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Background: The activator protein (AP)-2α is involved in a wide variety of biologic pro-

cesses in tumor. However, little is known about the role of AP-2α in human papillary thyroid 

carcinoma (PTC).

Methods: The immunohistochemical method was used to detect AP-2α expression in 63 

PTC cases. Western blotting was carried out to assess the change in expression of certain 

proteins. The bioinformatics analysis of 496 PTC samples comes from The Cancer Genome 

Atlas (TCGA). The Gene Set Enrichment Analysis (GSEA) was performed using TCGA data 

set. Cell  transfection was used to induce related protein expression or to repress it by RNA 

interference procedures.

Results: Our results demonstrated that AP-2α expression was higher in tumor tissues than the 

corresponding adjacent nontumor tissues, the positive substances of AP-2α were observed mainly 

in the cytoplasm of PTC, and AP-2α was positively correlated with histologic type (P=0.026) 

of PTC patients. The high expression of AP-2α mRNA was associated significantly with tumor 

stages (P=0.011), histologic type (P=0.019), and independently predicted shorter overall sur-

vival (P=0.005) based on TCGA analysis. Patients with high AP-2α mRNA expression have 

shorter overall survival compared to those with low AP-2α mRNA expression, particularly in 

advanced tumor stages (III and IV) of PTC patients (P=0.011). Multivariate analysis suggested 

that AP-2α mRNA expression might be an independent prognostic indicator for the survival 

of patients with PTC (P=0.037). Moreover, the association between enhanced AP-2α expres-

sion and two pathways (notch signaling and focal adhesion) was revealed by GSEA, and then 

confirmed by cellular experiments.

Conclusion: Taken together, our findings suggest that AP-2α may be a potential prognostic 

molecular marker and therapeutic target for PTC patients.
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Introduction
Thyroid cancer incidence increased, on average, 3.6% per year during 1974–2013, 

which was primarily associated with increases in papillary thyroid carcinoma (PTC) 

of 4.4% per year.1 PTC is the most common type of thyroid cancer, although the preva-

lence of different histologies and genetic profiles has changed over time.2 PTCs are 

usually curable with 5-year survival of over 95%.3 However, when they occasionally 

de-differentiate into more aggressive and lethal thyroid cancers, the five-year survival 

rate drops to 59% in the late stage.4 Therefore, identifying useful prognostic biomarkers 

to predict the risk of this devastating disease for PTC was urgent.
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PTCs encompass several subtypes, including classical 

variant of papillary thyroid carcinoma (cPTC), follicu-

lar variant of PTC (fVPTC), and tall cell variant of PTC 

(tPTC). Other histologic variants included diffuse sclerosing, 

columnar, and others, according to the standardized criteria 

approved by the World Health Organization (WHO).5 Dif-

ferent histologic variants of PTC may have a different prog-

nosis. For example, the tPTC was accepted as a variant with 

relatively aggressive behaviors such as invasion, metastasis, 

and recurrence.6

The activator protein 2 (AP-2) family of transcription 

factors includes five highly homologous members (AP-2α, 

AP-2β, AP-2γ, AP-2δ, and AP-2ε) known to be important 

in differentiation, cell growth, and apoptosis.7 AP-2α plays 

key roles in tumorigenesis and progression, such as glioma, 

lung cancer, and gastric adenocarcinoma, by regulating gene 

expression at the transcriptional levels.8–10 A group of previ-

ous studies have demonstrated that AP-2α was associated 

with hepatocellular carcinoma, breast cancer, acute myeloid 

leukemia, and bladder cancers.11–14 Therefore, I propose a 

hypothesis that AP-2α may be a useful prognostic biomarker 

for PTC.

Recent studies showed that AP-2α was correlated with 

tumor progression and prognosis, such as nasopharyngeal 

carcinoma, gastric adenocarcinoma prognosis, and epithelial 

ovarian cancer.10,15,16 However, to our knowledge, the role of 

AP-2α in PTC remains unclear. The aim of this study was 

to investigate the potential function of AP-2α in PTC and 

to determine its correlation with tumor progression and 

prognosis.

