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Abstract. Thyroid cancer is the most commonly diagnosed 
malignancy of the endocrine system, the incidence of which 
has increased rapidly in the last 30 years. Genetic altera-
tions in pathways, including the mitogen-activated protein 
kinase (MAPK)/extracellular signal-regulated kinase (Erk) 
and phosphatidylinositol-3-kinase (PI3K)/protein kinase B 
(Akt) pathways, are the driving force behind the development 
of differentiated thyroid cancer cases into aggressive and 
undifferentiated forms of thyroid cancer. E26 transformation 
(ETS)‑specific related transcription factor‑3 (ELF3) belong to 
the epithelial‑specific subfamily of ETS transcription factors 
and has recently been reported to be involved in various patho-
physiological processes. However, the role of ELF3 in thyroid 
cancer has not yet been investigated. In the present study, data 
from The Cancer Genome Atlas (TCGA) were analyzed, and 
it was revealed that ELF3 was overexpressed in patients with 
papillary thyroid cancer (PTC). Furthermore, the expression 
of ELF3 was found to be higher in thyroid cancer tissues with 
a B‑Raf proto‑oncogene (BRAF) mutation as determined by 
western blot analysis and IHC staining. Additionally, ELF3 
overexpression predicted a poor prognosis in patients with 
PTC. The MAPK signaling pathway inhibitor PLX4032 was 
demonstrated to strongly attenuate ELF3 protein levels in 
BRAF‑mutant thyroid cancer cell lines. Knockdown of ELF3 
with small interfering RNA (siRNA) inhibited the growth, 
clone formation, migration and invasion of BRAF mutant 
thyroid cancer cells. Mechanistically, ELF3 modulated the 
activity of the MAPK/Erk pathway via transcriptional regula-
tion of the human epidermal growth factor receptor 2 family 

of receptors as determined by RT-qPCR. In conclusion, the 
present study demonstrated ELF3 to be a potential prognostic 
marker for patients with thyroid cancer. Notably, ELF3 was 
demonstrated to form a positive feedback loop with MAPK 
pathways leading to the progression of BRAF‑mutant thyroid 
cancer.

Introduction

Epithelial follicular cell-derived thyroid cancer is the most 
commonly diagnosed endocrine malignancy and its incidence 
has increased 3-fold over the past 30 years (1,2). Papillary 
thyroid cancer (PTC) accounts for >80% of all cases of thyroid 
cancer. PTC is usually not aggressive and has a 5-year survival 
rate of over 95% (3). However, ~10% of cases develop into more 
aggressive and undifferentiated forms of thyroid cancer; such 
cases are characterized by metastasis and resistance to conven-
tional therapy, leading to recurrent disease and mortality (4). 
Genetic alterations in pathways, including the mitogen-acti-
vated protein kinase (MAPK)/extracellular signal-regulated 
kinase (Erk) and phosphatidylinositol-3-kinase (PI3K)/protein 
kinase B (Akt) pathways, are the driving force behind thyroid 
tumorigenesis and progression (5). Previous studies have 
reported that over 70% of activating somatic alterations 
of gene-encoding effectors occur within the MAPK/Erk 
signaling pathway; mutations in BRAF are the most common 
cause of aberrant MAPK/Erk signaling (6,7).

In addition to aberrant signaling pathways, other mecha-
nisms such as alterations in E26 transformation (ETS) family 
members of transcription factors have been implicated in all 
steps of tumor progression (8). ETS‑specific related transcrip-
tion factor‑3 (ELF3) (ELF3, also known as ESE‑1) belongs 
to the epithelial-specific subfamily of ETS transcription 
factors and has been reported to be involved in various patho-
physiological processes, including cancer and inflammatory 
disorders (8,9). ELF3 was reported to serve an oncogenic role 
in prostate cancer via constitutive activation of the NF‑κB 
pathway and the formation of a feedback loop with interleukin 
(IL)-1β (10). However, other studies have reported a contrary 
role of ELF3; for example, suppression of E2‑dependent 
MCF7 cell proliferation via inhibition of the transcription 
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of the estrogen receptor, and increase in the transcriptional 
activity of tumor growth- and invasion-promoting genes (early 
growth response protein 1 and TGFBR2) in squamous cancer 
types by directly binding to the promoter region (10,11). This 
controversial role of ELF3 suggests that it serves multiple roles 
in tumorigenesis. Nevertheless, its exact function in thyroid 
tumorigenesis has not yet been examined.

