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Identification of AHNAK expression associated with the 
pathogenesis of chronic obstructive pulmonary disease by 
bioinformatic analysis
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Background: Chronic obstructive pulmonary disease 
(COPD) was a risk factor for lung cancer tumorigenesis. 
This study aimed to discover novel diagnostic biomark-
ers for COPD patients and determine their underlying 
pathogenetic mechanisms. Materials and methods: Dif-
ferentially expressed genes (DEGs) in COPD samples and 
normal controls were analyzed and utilized to construct 
a network associated with a high risk for COPD occur-
rence. Enrichment analysis was applied on the strength 
of Gene Ontology (GO) annotations and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analysis. 
The RT-qPCR analysis was performed to determine 10 
hub genes in COPD. ELISA assay was utilized to meas-
ure IL-1β, IL-6, and IL-10 levels. Spearman’s correlation 
analysis was conducted to detect the correlation be-
tween inflammatory cytokines and AHNAK expression. 
Cell proliferation and apoptosis were evaluated by CCK-8 
and flow cytometry assays. Results: AHNAK was signifi-
cantly increased in COPD serum samples compared with 
non-COPD smokers and strongly correlated with inflam-
mation. AHNAK level could also discriminate COPD from 
non-COPD with high accuracy. Conclusion: AHNAK may 
be a feasible biomarker playing crucial functions in the 
diagnosis and progression of COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) was a 
classic chronic respiratory disease with a global average 
prevalence of 13.1% (Blanco et al., 2019). In 2015, about 
3.2 million people died of COPD (Jolliffe et al., 2019); 
by 2030, COPD is expected to be the fourth most com-
mon cause of death and the fifth most common cause 
of disability worldwide (Barnes, 2007). Its main features 
included persistent airflow limitation and recurrent airway 
inflammation, including emphysema, parenchymal emphy-
sema destruction, and mucus overproduction due to capil-
lary bronchitis (Hogg et al., 2009). However, the molecular 
pathogenesis of COPD remains unclear, and effective pre-
vention and treatment methods were lacking. Therefore, 

further research on the molecular mechanisms of COPD 
was needed to identify new drug targets.

Patients with COPD frequently presented with abnor-
mal lung inflammation characterized by increased num-
bers of inflammatory cells (neutrophils, macrophages, 
and t-lymphocytes) and the release of multiple inflamma-
tory mediators (lipids, chemokines, cytokines, and growth 
factors) (Guiedem et al., 2018; Barnes, 2016). The main 
cause of COPD is exposure to noxious gases or parti-
cles, with smoking being one of the major risk factors 
(Salvi, 2014). The increase in inflammatory response cells 
and subsequent release of mediators further amplified 
the normal inflammatory response to smoking in COPD 
disease (Barnes, 2017). Up to now, nearly 1 billion peo-
ple worldwide were smokers (Propper, 2020). However, 
only a minority of smokers eventually developed COPD, 
and the exact molecular and cellular pathogenesis of this 
complex process was not fully understood.

In this study, we used differential analysis from the 
NCBI Gene Expression Omnibus (GEO) database to 
screen for AHNAK, a critical gene that was highly ex-
pressed in COPD. Furthermore, bioinformatics analysis 
was utilized to explore its potential pathogenesis. Col-
lectively, these results suggested that AHNAK may be a 
useful biomarker for COPD.

MATERIALS AND METHODS

Subject enrollment

68 healthy non-COPD smokers who underwent physi-
cal examination, 79 stable-COPD patients, and 83 acute 
exacerbation COPD (AECOPD) patients admitted to 
Fujian Geriatric Hospital between August 2017 and 
May 2020 were enrolled in our study. There was no sig-
nificant difference in gender and age between the two 
groups (P>0.05). COPD was diagnosed according to the 
standard of the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD). The specific manifestations 
were: pulmonary function first-second force exhalation 
volume (FEV1) to force spirometry (FVC) ratio less 
than 0.7 after an inhaled bronchodilator (salbutamol 200 
ug), combined with clinical symptoms and signs, exclud-
ing irreversible obstructive pulmonary ventilation dys-
function caused by other factors. Exclusion criteria: (1) 
cases with bronchial asthma, bronchiectasis, interstitial 
pneumonia, lung cancer, and other definite severe lung 
diseases were excluded from this study; (2) cardiovascu-
lar diseases, metabolic diseases, rheumatic immune dis-
eases, and acute and chronic inflammatory diseases in 
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other parts of the body were excluded; (3) those who 
had been treated with antibiotics, systemic corticosteroid 
therapy, or immunosuppressive drugs within 3 months.

