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INTRODUCTION  
 

Thyroid cancer (TC) is the fifth most common cancer 

among women in the United States, with an estimated 

52,890 new TC cases nationwide in 2020 [1], and its 

incidence is increasing [2, 3]. Papillary thyroid 

carcinoma (PTC) is the most common subtype of TC, 

comprising approximately 80-85% of all TCs [4, 5]. 

Although most well-differentiated PTC patients have an 

excellent overall prognosis (the 5-year survival rate of 

such patients is greater than 97%) [4], PTC recurrence 
and metastasis still hinder clinical management and 

prognosis in certain patients. A study with a median 

follow-up of 27 years also reported that 28% of PTC  

 

patients had recurrent disease, and 9% of patients died 

from PTC [6]. Additionally, overdiagnosis and 

overtreatment are common problems associated with 

indolent diseases. The screening and identification of 

indolent TC and the treatment of these overdiagnosed 

cancers can increase the risk of injury to patients [7, 8]. 

Therefore, the use of novel and sensitive biomarkers to 

effectively identify specific PTC patients and provide 

personalized treatment has become an urgent need. 

 

AHNAK nucleoprotein 2 (AHNAK2) is a giant protein 

(600 kDa) with a PDZ domain that was first detected in 

2004 [9, 10]. AHNAK2 was recently reported as a 

biomarker for the diagnosis and prognosis of pancreatic 

www.aging-us.com AGING 2020, Vol. 12, No. 18 

Research Paper 

Bioinformatics analysis of the clinical value and potential mechanisms 
of AHNAK2 in papillary thyroid carcinoma 
 

Zhenyu Xie1, Yu Lun1, Xin Li1, Yuzhen He1, Song Wu1, Shiyue Wang1, Jianjian Sun1, Yuchen He1, 
Jian Zhang1 
 
1Department of Vascular and Thyroid Surgery, The First Hospital, China Medical University, Shenyang, China 
 

Correspondence to: Jian Zhang; email: jianzhang@cmu.edu.cn  
Keywords: AHNAK2, immune infiltration, papillary thyroid carcinoma, diagnostic biomarker, prognostic biomarker 
Received: February 25, 2020 Accepted: June 22, 2020  Published: September 23, 2020 
 

Copyright: © 2020 Xie et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 
 

ABSTRACT 
 

Background: AHNAK2 has been recently reported as a biomarker in many cancers. However, a systematic 
investigation of AHNAK2 in papillary thyroid carcinoma (PTC) has not been conducted. 
Results: AHNAK2 is overexpressed in PTC tissues and could be an independent prognostic factor. AHNAK2 
expression was significantly high in patients with advanced stage, advanced T classification, lymph node 
metastasis, increased BRAF mutations and decreased RAS mutations. Cell adhesion-, cell junction-, and 
immune-related pathways were the most frequently noted in gene set enrichment analysis. AHNAK2 
expression in PTC was positively correlated with immune infiltration  and negatively correlated with AHNAK2 
methylation. AHNAK2 expression was significantly positively correlated with tumor progression and poor 
overall survival (OS) in pan-cancer patients. 
Conclusions: AHNAK2 is a good biomarker for the diagnosis and prognosis of PTC. AHNAK2 may promote 
thyroid cancer progression through cell adhesion-, cell junction-, and immune-related pathways. Methylation 
may act as an upstream regulator to inhibit the expression and biological function of AHNAK2. Additionally, 
AHNAK2 has broad prognostic value in pan-cancer. 
Methods: Based on The Cancer Genome Atlas (TCGA) data, we screened AHNAK2-related genes through 
weighted gene coexpression network analysis and explored the clinical value and the potential mechanism of 
AHNAK2 in PTC by multiomics analysis. 
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ductal adenocarcinoma (PDAC) [11ï13], clear cell 

renal cell carcinoma (ccRCC) [14], thymic carcinoma 

[15], bladder cancer [16], gastric cancer [17], and uveal 

melanoma (UM) [18]. Although the biological function 

of AHNAK2 in cancer remains unclear, some progress 

has been made regarding its mechanism in tumors. 

