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Abstract. Anillin actin binding protein (ANLN) is a biomarker 
of cancer progression and is overexpressed in lung adenocarci-
noma. The aim of the present study was to investigate the role of 
ANLN protein and RNA in the development of lung adenocar-
cinoma. The ANLN protein sequence was downloaded from 
The National Centre for Biotechnology information, RNA 
sequencing (RNA‑seq) data was obtained from The Cancer 
Genome Atlas database. All immunohistochemical staining 
pictures were adapted from the Human Protein Atlas. PyMOL 
software was employed to predict protein functional changes 
in response to mutations. Gene Set Enrichments Analysis was 
employed for pathway analysis. The results indicated that 
ANLN experiences genetic change and overexpression at the 
RNA and protein levels in patients with lung adenocarcinoma. 
Kaplan‑Meier survival curve analysis revealed significant 
differences between high and low RNA‑seq expression levels 
in ANLN, and patients exhibiting higher expression of ANLN 
had a relatively poor prognosis. Pathway analysis demonstrated 
that ANLN was involved in developmental processes via the 
regulation of nuclear division' pathway. In conclusion, ANLN 
has potential for use as a diagnostic and prognostic biomarker 
to diagnoseand predict the outcome of lung adenocarcinoma.

Introduction

According to 2015 statistics, lung cancer is considered to be 
the most common type of cancer and the leading cause of 
cancer‑associated mortality in China (1). Similar statistics 
have been observed worldwide, with lung cancer being diag-
nosed in 1.8 million people in 2012, resulting in 1.6 million 
cases of mortality, rendering it the most common cause of 
cancer‑associated mortality in men and the second most 

common in women (2). Adenocarcinoma is the most common 
form of lung cancer, originating in peripheral lung tissue 
and causing almost 40% all lung cancer cases (3). The most 
important risk factor associated with lung adenocarcinoma is 
tobacco smoking. Obtaining a reliable diagnosis and identi-
fying prognostic markers for lung cancer remains a challenge.

The anillin actin binding protein (ANLN) gene is located 
on chromosome 7p14.2, and encodes a protein consisting of 
1,124 amino acids that form 4 structural domains, including a 
myosin‑ and actin‑binding domain, a RhoA‑binding domain 
and a C‑terminal pleckstrin homology domain (4,5). The ANLN 
protein is located in the nucleus, cytoplasm, cytoskeleton, cleavage 
furrow and cell cortex, and is expressed in adult placenta, testis, 
and the spinal cord, and in numerous fetal organs (6). ANLN 
was initially characterized as a human homologue of anillin, 
a Drosophila actin‑binding protein that is present in the cortex 
following breakdown of the nuclear envelope, and in the cleavage 
furrow during cytokinesis  (7). Anillin serves an important 
role in cell‑cycle progression and in the assembly of the actin 
and myosin contractile ring that separates daughter cells (6). 
Importantly, anillin has been demonstrated to be a substrate of 
the anaphase‑promoting complex/cyclosome (APC/C), a typeof 
ubiquitin ligase that controls mitotic progression (8).

As summarized above, anillin is a conserved protein, which 
functions in cytoskeletal dynamics during cellularization and 
cytokinesis. Previous studies have indicated that knockdown 
of anillinresults in cleavage furrow ingression and failure of 
cytokinesis in multinucleated monkey BS‑C‑1 cells (9). The 
association between cell cycle regulation and carcinoma is 
well established. ANLN has been indicated to be a marker 
of poor prognosis, and associated with aggressive cancer 
phenotypes (10). The role of anillin as a regulator of the cell 
cycle serves an important role in breast and pancreatic cancer 
invasion  (11,12). ANLN has been developed as a clinically 
applicable immunohistochemistry‑based prognostic biomarker 
for hepatocellular carcinoma (13). Phylogenetic analysis aims 
to understand the conservation characterization of analyzed 
proteins. In the present study, the significance of ANLN protein 
in human lung adenocarcinoma cancer progression was investi-
gated using The Cancer Genome Atlas (TCGA) database.

Materials and methods

Data acquisition. The ANLN protein sequences of 11 species 
(Homo Sapiens, Chimpanzee, Mouse, Zebrafish, Chicken, 
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Dog, Sheep, Cattle, Rhesus monkey, Rat and Pig) were 
downloaded from UniProt (http://www.uniprot.org/) and 
the National Center for Biotechnology Information (NCBI; 
https://www.ncbi.nlm.nih.gov/). The mutation statuses of 
ANLN were checked using cBioPortal for Cancer Genomics 
(http://www.cbioportal.org). Protein sequence alignment was 
conducted using Molecular Evolutionary Genetics Analysis 
software (version 7; MEGA7) (14). The PyMOL Molecular 
Graphics System (version 1.8; Schrödinger, LLC, New York 
City, NY, USA) was employed to predict protein functional 
changes in response to mutations. All immunohistochemical 
staining images (Fig.  2) were adapted from the Human 
Protein Atlas (http://www.proteinatlas.org/humancell). ANLN 
clinical and RNA‑seq data were downloaded from The Cancer 
Genome Atlas (TCGA; https://portal.gdc.cancer.gov/). Gene 
set enrichment analysis (GSEA, Desktop version 3.0)  (15) 
was used to determine whether any prior‑defined pathway or 
set of genes demonstrated statistically significant differences 
between two biological states (e.g., phenotypes, RNA‑seq 
expression level in current analysis).