All included subjects were drawn 10 ml of venous 
blood after 8 h fasting, and all samples were sent to 
the laboratory department for centrifugation. The upper 
serum layer was taken, and the samples were stored at 
–80°C until use. All the subjects’ information was shown 
in Table 1. This study was approved by the Ethics Com-
mittee of Fujian Geriatric Hospital and followed the 
Declaration of Helsinki. All participants were informed 
of the study plan and signed a written informed consent 
form.

Data download and differentially expressed genes 
(DEGs) analysis

We used the ‘chronic obstructive pulmonary disease’ 
search term as the keyword and limited the search scope 
to ‘expression profile by array’ to search the GEO data-
base. In our study, our dataset included 10 samples from 
COPD patients and 10 control samples. All the data 
were downloaded and analyzed by R and GEOquery. 
After analysis, 122 up-regulated DEGs were found in 
COPD, which was used for subsequent analysis.

Gene Ontology (GO) annotations and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis

GO annotations and the Database conducted KEGG 
analysis of the integrated DEGs in COPD for Annota-
tion, Visualization, and Integrated Discovery (DAVID; v 
6.7).

Identification of protein-protein interaction (PPI) 
network

A hub gene was considered a gene with an absolute 
value of clinical trait relatio0.8ip of more than 0.2 and 
an absolute value of Spearman’s correlation value of 
more than 0.8. The interaction of the hub gene and the 
DEGs were deemed to be key genes.

Real-time quantitative polymerase chain reaction 
analysis

Total RNAs were extracted from serum samples and 
cells using TRIzol reagent (Invitrogen, Carlsbad, CA). 
Then, reverse transcription was conducted to synthe-
size cDNA from RNA using a PrimeScript RT reagent 
kit (Takara, Japan). Finally, RT-qPCR was performed 
on a 7500 Real-time PCR System (Applied Biosys-
tems, Beijing, China) using SYBR Premix EX Taq rea-
gent (Takara, Japan) following the protocol. U6 func-
tioned as an internal control, and data were analyzed 
relative to GAPDH based on the 2–∆∆CT aquation. The 
primers sequences were as follows: AHNAK forward, 
5’-AGCGTCTGTAGCTTCCTTGT-3’, and reverse 5’- 
GGCAGCCTCAGTCGTGTATT-3’; GAPDH forward, 
5’-TGGCACCGTCAAGGCTGAGA-3’, and reverse, 
5’-TGGTGAAGACGCCAGTGGACTC-3’.

ELISA assay

IL-1β and IL-6 levels in serum samples were deter-
mined by corresponding ELISA kits obtained from So-
larbio Life Sciences (Beijing, China). The detailed infor-

Table 1. Clinical information on COPD patients and healthy controls

Control (n=68) Stable COPD (n=79) acute exacerbation COPD (n=83) P value

Age (years) 65.11±7.83 64.84±6.98 65.25±7.92 0.9412

Gender (Male/Female) 38/30 46/33 51/32 0.7835

BMI (kg/m2) 21.62±3.51 21.75±2.99 21.06±2.37 0.2914

FEV1/FVC (%) 83.59±9.22 60.33±6.41 53.47±7.25 <0.0001

CRP (mg/L) 5.19±1.67 25.71±13.36 51.28±27.49 <0.0001

Smoking history(Yes/No) 45/23 75/4 80/3 <0.0001

Figure 1. DEGs in COPD. 
(A) Heatmap results of DEGs in COPD samples and healthy controls. (B) Volcano result of DEGs in COPD. COPD, chronic obstructive pul-
monary disease; DEG, differentially expressed genes.
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mation of all ELISA kits was as follows: IL-1β (SEKH-
0002), IL-6 (SEKH-0013).