Materials and methods
Patients and samples
A total of 63 formalin-fixed, paraffin-embedded PTC 

specimens (with 38 adjacent nontumor tissues [ANTs]) were 

obtained from the Xiangtan City Hospital China between 

2015 and 2017. The diagnosis of PTC was established histo-

logically according to the WHO classification. The diagnoses 

were confirmed histologically in all cases, based mainly on 

the examination of sections stained with hematoxylin and 

eosin. Table 1 shows the clinicopathologic features of these 

patients. Tumors were staged based on the guidelines of the 

American Joint Committee on Cancer.17 No local or systemic 

treatment was conducted in these patients before surgery. Our 

study was approved by the Research Ethics Committee of 

Central South University, China. Written informed consent 

was obtained from all participants.

histology and immunohistochemistry
Immunohistochemical (IHC) staining was performed on 4 

µm sections of paraffin-embedded specimens with the use of 

rabbit anti-human AP2 alpha monoclonal antibody (1:400; 

Table 1 Correlation of clinicopathologic characteristics and aP-2α protein expression in the papillary thyroid carcinoma patients

Variables Patients, n (N=62) AP-2a expression P-value

Low n (%) High n (%)

age (years) 0.390
<45 34 9 (26.5) 25 (73.5)

≥45 28 4 (14.3) 24 (85.7)
gender 0.513

Male 17 5 (29.4) 12 (70.6)
Female 45 8 (17.8) 37 (82.2)

Tumor size (T) 0.218
T1 15 1 (6.7) 14 (93.3)
T2 20 4 (20) 16 (80)
T3 20 7 (35) 13 (65)
T4 7 1 (14.3) 6 (85.7)

histologic type 0.026a

Classic follicular Warthin like 47 13 (27.66) 34 (72.34)
Tall cell column cell diffuse sclerosing 15 0 15

lymph nodes metastasis 0.465
no 35 9 (25.7) 26 (74.3)
Yes 27 4 (14.8) 23 (85.2)

Distant metastasis 1.000
no 61 13 (21.3) 48 (78.7)
Yes 1 0 1

Notes: aP<0.05. Pearson’s chi-squared test and Fisher’s exact test.
Abbreviation: aP-2α, activator protein 2α
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Abcam, Boston, MA, USA). Briefly, tissues were fixed in 

10% formaldehyde solution (pH 7.0) and paraffin-embedded, 

paraffin sections are dewaxed in xylene and then rehydrated 

in a graded alcohol series. The endogenous peroxidase activ-

ity was quenched by 3% hydrogen peroxide for 10 minutes. 

EDTA was used as a buffer (pH =8), with antigen retrieval at 

high temperature and pressure for 2.5 minutes. Nonspecific 

protein binding was blocked with 5% goat serum incubated 

at room temperature for 10 minutes, and the appropriate 

proportion (1:350) of diluted primary antibody was dropped 

against AP-2α (Abcam) incubated at 4°C for overnight. Sub-

sequently, secondary horseradish peroxidase antibodies were 

incubated for 30 minutes at room temperature and visualized 

using 3,3’-diaminobenzidine peroxidase chemistry (DAKO 

K6438). Finally, the slices are then mounted on slides, dehy-

drated using alcohol washes of increasing concentrations 

(50%, 75%, 90%, 95%, 100%), and cleared using a detergent 

like xylene before being imaged under a microscope. These 

judgments were made by two independent pathologists. As 

a negative control, duplicate sections were immunostained 

without exposure to primary antibodies.

The IHC scores of the sections was made using the 

immunoreactivity scoring (IRS) system.18 This IRS sys-

tem considers both the percentage of positive cells and 

the intensity of the observed staining. Staining intensity 

was graded as 0 (negative), 1 (weak), 2 (moderate), and 3 

(strong); percentage of positive cells examined was scored as 

0 (negative), 1 (<10%), 2 (11%–50%), 3 (51%–80%), and 4 

(>80%). Percentage (P) and intensity (I) of AP-2α expression 

were multiplied to generate a numerical final score (IRS = 

P×I). The IRS (values from 0 to 12) was determined: 0–1 as 

negative, values 2–3 as weak, values 4–8 as moderate, and 

multiplication values 8–12 as strongly positive. “IRS >0” was 

defined as positive or high AP-2α expression, while “IRS 

=0” was considered as negative or low AP-2α expression.

