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Abstract
BACKGROUND: Astrocytoma is the most common primary brain tumor. The combination of adhesion molecules, 
proteases, and cytokines that regulate their expression likely underlies tumor progression. The cytokine of neuregulin 1 
(NRG1) has a role in progression and invasion of tumor cells by activating signal after binding its receptor.

AIM: To identification NRG1 expression with characteristic of intracranial astrocytoma patient is the purpose of this study.

METHODS: This study uses analytic method with retrospective study. It analyzed the association between NRG1 
expressions in astrocytoma patients. The study included 32 samples which were admitted to Haji Adam Malik Hospital 
Medan from September 2016 to August 2018.

RESULTS: There was no significant association between NRG1 expression with age (p = 0.853) and gender 
(p = 0.565) of astrocytoma patients, while there was a significant association between NRG1 expression with cell 
proliferation (p = 0.00), WHO grading of astrocytoma (p = 0.00), and outcomes (p = 0.023). According to this study, 
the most common results are strong NRG1 expression has many cells proliferation in 10 (31.1%) patients, strong 
NRG1 expression with Grade IV astrocytoma found in 7 (21.9%) patients, and moderate NRG1 expression in live 
patient found in 7 (21.9%) patient.

CONCLUSION: There is significant association between NRG1 expression and cell proliferation, WHO grading of 
astrocytoma, and outcomes.
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Introduction

Astrocytoma is the most common primary 
brain tumor. In the United States, incidence of 
astrocytoma is 6.5 per 100.000 population, whereas 
mortality rate are 12.760 cases. Annually, new cases 
of high-grade astrocytoma are 11.000 cases [1]. 
Astrocytoma is a tumor from glial cell, called astrocyte. 
The World Health Organization classifies astrocytoma 
using four grades according to the growth rate and 
metastasis [2]. Astrocytoma is usually found in male 
and adult patient [3].

Astrocytoma is one of brain tumors that can 
have metastases. The metastasis is facilitated by 
proliferation and migration of cell tumor. A complex 
interplay among adhesion molecules, proteases, and 
cytokines that regulate their expression likely underlies 
tumor progression and invasion [4]. Cytokine that 
affected the growth of cell tumor was known for long 
time. Among cytokines, NRG1 plays the most important 
role in growing and migration of cell tumor. Complex 
interplay between NRG1 and receptor activate intracell 
biology process adding to tumorigenesis [5].

Neuregulin 1 expression is considered as a 
prognostic parameter of an astrocytoma. In low-grade 
astrocytoma, age is one of significant risk factors in 
predicting outcome [6].

Complex interplay between NRG1 and 
ErbB receptor affects mouse brain glial cell changed 
to be malignant astrocytoma. This binding induces 
differentiation and proliferation of mouse astrocyte 
cell. Zhao in 2013 indicated that L1, a transmembrane 
adhesion molecule of the immunoglobulin superfamily, 
plays important roles in tumor progression and 
metastatic behavior [7].

The trigger of the growth and migration of 
tumor is suspected by overexpression of the NRG1 
and ErbB signal. Inhibition of NRG1 signaling 
inhibited primary tumor growth and enhanced 
the magnitude and duration of the respond to 
chemotherapy [8].

The purpose of this study was to analyze 
the expression of NRG1 on human astrocytoma. The 
relationship of NRG1 and characteristic of patient 
of intracranial astrocytoma is observed. The role of 
NRG1 in astrocytoma prognosis in the Indonesian 
population is not clear. Therefore, the researcher 
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is interested to study the relationship of NRG1 and 
characteristic of patient of intracranial astrocytoma 
patients.

Methods

Inclusion criteria for patients

Patients were diagnosed with intracranial 
astrocytoma by clinical and radiological parameters. 
Patients were operated by tumor removal. The definitive 
diagnose was confirmed by anatomy pathology study.

Exclusion criteria for patients

Patients have comorbid diseases such as 
diabetes mellitus, renal, and liver dysfunctions. Patients 
have recurrence and recidive of astrocytoma. There are 
other tumors, such as breast cancer, cardiac cancer, 
ovarian cancer, and prostate cancer. All patients and 
controls gave informed consent, and the study protocol 
was approved by the Institutional Ethics Committee.

Study design

The study analyzes relationship of NRG1 and 
the characteristic of patient of intracranial astrocytoma 
who were admitted in Adam Malik Hospital, Medan. 
This study is a retrospective study that is using an 
analytic method. The study included 32 samples. The 
sampling technique of this study is total sampling. The 
study was undertaken at Adam Malik Hospital, Medan 
since September 2016–August 2018.

Technique of sample collection

All paraffin specimen of astrocytoma and data 
of the patients from September 2016 to August  2018 
were collected from medical record and data of 
neurosurgery department assessment. 