Statistical analysis

GraphPad Prism 6.0 and R version 3.5.3 were applied 
to analyze the data. All the data were presented as mean 
± standard deviation (S.D.). Differences between the 
two groups were compared and analyzed using Student’s 
t-test followed by Tukey’s posthoc test. A P-value of less 
than 0.05 was considered to be statistically significant.

RESULTS

DEGs of COPD

122 up-regulated genes were identified in our study 
and presented as a Volcano map (Fig. 1A). Figure 1B 
displayed the heatmaps of the 122 DEGs in our dataset.

GO functional analysis and pathway-enrichment KEGG 
analysis of DEGs

Three functional groups of GO analysis consisted of 
biological processes (BP), cell composition (CC), and 
molecular function (MF). As shown in Fig. 2A, with the 
BP results, the up-regulated DEGs were enriched in the 
categories of regulation of inflammatory response, posi-
tive regulation of the small molecular, metabolic process, 
negative regulation of lymphocyte-mediated immunity, 
regulation of purine nucleotide biosynthetic process, and 
regulation of nucleotide biosynthetic process. As for 
the CC functional groups, the up-regulated DEGs were 
concentrated at the cell-cell junction, phagocytic vesicle, 
apical junction complex, myelin sheath, nuclear chromo-
some, telomeric region, and bicellular tight junction. Fi-
nally, with the MF groups, the up-regulated DEGs were 
enriched at cell adhesion molecule binding, actin filament 
binding, SH3 domain binding, and calcium-dependent 
protein binding.

Figure 2. The GO of BP, CC and MF, and KEGG pathways after GEOs analysis. 
(A) GO results. (B) KEGG results. GO, gene ontology; BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto 
encyclopedia of genes and genomes; DEG, differentially expressed genes.

Figure 3. PPI network of DEGs. 
(A) PPI network results of DEGs. (B) The 10 top hub genes in the PPI network. PPI, protein-protein interaction; DEG, differentially ex-
pressed genes.
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In addition, as shown in Fig. 2B, the KEGG path-
ways analysis of the DEGs in COPD unveiled that they 
were mostly concentrated in the categories of amyo-
trophic lateral sclerosis, neurotrophin signaling pathway, 
tight junction, and RNA transport.

PPI results of DEGs

The PPI network for integrated DEGs was shown in 
Fig. 3A and Fig. 3B. The 10 hub genes that extensively 
interacted with other genes in COPD were AHNAK, 
S100A6, S100A4, ANXA8, GSN, DDB1, PSMD4, 
USP5, COPE, and UBQLN2.

Up-regulation in COPD patients

Furthermore, patients were divided into stable 
COPD and acute exacerbation COPD groups, and 
the clinical information of the patients and healthy 
controls were shown in Table 1. Next, after collect-
ing COPD and non-COPD serum samples, we found 
that AHNAK expression was significantly increased 
in COPD patients (Fig. 4A, P<0.001); moreover, 
compared with stable-COPD patients, AHNAK was 
up-regulated in serum samples of acute exacerbation 
COPD patients (P<0.05). the area under the curve 
(AUC) of AHNAK concerning discriminating COPD 
from non-COPD smokers was 0.8789 (Fig. 4B, cut-
off value >1.454, sensitivity 75.95, specificity 92.65).

Figure 4. The AHNAK expression in COPD. 
(A) Expression of AHNAK in COPD serum samples. (B) ROC analysis of AHNAK in COPD. COPD, chronic obstructive pulmonary disease

Figure 5. Correlation between AHNANK expression and inflammatory cytokines. 
Correlation with AHNAK expression and IL-1β (A) and IL-6 (B) levels in COPD.
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Association between AHNAK and inflammation in COPD

To determine the correlation between AHNAK 
and inflammation in COPD, we measured inflamma-
tory cytokines levels and performed Spearman’s correla-
tion analysis accordingly. As shown in Figs 5A and B, 
AHNAK was strongly correlated with IL-1β and IL-6 
levels in COPD.