Cell culture
Human PTC cell lines (BCPAP and TPC-1) were obtained 

from iCell Bioscience Inc. (Shanghai, China), and one normal 

human thyroid epithelial cell line (Nthy-ori3-1) was obtained 

from yipu biotechnology Co., Ltd (Wuhan, China). The 

cell lines were cultured in Roswell Park Memorial Institute 

(RPMI)-1640 (Gibco, Invitrogen, NY, USA) supplemented 

with 10% fetal bovine serum at 37°C in 5% CO
2
.

Cell transfection
Transfection was performed by using Lipofectamine 

2000 (Invitrogen, Carlsbad, CA, USA) according to the 

 manufacturer’s instruction. First, one day before transfec-

tion, cells were plated in 0.5 mL of growth medium (without 

antibiotics); 100 pmol siRNA was diluted in 250 µL Opti-

MEM I (Invitrogen catalog number 31985070) without 

serum (or other medium without serum), and mixed gently. 

After 5 minutes of incubation, the diluted siRNA was com-

bined with the diluted Lipofectamine 2000 (total volume 

is 100 µL), mixed gently, and incubated for 20 minutes at 

room temperature to allow the siRNA: Lipofectamine 2000 

complexes to form: siRNA-AP-2α (sense, GUUACCCUG-

CUCACAUCACdTdT; antisense, GUGAUGUGAG-

CAGGGUAACdTdT). The siRNAs against AP-2α were 

synthesized by Generalbiolsystems Co., Ltd. (Anhui, China).

Western blot analysis
Cells (BCPAP, TPC-1, Nthy-ori3-1) were washed twice with 

cold PBS and lysed on ice in RIPA buffer (150 mM NaCl, 1% 

NP-40, 0.1% sodium dodecyl sulfate [SDS], 5 mM EDTA, 50 

mM Tris–HCl (pH 8.0), 0.5% sodium deoxycholate, supple-

mented with 50 µM leupeptin,100 µM orthovanadate, and 1 

mM sodium fluoride) with protease inhibitors. All Western 

blotting procedures were carried out at room temperature with 

agitation except when stated otherwise. After centrifugation 

(13,000 rpm) for 20 minutes at 4°C, quantification of the 

total protein concentrations of AP-2α was determined using 

a bicinchoninic acid assay (Santa Cruz Biotechnology Inc., 

Dallas, TX, USA). Equal amounts of proteins were separated 

using SDS-polyacrylamide gel electrophoresis and trans-

ferred to polyvinylidene difluoride membranes. After block-

ing with 5% nonfat milk in TBST buffer for 60 minutes, the 

membranes were incubated for 90 minutes with the indicated 

primary antibodies overnight at 4°C in a dilution of 1:1,000 

for AP-2α (Abcam), 1:1,000 for Notch1 (Abcam), 1:600 for 

MMP2 (Abzoom Biolab Inc., Dallas, TX, USA), and 1:500 

for N-cadherin (Abzoom). β-actin (1:2000) was used as the 

endogenous control. After washing, the membranes were 

incubated with goat peroxidase- conjugated anti-rabbit or anti-

mouse immunoglobulin G and the signal was detected using a 

commercial enhanced chemiluminescence detection system. 

Protein levels were evaluated through spectrophotometry.

The Cancer genome atlas (TCga) 
databases
Data of all 510 patients (as included in the database on 

 February 2016) with PTC were directly downloaded from the 

TCGA Data Portal at https://tcga-data.nci.nih.gov/tcga/. The 

RNA-Seq gene expression level 3 data contain counts, which 

are simply the number of reads overlapping a given gene. The 
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total number of reads for a given transcript is proportional to 

the expression level of the transcript, and the corresponding 

clinical data files were downloaded from TCGA. The exclu-

sion criteria for patients with AP-2α mRNA were as follows: i) 

history of any other malignancy; ii) not primary tumor sample. 

The RNA-Seq gene expression level 3 data of 496 patients 

with PTC and clinic data were retained and further analyzed.

gene set enrichment analysis (gsea) 
assay
GSEA is a computational method that determines whether 

an a priori defined set of genes shows statistically significant, 

concordant differences between two biologic states.19 TCGA 

Data can be ordered in a ranked list, according to their dif-

ferential expression between the phenotype. AP-2α mRNA 

expression level was dichotomized as low and high catego-

ries to annotate phenotype, and PTC-related gene sets from 

MSigDB C2.cp.keggv6.0.symbols.gmt (curated) were used.

statistical analysis
All the analyses were completed by R version 3.4.3 or 

Graphpad prism 5 software, with P <0.05 being considered 

statistically significant. Data are presented as mean ± SD. 

