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INVESTIGATION OF THE ROLE OF WNT/β-CATENIN SIGNALING IN 

DEVELOPMENT OF ALZHEIMER'S DISEASE IN A ZEBRAFISH MODEL OF 

AMYLOID-β TOXICITY 

 

 

 

ABSTRACT 

 

The Wnt/β-catenin signal transduction pathway is evolutionarily conserved and plays a key role 

in the regulation of development in the embryonic period, synapse formation in adulthood, 

apoptosis, and adipogenesis. Due to its pleiotropic and basic function, an abnormal activation 

or disruption in this signaling pathway may be associated with many diseases such as 

Alzheimer's, cancer, diabetes, and Parkinson's. 
 

Alzheimer's disease (AD) is a neurological disease characterized by dementia and loss of 

synaptic functions and associated with aging. Alzheimer's disease is characterized by three 

distinctive pathologies: (1) accumulation of extracellular beta-amyloid plaques, (2) 

accumulation of intracellular Tau clusters, and (3) diffuse cell death seen in advanced 

Alzheimer's disease. However, synapse losses that can be seen in the early course of the disease 

represent the most common pathological link of the disease and are the most important cause 

of cognitive losses. Current animal models suggest that this synapse degeneration and loss is 

triggered by accumulating Aβ oligomers. Intercellular accumulation of this oligomer, which is 

very important for synaptic stabilization and function, causes deregulation of Wnt signaling 

pathways. This deregulation of the Wnt signaling pathway triggers synapse degeneration and 

leads to damping in synapse functions. This disruption in the signaling pathway is a trigger for 

the further progression of AD. 
 

In the scope of the thesis, Alzheimer's disease, which can be triggered by the Aβ42 peptide, 

was modeled using adult transgenic (6XTCF) zebrafish. Zebrafish have genes orthologous to 

some human genes thought to play an important role in Alzheimer's disease. Throughout the 

thesis, Aβ42 was injected into the brains of adult zebrafish using the CVMI technique, and a 

model of Alzheimer's disease was created. The regenerative response of zebrafish to toxicity 

was analyzed by qPCR and confocal microscopy. 
 

The change in AD pathogenesis was investigated in zebrafish treated with IWR-1 drug on days 

of high regeneration. As a result, more Aβ accumulation and cell loss were observed in 

zebrafish treated with IWR-1. 
 

Key Words: WNT/β-CATENIN, Zebrafish, Alzheimer’s Disease 
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ALZHEIMER HASTALIĞI GELİŞİMİNDE WNT/Β-KATENİN SİNYAL İLETİMİNİN 

ROLÜNÜN ZEBRA BALIĞI AMİLOİD-Β TOKSİSİTE MODELİNDE ARAŞTIRILMASI 

 

 

 

ÖZET 

 

Wnt/β-katenin sinyal iletim yolu evrimsel olarak korunur ve embriyonik dönemde gelişimin 

düzenlenmesinde, yetişkinlikte sinaps oluşumunda, apoptozda ve adipogenezde anahtar rol 

oynar. Pleiotropik ve temel işlevi nedeniyle, bu sinyal yolundaki anormal bir aktivasyon veya 

bozulma, Alzheimer, kanser, diyabet ve Parkinson gibi birçok hastalıkla ilişkilendirilebilir. 
 

Alzheimer hastalığı (AH), demans ve sinaptik fonksiyonların kaybı ile karakterize ve yaşlanma 

ile ilişkili nörolojik bir hastalıktır. Alzheimer hastalığı üç farklı patoloji ile karakterize edilir: 

(1) hücre dışı beta-amiloid plaklarının birikmesi, (2) hücre içi Tau kümelerinin birikmesi ve (3) 

ileri Alzheimer hastalığında görülen yaygın hücre ölümü. Ancak hastalığın erken seyrinde 

görülebilen sinaps kayıpları, hastalığın en yaygın patolojik bağlantısını temsil eder ve bilişsel 

kayıpların en önemli nedenidir. Mevcut hayvan modelleri, bu sinaps dejenerasyonu ve 

kaybının, amiloid-beta (Aβ) oligomerlerinin birikmesiyle tetiklendiğini ileri sürmektedir. 

Sinaptik stabilizasyon ve fonksiyon için çok önemli olan bu oligomerin hücreler arası birikimi, 

Wnt sinyal yollarının deregülasyonuna neden olur. Wnt sinyal yolunun bu deregülasyonu 

sinaps dejenerasyonunu tetikler ve sinaps fonksiyonlarında sönümlemeye yol açar. Sinyal 

yolundaki bu bozulma, AH'nın daha da ilerlemesi için bir tetikleyicidir. 
 

Tez kapsamında, Aβ42 peptidi tarafından tetiklenebilen Alzheimer hastalığı, yetişkin 

transgenik (6XTCF) zebra balığı kullanılarak modellenmiştir. Zebra balığı, Alzheimer 

hastalığında önemli bir rol oynadığı düşünülen bazı insan genlerine ortolog genlere sahiptir. 

Tez boyunca, CVMI tekniği kullanılarak yetişkin zebra balıklarının beyinlerine Aβ42 enjekte 

edildi ve bir Alzheimer hastalığı modeli oluşturuldu. Zebra balıklarının toksisiteye karşı 

rejeneratif tepkisi, qPCR ve konfokal mikroskopi ile analiz edildi. 
 

AD patogenezindeki değişiklik, yüksek rejenerasyon günlerinde IWR-1 ilacı ile tedavi edilen 

zebra balıklarında araştırıldı. Sonuç olarak, IWR-1 ile tedavi edilen zebra balıklarında daha 

fazla Aβ birikimi ve hücre kaybı gözlendi. 
 

Anahtar Sözcükler: Wnt/β-katenin sinyal iletim yolu, zebra balığı, Alzheimer hastalığı. 
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1. INTRODUCTION AND AIM 
 

Alzheimer's disease (AD) has been associated with disruptions in Wnt/β-catenin signaling 

activity in many previous studies. Despite dozens of studies, its pathophysiology is still 

unknown; For this reason, new treatment methods that can cure the disease or stop the 

progression of symptoms cannot be found. Since AD is an irreversible disease, no results could 

be obtained from AD models created with mammals with low regenerative capacity. This led 

to the need for a new platform to model the disease. 

This study aims to demonstrate the activation and role of Wnt/β-catenin signaling in various 

stages of disease formation and changes in the brain during Alzheimer's disease, apoptosis, and 

neurogenesis by modeling Alzheimer's disease with Aβ42 toxicity to be induced by using Aβ42 

in the adult zebrafish brain. 

The hypothesis of this study includes that the deregulation of the Wnt/β-catenin signaling 

pathway in Alzheimer's disease further triggers the progression of the disease. 

 

1.1. General Information 

 

1.1.1 Alzheimer’s Disease 

 

Dementia is a syndrome defined as the loss of cognitive functions of the brain caused by an 

injury or disease in the brain (Arvanitakis et al., 2019). The most common cause of dementia is 

Alzheimer's disease (AD), accounting for approximately 60 to 80% of all dementia cases 

(Barker et al., 2002). AD ranks 6th among causes of death with an estimated prevalence of 

approximately 30 million people worldwide. The age of the individual is the most important 

risk factor for AD, with an exponential increase in prevalence from 3% to 32% between the 

ages of 65 and 85 years. AD is a chronic neurodegenerative disease characterized 

histopathologically by the presence of amyloid-β (Aβ) peptides in extracellular senile plaques 

and the formation of intracellular neurofibrillary tangles (NFTs) composed of the 

hyperphosphorylated, microtubule-associated protein tau (Serrano-Pozo et al., 2011; Jack Jr. et 

al., 2018). 

Insights into the pathogenesis of AD arose from the pioneering neuropathological observations 

of senile plaques and NFYs by Alois Alzheimer (Hippius & Neundörfer, 2003), and 80 years 

later it was discovered that these plaques are composed of a 39-43-amino acid peptide now 

known as Aβ (Glenner et al., 1984). Aβ is derived from the sequential cleavage of amyloid-β 

precursor protein (APP) by β-secretase and γ-secretase, resulting in C- and N-terminal cleavage 
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and/or modification to yield 2 major isoforms. These isoforms are Aβ40 and Aβ42. Aβ42 is the 

more amyloidogenic and precipitates first. The precipitated amyloid betas diffuse and form 

plaques (Figure 1). 

 

Figure 1: Processing of App and Aβ formation (adapted from Kumari & Heese, 2010) 

 

According to the amyloid hypothesis of AD, the accumulation of Aβ peptides as senile plaques 

in the brain with aging is the main feature in the pathogenesis of AD, due to both increased 

production and decreased clearance of plaques. Senile plaques are surrounded by activated 

microglia and reactive astrocytes, which are associated with neuronal degeneration; are 

extracellular deposits consisting of the Aβ peptide in the center (Selkoe & Hardy, 2016; 

Heckmann et al., 2019). The accumulation of Aβ causes mitochondrial dysfunction, 

inflammation, and oxidative stress that impair neuronal homeostasis, as well as decrease 

neuroplasticity and neurogenesis, hyperphosphorylation of Tau protein, and apoptosis (Figure 

2). 

