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ABSTRACT 
 

Due to our rapidly aging population, 6.5 million Americans currently have Alzheimer’s disease 

(AD), and this is predicted to increase to almost 14 million in the next 40 years. AD is currently 

the sixth leading cause of death in America and is characterized by memory and learning loss. 

There is currently no effective treatment for the pathology of AD, and several studies have begun 

to analyze different lifestyle choices that can potentially influence the onset of AD. One of these 

is the effect of diet on AD. AD is more prevalent in western societies, and researchers suggest 

that this may be due to the typical Western Diet (WD), also known as a “typical American Diet.” 

In contrast, AD prevalence is lower in Mediterranean regions, where they consume a primarily 

plant-based diet known as the Mediterranean Diet (MED). This research looked to examine the 

neuroprotective potential of a Mediterranean Diet against AD pathologies and inflammation in 

mice, compared to mice that consume a Western Diet. Our lab designed two experimental rodent 

diets, one that mimicked a typical Western Diet, and another that mimicked a typical 

Mediterranean Diet. Using an Enzyme-Linked Immunosorbent Assay, we examined the lifelong 

effects of diet on biological markers of AD, including amyloid beta, a protein that aggregates 

together to form plaques in the AD brain. A pro-inflammatory cytokine, which are associated 

with increased inflammation, called Tumor Necrosis Factor Alpha (TNF-a) was also analyzed 

using a MSD Assay. We hypothesized that the consumption of a Western Diet has the potential 

to increase the development of these AD pathologies, compared to a Mediterranean Diet. 
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INTRODUCTION 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder, and the most 

common form of dementia, one that is currently affecting 35 million people worldwide (Liu et 

al., 2019). Indeed, over the next forty years, the prevalence of AD is predicted to triple, due to an 

increase in life expectancy and demographic changes around the world. In addition to the 

tremendous physical and emotional toll this condition exacts, it is estimated that the yearly cost 

of AD-related healthcare expenses is approximately $500 billion, and that this number will only 

continue to increase (Liu et al., 2019). Clinical symptoms of AD include memory and language 

deficits, decreased ability in executive function, and an overall diminished cognitive ability 

(Weller & Budson, 2018). As there is currently no cure for AD, its prevalence will continue to be 

an ever-growing focus of the healthcare system (Barnes, 2011). 

Hallmark Pathologies of Alzheimer’s Disease  

Two key biological markers have been discovered in the brains of AD patients (Coronel 

et al., 2018). These two markers include amyloid-beta (Aβ) plaque deposition in the extracellular 

space around neurons, and intracellular, neurofibrillary tangles of hyperphosphorylated tau 

proteins that form inside dying neurons. Aβ is a protein that originates from a larger molecule 

known as the amyloid precursor protein (APP). In a healthy brain, APP is a protein that plays an 

important role in neural growth and cell fate (Coronel et al., 2018). However, under pathogenic 

circumstances, APP is cleaved by several enzymes, including β and γ-secretase. This cleavage 

process results in the formation of Aβ peptides that can assemble into insoluble aggregates in the 

brain (Shi et al., 2022). Accumulation of these aggregates can cause neuronal atrophy (Shi et al., 

2022). Postmortem brains of AD patients have increased β-secretase activity leading to the 

increased formation of Aβ plaques (Barnello et al., 2015). In addition to accumulation of excess 
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plaques, there is often issues involving the clearance of Aβ that increases the amount of Aβ 

present. Aβ is typically cleared by multiple pathways involving the proteasome and the lysosome 

(Baranello et al., 2015). Studies have shown that the more Aβ plaques that are found within a 

brain, the more severe a person’s AD tends to be (Murphy & Levine, 2010).  

Furthermore, another key biomarker of AD is hyperphosphorylated tau protein. Tau is a 

microtubule associated protein involved in neuron homeostasis (Huang, 2009). When it becomes 

phosphorylated, it loses the ability to bind to microtubules and can lead to destabilization of the 

microtubules and loss of intracellular transport within the neuron, ultimately leading to neuronal 

cell death (Huang, 2009). Both the presence of Aβ plaques and accumulation of 

hyperphosphorylated tau tangles in the brain are indicative of AD pathology and are thought to 

potentially provoke clinical symptoms of AD, such as memory loss and cognitive dysfunction.  