DISCUSSION

High-throughput sequencing made rapid progress in 
the past decade, and advances in bioinformatics deep-
ened our understanding of disease mechanisms and facil-
itated drug target development, including COPD (Scher-
er et al., 2017; Dorn et al., 2014; Regan et al., 2019; Mats-
son et al., 2016). Several studies have identified hundreds 
of DEGs based on mRNA gene expression profiles in 
COPD (Huang et al., 2019; Zhu et al., 2020; Morrow et 
al., 2017). A hub gene was a gene playing a critical role 
in biological processes, and the regulation of other genes 
in a related pathway was often influenced by this gene. 
Therefore, the hub gene was often an important target 
and a hot spot for research. In this study, we screened 
122 up-regulated DEGs and analyzed the expression 
profiles using WGCNA. Among them, we identified 10 
hub genes, of which AHNAK was the shared central 
gene and DEG. These results suggested that AHNAK 
may play an important role in the progression of COPD.

AHNAK was a large structural scaffold protein with 
700 kDa, which was implicated in blood-brain barrier 
formation, cardiac calcium channel regulation, and tu-
mor metastasis (Alvarez et al., 2010; Gentil et al., 2005; 
Haase et al., 2005; Sohn et al., 2018). What we all know 
is that AHNAK has been proved to be implicated in 
various diseases, functioning as a potential biomarker 
for disease detection or predicting the prognosis. For 
instance, Zhao and others (Zhao et al., 2017) reported 
that AHNAK was down-regulated in glioma cell lines, 
inhibiting glioma tumor growth and associated with poor 
prognosis. Lee and others (Lee et al., 2018) revealed that 
AHNAK was a crucial candidate for bladder urothelial 
carcinoma diagnosis based on in-depth proteomics. Du-
mitru and others (Dumitru et al., 2013) discovered that 
AHNAK was dysregulated in laryngeal carcinoma and 
significantly correlated with poor clinical outcomes in la-
ryngeal carcinoma patients. Sudo and others (Sudo et al., 
2014) proposed that AHNAK was highly expressed in 
several mesothelioma cell lines, playing a key role in reg-
ulating mesothelioma cell migration and invasion. Zhang 
and others (Zhang et al., 2019) suggested that high 
AHNAK expression was strongly correlated with short 
disease-free survival and poor prognosis, exerting as an 
oncogene in pancreatic ductal adenocarcinoma. More 
importantly, Nedeljkovic and others (Nedeljkovic et al., 
2018) implied that AHNAK abnormal expression could 
be novel candidate variants in COPD. The data we ob-
tained from clinical samples also confirmed the specific 
high expression of AHNAK in COPD patients, which 
was consistent with the comprehensive bioinformatic 
analysis. Therefore, this study provided new insights into 
the complex pathogenesis of COPD.

In order to explore the mechanisms involved in dis-
ease progression, we performed a PPI dynamic analy-
sis. Based on KEGG and GO’s enrichment results, we 
identified 38 pathways enriched in the dynamic PPI net-
work. The top 12 processes were inflammation response, 
small molecular, metabolic process, cell-cell junction, 
phagocytic vesicle, apical junction complex, cell adhesion 

molecular binding, actin filament binding, SH3 domain 
binding, amyotrophic lateral sclerosis, neurotrophin, tight 
junction, and RNA transport. Thus, we verified the rela-
tionship between AHNAK and inflammatory factors in 
COPD, and the outcome demonstrated that AHNAK 
was closely associated with IL-1β and IL-6 levels in 
COPD patients. These results support that AHNAK 
represents a sensitive biomarker for the diagnosis of 
COPD.

Nevertheless, this study maintains some limitations. 
First, the specific mechanism of action of AHNAK in 
COPD requires further in vivo studies. In addition, the 
sample size in this study was relatively small, and the 
DEGs between the different stages of COPD could not 
be determined due to the sample size. In future studies, 
we will use a larger sample size consisting of samples 
from patients with different stages of COPD to avoid 
accidental errors. Finally, long-term follow-up investiga-
tions of COPD patients are recommended to determine 
the impact of abnormal AHNAK expression on COPD 
prognosis.

CONCLUSION

AHNAK was significantly elevated in COPD, func-
tioning as a potential biomarker for COPD detection 
and treatment.
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