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ABSTRACT 

 

Garces III, Armando, Characterization of Biomarkers for Alzheimer’s Disease and HIV-1 

Associated Neurocognitive Disorders. Master of Science (MS), December, 2021, 101 pp., 6 

tables, 20 figures, references, 113 titles. 

 Alzheimer’s disease is a neurodegenerative disorder that is characterized by progressive cognitive 

decline and the accumulation of amyloid beta and neurofibrillary tangles in regions of the 

brain. These protein deposits are known to generate multiple effects on the brain that lead to 

neurodegeneration. It has been established that (Human Immunodeficiency Virus) HIV-1 

accelerates the aging process of people living with HIV-1. Moreover, there is significant clinical 

evidence indicating a potential link between the neurodegeneration developed by those with an 

HIV-1 infection and AD. HIV-1 viral infection causes cognitive impairment known as HIV-

associated neurocognitive disorders. Most of the underlying mechanism between HAND and AD 

is not well characterized. This study explores the possibility of identifying common differentially 

expressed genes, that may serve as biomarkers for early detection or intervention Transcriptome 

profiles of both pathologies will be used in order to identify biomarkers that will be further 

explored using Alzheimer’s disease models. 
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 CHAPTER I 

 

ALZHEIMER’S DISEASE IN AGING POPULATION 

 

Statement of Problem 

 According to the Alzheimer’s Association, Alzheimer’s disease (AD) is the most 

common form of dementia in the United States. In 2020, approximately 5.8 million people over 

65 lived with AD in the United States (Alzheimer’s Association, 2020). Age is a significant risk 

factor for AD—the likelihood of developing AD doubles every five years after the age of 65. 

The age individuals are affected by AD characterizes two forms of AD, known as early-onset 

AD and late-onset AD.  Being diagnosed at a later age is generally known as late-onset AD and 

is responsible for 96% of all cases (Canet et al., 2018). Early-onset accounts for about 4% of AD 

patients, and it is a very rare form of the disease which affects patients at an earlier age between 

30 to 60 years. Dr. Alois Alzheimer first observed the disease through histopathological 

observations of the brain of a deceased patient admitted for care due to progressive cognitive 

decline. His publishing in 1907 was the first to link senile plaques and neurofibrillary tangles 

with dementia (Hippius & Neundörfer, 2003). 

  Since discovering the disease, AD has been a great challenge for scientists due to its 

multifactorial pathology. An exact molecular mechanism for AD development has not been 

established (Bilousova et al., 2020). However, many studies have focused on the two hallmarks    
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The accumulation of extracellular amyloid-beta (Aβ ) protein forms senile plaques and 

neurofibrillary tangles due to intracellular hyperphosphorylated tau proteins (Battacharya, 2015; 

Ferreira et al., 2016; Riphagen et al., 2020; Yoon & Kim, 2016). Cholinesterase inhibitors are 

one of the main options for treating neurodegenerative diseases like AD, Parkinson’s disease, 

and Lewy body dementia (Bhattacharya et al., 2015; Colovic et al., 2013; Jin et al., 2021). The 

first approved cholinesterase inhibitor for treatment in the US was Tacrine in 1993 was 

prohibited due to its toxicity (Colovic et al.,2013). Currently, there are three FDA-approved 

cholinesterase inhibitors in the US used for mild to moderate AD treatment (Colovic et al., 

2013). These FDA-approved drugs are donepezil, rivastigmine, and galantamine (Okello & 

Mather,2020). They reduce cognitive symptoms essential for daily interactions like memory, 

language, and judgment (Colovic et al., 2013; Jin et al., 2021). Even though they are an essential 

option for treatment, they cannot reverse or stop AD.  

The Socioeconomic Burden for the Latino/Hispanic Population 

The Centers for Disease Control and Prevention (CDC) estimates that the Latino 

population over 65 will quadruple, increasing the number of Latinos affected by AD in the US to 

3.5 million. The Hispanic population is expected to increase by over 20 million in Texas by 

2050. Age is a significant risk factor for AD, and the RGV has a higher life expectancy than 

other Texas regions (Valencia, 2019). Generally, as the population reaches the age of 65, the risk 

of developing the disease doubles every five years (Isik, 2010). Studies show that the Latino 

population has a younger onset age and is 1.5 times more likely to develop AD than the white 

non-Hispanic population (Vega et al., 2017). In the United States, 12% of the adults in Hispanic 

people are diagnosed with AD making it the highest percentage among other racial groups (Vega 
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et al., 2017). The Latino community is predisposed to diseases that may increase the risk of 

developing AD. Some of these diseases include cardiovascular disease and are 64% more likely 

to develop diabetes than the white non-Hispanic population (Alzheimer’s Association, 2020). 

The Rio Grande Valley (RGV), located in South Texas, is primarily Hispanic. In 2017, the 

Hispanic population in counties that make up the Rio Grande Valley (RGV) ranged from 71-99% 

(Valencia, 2019).  

 AD has had a tremendous socioeconomic burden on the community as the aging 

population increases; the cost is estimated to reach 1 trillion in the US by 2050 (Alzheimer’s 

Association, 2020). The high cost of treatment and disease-related cost makes it difficult to 

provide the proper treatment and assistance needed. The Hispanic community has higher rates of 

poverty when compared to non-Hispanic whites (Sheffield & Peek, 2009). According to 

Alzheimer’s Association, education can have protective effects against AD. Studies show that a 

high level of education, socioeconomic status, and cognitive leisure activities promote cognitive 

reserve and are considered independent protective factors against mild cognitive impairment and 

AD (Jefferson et al., 2011; Sattler et al., 2012). However, one in 10 Hispanic elders have no 

formal education and have the lowest percentage of education received in Texas (Jefferson et al., 

2011; Sattler et al., 2012). Latinos living in low-income neighborhoods associated with 

education levels are three times more likely to develop cognitive impairment (Vega et al., 2017). 

In the Rio Grande Valley, the population is predominately Hispanic, and considering the average 

annual income of the Rio Grande Valley is $50,000, the community is at a disadvantage to 

access these types of resources (Valencia, 2019). It is vital to continue to understand the complex 

pathology of AD to develop effective measures to slow or stop the progression of AD. For 
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researchers to create therapeutic drugs, it is crucial to understand the regulation of genes in the 

brain to identify a potential target further to investigate AD pathology.  

Statement of Purpose 

Identifying Common Biomarkers in Neurodegenerative Disease  

AD has become a growing concern among people over the age of 65 as medical science 

advances our life expectancy. The multifactorial pathology of AD that affects the central nervous 

system has been observed in other diseases, including Human Immunodeficiency Virus -1 (HIV-

1) infection (Kodidela et al., 1992; Milanini et al., 2019; Pulliam et al., 2019).  HIV-1 infection 

may accelerate the brains’ aging process, leading to HIV-associated neurocognitive disorders 

(Solomon et al., 2017). Significant clinical evidence indicates a potential link between the 

neurodegeneration developed during HAND and AD. However, the relationship between HAND 

and AD is still not well characterized (Kahn et al., 2019; Rubin et al., 2019; Solomon et al., 

2017). Therefore, the current study investigated an in situ genome-wide screening of 

transcription regulators in brain tissue, identifying genes that can be used as biomarkers for early 

detection. 

