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Abstract: Postsynaptic protein neurogranin (Ng), which plays a role in synaptic plasticity, learning, 

and memory, has been identified as the candidate biomarker of Alzheimer’s disease (AD). Cortical 

Amyloid β pathology seems to accelerate the onset of clinical symptoms; therefore, it is potentially 

valuable for early diagnosis of AD and therapeutic intervention. Synaptic pathology was shown to be 

an early feature of AD. Thus, proteins involved in synaptic function, such as Ng, are of great interest in 

studying the disease. Some prior human studies have found that Ng, a protein involved in the 

regulation of synaptic function, is present at greater levels in the cerebrospinal fluid of people with AD 

compared with those without the disease. High levels of neurogranin are associated with increased 

levels of synaptic vulnerability and decreased cognitive function in AD patients. This review, therefore, 

looked at the functionality of Ng in the brain, its association with other synaptic proteins, and its 

applicability as a diagnostic marker in AD. This study, therefore, sought to expand the knowledge on 

Ng changes in AD as it relates to synaptic dysfunction and enhanced the search for a better diagnostic 

and therapeutic approach. 
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1. Introduction 

Alzheimer’s disease (AD) is the most common type of dementia, impacting a large number of 

people globally and placing substantial strains on patients, families, and healthcare systems. 

According to a report from AD International, in 2023, there were more than 6.7 million people in the 

United States of America living with dementia [1]. This statistic highlights the pressing want for 

efficient methods of diagnosis and treatment. The difficulty in detecting AD stems from its subtle 

beginning and gradual advancement [2]. The symptoms frequently manifest subtly, which poses a 

challenge for early detection. Neuronal damage of considerable magnitude has often occurred when 

clinical indications become evident [3]. The progression of AD is schematically shown in Figure 1. 

Therefore, it is crucial to identify dependable biomarkers for prompt diagnosis, which is essential for 

improved disease management and intervention. 

Historically, the diagnosis of AD has predominantly depended on identifying two characteristic 

proteins: Amyloid beta (Aβ) and tau [4, 5]. Aβ plaques and neurofibrillary tangles, which consist of 

tau proteins that have undergone excessive phosphorylation, are distinct characteristics identified in 

the brains of individuals with AD [6, 7]. These biomarkers are essential, but they have limitations in 

their sensitivity and specificity, especially in the first phases of the disease. Consequently, there is a 

burgeoning interest in investigating supplementary biomarkers that can more precisely and promptly 

indicate the underlying pathophysiological alterations. A promising area of study centers on 

biomarkers associated with synaptic dysfunction, which occurs before the noticeable loss of neurons 

seen in AD [8]. Synaptic dysfunction is crucial as it has a direct correlation with cognitive decline, 

which is the primary manifestation of AD [9]. Studying biomarkers associated with synaptic health 

might provide a valuable understanding of initial illness processes and prospective targets for 

treatment. 

 

Figure 1. Progression of Alzheimer’s disease. 

Neurogranin (Ng) is identified as an essential biomarker in this situation [10]. Ng is a protein 

found mainly in the brain in areas related to memory and learning, such as the hippocampus and 

cortex [11]. Synaptic plasticity is crucial for learning and memory as it determines the ability of 

synapses to either develop or diminish over time. Furthermore, neurogranin has a role in synapse 
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regeneration and long-term potentiation (LTP), both essential for preserving synaptic integrity and 

cognitive function [12]. The interest in Ng as a biomarker for AD stems from its functions and the 

early changes in its expression levels in response to synaptic injury. Research has demonstrated that 

reduced levels of Ng in cerebrospinal fluid (CSF) are associated with the loss of synapses and 

impairment in cognitive function [13]. This suggests that Ng could be a valuable marker for 

detecting early synaptic dysfunction in AD. Moreover, alterations in Ng levels have been observed 

before substantial neuronal degeneration, emphasizing its potential value in early detection [14]. 

This review explores the significance of Ng, investigates its functions, and assesses its 

importance as a biomarker in AD. By comprehending the function of Ng in synaptic processes and 

its modifications in Alzheimer’s pathology, we can acquire a more profound comprehension of the 

initial occurrences of the illness. This insight could facilitate the development of more precise 

diagnostic tools and successful therapy strategies that specifically target the synaptic components of 

AD. The subsequent sections will thoroughly examine Ng, elucidating its biological functions, the 

mechanisms that underlie its participation in synaptic function, and the evidence that supports its 

potential as a biomarker for AD. 