The present study aimed to examine the exact role of 
ELF3 in thyroid cancer and the mechanism underlying the 
ELF3‑associated promotion of thyroid cancer progression. 
Firstly, it was revealed that ELF3 was overexpressed in PTC 
compared to normal tissue, and an even higher level of ELF3 
was demonstrated in BRAF‑mutant PTC compared with 
BRAF wild‑type PTC. High levels of ELF3 were found to be 
associated with a poor prognosis in patients with PTC. ELF3 
silencing dramatically inhibited cell growth and invasiveness 
in BRAF‑mutant thyroid cancer cell lines. To the best of our 
knowledge, the present study was the first to reveal positive 
feedback loops between ELF3 and the MAPK/Erk signaling 
pathway, contributing to thyroid tumorigenesis. The results of 
the present study support the hypothesis that ELF3 functions 
as an oncogene in thyroid cancer.

Materials and methods

TCGA data analysis. All the TCGA data were downloaded 
from Cancer Broswer in UCSC database (https://genome.
ucsc.edu/index.html). Normalized mRNA expression (ELF3, 
EGFR, HER2, HER3 and HER4) of PTC and corresponding 
clinical data were included in files. Each tumor sample has its 
own identify number with ‘01’ at the end, while paired normal 
thyroid sample with ‘11’ at the end.

Samples. Paraffin‑embedded samples [24 papillary thyroid 
cancer (PTC) specimens and 9 non-neoplastic thyroid 
specimens] and fresh tissues (17 PTC tissues with paired 
non-neoplastic thyroid tissues) were obtained by surgery at 
Ankang Central Hospital and Zhoukou Central Hospital, 
following institutional review board approval. Written informed 
consent was obtained from each patient before surgery. All the 
samples were collected from 30 female and 11 male patients 
between January 2006 and December 2017. The age of the 
participants ranging from 30 to 65 years with median age of 
53 years. The fresh tissues were cut into cubes and put into 
sterile freezing tubes. Samples were stored at ‑80˚C.

Reagents. The RAF inhibitor PLX4032 was purchased from 
Selleck Chemicals (Houston, TX, USA) and dissolved in 
dimethyl sulfoxide (DMSO) for use. BCPAP and 8505C cells 
were treated with 1 µM PLX4032 for 10 h, and a western blot 
analysis was performed to evaluate the effects of this inhibitor 
on the MAPK/Erk pathway.

Immunohistochemistry (IHC). Specimens were cut into 5-µm 
sections. The sections were deparaffinized and rehydrated in a 
graded series of ethanol, and washed in PBS. The sections were 
incubated with the anti‑ELF3 antibody at a dilution of 1:150 
(cat. no. 5715-1; Epitomics-an Abcam Company, Burlingame, 
CA, USA) at 4˚C overnight and with a secondary antibody 
(cat. no. sp9001; Beijing Zhongshan Jinqiao Biotechnology 

Co., Ltd., Beijing, China) for 30 min. Diaminobenzidine (DAB) 
(Beijing Zhongshan Jinqiao Biotechnology Co., Ltd.) was used 
for visualization. A light microscope (Olympus Corp., Tokyo, 
Japan) was used to observe and photograph the staining. For 
expression analysis, the staining was categorized as negative, 
weak, medium and strong and was confirmed by an in‑house 
pathologist.