The data included gender, age, the WHO 
histopathology grading of astrocytoma, cell proliferation, 
outcome, and NRG1 expression. The cell proliferation 
and NRG1 immunohistochemistry tests are performed 
in all paraffin specimens. 

Cell proliferation interpretation is recorded as 
followed: mild group as <4 mitotes per 10 High Power 
Field (HPF), moderate group as 4–19 mitoses per 
10 HPF, and high group as >20 mitoses per 10 HPF9, 
(Figure 1). Interpretation of intensity (0, 1+, 2+, and 3+) 
and percentage of immunoreactive cells of neuregulin 1 

staining were recorded as followed: 3+, strong staining 
intensity in 50% cells; 2+, moderate staining intensity 
in 50% cells; 1+, faint or weak staining intensity in 
50% cells; and 0, no or equivocal staining in tumor cells 
or 50% of cells staining at any given intensity, which 
were defined as NRG1-negatif [9], (Figure 2).

Four micron-thick section of tumor slide 
is placed in positive charged slides Optiplus and 
heated at 60°C for 30 min. Deparaffinization slide 
uses xylene as 2 times for 5 min and rehydrated by 
ethanol. Endogenus peroxidase activity is blocked with 
incubation at 100 µ H2O3 3% and methanol at humid 
room for 5 min. The slide is rehydrated by phosphate 
buffered saline (PBS). Antigen is got by giving buffer 
citrate (pH 6.0) then cooled by RT for 20–30 min. The 
slide is blocked with goat serum 1:20 (BioGenex San 
Ramon, CA) for 20 min. The slide is incubated with 
monoclonal antibody NRG1 overnight in 4°C, then it 
is washed with PBS and incubated 100 µ streptavidin-
horseradish peroxidase conjugate (Dako Corporation, 
EA 93013, USA) for 30 min. The antibody is dripped by 
substrate 3,3’-diaminobenzidine for 10 min. The slide 
is colored by hematocyline Mayer’s for 30 min, washed 
and rehydrated with ethanol, cleared with xylene, mount 
with mounting medium.

Statistical analysis

Statistical analysis was performed using 
Statistica software, ver 7.1. Due to the distribution 
which was not normal (according to Kolmogorov–
Smirnov test), the variable differences were tested 
using non-parametric tests (Wilcoxon Matched Pair 
Test or Friedman ANOVA test – Chi-square). The 
correlation between parameters was analyzed using 
the Pearson correlation coefficient. Significance was 
set up at p < 0.05.

Results

Data are preceded by software. Categoric 
variable is presented in frequency and percentage. 
Demography and medic data that include 

Figure  1: Cell proliferation. (a) Cell Proliferation: mild, (b) Cell 
Proliferation: moderate, (c) Cell Proliferation: high
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name, age, the WHO histopathology grading of 
astrocytoma, cell proliferation, outcome, and 
NRG1 expression are analyzed by computerize 
using Spearman test. p ≤ 0.05 means that there 
is significant relationship, otherwise p value >0.05 
means that there is not significant relationship 
NRG1 expression and age.

The study demonstrated that the most NRG1 
expression is weak expression in adult as many 8 (25%) 
samples, while the least NRG1 expression is negative 
expression and weak expression in children as many 
2 (6.3%) samples, respectively. After analyzing with 
Spearman test, there is not significant relationship 
between NRG1 expression and age (p = 0.853), Table 1.

Table 1: NRG1 expression and age
Category Children n (%) Adult n (%) Elderly n (%) p
None 2 (6.3) 3 (9.4) 0 (0) 0.853
Weak 2 (6.3) 8 (25) 0 (0)
Moderate 3 (9.4) 5 (15.6) 0 (0)
Strong 3 (9.4) 6 (18.8) 0 (0)

NRG1 expression and genre

Weak NRG1 expression in male and strong 
NRG1 expression in male is the most finding NRG1 
expression in this study, as many 6 (18.8%) samples, 
respectively; otherwise, negative NRG1 expression 
in male is the least finding NRG1 expression in this 
study, as many 2 (6.3%) samples. After analyzing with 
Spearman test, there is not significant relationship 
between NRG1 expression and genre (p = 0.565), 
(Table 2).

Table 2: NRG1 expression and genre
Category Male n (%) Female n (%)
None 2 (6.3) 3 (9.4)
Weak 6 (18.8) 4 (12.5)
Moderate 3 (9.4) 5 (15.6)
Strong 6 (18.8) 3 (9.4)

NRG1 expression and cell proliferation

The strong NRG1 expression with high cell 
proliferation is the most finding NRG1 expression, as 
many 10 (31.1%) samples, while the moderate NRG1 
expression with high cell proliferation is the least finding 
NRG1 expression. After analyzing with Spearman test, 
there is significant relationship between NRG1 expression 
and cell proliferation (r = 0.906, p = 0.00), (Table 3).

