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Abstract 

Background: Vitiligo is an acquired autoimmune disorder characterized by patchy depigmentation in the 

skin and hair. Dysregulation of lipid metabolism and immune dysregulation are key factors in the 

pathogenesis of vitiligo. Apolipoprotein E4 (ApoE4), a protein involved in lipid metabolism, has been 

implicated in various health conditions. Assessing serum levels of ApoE4 in patients with vitiligo may 

provide insights into the disease process and clinical implications. Objective: The review aims to explore 

the potential role of ApoE4 in vitiligo pathogenesis, its association with lipid metabolism and immune 

dysregulation, and the clinical implications of altered ApoE4 levels. Conclusions: In conclusion, the 

assessment of serum levels of Apolipoprotein E4 (ApoE4) in patients with vitiligo holds promise as a 

potential avenue for understanding the disease and its clinical implications. 
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1. Introduction  

Vitiligo is an acquired, idiopathic, auto-immune 

condition characterised by patchy depigmentation 

of the skin, hair, or both. This illness affects a 

considerable fraction of the worldwide 

population, with an estimated frequency among 

adults and children of 0.5-2 %. Vitiligo is 

characterised by the emergence of amelanotic, 

milky white macules or patches with well-defined 

boundaries, surrounded by unaffected skin [1]. 

It is largely thought that vitiligo is caused by a 

mix of genetic, environmental, and immune 

factors. Recent study has given light on the 

possible role of lipid metabolism in vitiligo's 

aetiology. Lipids, such as cholesterol and 

different lipoproteins, are essential for cellular 

function and signalling pathways. Several 

autoimmune and inflammatory illnesses have 

been linked to disturbances in lipid metabolism, 

making it an appealing field of research for 

vitiligo [2]. 

Particularly intriguing is the interaction between 

oxidative stress, autoimmunity, and lipid 

metabolism in vitiligo. Vitiligo has been linked to 

oxidative stress, which is defined by the 

formation of reactive oxygen species (ROS) 

inside cells. Excessive ROS may damage DNA, 

proteins, and lipids, resulting in malfunction and 

death of cells. This oxidative assault induces the 

production of damage-associated molecular 

patterns (DAMPs) or autoantigens, therefore 

starting immunological responses that lead to the 

demise of melanocytes, the pigment-producing 

cells responsible for skin pigmentation [3]. 

In recent years, vitiligo-related research has 

concentrated on finding relevant biomarkers and 

genetic variables. ApoE4, a protein implicated in 

lipid metabolism, has emerged as a possible 

contender for elucidating the condition. ApoE is 

generated in the liver and locally in the brain. It 

plays an important function in lipid transport and 

metabolism, especially in the clearance of 

cholesterol and other lipoproteins from the 

circulation [4]. 

There are three common versions of the ApoE 

gene, known as alleles: ApoE2, ApoE3, and 

ApoE4. The ApoE4 allele has been linked with 

an increased prevalence of many illnesses, 

including cardiovascular disease, Alzheimer's 

disease, and age-related cognitive decline. ApoE4 

allele presence dramatically affects lipid 

metabolism and cholesterol homeostasis, which 

may contribute to systemic inflammation and 

oxidative stress [5]. 

Given the growing evidence suggesting the 

involvement of lipid metabolism and oxidative 

stress in vitiligo, investigating the serum levels of 

ApoE4 in patients with vitiligo holds promise. 

Assessing the serum levels of ApoE4 could 

provide valuable insights into the potential role of 

lipid metabolism in the pathophysiology of 

vitiligo, as well as its association with systemic 

inflammation and oxidative stress. Moreover, 

understanding the relationship between ApoE4 

and vitiligo may offer new perspectives on 

diagnostic markers, therapeutic targets, and 

personalized treatment strategies for this 

challenging and complex condition [6]. 

This review aims to assess the potential 

association between ApoE4 and vitiligo, explore 

its role in lipid metabolism, oxidative stress, and 

autoimmune processes, and discuss its 

implications for the pathogenesis, diagnosis, and 

treatment of vitiligo. 