According to the United Nations AIDS (UNAIDS) organization, in 2020, 37.7 million 

people were living with HIV-1 worldwide, and 1.2 million of these patients were in the United 

States (Hairiri & Mckenna, 2007; Rubin et al., 2019; UNAIDS, 2021). Even though combination 

antiretroviral therapy (cART) has successfully suppressed viral loads, HAND affects as high as 

50% of HIV-1 patients treated with cART. This may be due to the brain’s role as a reservoir for 

HIV-1, where the virus enters the brain early during infection and has been detected in the white 

matter of postmortem brain tissues. Many studies have focused on investigating brain tissue 
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samples to identify the critical pathophysiological features of patients with different severity 

levels of HAND (Rumbaugh & Tyor, 2015).  Interferon response genes (IFRG), which are 

related to the cell functions in the immune system and autoimmunity, were differentially 

expressed in the brain of HAND subjects (Everall et al., 2005; Gelman et al.,2012; Masliah et al., 

2004). In HIV-1 infection, the virus enters the brain early after infection, where it begins 

replicating within the microglia and perivascular macrophages, eventually causing neuronal 

damage that promotes the onset of the symptoms associated with HAND (Garcia-Mesa et al., 

2016). A recent study has found that the symptoms observed in HAND patients have developed 

into AD-like symptoms (Kahn et al., 2019). The compounding effects of HIV-1 and its influence 

on aging for those with the virus urge further investigation to determine the pathology of AD and 

HAND among PWH to improve prognosis and treatment outcomes (Rubin et al., 2019). 

Therefore, developing a set of biomarkers that can differentiate and detect AD and HAND in 

aging individuals with HIV-1 (Rosenthal & Tyor, 2019). 

The accumulation of extracellular Aβ protein and intracellular hyperphosphorylated tau 

protein in various brain regions has been the disease's two main hallmarks since they were 

identified more than 100 years ago (Hippius & Neundörfer, 2003).  In addition, comparative 

studies indicate that amyloid plaques were observed in HAND patients, suggesting that HAND 

may lead to AD (Fulop et al., 2019; Howdle et al., 2020). Similarly, studies demonstrate that 

combination Antiretroviral Therapy (cART) treatment is associated with increased Aβ levels in 

the cerebral spinal fluid (CSF) of people with asymptomatic neurocognitive disorders (ANI) and 

decreased levels in individuals with HIV-associated dementia (HAD) (Fields et al., 2020).  While 

this data suggests that Aβ clearance varies between HAND groups, the relationship between Aβ 

levels in CSF and cognitive impairment deserves further investigation (Fields et al.,2020). 
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Triggering receptor expressed on myeloid (TREM) 2 has been associated with AD and has 

various functions, including regulating neuroinflammation and the clearance of Aβ (Fields et al., 

2018). Brain protein levels and cellular localization of TREM2 were found altered in people with 

HIV-1 (PWH) with HAND, suggesting a common pathogenic mechanism in the two 

neurodegenerative diseases (Fields et al., 2018). The interaction of Aβ in people infected with 

HIV-1 can disrupt various processes that may lead to AD, including the development of 

neurodegeneration.    

People with HIV-1 experience premature aging and an increased risk of age-related 

complications. HIV-1 infection may lead to neurodegeneration and cause AD-like symptoms; 

therefore, differentiating between these diseases has become an issue (Kodidela et al., 2019). 

However, in HIV-1 patients, intracellular Aβ deposits have been identified and are suggested to 

be involved with neuronal damage due to the cells’ inability to clear these deposits (Achim et al., 

2009; Green et al., 2005). An Aβ deposition was identified in the frontal lobe regions and mid-

temporal regions in PWH (Esiri et al., 1998; Rubin et al., 2019). A study using neuroimaging and 

neuropsychological profiles identified abnormalities in the brains of MCI-AD and HAND. 

Researchers reported distinct atrophy patterns in the brains of people with AD and HAND 

(Milanini et al., 2019). We suggest that comparing the differentially expressed genes through 

genome-wide association studies (GWAS) of both AD and HAND patients will identify 

pathways that may be involved in the neurodegeneration of these diseases (Figure 1).  

This study focused on identifying common RNA co-expressed in AD and HAND 

pathologies using linear regression models and more robust significance analysis of microarray 

(SAM). Transcriptome profiles were gathered from post-mortem brains of people with AD and 
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HAND and compared to identify common genes whose expression is dysregulated and could 

serve as biomarkers for future studies. Identifying biomarkers of neurological diseases can help 

determine the critical pathways involved in neurodegeneration. Gene functional analysis was 

performed to help identify the functions of various gene clusters to help distinguish which 

pathways are affected. This information will contribute to the identification of potential 

biomarkers that can detect the early neurodegeneration common in the aging population of 

people with HIV-1. Overall, the findings in this study implicate the dysregulation of STAT1, 

IFIT3, ISG15, and GBP1 genes associated with pathways in the human brain that may directly or 

indirectly regulate AD pathology in people with HIV-1. Further investigation will be needed to 

confirm these observations using in vitro AD models to understand better which biomarkers may 

be involved in the neuropathology of AD.  

Aβ Induced Immune Response in AD  

AD is a multifactorial disease with many factors that contribute to the development of the 

disease over time. The gene and environment interaction over time can contribute to the 

development of the disease. Over time, the gene and environment interaction includes many 

factors that may be difficult to quantify. However, we can identify which genes are affected by 

recreating the environment using in vitro models. Throughout the brain regions, senile plaques 

form due to the accumulation of Aβ protein deposits. The accumulation results from pathological 

cleavage of the amyloid precursor protein (APP) by ß-secretase, which results in a C99 fragment; 

a subsequent cleavage by gamma-secretase produces the insoluble Aβ (De Strooper & Annaert, 

2000; Soontornniyomkij, 2019). Aβ is one of the two hallmarks seen in AD Aβ can initiate 

various signaling cascades, including caspase activation, lipid peroxidation, and DNA damage 
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associated with neuronal cell death. Cells have a defense mechanism that is activated through 

amyloid precursor processing (Li et al., 2019). A study establishing an AD model representing 

AD in the early stages demonstrates that acute high doses produced significant functional 

impairment and increased cell death. In contrast, low chronic doses had functional impairment 

without affecting the cell viability. The study suggests that low chronic dosages are better to 

represent the early stages of AD (Berry et al., 2018). High levels of cell death in neuronal cells 

due to Aβ treatment represent the late stages of AD. Studying this treatment is not ideal due to 

the damage done to neuronal cells that may be irreversible (Berry et al.,2018; DeKosky & 

Scheff, 1990). Replicating this in our study is important because our samples are from definite 

AD at the time of death. Assuming there was already significant cell damage and death for the 

analysis, we are interested in this chronic exposure model for high cell death levels. 