Phylogenetic analysis. Phylogenetic relationships in ANLN 
expression among the 11 different species were determined 
using MEGA7 (14). A total of 11 amino acid sequences were 
analyzed, and all phylogenetic positions containing missing 
data were eliminated. There were a total of 157 positions in 
the final dataset. The evolutionary history was inferred using 
the Neighbor‑Joining method  (16). The phylogenetic tree 
was drawn to scale, using branch lengths in the same units 
as those of the evolutionary distances (number of amino acid 
substitutions per site), which were calculated using the Poisson 
correction method (17).

Statistical analysis. All statistical analyses were conducted 
using R software (Version 3.3.1, http://www.R‑project.org/). 
Monte Carlo simulation  (18) was employed to compare 
RNA‑seq expression levels between patients with lung adeno-
carcinoma and normal control tissues. χ2 was used to analyze 
differences in survival. The false discovery rate (FDR) method 
was employed to conceptualize the rate of type I errors in null 
hypothesis testing when conducting multiple comparisons in 
GSEA analysis (19).

Results

ANLN mutations and evolutionary conservation in lung 
adenocarcinoma. The identified mutations of ANLN in cancer 
include amplification, deletion and single nucleotide polymor-
phism (SNP) mutations (missense, nonsense and splice errors) 
(TCGA database, https://cancergenome.nih.gov/). The muta-
tion rate has been demonstrated to differ according to the type 
of cancer, ranging from 19.6% in prostate cancer (20) to 0.2% 
in clear cell renal cell carcinoma (21). A total of 27 mutations 
were identified in 446 patients with lung adenocarcinoma 
(Fig. 1A and B) using TCGA, including 12 amplifications, 
2 deletions and 13 SNP mutations. The 13 SNP mutations 
included 4 G>T, 3 G>A, 2 G>C, 1 C>T and 1 C>A substitutions, 
among which 5 mutations influenced conserved amino acids 
sequences (Fig. 1A). A phylogenetic tree was created from 
the evolutionary analysis performed using MEGA7 software 

(Fig. 1C). The optimal phylogenetic tree is presented, with a 
sum branch length of 0.897. The ANLN protein sequences 
from Homo sapiens and Chimpanzee are closely associated, 
indicating a recent common ancestor. Protein function predic-
tion conducted with PyMOL suggested that these mutations 
(S594N, G659V, I1014V and R1026L) may influence ionic 
bonds and β‑folding (Fig. 1D) in the ANLN protein. However, 
whether these mutations cause gain or loss function remains 
to be elucidated.

A N L N  e x p re s s i o n  i n  l u n g  a d e n o c a rc i n o m a . 
Immunohistochemical staining of the ANLN protein indi-
cated that it is located in the nucleus, and that patients with 
lung adenocarcinoma exhibit increased ANLN expression 
compared with healthy controls (Fig.  2). ANLNRNA‑seq 
levels were increased in patients with lung adenocarcinoma 
compared with normal control tissues (Fig. 3A; Monto Carlo 
Simulation, P<0.001) and were significantly associated with 
high Tumor‑Node‑Metastasis pathological stage (Fig.  3B; 
P<0.05), suggesting that ANLN can predict the disease 
progression and outcome of patients with lung adenocarci-
noma. Kaplan‑Meier survival curve analysis demonstrated 
that the curves for high and low expression of ANLN were 
significantly different, and that high expression of ANLN was 
predictive of a poor outcome (Fig. 3C). However, it ANLN 
RNA‑seq levels were not demonstrated to be different between 
patients with and without ANLN mutations (Fig. 3D).

ANLN specified pathway in lung adenocarcinoma. A total of 
59 pairs of lung adenocarcinoma RNA‑seq data were extracted 
for further pathway analysis. A total of 24 Gene Ontology sets 
and 178 Kyoto Encyclopedia of Genes and Genomes pathways 
were demonstrated to be associated with ANLN expression 
(All analysis was done by using GSEA software). The results 
of GSEA indicated that the pathway of ‘regulation of nuclear 
division’ (Fig. 4A and B) was enriched in patients with lung 
adenocarcinoma (FDR, q=0.023). The enrichment score 
was 0.464 and the normalized enrichment score was 1.834 
(Fig. 4C).