Current information about the molecular pathogenesis and physiology of AD comes largely 

from understanding the distinctive neuropathologies. However, there is no treatment available 

yet to stop the progression of the disease. treatment approaches are aimed at relieving symptoms 

and reversing synaptic levels. 
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Figure 2: Neurodegeneration and cell death in AD (adapted from Liu et al., 2015). 

 

The mechanisms by which tau can spread by increasing the bioactivity of microglia in the 

presence of amyloid-beta have been described in previous studies (Zhang et al., 2019). They 

trigger the oligodendrocytes near soluble amyloid-beta, causing the release of cytokines. These 

released cytokines activate microglia, causing tau to be taken into the cell and become more 

bioactive. 

Studies to stop the progression of the disease are generally aimed at reducing the level of Aβ 

accumulated in the brain or preventing this accumulation. In this context, although reducing Aβ 

production by inhibiting β-secretase and γ-secretase activities seems to be an appropriate 

strategy, in the mouse amyloidosis model, BACE1 inhibition could not prevent the growth of 

existing plaques, although BACE1 inhibition limited the formation of new plaques (Peters et 

al., 2018). There are many BACE1 inhibitors in the clinical research phase and ongoing studies 

(Panza et al., 2018; Egan et al., 2019; Henley et al., 2019; Lopez et al., 2019). γ-secretase 

inhibitors have also been used in clinical studies, and studies have been terminated due to dose- 

limiting side effects, low drug Efficacy, or worsening of cognitive functions (Doody et al., 

2014; Coric et al., 2015). 
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Another approach to reducing amyloid accumulation is γ-secretase modulators, which alter the 

profile of secreted Aβ peptides by modifying the processivity of the enzyme without inhibiting 

γ-secretase activity (Golde et al., 2013; Wagner et al., 2017). Despite all these important efforts 

and advances by the scientific world to understand pathobiology, no treatment method has 

proven effective in humans yet to stop the progression of the disease and to regress although 

genetic and biochemical analyzes, in vitro and in vivo studies, and imaging data clearly role of 

Aβ aggregation in the onset of AD, the most important reason for the lack of successful results 

from clinical studies is the unknown mechanisms of emergence and progression of the disease. 

The most important signaling pathway that emerges in this context and is associated with AD 

is the Wnt beta-catenin signaling pathway. (Ng et al., 2019). 

 

1.1.2 Wnt Signaling Pathway 

 

The Wnt beta-catenin signaling pathway is a family of proteins that perform critical cellular 

functions such as cell division, organogenesis, and stem cell regeneration. Signaling within the 

cell is divided into beta-catenin-dependent and beta-catenin-independent. A disruption in signal 

transmission plays a critical role in the development of many diseases such as cardiovascular 

problems, cancer, diabetes, and Alzheimer's Disease. 

 

1.1.2.1 Canonical Wnt/β-Catenin Signaling Pathway 

 

The canonical WNT signaling pathway, which was first identified in the intracellular signaling 

pathway and has been highly conserved in the evolutionary process, is seen as the most 

important signal transduction pathway among the existing Wnt signaling pathways. At the same 

time, this pathway is beta-catenin-dependent, where beta-catenin moves from the cytoplasm to 

the nucleus of the cell and functions as a transcriptional regulator in the regulation of 

intercellular adhesion. 

In the absence of Wnt ligands, the Dikkoppf family (DKK1-4) binds to any of the 

transmembrane receptors (Fzd, LRP5-6) thus preventing Wnt ligand binding. Wnt inhibitory 

factor (WIF-1) and Fzd receptors (SFRP1-5) bind the WNT ligand to themselves, preventing 

the ligand from interacting with the receptors. When Wnt is inactive, β-catenin is 

phosphorylated and binds to the complex of adenomatous polyposis coli (APC), scaffold 

protein (AXIN), glycogen synthesis kinase (GSK3β), and casein kinase (CK1). With the 

addition of the protein containing the β-transducin repeat, which is included in the complex 
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structure, β-catenin leaves the complex and goes to the proteasome and is degraded by the 

ubiquitination method. Therefore, the stability of β-catenin depends on the complexation of 

Axin, AC,a GS K-3β with CK1. Since β-catenin is degraded in the cytoplasm, the signal does 

not reach the nucleus, so gene expression cannot occur (Figure 3a). 

 

Figure 3: Canonical WNT/ β-Catenin Signaling Pathway (adapted from Coni et al., 2020) 
 

For the signaling pathway to be activated, Wnt ligands must bind to Frizzled receptors and 

establish an LRP5/6 relationship. Thus, the activated β-catenin takes on a stable structure. 

GSK3β and CK1 kinases phosphorylate LRP5/6. DVL molecules also bind to FZD receptors 

and interact with LRP5/6, attaching the phosphatephosphatetein to itself and deactivating the 

proteosome. β -catenin, which is free in the cytoplasm, is also freed from fragmentation. As a 

result, the accumulated β-catenin is transported to the cell nucleus and mediates the expression 

of T cell factor and lymphoid enhancing factor (TCF/LEF) target genes (Figure 3b). 

 

1.1.2.2 Wnt Signaling and Alzheimer’s Disease 

 

The Wnt/β-catenin signal transduction pathway is tightly controlled by numerous positive and 

negative regulators. Some of the well-characterized Wnt pathway components and regulators, 

such as the Wnt antagonist dkk1 and the β-catenin degradation complex component axin2, also 

tatargetsnd are under transcriptional control of the pathway (Jho et al., 2002; Gonzalez-Sancho 

et al., 2005). Dkk1 inhibits canonical Wnt signaling by interacting with the Lrp5/6 coreceptor 

(Niehrs, 2006). Dkk1 was found to be highly expressed in the brains of Alzheimer's patients in 

mouse AD models (Caricasole et al., 2004; Rosi et al., 2010). In parallel, increased Gsk3ß 

activity, Lrp6 polymorphism, and reduced Wnt signaling activity due to the splicing variant, 

and cytoplasmic ß-catenin levels were found in the brains of patients (Zhang et al., 1998; Pei et 
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al., 1999; De Ferrari et al., 2007; Alarcón et al., 2013; Kawamura et al., 2020). Mass 

spectrometric analysis of samples obtained from patients' brains also supports the decrease and 

deterioration in canonical Wnt signal transmission (Elliott et al., 2018; Xu et al., 2019; Bai et 

al., 2020). 

To summarize, Aß-derived and Dkk-mediated dysregulated Wnt/β-catenin signaling activity is 

a prominent feature associated with impaired synaptic integrity and cognitive decline in AD. 

The mechanisms of this possible connection revealed both at the molecular and cellular level 

during disease manifestation and repair are of great importance for the treatment of the disease. 

 

1.1.3 Alzheimer’s Disease and Current Animal Models 

 

Despite the complex nature of the disease, most experimental studies of AD pathogenesis have 

used mouse models with mutant forms of the APP and PSEN genes to recapitulate autosomal 

dominant familial AD (La Ferla et al., 2007), which accounts for less than 1% of human AD 

cases. These aggressive mutations, when introduced into rodents, resulting in the accumulation 

of age-related Aβ plaques. However, cognitive impairment is usually mild and/or variable with 

minor neurodegeneration, and mice do not develop human-like NFTs, which are all key 

clinicopathological features of the human condition (La Ferla & Green, 2012). Mice carrying 

tau mutations associated with human primary tauopathies have also been developed. Although 

these mice display significantly abnormal tau in the brain, it does not fully recapitulate AD 

tauopathy, even when the mice are crossed with APP-transgenic mice (Kitazawa et al., 2012). 

Reduced clearance rather than overproduction of Aβ appears to be the driver of Aβ 

accumulation in the commonly occurring late-onset form of AD (Mawuenyega et al., 2010). In 

addition, clinical trials of inhibitors of β-secretase and γ-secretase attempting to reduce amyloid 

have been ineffective and have even exacerbated AD in humans (Karran et al., 2011). Thus, 

AD, as it occurs in humans, is more complex than the pathology modeled in rodents genetically 

engineered to overproduce human sequence Aβ. The inability to obtain results from these 

animal models may be because they only model a part of AD pathology and do not include 

common co-occurring disorders such as vascular disease and other proteinopathies, tauopathy, 

synucleinopathy, TDP-43 proteinopathy, etc.). 

 

1.1.4 Zebrafish as a Model Organism 

 

Since its phylogenetic proximity to humans, zebrafish has recently been recognized as a reliable 
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model for studies of behavior, neural circuitry, and neurodegenerative disease (Guo, 2004). 

