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ABSTRACT  
 

This study aims to identify the expression of the a disintegrin and metalloproteinase 17 (ADAM17) gene as a marker of Alzheimer's disease 

in long-tailed macaques (Macaca fascicularis). This study used six brain samples (hippocampus and cortex regions) of long-tailed macaques 
which was divided into two groups consisting of aged long-tailed macaques and adult long-tailed macaques. The expression of ADAM17 gene 

was determined by comparing the relative quantification values between the two age groups, and brain regions consisting of the hippocampus and 

cortex regions. The results of data analysis showed no significant difference in the expression of ADAM17 gene between brain regions and 
between age groups of long-tailed macaques. However, numerically the results showed a lower expression of ADAM17 gene in the hippocampus 

region of aged macaques. Lower expression of ADAM17 gene could be a marker of old animals indicating the stages of Alzheimer's disease. 

____________________________________________________________________________________________________________________ 
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ABSTRAK 
 

Penelitian ini bertujuan mengidentifikasi ekspresi gen a disintegrin and metalloproteinase 17 (ADAM17) sebagai marka penyakit Alzheimer 

pada monyet ekor panjang. Dalam penelitian ini digunakan enam sampel otak monyet ekor panjang bagian hipokampus dan korteks yang terdiri 

atas kelompok monyet usia tua dan kelompok monyet usia dewasa.  Ekspresi gen ADAM17 dilakukan menggunakan metode Reverse 
Transcription-quantitative Polymerase Chain Reaction (RT-qPCR) dengan membandingkan nilai kuantifikasi relatif antara dua kelompok usia 

tua dan muda serta regio hipokampus dan korteks. Hasil analisis data menunjukkan tidak berbeda nyata antara ekspresi gen ADAM17 pada tiap 
regio dan kelompok usia, namun didapatkan hasil bahwa ekspresi gen ADAM17 lebih rendah ditemukan pada monyet usia tua pada regio 

hipokampus dan ekspresi gen ADAM17 yang lebih rendah dapat menjadi penanda hewan tua dalam tahap mengindikasikan penyakit Alzheimer. 

____________________________________________________________________________________________________________________ 
Kata kunci: ADAM17, penyakit Alzheimer, korteks, hipokampus, monyet ekor panjang 

 

 

INTRODUCTION 

 

Dementia is a symptom of impairing a person's 

memory, cognition, communication, and 

behavior. Dementia is a brain illness that develops 

progressively with advancing age. The types of 

dementia are Alzheimer's dementia, vascular dementia, 

and dementia due to the other common medical 

conditions (Suriastini et al. 2021). Alzheimer's disease 

is the most common type of dementia. Alzheimer's and 

dementia are the seventh leading cause of death 

worldwide in 2019 (WHO 2020). In 2015, people with 

Alzheimer's dementia were estimated to reach 55 

million globally and will increase as many as 10 

million new cases per year (WHO 2015). Parents over 

the age of 65 often have Alzheimer's disease. 

According to BPS (2020), the number of older people 

in Indonesia has doubled in the last 50 years. Currently, 

there are about 26 million of older people in Indonesia, 

which is 9.92 percent of the total Indonesian 

population. The rise in the number of older people 

shows that life expectancy is also increasing, but older 

people are more likely to get Alzheimer's. 

No specific treatment for Alzheimer's disease has 

yet to be discovered. Generally, the treatment of 

Alzheimer's disease focuses on the alleviating the 

symptoms and preventing the progression of illness. In 

the mammalian nervous system, a disintegrin and 

metalloproteinase (ADAM) are multifunctional 

transmembrane proteins. There are several protein 

types of ADAM, one of which is ADAM17 that has 

been suggested as a potential therapeutic target of 

Alzheimer's disease (Hsia et al. 2019). ADAM17 is a 

marker of Alzheimer's disease clearance because it has 

a neuroprotective impact that prevents nerve cell 

damage (Qian et al. 2015). The potential of ADAM17 

as a treatment of Alzheimer's disease requires 

additional investigation. 