The type 1 interferon pathway is a signaling cascade triggered in response to viral or 

bacterial infection.  Type 1 interferons are cytokines whose purpose is to protect uninfected cells 

from disease. All the host’s cells can secrete interferons when they recognize viral proteins. Once 

the IFN is secreted, they bind to a receptor known as IFNAR, which can interact with IFN-α/ß all 

the Type 1 interferon subtypes. Once it binds with the IFNAR receptor, it activates the ISGF3 

transcription factor, consisting of  STAT1, STAT2, and IRF-9, which are translocated into the 

nucleus and bind to the ISRE of the IFIT promoters. It has been observed that acute exposure to 

Aβ promotes the expression of protein inhibitor of activated STAT 1 (PIAS1). This inhibitor 

interferes with the binding affinity of STAT1, preventing the activation of downstream 

interferon-stimulated genes (Liu et al., 2019). There are multiple interferon-stimulated genes 

whose transcription is activated downstream of the JAK-STAT pathway. 
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IFIT3 is a gene that is dysregulated in AD, it has been observed that the expression of 

IFIT genes varies in different regions of the brain. The IFIT protein family, which includes 

IFIT3, is found in the cytoplasm. They are made up of multiple tetratricopeptide repeats 

consisting of 34-amino-acid helix turn helix motifs.  IFIT3 has been observed to be expressed in 

cerebellar granule cells (Fensterl & Sen, 2015). This gene has also been observed in other 

neurodegenerative diseases. A study on HIV neuro aids shows a dysregulation of IFIT3, MX1, 

and STAT1 (Winkler et al., 2012). This gene can also go by ISG60 and has been associated with 

anti-proliferative and anti-viral functions. Many of its biological functions still need to be 

determined. IFIT3 is induced through IFN-ß and has been observed to regulate the expression of 

chemokine CXCL10. They report that IFN-ß has a positive feedback loop with P-STAT1. This 

means that the expression of IFIT3 can promote P-STAT1 activation of itself and other IFN 

stimulated genes (Imaizumi et al., 2016). It has also been observed that upon removal of IFIT3, 

increased levels of cell death are observed (Hsu et al., 2013; Sasaki et al., 2021). We must 

understand how this gene is regulated in distinct regions of the brain because it has been 

suggested to have detrimental effects when it is both upregulated and downregulated. 

In vitro studies of the IFIT3 expression in a neuronal cell following Aβ treatment have 

not been published. Therefore, investigating how the expression of IFIT3 based on Aβ treatment 

in vitro may give us an idea of how IFIT3 is regulated during AD development. Essentially, they 

can serve as markers that can be measured in individuals exposed to detect the disease at an early 

stage in which intervention can be more affected. These biomarkers may serve as a target for 

future drug development. Our genome-wide analysis results have highlighted some pathways 

involved in the immune response. The immune response releases proinflammatory cytokines, 
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which trigger inflammation from special cells responsible for maintaining balance in our CNS 

and has recently gained more attention due to supporting data.  

Objectives and Hypothesis 

The specific objective of this study is to identify common genes that are dysregulated in 

both AD and HAND to understand further which pathways are involved in the 

neurodegeneration seen in AD. The study will be approached using two separate specific aims. 

The first specific aim consists of genome-wide association studies (GWAS) of post mortem brain 

samples derived from AD and HAND patients. These datasets will be extracted from National 

Center for Biotechnology Information (NCBI) GEO omnibus will be analyzed using statistical 

analyses, including significance analysis of microarray and linear regression models to identify 

differentially expressed genes (DEGs) by comparing AD and HAND to healthy controls. To 

further investigate the observations made from post mortem brain samples, we will develop an in 

vitro model of AD using Aβ (25-35). We will then further characterize IFIT3 and STAT1 by 

measuring cell protein and mRNA levels. We hypothesize that STAT1 and downstream gene 

IFIT3 will be downregulated in AD in vitro and ex vivo models.
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Figure 1: Neurodegenerative pathway in HAND and AD. This figure represents the overlapping 

pathology involved in the neurodegeneration of both AD and HAND. Both pathologies share 

similar neuronal death and neuroinflammation that leads to either HAND or AD. Further 

investigation on the transcriptome profiles of patients with AD and HAND by comparing them to 

healthy controls will allow the identification of common pathways involved in the 

neurodegeneration of these diseases.
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CHAPTER II 

 

METHODOLOGY AND FINDINGS 

 

Methodology for Aim 1: Datasets and Subjects 

This study investigated three different transcriptome profiles containing either HAND or 

AD-derived patient data. The mRNA-based datasets were obtained from the Gene Expression 

Omnibus (GEO) database that is maintained by the National Center for Biotechnology 

Information (NCBI) (Clough et al.,2016). The ages of subjects in the dataset GSE28160, which 

contains HAND data, ranged from 21 to 64 years with a mean age of 46. The AD dataset was 

found using accession number GSE84422 and contains three platforms described in this research 

that were categorized based on the Affymetrix chip used to collect data. The age of subjects in 

the dataset GPL 570 ranged from 62 to 102 years, with a mean age of 87. The ages of AD 

subjects in two GEO platforms (GPL), GPL96 and GPL 97, ranged from 60 to 100 years with a 

mean age of 86. The data contained in GPL 96 and GPL97 were averaged based on the original 

publication (Sun et al., 2019). Both GPL 96 and GPL97 contained 48 White subjects, 12 Black, 2 

Hispanic, and 1 Asian subject, with 41 females and 22 males. In GPL 570, there were 42 female 

subjects and nine male subjects. Although the subject list was diverse, it was mainly White with 

36 subjects, while 11 were Black, 2 Hispanic, and 1 was Asian Gene expression data were 

normalized GCRMA adjusts for background intensities in Affymetrix array data, including                                         
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optical noise and non-specific binding (Wu & Irizarry, 2021). 

Principal Component and Linear Model Analyses 

Principal component analysis was used to visualize subjects’ gene profiles in low 

dimensional space and investigate the presence of any clustering effect among subjects within 

the same disease group in each data set. Further analyses were performed with Linear models 

and Significance Analysis of Microarrays (SAM). These approaches helped identify 

differentially expressed genes with non-normal distributions and whether the variability of these 

expression values differs between genes. Filtered log2 gene expression data was utilized to fit 

linear models for each brain region consisting of the basal ganglia and frontal cortex regions 

from the GSE84422 dataset and white matter regions from the GSE 28160. The amygdala and 

nucleus regions were also analyzed but were found only in the AD dataset. This method used 

weighted least squares with empirical Bayes moderation of the standard errors (Smyth, 2004). 

The limma Bioconductor package was used to manipulate the data to generate a list of 

differentially expressed genes. 

Significance Analysis of Microarrays (SAM) 

SAM is a popular nonparametric method that can be used to identify DEGs among 

different subject groups (Tusher et al.,2001). DE genes can be identified after controlling for 

false discovery rates in large and small samples (Chu et al., 2005). SAM helps to identify 

expression patterns that have slight yet significant differences between the control and other 

subject groups. This robust test has the advantage over the regular t-test as it applies even when 

the samples are neither independent nor normally distributed. The “samr” package in R (version 
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3.6.1) was used to perform the SAM analysis and report the SAM score (d), fold change, and the 

q-value of each gene. The q-value of a gene represents the false discovery rate of the gene list 

and includes that gene along with all other more significant genes 31. It is similar to the well-

known “p-value,” except it is adjusted so that many genes can be analyzed to determine the 

significance of a specific observation. The q-value measures how significant the gene is: as d > 0 

increases, the corresponding q-value decreases. Differentially expressed genes with at least a 

two-fold change were identified within a 10% false discovery rate in all SAM analyses. This data 

was used to make a pairwise comparison between AD and Control, untreated HAND and 

Control, and cART treated HAND and Control, with the corresponding normalized data. 

Gene ontology & Pathway Analyses 

 Gene Ontology and pathway analyses help identify the biological, molecular, and 

cellular functions of the common DE genes among the AD and HAND subjects. In this regard, 

the genes with a q-value of zero from the SAM analysis were used to compose the list of 

common genes. The list of common genes was analyzed using the official Affymetrix gene 

symbols using the “Functional Annotation Tool” found on DAVID (Huang et al., 2009). This 

analysis provided information on which pathways or processes are affected in both pathologies, 

allowing for further exploration of the function of specific genes. 
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Methodology for Aim 2: Developing AD in vitro Model 

 

Cell Lines 

The neuroblastoma cells (SH-SY5Y) (ATCC, Catalog # CRL-2266 ) were grown in a T-

75 flask using EMEM media containing 10% Fetal Bovine serum. The experimental design is 

based on previous experiments on SH-SY5Y cell lines (Fang & Liu, 2008; Hashimoto et al., 

2011; Lattanzio et al.,2016; Li et al.,2019; Wang et al., 2019; Yu et al., 2014).  