2. Apolipoprotein E4: 
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ApoE4 is a protein that plays an essential 

function in lipid metabolism and is related with a 

variety of health disorders (Fig. (1). This protein 

is encoded by the ApoE gene on chromosome 19. 

ApoE2, ApoE3, and ApoE4 are three frequent 

variations or alleles of the ApoE gene. Due to its 

probable role in lipid homeostasis and its 

consequences for a number of diseases, ApoE4 

has garnered the most interest [7]. Table 1 

 
Fig. (1) Structure of Apolipoprotein E4 [8]. 

 

Table (1) Apolipoprotein E4 (ApoE4) in Lipid Metabolism and Association with Health Conditions 

[9]. 

 

 
Description 

Apolipoprotein E4 

(ApoE4) 

ApoE4 is a protein involved in lipid metabolism and associated with various 

health conditions. 

Role in Lipid 

Metabolism 

- Synthesized by the liver and involved in lipid transport and metabolism. 

- Acts as a ligand for receptors involved in the clearance of lipoproteins, 

particularly very low-density lipoproteins (VLDL) and remnants of chylomicrons 

and VLDL. 

- Facilitates transportation and redistribution of lipids among tissues and organs. 

Association with 

Health Conditions 

- ApoE4 is associated with an increased risk of cardiovascular disease, including 

coronary artery disease, atherosclerosis, and elevated plasma cholesterol levels. 

- Also linked to an increased risk of Alzheimer's disease, cognitive decline with 

aging, and other neurodegenerative disorders. 

Mechanisms 

- ApoE4 may influence lipid metabolism, vascular function, and inflammation, 

contributing to the development of associated health conditions. 

- Impaired clearance of lipoproteins may lead to dyslipidemia and increased 

accumulation of cholesterol and triglycerides in tissues. - Promotes inflammation, 

oxidative stress, and vascular dysfunction. 

Genetic 

Characteristics 

- ApoE gene has three common alleles: ApoE2, ApoE3, and ApoE4. - ApoE4 

allele is characterized by the presence of cysteine residues at positions 112 and 

158. 

- Reduced binding affinity for lipoprotein receptors compared to other ApoE 

isoforms. - Impaired lipoprotein clearance associated with ApoE4 increases 

cardiovascular risk. 

Functional 

Characteristics 

- Besides lipid metabolism, ApoE4 is involved in synaptic plasticity, neuronal 

repair, and clearance of amyloid-beta in Alzheimer's disease. 

- Specific mechanisms through which ApoE4 influences these processes are still 

under investigation. 

- ApoE4's role in disease susceptibility is likely influenced by interactions 

between genetic, environmental, and lifestyle factors. 

Role in Lipid Metabolism: ApoE4 is synthesized by the liver and is 

involved in lipid transport and metabolism. It 
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functions as a ligand for receptors involved in 

the uptake and clearance of lipoproteins, 

particularly very low-density lipoproteins 

(VLDL) and remnants of chylomicrons and 

VLDL (Fig. (2). ApoE4 facilitates the 

transportation and redistribution of lipids, 

including cholesterol and triglycerides, among 

different tissues and organs. By promoting the 

clearance of lipoproteins from the bloodstream, 

ApoE4 helps maintain lipid homeostasis and 

plays a role in regulating plasma lipid levels 

[10]. 

 
Fig. (2) ApoE4 Impairs Neuron-Astrocyte Coupling of Fatty [11]. 

 

Association with Health Conditions: 

The presence of the ApoE4 allele has been 

linked to an elevated risk of several diseases. 

Epidemiological studies have repeatedly linked 

ApoE4 to an increased incidence of 

cardiovascular disease, such as coronary artery 

disease, atherosclerosis, and elevated plasma 

cholesterol levels. ApoE4 has also been linked 

to an increased risk of Alzheimer's disease, 

cognitive decline with age, and other 

neurodegenerative diseases [12]. 