Cell culture and siRNA transfection. All human thyroid 
cancer cell lines (BCPAP, 8505c and TPC-1) and immortal-
ized thyroid epithelial cell line (HTori-3) were obtained from 
the Shanghai Cell Bank (Type Culture Collection Committee, 
Chinese Academy of Sciences, Shangai). Cells were cultured 
in RPMI-1640 medium (cat. no. 1937557; Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) with 10% FBS 
(Biological Industries, Shangai, China) and maintained in an 
incubator with 5% CO2 at 37˚C. For transient siRNA transfec-
tion, cells were seeded into normal growth medium at 30% 
confluence in 6‑well tissue plates 24 h prior to transfection 
with 5 nM siRNA (siELF3‑1, 5'‑GCU ACC AAG UGG AGA 
AGA ATT‑3' and siELF3‑2, 5'‑GCC AUG AGG UAC UAC UAC 
ATT‑3'; Shanghai GenePharma Co., Ltd., Shanghai, China) 
using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), in accordance with the manufacturer's instruc-
tions. Non‑specific siRNA (siControl; Shanghai GenePharma 
Co., Ltd.) was used as a negative control. After 48 h of trans-
fection, the cells were harvest for subsequent experimentation.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from fresh samples and cell lines using TRIzol reagent (Takara 
Biotechnology Co., Ltd., Dalian, China). cDNA was synthe-
sized from 1 µg total RNA with a PrimeScript RT reagent 
kit (Takara). RT‑qPCR was performed on a CFX96 Thermal 
Cycler Dice™ system (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA) using SYBR Green (BioTools Pty. Ltd., Queensland, 
Australia) under the following cycling conditions: 3 min at 
95˚C, followed by 35 cycles of 10 sec at 95˚C and 45 sec at 58˚C. 
The mRNA expression of ELF3 was normalized to 18SrRNA. 
Relative mRNA expression was calculated by using 2-ΔΔCq 
method (12). Each sample was run in triplicate. Primer:18s F: 
5'‑CGC CGC TAG AGG TGA AAT TC‑3' R: 5'‑CTT TCG CTC 
TGG TCC GTC TT‑3', ELF3 F: 5'‑CAT GAC CTA CGA GAA 
GCT GAG C‑3' R: 5'‑GAC TCT GGA GAA CCT CTT CCT C‑3', 
EGFR 5'‑AAC ACC CTG GTC TGG AAG TACG‑3' R: 5'‑TCG 
TTG GAC AGC CTT CAA GAC C‑3', HER2 F: 5'‑GGA AGT 
ACA CGA TGC GGA GAC T‑3' R: 5'‑ACC TTC CTC AGC TCC 
GTC TCTT‑3', HER3 F: 5'‑CTA TGA GGC GAT ACT TGG AAC 
GG‑3' R: 5'‑GCA CAGT TCC AAA  GA CAC CCG A‑3'.

Western blot analysis. Cells were lysed in pre-chilled radio-
immunoprecipitation assay buffer containing protease 
inhibitors (Sigma-Aldrich; Merck KGaA, Darmstadt, 
Germany). Supernatants were collected and loaded 
onto 10% SDS‑PAGE gels and transferred onto PVDF 
membranes (Roche). Membranes were blocked with 5% 
BSA for 1.5 h at room temperature. The membranes were 
then incubated with primary antibodies: Anti‑ELF3 (1:750; 
cat. no. 5715-1; Epitomics), anti-phospho-Akt (dilution 1:1,000; 
cat. no. BS4007; Bioworld Technology, Inc., St. Louis Park, 
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MN, USA), anti-phospho-Erk1/2 (dilution 1:1,000; cat. no. 4370; 
Cell Signaling Technology, Inc., Danvers, MA, USA), 
anti-total-Akt (dilution 1:1,000; cat. no. BS1379; Bioworld), 
anti-total-Erk1/2 (dilution 1:1,000; cat. no. 9102; Cell Signaling 
Technology) and anti-tubulin (dilution 1:200; cat. no. sc-9104; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). This was 
followed by incubation with species‑specific HRP‑conjugated 
secondary antibodies (cat. nos. 130004 and 130023) from 
OriGene Technologies, Inc. (Rockville, MD, USA). Samples 
were visualized using the Western Bright ECL detection system 
(Millipore Corp., Billerica, MA, USA). The densitometry were 
analyzed with Tanon Gis 1D 4.2 (Tanon, Shanghai, China).