Comparisons of continuous variables were made using Stu-

dent’s t-test. The Mann–Whitney U-test is a nonparametric 

test used to assess for significant differences in a scale 

variable by a single dichotomous independent variable. The 

association between AP-2α mRNA and the clinical patho-

logic features was analyzed by the Pearson’s chi-squared 

test or Fisher’s exact test. The Kaplan–Meier method was 

implemented for the relationship between AP-2α mRNA 

expression and overall survival (OS) in PTC patients. The 

cutoff value of AP-2α mRNA expression was determined by 

its mean value. Cox proportional hazards model was utilized 

for analysis of prognostic factors.

ethical approval
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of the 

institutional and/or national research committee (the Xiangya 

Hospital of Central South University Changsha China) and with 

the 1964 Declaration of Helsinki and its later amendments.

Results
aP-2α is upregulated in PTC tissues and 
cell lines
Our Western blotting analysis demonstrated that PTC cell 

lines (BCPAP and TPC-1) exhibited higher level of AP-2α 

protein expression as compared to that in Nthy-ori3-1 

( Figure 1 A and B). To further explore the differences in 

AP-2α expression levels between tumor and nontumor tis-

sues, we used IHC method to detect AP-2α expression level 

in PTC tissue specimens. Figure 1C showed that the positive 

substances of AP-2α were observed mainly in the cytoplasm 

of PTC tissues, and the representative four categories of 

immunostaining intensity of AP-2α were observed. Fig-

ure 1D showed that AP-2α expression was higher in tumor 

tissues than the corresponding ANTs.

association of aP-2α protein and 
mRna expression with clinicopathologic 
characteristics
The correlations between clinicopathologic parameters of 

PTC and AP-2α protein expression are shown in Table 1; high 

expression of AP-2α correlated significantly with histologic 

type (P<0.05). As shown in Figure 1D, AP-2α protein expres-

sion levels were higher in the tall cell or diffuse sclerosing 

variants of PTC (tcPTC) than in the cPTC and fvPTC based 

on IHC scores (P<0.01, P<0.001, separately), but not with 

the other clinicopathologic variables, such as the age, gender, 

tumor size, lymph nodes metastasis, and distant metastasis 

of PTC patients.

To further understand the relationship between AP-2α 

and clinicopathologic features, a total of 496 PTC samples 

with AP-2α mRNA expression data across all patient 

characteristics were downloaded from TCGA. As shown in 

Table 2, similarly, AP-2α mRNA expression was correlated 

with tumor stages (P=0.011) and histologic type (P=0.019). 

The expression of AP-2α mRNA level was higher in stage 

III–IV tissues than in stage I–II tumors (P=0.013, Figure 2B). 

Elevated AP-2α mRNA expression levels correlated well with 

tcPTC (P=0.025, Figure 2A). The P-value was calculated 

using the Pearson’s chi-squared test, whereas there was no 

significant correlation in patients’ age, gender, tumor size, 

lymph nodes metastasis, and distant metastasis.

elevated expression of aP-2α predicts 
tumor progression and poor prognosis in 
patients with PTC
To determine the prognostic value of AP-2α, the OS rate 

of PTC patients (n=496) in TCGA databases was analyzed 

using Kaplan–Meier survival curves and the log-rank test. 

The result revealed that high expression of AP-2α mRNA 

was inversely associated with OS (log-rank test, P<0.006, 

Figure 2C). For patients with advanced stage (III, IV) 