CoA (Coenzyme A) comparison of zebrafish brain structure with humans shows that basic brain 

organization (Mueller et al., 1996) is highly conserved, with similar key neuroanatomical 

(Mueller & Wullimann., 2009; Rink et al., 2004) and neurochemical pathways related to human 

disease. The organization of the zebrafish brain is similar to that of other vertebrates, with the 

presence of structures of the lateral pallium (located in the telencephalon) despite smaller 

cerebral hemispheres and the structure and function of the optic tectum, with similarly defined 

areas such as the hypothalamus and olfactory bulb. The zebrafish and mammalian encephalon 

share many structural features such as major organization (anterior, mid, and hindbrain 

including diencephalon, telencephalon, and cerebellum) or major neurotransmitter systems 

(Mueller et al., 2004). It has been shown that the main neurotransmitter circuits such as 

glutamatergic (stimulant) and GABAergic (inhibitory) exist in the zebrafish brain (Rico et al., 

2011). In addition to major excitatory and inhibitory neurotransmitters, muscarinic cholinergic 

receptors have been confirmed in brain extracts of adult zebrafish by radioligand binding 

methods (Park et al., 2008). In addition, neurotransmitters such as GABA, dopamine, serotonin, 

histamine, glutamate, and acetylcholine are also found in zebrafish (Panula et al., 2006). In 

addition, zebrafish CNS, microglia (Peri & Nusslein-Volhard., 2008) oligodendrocytes and 

myelin (Avila et al., 2007; Yoshida & Maclin., 2005) cerebellar Purkinje cells (Koulen et al., 

2000), motor neurons It also includes the cellular types found in the mammalian brain, such as 

(Westerfield et al., 1986) or astrocytes (Kawai et al., 2001). 

 

1.1.4.1 Adult Neurogenesis in Zebrafish 

 

The reason for the existence and number of regions with neurogenic capacity varies in different 

vertebrates examined until now is still elusive. While zebrafish can continue to grow as adults, 

they have several different progenitor regions in the brain that reproduce continuously during 

homeostasis and contribute to zebrafish growth throughout life. 

The adult mammalian brain has very little capacity to repair damage to neurons. Neurogenesis 

can only occur through stem cells found in some regions. This situation requires the use of 

another platform for new therapeutic approaches to be developed. Unlike adult mammals, the 

adult zebrafish brain can produce new neurons continuously throughout its life, thanks to its 

neural stem cells located in a total of 16 different regions. Little is known about the signal 

transduction pathways and their molecular mechanisms that are active in zebrafish brain 
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regeneration, which can be triggered by non-traumatic pathways such as disease. At this point, 

it is of great importance to examine the signaling pathways that come into play, especially in 

the early and late stages of disease formation (Alvarez-Buylla et al., 2001; Kriegstein & 

Alvarez-Buylla, 2009; Bonfanti & Peretto, 2011). 

 

2. MATERIALS AND METHODS 
 

2.1. Type of the Study 

 

The type of research carried out in this study is experimental. 

 

2.2. Time and Place of Study 

 

All experiments were carried out in İzmir Biomedicine and Genome Center between October 

2020-July 2022. 

 

2.3. Materials of Study 

 

2.3.1 Zebrafish Handling and Maintenance 

 

Wild Type zebrafish were used to validate the model at the beginning of the study. WIK strains 

are used as a WT. Subsequently, the transgenic zebrafish line Tg(6XTCF:d2EGFP) (for short 

6XTCF), a reporter of Tcf/Lef-mediated transcriptions been shown to precisely detect Wnt/β- 

catenin pathway activity in various cellular contexts, was used to reveal whether Wnt/β-catenin 

signaling is activated (Shimizu et al., 2012). Zebrafish were maintained under standard 

conditions in the IBG aquarium system and a 12-hour dark and 12-hour light cycle at 28⁰C was 

followed. 

 

2.3.2 Primers 

 

The primers used for qPCR were designed in PrimerQuest and synthesized by Oligomer 

Biotechnology in Ankara. Primers delivered in lyophilized form were dissolved in Nuclease 

Free Water (NFW). 
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Table 1: List of primers 
 

Name of 

  Primers  

Forward Primers (5’->3’) Reverse Primers (3’->5’) 

D2EGFP TATCATGGCCGACAAGCAGA CTGGTAGTGGTCGGCGAG 

IL-1Β GCTGGAGATCCAAACGGATA ATACGCGGTGCTGATAAACC 

GFAP ACCCGTGACGGAGAGATCAT GCCAGTGTCTGAGCCTCATT 

PCNA CAAGGAGGATGAAGCGGTAACA CTGCGGACATGCTAAGTGTG 

APPA CGAGAACGAACACGCTCACT CTGGATCACGGCCTTCTTGT 

APPB TCGATGAGCAAGACACCAGT CTGGAGCTTCCAGGTAACGA 

PSEN1 GGCTCATCCTCGCTGCTATT TCCACAAGGATTCGCAGAGG 

PSEN2 GGCTCATCCTCGCTGCTATT TCCACAAGGATTCGCAAGAGG 

BACE GGAGCCGGATACAACCACAA CATAGTACCACTCTCGGCGG 

HUC ATCACCTCACGCATCCTG TTGTTGGCGAACTTTACG 

HUD GGCCTATGGCGTTAAGAGGTTC CCAGCCTGTTCCTGTGTGAC 

 

2.3.3 Kits and Enzymes 
 

Table 2: List of kits and enzymes 
 

Kit/Enzyme Vendor Cat. No. 

miRnNeasy Mini Kit QIAGEN 217004 

Iscript cDNA Synthesis Kit Bio-rad 1708891 

 

2.3.4 Consumables 
 

The specified consumables were used during the thesis. 

Table 3: List of consumables 
 

2ml Eppendorf Tubes 

1,5 ml Eppendorf Tubes 

Glass Bottle 

96 well plate 

Disposable Pipette Tips 

Embedding Molds 

Needle (30G 0.3x13mm) 

Disposable Microtome Blades 
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2.3.5 Chemicals 
 

Table 4: List of chemicals 
 

Chemical Vendor Cat. No 

Dimethyl Sulfoxide (DMSO) Sigma-Aldrich 472301 

Ethanol Absolute Merck 1.00986 

Ethylenediaminetetraacetic acid (EDTA) Sigma-Aldrich E6635 

Gelatin Merck G1393 

Glycerol Amresco 0854-1L 

IWR-1 Sigma-Aldrich I0161 

Methanol Sigma-Aldrich 32213 

Paraformaldehyde Sigma-Aldrich 158127 

Potassium Chloride Sigma-Aldrich P9541 

Sodium Chloride Sigma-Aldrich S9898 

Sodium Phosphate dibasic Sigma-Aldrich 255793 

Sodium Phosphate monobasic Sigma-Aldrich S0751 

Sucrose Sigma-Aldrich S0389 

Tissue-Tek O.C.T SAKURA 4583 

Tricaine Sigma-Aldrich E10521 

Tris Sigma-Aldrich 252859 

Triton X-100 Sigma Aldrich T8787 

Chloroform Merck 1.02431 

 

2.3.6 Instruments 
 

The devices used during this thesis work are listed below. 

Table 5: List of instruments 
 

Instruments Vendor 

Vortex Thermo Fisher Scientific 

Microwave Oven Beko 

Borosilicate Glass Capillary World Precision Instrument 

7500 Real-Time PCR-ABI 7500 FAST Applied Biosystem 

Cryostat LEICA 

LSM880 Laser Scanning Confocal Microscopy ZEISS 

Nanodrop 2000 Spectrophotometer Thermo Fisher Scientific 

pH meter Mettler Toledo 

Thermal Cycler Thermo Fisher Scientific 

Power Supply Bio-rad 

mySPIN 6 Mini Centrifuge Thermo Fisher Scientific 



13  

2.4. Data Collection Methods 

 

2.4.1 Preparation of Amyloid Beta Peptide 

 

Amyloid beta peptide received by Peptiteam in lyophilized form was dissolved in 

acetonitrile:dimethylformamide: distilled water at a ratio of 1:1:1. The dissolved Amyloid beta 

was diluted to 40 micromolar with PBS. 

 

2.4.2 Establishment of an adult zebrafish Alzheimer's model based on amyloid beta toxicity 

 

Adult zebrafish with a length of 25-32 mm were injected into the zebrafish brain using the 

CVMI method, with 40µM and 2µl of Amyloid beta peptide for each fish, which we determined 

in our previous studies. Fish were anesthetized with Tricaine (Tricaine methanesulfonate, MS- 

222, Sigma-Aldrich) before injection. The fish were taken into clean water immediately after 

the injection. The waters were refreshed daily. 

 

2.4.3 Validation of an adult zebrafish Alzheimer’s Model based on Amyloid beta 

 

To confirm the toxicity from Aβ42 of to investigate the regenerative response of zebrafish to it, 

analyzes were carried out at various stages from the 1st day to the 14th day after injection. In 

addition, for the control of Aβ42 plaques in the brain, immunofluorescence staining was 

performed with anti-Aβ42 antibody in brain sections taken. 