Discussion

The present study indicates that ANLN may be a potential 
diagnostic and prognostic biomarker for lung adenocarcinoma 
based on the following findings. A 6% incidence of genetic 
change in ANLN was identified in patients with lung adeno-
carcinoma. Approximately 50% amplifications (12/27) lead to 
high expression of ANLN (Fig. 1B), however, the association 
between other mutations and ANLN protein function require 
further investigation. Immunohistochemical staining of 
ANLN in patients with lung adenocarcinoma revealed that it 
was more highly expressed in adenocarcinoma tissues than 
in normal tissues, which was also supported by the RNA‑seq 
comparison. The ANLN RNA‑seq expression level was asso-
ciated with TNM stage in lung adenocarcinoma, as well as 
overall survival rate, suggesting that high expression of ANLN 
in lung adenocarcinoma is predictive of poor prognosis. GSEA 
identified that the pathway of ‘regulation of nuclear division’, 
involving ANLN, was significantly upregulatedin subjects 
with lung adenocarcinoma compared with normal controls.
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Suzuki et al  (22) have investigated the significance of 
ANLN gene in lung cancer using cDNA microarray. In their 
latest functional experiment, the growth of non‑small‑cell 
lung carcinoma (NSCLC) was suppressed using ANLN small 
interfering RNAs (22). Furthermore, induction of exogenous 

overexpression of ANLN increased the migratory ability 
of mammalian cells via interaction with RhoA. Univariate 
analysis of gene expression in 66 patients with squamous cell 
carcinoma who had undergone surgical resection identified 
that ANLN had significant prognostic value (22). This was 

Figure 1. (A) The primary structure of the ANLN protein and how 5 mutations alter the sequence in 11 species using MEGA7.0 software. (B) ANLN muta-
tions in patients with lung adenocarcinoma using cBioPortal (Four lung adenocarcinoma researches from TCGA database, including Lung adenocarcinoma 
(TCGA), Lung adenocarcinoma (TCGA PUB), Lung adenocarcinoma (Broad) and Lung adenocarcinoma (MSKCC) citied in the TCGA database. Red section 
is amplification, green is mutation, blue is deep deletion, and grey is multiple alterations). (C) The phylogenetic relationships regarding the ANLN protein 
among 11 species using MEGA7.0 software. (D) Prediction of changes in the ANLN protein as a result of mutations S594N, G659V, I1014V and R1026L using 
PyMOL software. Green indicates alternative positions of mutations S594N, G659V, I1014V and R1026L. ANLN, anillin actin binding protein.
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Figure 2. (A) Immunohistochemical staining of ANLN in normal lung tissues x20 magnification, (B) in lung squamous cell carcinoma tissue (x20 magnifica-
tion), and (C) in adenocarcinoma carcinoma tissue (x20 magnification). ANLN is normally located in the nucleoplasm. Red staining indicates the microtubules, 
blue staining indicates the nuclei and green staining indicates ANLN expression in (D) A‑431 cells (x100 magnification), (E) U‑2 OS cells (x100 magnifica-
tion), and (F) U‑251 MG cells (x100 magnification). Brown color indicated ANLN protein staining. All immunohistochemical images were adapted from the 
Human Protein Atlas (proteinatlas.org/humancell). ANLN, anillin actin binding protein.

Figure 3. (A) Comparison of ANLN RNA‑seq expression between tumor tissues and normal tissues (Monte Carlo Simulation, P<0.001). (B) ANLN RNA‑seq 
expression increases with TNM stage (Monte Carlo Simulation, Stage I vs. Stage II, P<0.01; Stage I vs. Stage III, P<0.01; Stage I vs. Stage IV, P<0.01; Stage II 
vs. Stage III, P<0.05; Stage II vs. Stage IV, P<0.05; Stage III vs. Stage IV, P>0.05; All Stage vs. Normal, P<0.001). (C) Survival curve analysis of ANLN 
RNA‑seq expression. The two curves are significantly difference (P=0000138). (D) ANLN RNA‑seq expression in patients with different mutations or without 
mutation. ANLN, anillin actin binding protein; RNA‑seq, RNA sequencing; TNM, Tumor‑Node‑Metastasis. ***P<0.001; **P<0.01; *P<0.05.
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positively validated in an independent study with a separate 
cohort of 26  patients  (23). All of the above results were 
supported by the present study.

The regulation of nuclear division pathway, involving 
ANLN denotes a cell cycle process that comprises the steps 
by which the nucleus of a eukaryotic cell divides, including 
the condensation of chromosomal DNA into a highly compact 
form (24). Inheritance of a defective genome and its mitotic 
proliferation can lead to pathological conditions, including 
numerous types of cancer (25). The role of anillin as a cell 
cycle regulator has been demonstrated to serve an important 
role in carcinoma invasion (26). However, the detailed mecha-
nisms behind these effects require further investigation.

Limitations of the present study include its retrospective 
nature, and the use of external databases. The majority of 
patients on TCGA database were of European descent, and 
further research using a boarder patient spectrum is required.

In conclusion, the present study established that ANLN 
protein is a potential prognostic marker for lung adeno-
carcinoma. However, further investigation is required to 
elucidate the mechanism of the involvement of ANLN in cell 
cycle‑regulation and the development of adenocarcinoma.
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