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ABSTRACT. ErbB4 is an oncogene belonging to the epidermal growth 
factor receptor family and contributes to the occurrence and development 
of multiple cancers, such as gastric, breast, and colorectal cancers. 
Therefore, studies of the regulation of ErbB4 in cancerigenic pathway 
will advance molecular targeted therapy. Advanced bioinformatic 
analysis softwares, such as ExPASy, Predictprotei, QUARK, and 
I-TASSER, were used to analyze the regulatory mechanism after ErbB4 
gene mutation in terms of amino acid sequence, primary, secondary, 
and tertiary structure of the protein and upstream-downstream receptor/
ligands. Mutation of the 19th and 113th amino acids at the carboxyl 
terminus of ErbB4 protein did not affect its biological nature, but its 
secondary structure changed and protein binding sites were near 2 
mutational sites; moreover, after mutation introduction, additional 
binding sites were observed. Tertiary structure modeling indicated that 
local structure of ErbB4 was changed from an α helical conformation 
into a β chain folding structure; the α helical conformation is the 
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functional site of protein, while active sites are typically near junctions 
between helical regions, thus the helical structures are easily destroyed 
and change into folding structures or other structures after stretching. 
Mutable sites of ErbB4 is exact binding sites where dimer formed with 
other epidermal growth factor family proteins; mutation enabled the 
ErbB4 receptor to bind to neuregulin 1 ligand without dimer formation, 
disrupting the signal transduction pathway and affecting ErbB4 function.
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INTRODUCTION

The cDNA of the ErbB4 gene codes for 1308 amino acids is 6 kb in length. ErbB4 contains 
a hydrophobic transmembrane region composed of 26 amino acids, extracellular ligand domain 
divided by the transmembrane region and a C-terminal intracellular region. The intracellular 
region is divided into tyrosine kinase, including 276 amino acids, and a carboxyl end consisting 
of 282 amino acids (Deng and Zhang, 2002; Qiu et al., 2008). As a cell surface receptor, ErbB4 
is important for the functions of the neuregulin (NRG) and epidermal growth factor (EGF) 
family proteins and is involved in genetic transcription, cell proliferation and differentiation, and 
apoptosis. The protein functions in the maintenance of the heart, central nervous system, intestinal 
tract, stomach, and mammary tissue. Wang (2015) found that activated ErbB4 was necessary 
for heart development and cardiac muscle cells; Almohazey and Frey (2015) and Takahashi 
et al. (2015) showed that ErbB4 gene mutations were closely linked with mental illness such 
as schizophrenia, bipolar disorder, and amyotrophic lateral sclerosis. Schumacher et al. (2015) 
suggested that ErbB4 receptor tyrosine kinase could cause lesions in the colon epithelium in 
inflammatory bowels. Canfield et al. (2015) suggested that ErbB4 drives the differentiation of 
mammary tissue and induces lactoprotein production and lactation. However, similarly to other 
EGF family members, ErbB4 was shown to be related to the formation, apoptosis, and metastasis 
of tumor cells and the generation of blood vessels in tumors.

High ErbB4 expression in tumor tissues such as gastric cancer, breast cancer, lung 
cancer, colon cancer, and melanoma, indicates a role for this protein in tumor occurrence 
and growth (Soung et al., 2006; Bublil and Yarden, 2007; Scarfò et al., 2016; Williams et al., 
2015). Cullum et al. (2015) found that ErbB4 is an oncogene in melanoma and Kataoka et al. 
(1998) indicated that the expression of ErbB4 protein in gastric cancer tissues was higher than 
that in normal tissues. Therefore, the regulatory mechanism of ErbB4 should be determined to 
facilitate the diagnosis and treatment of cancer. Furthermore, the intracellular region has been 
shown to be important in studies of carcinostasis. The BH3-only protein acts as a ‘sensor’ of 
apoptosis stimulation and is regarded as a necessary effective factor for initiating apoptosis. 
Naresh et al. (2006) found that HER4 intracellular domain (4ICD) of ErbB4 is a BH3-only 
protein that can promote the apoptosis of breast cancer cells; Jones (2008) found that the 
notch intracellular domain of ErbB4 activates the growth of mammary tissue and improves the 
occurrence of breast cancer and apoptosis of breast cancer cells. However, the specific action 
mechanism by which the ErbB4 intracellular region involved in regulation remains unclear. 
After collection of a large number of gastric cancer tissues, mutations in the intracellular region 
of the ErbB4 gene were detected by polymerase chain reaction and genetic sequencing, and the 
protein expression of ErbB4 protein was determined through immunohistochemical methods. 
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ErbB4 protein expression remains high after mutation of the 19th and 113th amino acids at the 
carboxyl end of the intracellular region. Following mutation, tumor tissues stopped growing and 
were gradually reduced, demonstrating that ErbB4 mutations change the protein structure to 
disrupt its function. Therefore, we examined the structure of ErbB4 protein; using bioinformatics 
tools, local modeling for ErbB4 was conducted to determine the structural changes before and 
after mutation. Changes in the ErbB4 functional pathway caused by such changes were examined 
to provide a foundation for studies of molecular target therapy for tumor treatment.