Cell proliferation assay and colony formation. Cells were 
seeded at a concentration of 800 cells/well and cultured in 
96-well plates for 1, 3, 5 and 7 days following treatment with 
si‑ELF3 or control siRNA for 48 h. At the indicated times, 
20 µl of 0.5 mg/ml MTT (Sigma-Aldrich; Merck KGaA) 
was added into the medium and incubated for 4 h, followed 
by 150 µl DMSO for additional 15 min. A microplate reader 
(Dynatech Laboratories, El Paso, TX, USA) was used to 
measure the absorbance using a test wavelength of 570 nm. 
For clone formation, transfected cells were seeded at a concen-
tration of 1,000 cells/well and cultured in 12-well plates. The 
medium was refreshed every 3 days. Following 7‑10 days of 
culture, surviving colonies (≥50 cells/colony) were fixed with 
methanol and stained with 0.5% crystal violet, and the colonies 
were counted with Image-Pro Plus 6.0 (Media Cybernetics, 
Rockville, MD, USA). Each experiment was performed in 
triplicate.

Transwell assays. Cell migration and invasion assays were 
assessed with Transwell chambers (8.0-µm pore size; Corning 
Inc., Corning, NY, USA). For the cell invasion assay, Transwell 
chambers were coated with Matrigel (4X dilution; 15 µl/well; 
BD Biosciences, Franklin Lakes, NJ, USA). Cells were seeded 
in the upper chamber at a density of 1x104 cells/ml for the 
migration assay and 1x104 cells/ml for the invasion assay in 
200 µl medium containing 0.5% FBS. Medium with 20% FBS 
(1 ml) was added to the lower chamber. After a 12 or 24 h incu-
bation, non-migrating/non-invading cells in the upper chamber 
were removed with a cotton swab, and migrating/invading 
cells were fixed in 100% methanol and stained with crystal 
violet solution (0.5% crystal violet in 2% ethanol). Images 
of five fields of view chosen at random were taken for each 
membrane. The number of migrating/invading cells was 
expressed as the average number of cells per microscopic field 
over five fields of view. Images were captured with an inverted 
Olympus IX71 microscope (Olympus Corp., Tokyo, Japan).

Statistical analysis. The gene expression analysis used 
data from The Cancer Genome Atlas (TCGA) (URL: 
https://genome-cancer.soe.ucsc.edu). The median signal inten-
sity was set as the cutoff value of ELF3 overexpression. The 
linear correlation between the expression of ELF3 and HER 
family members were calculated with the Pearson's correlation 
coefficient. Variance analysis was performed to compare the 
differences between independent groups. P<0.05 was consid-
ered to be indicative of a statistically significant result. Results 
are shown as the mean ± standard deviation. Kaplan-Meier 

survival curve analysis was used to assess the survival of PTC 
patients. Linear regression analysis was used to evaluate the 
relationship of the ELF3 expression with the expression of 
HER/ErbB family of receptors. Data analysis was performed 
with GraphPad Prism (version 5.01; GraphPad Software, Inc., 
La Jolla, CA, USA).

Results

Increased expression of ELF3 is a potential prognostic 
marker for patients with PTC. The expression of ELF3 in 
normal thyroid and PTC tissues in The Cancer Genome Atlas 
(TCGA) dataset (13) was analyzed. As presented in Fig. 1A, the 
mRNA expression of ELF3 was significantly upregulated in 
primary PTC compared with that noted in the normal thyroid 
tissue. This was further supported by the TCGA dataset, 
which revealed that ELF3 expression in PTC was signifi-
cantly higher compared with that in matched normal thyroid 
tissues (Fig. 1B). ELF3 expression in 17 PTCs and matched 
non-cancerous thyroid tissues (control subjects) was analyzed 
to confirm the results of the database analysis. Consistent with 
the TCGA dataset, ELF3 expression was also higher compared 
with that observed in the matched normal thyroid tissues at the 
mRNA (Fig. 1C) and protein levels (Fig. 1D).