 

2.4.4 RNA isolation 

 

RNA isolation was performed with the Qiagen-RNeasy Micro Kit. The dissected 

telencephalons were taken into 1.5-gauge sterile Eppendorf, then 50 microliters of QIAzol Lysis 

Buffer were added and homogenized, and another 650 microliters of Qiazol were added. After 

adding 150ul chloroform to each tube, it is mixed for 2 minutes and centrifuged at 12.000 g for 

15 minutes at +4 degrees. After centrifugation, the tube is divided into 3 parts and the upper 

part contains RNA. The upper part is transferred to another Eppendorf and 525µl of 100% 

ethanol is placed on it. Thoroughly mixed samples are transferred to collection tubes supplied 

by QIAGEN and centrifuged for 15 seconds at 8,000g at room temperature. Discard the flow- 

through and add 700µl RWT buffer on it and centrifuge again for 15 seconds at 8000g at room 

temperature. 

Centrifuge (8000g, 15 seconds) is repeated by adding discard the flow through and 500µl of 

RPE buffer.  Then 500µl 80%  ethanol (prepared with nuclease-free water)  is added and 
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centrifuged at 8000g for 2 minutes. At the end of the centrifugation, the columns are centrifuged 

at full 

speed for 5 minutes with the lid open to dry the membrane, at the end they are centrifuged by 

adding nuclease-free water and the RNAs are transferred to the new tube. 

 

2.4.5 cDNA Synthesis 
 

The RNA samples obtained with 3.4.4 were prepared according to the protocol and then 

incubated in Thermal Cycler as shown in Table 6. It is stored at -20 until used. 

Table 6: First and second steps of cDNA synthesis 
 

First Step 

Component Volume 

RNA samples Variable 

Reverse Transcriptase 1µl 

Nuclease Free Water Variable 

5x IScript Reaction Mix 4µl 

Total Volume 20µl 

Second Step 

Priming 5 min at 25℃ 

Reverse Transcription 20 min at 40℃ 

RT Inactivation 1 min at 95℃ 

Optional Hold at 4℃ 

 

2.4.6 qPCR Analysis 

 

Previously prepared cDNAs were diluted at 1:20 with nuclease-free water. GoTaq Master mix 

and Applied Biosystem 7500 Real-Time PCR thermal cycler were used for qPCR analysis. The 

reaction mix was prepared according to the following protocol (Table 7). 

 

Table 7: Protocol for qPCR analysis 
 

Components of qPCR Reaction Mix Volume 

Forward Primer 0,5µl 

Reverse Primer 0,5µl 

2X GoTaq Reaction Mix (with syber green) 5µl 

cDNA 4µl 

Total Volume 10µl 
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2.4.7 Tissue Preparation and Embedding 

 

To preserve tissue integrity, dissected zebrafish heads are taken to Paraformaldehyde (PFA) 

immediately after dissection and treated with 4% PFA at +4 degrees for 2 days. After 2 days, it 

is transferred to 20% sucrose-20% EDTA solution. Zebrafish heads treated here for 2 days are 

taken into 30% Sucrose-20%Edta solution as the last step of decalcification and made ready for 

embedding after 2 days of treatment. The fixed tissue is embedding molds with 20% sucrose- 

7.5% gelatin solution and stored at -80 degrees until cryosectioning. 

 

2.4.8 Cryosectioning 

 

Cryosection of brain samples was performed with a cryostat (Leica) at -30°C, with the size of 

the sections 12 μm. Section samples taken were stored at -20°C until immunofluorescent 

staining on microscope slides (Fisherbrand-12550-17). 

 

2.4.9 Immunohistochemistry and Imaging Process 

 

The first day of the staining, brain samples stored at -20°C degrees are kept at room temperature 

for 20 minutes before staining. Afterward, all the steps below are applied and incubated in the 

primary antibody at +4°C degrees for one day (Table 8). 

Table 8: Immunohistochemistry protocol 
 

1X PBSTX 3x10 minutes 

1X PBS 2x5 minutes 

Sodium Citrate (ph:6) 15 minutes 

1X PBS 2x5 minutes 

1X PBSTX 2x10 minutes 

 

Primary Antibody was applied at appropriate ratios (1:500) and kept wet and dark for 16 hours. 

On the second day of staining, brain samples kept in primary antibodies for 16 hours were 

washed in 3x10 PBSTX and then incubated with appropriate secondary antibodies for 2 hours 

at room temperature. After 10 minutes of DAPI application, slides were washed 3x5 minutes 

in PBS, and mounting was done. It was stored at +4°C until imaging. Z-stack images are 

collected with LSM 880 Laser scanning confocal microscopy (ZEISS) at 40X and 63X. 

 

2.4.10 IWR Treatment 

 

Aβ42-injected 6xTCF: D2EGFP transgenic fish were exposed to IWR-1 drug, which acts as a 
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Wnt/β-catenin inhibitor by stabilizing the Axin protein, starting 1 day before the days of high 

Wnt activity, and in this way, Wnt signaling activity was detected on the first and second half 

of the 14 days. It was inhibited on the 7th day. IWR-1 was added to the fish water at a 

concentration of 10μM, which we have shown to be effective before. 

2.5. Study Plan and Calendar 

Table 9: Study plan and calendar 

Date Range Experimental Studies 

01 /12/2021-01/03/2021 
Establishment of Alzheimer's Disease Model in 

Zebrafish 

01/03/2021-01/07/2021 Validation of Alzheimer's Disease Model in Zebrafish 

 

01/07/2021-01/12-2021 

Investigation of the Role of Wnt/β-Catenin Signal 

Transmission Pathway in Regenerative Response from 

Alzheimer's Disease in Aβ Toxicity-Induced Alzheimer's 

Disease 

01/12/2021-01/08/2022 Evaluation of Statistical Analysis of In Vivo Experiments 

 

2.6. Data Evaluation 

 

RT-qPCR results were analyzed with the unpaired student t-test and visualized with the Prism 

8.0 Graphpad Program. Statistical significance is represented as *p<0.05; **p<0.01; 

***p<0.001. 

2.7. Limitation of Study 

 

This study is limited to the outcome obtained from the zebrafish brain. Therefore, it would be 

proper to test the results in a mammalian system for further validation. 

 

3. RESULTS 
 

3.1. Establishment of an adult zebrafish AD model based on Aß neurotoxicity, molecular 

characterization of the model, and regenerative response 

 

3.1.1 Determination of the effects of Aβ42 toxicity on the adult zebrafish brain 

 

In order to observe the effects of Aβ42 toxicity on the brain and to validate the experimental 

model, RNA samples were collected from the WT adult zebrafish brain on the 1st, 3rd, 4th, 7th, 

and 14th days after injection. The expression of genes associated with amyloidogenesis is 
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known to increase in the brain under hypoxic conditions. Real-time quantitative PCR results to 

reveal the effect of toxicity induced in the zebrafish brain after Aβ42 injection on the expression 

of AD-related PSEN1, PSEN2, APPA, APPB and BACE1 genes are shown in Figure 4. 

Figure 4: AD-related gene expression level (rpl13 was used as endogenous control. The 

relative mRNA level was normalized to the corresponding rpl13 mRNA expression. qPCR data 

presented here are means ± SD from triplicate data. Asterisk on individual bars represents a 

significant difference between the control group and NCP groups. Asterisks on half-tick-up 

lines represent a significant difference between the indicated groups. Student’s unpaired t-test 

was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001. Error bars indicate 

SEM. APPA (A), APPB (B), BACE (C), PSEN1 (D), and PSEN2 (E) gene expression levels 

compared to only PBS injected control group). 

 

According to the results obtained in Figure 4A significant increase was observed in the 

expression of Alzheimer-related markers. A strong increase was observed in all genes on the 

1st day of aβ42 injection, while a decrease was observed in the BACE (Figure 4C) gene on the 
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3rd day. Despite this decrease, the gene expression level is approximately 2 times higher than 

the control group without toxicity. On the 14th day, although the values of BACE, PSEN1, and 

PSEN2 genes approached the control group, they were still statistically significantly higher 

(Figure 4C/D/E) 

Although the height of Alzheimer’s genes observed in Figure 4 is a positive result for the 

formation of the model, immunofluorescence staining was performed with the anti-ab42 

antibody on the same days to control the formation of aβ42 plaques. 

 
Figure 5: Immunofluorescence staining of Aβ plaques (Anti-Aβ42 immonostaining of brain 

section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi (E), 14dpi (F) A’ , B’ , C’ , 

D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 



19  

The Aβ-42 plaques, which started to accumulate from day 1 of CVMI injection, generally 

accumulated between cells but were observed around blood vessels in some areas. While this 

accumulation showed that the model was formed successfully, it showed that the aβ42 toxicity 

observed on the 14th day was longer-lasting. On the other hand, the decrease in plaques seen 

on the 3rd day and the increase that became continuous after the 4th day is also compatible with 

the qPCR results. 