2. Early detection and treatment of AD 

Alzheimer’s disease (AD) is a degenerative neurological condition that causes a steady decline 

in brain neurons, resulting in noticeable declines in memory, cognition, and behavior. Discovered by 

Dr. Alois Alzheimer, a German psychiatrist, in the early 20th century, this disease is characterized by 

unique pathological alterations in the brain. Dr. Alzheimer observed the accumulation of Aβ plaques 

outside of neurons, which interfere with the communication between neurons, and the formation of 

neurofibrillary tangles made up of tau proteins inside neurons, which block the transport of necessary 

nutrients [15,16]. The presence of these anomalies emphasizes the intricate neuropathology that 

underlies AD and emphasizes the difficulties in detecting and treating this incapacitating disorder [17]. 

A variety of variables, including genetics, environment, and lifestyle choices, cause Alzheimer’s 

disease. Notable unchangeable risk factors comprise older age, genetics, and family history, greatly 

enhancing an individual’s vulnerability to getting the condition [1]. Although it is impossible to 

change these risk factors, studies have revealed certain factors that can be modified to prevent or 

delay AD’s beginning (Figure 2). These techniques include improving cognitive reserve, such as 

participating in consistent mental and physical activities, fostering social relationships, and 

mitigating cardiovascular health issues to minimize neuropathological harm [18]. 

Even with these preventive efforts, the diagnosis of AD typically takes place around 2.8 years 

after the first signs of symptoms, resulting in delays in receiving treatment and assistance [19]. An 

essential difficulty in identifying AD is its similarity to other neurodegenerative illnesses, which can 

make the clinical presentation more complex and hide the underlying pathology [20]. Hence, an 

urgent need is for more accurate and early diagnostic instruments to detect AD in its initial phases. 

The investigation of biomarkers has arisen as a crucial field of study to tackle these diagnostic 

difficulties. Biomarkers are biological markers that can offer objective measurements of the 

existence and advancement of a disease [21]. The biomarkers aβ and tau proteins have been 

thoroughly investigated in AD and are essential to the current diagnostic criteria. Nevertheless, these 

indicators predominantly indicate subsequent clinical alterations and may not accurately represent 

the first phases of the disease. 
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Figure 2. Modifiable risk factors of Alzheimer’s disease and the percentage of reduction 

in the prevalence if eliminated. 

Current studies have focused on examining biomarkers linked to synaptic disruption, which occurs 

at an early stage of the disease and is strongly connected to the reduction in cognitive abilities [22]. Ng is 

an essential biomarker for synaptic plasticity, synaptic regeneration, and long-term potentiation. It is 

a postsynaptic protein. Studies have demonstrated a decline in Ng levels in the cerebrospinal fluid 

(CSF) of persons diagnosed with Alzheimer’s disease [23]. This decrease is associated with the loss 

of synapses and cognitive decline. Neurogranin shows excellent potential as a candidate for early 

detection and targeted treatment of AD [24]. An efficient way of evaluating neurodegeneration in AD 

is by establishing synaptic degeneration by the levels of synaptic proteins in CSF [25]. Neuronal loss 

has been accepted for a long time as one of the main hallmarks of the neurodegenerative process and 

is regarded as the best predictor of cognitive impairment in AD [26]. Of the multiple synaptic 

proteins, neurogranin is the most promising fluid biomarker of synaptic injury [25]. We have also 

discovered that increased levels of neurogranin in the CSF were present in AD patients and that it 

was directly proportional to the patient’s deterioration in cognitive function [27,28]. For example, a 

correlation has been established between Ng and hippocampal volume and the brain metabolic rate 

assessed by fluorodeoxyglucose positron emission tomography (FDG PET), pointing to the 

significance of Ng as the marker of synaptic and cognitive integrity [29]. Further, CSF-Ng has been 

an outcome measure in clinical trials for lecanemab, a monoclonal antibody against amyloid beta, 

demonstrating its uses in evaluating treatment response [30]. In addition to neurogranin, other 

synaptic proteins, including neuromodulin (GAP43) and beta synuclein (SNCB), have also been 

proven to be significantly linked to AD. These proteins are also shown to be upregulated in CSF and 

are related to the pathophysiology of AD, including tau proteins [31]. 

In particular, GAP43 and SNCB were significantly associated with CSF total tau (t-tau) and 

phosphorylated tau (p-tau) levels, indicating that tau changes are tightly connected to synaptic 

dysfunction [32]. This relationship confirms the dependency between synaptic dysfunction and tau 
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pathology in the development of AD and suggests that synaptic protein levels should be used to 

evaluate neurodegeneration [33]. First, the constant co-localization of these synaptic proteins with 

tau pathology underscores their utility in the framework of AD pathogenesis and illustrates the 

possibility of utilizing these biomarkers for better comprehending disease processes and monitoring 

AD progression at the early phase [34]. 

Therefore, the assessment of synaptic proteins such as neurogranin, GAP43, and beta synuclein 

in CSF is not just a theoretical exercise but a practical method with significant implications for the 

evaluation of synaptic dysfunction and neurodegeneration in AD [35,36]. The strong associations 

between these proteins and conventional indices of AD pathology provide solid support for their 

potential as biomarkers, paving the way for the development of more targeted and effective 

diagnostic and therapeutic approaches that focus on preserving synaptic viability and efficiency. The 

following sections will provide a more detailed analysis of the biology of Ng, its role in synaptic 

function, and the evidence that supports its usefulness as a biomarker for AD. 