The exact mechanisms underlying the 

association between ApoE4 and these health 

conditions are not fully understood. However, 

it is thought that ApoE4 may influence lipid 

metabolism, vascular function, and 

inflammation, which contribute to the 

development and progression of these 

disorders. ApoE4 may affect the clearance of 

lipoproteins, leading to dysregulated lipid 

metabolism and increased accumulation of 

cholesterol and triglycerides in tissues. This, in 

turn, may promote inflammation, oxidative 

stress, and vascular dysfunction, contributing 

to cardiovascular disease and 

neurodegenerative processes [13]. 

Genetic and Functional Characteristics: 

There are multiple genetic variations of the 

ApoE gene, with ApoE4 being the most-

studied allele. ApoE4 has cysteine residues at 

positions 112 and 158, which contribute to its 

distinctive structural and functional features. 

ApoE4 has a lower binding affinity for 

lipoprotein receptors than ApoE2 and ApoE3, 

resulting in a decreased clearance of 

lipoproteins from the circulation. This 

impairment may contribute to dyslipidemia 

and increased cardiovascular risk linked with 

ApoE4 [14]. 

ApoE4 has also been linked to other cellular 

functions, in addition to its involvement in 

lipid metabolism. It participates in synaptic 

plasticity, neuronal repair, and the clearance of 

amyloid-beta, a protein implicated in the 

pathogenesis of Alzheimer's disease. However, 

the precise mechanisms through which ApoE4 

impacts these processes and leads to disease 

vulnerability remain unknown [15]. 

3. Vitiligo: 

Vitiligo is a chronic, acquired skin illness 

marked by areas of depigmented or 

hypopigmented skin, hair, or mucous 

membranes. These spots are caused by the loss 

of melanocytes, the pigment-producing cells 

responsible for skin pigmentation. Vitiligo 

affects people of various ages, ethnicities, and 

genders, and its precise aetiology remains 

complicated and multivariate [16]. 

Clinical Features: 

The clinical appearance of vitiligo is marked 

by the presence of distinct, pigment-free, 

milky-white macules or patches. These lesions 

may occur everywhere on the body, including 

the face, extremities, trunk, and genital 

regions. The size and location of the lesions 

might vary considerably across people, ranging 

from minor, localised lesions to significant 
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involvement of broad body surface regions (Fig. (3) [17]. 

 
Fig. (3) Clinical presentation of vitiligo [18]. 

 

Etiology: 

The actual aetiology of vitiligo remains 

unknown. However, genetic, environmental, 

immunological, and metabolic variables are 

considered to be involved. Both genetic 

predisposition and environmental stimuli seem 

to play important roles in the development of 

vitiligo. Many genetic susceptibility loci have 

been found, showing the involvement of 

multiple genes involved in immunological 

modulation, melanocyte function, and 

oxidative stress response [19]. 

Possible Mechanisms: 

Vitiligo is classified as an autoimmune 

condition in which the immune system attacks 

and destroys melanocytes. There is an 

interaction between genetic predisposition, 

immunological dysregulation, and 

environmental stimuli in autoimmune 

processes. The precise cause of autoimmunity 

in vitiligo is unknown, although it is believed 

to include a lack of self-tolerance that causes 

immune cells to recognise melanocytes as 

foreign antigens [20]. 

Emerging evidence in recent years has linked 

abnormalities in lipid metabolism and 

oxidative stress in the aetiology of vitiligo. 

Lipid metabolism is essential for the 

maintenance of cellular homeostasis and 

function. Vitiligo has been associated with 

alterations in lipid metabolism, including 

anomalies in cholesterol transport and 

metabolism. Apolipoprotein E4 (ApoE4), a 

protein involved in lipid metabolism, has 

garnered interest as a possible factor in the 

development or progression of vitiligo. ApoE4 

is produced in the liver and functions in the 

transport and metabolism of lipids, particularly 

cholesterol [21]. 