PTC, the survival analysis showed that high AP-2α mRNA 
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Figure 1 Western blotting and ihC assay of the expression of aP-2α (A and B). Western blot assay of aP-2α protein expression in nthy-ori 3-1 and two PTC cell lines (BCPaP 
and TPC-1). β-actin was used as a loading control. Comparison of relative expression levels of aP-2α in the PTC cell lines with normal cell by Western blotting. (C) normal 
tissue showed negative expression of aP-2α protein (upper and lower panel ×200). aP-2α ihC staining in PTC tissues is shown (upper and lower panel ×200) in weak (scoring 
intensity =1), moderate (scoring intensity =2), and strong (scoring intensity =3). (D) ihC grade scores between tumors and anTs stained with monoclonal anti-aP-2α antibody. 
The staining intensity was scored with grades 0–3. The aP-2α expression levels of tcPTC are showed to be higher than fvPTC and cPTC. The statistical analysis was based on 
Mann–Whitney test. **P<0.01.
Abbreviations: anTs, adjacent nontumor tissues; ap-2α, activator protein 2α; cPTC, classical variant of PTC; fvPTC, follicular variant of PTC; ihC, immunohistochemical; 
PTC, papillary thyroid carcinoma; tcPTC, tall cell and diffuse sclerosing variant of PTC.
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 expression was associated with poorer OS rate (log-rank, 

P=0.011;  Figure 2D), but there was no significant relation-

ship between the AP-2α mRNA expression and the OS rate 

of patients with early stage (I, II) PTC or disease-free survival 

(data not shown, log-rank P>0.05).

Univariate analysis showed that AP-2α mRNA expression 

(P=0.010) and tumor stage (P=0.000) were significantly asso-

ciated with the OS of PTC (Table 3). Multivariate analysis 

revealed that AP-2α mRNA expression was determined as 

independent prognostic factors in PTC (Table 3).

aP-2α-related pathways through gsea
To investigate biologic properties shared by the different 

AP-2α expression levels, we performed GSEA assay. 

GSEA reveals significant differences (false discovery rate 

<0.25, nominal P-value <0.05) in enrichment of KEGG 

pathways between low-AP-2α-expression tumors and 

high-AP-2α-expression tumors. The top seven significant 

pathways for upregulated gene sets in the significance 

order (size of NES values) are listed in Table 4. Figure 

3A and B shows that FOCAL ADHESION and NOTCH 

SIGNALING PATHWAY are differentially enriched in 

AP-2α high-expression phenotype.

Table 2 Relationship between aP-2α mRna and clinicopathologic characteristics in papillary thyroid carcinoma patients from The 
Cancer genome atlas databases (n=496)

Characteristics Patients, n 
(N=496) 

AP-2a mRNA expression P-value

Low n (%) High n (%)

age (years) 0.159
<45 226 156 (69) 70 (31)

≥45 270 169 (62.6) 101 (37.4)
gender 0.120

Male 134 80 (59.7) 54 (40.3)
Female 362 245 (67.7) 117 (32.3)

Tumor size (cm) 0.747
≤2 cm 142 91 (64.1) 51 (35.9)

>2 cm 354 234 (66.1) 120 (33.9)
Tumor stage 0.011a

i, ii 331 230 (69.5) 101 (30.5)
iii, iV 165 95 (57.6) 70 (42.4)

histologic type 0.019a

Classical follicular oncocytic 456 306 (67.1) 150 (32.9)
Tall cell diffuse sclerosing thyroid cancer 40 19 (47.5) 21 (52.5)
lymph nodes metastasis 0.379

no 224 136 (60.7) 88 (39.3)
Yes 224 146 (65.2) 78 (34.8)

Distant metastasis 0.341
M0 277 168 (60.6) 109 (39.4)
M1 8 3 (37.5) 5 (62.5)

Notes: aP<0.05. Pearson’s chi-squared test.
Abbreviation: aP-2α, activator protein 2α.

aP-2α expression was associated with 
focal adhesion and notch signaling
To confirm the function of AP-2α on focal adhesion and notch 

signaling, we did Western blotting experiment using siRNA 

to knock down AP-2α in PTC cell lines (TPC-1, BCPAP) to 

detect related protein changes. As shown in Figure 3 (C–F), 

the results indicated that the protein expression of Notch1, 

MMP2, and N-cadherin was decreased in AP-2α knockdown 

PTC cell groups. However, no association was found between 

MMP2 and AP-2α in TPC-1 cell line.

Discussion
Previous studies have shown the role of transcription factor 

AP-2α in thyroid tumorigenesis; the PTC cell lines studied, 

NPA and TPC, exhibited an increase in AP-2α expression, 

and AP-2α mRNA expression was upregulated in the two 

papillary thyroid cancer cell lines (NPA, TPC).20However, 

the expression of AP-2α and its potential prognostic impact 

on PTC have not yet been explored, and the potential role of 

AP-2α in PTC was the focus in the present study.