Long-tailed macaques are widely used in research 

as model animals. Several findings report the similarity 

of characteristics of old long-tailed macaques with 

humans who have Alzheimer's disease (Darusman et al. 

2014). Long-tailed macaques are widely used as animal 

models for neurodegenerative diseases such as 

Alzheimer's disease, Huntington's disease and 

amyotrophic lateral sclerosis (Park et al. 2013). In the 

brains of old cynomolgus monkeys, especially in 

monkeys over 20 years old, amyloid beta 

spontaneously forms intracellularly in the monkey 

brain (Nakamura et al. 1996; Kimura et al. 2005). It is 

necessary to establish acceptable animal models to 

learn about the process of illness incidence and the 

body's reaction to therapies against disease (Willard 

and Shively 2011). This study aims to identify 

differences in ADAM17 gene expression levels in the 

brain tissue of long-tailed macaques (Macaca 
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fascicularis) based on the comparison of brain regions 

and age groups. 

 

MATERIALS AND METHODS 

 

Sample Collection 

This study used samples in the form of brain tissue 

archives from 6 female long-tailed macaques, which 

were divided into two groups, consisting of the group 

of aged with the ages ≥ 15 years and the group of adults 

with the age range of 10-12 years (Gartland et al. 

2020). The samples used were brain tissue from the 

cortex and hippocampus regions. This research has 

gone through an ethical study on the use of animals by 

KPKPHP4 (Commission for Supervision of Animal 

Welfare in Research, Testing, Education, and 

Captivity) with IPB number PRC-19-A012. 

 

RNA Extraction and cDNA Preparation 

Total RNA was extracted from 2 mm3 cortex and 

hippocampus sections of 6 long-tailed macaque using 

RNeasy Mini Kits (Qiagen, Hilden, Germany) 

according to the company procedures. RNA 

concentration was measured using a Nanodrop 1000 

spectrophotometer (Thermofisher Scientific, USA). 

The process of cDNA synthesis was carried out using 

the reverse transcriptase enzyme (Sensifast cDNA 

synthesis Kit, Bioline, Meiridian Bioscience, USA) 

according to the company procedures. The primers 

used in this study were Forward primer 

(CATGAAT/GGCAAATGTGAGAAAC) and Reverse 

primer (TGGACAAGAATGCTGAAAAGGA) for 

ADAM17 and for beta-actin (ACTB) the Forward 

primer was ACAGAGCCTCGCCTTTGC and Reverse 

primer was CACGATGGAGGGGAAGAC. The primers 

used in this study were modified from Park et al. (2015). 

 

Reverse Transcription-quantitative Polymerase 

Chain Reaction (RT-qPCR) Amplification 

The PCR amplification process was performed with 

a CFX Opus 96 machine (Biorad, USA). Each reaction 

used a reagent consisting of: 2 μL of cDNA as a 

template added to 18 μL of a mixture containing 6 μL 

of Nucleotide Free Water (NFW), 10 μL of Sensifast 

Sybr mix (Bioline, Meiridian Bioscience, USA), and    

1 μL of each of forward and reverse primers for the 

ADAM17 gene and ACTB, respectively, as a reference 

gene. The program of qPCR amplification was carried 

out as follows: 95º C for 2 minutes for pre-denaturation, 

95º C for 10 seconds for denaturation, 55º C for 20 

seconds for annealing, 65º C for 10 seconds for 

extension and data collection, and this process was 

repeated for 40 cycles. 

 

Data Analysis 

The data obtained were analyzed using Microsoft 

Excel. The Shapiro-Wilk and Levene tests were used to 

examine the normality and homogeneity of the data, 

respectively. The data were then tested using an 

independent t-test to evaluate the differences between 

brain regions and between age groups. Data obtained 

from RT-qPCR were in the form of Cycle Threshold 

(Ct), which were then processed with the 2-ΔCt 

formula to obtain Relative Quantification (RQ) values. 