 

3.1.2 Imaging of reactive gliosis and neurogenesis in Alzheimer's Disease caused by AΒ42 

toxicity 

 

Zebrafish brains provide activation of different brain cells to restore brain physiology in 

response to aβ accumulations leading to AD development and increasing radial glial cells in 

support of this process. In addition, recent studies have shown that PCNA has an important role 

not only in regulating the cell cycle but also in providing neuronal plasticity in patients with 

AD. To observe this process, PCNA and S100 staining were performed simultaneously on the 

brain sections taken and the PCNA gene expression level was checked by qPCR (Bronzuoli et 

al., 2016). 
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Figure 6: Anti-S100 and PCNA staining of brain sections that obtained from PBS (A,A’), 1dpi 

(B,B’), 3 dpi (C,C’), 4dpi (D,D’), 7dpi (E,E’), 14dpi (F, F’). Sections are counterstained for 

DAPI (A’’, B’’, C’’ D’’, E’’, F’’. Scale bars 100µm). 
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From the 1st day after the injection, it was observed that the adult zebrafish brain started reactive 

gliosis in the dorsal ventricular region and increased the s100 level. The adult zebrafish brain,  

which tried to provide homeostasis by increasing the proliferation of brain cells in the same 

region, slightly decreased on the 3rd day, and the S100 and PCNA levels were reactivated from 

the 7th day and continued until the 14th day. Relative expression levels of the PCNA gene seen 

in Figure 6 are also consistent with immunofluorescence staining, including the decrease on 3rd 

dpi. 

 

In neurodegenerative diseases such as Alzheimer's disease, the speed of the astroglial response 

and the onset of reactive gliosis are evolutionarily conserved processes, and it expresses that 

the central nervous system is trying to fulfill its function. In addition, the increase in GFAP 

mRNA level has also been associated with Alzheimer's Disease (Diedrich et al., 1987). To test 

this hypothesis, real-time quantitative PCR and immunofluorescence staining were performed 

from mRNA samples taken from zebrafish telencephalon tissue. 
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Figure 7: Anti-GFAP immunofluorescence staining (Anti-GFAP immunostaining of brain 

section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi (E), 14dpi (F) A’ , B’ , C’ , 

D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 

 

In the staining, the GFAP level, which spread in the dorsal telencephalic area from the 1st day, 

decreased in the ventral and dorsal nucleus of the telencephalic area on the 3rd day. The 

decreased GFAP level in the ventral telencephalon and Sub-Pallium on the 4th day of the 

injection was less than the GFAP level observed even in the control group as of the 14th day 

(Figure 7). 



23  

 

 
 

Figure 8: Real-time PCR analysis of mRNAs for GFAP. rpl13 was used as endogenous control. 

The relative mRNA level was normalized to the corresponding rpl13 mRNA expression. qPCR 

data presented here are means ± SD from triplicate data. Asterisk on individual bars represents 

a significant difference between the control group and NCP groups. Student’s t-test was used 

to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 (Student's unpaired t-test). Error 

bars indicate SEM. 

 

As a result of qPCR performed as the quantification of immunofluorescent images, when the 

relative expression level of the control group injected with PBS was accepted as 1, the increase 

in GFAP on the first day reached the 1.5 level and the highest level of 1.75 on the 3rd day. The 

GFAP level, which decreased after the 3rd day after the injection, decreased to 0.73 on the 14th 

day, below the control group injected with PBS (Figure 8). 

 

3.1.3 Determination of neuronal inflammation and apoptosis levels in Alzheimer's Disease 

induced by AΒ42 toxicity in adult zebrafish brain 

 

It has been known that activated microglia secrete potentially neurotoxic proinflammatory 

cytokines, and this secretion has an effect on the formation of reactive oxygen and nitrogen 

species and increases neuronal damage (Wang et al, 2015). 

To determine the neuronal inflammation caused by AΒ42 toxicity and the apoptosis caused by 

neuronal inflammation, c-caspase-3 staining was performed on brain sections. 
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Figure 9: Anti-Cleaved Caspase-3 immunofluorescence staining (Anti-Cleaved Caspase3 

immunostaining of brain section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi 

(E), 14dpi (F) A’ , B’ , C’ , D’, E’, F’ represent the DAPI staining). 

 

Cleaved-caspase staining, which showed an increase in the Pallium region the first day after 

injection, strikingly showed that cell death was widespread in the whole brain on the 3rd and 

4th days; on the 7th and 14th days, it decreased close to the control group (Figure 9). 
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3.1.4 Validation of Neuronal Degradation in Alzheimer’s Diseases induced by AΒ42 toxicity 

in adult zebrafish brain 

 

HUC/D staining was performed after making sure of the resulting toxicity, to observe the effects 

of this toxicity on neurons. 

 
 

Figure 10: HUC/D immunofluorescence staining (Anti-HUC/D immunostaining of brain 

section that obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi (E), 14dpi (F) A’ , B’ ,  

C’ , D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 

 

Since we knew that toxicity was fully formed on day 3 in our previous studies, losses in the 

dorsal telencephalic area and ventral telencephalic area seen in the HUC/D staining on the 3rd 

day were evidence of neuronal degeneration. However, we observed that no remarkable change 

was detected on days 4-7-14dpi, where toxicity caused short-term neuronal losses, but the brain 

restored this until the 14 days were completed (Figure 10). 

Since the immunofluorescent stains are not very distinguishable, the mRNA levels of the HUC 

and HUD were checked by qPCR to confirm the results. 
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Figure 11. Real-time PCR analysis of mRNAs for HUC. rpl13 was used as endogenous control. 

The relative mRNA level was normalized to the corresponding rpl13 mRNA expression. qPCR 

data presented here are means ± SD from triplicate data. Asterisk on individual bars represents 

a significant difference between the control group and NCP groups. Student’s t-test was used 

to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 (Student's unpaired t-test). Error 

bars indicate SEM. 

 

According to the HUC qPCR results, although the number of HUC mRNA levels starting on 

the first day was not statistically significant, the neuronal degeneration on the 3rd day, which 

was also seen in the immunofluorescent staining, decreased approximately 1.25 times below 

the control group injected with only PBS. The brain restored itself by increasing the neuronal 

density and regeneration process from 3 dpi to 14 days and reached almost the same level as 

the control group at 14 dpi (Figure 11). 

 

3.1.5 Molecular characterization of the regenerative response in an adult zebrafish AD model 

based on Aß neurotoxicity 

 

After the results, which we determined that the neuronal degeneration process returned to 

normal towards the 14th day, we performed immunofluorescence staining with anti- 

phosphobetacatenin antibody for the transcriptional marker phosphobetacatenin to detect the 

level of the Wnt/β-catenin signaling pathway. 
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Figure 12: Phospho-β-catenin immunofluorescence staining (Phospho-β-catenin 

immunostaining of brain section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi 

(E), 14dpi (F) A’ , B’ , C’ , D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 

 

In the staining of the telencephalon tissue, an elevation in the number of cells positive for beta- 

catenin was revealed from the 1st to the 14th day of toxicity. The high accumulation of amyloid 

plaques at 7dpi, where the number of β-catenin positive cells is the highest, confirmed the 

hypothesis of activating the Wnt/β-catenin signaling pathway to clear plaques formed in the 

brain. Thus, we conclude that Wnt/β-catenin signaling is activated in response to toxicity 

occurring in the brain (Figure 12). 
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3.2. Investigation of the role of Wnt/β-catenin signal transduction in AD caused by Aß 

neurotoxicity and in the formation of regenerative response caused by AD 

 

Wnt/β-catenin signal transduction is one of the most common intracellular signal transduction 

pathways activated in response to injury to almost all tissues/organs (Ozhan & Weidinger, 2014; 

2015). 

In studies performed in this thesis, Tcf/Lef has been shown to precisely detect Wnt/β-catenin 

pathway activity in various cellular contexts to reveal whether Wnt/β-catenin signaling is 

activated in the process of Aβ42-induced neurotoxicity creating the pathogenesis of AD and the 

formation of the neuronal regeneration response against it we used the transgenic zebrafish line 

Tg(6XTCF:d2EGFP) (short for 6XTCF), a reporter of mediated transcription (Shimizu et al.,  

2012). 

 

3.2.1 Detection of the change of Alzheimer's-related genes by days in 6XTCF transgenic line 

and imaging of amyloid beta plaques on brain sections 

 

Expression levels of APPA, APPB PSEN1, and PSEN2 genes associated with Alzheimer's were 

measured by the qPCR method. According to the results, the APPA gene, which was 2 times 

upregulated in 1dpi, 3dpi, and 4dpi, was observed to be upregulated approximately 1.2 times 

that of the control with a decrease after the 4th day, but it was not statistically significant. At 

14dpi, it was observed to be upregulated about 3 times the control. Similarly, in the APPB gene 

examined, the APPB gene, which increased 1.5 times that of the control at 1dpi, 4dpi, and 

14dpi, had an expression level of 0.5 when the control was accepted as 1 on the 7th day. A 

critical increase from 7 dpi to 14 dpi was observed in this gene, as in APPA, and the changes 

according to days in these two genes were found to be consistent. 
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Figure 13: Real-time PCR analysis of mRNAs for APPA, APPB, PSEN1, and PSEN2. rpl13 

was used as endogenous control. The relative mRNA level was normalized to the corresponding 

rpl13 mRNA expression. qPCR data presented here are means ± SD from triplicate data. 