Aβ Stock Preparation 

SH-SY5Y Cells were treated with Aβ (25-35) peptides that were purchased from Sigma-

Aldrich (Sigma Aldrich, Catalog # 173993-86-7) (Hashimito et al., 2011). The Aβ (25-35) is a 

peptide fragment that forms aggregates more efficiently than the full-length Aβ (1-42). It 

possesses the same biological properties as toxicity, so it is often used for in vitro drug studies 

(Yu et al., 2014). The stock solution of Aβ was used for treatment by diluting Aβ (25-35) into a 

1mM working solution using autoclaved distilled water. In order to avoid thawing cycles, the 

1mM stock solution was made by diluting 1mg of Aβ (25-35) in 1ml of autoclaved distilled 

water. The stock solution was incubated for seven days at 37°C with constant agitation to 

promote aggregation (Solomon et al., 1997). After the incubation, the stock solution was stored 

at –20 °C until use (Zhang et al., 2019). The concentration of 10µM, 20µM 60 µM Aβ (25-35) 

were optimized based on previous studies that resulted in apoptosis of SH-SY5Y neuroblastoma 

cells (Lattanzio et al., 2016; Li et al., 2019; Yu et al., 2014). Previous studies have shown that 

differentiated SH-SY5Y cells serve as clinically relevant cells in mature adults due to the post-

mitotic characteristic.  Cells required EMEM media containing 2mM glutamine with 50 ml of 
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FBS to create 10% FBS EMEM media used for regular culturing of SH-SY5Y cells. The cells 

were cultured when they reached 80% confluency. The media of the cells was replaced 24 hours 

after seeding with working media containing Aβ (25-35) stock solution for treatment 

supplemented with 2% FBS serum. The working solutions were made individually based on 

concentration. To determine the optimized concentration of other brain cells, we used Human 

microglial clone 3 (HMC3), which was cultured using 10% FBS EMEM and Human Astrocytes 

(HA) cultured using Astrocyte media, as they are all cells found in the Central Nervous System 

(CNS).  

SH-SY5Y Cell Differentiation 

Differentiation of SH-SY5Y was induced by replacing the media to culture cells with 

DMEM/F12 supplemented with 10% FBS with amphotericin B (Thermo Fisher Scientific, 

Catalog # 15290018) and gentamicin (MP Biomedical, Catalog # 1676045). Cells were grown 

until 80% confluency was reached and then subcultured based on the desired experiment. After 

24 hours of incubation, media was replaced with 1% FBS DMEM/F12 media containing 10µM 

of all-trans-retinoic acid (ATRA). The media was changed every three days from the initial 

addition. Cells were treated on day 7 of differentiation for 96 hours incubated at 37C with 5% 

CO2. 

Cytotoxicity of Aβ (25-35) on SH-SY5Y 

Cytotoxicity (MTS) assay was utilized to observe the cell viability of SH-SY5Y after 

treatment of Aβ (25-35) with CellTiter 96® AQueous One Solution Reagent (Promega, Catalog 

# G3580). MTS assay was performed on 96 well plates (Thermo Fisher Scientific, Catalog #  07-
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200-720A) using a 96-well plate reader (Biotek, Synergy HTX ). SH-SY5Y cells were cultured 

as described above. Undifferentiated SH-SY5Y cells were plated in a 96-well plate at 80,000 

cells per well, incubated for 24 hours. Differentiated cells were seeded at five x104 cells and 

treated on day seven. The Aβ (25-35) in three concentrations were prepared using the stock 1mM 

solution. A total of 1mg was needed to make 1mL of 1mM stock solution and was diluted with 

autoclaved deionized water. This stock is used to make the following concentrations in culture 

media in separate tubes of different concentrations. 

 Once concentration was made, 100µL were added from respective concentrations of Aβ 

(25-35) to the cells, and the plate was incubated for 24, 96 hours. On the day of the MTS assay, 

CellTiter 96® AQueous One Solution Reagent was taken out from -20°C and kept at room 

temperature to bring the temperature closer to 25°C (incubation in the dry bath or water bath is 

not recommended). The cells were washed with 100 µL of PBS. 100 µL of culture media was 

added to the wells. 20µL of CellTiter 96® AQueous One Solution Reagent was added into each 

well of the 96-well assay plate containing the samples in 100µl of culture medium. This is 

followed by incubating the plate at 37°C for 1 hour in a humidified, 5% CO2 atmosphere. After 

the incubation, the absorbance at record 490nm using the (Biotek, Synergy HTX) plate reader at 

1hr and 4hr of incubation. Data were interpreted using absorbance using the following formula 

((Sample/Control) x 100). 

Flow cytometry and Permeabilized Labeling  

  Flow cytometry was done with differentiated and undifferentiated SH-SY5Y cells. 

Experimentally, cells were grown up to 80% confluency using complete (EMEM+10% FBS) media. 
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After incubation, 3.5. x10 6 cells were treated with 10µM, 20µM, and 60µM of Aβ using 2% 

FBS supplemented EMEM for 96 hours. After incubation, cells were treated with the Trypsin 

enzyme and harvested and suspended in complete EMEM media. The cells were trypsinized, 

fixed with 4% paraformaldehyde for 20minutes, and permeabilized using a solution containing 

0.1% Triton X-100 (Sigma Aldrich).  Nonspecific binding was blocked using 5% Donkey serum 

in PBS + 1% BSA for 30 minutes at room temperature (RT).  Primary polyclonal (STAT1) and 

Monoclonal (IFIT3) were added and incubated for two hours at room temperature.  Cells were 

washed and incubated for 1 hour with FITC-conjugated affinity-purified donkey anti-mouse and 

Alexa647anti-rabbit antibodies (Jackson ImmunoResearch Laboratories). Cells were rewashed 

and split into two groups.  One set of cells were used exclusively for flow cytometry (BD Accuri 

C6).  The other set was used for permeabilized labeling by mounting them on a coverslip 

using ProLong antifade with DAPI (Molecular Probes).  Images were acquired by a laser 

scanning confocal microscope (Olympus).  All conditions, including optical sectioning, number 

of sections, and exposures, were identical for a given set of experiments. 

ROS Assay with DCFDA 

 Differentiated and undifferentiated cells were cultured in black (transparent bottom) 96 

well plates (Thermo Fisher Scientific, catalog # 165305) at a concentration of 80,000cells/100µL 

for undifferentiated cells and 50,000/100µL for cells undergoing differentiation two days before 

ROS assay for undifferentiated cells. Before starting the assay, a negative control was made by 

preparing 1mM catalase. Media was aspirated from 96 well plates and replaced with 100 µL of 

PBS into wells except for the wells that served as a negative control in which PBS+ catalase 

media was added and incubated for 2 hours. The PBS was removed, and 100µl of 100µM DCF-
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DA was diluted with PBS and added to the wells incubated for 1 hour. After incubation, the 

DCF-DA solution was removed, and cells were treated with 10µM, 20µM, and 60µM of Aβ, 

H2O2, and catalase in their respective wells. The plate was immediately placed in the Bio Tek 

plate reader (Biotek, Synergy HTX) to measure the ROS production through the fluorescent unit 

(RFU) every hour up to18 hours using 480/20 excitation 528/20 emission. The data was 

represented with RFU on the y-axis and different treatments of cells on the x-axis. 