3. Biomarkers in AD 

One of the main obstacles in managing AD is the early and precise diagnosis of the disease, 

which is necessary for effective intervention and therapy. Biomarkers, defined by the Alzheimer's 

Association as observable biological alterations indicative of disease presence or risk, play a crucial 

role. By enabling the diagnosis of AD at its early stages, biomarkers can significantly improve 

patient outcomes. The National Institute on Aging–Alzheimer’s Association (NIA-AA) has devised a 

comprehensive framework for identifying biomarkers in AD, known as the ATN system (Table 1). 

This paradigm categorizes biomarkers into three primary groups: A (Amyloid beta), T (Tau), and N 

(Neurodegeneration). Aβ biomarkers detect the buildup of amyloid plaques, which are extracellular 

deposits that impede neuronal communication. Tau biomarkers evaluate the existence of 

neurofibrillary tangles within neurons, which hinder nutrition transport and contribute to cell death. 

Neurodegeneration (N) biomarkers reveal general neuronal injury and loss, representing the amount 

of brain degeneration [37–39]. 

Table 1. ATN classification of biomarkers in Alzheimer’s disease with examples. 

ATN Classification Example 

Amyloid beta Aβ38, Aβ40, Aβ42 

Tau tau-p181, tau-p217, tau-p231, tau-total 

Neurodegeneration Neurogranin, Neurofilament light polypeptide (NFL) 

In the preclinical stage of Alzheimer’s disease, pathological changes can already be detected by 

particular biomarkers even before the onset of clinical symptoms. This early discovery is critical as it 

allows timely treatment intervention, possibly reducing disease development [40]. The introduction 

of in vivo biomarkers, which can be tested in living individuals by non-invasive techniques, has 

transformed the diagnosis of AD. These biomarkers include imaging techniques such as positron 

emission tomography (PET) scans, which can identify amyloid plaques and tau tangles in the brain, 

as well as fluid biomarkers found in CSF and blood [21]. 

Among the diagnostic biomarkers for AD, Aβ and Tau have been extensively investigated and 

verified. Aβ biomarkers include Aβ42 and the ratio of Aβ42 to Aβ40, both of which are generally 



335 

AIMS Molecular Science  Volume 11, Issue 4, 330–350. 

evaluated in CSF. Decreased levels of Aβ42 in CSF suggest the presence of amyloid plaque buildup 

in the brain. Tau biomarkers, such as t-tau and p-tau, indicate the existence of neurofibrillary tangles 

and neuronal damage when their levels are increased in CSF [41,42]. 

Aside from the conventional biomarkers, numerous newly identified biomarkers are being 

recognized for their potential to detect and track AD at an early stage. These comprise CSF 

biomarkers, namely chitinase-3-like protein 1 (YKL-40), Ng, synaptosomal-associated protein-25 

(SNAP-25), and visinin-like protein 1 (VILIP-1). YKL-40 is a biomarker of inflammation, and 

increased concentrations in CSF are linked to the presence of neuroinflammation in individuals with 

AD [43]. Ng is a protein found in the postsynaptic region of neurons that plays a role in the ability of 

synapses to change and adapt, known as synaptic plasticity. When the levels of Ng in the CSF are 

lower, it is associated with a decrease in synapses and a drop in cognitive function. SNAP-25 and 

VILIP-1 are linked to synaptic function and neuronal integrity, respectively, further understanding 

AD’s synaptic and neuronal alterations [44]. 

In addition, developing new blood and genetic biomarkers improves the precision and 

practicality of diagnosing AD. Blood biomarkers, such as the ratio of plasma Aβ42/40, plasma p-tau, 

and neurofilament light chain (NfL), provide a less intrusive and more readily available method for 

early detection. These biomarkers have demonstrated the potential to represent the pathological 

changes happening in the brain accurately and have a strong correlation with CSF biomarkers and 

imaging results [45]. Genetic biomarkers, such as apolipoprotein E (APOE) genotyping, offer 

insights into the genetic risk factors linked to AD. The APOE ε4 allele is a widely recognized risk 

factor for AD and can be used to identify individuals at a greater risk of getting the disease [46]. 

Ultimately, biomarkers are essential instruments in the identification and treatment of AD. The 

ATN classification system offers a systematic method for classifying these biomarkers, enabling a 

thorough comprehension of the disease’s pathogenesis. Incorporating conventional and novel 

biomarkers, such as CSF, blood, and genetic markers, has significant potential in enhancing the 

precision and promptness of diagnosing AD. Continuous research and progress in biomarker 

technologies are crucial for developing more efficient diagnostic tools and therapeutic approaches, 

ultimately improving patient care and results in AD. 