PTC is not usually aggressive and has a 5-year survival 
of over 95% (3). The prognostic capacity of the ELF3 expres-
sion level for patients with PTC in the TCGA dataset was 
analyzed using Kaplan‑Meier survival curves; median ELF3 
expression was set as the cutoff point. The results revealed that 
the ELF3 expression level was significantly associated with 
poor survival, and mortality occurred earlier post-diagnosis 
in the patients with higher ELF3 expression levels (Fig. 1E). 
Together, these data indicated the oncogenic function and the 
potential value for prognosis evaluation of ELF3 in thyroid 
cancer.

BRAF mutation‑induced overactivation of the MAPK signaling 
pathway results in upregulation of ELF3 in thyroid cancer. 
Mutant BRAF has previously been demonstrated to induce 
overactivation of the MAPK/Erk pathway in thyroid tumori-
genesis (5). Therefore, the association between BRAF mutation 
and ELF3 expression in the TCGA dataset was investigated. As 
presented in Fig. 2A, ELF3 expression was significantly higher 
in BRAF‑mutant (BRAFMU) PTC compared with wild-type 
BRAF (BRAFWT) PTC tissues. Further analysis revealed 
a statistical difference between BRAFWT PTC and normal 
thyroid tissues (Fig. 2B). Western blot analysis was performed 
to investigate the ELF3 expression pattern in 3 different thyroid 
cancer cell lines (BCPAP, 8505c and TPC-1) and 1 immortal-
ized thyroid epithelial cell line (HTori‑3). The BRAF mutant 
thyroid cancer cell lines (BCPAP, 8505c) revealed high basal 
levels of ELF3 compared with the BRAF wild‑type thyroid 
cancer cell line (TPC-1) and non-cancer thyroid epithelial cell 
line (Fig. 2C). To evaluate the impact of MAPK/Erk signaling 
on ELF3 expression, two BRAF‑mutant cell lines with higher 
ELF3 mRNA expression were selected and treated with RAF 
inhibitor PLX4032 at a final concentration of 1 µM for 6‑8 h. 
As presented in Fig. 2D, inhibition of MAPK/Erk signaling 
markedly attenuated ELF3 expression in BRAF‑mutant 
cells. These observations support the hypothesis that ELF3 
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Figure 2. BRAF mutation is associated with overexpression of E26 transformation (ETS)‑specific related transcription factor‑3 (ELF3) in thyroid cancer. 
(A) Expression of ELF3 in BRAF wild‑type papillary thyroid carcinoma (BRAFWT PTC) and BRAF‑mutant PTC (BRAFMU PTC) in the TCGA dataset. 
(B) Expression of ELF3 in normal thyroid tissues (NT) and BRAFWT PTC in the TCGA dataset (n=505). (C) Expression of ELF3 in two BRAF‑mutant thyroid 
cancer cell lines (BCPAP, 8505C), one BRAF wild‑type thyroid cancer cell (TPC‑1) and one immortalized thyroid epithelial cell (HTori‑3) was determined by 
western blot analysis. (D) BCPAP and 8505C cells were treated with 1 µM PLX4032 for 10 h. Western blot analysis was performed to evaluate the effects of 
PLX4032 on the levels of the phosphorylation of Erk and the expression of ELF3. Tublin was used as a loading control.