Inflammation, Oxidative Stress & Alzheimer’s Disease  

Previous work has clearly demonstrated that chronic inflammation and oxidative stress 

may contribute to the development of AD pathology (Ahmed et al., 2017). Inflammation can 

occur in two forms: acute or chronic. Acute inflammation is typically seen when the body is 

infected by a pathogen and is used to eliminate potentially harmful materials in cells, and repair 

cell damage. Acute inflammation can be beneficial and self-limiting to the body. Chronic 

inflammation, however, can be harmful to cells and induce tissue damage if left unregulated 

(Ahmed et al., 2017). Chronic inflammation in the brain can be provoked by several 

mechanisms, such as prolonged activation of microglia and astrocytes. Notably, microglial cells 

function as the resident immune cell in the brain, and in the healthy brain, microglia play a 

protective role by secreting proinflammatory cytokines and chemokines, such as tumor necrosis 

factor alpha (TNF-a), interleukins (IL) and the chemokine CCL2 (Sun et al., 2022). A key 
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transcription factor involved in the regulation of inflammation is nuclear factor kappa B (NF-

kB). Typically, NF-kB remains inactive until the presence of pro-inflammatory cytokines and 

pathogens activates it. Once active, NF-kB initiates a phosphorylation cascade within the cell 

that results in the activation of target genes in the nucleus (Sun et al., 2022). The overexpression 

of these genes leads to the production of more pro-inflammatory cytokines that, in turn, may 

exacerbate the nascent AD pathologies in the brain. For example, prior studies have shown that 

NF-kB activates genes that increase β-secretase expression, and thus have the ability to increase 

production of Aβ (Sun et al., 2022). Moreover, Aβ can also serve as an inflammatory trigger for 

microglial cells in the brain. When an individual undergoes chronic inflammation, even in the 

periphery, these pro-inflammatory triggers lead to overactivation of microglia. Although 

microglia initially play a protective role in the brain, their overactivation leads to the production 

of neurotoxic factors and eventual neuronal death.  

In addition to inducing a proinflammatory response, overactivation of astrocytes and 

microglia can lead to the production of reactive oxygen species, which induce oxidative stress in 

the brain (Fischer & Maier, 2015). Oxidative stress occurs when there is an imbalance of reactive 

oxygen species (ROS) and antioxidants in the cells and there is more overall ROS are that are 

present (Trovato et al., 2018).  There are several biological markers in the blood in humans with 

AD that have been associated with oxidative stress, including protein carbonyls (Chen, 2014). In 

addition to the overabundance of ROS, oxidative stress has also shown to cause a decrease in 

antioxidant enzymes in patients with AD (Chen, 2014). Excess oxidative stress is directly related 

to the pathogenesis of AD development as it induces inflammation. The presence of Aβ has also 

shown to increase several biological markers of oxidative stress (Chen, 2014). Studies have 

shown that small levels of Aβ exhibit neuroprotective effects against oxidative stress (Chen, 
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2014). However, in those with AD, the increased presence of Aβ in those with AD has a 

detrimental effect on neurons and can exacerbates oxidative (Chen, 2014). Oxidative stress has 

also shown to increase the presence of hyperphosphorylated tau tangles (Chen, 2014). Overall, 

studies have hypothesized that as an individual’s imbalance of ROS and antioxidants progresses, 

their oxidative stress increases leading to the progression of AD pathology and severity of AD 

(Chen, 2014).  

The Western Diet and Alzheimer’s Disease  

There are several risk factors involving metabolic syndromes that have been directly 

associated with the development of AD, due to their influence on the immune system and the 

brain’s oxidative system. One factor that has previously been shown to have significant effects 

on these metabolic syndromes and the development of AD is diet. A diet that has been the focus 

of many recent studies is the Western Diet (WD), also known as a “typical American diet”. The 

WD has shown to increase biomarkers of inflammation, such as pro-inflammatory cytokines, and 

oxidative stress (Schönknecht et al., 2021). The WD is characterized by a high percentage of 

saturated fat consumption. In mice, a previous study has shown that consumption of a WD leads 

to a significant increase in hippocampal Aβ (Graham et al., 2016). Previous studies have also 

repeatedly demonstrated that consuming a diet that is high in saturated fat is associated with the 

development of cognitive decline, dementia, and AD for people over the age of 65 (Kanoski, 