4. Neurogranin: A key protein in synaptic function and AD 

Neurogranin is a gene that encodes a protein found on the 11th chromosome of humans. It 

covers a distance of around 12.5 kilobase pairs (kbp) [39]. Ng is a gene that produces a postsynaptic 

protein called p17. This protein was discovered as a substrate of protein kinase C when isolated from 

the bovine brain [10, 47]. The term "neurogranin" is derived from the granular appearance that may 

be noticed under an electron microscope in the pyramidal cells of the hippocampus and cortex in the 

central nervous system (CNS) [47, 48]. Ng is a compact protein, weighing around 7.5 kilodaltons 

(kDa) and made up of 78 amino acids. The Ng gene consists of four exons and three introns in its 

structure. Exon 1 is responsible for encoding the initial five amino acids of the protein, whereas exon 2 

is responsible for encoding the remaining 73 amino acids. Exons 3 and 4 comprise untranslated 

regions that are involved in the control of gene expression [10]. The protein’s evolutionary 

conservation is highlighted by a significant level of sequence similarity between human and rat Ng, 

with a 90% correspondence at the nucleic acid level and a 96% correspondence at the protein level. 

The significant resemblance indicates that Ng plays crucial functional roles in various species [49]. 
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Ng is mainly found in the brain, specifically in the hippocampus and cortex, and is essential for 

cognitive processes, including learning and remembering. This particular protein located in the 

postsynaptic region plays a crucial role in various essential processes, such as synaptic plasticity, 

synaptic regeneration, and LTP [50]. Synaptic plasticity is the capacity of synapses to undergo 

strengthening or weakening over a period, which is a primary mechanism that underlies the 

processes of learning and memory. Ng has a critical function in this process by regulating the 

presence of calmodulin (CaM). This messenger protein binds to calcium and is necessary for 

activating calcium/CaM-dependent protein kinase II (CaMKII). CaMKII is important for synaptic 

strength and plasticity [51]. 

Studies have emphasized the importance of Ng in AD. Synaptic dysfunction and loss in AD are 

initial occurrences that exhibit a high correlation with cognitive decline. Levels of Ng in CSF have 

been observed to decline in persons with AD, indicating a decrease in synaptic function and loss. Ng 

can potentially be a biomarker for early detection and the tracking of illness advancement [52]. In 

addition, alterations in Ng expression have been linked to the extent of cognitive decline, providing 

additional evidence for its potential usefulness in clinical environments [28]. The neuronal 

localization of Ng, which is observable using electron microscopy, has yielded valuable information 

regarding its distribution and role throughout the brain. The acceptable level of detail indicates that it 

is explicitly positioned in dendritic spines, tiny projections on dendrites where synapses are found. 

Dendritic spines are structures that exhibit morphological alterations in response to synaptic activity, 

and the presence of Ng in these spines implies its involvement in regulating their plasticity and 

stability [53]. 

Ng expression is regulated by neuronal activity and can be affected by factors including calcium 

influx and activation of protein kinase C. Furthermore, research has demonstrated that epigenetic 

mechanisms, including DNA methylation and histone modifications, influence the expression of Ng. 

This emphasizes the crucial role of Ng in preserving synaptic function and plasticity [54]. The 

evolutionary conservation of Ng further highlights its functional significance. The significant 

resemblance between the Ng sequences in humans and rats indicates that this protein has been 

conserved across time because of its crucial functions in synaptic activity. This conservation also 

enables the utilization of animal models to investigate the functions of Ng and its role in AD [55]. As 

more investigation delves into the intricacies of Ng’s functions and regulatory mechanisms, it is 

anticipated to assume a progressively significant part in our comprehension of synapse biology and 

neurodegenerative illnesses. 

5. Expression of neurogranin 

Neurogranin levels of expression vary significantly in various areas of the brain and during 

different stages of development. This diversity indicates its essential function in developing and 

upkeeping neural synapses, which are vital for cognitive functions such as acquiring knowledge and 

retaining information [56]. During the early stages of postnatal development, the brain experiences 

significant growth and restructuring of its synaptic connections. The expression of Ng is especially 

prominent during this period, coinciding with the active phase of synapse formation [57]. The 

expression of Ng at different locations is listed in Table 2. Studies have shown that the levels of Ng 

reach their highest point from 2 to 3 years of age. This is an essential time for the formation of 

synapses and the ability of synapses to change, which are crucial processes for cognitive 
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development and functioning [22,58]. The elevated concentrations of Ng seen during this initial 

phase indicate its role in establishing and fine-tuning synaptic connections. During development, the 

expression of Ng becomes increasingly specialized in certain regions [59]. Ng is primarily located in 

dendritic spines, the tiny protrusions on dendrites where synapses are generated. Dendritic spines are 

highly adaptable structures that have a critical function in the transmission and flexibility of synapses. 