Asterisk on individual bars represents a significant difference between the control group and 

NCP groups. Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 

0.001 (Student's unpaired t-test). Error bars indicate SEM. 

 

The model we created triggers amyloid deposition, which is an important process in 

Alzheimer's Disease. APP genes must be cut by beta-secretase and gamma-secretase to form 

amyloid beta. Presenilins are subcomponents of gamma-secretase, which is responsible for the 

cleavage of APP. Accordingly, qPCR was performed on the samples taken at 1dpi,3dpi,4dpi,7, 

and 14dpi too to examine the changes in the mRNA level of Presenilin genes in the toxicity that 

was created (Figure 13). 

The results showed that; although there were varying levels of increases in the psen1 gene until 

day 4, a dramatic downregulation occurred on day 7 up to almost half of the control group. 

From 7dpi to 14dpi, gene expression level reached 2.5 times of expression compared to the 

control group which is the highest expression level within 14 days. Although there is a gradual 

increase up to 4dpi in the results of psen2, there has been a dramatic downregulation in 7dpi 
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similar, it has reached the highest expression level in 14dpi. 

Next, we aimed to investigate the effect of expression increases of Alzheimer's-related genes at 

mRNA levels on the accumulation of amyloid beta plaques, and brains were dissected from fish 

injected with Aß following the protocols described in Method 2.4 at 1 dpi, 3dpi, 4 dpi, 7 dpi, 

and 14 dpi, brain sections were taken, and anti-Aβ42 was applied to the sections on the 

aforementioned days primarily for the occurrence of Aβ42 toxicity immunofluorescent staining 

was done (Figure 14). 

 
Figure 14: Anti-Aβ42 immunofluorescence staining (Anti-Aβ42 immunostaining of brain 

section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi (E), 14dpi (F) A’ , B’ , C’ ,  

D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 
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3.2.2 Revealing the mRNA-level activity of Wnt/β-catenin signaling in the pathogenesis of 

Aβ42 toxicity-induced AD 

 

In the pathogenesis of AH caused by Aβ42 toxicity; to reveal the activity of Wnt/β-catenin 

signal transduction at the mRNA level in the formation of the dynamic structure of Aβ42 

accumulation, the changes in the expressions of the EGFP gene, which is the reporter of Wnt 

activity in the brain of 6XTCF fish injected with Aß were investigated. Expressions of genes 

were analyzed by applying RNA isolation, cDNA synthesis, and qPCR protocol at 1 dpi, 4 dpi, 

7 dpi, and 14 dpi from telencephalon tissue (Demirci et al., 2020). 

 
 

 

Figure 15: Real-time PCR analysis of mRNAs for D2EGFP. rpl13 was used as endogenous 

control. The relative mRNA level was normalized to the corresponding rpl13 mRNA 

expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

In the mRNAs obtained from the telencephalon tissue, on the 1dpi of, a 2-fold upregulation 

occurred in the EGFP gene, the reporter of the Wnt/β-catenin signaling pathway, and it was 

statistically significant. Wnt signal transduction, which showed a gradual decrease from 1dpi 

to 4dpi, was observed to increase again by 1.5 times on the 7th day and was at the same level 

as the control group injected with PBS on the 14th day (Figure 15). 

To determine the Wnt/β-catenin signaling activity, immunofluorescent staining was performed 

on the sections with anti-EGFP and anti-phospho-β-Catenin (Ser675) antibodies, which are 

markers of β-Catenin transcriptional activity. 



32  

 

 

Figure 16: Anti-phospho-β-Catenin immunofluorescence staining (anti-phospho-β-Catenin 

immunostaining of brain section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi 

(E), 14dpi (F) A’ , B’ , C’ , D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 

 

Wnt/β-catenin signaling pathway becomes activated in the regenerating zebrafish telencephalon 

at the traumatic brain injury and early wound healing stage and promotes tissue-wide 

regeneration. The brain sections taken from the telencephalon region revealed elevation of 

phosphobetacatenin on the 1dpi and 7 dpi. This elevation was also reflected in the number of 

phosphobetacatenin-positive cells. Signaling activation of Wnt/β-catenin was observed to be 

predominantly in places where amyloid plaques accumulated (Figure 16). 

For the detection of signal transduction, it was observed that the increase in 1dpi and 7dpi in 
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the Anti-EGFP immunofluorescent painting with the phosphobetacatenin was also reflected in 

anti-EGFP stainings. 

 

Figure 17: Anti-GFP immunofluorescence staining (Anti-GFP immunostaining of brain 

section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi (E), 14dpi (F) A’ , B’ , C’ ,  

D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 

 

In addition, amyloid beta accumulation was found to be at the lowest level on 1dpi and 7dpi 

compared to the control group. As well as genes related to Alzheimer's at the lowest levels 

when WNT/Beta Catenin is the highest activity. Therefore, next, we aimed to test whether WNT 

activity is necessary for various cellular events in Aβ42 -induced neuronal degeneration and 

regeneration processes (Figure 17). 
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Moreover, we aimed to reveal the characteristics of cell types that are positive for Wnt/β-catenin 

activity, and immunofluorescence staining was performed with the glial marker S100, and 

qPCR analysis was performed for NeuroD1 GFAP, HuC, and HuD, which are neuronal and 

glial markers (Figure 18). 

 

 
Figure 18: Real-time PCR analysis of mRNAs for HuC, HuD, and NEUROD1. rpl13 was used 

as endogenous control. The relative mRNA level was normalized to the corresponding rpl13 

mRNA expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

A dramatic decrease was observed in neurod1-HuC-HuD expression on the first day of 

injection, and it was observed that neuron loss was short-term in toxicity, which gradually 

increased expression at 3,4,7,14 dpi in all three neuron markers, and zebrafish compensated for 

this loss in the long term. 
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Figure 19: Real-time PCR analysis of mRNAs for GFAP. rpl13 was used as endogenous 

control. The relative mRNA level was normalized to the corresponding rpl13 mRNA 

expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

In glial cell activation, the upregulation at 1dpi and 7dpi and the gradual decrease in 3, 4, and 

14 dpi are similar to d2EGFP and phosphobetacatenin. By looking at these, it can be said that 

the cells positive for phosphobetacatenin are glial cells. To confirm these results, s100 staining 

was performed to observe radial glial cells, which are an indicator of the regeneration response 

in zebrafish, in brain sections taken. 
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Figure 20: Anti-S100 immunofluorescence staining (Anti-S100 immunostaining of brain 

section obtained from PBS (A), 1dpi (B), 3 dpi (C), 4dpi (D), 7dpi (E), 14dpi (F) A’ , B’ , C’ ,  

D’, E’, F’ represent the DAPI staining. Scale bars 100µm). 

 
The extinction observed up to Day 4 in activation at 1dpi and reactivation observed at 7dpi 

overlap with the above qPCR results. It also shows that the regeneration that occurs is 

concentrated in glial cells (Figure 20). 

 

3.3. Revealing the relationship between Wnt/β-catenin signaling and the pathogenesis of 

AD 

3.3.1 Creation of Experimental Groups 
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According to the results observed in 3.2.2 the days with high regenerative response were 

determined as 1dpi and 7dpi. Afterward, we aimed to inhibit WNT activity with IWR-1 drug 

for 1dpi and 7dpi after Aß injection in the 6XTCF transgenic line. 

In the experiments we carried out for 1dpi, we placed the fish 24 hours before the injection in 

the system water to which we added 10µM DMSO in order to provide the negative control 

conditions. At the end of 24 hours, the fish were reintroduced into DMSO immediately after 

PBS was injected with the CVMI method. Transgenic fish that spent 24 hours in DMSO after 

injection were dissected (Figure 21). 

 

Figure 21: Creation of Negative Control Group for IWR-1 treatment on 1dpi. The figure was 

generated in BioRender.com. 

 

We placed fish 24 hours prior to injection in system water to which we added 10µM DMSO to 

ensure positive control conditions for 1dpi. At the end of 24 hours, the fish were reintroduced 

into DMSO immediately after Aß was injected with the CVMI method. Transgenic fish that 

spent 24 hours in DMSO after injection were dissected (Figure 22). 
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Figure 22: Creation of Positive Control Group for IWR-1 treatment on 1dpi. The figure was 

generated in BioRender.com. 