2010). WD is also characterized by the consumption of simple or “refined” carbohydrates. Both 

simple carbohydrates and saturated fat consumption have shown to increase the incidence rate of 

AD (Kanoski, 2010). Another study found that consumption of a WD for four weeks resulted in 

increased levels of Aβ and promoted AD-like pathology in humans (Hoscheidt et al., 2022). 
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The Mediterranean Diet and Alzheimer’s Disease  

Conversely, other diets have been shown to potentially reduce one’s risk of AD, and 

could potentially be utilized as a prevention strategy for AD. Notably, the Mediterranean diet 

(MED) has been associated with a reduced risk of dementia and AD, as well as increased 

longevity (Trichopoulou, 2003). The MED originates in the areas surrounding the Mediterranean 

Basin and has origins dating back to ancient civilizations. Although, different countries and 

cultures vary slightly, the typical diet is plant-based. It relies on high amounts of vegetables, 

fruits, grains, nuts and fruit and moderate amounts of seafood and dairy. Other meats are rarely 

consumed and alcohol when consumed is typically red wine (Lăcătușu, 2019). This diet also 

relies heavily on the use of olive oil and very limited consumption of saturated fat. Instead, there 

is a high consumption of polyunsaturated fatty acids (PUFAs), such as omega-3. This diet has 

been proven to have protective effects against various cardiovascular and other deadly metabolic 

diseases (Lăcătușu, 2019). Recent studies have also demonstrated that adherence to a 

Mediterranean diet diminishes the onset of AD and can slow cognitive decline (Lăcătușu, 2019). 

People with AD who follow a Mediterranean diet are also shown to have decreased amounts of 

Aβ plaques in their brains (Lăcătușu, 2019). In humans, studies have proven that consumption of 

a MED diet for six months leads to a decrease in cognitive decline (Kaplan et al., 2022). 

Additionally, the Mediterranean diet is also composed of high amounts of foods 

containing antioxidants. Antioxidant rich foods have been shown to reduce biomarkers of 

oxidative stress that are typically present in the AD brain (Lange, 2019). Additionally, chronic 

inflammation has shown to be diminished in those with AD who consume a Mediterranean diet 

due to the high consumption of PUFAs (Lange, 2019). Overall, the Mediterranean diet has been 
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shown to have a positive effect on several components that contribute to the development of AD 

in human subjects. 

Hypotheses 

As previously stated, the WD has been associated with increased risk of AD development 

in human subjects. Studies in rodents have also shown an increase in amyloid genesis and 

inflammation. Conversely, the MED has been associated with increased longevity and reduced 

AD risk in human subjects. Current studies examining the effects of both the WD and MED diets 

on AD present limitations as they are not usually representative of each “typical” diet in each 

component. For example, MED research has focused on examining the effects of only one or two 

dietary factors, such as olive oil, on AD pathologies and inflammation, rather than examining the 

effects of a whole MED. WD studies typically feature a diet that is high in fat composition, that 

is unrepresentative of a typical WD. 

Therefore, the current study aimed to explore the effects of the typical American diet 

(WD) in comparison to the typical Mediterranean diet, in mice. We hypothesized that C57BL/6 

mice that consume a WD for 6 months will show an increase in the development in the 

biological markers associated with AD compared to MED diet mice. 
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MATERIALS & METHODS 

Animal Care 

 This study utilized wildtype, C57BL/6J, male and female mice that were bred in the 

Texas Christian University vivarium. The mice were weaned at 3 weeks of age and were housed 

in groups of three to four. The mice lived in a 12-hour light and dark schedule in polycarbonate 

study boxes. Each mouse had access to one diet, either WD or MED, and water ad libitum.  

Diet Composition 

 Both diets utilized in this study were designed to match the macronutrient densities of 

both typical diets (Figure 1). The WD diet, modeled after the typical American diet, was 

comprised of 50% kcal from carbohydrates, 35% kcal from fat and 15% kcal from protein. The 

diet also featured a 15:1 ratio of omega-6 to omega-3 fatty acids, as is seen in a typical American 

diet. The composition of each macronutrient group featured what is usually seen in a WD. The 

carbohydrate source included majority corn starch. Protein in the WD was derived from casein 

and fat kcal consisted of beef fat, safflower oil and butter.  