The presence of Ng in these spines highlights its significance in regulating synaptic strength and 

plasticity. The protein’s capacity to attach to CaM, a crucial modulator of calcium signaling in 

neurons, further emphasizes its involvement in synaptic activity. Ng controls the availability of 

calmodulin, affecting CaMKII’s activity. This activity is crucial for synaptic plasticity and LTP [60]. 

Table 2. Expression of neurogranin at different locations. 

Study Tracing Techniques Expression of Neurogranin (Ng) 

Svirsky et al., 

2019 [61] 

Immunohistochemistry Traumatic brain injury affects neurogranin by 

characterizing protein expression changes at 

various time points after the injury. 

Agnello et al., 

2021 [8] 

Commercial ELISA kit Found in neurons of the cerebral cortex, 

hippocampus, amygdala, and striatum; also 

detected in certain non-neuronal tissues such 

as the adrenal gland and kidney. 

Alberto et al., 

2019 [62] 

Immunofluorescence The expression of Ng in cultured hippocampal 

neurons showed that protein and mRNA levels 

were about 10% of that found in the adult 

hippocampus. 

Willemse et al., 

2020 [29] 

Fluorodeoxyglucose positron 

emission tomography 

CSF Ng is a general biomarker for synaptic 

degeneration, strongly correlating with CSF 

tau. 

Hwang et al., 

2021 [63] 

Immunoblotting Altered Ng levels affect the phosphorylation 

landscape of neuronal proteins. 

Cheriyan et al., 

2020 [64] 

Immunofluorescence Human and mouse endothelia 

During maturity, the level of Ng expression remains consistent in brain areas linked to advanced 

cognitive abilities, such as the hippocampus and cortex. These regions play a crucial role in memory 

formation, spatial navigation, and executive processes. The continuous presence of Ng in these 

regions indicates its continued function in preserving synaptic well-being and adaptability, which are 

crucial for cognitive resilience and adjustment to novel encounters [65]. Ng expression is regulated 

through an intricate mechanism that is impacted by multiple factors, such as neuronal activity and 

epigenetic changes. Neuronal activity, namely the entry of calcium through N-methyl-D-aspartate 

(NMDA) receptors, can increase the expression of Ng, hence strengthening its function in regulating 

synaptic plasticity. Furthermore, the regulation of Ng gene expression is also influenced by 

epigenetic mechanisms, including DNA methylation and histone modifications. This highlights the 

complex control of this essential protein [54]. 

Ng expression changes are particularly intriguing when considering AD. Research has indicated 

that persons with AD experience a drop in Ng levels in their CSF, which is a result of synapse loss 
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and dysfunction. Since synaptic degradation occurs early in AD, the decrease in Ng levels can be 

used as a biomarker to diagnose and track the evolution of the disease [52]. Additionally, alterations 

in Ng expression have been linked to the extent of cognitive decline in patients with AD, indicating 

that Ng serves as an indicator of synaptic pathology and is also connected with clinical outcomes [28]. 

The importance of Ng goes beyond its function in the regular operation of the brain to its potential as 

a target for therapeutic interventions. Modulating the levels or function of Ng could provide novel 

treatment options for cognitive deficiencies related to neurodegenerative illnesses due to its role in 

calcium signaling and synaptic plasticity. For example, increasing the level of Ng or imitating its role 

could enhance synaptic connections’ strength and cognitive performance in situations when the 

integrity of synapses is damaged [66]. An ongoing study into the intricacies of Ng regulation and 

function shows potential for enhancing our comprehension of brain development, synaptic plasticity, 

and the mechanisms behind neurodegenerative diseases. 

6. Functions of neurogranin 

Neurogranin plays a crucial role in synaptic plasticity, mainly through mechanisms like LTP and 

long-term depression (LTD). These mechanisms are responsible for the cellular foundations of 

cognitive functions. This has been supported by studies conducted by Cardozo et al. [67], Camporesi 

et al. [22], and Agnello et al. [8]. Synaptic plasticity refers to the ability of synapses, the connections 

between neurons, to change and adapt in response to activity and experience. Synaptic plasticity 

pertains to the capacity of synapses to enhance or diminish in strength over time in response to changes 

in their activity levels [68]. LTP and LTD are two primary types of synaptic plasticity that correspond 

to the enhancement and reduction of synaptic connections, respectively (Figure 3). Ng plays a crucial 

role in these processes by interacting with CaM, an essential calcium-bound protein [69]. 

 

Figure 3. Series of synaptic plasticity. 