 

For the IWR-1 treatment group; The 6XTCF fish, which were added to the system water 

containing 10µM IWR-1 drug 24 hours before the injection, were taken back to the system 

water containing IWR-1 immediately after the injection. They were dissected 24 hours after 

injection (Figure 23). 
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Figure 23: Creation of IWR-1 treatment on 1dpi. The figure was generated in BioRender.com. 

 

In order for the WNT response inhibitor treatment to be performed at 7dpi to be successful, the 

groups of fish injected with PBS Aß and Aß, respectively, were kept in normal system water 

until the 4th day, and after 4dpi, they were placed in system water containing 10µM DMSO, 

DMSO, and IWR-1, respectively. Up to 7dpi drugs were renewed daily and at 7dpi fish were 

dissected (Figure 24). 
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Figure 24: Creation of Experimental Group for IWR-1 treatment on 7dpi. The figure was 

generated in BioRender.com. 

 

3.3.2 Validation of Aß toxicity in Positive Control Groups 

 

In RNA samples obtained from telencephalon tissue, the expression levels of AD-related genes, 

which are APPA, APPB, PSEN1, PSEN2, and BACE were determined, and a comparison was 

made with the days when the expression of these genes was upregulated (Figure 25). 



41  

 
 

 

 

Figure 25: Real-time PCR analysis of mRNAs for APPA, APPB, BACE. rpl13 was used as 

endogenous control. The relative mRNA level was normalized to the corresponding rpl13 

mRNA expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 
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When the expression levels of APPA, APPB, and BACE were examined, compared to the 

negative control group injected with only PBS on 1dpi and 7dpi; upregulation in the range of 

1.5-2.5 fold was detected in the Aß injected groups, and all of the results were statistically 

significant (Figure 26). 

 

 
Figure 26: Real-time PCR analysis of mRNAs for PSEN1, and PSEN2. rpl13 was used as 

endogenous control. The relative mRNA level was normalized to the corresponding rpl13 

mRNA expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

When we compare to PSEN1 and PSEN2 genes with the 1dpi_PBS (negative control) group, 

although there was an elevation in PSEN1 and PSEN2 on 1dpi and it was statistically 

significant, the same results were not obtained at the gene expression levels measured after 

7dpi. A slightly downward change seen at both gene levels was not statistically significant  

(Figure 27). 
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Figure 27: Real-time PCR analysis of mRNAs for GFAP. rpl13 was used as endogenous 

control. The relative mRNA level was normalized to the corresponding rpl13 mRNA 

expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

GFAP gene expression levels, which we checked to see the Glial Cell Activation after Aß 

toxicity and to ensure the formation of toxicity, were higher than the control group in both 1dpi 

and 7dpi days, and significant, as we expected. 

The final stage of validation was to check the regenerative response of 6XTCFs to Aβ42 toxicity 

and to see if it was consistent with the Result 3.2.2. According to our results, the d2EGFP gene, 

which is the reporter of the regenerative response, was activated on both days and was observed 

with an increase of approximately 1.5 times in the group injected with Aß on the 1dpi and 2- 

fold on 7dpi compared to the negative control group. Once again, it was assured that the toxicity 

had been successfully created (Figure 28). 

 

 
Figure 28: Real-time PCR analysis of mRNAs for D2EGFP. rpl13 was used as endogenous 

control. Relative mRNA level was normalized to the corresponding rpl13 mRNA expression. 
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qPCR data presented here are means ± SD from triplicate data. Asterisk on individual bars 

represents a significant difference between the control group and NCP groups. Student’s t-test 

was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 (Student's unpaired t- 

test). Error bars indicate SEM. 

 

3.3.3 Ensuring Inhibition of Wnt/β-catenin signal transduction by IWR-1 treatment and its 

Effects on Alzheimer's Disease 

 

A decrease in the regenerative response was expected in transgenic zebrafish treated with IWR- 

1. First of all, d2EGFP gene expression levels were analyzed in the 1dpi and 7dpi experimental 

groups created to control this. 

 
Figure 29: Real-time PCR analysis of mRNAs for D2EGFP. rpl13 was used as endogenous 

control. The relative mRNA level was normalized to the corresponding rpl13 mRNA 

expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

In both experimental groups, the expression level of the regenerative response reporter gene 

decreased by 50% and 52%, respectively, statistically significant as well. 

After the IWR treatment was found to be successful, the main question was how to respond to 

Alzheimer's-related genes due to the low regenerative response that occurred, and the 

expression levels of Alzheimer's-related genes were controlled separately at 1dpi and 7dpi 

(Figure 29). 
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Figure 30: Real-time PCR analysis of mRNAs for APPA, APPB, BACE. rpl13 was used as 

endogenous control. The relative mRNA level was normalized to the corresponding rpl13 

mRNA expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

Although it was observed that the IWR-1 group formed at 1 dpi did not cause any change in the 

expression level of the APPA gene, the upstream change of APPB and BACE genes in the same 
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experimental group was quite remarkable. In the same genes analyzed at 7 dpi, the upward 

increase in APPA and BACE gene expression levels was observed, on the contrary downwards 

for the APPB gene (Figure 30). 

 

 
Figure 31: Real-time PCR analysis of mRNAs for PSEN1, and PSEN2. rpl13 was used as 

endogenous control. The relative mRNA level was normalized to the corresponding rpl13 

mRNA expression. qPCR data presented here are means ± SD from triplicate data. Asterisk on 

individual bars represents a significant difference between the control group and NCP groups. 

Student’s t-test was used to calculate significance *P < 0.05, **P < 0.01, ***P < 0.001 

(Student's unpaired t-test). Error bars indicate SEM. 

 

In the created model, gene expression levels of PSEN1 and PSEN2 genes, which are also 

associated with Alzheimer's but mostly increased in Familial Alzheimer's Disease, were 

controlled and an upward change in both experimental groups was observed after Wnt/β-catenin 

inhibition was applied. Contrary to what is known, the Wnt/β-catenin pathway was thought to 

play a more role in Alzheimer's disease, and anti-Aβ42 immunofluorescence staining was 

applied to the brain sections taken in order to observe the change in the amyloid plaque deposits 

formed in Alzheimer's disease in the groups in which Wnt inhibition was applied (Figure 31). 
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Figure 32: Anti-Aβ42 immunofluorescence staining of 1dpi (Anti-Aβ42 immunostaining of 

brain section obtained from 1dpi_PBS+DMSO (A), 1dpi_ Aβ+DMSO (B), 1dpi_ Aβ+IWR-1 

(C), A’ , B’ , C’ represent the DAPI staining. Scale bars 100µm). 
 

Figure 33: Anti-Aβ42 immunofluorescence staining of 7dpi (Anti-Aβ42 immunostaining of 

brain section obtained from 7dpi_PBS+DMSO (A), 7dpi_ Aβ+DMSO (B), 7dpi_ Aβ+IWR-1 

(C), A’ , B’ , C’ represent the DAPI staining). 

 
The difference between the only-PBS injected group and the Aβ-injected group, seen at 1dpi, 

allows us to be certain of the toxicity, while the amyloid plaques accumulating between the 

cells were observed to increase strictly in the IWR-1 treatment-treated groups. According to 
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these results, no different results were observed in the 7dpi group that was controlled (Figure 

32, 33). 

Although there was a plaque accumulation in the periventricular area in general in the IWR-1 

applied groups, an increase was observed covering the brain tissue in general. It was understood 

from previous results that a regeneration process started after activation in the glial cells with 

the increase in the proliferation markers in the brains of zebrafish. In order to control these 

responses, PCNA and S100 immunofluorescence staining was performed on brain tissues. 

 

Figure 34: Anti-S100 immunofluorescence staining of 1dpi (Anti-S100 immunostaining of 

brain section obtained from 1dpi_PBS+DMSO (A), 1dpi_ Aβ+DMSO (B), 1dpi_ Aβ+IWR-1 

(C), A’ , B’ , C’ represent the DAPI staining. Scale bars 100µm). 

 

RGC activation was observed in fish injected with only Aẞ, while a severe decrease in 

activation was observed in the ventral and dorsal nucleus of the telencephalic area in fish treated 

with IWR-1. This region is also the region where neurogenesis takes place intensively (Figure 

34). 
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Figure 35: Anti-S100 immunofluorescence staining of 7dpi (Anti-S100 immunostaining of 

brain section obtained from 1-7dpi_PBS+DMSO (A), 7dpi_ Aβ+DMSO (B), 7dpi_ Aβ+IWR- 

1 (C), A’ , B’ , C’ represent the DAPI staining. Scale bars 100µm). 

 

Although the results observed at 7dpi do not mean much different from 1 dpi, the decrease in 

RGC activation after WNT inhibition is more evident here (Figure 35). 