The current study first investigated the clinicopathologic 

significance and the potential function of AP-2α in PTC 

with multiple methods including IHC assay, Western blot 
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analysis, bioinformatical assay, and cellular experiments. 

Our IHC results demonstrated that AP-2α expression was 

higher in tumor tissues than the corresponding ANTs, the 

positive substances of AP-2α were observed mainly in the 

cytoplasm of PTC tissues, and the high expression of AP-2α 

in cytoplasm was significantly correlated with histologic 

type of PTC. A similar association has also recently been 

shown between increased AP-2α expression and subtype in 

ovarian cancer.16,21 We found that the upregulation of AP-2α 

Figure 2 Comparison of aP-2α mRna expression with clinicopathologic features, Kaplan–Meier analysis of overall survival based on aP-2α mRna expression levels in 
TCga databases.
Notes: (A and B) association analyses of aP-2α mRna expression levels and tumor stage, histology type. (C and D) Kaplan–Meier analyses of overall survival in TCga 
databases patients and advanced stage (stages III or IV) patients stratified by AP-2α mRna expression levels and the number of patients at risk that shows the number of 
patients that were under observation in the specific period of time. P-values were calculated by the log-rank test.
Abbreviations: aP-2α, activator protein 2α; histotype, histological type; TCga, The Cancer genome atlas.
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mRNA was correlated with the advanced stage (III, IV), 

and histologic type of PTC using datasets obtained from 

the TCGA databases. AP-2α mRNA expression in PTC or 

in advanced stage PTC shows a significant correlation with 

patient survival. The multivariate analysis revealed that 

high AP-2α mRNA expression was an independent poor 

prognostic factor. GSEA results demonstrated the associa-

tion between high AP-2α expression and notch signaling or 

focal adhesion. Further cellular experiments confirmed that 
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Notch1, MMP2, and N-cadherin were decreased in knock-

down AP-2α in PTC cell lines.

Thus, we believe that the PTC patients with different lev-

els of AP-2α may have a differential prognosis, and patients 

with high expression of AP-2α have a poorer prognosis. 

Based on this view, we can predict and evaluate prognosis 

of patients with PTC. AP-2α may have the potential to play 

a preventive role in the progression and deterioration of the 

PTC patients and may be a promising therapeutic target for 

PTC.

AP-2α is commonly known as a suppressor gene by regu-

lation of the protein levels of Blc-2 and ErbB2, phosphory-

lated extracellular signal-regulated protein kinase, β-catenin, 

p53, epithelial–mesenchymal transition (EMT), and CD133 

expression in tumors, such as lung cancer, hepatocellular 

carcinoma, human glioma, and gastric cancer.8,9,11,22 However, 

there is accumulating evidence supporting that elevated level 

of AP-2α showed a significant expression in cancer and 

activated multiple growth factor signaling pathways, corre-

lated with cancer progression and decreased survival.13,23,24 

Thus, the role of AP-2α potentially acting as an oncogene 

is context-dependent. Using Western blot analysis and IHC 

Table 3 Univariate and multivariate analyses of prognostic factors for overall survival in papillary thyroid carcinoma from The Cancer 
genome atlas databases (n=496) using Cox regression

Variables Univariable Multivariable

P-value Hazard ratio (95% CI) P-value

aP-2α mRna expression (low vs high) 0.010 0.34 (0.12–0.94) 0.037
gender (male vs female) 0.174 – –
age (<45 years vs ≥45 years) 0.997 – –

Tumor size (≤2 cm vs >2 cm) 0.301 – –
Tumor stage (i, ii vs iii, iV) 0.000 6.26 (1.99–19.64) 0.002
histology type (classical, follicular, oncocytic vs tall cell,  
diffuse sclerosing, poorly differentiated thyroid cancer)

0.997 – –

Distant metastasis (yes vs no) 0.053 – –
lymph nodes metastasis (yes vs no) 0.516 – –

Note: Statistically significant: P<0.05.
Abbreviation: aP-2α, activator protein 2α.