LTP is a persistent increase in the transmission of signals between two neurons, which occurs 

when they are activated simultaneously. It is a fundamental process that forms the basis of learning 

and memory. As a protein that binds to CaM, Ng plays a crucial part in this process. During synaptic 

activity, calcium ions (Ca2+) entering the postsynaptic neuron via NMDARs bind to CaM, which 
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subsequently activates CaMKII [68]. CaMKII, when activated, phosphorylates the 

α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs), resulting in an 

augmentation of synaptic transmission through an increase in the quantity of AMPARs present at the 

synapse and their ability to conduct signals [54,70]. 

Ng interacts with calmodulin when it is not phosphorylated and moves it close to the plasma 

membrane. The strategic placement of calmodulin guarantees its accessibility for interaction with 

calcium ions that arrive through NMDARs, hence expediting the swift activation of CaMKII. Ng 

undergoes phosphorylation in response to an increase in intracellular calcium levels. This 

phosphorylation leads to the release of calmodulin, which then activates CaMKII effectively. As a 

result, this process promotes LTP over LTD [54,70]. LTD refers to the activity-dependent weakening 

of neuronal synapses that lasts for hours or longer. This is in contrast to LTP. The process entails the 

stimulation of calcineurin (CaN). This enzyme removes phosphate groups from different synaptic 

proteins, resulting in the uptake of AMPARs and a consequent reduction in synaptic transmission 

strength. CaM activates CaN instead of CaMKII when calcium levels are reduced. Ng influences this 

pathway by its ability to bind to CaM. In settings of low calcium, Ng, which is not phosphorylated, 

binds to calmodulin, blocking its activation of CaMKII and instead promoting the activation of CaN, 

hence increasing LTD [54,70]. The protein’s function in calcium signaling pathways facilitates 

synaptic plasticity and contributes to the reorganization and development of new synaptic 

connections (Figure 4).  

Experimental studies have emphasized the functional importance of Ng in synaptic plasticity. 

For instance, animals that do not have Ng show significantly decreased LTP and poor memory that 

relies on the hippocampus. This demonstrates the crucial function of the protein in these biological 

processes [48,54,71]. These findings emphasize the vital role of Ng in facilitating the synaptic 

pathways responsible for learning and memory. 

  

Figure 4. Diagrammatic representation of Ng in the calcium signaling pathway. An 

increase in intracellular calcium leads to phosphorylation of Ng and conformational 

changes in CaM, leading to the activation of Ca-dependent enzymes and processes, 

whereas if the intracellular calcium is low, then the unphosphorylated Ng binds to CaM 

and prevents the activation of Ca-dependent enzymes and processes. 

Ng has a crucial role in controlling synaptic plasticity and regeneration. Its binding to CaM and 

its proximity to the plasma membrane makes it a critical regulator of calcium signaling pathways that 

play a role in LTP and LTD [72]. Ng exerts a substantial influence on the activation of CaMKII and 

CaN, hence playing a crucial role in the facilitation and impairment of synaptic connections. Ng and 

neuromodulin (Nm) are neuron-specific substrates of protein kinase C (PKC) that modulate the 
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activity of calmodulin (CaM) and are implicated in learning and memory processes [73]. Ng and Nm 

are intrinsically disordered proteins; however, they adopt helical conformations upon binding to CaM 

(Figure 5A). The structure of IQ peptides (24 amino acids) from the Nm/Ng complex with CaM 

reveals that key binding residues in Ng are situated in a negatively charged pocket in the apo form of 

CaM [74]. The phosphorylation of these residues by PKC neutralizes the primary charge of these 

residues and introduces a negative charge in the region, which repels Nm/Ng from CaM. 

Consequently, this prevents the activation of various CaM-dependent functions related to 

learning and memory. This phosphorylation mechanism elucidates how PKC-induced modifications 

inhibit the binding of Nm/Ng to CaM, highlighting the critical role of phosphorylation in regulating 

synaptic signals [74]. This binding mode was demonstrated through functional analysis, revealing 

that an Ng mutant, in which arginine was replaced by alanine, failed to enhance synaptic 

transmission in hippocampal neurons. This finding indicates the importance of this residue for 

CaM-modulated synaptic activity. Ng binds to calmodulin in receptor binding competition, 

competing directly with other CaM-binding proteins, such as CaMKII [68]. Thus, competitive 

binding is essential for regulating synaptic plasticity mechanisms, including LTP LTD, in neurons 

associated with learning and memory. The competition between neurogranin and other proteins for 

CaM binding represents a significant regulatory mechanism in neuronal signaling pathways. 

Figure 5B presents a schematic protein-protein interaction map centered on CaM and its 

associated proteins constructed by the String database [75]. It demonstrates the complex interactions 

among various members of the CaM family and neuron-specific proteins involved in synaptic 

signaling and function. This network comprises multiple isoforms of calmodulin, including CALM1, 

CALM2, CALM3, CALML3, CALML4, and CALML5, which are intricately interconnected due to 

their roles in calcium signaling and the regulation of subsequent events. Ng is predominantly 

expressed with CaM, highlighting its significance in controlling synaptic plasticity through CaM [76]. 