AHNAK2 is a critical element of the stress-induced 

FGF1 export pathway [19]. Li et al. [18] reported that 

AHNAK2 may play a role in promoting the proliferation 

and migration of UM cells by regulating the PI3K 

signaling pathway. Wang et al. [14] also found that 

AHNAK2 is a target gene of HIF1Ŭ, which mediates 
epithelial-mesenchymal transition (EMT) and stem cell 

characteristics driven by the hypoxia pathway, thereby 

promoting the progression of ccRCC. 

 

The purpose of this study was to explore the clinical 

value and potential mechanism of AHNAK2 in PTC. 

Based on the bioinformatics method, we conducted a 

systematic multiomics study of AHNAK2 in PTC. 

Multiomics single-gene studies on the candidate 

oncogene AHNAK2 have enriched our understanding of 

the molecular function of AHNAK2 and have provided a 

new piece of the puzzle to the mechanism of cancer 

development and a basis for subsequent research on 

AHNAK2. The significant diagnostic and prognostic 

value of AHNAK2 may also be used in clinical practice 

to assist doctors in the diagnosis and treatment of PTC 

patients. 

 

RESULTS 
 

Diagnostic value of AHNAK2 

 

The mRNA expression level of AHNAK2 was 

significantly higher in PTC tissues than in normal 

tissues (P<0.0001) (Figure 1A). By performing receiver 

operating characteristic (ROC) curve analysis to 

discriminate PTC from normal thyroid tissues, we found 

that the area under the curve (AUC) of the AHNAK2 
expression level was 0.88, suggesting that it could be a 

good diagnostic biomarker (Figure 1B). 

 

Additionally, immunohistochemistry performed with 

four different AHNAK2 antibodies showed deeper 

staining levels in PTC tissues than in normal thyroid 

tissues, suggesting higher protein expression in PTC 

(Figure 1C). 

 

Prognostic value of AHNAK2 
 

Kaplan-Meier (K-M) survival analysis showed that the 

high AHNAK2 (H-AHNAK2) group was associated 
with worse progression-free survival (PFS) than the low 

AHNAK2 (L-AHNAK2) group (P=0.0005) (Figure 1D). 

Multivariate Cox regression analysis suggested that 

AHNAK2 could become an independent predictor after 

adjusting for other parameters, including age, gender, 

American Joint Committee on Cancer (AJCC) stage, 

BRAF mutations, RAS mutations and tumor mutation 

burden (TMB) (Table 1) (PFS as the ending indicator). 

In summary, AHNAK2 could be an important tool for 

distinguishing PTC patient clinical outcomes. 

 

Clinical value of AHNAK2 

 

We analyzed the relationships between AHNAK2 and 

clinical parameters, including age, gender, stage, 

metastasis, N classification, T classification, pathologic 

type, and mutations in BRAF and RAS (Table 2, 

Supplementary Figure 1). AHNAK2 expression was 

significantly high in patients with an advanced stage, an 

advanced T classification, lymph node metastasis, 

increased BRAF mutations, decreased RAS mutations, 

and lower follicular PTC and higher tall-cell PTC 

proportions. 

 

Interestingly, in the study of the relationship between 

AHNAK2 expression and gene mutations in PTC 

(Supplementary Figure 1A), we found that AHNAK2 

expression was positively correlated with BRAF 

mutations (Supplementary Figure 1B) and negatively 

correlated with RAS (NRAS, HRAS and KRAS) 

mutations (Supplementary Figure 1Cï1E). 

 

Screening modules and genes related to AHNAK2 
 

To construct a weighted coexpression network and 

screen for modules and genes related to AHNAK2, 2696 

differentially expressed genes (DEGs) between PTC 

and normal tissues from The Cancer Genome Atlas 

(TCGA) were selected and subjected to weighted gene 

coexpression network analysis (WGCNA) (475 patients 

with complete clinical information were selected) 

(Figure 2A and 2B). After a series of adjustments for 

WGCNA parameters, the DEGs were divided into 11 

modules by average linkage hierarchical clustering 

(Figure 2Cï2F). The blue module, which contains 407 

genes, exhibited the highest correlation with AHNAK2 

expression (Pearsonôs correlation coefficient =0.65, 

P<0.0001) (Figure 2G). Fifty-seven genes in the blue 

module were selected as hub genes (absolute module 

membership [MM] > 0.5 and absolute gene significance 

[GS] > 0.5) (Figure 2H). 