MATERIAL AND METHODS

The 282 amino acids at the carboxyl end of the intracellular region of ErBb4 are 
shown in the supplementary information. Labeled amino acids were mutated, including the 
19th amino acid from arginine to glycine and the 113th from arginine to glutamine. Changes in 
physiological characteristics before and after mutation of the carboxyl end of the intracellular 
region of ErBb4 were analyzed using ExPASy (http://web.expasy.org/protparam/); secondary 
structure and biding sites were analyzed using Predictprotei (https://www.Predictprotein.org/). 
Short sequences of approximately 20 amino acids before and after mutation of the carboxyl 
end in the intracellular region of ErBb4 protein evaluated by local modeling using QUARK 
and I-TASSER software developed by Zhang at the University of Michigan (Zhang, 2008). A 
3D model using I-TASSER was established through LOMETS multithreading and fragment 
assembly of iterative templates. QUARK is a computerized algorithm used for modeling 
analysis of protein folding and tertiary structure based on an ab initio prediction method. Using 
only the amino acid sequence, we used this program to predict an accurate three-dimensional 
model (Zhang, 2008; Xu and Zhang, 2012). Compared to homology modeling methods such 
as Swiss-model (Roy et al., 2012), neither of these tools require excessive homology templates 
for the modeling process; therefore, they are applicable for modeling for small sections of 
protein without effective homology templates.

RESULTS

Analysis of amino acid sequence before and after ErbB4 protein mutation

Changes in the physiological characteristics after mutation of the carboxyl end of the 
intracellular region of ErBb4 were analyzed using ExPASy (Table 1). Changes in mutated 
ErbB4 compared to wild-type protein were not significant, showing the same half-life and 
liposoluble index.

Parameters Before mutation After mutation 
Molecular weight 31,766.2 31,639.0 
PI value 5.61 5.35 
Polarity Number of negatively-charged residues (Asp+Glu): 36 

Number of positively-charged residues (Arg+Lys): 30 
Number of negatively-charged residues (Asp+Glu): 36 
Number of positively-charged residues (Arg+Lys): 28 

Number of atoms 4386 4364 
Coefficient of light extinction 1.021 1.025 
Estimation of half-life 4.4 h (mammals) 4.4 h (mammals) 
Instability index 58.40 (instable) 57.00 (instable) 
Liposoluble index 56.42 56.42 

 

Table 1. Characteristics of ErbB4 before and after mutation.
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Changes of the secondary structure and biding sites of ErbB4 protein before and 
after mutation

The secondary structure and biding sites of ErbB4 were analyzed using the online 
software Predictprotei (Figure 1). Although only 2 sites of ErbB4 were mutated, the secondary 
structure showed large changes; specifically, protein biding sites were mainly located near the 
19th and 113th amino acids and a larger number of biding sites were observed after mutation.

Changes of molecular modeling of tertiary structure before and after mutation of 
ErbB4 protein

In this study, QUARK and I-TASSER were used to model the intracellular region 
carboxyl end of ErbB4. The short amino acid sequence of approximately 10 amino acids near 
the mutated sites were regarded as modeling objects. The results are shown in Figures 2 and 3.

DISCUSSION

Bioinformatics software was used to analyze changes in the protein structure of the 
ErbB4 oncogene and changes in its function resulting from mutations at the 19th and 113th 
amino acids in the intracellular region of the carboxyl end of ErbB4. ExPASy were used 
to analyze the changes in physiological characteristics after mutation (Table 1). The results 
showed that a single amino acid mutation in the intracellular region carboxyl end of ErbB4 
did not influence the physiological characteristics of this region. This may be because during 
protein processing, some key amino acids showed a large impact on the protein structure. 
Changes in the secondary structure and protein binding sites of ErbB4 were analyzed using 
Predictprotei online software (Figure 1).