The MED diet was also modeled after the typical Mediterranean diets. The MED diet 

consisted of 50% kcal from carbohydrates, 35% kcal from fat and 15% kcal from protein. The 

omega-6 to omega-3 ratio for the MED diet was 2:1. Like the WD diet, each macronutrient 

consisted of what is seen in a typical MED diet. Carbohydrate sources included brown rice flour 

and wheat starch. Protein sources included a mixture of soy, fish and egg white protein. Fat 

sources for the MED diet came from majority olive oil. 
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Mediterranean Western 

Protein – 15% Soy, fish, egg Casein 

Carbohydrates – 50% Brown rice flour, wheat 
starch 

Corn starch  

Fat – 35%  Unsaturated fatty acids, 
olive oil   

Saturated fatty acids, 
beef fat, butter, 
safflower oil   

Table 1. Composition of Diet Studies  

After being weaned at 3 weeks of age, each animal was randomly assigned to either the 

WD or MED diet. The mice remained on their assigned diet for six months with access to food 

and water ad libitum. Every animal had their total body weight measured weekly. Each animal’s 

food consumption was also monitored weekly by cage and then the mean amount of food 

consumed of each animal was estimated. A timeline of diet consumption of each animal is shown 

in Figure 1. 

Figure 1: Experimental Timeline  

Tissue Collection 

 At the end of the six months of diet, each animal was euthanized through rapid 

decapitation. First, blood was collected, placed on ice for 15 minute and kept at room 

temperature for 30 minutes. Then, the blood was centrifuged at 2000 x g for 10 minutes to 
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collect the serum, which was then stored at -80ºC. In addition to blood collection, tissue samples 

of the hippocampus and prefrontal cortex were collected. The hippocampus was stored in 250 µL 

of PRO-PREP (Bulldog Bio, Portsmouth, NH) along with protease and phosphatase inhibitors 

(100 µL of 100x concentration per 10 mL of PRO-PREP). The prefrontal cortex was stored in 

250 µL of PRO-PREP. Each tissue sample were frozen on dry ice immediately and stored at -

80ºC until used again.    

Amyloid-Beta ELISA 

Before tissue samples could be analyzed, each sample was centrifuged at 15,000 rpm for 

40 minutes. From there, clear lysates were collected and protein assays (DC Protein Assay; Bio-

Rad Laboratories, Hercules, CA) were performed. After undergoing a protein assay, the protein 

concentration of each tissue sample was calculated to later use in an enzyme-linked 

immunosorbent assay (ELISA) looking to measure soluble Ab1–42 in the hippocampus and pre-

frontal cortex. Each sample underwent a mouse Aβ1-42 ELISA (ThermoFisher Scientific, 

Waltham, Massachusetts). Initially, each hippocampal lysate was diluted in incubation buffer at a 

1:2 dilution due to the protocol stating that protein concentrations should not be greater than 200 

pg/mL. Following dilution, the Aβ1-42 standard was created using standard reconstitution buffer 

and serial dilutions. 100 µL of either standard or lysates were placed into the 96-well antibody-

coated plate. After incubation, the plates were washed four times with standard wash buffer and 

treated with Aβ1-42  detection antibody. Following this incubation, each well was again washed 

four times with standard wash buffer and 100 mL of HRP-tagged detection antibody (Anti-

Rabbit IgG) was placed in each well. After incubation and another four washes, each well was 

treated with 100 µL of stabilized chromogen and incubated in the dark. Following the final 
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incubation period, the plate was treated with stop solution and read with an absorbance of 750 

nm.  

MSD Assays to Measure Peripheral Inflammation  

 Using a VPLEX Custom Mouse Cytokine Proinflammatory Panel 1 muliplex kit (Meso 

Scale Diagnostics, Rockville, MD), the inflammatory mediators, mouse IFN-g, IL-1, IL-4, IL-6, 

IL-10 and TNF-α were measured. Serum samples were diluted in a 1:1 concentration with a 

proprietary diluent. Each sample was washed three times after incubation and antibody detection 

solution was added to each. After another incubation period and a series of three washes, we 

added read buffer, and read the electrochemiluminescent signal with a QuickPlex SQ 120 

instrument (Meso Scale Diagnostics). Any sample that did not fall within the standard curve of 

the detection range was not utilized in the study.  