STAT1 and IFIT3 Gene Expression in SH-SY5Y Cells through RT- PCR  

 To measure the STAT1 and IFIT3 gene expression, SH-SY5Y cells were exposed to Aβ. 

After incubation, a total RNA extraction was performed based on the Qiagen RNA extraction kit 

(Qiagen, Catalog # 74004). Briefly, RNA extraction was done from a frozen cell pellet using 

RNase-free pipette tips, add 600 µl of lysis buffer was prepared with 1% two mercaptoethanol 

once added to the pellet. It was vortexed until the pellet was dispersed entirely. 600µl of 70% 

ethanol was added to the cell, followed by homogenization. A fraction of the sample (700µl) was 

transferred into a spin cartridge, including precipitant. The tube was centrifuged at 8,000 x g for 

60 seconds, and the flow-through was discarded in the waste container. RW1 (700µl) wash 

buffer one was added to the spin cartridge. Followed by centrifugation at 8000 x g for 60 

seconds, and flow-through in the collection tube was discarded in the waste container. Following 

that, 500 µl RPE Wash Buffer II was diluted with ethanol was added to the spin cartridge. It was 

centrifuged at 8000 x g for 2 minutes, and flow-through was discarded in the waste container. 

This step was repeated; however, the container was centrifuged for 5 minutes. The flow-through 

was 40 µl of RNase-free water was added and centrifuged at 8000 x g for 60 seconds, and the 

flow-through kept contained extracted RNA.  
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Following RNA extraction, samples were estimated through the Biotek analyzer. An 

equal RNA concentration was added in each well of the 96 well PCR plates based on the RNA 

concentration. The volume of the sample was maintained by adding DEPC water. A PCR master 

mix was prepared according to the number of samples. PCR plate was designed with GAPDH as 

a housekeeping gene and no template control and no primer control. Once all the reagents were 

ready, a master mix with respective primer was added to each well. After adding the sample, the 

plate was covered with the plate using adhesive tape, and after brief centrifugation, the plate was 

placed in the plate holder of the RT-PCR instrument (Thermo Fisher Scientific, Quanstudio3). 

The setting for the Quanstudio3 instrument. The setting for the Quanstudio3 instrument was set 

to "Instrument type: Quantstudio3", "System Block type: 96-well 0.1-ml Block"," Experiment 

type: Comparative Ct (ΔΔCT)", "Chemistry: TaqMan Reagents"," Run mode: Standard". The 

methods tab, the settings were as follows: “Volume” should be set at 20µl, and “Cover 

temperature” will be at 105.0 °C. After PCR was done, ΔΔCT value was collected for individual 

gene expression. Then comparative gene expression analysis was done with GAPDH. Following 

that, a fold change analysis was done with control and different treatment conditions (10, 20, 

60µM). The graphical representation was based on fold change gene expression compared to 

untreated control. 

Findings Aim 1: Identifying Biomarkers for AD  

Statistical Significance of Datasets using Linear Models and Principal Component Analysis 

 Tables 2 and 3 have details related to comparisons AD vs. control and untreated HAND 

vs. control, respectively. DEGs for the AD data the brain regions analyzed were the basal 

ganglia, frontal cortex, and basal ganglia, and only white matter in the untreated HAND subject 
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was identified using linear models. The upregulated genes among a subject group compared to 

the other group in Table 2-3 are denoted by a log-fold value that is larger or equal to “1”, down-

regulated genes are denoted by a log-fold that is less than “1” and genes with no difference are 

denoted by “0”. All linear model comparisons were made with the healthy control contained in 

each data set. Only the genes with significant p-values were considered for further analysis. 

The treated HAND patient data did not show any significant change in gene expression. 

However, the untreated HAND patient data generated a list of 480 differentially expressed genes 

(DEGs); some of the upregulated genes can be seen in Figure 2, including ISG15, IFIT3, STAT1, 

GBP1, C3. Figure 2 provides a visual representation of the difference in expression observed 

between treated and untreated HAND and control subjects. The Z score indicates the expression 

levels, and the chart colors highlight whether a gene was over or under-expressed. Some genes 

that were upregulated in untreated HAND compared to controls include STAT1, ISG15, and 

C3AR1. 

 The data contained in the three platforms that make up the AD dataset were analyzed 

independently from the HIV-1 dataset. Figure 3 represents data from the nucleus accumbens and 

amygdala brain regions of subjects from the AD dataset. The comparison of AD vs. Control from 

the platform GPL570 contained 2,985 significant genes. Some of the important transcripts that 

were downregulated in GPL570 were C3, C3AR1, DDR2, TLR7, and ANXA1. In Figure 4, the 

frontal region data contained in GPL 96 had 1,379 DEGs, consisting of GBP1, IFIT3, ISG15, 

STAT1, and DIRAS. Platform GPL97 contained 575 genes and consisted of IFIT3, GBP1, 

GABRB3, and DCLK1. Interestingly, IFIT3 appeared to be downregulated regardless of the 

platform used. Neither of the basal ganglia regions contained significant DEGs. Figure 5 
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represents a heatmap showing the expression levels of the basal ganglia after normalization. 

When comparing AD vs. Control, the basal ganglia did not show a significant change in 

expression of STAT1, ISG15, and IFIT3 compared to what was observed in the frontal cortex. 

The HAND subject and the distribution of these subjects within each brain region 

corresponds to the top three principal components where black represents the control, and 

HAND is red. In the untreated HAND group (Figure 6), clustering was found among the control 

subjects and HIV-1 subjects. However, a few outliers whose expression varied from the rest of 

the group are between 0 and 0.2 of the PC2 axis, above 0.2 of PC3, and between 0.15 and 0.12 of 

PC1. 

In Figure 7, the AD subject data is represented by red, and the control subjects are 

represented by black. The nucleus accumbens and amygdala (Figure 7A) showed a significant 

amount of clustering in the negative direction of the PC1 axis, where both control and AD 

groups seemed to cluster together within the same area on the axis. AD subject data, however, 

spread out more, and some were seen on the positive end of the PC1 axis, indicating more 

variability of the subject data. Both frontal cortex plots (Figure 7B-C) showed data clusters on 

opposite ends of the PC1 axis. However, they both contained subject data clustered together and 

showed some variability among control groups along the PC2 axis. Figure 7D and 7E represent 

the basal ganglia subject data from platforms GPL96 and GPL97. More variability was observed 

in the expression of genes among AD basal ganglia samples seen in Figure 7D.  However, there 

were some clusters of the control that were seen spread throughout the PC1 axis. AD clusters 

were observed between -0.14 and -0.13 of the PC1 axis. Within the basal ganglia, GPL97 

showed clusters on the positive end of the PC1 axis towards 0.135 and between 0 and -0.2 of the 
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negative end of the PC2 axis (Figure 7 E). These clusters demonstrated similar expression in AD 

subjects that were used for the analysis. The difference seen in RNA expression may be due to 

the different chips used to analyze the patient samples; this is because of the range of RNA the 

Affymetrix was probed with for the experiment. 