Figure 1. Changes in secondary structure and biding sites of ErbB4 protein. A. Represents the structure before 
mutation. B. Indicated structures after mutation, Rhombi in red color are protein-binding sites, Purple cylindricality 
represents secondary structure and solubility.

Only two sites of ErbB4 were changed, but large changes in the secondary structure 
were observed. Moreover, the protein biding sites were mainly near the 19th and 113th amino 
acids and the number of biding sites increased after mutation. This result indicates that these 
amino acids are key site for ErbB4 binding to its ligand. To clarify the structural changes 
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in ErbB4 after its mutation, local modeling of the tertiary structure of ErbB4 before and after 
carboxyl end mutation was conducted using the QUARK and I-TASSER tools (Figures 2 and 3).

Figure 2. Structural characteristics before and after mutation of 19th mutational site.

Figure 3. Structural characteristics before and after mutation of the 113th mutational site. A. Structure of the 113th 
mutation site before mutation (helical structure). B. Structure of the 113th mutation site after mutation (folding 
structure).

Mutation at the carboxyl end of ErbB4 transformed the α helical structure to a β 
pleated sheet structure; additionally, the α helical structure is the functional part of protein 
and the active site are commonly located near the joints between the helical regions. Once 
the helical structure is stretched, it is easily broken and changes into a pleated sheet structure 
or other structures (Zhong, 2007). Therefore, changes in individual amino acid did not have 
a large influence on biological features because hydrogen bonds and Van der Waals forces, 
among others, form different structures during peptide processing; secondary structure analysis 
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indicated that alterations in the binding site are important for ErbB4 binding to ligands, while 
changes in the tertiary structure further showed that the mutable part was the main functional 
region of ErbB4. Changes in the structure of ErbB4 affected the function of the protein in the 
cancerigenic pathway.

The ligand of ErbB4 protein is neurogenic differentiation factor, also known as 
neuregulin 1 (NRG1). Neurogenic differentiation can induce ErbB4 expression together 
with HER1 or HER2 to produce a dimer involved in the cancerigenic pathway of MAPK 
(Kainulainen et al., 2000; Xie et al., 2007); thus, only under the catalysis of neurogenic 
differentiation can ErbB4 form a dimer with ErbB1/2 to induce cell multiplication. If ErbB4 
cannot form a dimer with HER1/2, it will act with the NRG1 ligand and STAT5a to induce 
cell differentiation. Gene mutations may limit dimer formation (Clark et al., 2005). Mutated 
sites of ErbB4 may form dimers with other EGF family proteins. Moreover, the mutations 
lead to binding between the ErbB4 receptor and the NRG1 ligand without producing dimers 
and interrupting the signal transduction pathway of ErbB4. The specific regulation mechanism 
pathway of ErbB4 protein before and after mutation in tumor tissues is shown in Figure 4.

Figure 4. Functional pathways before and after mutation of ErbB4 protein. A. Represents the functional pathway 
before mutation of ErbB4 protein. B. Shows the functional pathway after mutation of ErbB4 protein.

Four members of the EGFR family are highly expressed in many tumor tissues and 
are closely related to the malignancy degree of the tumor, apoptosis, and transfer ability of 
invasion. Currently, iressa and herceptin are antineoplastic molecules targeting EGFR and 
ErbB2, respectively, and both have shown positive results for treating lung cancer and breast 
cancer (Ni and Zhang, 2015); therefore, the function of ErbB4 protein in the formation 
and development of tumors is gaining increasing attention. Ye et al. (2014) and Xu et al. 
(2008) found that miR-520a can regulate the expression of ErbB4. The multiplication and 
invasion of esophageal squamous carcinoma cells can be clearly restrained by interrupting 
the expression of ErbB4 protein; in a study by Starr et al. (2006), after introducing the HER4 
gene into inexpressive lung cancer cell strains of H661 and H1299, the formation and growth 
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of tumor cells were improved. An ErbB4 monoclonal antibody depressed the development of 
ErbB4-positive tumor cells. These findings show that the regulation mechanism of ErbB4 is 
significant for cancer treatment. Therefore, we evaluated the structural changes of ErbB4 by 
analyzing the mechanism and characteristics of ErbB4 to establish mathematical models for 
targeting of mutational sites and to analyze changes in ErbB4 function and specific regulation 
pathways resulting from mutation. This study lays a foundation for carrying out artificial 
mutation studies in tumor regions with high ErbB4 expression. Additionally, our results can 
be used in studies of molecular targeted therapy for treating tumors.
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