Figure 1. Expression of E26 transformation (ETS)‑specific related transcription factor‑3 (ELF3) is increased in papillary thyroid carcinoma (PTC) and higher 
ELF3 expression predicts poor prognosis of patients with PTC. (A) Expression of ELF3 in PTC and normal thyroid tissues (N) in The Cancer Genome Atlas 
(TCGA) dataset (n=505). (B) Gene expression of ELF3 was significantly higher in PTC compared with matched non‑neoplastic thyroid tissues (NT) in the 
TCGA dataset (n=63). (C) Relative ELF3 expression was upregulated in 17 PTC tissues compared with matched normal thyroid tissues as determined by 
RT‑qPCR assay; 18S RNA was used as a normalized control for RT‑qPCR assay. (D) Immunohistochemical staining was performed to detect ELF3 expression 
in 24 PTC and 9 normal thyroid specimens. Representative ELF3 staining and histograms of the percentage of ELF3‑positive cells from 5 microscopic fields in 
each group (right panel) are shown. Statistically significant differences are indicated. (E) Patients with high ELF3 expression exhibited shorter survival times 
than the patients with low ELF3 expression from The Cancer Genome Atlas (TCGA) dataset (n=334). Kaplan‑Meier survival curves were used to assess the 
survival of PTC patients. The median expression level was used as the cutoff point.
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expression is upregulated by the MAPK/Erk signaling pathway 
in BRAF‑mutant thyroid cancer.

ELF3 knockdown inhibits thyroid cancer cell growth. 
To illustrate the biological function of ELF3, knockdown 
experiments were performed in BRAF‑mutant thyroid cancer 
cell lines BCPAP and 8505C. Knockdown of ELF3 by two 
different siRNA sequences (siELF3‑#1 and #2) was confirmed 
at the mRNA level by RT‑qPCR (Fig. 3A) and at the protein 
level by western blot analysis (Fig. 3B). Knockdown of ELF3 
significantly inhibited the proliferation and clone formation of 
BCPAP and 8505C thyroid cancer cell lines compared with 
the non‑sense siRNA control (siControl) (Fig. 3C and D).

ELF3 knockdown inhibits thyroid cancer cell migration and 
invasion. The majority of cancer-associated mortality is caused 
by invasion and metastasis (14). Therefore, it was hypothesized 
that early mortality was correlated with high ELF3 levels in 
patients with thyroid cancer, resulting in the induction of 
cancer cell invasion and metastasis. Transwell assays were 

performed to investigate this hypothesis. As illustrated in 
Fig. 4A, the number of migrated cells was significantly lower 
in the siELF3‑#2 transfected cells compared with the siControl 
transfected cells. Furthermore, the invasion assay demonstrated 
that ELF3 knockdown significantly decreased the ability of 
cells to pass through the Matrigel‑coated membrane (Fig. 4B). 
These data suggested a strong link between high expression 
of ELF3 and metastatic phenotypes in BRAF‑mutant thyroid 
cancer cells.

ELF3 transcriptionally regulates the expression of the 
HER/ErbB family of receptors to form a positive feedback 
loop with MAPK pathways in BRAF‑mutant thyroid cancer. 
It has previously been reported that the HER/ErbB family of 
receptors, including EGFR, HER2, HER3 and HER4, serves 
a critical role in the tumorigenesis of thyroid cancer (15-17). 
Furthermore, certain potential ETS binding sites (EBS, 
5'‑GGAA/T‑3') were revealed in HER/ErbB family promoter 
regions using MatInspector online software (www.genomatix.
de/online_help/help_matinspector/matinspector_help). It 