Table 4 Data of gene set enrichment analysis assay for the correlation of activator protein 2α mRna levels and PTC-related gene 
sets in MsigDB

Upregulated functional gene sets ES NES NOM 
P-value

FDR 
q-value

FWER 
P-value

Kegg_sPliCeOsOMe 0.642 2.293 0.000 0.000 0.000
Kegg_Base_eXCisiOn_RePaiR 0.647 2.053 0.000 0.000 0.000
Kegg_Rna_DegRaDaTiOn 0.614 2.049 0.000 0.000 0.000
Kegg_FOCal_aDhesiOn 0.546 1.954 0.000 0.000 0.001
Kegg_nOTCh_signaling_PaThWaY 0.568 1.867 0.000 0.001 0.005
Kegg_B_Cell_ReCePTOR_signaling_PaThWaY 0.540 1.853 0.000 0.001 0.007
Kegg_FC_gaMMa_R_MeDiaTeD_PhagOCYTOsis 0.525 1.838 0.000 0.001 0.007

Abbreviations: es, enrichment score; nes, normalized enrichment score; FDR, false discovery rate; PTC, papillory thyroid carcinoma; MsigDB, The Molecular signature 
Database; FWeR, Familywise-error rate.

analysis, we found that AP-2α had higher expression in PTC 

cell lines and PTC tissues as compared to normal cell line 

and tissues, suggesting an oncogene role. To our knowledge, 

this should be the fourth case report to show such effects.

One accepted explanation is that dual roles of AP-2α 

may be due to differences in promoter activity.25 However, 

our results may not support this view. It is generally accepted 

that transcription factors, for their effective functioning, need 

to be in the nucleus. But AP-2α protein expression in PTC 

tissues was observed in the cytoplasm. Thus, we believe 

that AP-2α may exert additional biochemical functions in 

the cytoplasm.

Some studies have showed that AP-2α was found in both 

the nucleus and cytoplasm, such as hepatocellular carcinoma, 

melanoma, ovarian cancer, stomach cancer, and breast can-

cer. The past research found that difference in subcellular 

localization of AP-2α expression may be associated with 

prognoses and progression. Ramona Britto et al21 found that 

decreased nuclear expression was indicative of a better prog-

nosis, and observed the shift in localization of this protein 

from the nucleus to the cytoplasm with increasing tumor 

grade, pointing to a crucial role for this transcription factor in 
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Figure 3 aP-2α expression with focal adhesion as well as notch signaling.
Notes: (A and B) The gene set enrichment analysis results showing the correlation of aP-2α- and PTC-related gene sets in MsigDB. gene sets “notch signaling” and “focal 
adhesion” were enriched in aP-2α high expression phonotype. (C–F) Western blot analysis for the protein level of notch1, MMP2, and aP-2α in PTC (BCaPaP and TPC-1) 
cell lines transfected with aP-2α siRna for 24 hours.
Abbreviations: aP-2α, activator protein 2α; MsigDB, the Molecular signature Database; nC, negative control siRna; PTC, papillary thyroid carcinoma.
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the progression of astrocytoma. But there are some different 

views for other researchers on the shift in localization, and 

MA Anttila16 found that the high cytoplasmic AP-2α expres-

sion favored the OS. In contrast, the nuclear AP-2α expres-

sion combined with low cytoplasmic expression increased the 

risk of dying of ovarian cancer. But the present study shows 

that the subcellular localization of AP-2α expression in PTC 

was almost entirely in the cytoplasm, having very little in 

nucleus. This may imply a novel function of AP-2α in con-

trast to previous accepted view of transcriptional regulation.

To explore the mechanism of AP-2α in PTC, we perform 

the GSEA assay. GSEA results demonstrated the associa-

tion between high AP-2α expression and focal adhesion or 

notch signaling. Further cellular experiments confirmed 

that Notch1, MMP2, and N-cadherin were decreased in 

knockdown AP-2α in PTC cell lines. These protein markers 

are associated with EMT. We conclude that AP-2 may affect 

PTC prognosis through EMT. Further experimental valida-

tion should be performed to prove the biologic mechanism 

of AP-2α.

In conclusion, we provide evidence that AP-2α predicts 

the prognosis of PTC patients. AP-2α might serve as an 

independent prognostic factor in PTC patients through EMT, 

and it may help clinical oncologists to render more rational 

and efficient treatment for PTC patients.
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