Identification of DEGs through SAM Analysis 

 Table 4 and 5 contains DEGs identified through the SAM analysis. Since the other two 

data sets contained controls, the focus was to identify common DE expressed genes in AD and 

untreated HAND or treated HAND postmortem brain samples. The treated HAND patient data 

resulted in 25 upregulated and 19 downregulated genes compared to the healthy control. When 

comparing untreated HAND patients to the healthy control, 52 downregulated genes and 397 

upregulated genes were identified. The AD data contained three platforms, including GPL 570, 

which generated 385 upregulated genes and 62 downregulated genes. Figure 8 represents a Venn 

diagram comparing the SAM results from untreated HAND and AD subjects. A total of 30 genes 

were commonly dysregulated, including C3 ((untreated HAND) 6.894 score (d): 14.104 fold 

change, q: < .001) ((AD) 3.623 score (d): 1.971 fold change, q: < .001),  C3aR1 ((untreated 

HAND) 5.468 score (d): 4.018 fold change, q: < .001) ((AD) 4.400 score (d):  1.867 fold change, 

q:< .001), TLR7((untreated HAND) 4.345 score (d): 8.197 fold change, q: .001) ((AD) 3.756 

score (d): 1.945 fold change, q: .001), and DTNA((untreated HAND) 5.468 score (d): 4.018 fold 

change, q: .001) ((AD) 4.850 score (d): 1.916 fold change, q: .001). The platform GPL96 

contained basal ganglia regions that generated 40 downregulated genes, while the frontal lobe 

regions generated 109 downregulated genes and 17 upregulated genes. The AD data found in 

GPL97 had no DEGs in the basal ganglia regions and only 88 downregulated genes in the frontal 
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lobe regions. The results from GPL96 and GPL97 were averaged and used to compare with 

HAND subject data. Due to the lack of data from other brain regions in one HAND dataset, 

Figure 9 only represents data from the frontal cortex and white matter. A total of 14 genes were 

found shared between untreated HAND and AD, including IFIT3((untreated HAND) 6.086 score 

(d): 10.542 fold change, q: < .001) ((AD) -3.628 score (d) :  .580  fold change, q:< .001), ISG15 

((untreated HAND) 6.491 score (d): 11.531 fold change, q: < .001) ((AD) -3.342  score (d) :  

.611 fold change, q:< .001), and GBP1 ((untreated HAND) 5.530 score (d): 9.495 fold change, q: 

< .001) ((AD) -3.352 score (d) :  .585 fold change, q:< .001). As illustrated in Figure 11, these 

genes had an opposite expression in HAND and AD patients compared to Controls. Figure 10 

represents data derived from the basal ganglia in which eight common genes, including STAT1 

and GBP1, were found shared between untreated HAND and AD. 

Interestingly, a total of 15 DEGs that were shared between treated and untreated HAND 

patients had an opposite expression that depended on treatment. For example, C4orf3 ((untreated 

HAND) -4.696 score (d): 0.580 fold change, q: < .001) ((treated HAND) score (d): 2.020 fold 

change, q: < .001) was upregulated in treated HAND subjects but downregulated in untreated 

HAND patients. Only two genes, STK32A ((treated HAND) score (d): 1.965 fold change, q: 

.001) ((AD) 3.532 score (d): 1.554 fold change, q: < .001) and CD24 ((treated HAND) score (d): 

.109 fold change, q: < .001) ((AD) 3.460 score (d): 2.081 fold change, q: < .05), were found to be 

common and differentially expressed between treated HAND and AD. They were upregulated 

and downregulated respectively in HAND treated patients, and both were upregulated in AD 

patient data. For this reason, our focus was aimed at the untreated HAND subject data. There 

were many more genes in common between untreated HAND and AD patient’s data when 
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regions of the brains were not considered, with a total of 51 common genes found dysregulated 

compared to healthy controls. The independent SAM results indicated that a total of 37 genes 

were upregulated in untreated HAND. Out of these 37 genes in HAND, 27 genes were 

upregulated, and ten were downregulated in an AD patient’s sample.  

Details of the complete list of genes that were up and downregulated among different 

subject groups across three brain regions can be found in Table 6. Table 2 summarizes the results 

of the SAM analysis, specifically the genes that were common between both pathologies. Figure 

11 shows a visual representation of the genes that were more frequently observed throughout 

comparisons along with their expression levels in AD or HAND subjects, including ISG15, 

GBP1, STAT1, IFIT3, and TLR7. 

Processes of Common Genes ISG15, GBP1, IFIT3, PLSCR1, STAT1, TLR7 Involved in 

Both AD and HAND  

 The list of 51 common genes between AD and untreated HAND was submitted to 

DAVID. As a result, our list majorly contributed to a total of 10 processes. Figure 12 represents 

the following genes and their respective processes, including the defense response to the virus, 

interferon-gamma-mediated signaling pathway, type 1 interferon signaling pathway, response to 

IFN-ß, chemical synaptic transmission, signal transduction, positive regulation of vascular 

endothelial growth factor, inflammatory response, and regulation of complement activation. Out 

of the 51 genes, 6 of them, ISG15, GBP1, IFIT3, PLSCR1, STAT1, and TLR7, were part of the 

defense response of the virus. A total of 8 genes are involved in signal transduction, including 

ANXA1, C3, DDR2, DTNA, GABRB3, ITRP2, NRXN1. There were three genes involved in the 
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type I interferon signaling pathway, ISG15, IFIT3, and STAT1.  From the list, STAT1 and 

PLSCR1 genes are involved in response to IFN-ß. Both C3 and C3AR1 are involved in the 

regulation of complement activation and vascular endothelial growth production. DLGAP1, 

DTNA, NRXN1, and SNAP25 genes are involved in chemical synaptic transmission. The 

inflammatory response genes from our list included ANXA1, C3, C3AR, and TLR7. The final 

process that our gene list was involved in was the regulation of bone mineralization which 

includes BMP2K and DDR2. The genes that were more frequently involved were STAT1, C3, 

and C3AR1 

Pathway Analysis Identifies Key Pathways Involving CD44, FCGR1B, GBP1, and STAT1 

Commonly Found in AD and HAND Datasets. 

 The list of common genes was submitted to DAVID, which generated three different 

REACTOME pathways. One of the REACTOME pathways was the interferon-gamma signaling 

pathway, which contained the genes CD44, FCGR1B, GBP1, and STAT1.  The IFN-α/ß signaling 

pathway was the second pathway, which contained ISG15, IFIT3, and STAT1. The final pathway 

was the regulation of the complement cascade which included C3 and C3AR1. For more details 

of genes and the processes they are involved in, please refer to Table 6. 

Aim 2: Type 1 Interferon Signaling in AD model 

Cell viability of SH-SY5Y Treated with Different Concentrations of Aβ 

 Exposing cells to Aβ at concentrations of 10µM, 20µM, and 60µM in undifferentiated 

SH-SY5Y did not show a significant reduction in cell viability at 24 hours of Aβ (p=0.7159). 

However, at 96 hours of treatment, results analyzed through a one-way ANOVA show that there 
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is a significant reduction in cell viability (F(3,20)=[4.396], p =0.0157). Dunnett’s multiple 

comparison shows that the comparison between control vs 60µM has a significant mean 

difference (p=0.0435, 95% C.I.=[0.5453,42.16]) and no significant results were found in control 

vs 10µM (p=0.9946) and control vs 20µM (p=0.0797).  A study comparing the cell viability of 

differentiated and undifferentiated showed that differentiated SH-SY5Y had a dose-dependent 

decrease of cell survival due to increasing Aβ concentration. Therefore, cells were differentiated 

using ATRA. The differentiated SH-SY5Y were treated for 24 hours, and one way, Anova 

reveals that there is a significant reduction in cell viability (F(3,20)=[7.08], p =0.0020). 