It is speculated that ApoE4 may alter lipid 

homeostasis, immunological responses, and 

oxidative stress in melanocytes, however its 

significance in vitiligo remains unclear. 

Potentially mediated by ApoE4, dysregulation 

of lipid metabolism may contribute to the 

oxidative stress found in vitiligo. Oxidative 

stress, which is defined by an imbalance 

between the formation of reactive oxygen 

species (ROS) and the cellular antioxidant 

defence systems, has been linked to the 

damage and loss of melanocytes in vitiligo 

(Fig. (4) [22]. 

 
Fig. (4) Representation of Oxidative Stress (OS) and activa-tion of innate immunity in vitiligo [19]. 



Asmaa.M.Qasim, Essam.M.Aql, Omnia.A.Abdallah and Ghada.M.Khalik                                   33 

 

Benha Journal Of Applied Sciences, Vol. (8) Issue (8) (2023( 

 

Active research focuses on the relationship 

between lipid metabolism, ApoE4, oxidative 

stress, and autoimmunity in vitiligo. 

Understanding the probable pathways linking 

lipid metabolism and ApoE4 in vitiligo may 

provide light on the pathophysiology of the 

illness, including the disruption of melanocyte 

function, immunological dysregulation, and 

oxidative damage. To establish the specific 

involvement of lipid metabolism and ApoE4 in 

vitiligo, as well as their potential as therapeutic 

targets or diagnostic indicators, more study is 

required [23]. 

4. Potential Mechanisms of Apolipoprotein 

E4 (ApoE4): 

Understanding the possible processes via 

which Apolipoprotein E4 (ApoE4) may impact 

the aetiology of vitiligo is essential for 

elucidating the disease's complexity. Multiple 

lines of evidence show that lipid metabolism 

and ApoE4 may play a role in melanocyte 

failure and immunological dysregulation, 

which are major contributors to the onset and 

progression of vitiligo [24]. 

 

Table (2) Potential Mechanisms by which Apolipoprotein E4 (ApoE4) may Influence the Pathogenesis 

of Vitiligo [25] 

 

Potential 

Mechanisms 
 

Lipid 

Metabolism 

- Dysregulation of lipid metabolism may contribute to vitiligo pathogenesis. 

- Altered lipid homeostasis, potentially mediated by ApoE4, may impact 

melanocyte function and melanin production. 

- Disruptions in lipid metabolism can lead to oxidative stress, which may damage 

melanocytes and contribute to depigmentation in vitiligo. 

Melanocyte 

Dysfunction 

- ApoE4 may interact with lipid rafts in melanocytes, affecting their signaling and 

metabolic processes. 

- Alterations in lipid raft composition and function could disrupt melanocyte 

homeostasis and contribute to vitiligo development. 

- ApoE4, with its involvement in neuronal repair mechanisms, may influence the 

repair capacity and resilience of melanocytes. 

Immune 

Dysregulation 

- Immune dysregulation is a hallmark of vitiligo, and ApoE4 may influence 

immune responses in the disease. 

- Dysregulated lipid metabolism mediated by ApoE4 may disrupt immune cell 

homeostasis and promote pro-inflammatory responses. 

- Altered lipid mediators and immune cell activation influenced by ApoE4 could 

contribute to immune cell infiltration and melanocyte destruction in vitiligo. 

 

- ApoE4 may modulate antigen presentation, cytokine production, and T-cell 

activation, influencing the balance between regulatory and effector immune 

responses in vitiligo. 

1. Lipid Metabolism: 

The metabolism of lipids is essential for 

cellular homeostasis and function. Variations 

in lipid metabolism have been linked to a 

number of illnesses, including vitiligo. ApoE4, 

which is involved in lipid transport and 

metabolism, may lead to abnormalities in lipid 

homeostasis that influence the function of 

melanocytes [26]. 

