 
patients with thyroid cancer, in which patients should limit 
excessive iodine intake. 
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