 

RESULTS 

Aβ1-42 Production Increased in the Prefrontal Cortex of WD Animals 

Using an Aβ1-42-ELISA, the amount of Aβ1-42 present in the prefrontal cortex of mice was 

measured in pg/mg of total protein present in the sample. A significant increase in the amount of 

Aβ1-42 was found in the males on the Western Diet compared to the males on the Mediterranean 

diet (Figure 3). Each group contained twelve animals (n = 12), t(22) = -3.058, p = 0.006. There 

were two outliers whose amount of Aβ1-42 were outside of SPSS interquartile range, and they 

were removed from the dataset. 
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Figure 2: Aβ1-42 in the Prefrontal Cortex of Males (pg/mg of total protein). After 6 months of diet, each animal’s 
prefrontal cortex was collected and an Aβ1-42-ELISA was performed. A significant increase in Aβ1-42 was found in 
the animals on the Western Diet (n’s =12). 
 

In the females, a significant increase in the amount of Aβ1-42 present in the prefrontal 

cortex was seen in the females on the WD compared to females on the MED (Figure 3). Each 

group contained either eleven or twelve animals (n = 11-12), t(21) = -2.534, p = 0.019. One 

animal was removed from the study as an outlier due to being outside of SPSS interquartile 

range. One animal was also removed as the Aβ1-42-ELISA showed a CV over 25%. 

 

Figure 3. Aβ1-42 in the Prefrontal Cortex of Females (pg/mg of total protein) After 6 months of diet, each 
animal’s prefrontal cortex was collected and an Aβ1-42-ELISA was performed. A significant increase in Aβ1-42 was 
found in the animals on the Western Diet (n’s =11-12). 
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Aβ1-42 Production Increased in the Hippocampus of Males on the WD 

An Aβ1-42-ELISA was utilized to analyze the amount of Aβ1-42 in the hippocampus of 

mice on the MED and WD in pg/mg of total protein. A significant increase was shown in the 

amount of Aβ1-42 found in the hippocampus of males on the WD compared to MED males. Each 

diet group contained 15-16 animals (n = 15-16), t(29) = -2.103, p = 0.444. Three outliers were 

removed from the data as they were outside of the SPSS interquartile range. Two samples were 

also removed due to having CVs over 255. This is shown in Figure 4.  

Figure 4. Aβ1-42 in the Hippocampus of Males (pg/mg of total protein) After 6 months of diet, each animal’s 
hippocampus was collected and an Aβ1-42-ELISA was performed. A significant increase in Aβ1-42 was found in the 
animals on the Western Diet (n’s =15-16). 
 

Aβ1-42 Production Showed No Change in the Hippocampus of Females 

An Aβ1-42-ELISA was run to analyze the amount of Aβ1-42 (pg/mg of total protein) 

present in the hippocampus of MED and WD females. There was no significant difference found 

between the amount of Aβ1-42 in female mice on either the WD or MED.  Each group contained 

12 to 14 animals (n = 12-14), t(24) = -1.308, p = 0.203. One outlier was removed from the data 

analysis and two were removed due to CV values over 25%. This data is represented in Figure 5.  
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Figure 5. Aβ1-42 in the Hippocampus of Females (pg/mg of total protein) After 6 months of diet, each animal’s 
hippocampus was collected and an Aβ1-42-ELISA was performed. No significant difference in Aβ1-42 was found 
between animals on the WD or MED. (n’s =12-14). 
 

TNF-α Production in the Serum Increased in WD Animals 

An MSD Assay was used to analyze cytokines, specifically TNF-α, in the serum of 

animals both on the WD and MED. A significant increase in TNF-α levels (pg/mL) was found in 

the males on the WD compared to MED males. Each group contained 16 to 18 animals (n=16-

18), t(32)= -0.3790, p < 0.001 (Figure 6). A significant increase in the levels of TNF-α of the 

WD females compared to MED females was also found following an MSD Assay. Each group 

contained 9-12 animals (n=9-12), t(19) = -3.493, p = 0.002. One sample was removed due to a 

CV value over 25% and four samples were removed as outliers outside of SPSS’s interquartile 

range (Figure 7) 
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Figure 6. TNF-α Levels in Serum of Males (pg/mL of serum). After 6 months of diet, TNF-α levels were 
analyzed using an MSD Assay, and a significant increase was shown in WD males compared to MED males (n’s = 
16-18) 

Figure 6. TNF-α Levels in Serum of Females (pg/mL of serum). After 6 months of diet, TNF-α levels were 
analyzed using an MSD Assay, and a significant increase was shown in WD females compared to MED females (n’s 
= 9-12).  
 