Table 3: NRG1 expression and cell proliferation
Category Mild n (%) Moderate n (%) High n (%) r (p)
None 5 (15.6) 0 0 0.906
Weak 2 (6.3) 8 (25) 0
Moderate 0 7 (21.9) 1 (3.1) (0.00)
Strong 0 0 10 (31.1)

NRG1 expression and the WHO 
histopathology grading of astrocytoma

The strong NRG1 expression in fourth grade 
of astrocytoma is the most finding, as many 7 (21.9%) 
samples. Otherwise, the negative NRG1 expression 
in second grade of astrocytoma is the least finding, as 
many 1 (3.1%) sample. After analyzing with Spearman 
test, there is significant relationship between NRG1 
expression and the WHO histopathology grading of 
astrocytoma (r = 0.88, p = 0.00), (Table 4). 

Table 4: NRG1 expression and the WHO histopathology grading 
of astrocytoma
Category Grade I n (%) Grade II n (%) Grade III n (%) Grade IV n (%) r (p)
None 4 (12.5) 1 (3.1) 0 0 0.88 (0.00)
Weak 6 (18.8) 4 (12.5) 0 0
Moderate 0 5 (15.6) 3 (9.4) 0
Strong 0 0 5 (15.6) 7 (21.9)

NRG1 expression and outcome

Moderate NRG1 expression in live patient 
post tumor removal is the most findings, as many 

Figure  2: NRG1 expression. (a) NRG1 Expression: none, (b) NRG1 Expression: weak, (c) NRG1 Expression: Moderate,  
(d) Expression NRG1: Strong
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This study demonstrated that there is significant 
relationship between NRG1 expression and outcome 
(r = 0.514, 0 = 0.03). This result is compatible to Anvari 
statement that the WHO grading of astrocytoma has 
relationship with mortality [16]. Ten survival rates of 
astrocytoma patients in Grade II astrocytoma are 35%. 
The central nervous system cancer is the main cause 
of death of solid tumor in children and the third cause 
of death in adolescent and adult, especially at age 
15–34 years old [1].

Limitations of study

The sample size was too small to allow for a 
generalization of the results. 

Conclusions

There was significant association between 
NRG1 expression and cell proliferation, the WHO 
grading of astrocytoma and outcomes.
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7 (21.9) samples; otherwise, moderate NRG1 
expression in death patient post-tumor removal is the 
least finding, as many 1 (3,1%) sample. After analyzing 
with Spearman test, there is significant relationship 
between NRG1 expression and outcome (r = 0.514, 
p = 0.03), (Table 5).
Table 5: NRG1 expression and outcome
Category of outcomes Alive n (%) Death n (%)
None 5 (15.6) 0
Weak 6 (18.8) 4 (12.5)
Moderate 7 (21.9) 1 (3.1)
Strong 3 (9.4) 6 (18.8)

Discussion

Our study demonstrated that there is no 
significant relationship between NRG1 expression 
and age of patient (p = 0.853). It is not in accordance 
with Douet statement that subcortical (axon in white 
matter) changes typically emerged at adolescence. It 
suggests that peripubertal factors such as hormones 
affect this change [10]. The factor of this contradiction 
is suggested by limited numbers of samples.

The study showed that there is no significant 
relationship between NRG1 expression and age 
of patient (p = 0.853). It is accordance with Prevot 
statement that dysfunction of NRG1 in mice brain 
neither delay the sexuality growth nor infertile [11]. Taylor 
said that disfunction of NRG1 does not affect woman 
reproductive function [12]. In woman, neuregulin 1 does 
not have significant relationship with sexuality growth 
and function [13].

In this study, it was shown that there is significant 
relationship between NRG1 expression and WHO 
histopathology grading of astrocytoma (r = 0.88, p = 0.00). 
This result is appropriate to Zhao statement which he 
indicated that L1, a transmembrane adhesion molecule 
of the immunoglobulin superfamily, plays important roles 
in tumor progression and metastatic behavior [4].

Neuregulin 1 and ErbB receptor signal activity 
increases motility and migration of astrocytoma cell [13]. 
Neuregulin 1 affects astrocytoma cell migration. 
Neuregulin 1 expression of astrocytoma corresponds to 
astrocytoma grading [4]. 

It was shown that there is a significant 
relationship between NRG1 expression and cell 
proliferation (r = 0.906, p = 0.00). The result is in 
accordance with Wadugu statement that NRG1 have 
some important function, such as differentiation of 
neuron cell, accumulation of acetylcholine receptors 
in skeletal muscle, and glial cell proliferation [14]. 
Neuregulin 1 and its receptor are found in growing and 
developing brain in neurogenesis and proliferation. 
Therefore, NRG1 has an important role in the regulation 
of central nervous system cell formation [15].
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