Additional proteins in the network, such as GAP43 and IQCJ, demonstrate significant binding 

affinities with calmodulin, highlighting their involvement in synaptic activity and plasticity [77]. The 

intricate interrelations among proteins in the network, such as those between CaM isoforms and 

kinase subunits (e.g., PHKA1, PHKB, and PHKG2), indicate a highly interconnected signaling 

platform centered on CaM, which seems to govern various cellular processes related to 

neurotransmitter release and synaptic plasticity [78]. Furthermore, CaM’s interactions with synaptic 

proteins like SNCA (alpha-synuclein) and NEFL (neurofilament light polypeptide) highlight the 

significance of CaM signaling in neurodegenerative illnesses, where the disruption of these pathways 

may result in pathological circumstances [79]. The network map illustrates the synaptic and signaling 

proteins interacting with CaM, elucidating the intricate molecular interactions fundamental to 

neuronal function. It also highlights potential nodes of interest, particularly in the context of 

neurodegenerative disorders pertinent to the progression of Alzheimer’s disease and other similar 

conditions. The connections illustrated herein emphasize the significance of CaM as the master 

switch molecule in the nervous system, regulating complex signaling pathways essential for synaptic 

homeostasis. 
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Figure 5. (A). The Protein Data Bank (PDB) identifier for the complex of IQ peptides of 

Ng with CaM is 4E50. This structure shows the interaction between Ng and CaM in its 

calcium-free (apo) state, highlighting the binding mechanism relevant to its role in 

synaptic plasticity and signaling. (B). This network map provides a comprehensive 

visualization of how CaM interacts with multiple synaptic and signaling proteins, 

illustrating the intricate molecular landscape that underpins neuronal function. 

7. Neurogranin and AD 

A comprehensive understanding of the biomarkers linked to synaptic alterations is essential for 

the timely identification and intervention of AD. Synaptic dysfunction is an early pathological 

characteristic of AD, which happens before the noticeable loss of neurons or the onset of clinical 

symptoms [80]. The early breakdown of synaptic connections highlights the significance of 

discovering biomarkers that can accurately indicate these alterations. Ng is highly valuable for this 

purpose because of its crucial involvement in synaptic plasticity. Studies have demonstrated that Ng 

levels exhibit substantial variation in several brain regions and body fluids in individuals with AD [81]. 

Ng levels are reduced in the brains of persons with AD, specifically in the hippocampus and cerebral 

cortex. These brain regions play a significant role in cognitive processes, including learning and 

memory, and are greatly affected by AD [48,82,83]. The decrease in Ng levels in these crucial 

regions indicates the decline in synaptic integrity and function. In contrast, levels of Ng in the CSF 

are elevated in AD. The observed rise is most likely caused by the release of Ng into the CSF due to 

synaptic damage and degeneration. Individuals with AD have higher levels of Ng in their CSF 

compared to those with mild cognitive impairment (MCI). This indicates that Ng in CSF can be used 

as a sensitive marker to track the progression of synaptic pathology from early to advanced stages of 

the disease [84]. 

Ng is also linked to forming Aβ and tau proteins, which are the characteristic protein buildups in 

AD. Aβ plaques and neurofibrillary tangles, which consist of tau proteins that have been excessively 

phosphorylated, interfere with synaptic function and lead to the death of neurons [85]. The 

participation of Ng in various pathways highlights its significance as a biomarker. Research has 
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demonstrated that the levels of Ng are changed in exosomes produced from neurons and separated 

from blood plasma [23]. Neuronal-derived extracellular vesicles (NDEs) are tiny structures secreted 

by neurons and contain chemical substances that mirror the characteristics of the neurons they come 

from. Ng levels in individuals with AD are reduced in neuronal-derived extracellular vesicles 

(NDEs), but there is no notable alteration in the overall levels of Ng in the blood plasma [52]. These 

findings indicate that changes unique to neurons in Ng can be identified without intrusive procedures, 

providing a possible method for early detection and tracking of AD. 

Clinicians may detect AD at an earlier stage by assessing Ng levels in CSF and 

neurodegenerative exosomes before significant cognitive impairment occurs. Timely intervention 

and management of the condition are essential. Ng levels can be used to monitor the advancement of 

synaptic degeneration in AD [86]. This can help evaluate the effectiveness of therapeutic measures 

designed to maintain synaptic function. Ng can be used to distinguish AD from other 

neurodegenerative disorders that do not show the same Ng changes. Ng is intimately associated with 

synaptic abnormalities unique to AD [87]. Additional investigation is required to completely clarify 

the mechanisms that underlie Ng’s function in AD and its interaction with Aβ and tau [88]. 