Figure 3. E26 transformation (ETS)‑specific related transcription factor‑3 (ELF3) promotes thyroid cancer cell growth. Knockdown of (A) ELF3 mRNA 
and (B) protein with two different siRNAs (siELF3‑#1 and siELF3‑#2) in BCPAP and 8505C cells was evidenced by RT‑qPCR and western blot analysis, 
respectively. 18S RNA was used as a normalized control for RT‑qPCR assay, and tubulin was used as a loading control for western blot analysis. (C) ELF3 
knockdown significantly inhibited cell viability. (D) ELF3 knockdown significantly inhibited colony formation of thyroid cancer cells. Left panel shows the 
representative images of colony formation in cells transfected with the indicated siRNAs. Quantitative analysis of colony numbers is shown in the right panel. 
All data are presented as mean ± standard deviation. ***P<0.001.
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was therefore hypothesized that ELF3, as a member of the 
ETS transcription factor family, may be associated with the 
activation of the HER family of receptors. To verify this 
hypothesis, the association between ELF3 and the HER family 
in the TCGA dataset was analyzed. The expression of HER 
family members was observed to have a significant positive 
association with ELF3 expression, except for HER4 (Fig. 5A). 
Furthermore, ELF3 knockdown significantly decreased the 
expression of HER2 and HER3 in BCPAP and 8505C thyroid 
cancer cell lines (Fig. 5B). A growing body of evidence indi-
cates that overexpression of HER family members leads to 
the activation of downstream pathways, including MAPK/Erk 
and PI3K/Akt, which serve a fundamental role in thyroid 
tumorigenesis and cancer progression (5,18). Therefore, it 
was hypothesized that high expression of ELF3 induced by 
over-activation of the MAPK signaling pathway may form a 
positive feedback loop with the MAPK signaling pathway in 
BRAF‑mutant PTC. As presented in Fig. 5C, ELF3 knockdown 
attenuated the phosphorylation of Erk (p-Erk) in the BCPAP 
and 8505C thyroid cancer cells. However, the phosphorylation 
of Akt (p-AKT) was not affected. Collectively, these data 
indicated that overexpression of the oncogene ELF3 is induced 
by the activated MAPK/Erk pathway, and ELF3 may, in turn, 
further activate the MAPK/Erk pathway, potentially via tran-
scriptional upregulation of the HER/ErbB family of receptors, 
in BRAF‑mutant PTC.

Discussion

To the best of our knowledge, the present study is the first 
to provide evidence to support the oncogenic role of ELF3 
in BRAF‑mutant thyroid cancer. ELF3 was revealed to be 

highly expressed in primary PTCs compared with that noted 
in thematched non-tumor tissues. It was also revealed that 
increased expression of ELF3 may be used as a potential prog-
nostic marker for PTC patients. Finally, ELF3 was demonstrated 
to form positive feedback loops with the MAPK/Erk signaling 
pathway, and therefore contribute to thyroid tumorigenesis.

As a member of the ETS transcription factor family, ELF3 
has been reported to be involved in a number of different 
types of cancer, including colon, ovarian and ampullary 
cancers, but the role of ELF3 in other types of tumors is 
still controversial (19-21). Indeed, a number of studies have 
revealed multifunctional roles and different mechanisms of 
ELF3 in cancer (10,11,19‑22). It is clear that ETS factors such 
as ETS-1 and ETS-2 serve a critical role in thyroid cell trans-
formation (23). However, the role and mechanisms of ELF3 in 
thyroid cancer have remained unknown until now. The present 
study investigated the biological role of ELF3 in thyroid 
cancer cells with a series of in vitro studies. As expected, 
ELF3 knockdown resulted in a strong inhibition of growth via 
suppression of cell proliferative and colony forming capacity. 
Furthermore, ELF3 knockdown reduced cell migration/inva-
sion. Collectively, these results suggested that ELF3 possesses 
a strong tumorigenic function in thyroid cancer.

To better understand the mechanism of ELF3 as an onco-
gene in thyroid cancer, the association between ELF3 and two 
major cascades (MAPK/Erk and PI3K/Akt) in thyroid cancer 
cells was investigated. As major therapeutic targets, these two 
pathways serve important roles in thyroid tumorigenesis (5). 
On the one hand, the RAF inhibitor PLX4032 was revealed to 
significantly reduce the expression of ELF3 in BRAF‑mutant 
thyroid cancer cell lines; further analysis of the TCGA dataset 
indicated a higher expression of ELF3 in BRAF‑mutant thyroid 