 

Analysis of the potential mechanism of AHNAK2 

 

Cell adhesion- and cell junction-related pathways were 

the most frequently noted pathways in the functional 

enrichment analysis of the 407 blue module genes. 

ñCell-cell adhesion via plasma membrane adhesion 

moleculesò, ñcell-cell junctionò, and ñcell adhesion
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Figure 1. Diagnostic and prognostic value of AHNAK2 in PTC. (A) Comparison of AHNAK2 mRNA expression levels between PTC and 
normal tissues. (B) Diagnostic efficacy of the ROC curve of AHNAK2. (C) Comparison of immunohistochemistry images of AHNAK2 between 
PTC and normal thyroid tissues with four different AHNAK2 antibodies (HPA000878, HPA004145, HPA002940 and HPA020111) based on the 
Human Protein Atlas. (D) K-M survival analysis was performed to determine differences in PFS between the H-AHNAK2 and L-AHNAK2 
groups. 
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Table 1. Univariate and multivariate regression analyses of PTC. 

Variables 
Univariate analysis Multivariate analysis 

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

Age 1.035(1.017ī1.053)  <0.001  1.020(0.994ī1.046)  0.132 

Gender (male/female) 1.398(0.771ī2.536)  0.270 1.256(0.676ī2.335)  0.471 

Stage 

BRAF mutations 

RAS mutations  

1.739(1.367ī2.212) 

1.055(0.591ī1.882) 

1.940(0.938ī4.013)  

<0.001 

0.857 

0.074  

1.402(1.027ī1.915) 

1.040(0.484ī2.237) 

3.356(1.277ī8.818) 

0.033 

0.920 

0.014 

TMB  2.963(1.636ī5.367)  <0.001  1.092(0.457ī2.609)  0.843 

AHNAK2 1.061(1.025ī1.097)  <0.001  1.074(1.031ī1.120) <0.001 

 

Table 2. Comparison of clinical parameters between the L-AHNAK2 and H-AHNAK2 groups in PTC. 

Clinical parameters 
L-AHNAK2  

(n=376, %) 

H-AHNAK2  

(n=125, %) 
P-value 

Age(y)    

<55 257(68.4) 77(61.6) 
0.165 

Ó55 119(31.6) 48(38.4) 

Gender    

Female 272(72.3) 94(75.2) 
0.532 

Male 135(27.7) 31(24.8) 

Stage    

I 224(59.9) 57(45.6) 

<0.001 
II  46(12.3) 6(4.8) 

III  70(18.7) 41(32.8) 

IV 34(9.1) 21(16.8) 

NA 2 0  

Metastasis    

M0 209(97.7) 73(94.8) 

0.214 M1 5(2.3) 4(5.2) 

NA 162 48 

N classification    

N0 186(55.5) 43(37.1) 
0.001 

N1 149(44.5) 73(62.9) 

NA 41 9  

T classification    

T1 120(32.1) 22(17.6) 

<0.001 
T2 134(35.8) 30(24.0) 

T3 111(29.7) 59(47.2) 

T4 9(2.4) 14(11.2) 

NA 2 0  

Pathologic type    

Classical 254(67.6) 101(80.8) 

<0.001 
Follicular 100(26.6) 1(0.8) 

Tall Cell 13(3.5) 23(18.4) 

Other 9(2.4) 0(0.0) 

BRAF     

Wild-type 181(50.4) 14(11.5) 
<0.001 

Mutated 178(49.6) 108(88.5) 

NA 17 3  

RAS    

Wild-type 299(83.3) 122(100) 
<0.001 

Mutated 60(16.7) 0(0.0) 

NA 17 3  
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Figure 2. Screening for modules and genes related to AHNAK2 in PTC. (A) Volcano plot of DEGs between PTC and adjacent tissues in 

TCGA data. (B) Heatmap of DEGs between PTC and adjacent tissues in TCGA data. (C) Calculation of the scale-free fit index of various soft-
thresholding powers (ɓ). (D) Analysis of the mean connectivity of various soft-thresholding powers (ɓ). (E) Clustering dendrogram of 475 PTC 
patients. (F) A total of 2696 DEGs were clustered based on the dissimilarity measure (1-TOM) and were divided into 11 modules. (G) A 
correlation heatmap between module eigengenes and clinical parameters (AHNAK2 was used as the main research object) of PTC. (H) Scatter 
plot of blue module eigengenes. 