Furthermore, extensive clinical trials are necessary to confirm the efficacy of Ng as a dependable 

biomarker for diagnosing and monitoring AD [44]. Ng is a crucial protein indicating the synaptic 

disruption typical of AD when its expression is changed. The presence of the disease in CSF and 

NDEs gives vital information about the initial phases of the disease. It is a promising method for 

diagnosing and monitoring treatment progress [89]. As our comprehension of Ng function in AD 

becomes more profound, it has the potential to enhance patient outcomes by enabling earlier 

detection and more precise treatment techniques. 

Elevated concentrations of Ng may render it beneficial in clinical contexts such as AD and other 

neurodegenerative disorders due to its role in synaptic plasticity and memory via the modulation of 

CaM [72]. Given that Ng is exclusive to neurons and synapses, elevated levels of Ng in CSF are 

observed in cases of synaptic degeneration and cognitive decline, facilitating early illness diagnosis 

and assessment of severity [90]. Furthermore, activating Ng pathways may be advantageous for 

treating the disorders above, as it enhances synaptic and cognitive functions. Nonetheless, the 

utilization of Ng as a biomarker has certain limitations that necessitate additional validation: first, the 

specificity and sensitivity of Ng in Alzheimer’s patients; second, elevated Ng levels may also occur 

in other neurodegenerative disorders. Additional problems encompass diversity among measuring 

methods, assay conditions, and patient groups, complicating the procedure; thus, establishing 

standardized protocols is essential. Moreover, while Ng is recognized for its role in synaptic function, 

a more comprehensive understanding of the specific mechanisms of Ng targeting and potential 

adverse effects associated with therapeutic interventions targeting Ng is necessary, given its 

interactions with various CaM-binding proteins [91]. These difficulties necessitate thoroughly 

considering risks and returns or gains and losses. Nonetheless, Ng possesses significant potential for 

clinical applications, and further research will be essential to establish its utility as both a diagnostic 

instrument and a therapeutic target in neurodegenerative disorders. 

8. Future directions 

Detailed investigations on Ng should focus on elucidating the particular mechanisms implicated 

in synaptopathy and the role of Ng in AD. Although elevated levels of Ng in CSF are associated with 
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synapse loss and cognitive decline in AD patients, the precise mechanisms via which Ng influences 

these processes remain inadequately understood. Future research elucidating the interactions between 

Ng and other synaptic proteins and their impact on signaling cascades may enhance our 

comprehension of Ng’s role in developing synaptic plasticity and associated diseases. Furthermore, 

analyses utilizing alternative methodologies, including advanced imaging technologies and 

biochemical techniques, may assist in delineating the specific spatial and temporal patterns of Ng 

concerning the development of amyloid β and tau pathology, thereby enhancing comprehension of 

the correlation between Ng alterations and various stages of AD. Another crucial area for future 

research is the standardization of methodologies for evaluating Ng levels in CSF and, potentially, 

blood. This is particularly important as Ng could serve as a biomarker for the early diagnosis of AD. 

Current measurement methodologies often lack accuracy, making it necessary to improve them to 

align more closely with clinical practice. Furthermore, future investigations could explore the 

incorporation of Ng as a marker alongside other indicators, such as tau and Aβ, to develop a 

multiparameter biomarker model. Such a model would more accurately represent the complex nature 

of AD pathophysiology and provide a more precise delineation of the onset and progression of the 

condition. 

Additional research should focus on the efficacy of regulating Ng to restore synaptic function in 

AD. Consequently, comprehending the implications of altering Ng activity through pharmacological 

or gene therapies may yield novel avenues for addressing synaptic loss and cognitive deterioration in 

individuals with AD. Investigating the role of Ng phosphorylation and its capacity to bind CaM and 

other signaling molecules in the regulation of synaptic plasticity may uncover further targets that 

might be modified to reverse pathology. Moreover, examining the effects of Ng-targeted therapeutics 

in animal models and clinical trials could provide critical insights into the efficacy and dangers of 

these interventions, hence advancing the research of these medicines toward practical use. 

9. Conclusions 

Alzheimer’s disease ranks as the sixth most common cause of death in individuals over the age 

of 65. A significant limitation in the development of therapeutic options is the inadequate diagnosis 

of the disease, which is attributed to its intricate etiology. Each individual in this condition presents 

unique symptoms. Since AD is multifactorial, investigating several biomarkers is essential for its 

identification. Ng is a synaptic protein that plays a role in LTP, a mechanism involved in the 

plasticity of synapses. Recent studies have demonstrated a link between elevated Ng levels in the 

CSF of individuals with AD and the presence of Aβ and tau proteins. This suggests that Ng could 

serve as a promising biomarker for diagnosing AD. The utilization of Ng and other biomarkers plays 

a significant role in the timely detection and treatment of AD, making its clinical implications crucial. 

Further research on the biomarkers associated with various phases of AD can aid in improving 

disease diagnosis and advancing novel treatments. 
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