RQ values were then processed to produce the levels of 

mRNA expression in the foldchange after being 

normalized against the ACTB housekeeping gene. 

 

RESULTS AND DISCUSSION 

 

Comparison of The Expressions of ADAM17 Gene in 

Long-tail Macaques Based on Age Group 

Alzheimer's is a degenerative disease that has a 

more common incidence with the increased age (jahn 

2013). The majority of cases of alzheimer's disease 

occur at late-onset or occur in aged individuals and are 

rarely found in adult individuals (guerreiro and bras 

2015). In this study, tests were carried out on brain 

samples of long-tailed macaques using the parameter of 

adam17 gene expression as a marker of alzheimer's 

disease. Statistical calculations showed no significant 

difference in the expression of adam17 gene in the 

adult and aged groups of long-tailed macaques (p>0.05, 

figure 1). 

The α disintegrin and metallopeptidase domain 17 

(ADAM17) and domain 10 (ADAM10) have an 

 
Figure 1. The ratio of ADAM17 gene expression levels by adult and aged groups in long-tailed macaques brain samples 
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important role as an α secretion involved in the 

physiological processing of Amyloid Precursor Protein 

(APP) in the brain. According to the findings, long-

tailed macaques in the adult group had the level of 

ADAM17 gene expression of 0.106, whereas those in 

the aged group had a level of 0.065. (Figure 1). 

Compared to the expression of ADAM17 gene in the 

brains of aged long-tailed macaques, there is a 1.6-fold 

difference in the expression of ADAM17 gene in the 

adult group. A study reported that ADAM17 co-

localizations were less common in people with 

Alzheimer's than those without the Alzheimer 

(Bernstein et al. 2009). 

A lower level of ADAM17 gene expression may 

indicate that an animal is getting aged and developing 

Alzheimer's. The low level of ADAM17 as α-secretase 

causes a lot of APP cleavage to be carried out by β-

secretase and λ-secretase, which form Aβ. Aβ 

accumulation forms a senile plaque, a marker of 

Alzheimer's disease (Kinney et al. 2018). A study 

reported that aged long-tailed macaques experienced 

impaired brain function, which was observed through 

delays in the tests conducted (Darusman et al. 2014). 

 

Comparison of ADAM17 Gene Expression in 

Macaca fascicularis Based on Brain Region 

Some of the first lesions that can be identified in 

cases of Alzheimer's disease can be found in the regions 

associated with memory and learning abilities, such as 

the hippocampus and cortex (Jahn 2013). Senile plaques 

and also NFTs (neurofibrillary tangles) are commonly 

found in these two regions in people with Alzheimer's 

disease. Statistical calculations showed no significant 

difference in the expressions of ADAM17 gene between 

the regions of hippocampus and cortex in the brain 

(P>0.05, Figure 2).  
These disturbances are in the form of control and 

memory disturbances. These results also showed that 

the level of ADAM17 gene expression was 0.105 in the 

hippocampus region and 0.066 in the cortex region 

(Figure 2). The level of ADAM17 gene expression in 

the hippocampus region was 1.6-fold higher than that 

of in the cortex region. A study on the detection of 

ADAM mRNA in rat brains reported that ADAM17 

mRNA could be found in the cortex, mesencephalon, 

medulla, and also in the hippocampus (Kärkkäinen et 

al. 2000). Wang et al. (2014) reported that the level of 

ADAM17 gene expression in the hippocampus was 

higher than that of in the cortex. ADAM17 is required 

in the basic biological processes of the brain. ADAM17 

binds to integrins to perform ectodomain shedding. As 

a result, protein synthesis occurs, as well as the 

activation and inactivation of several important proteins 

for brain function and development. Some of the 

processes triggered by ADAM17 include cell migration 

and differentiation, signaling, and cell regeneration to 

maintain brain structure (Rybnikova et al. 2012). 