Dunnett’s multiple comparisons found that the mean difference between control and 60µM was 

significant (p=0.0033, 95% C.I.=[4.661,23.97]), and there was no significant mean difference in 

control vs. 20µM (p=0.6842) and control vs. 60µM (p=0.9952). Similarly, after 96 hours of 

treatment, a one-way ANOVA reveals that there is a significant reduction in cell viability 

(F(3,18)=[5.547], p =0.0071). Dunnett’s multiple comparison reveals no significant reduction in 

control vs. 10 (p=0.9591) and control vs. 20µM (p=0.0521). However, there was a significant 

reduction in 60µM treated differentiated SH-SY5Y  (p=0.0065, 95% C.I.=[5.734,36.26]). To 

further confirm our effect of Aβ on other brain cells, HMC3 and HA were treated with the 

concentrations mentioned above of Aβ for 24 hours and 96 hours. Figure 13 shows a significant 

decrease in cell viability with 60µM Aβ treatment in all cells within 96 hours. The results of HA 

cells after 24-hour treatment were analyzed using one-way ANOVA, revealing that there is a 

significant mean difference to control (F(3,13)=[34.52], p =<0.0001). Following Dunnett’s 

Multiple comparison showed a significant reduction for 60µM treated cells within 24 hours 

(p=<0.001, 95% C.I.=[15.87,35.42]) and no significant difference is observed in control vs 
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10µM (p=0.2283) and control vs 60µM (p=0.3019). At 96 hours, HA gradually declined cell 

viability with increasing concentrations of Aβ. A one-way ANOVA showed that there is a 

significant difference between control and treated cells (F(3,13)=[4.229], p =0.0272). Dunnett’s 

multiple comparisons show that there is a significant mean difference between control vs. 60µM 

Aβ treated cells (p=0.0158, 95% C.I.=[10.56,99.53]), and no significant mean difference was 

found between control vs. 10µM (p=0.05939) and control vs. 20µM (p=0.0759). Since normality 

was not passed, data was analyzed using Kruskal Wallis analysis (H(2)=12.93, p=0.0001). 

Similarly, to undifferentiated cells HMC3 cells treated for 24 hours, a one-way ANOVA reveals 

no significant decrease in cell viability for any concentration (p=.7016). A one-way ANOVA 

analysis reveals that HMC3 resulted in a significant reduction in all treated cells 

(F(3,12)=[10.92], p =0.0084). Dunnett’s multiple comparison shows that there is a significant 

mean difference in between control vs 10µM (p=0.0155, 95% C.I.=[4.461,41.16]), control vs 

20µM (p=0.0042, 95% C.I.=[9.474,46.18]) and control vs 60µM (p=0.0004, 95% 

C.I.=[19.38,56.09]). 

The Effect of Aβ on Reactive Oxygen Species (ROS) Generation in SH-SY5Y 

In Figure 14, undifferentiated SH-SY5Y control cells produced more ROS than treated 

cells. A one-way ANOVA shows that there is a significant difference between catalase and 

control undifferentiated cells (F(3,12)=[10.93], p =<0.0001). Dunnett’s multiple comparison 

confirms that the only significant difference in mean is control vs catalase (p=0.0046, 95% 

C.I.=[3256,21438]) and no significance is found between control vs H202 and (p=.0871), control 

vs 10µM (p=0.0788), control vs 20µM (p=0.2963 and control vs 60µM (p=0.1895). Normality 

was not significant; therefore, data was analyzed through Kruskal Wallis analysis (H(4)=26.89, 
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p=<0.0001). However, one-way ANOVA shows that there is a significant mean difference 

between control and treated differentiated SH-SY5Y (F(5,44)=[8.646], p =<0.0001). Dunnett’s 

multiple comparison revealed that there was a significant difference in ROS production between 

control and H202 (p=<0.0001, 95% C.I.=[-35272,11779]) and control vs 60µM (p=0.0124, 95% 

C.I.=[-21172,1990]). There was no significant ROS production between control and catalase 

((p=0.999) control vs 10µM (p=0.9998) and control vs 20µM (p=0.9968).   

IFIT3 and STAT1 Transcripts in SH-SY5Y 

Figure 15 RT-PCR was used to measure the IFIT3 and STAT1 gene expression in 

undifferentiated SH-SY5Y and differentiated SH-SY5Y after 96 hours of Aß treatment. The ct 

mean values were used to calculate each experimental variable's delta delta ct values. The delta-

delta Ct values represent the fold change of each gene compared to GAPDH as the housekeeping 

gene. Two separate trials were ran for differentiated and undifferentiated SH-SY5Y cells. The 

values for each trial were used to calculate individual delta delta ct values. For the first trial of 

differentiated SH-SY5Y, the delta delta ct values of STAT1 were 1 for control and 1.8025 for 

10µM treated cells. At 20µM, the fold change increased to 2.24 and nearly doubled at 6.13 for 

cells treated with 60µM of Aß.  The second trial for differentiated SH-SY5Y had 1 for control 

and had a fold change increase of 5.144 for 10µM treated cells. There is a reduction in fold 

change to 2.49 at cells treated with 20µM as the concentration increased to 60µM, a fold change 

increased to 3.51.  In the first trial of differentiated SH-SY5Y, the delta delta ct values of IFIT3 

were 1 for control and .04753 for 10µM treated cells. At 20µM, the fold change increased to 

1.79 and 3.60 in cells treated with 60µM of Aß, respectively.  The second trial for differentiated 

SH-SY5Y had 1 for control and had a fold change increase of 7.006 for 10µM treated cells. 
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There is a reduction in fold change to 6.22 at cells treated with 20µM. As the concentration 

increased to 60µM, a significant fold change increased to 21.73.  These results show an 

upregulation in mRNA of IFIT3 and STAT1 in differentiated SH-SY5Y after 96 hours of Aß 

treatment. 

In the first trial of undifferentiated SH-SY5Y, the delta delta ct values of STAT1 were 

similar in control and 10µM with a fold change of 1.07; however, there is a reduction 0.089 fold 

at 20µM and 0.84 fold with 60µM, respectively. The second trial for undifferentiated SH-SY5Y 

had 1 for control and had a reduction in fold change to 0.09 at 10µM treated cells and an increase 

to 0.40 with cells with 20µM. Cells treated with 60µM showed an increase in fold change to 

2.72. For the first trial of undifferentiated SH-SY5Y, the delta delta ct values of IFIT3 were was 

a 1.976-fold increase for 10µM treated cells. At 20µM, the fold change increased to 3.909 and 

was slightly reduced to 2.82 for cells treated with 60µM of Aß.  The second trial for 

undifferentiated SH-SY5Y had 1 for control and had a fold change increase of .1415 for 10µM 

treated cells. Reduced IFIT3 mRNA is seen in cells treated with 20µM with a fold change of 

.0505. However, as the concentration increased to 60µM, a fold change increased to 1.98. Even 

though the comparison of delta delta ct values between trials did not generate any significant 

results, our data show an upregulation of IFIT3 and STAT1 transcripts in Differentiated and 

Undifferentiated SH-SY5Y treated with 60µM of Aβ (25-35). The fold change was not used for 

statistical analysis because it cannot be normally distributed. Therefore, the delta CT values, 

which is the mean difference in expression between the gene of interest (IFIT3 and STAT1) and 

the housekeeping gene (GAPDH) which can be normally distributed (Schmittgen & Livak, 

2008). Figure 15 shows a heatmap representing the mean difference in IFIT3 and STAT1, which 
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helps visualize the difference between groups. A one-way ANOVA analyzing the data from the 

undifferentiated SH-SY5Y cells shows no significant difference between treatment and control 

(p=0.9709). Similarly, differentiated SH-SY5Y cells did not show any significance (p=0.9566). 