 

Figure 36: Anti-PCNA immunofluorescence staining of 1dpi (Anti-PCNA immunostaining of 

brain section obtained from 1dpi_PBS+DMSO (A), 1dpi_ Aβ+DMSO (B), 1dpi_ Aβ+IWR-1 

(C), A’ , B’ , C’ represent the DAPI staining). 
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Figure 37: Anti-PCNA immunofluorescence staining of 7dpi (Anti-PCNA immunostaining of 

brain section obtained from 1-7dpi_PBS+DMSO (A), 7dpi_ Aβ+DMSO (B), 7dpi_ Aβ+IWR- 

1 (C), A’ , B’ , C’ represent the DAPI staining. Scale bars 100µm) 

 

Although there was no big difference in PCNA positive cell numbers of WNT activation 

performed at 1dpi, compared to the group injected with only Aβ; It was quite evident in the 

ventral/dorsal nucleus of the ventral telencephalic area, in the group that underwent IWR-1 

treatment at 7dpi. According to the results, it can be said that IWR-1 treatment reduces the 

regenerative response, impairs the repair mechanism in the brain, and prevents the clearance of 

amyloid plaques (Figure 36, 37). 

 

4. DISCUSSION 

 

It has been proven in studies that the main cause of Alzheimer's Disease, and dementia observed 

in patients, is dysfunctional Aβ metabolism. 

The production of neurotoxic Aβ from proteolysis of amyloid precursor proteins (APP) through 

enzymes is the most critical step in AD development. In this context, pharmacotherapies 

developed for the treatment of AD are generally aimed at providing Aβ production and 

clearance of aggregation. It is thought that this strategy will stop/reverse the pathological neuron 

loss that causes cognitive decline. By modeling Alzheimer's disease with Aβ42-toxicity to be 

created using Aβ42 in the adult zebrafish brain, the activation and role of Wnt/β-catenin signal 

transduction in various stages of disease formation and changes in the brain during Alzheimer's 
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disease, apoptosis and neurogenesis were investigated for the first time. Carried out in the 

zebrafish model, which is a creature with high neurogenesis capacity. Thus, important 

information was obtained not only on the emergence of the disease, but also on the repair 

mechanism triggered by the disease and its functioning, and the responses at different stages 

were analyzed comparatively at the molecular level for the first time. 

This model demonstrated that (1) it inhibits aβ accumulation, (2) it triggers RGC activation and 

helps to clear accumulated aβ plaques, and (3) it compensates neuronal loss by triggering 

proliferation in the long term. 

Alzheimer's disease is a disease that progresses with age. As time progresses, damage to the 

brain gradually increases and symptoms develop. Neurodegenerative diseases are studied with 

samples taken from body fluids such as blood and cerebrospinal fluid. Alzheimer's disease is a 

disease that progresses with age. As time progresses, damage to the brain gradually increases 

and symptoms develop. Neurodegenerative diseases are examined with samples taken from 

body fluids such as blood and cerebrospinal fluid. However, an autopsy and biopsy should be 

performed to understand the extent of the disease and determine the extent of brain damage and 

make a definitive diagnosis. As a result, it can be done by detecting pathological findings 

specific to AD. This requires very long periods and certain procedures. In order to understand 

how the pathogenesis of AD occurs, animal models have been created and the progression 

processes of Alzheimer's disease can be examined. The adult mammalian brain has a very 

limited capacity to repair damage to neuronal networks. Mammalian neurogenesis occurs 

through neural stem cells confined to two regions of the forebrain, namely the subventricular 

region of the lateral ventricles (SVZ) in the telencephalon and the subgranular region of the 

dentate gyrus (SGZ) in the hippocampus (Alvarez-Buylla et al., 2001; Kriegstein & Alvarez- 

Buylla, 2009; Bonfanti & Peretto, 2011). 

Low neurogenesis capacity is accompanied by the limited potential for the integration of 

nascent neurons in most regions of the brain, necessitating the use of another platform without 

these limitations for the development of new therapeutic approaches (Bhardwaj et al., 2006; 

Ernst & Frisen, 2015; Alunni & Bally-Cuif, 2016). A good experimental model of Alzheimer's 

disease is expected to improve the clinical features and pathological and neurochemical findings 

of the disease. However, animal models in which human mutations that produce typical AD in 

humans have also been created. However, only some of these features, including the disease, 

can be imitated, and an animal model that contains all the features of the disease has not been 
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developed yet. In this study, Aβ plaques (Figure 5), which accumulate as the disease progresses, 

were able to mimic human AD in many ways, such as observing glial cell density (Figure 6), 

which is activated as a result of neuroinflammation, and neuronal loss, which can also be 

observed molecularly (Figure 9, 10) 

6XTCF reporter lines are highly useful tools for studying Tcf/Lef-mediated Wnt/β-catenin 

signaling-dependent processes (Shimizu et al., 2012). Becker et al 2017; In the experimental 

model created in the 6XTCF line, showed that Wnt/β-catenin signaling in fibroblast-like cells 

at the lesion activates axon regrowth through the accumulation of Collagen XII. The inhibitory 

extracellular matrix at the spinal lesion site is the major obstacle to axonal regeneration in 

mammals. Whereas the extracellular matrix of zebrafish allows axon regrowth, and this 

regeneration process could be observed with the 6XTCF line. Likewise, the role of activation 

of Wnt/β-catenin signaling in the regulation of cellular and molecular events in the early wound 

healing stage, which was also performed in our laboratory, was revealed by using the transgenic 

6XTCF line (Demirci et al., 2020). 

GFAP, which is a marker of abnormal activation of astrocytes in neuronal damage to the brain 

known as astrogliosis, is also an astrocytic cell protein. It was observed that GFAP expression 

was correlated with Aβ plaque density in AD patients with cognitive impairment. Recent 

studies are investigating whether high GFAP fusion may be a clinical symptom in normal adults 

at risk of AD. When the results we obtained in Figure 6 are examined; GFAP increased in 

correlation with this at 4,7,14 dpi (Figure 5D,E,F) where Aβ plaques are most intense. It is 

noteworthy that in the qPCR results performed with samples obtained from mRNA, the GFAP 

expression level was the lowest on the 14th day when the highest Aβ accumulation was 

observed (Figure 6). Again, when the toxicity model we created in 6XTCFs was controlled, 7 

and 14 dpi, where amyloid plaques were intense, and GFAP levels at 7 dpi showed significantly 

higher levels but remained under control on the 14th day. When all these results are evaluated 

together, although the GFAP change seen in patients has gained a dynamic structure, the high 

GFAP expression seen in healthy people can be considered a risk. 

Activation of the WNT signaling pathway is thought to have a neuroprotective effect on AD 

(Alvarez et al., 2004; Quintanilla et al., 2015). Silva-Alvarez et al. (2013), Wnt-5a activation 

modulates mitochondrial dynamics; it has been shown that it prevents the changes induced by 

Aβ and compensates for the increase in BCL-2 induced by Aβ. 

Considering these results and the downregulation of the Wnt signaling pathway found in 
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samples from previous Alzheimer's patients; our expected result was that there was an increase 

in Alzheimer's markers and aβ accumulation in the experimental groups in which Wnt/β-catenin 

was inhibited by IWR-1. As a matter of fact, upregulation was observed in the increase of 

Alzheimer's-related genes seen in Figure 27 (Figure 27B,C,E,F). However, no change was 

observed in the 1dpi APPA gene, while a significant downregulation was observed in the 7dpi 

APPB gene. When the literature is examined, it has been observed that an increase in the APP 

gene family is expected in all samples taken from AD patients and in all animal models created. 

Based on this conclusion, it was considered as a question mark and a limitation of this study 

whether Wnt activation would have an adverse effect on AD. 

Despite this question mark, amyloid beta accumulations observed in the model created, a 

prominent increase was observed in the experimental groups treated with IWR-1, while it was 

observed that RGCs could not be activated in s100 staining. In PCNA staining performed at the 

same time, the elevation seen in the positive control group was not observed in the IWR 

experimental groups. Considering all these, the toxicity model created shows that the Wnt/β- 

Catenin signaling pathway has a key role in the RGC activation required for the inhibition and 

clearance of Aβ accumulation in zebrafish. 

Although more results are needed to determine the precise contribution of the Wnt signaling 

pathway to AD pathogenesis, targeting Wnt signaling components and restoring the brain may 

provide new therapeutic avenues for AD. 

 

5. CONCLUSION and FUTURE ASPECTS 

Aβ plaques are a disease that leads to neuronal dysfunction, neurodegeneration, and cognitive 

impairment in AD, eventually leading to brain failure and death. As mentioned throughout the 

thesis, Wnt signaling is an important signaling pathway in the nervous system, neuronal 

degeneration, and regeneration processes. In this context, permanent activation of Wnt 

signaling will protect neurons from Aβ toxicity and is a promising therapeutic target for the 

treatment of the disease. Therefore, further studies are needed to fully understand the biological 

mechanisms underlying pathological changes in AD for Wnt signaling, and specifically for the 

dysfunctional Wnt signaling that occurs in AD. In addition, since Alzheimer's Disease requires 

long-term care, the prevention and treatment of this disease with high resource consumption is 

of great importance to the health system. 
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