DISCUSSION 

It has been hypothesized that there is a link between AD pathology and diet. Previous 

studies have compared both a Western Diet (WD) and a Mediterranean Diet (MED) and the 

affect that have on AD pathology. They have shown that a WD promotes inflammation and the 

development of AD while consumption of a MED diet decreases AD pathology and cognitive 
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decline (Hoscheidt et al., 2021). Various studies have been conducted to compare these two diets 

and their effect on AD pathology. However, many of these diets present with limitations as they 

do not fully encompass a diet that is typical to human consumption. Instead, most studies usually 

alter one or two components of the diet and analyze the effects. For example, many studies WD 

usually features a higher macronutrient percentage of fat that is much higher than what a human 

on a WD consumes. Given these limitations, this study aims to design and compare both a WD 

and MED that closely mimic what is found in the diets of the humans that consume them. Each 

diet contained equal percentages of each macronutrient in order to account for potential energy 

differences. Each macronutrient group of both the MED and WD were comprised of ingredients 

similar to those found in typical human consumption. C57BL/6 mice were then randomly 

assigned to either the MED or WD group. After consuming the diet for six months, each group 

was analyzed to compare the effect of diet on the biological markers associated with AD. 

One biological marker of AD pathology is the presence of Aβ plaques in the brain (Liue 

et al., 2019). This study found that there was a significant increase the amount of Aβ1–42 present 

in the prefrontal cortex of male and female WD mice, compared to male and female Med mice. 

This is similar to findings of other recent studies that have shown that consumption of a WD diet 

leads to an increase in both brain inflammation and the presence of Aβ in the brain periphery 

(Thériault et al., 2016). In the hippocampus, males on the WD diet showed a significant increase 

in the amount of Aβ1–42 present compared to males on the MED. This is consistent with previous 

studies that have found an increase in hippocampal Aβ in mice following a WD (Hooijmans et 

al., 2007). However, in the female mice, there was no significant difference found in the amount 

of Aβ in the hippocampus between the two diet groups. Both the WD and MED females showed 

similar amounts of hippocampal Aβ42 (pg/total mg of protein). Since C57BL/6 mice do not 
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develop Aβ plaques through aging (Kitazawa, 2012), Aβ was measured through the presence of 

Aβ1–42. Aβ is the soluble amyloid beta peptide that typically comes together in humans to form 

Aβ plaques in the brain of those with AD (Roher et al., 1993). 

This study also aimed to analyze the effect of a MED versus a WD on the presence of the 

pro-inflammatory cytokine, TNF-α, in the serum of C57BL/6 mice. After conducting an MSD 

Assay, results showed that there was a significant increase in the amount of TNF-α present in the 

WD animals, both males and females, compared to MED animals. This increase in WD animals 

correlates with several other studies that have shown an increase in TNF-α production in mice 

following consumption of a WD (Li et al., 2018). 

 

CONCLUSION 

This study looked to compare the effect of a Mediterranean (MED) versus Western (WD) 

Diets on Alzheimer’s disease (AD) pathology in C57BL/6 mice. Based on previous studies, we 

hypothesized that mice that consumed a WD Diet would show an increase in the biological 

markers associated with AD compared to those that consumed a MED Diet. We found that 

animals that consumed the WD Diet did show a significant increase in AD pathology markers 

like Aβ and the proinflammatory cytokine, TNF-α. With these results we can confirm our initial 

hypothesis and conclude that overall, mice on the Western Diet showed an increase in the 

biological markers associated with AD compared to those on the Mediterranean Diet.  

 Limitations of this study include a small sample size. Each group of mice contained 

between 9 to 16 mice. Future studies should aim to replicate and expand these study parameters 

to draw further conclusions. Future studies can also analyze the effect of a Mediterranean versus 

a Western Diet on behavior and cognition in these animals, as cognitive decline is a critical 
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clinical symptom of AD in humans. This study also only analyzed one pro-inflammatory 

cytokine, TNF-α; however, future studies should aim to analyze both different pro-inflammatory 

and anti-inflammatory cytokines, and the impact on AD development.  
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