It has been postulated that ApoE4-mediated 

deregulation of lipid metabolism might disturb 

the balance of lipid components required for 

proper melanocyte activity. Melanogenesis, the 

process through which melanocytes create and 

transport melanin pigments responsible for 

skin and hair colour, is dependent on lipids. In 

vitiligo, disturbances in lipid metabolism may 

influence melanocyte function, limit melanin 

formation, and lead to pigment loss [11]. 

Moreover, since lipids are vulnerable to 

oxidation, lipid dysregulation may contribute 

to oxidative stress. The aetiology of vitiligo 

has been linked to oxidative stress, which is 

defined by an imbalance between the 

formation of reactive oxygen species (ROS) 

and cellular antioxidant defence systems. 

Increased ROS generation and lipid 

peroxidation may cause melanocyte damage 

and eventual destruction, hence aggravating 

vitiligo depigmentation [27]. 

2. Melanocyte Dysfunction: 

ApoE4 may alter melanocyte function directly 

or indirectly via many methods. ApoE4, an 

apolipoprotein, has been hypothesised to 

interact with lipid rafts in the plasma 

membrane of melanocytes, influencing their 

signalling and metabolic functions. Changes in 

the structure and function of lipid rafts may 
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affect melanocyte homeostasis and contribute 

to the aetiology of vitiligo [28]. 

ApoE4 has also been linked in the regulation 

of neuronal plasticity and repair processes. 

Melanocytes and neural crest cells have 

embryological beginnings, and both cell types 

are susceptible to oxidative stress and immune-

mediated damage. Consequently, it is plausible 

that ApoE4, which is involved in neural repair 

pathways, may similarly affect the repair 

ability and resilience of melanocytes [29]. 

3. Immune Dysregulation: 

Immune dysregulation is the defining 

characteristic of vitiligo, which is distinguished 

by the invasion of immune cells and the 

production of an autoimmune reaction against 

melanocytes. ApoE4's impacts on lipid 

metabolism and immune cell activity may have 

the ability to alter immunological responses in 

vitiligo [30]. 

Immune cell regulation and activation are 

tightly tied to lipid metabolism. ApoE4-

mediated dysregulated lipid metabolism may 

disturb immune cell homeostasis and enhance 

proinflammatory responses. This imbalance 

may contribute to the activation and migration 

of immune cells into the skin, resulting in the 

death of melanocytes [31]. 

In addition, ApoE4 may modulate antigen 

presentation, cytokine generation, and T-cell 

activation to influence immunological 

responses. Alterations in lipid metabolism and 

consequent alterations in lipid mediators may 

affect the equilibrium between regulatory and 

effector immunological responses, resulting in 

the breakdown of immune tolerance and the 

development of autoimmunity against 

melanocytes [32]. 

ApoE4 may impact the aetiology of vitiligo by 

pathways including lipid metabolism, 

melanocyte dysfunction, and immunological 

dysregulation. ApoE4-mediated dysregulation 

of lipid metabolism may affect melanocyte 

homeostasis, inhibit melanin synthesis, and 

exacerbate oxidative stress. ApoE4 may have 

direct or indirect effects on melanocyte 

function by interacting with lipid rafts and 

participating in repair pathways. ApoE4 may 

also influence immunological responses by 

modulating lipid-mediated immune cell 

activation and increasing inflammation. 

Understanding these putative processes is 

crucial for getting an understanding of the 

intricate relationship between lipid 

metabolism, ApoE4, and the pathophysiology 

of vitiligo [33]. 

4. Clinical Implications: 

The evaluation of changed blood levels of 

Apolipoprotein E4 (ApoE4) in vitiligo patients 

may have clinical consequences. 

Understanding the clinical importance of 

ApoE4 levels may help to diagnostic, 

predictive, and individualised therapeutic 

methods. Here, we examine the possible 

clinical ramifications of increased ApoE4 

serum levels in vitiligo patients [34]. 