ADAM17 is also important in repairing the damaged 

structures of axon (Ho et al. 2022). 

According to Jahn (2013), Alzheimer's disease is 

characterized by lesions in memory and learning-

related brain regions, such as the hippocampus and 

cortex. The hippocampus is involved in memory 

formation and storage, navigation, and learning 

capacity (Clark and Squire 2013; Lisman et al. 2017). 

The cortex is important for integrating sensory data, 

memory, linguistic abilities, and cognition (Bakkour et 

al. 2013). These results may be related to the first 

symptoms of Alzheimer's disease, namely disorders 

caused by impaired hippocampal and cortical functions. 

The National Institute on Aging and the Alzheimer's 

Association (NIA-AA) divides this disease into three 

phases based on the symptoms shown. The first phase 

is the preclinical phase, where the symptoms have not 

appeared. The second phase is the Mild Cognitive 

Impairment (MCI) phase, characterized by memory 

impairment. In contrast, the third phase is the presence 

of symptoms that make the sufferer need help from 

 
Figure 2.  The ratio of ADAM17 gene expression levels in the brain region of the hippocampus and cortex of Macaca 

fascicularis 
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others to carry out daily life (McKhann et 

al. 2011). The Alzheimer's Association (2018) states 

that early stages of Alzheimer's disease are 

characterized by difficulties acquiring new information, 

topographical disorientation, irregular word usage, and 

increased irritability. 

 

Comparison of ADAM17 Gene Expression in 

Macaca fascicularis Based on The Age and Brain 

Region 

The levels of ADAM17 gene expression were also 

compared based on the aged and adult age and regions of 

the hippocampus and cortex of the brain. This 

comparison was made to evaluate the differences in the 

levels of ADAM17 gene expression in each region of 

brain for each age group of the long-tailed macaques. 

Statistical calculations for the two regions did not show a 

significant difference, with P-values for the hippocampal 

region of 0.159 and the cortex region of 0.410 (Figure 3). 

Data analysis revealed that the expression of the 

ADAM17 gene in the hippocampus region of adult was 

3.6-fold higher than its expression in the hippocampus 

region of aged individuals, with an expression level of 

0.164 and 0.046 in the hippocampus regions of adult 

and aged monkey, respectively (Figure 3). In contrast 

to the hippocampus region, the level of ADAM17 

mRNA expression in the aged group in the cortex 

region was 1.8-fold change in ADAM17 gene 

expression in the adult group (Figure 3). 

ADAM17 has a role in the process of learning and 

the storage of memories. This could explain how 

ADAM17 is highly expressed in the hippocampus of 

adult long-tailed macaques. ADAM17 contributes to 

memory formation via its function in the onset of 

Long-Term Depression (LTD). ADAM17 is reported to 

have a function to process membrane proteins that are 

important for synapse formation and plasticity, 

including neuronal pentraxin, which regulates the 

occurrence of receptor endocytosis for LTD in neurons 

in the hippocampal and cerebellum regions (Cho et al. 

2008; Zunke and Rose-John 2017). 

Metalloproteinases that function as secretase 

enzymes, including ADAM17, ADAM10, and 

ADAM9, have been implicated in shedding low-

density lipoprotein receptor-related protein 1 (LRP1) 

and boosting Aβ transport out of the brain (Shackleton 

et al. 2016). ADAM17 also cleaves pro-inflammatory 

molecules that enhance Aβ phagocytosis (Qian et al. 

2015). Both of these processes aid the removal of Aβ 

from brain tissue. 

 
CONCLUSION 

 

The expression of ADAM17 gene in long-tailed 

macaques showed no significant difference between the 

adult and aged groups and between the hippocampus 

and cortex brain regions. The expression of ADAM17 

gene is mostly found in the hippocampus region of the 

adult macaques, and the expression of the ADAM17 

gene in the cortex region is mostly found in the aged 

group. 
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