Figure 4. Inhibition of thyroid cancer cell migration and invasion by knockdown of E26 transformation (ETS)‑specific related transcription factor‑3 (ELF3). 
Effects of ELF3 knockdown on (A) migration and (B) invasion of BCPAP and 8505C cells was measured by Transwell assays. Results were quantitated by 
counting migratory and invasive cells in 3 randomly chosen high‑power fields for each replicate. Representative fields are shown. All the data are presented 
as mean ± standard deviation. ***P<0.001.
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cancer. On the other hand, knockdown of ELF3 strongly 
reduced the phosphorylation of Erk, supporting the hypoth-
esis that ELF3 performs its oncogenic function in thyroid 

cancer through modulation of the activity of the MAPK/Erk 
pathway and the formation of positive feedback loops with the 
MAPK/Erk pathway. However, the mechanism underlying the 

Figure 5. E26 transformation (ETS)‑specific related transcription factor‑3 (ELF3) transcriptionally regulates the expression of HER/ErbB family of receptors 
and modulates the activity of the mitogen-activated protein kinase MAPK/extracellular receptor kinase (Erk) pathway. (A) The correlation between mRNA 
expression of ELF3 and HER receptors (EGFR, HER2, HER3 and HER4) in primary PTC from the TCGA cohort (n=505). (B) RT‑qPCR assay was performed 
to investigate the effect of ELF3 silencing on the expression of EGFR, HER2 and HER3. Expression levels of these genes were normalized with 18S rRNA 
levels. (C) Effects of ELF3 knockdown on the MAPK/Erk pathway and phosphatidylinositol‑3‑kinase (PI3K)/protein kinase B (Akt) pathway were assessed by 
western blot analysis. Tubulin was used as a loading control. Experiments were performed >3 times. All the data are presented as mean ± standard deviation. 
***P<0.001. NS, not significant.
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upregulation of ELF3 by the MAPK/Erk signaling pathway 
warramts further investigation.

The proximal HER family member promoter contains 
a conserved ETS-responsive element (GAGGAA), which 
is recognized by an ETS-immunoreactive factor in breast 
cancer cells (24). Although >10 different ETS transcription 
factors have been revealed in human cancers, only a few ETS 
family members including ELF3 (25,26) have been reported 
as potential HER family member transactivators. The 
HER/ErbB family of receptors are transmembrane receptor 
tyrosine kinases that were demonstrated to be widely over-
expressed in a variety of human cancers including thyroid 
cancer (27,28). Furthermore, the constitutively activated 
HER/ErbB family of receptors promotes cell proliferation 
and inhibits apoptosis via the MAPK/Erk pathway (29). 
Further analysis of the TGCA database indicated positive 
associations of ELF3 expression with the expression of 
EGFR, HER2 and HER3. In addition, knockdown of ELF3 
in thyroid cancer cells significantly reduced the expression of 
EGFR, HER2 and HER3, respectively. These data suggested 
that the HER/ErbB family of receptors may be a potential 
downstream target of ELF3. It was therefore hypothesized 
that ELF3 formed positive feedback loops with MAPK/Erk 
pathway through transcriptional regulation of HER2 and 
HER3 expression. Although some potential ETS binding 
sites were found in HER/ErbB family promoter regions 
with MatInspector online software, further investigations 
are required to investigate the specific ELF3 binding site 
within the HER/ErbB family promoter regions. Notably, 
no influence of ELF3 knockdown on the PI3K/Akt pathway 
was revealed; this pathway is located downstream of the 
HER/ErbB family and has been revealed to serve an impor-
tant role in thyroid tumorigenesis (5,18). This may be due 
to differences in the expression of different components 
in these signaling pathways, including Smad4, which was 
proven to serve a crucial role in connecting ELF3 and the 
PI3K/Akt pathway (30). Further studies are required to 
better understand the mechanism underlying the associations 
between ELF3 and the PI3K/Akt pathway in thyroid cancer. 
In conclusion, overexpression of ELF3 was demonstrated 
to be a potential prognostic marker in patients with thyroid 
cancer. ELF3 transcriptionally regulates the expression of the 
HER/ErbB family of receptors and forms a positive feedback 
loop with the MAPK pathway leading to the progression 
of BRAF‑mutant thyroid cancer. ELF3 may function as a 
possible therapeutic target against thyroid cancer.
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