1. Diagnostic Biomarker: 

ApoE4 levels in the blood may act as a 

diagnostic biomarker for vitiligo. Currently, 

clinical assessment is used to diagnose vitiligo, 

which is often supported by Wood's lamp 

examination, histological study, and 

autoimmune marker testing. However, these 

diagnostic methods are limited by subjective 

interpretation and inability to forecast disease 

development [35]. 

The measurement of blood ApoE4 levels may 

serve as a further objective diagnostic tool. In 

combined with other diagnostic criteria, 

elevated or reduced ApoE4 levels might lead 

to a more accurate and efficient diagnosis of 

vitiligo. Integrating ApoE4 measurement into 

the diagnostic procedure may improve 

diagnosis accuracy and assist differentiate 

vitiligo from other depigmentation illnesses or 

ailments with comparable clinical 

presentations [36]. 

2. Prognostic Biomarker: 

Alterations in ApoE4 serum levels may have 

prognostic consequences for vitiligo. Vitiligo 

is an illness with a diverse nature, and the 

disease history may vary considerably across 

people. Predicting the course and prognosis of 

a disease remains difficult. Identification of 

biomarkers that may provide light on the 

progression and prognosis of a disease is of 

significant clinical interest [37]. 

The results of studies examining the 

relationship between ApoE4 levels and vitiligo 

development might be informative. Monitoring 

ApoE4 levels over time may aid in predicting 

the probability of disease development, the 

degree of depigmentation, and the possible 

therapeutic response. Patients with a higher 

ApoE4 concentration may be at a greater risk 

for illness progression or disease involvement. 

ApoE4-based prognostic classification might 

guide treatment choices and allow 

individualised management methods [38, 39]. 

3. Personalized Treatment Approaches: 

Changes in serum ApoE4 levels may 

potentially have ramifications for 

individualised vitiligo treatment techniques. 

Currently, there is no uniformly effective 

medicine for vitiligo, making treatment 

difficult. Individualized therapy approaches 

that take into account patient-specific traits, 

disease subtypes, and underlying pathogenic 

processes have the potential to enhance patient 

outcomes [40]. 
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ApoE4, as a possible regulator of lipid 

metabolism and immunological responses, 

might provide light on the underlying illness 

processes of certain individuals. Determining 

the ApoE4 status of patients may aid in the 

identification of subgroups that are more likely 

to respond favourably to certain treatment 

regimens. Patients with excessive ApoE4 

levels may benefit from medicines that target 

lipid metabolism or antioxidant pathways, 

while individuals with lower ApoE4 levels 

may need interventions that modulate the 

immune system. Such tailored therapy 

methods, informed by ApoE4 levels, might 

increase patient satisfaction and maximise 

therapeutic results [41]. 

4. Conclusions: 

The potential clinical implications of altered 

serum levels of ApoE4 in vitiligo are 

promising. ApoE4 assessment holds the 

potential to serve as a diagnostic biomarker, 

aiding in accurate and objective diagnosis. 

Additionally, ApoE4 levels may have 

prognostic value, helping predict disease 

progression and inform treatment decisions. 

Furthermore, ApoE4 evaluation could 

contribute to personalized treatment 

approaches, guiding therapeutic interventions 

based on individual ApoE4 status. 

However, it is important to acknowledge the 

limitations of the current studies, including 

small sample sizes, lack of standardization, and 

the need for larger-scale studies, longitudinal 

investigations, and functional experiments. 

Addressing these limitations and pursuing 

further research will provide a more 

comprehensive understanding of the 

relationship between ApoE4 and vitiligo, as 

well as its clinical implications. 

Assessing serum levels of ApoE4 in patients 

with vitiligo represents a promising avenue for 

advancing our understanding of the disease and 

developing novel therapeutic strategies. 

Integration of ApoE4 assessment into clinical 

practice could enhance diagnostic accuracy, 

prognostic predictions, and personalized 

treatment approaches for vitiligo patients. 

Furthermore, elucidating the underlying 

molecular mechanisms by which ApoE4 

influences melanocyte dysfunction and 

immune dysregulation may reveal novel 

targets for therapeutic intervention. 
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