This difference may be due to the high variance among the housekeeping gene GAPDH. 

Increasing the sample size to understand this variation in expression is currently in progress. 

Previous studies have had a similar issue in which RT-PCR data does not show significant 

results seen in array data (Liang et al., 2008). 

IFIT3 and STAT1 Protein Expression in SH-SY5Y 

In Figure 16, the results of two trials measuring the protein expression of STAT1 and 

IFIT3 in undifferentiated and differentiated SH-SY5Y cells after 96 hours of Aβ (25-35) 

treatment. These results did not generate significant results for STAT1 (p=.2526) and IFIT3 

(p=.3578) in undifferentiated cells. Differentiated SH-SY5Y STAT1 and IFIT3 (p=0.4029) did 

not generate significant results either. However, there is a reduction in protein expression in cells 

treated with 60µM compared to 10µM and 20µM. The protein expression of cells treated with 20 

µM of Aβ (25-35) had the highest translation rate. STAT1 protein levels are reduced compared 

to 20µM and 10µM, yet they are still higher than the control. For IFIT3 rate of translation is 

reduced to levels lower than the control for both differentiated and undifferentiated cells treated 

with 60µM of Aβ (25-35). Previous studies have reported a dysregulation in protein synthesis in 

different stages of the disease. They have reported an initial increase in the translational rate that 

is reduced over time (Ghosh et al., 2020). Increased cell death rates due to Aβ (25-35) toxicity 

represent late stages of AD, which is observed in cells treated with 60µM of Aβ (25-35). The 

cells treated with 10µM and 20µM have reduced cell death. However, there may still be 
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functional impairments; this is representative of the early stages of AD. In Figure 17, results for 

IFIT3 show an increase in protein expression in SH-SY5Y cells treated with 10µM and 20µM, 

which represent early stages and an increased translational rate supporting previous AD studies. 

Then there is a reduction in IFIT3 protein expression in cells treated with 60µM of Aβ (25-35). 

Future studies should measure IFIT3 protein to understand the gene expression in AD pathology 

further. 
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Table 1: Gene Expression Dataset Summary. This table describes the datasets used in this 

analysis. It specifically explains the pathology and the Affymetrix chips used to gather results 

and the number of subjects in each dataset. Abbreviations FC: Frontal Cortex, WM: White 

Matter, BG: Basal Ganglia, NA/AM: Nucleus Accumbens/Amygdala 

Data Set ID Pathology 
(HAND/ AD) 

Database 
(Platform) 

Brain Regions 
Analyzed 

Different 
Subject Types 

GSE 28160 HAND GEO (GPL570) WM 7 treated 
HAND 
subjects, 8 
untreated 
HAND 
subjects, 6 
controls 

GSE 84422 AD *GEO (GPL96) 
*GEO (GPL97) 
GEO (GPL570) 
 

*FC, *BG, NA/AM 
 

*32 subjects 
with AD, 19 
controls; 
34 subjects 
with AD, 19 
controls 
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Table 2: Linear Regression Models Results Between AD vs. Control. This table lists the 

significant DEGs from the AD dataset shared with untreated HAND subject data. LogFC values 

greater than one are considered upregulated, and values less than one are considered 

downregulated. 

 

Symbol logFC AveExpr P.Value adj.P.Val B Platforms Regions 

LINC01094 2.203553 8.2456101 7.00E-10 1.66E-06 12.09334 GPL 570 NA/AM 

GALNT15 1.314648 6.4084345 7.89E-08 6.63E-05 7.48282 GPL 570 NA/AM 

IL13RA1 0.962693 5.7436312 8.08E-07 0.0002847 5.225655 GPL 570 NA/AM 

DDR2 1.001502 8.0978636 6.89E-08 6.07E-05 7.614065 GPL 570 NA/AM 

EVI2B 1.336582 6.7128267 5.57E-07 0.00021717 5.58633 GPL 570 NA/AM 

ITPR2 0.696819 6.7737886 2.53E-07 0.00013305 6.349517 GPL 570 NA/AM 

MAOB 0.780507 10.141247 5.06E-07 0.00020761 5.679623 GPL 570 NA/AM 

MS4A7 1.216445 7.0678849 7.93E-06 0.00114354 3.022581 GPL 570 NA/AM 

DTNA 0.973504 7.9055973 5.74E-06 0.0009727 3.334435 GPL 570 NA/AM 

BMP2K 0.770073 7.366542 7.38E-06 0.00111389 3.091496 GPL 570 NA/AM 

CP 1.450129 5.9811838 4.55E-05 0.00355445 1.350215 GPL 570 NA/AM 

CD44 1.627053 9.9312955 2.95E-05 0.0027115 1.762175 GPL 570 NA/AM 

RNASE6 1.129369 6.3608359 3.05E-05 0.00275734 1.730473 GPL 570 NA/AM 

AEBP1 0.930193 7.7192716 0.0001512 0.00755375 0.208958 GPL 570 NA/AM 

SAMSN1 1.290342 5.9105087 4.26E-05 0.00340462 1.411982 GPL 570 NA/AM 
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Table 2: Continued. 

 

 

ANXA1 1.217821 8.7990676 0.0001226 0.00669095 0.407316 GPL 570 NA/AM 

TLR7 0.995614 4.0067311 5.25E-05 0.00387865 1.213965 GPL 570 NA/AM 

FGL2 0.999921 8.0813473 0.0001201 0.00661257 0.426922 GPL 570 NA/AM 

GFAP 0.372874 14.401957 3.76E-06 0.00075021 3.739906 GPL 570 NA/AM 

S100A10 0.802809 10.349529 0.0002609 0.01051537 -0.30669 GPL 570 NA/AM 

NUPR1 0.81781 8.9646199 0.0003861 0.01348964 -0.6757 GPL 570 NA/AM 

ITPRIPL2 0.763211 4.6743973 2.34E-06 0.00053979 4.197135 GPL 570 NA/AM 

ATP6V0E1 0.226589 2.9440363 0.0014468 0.03215979 -1.90975 GPL 570 NA/AM 

DOCK8 0.76337 4.5680147 0.0003705 0.0131708 -0.63697 GPL 570 NA/AM 

CD24 1.635793 6.6191179 0.0002111 0.00925101 -0.10663 GPL 570 NA/AM 

STK32A 0.671416 4.1048961 4.19E-05 0.00336224 1.429629 GPL 570 NA/AM 

DCLK1 1.238835 10.120457 7.94E-06 0.00114354 3.022147 GPL 570 NA/AM 

IFIT3 -0.60901 5.476585 5.97E-06 0.00132743 3.23851 GPL 96 FC 

IFIT3 -0.76255 6.3359105 1.477E-05 0.00389827 2.231482 GPL 96 FC 

IFIT3 -0.68578 5.9062477 1.037E-05 0.00261285 2.734996 GPL 96 FC 

ISG15 -0.68764 5.8677589 7.691E-05 0.00569488 0.815148 GPL 96 FC 

STAT1 -0.3949 2.3607816 1.932E-05 0.00242516 2.121272 GPL 96 FC 

FBXW7 -0.45836 8.7930551 0.0004088 0.01392838 -0.74979 GPL 96 FC 
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Table 2: Continued. 

NRXN1 -0.50608 7.9337503 0.0027281 0.04424583 -2.49893 GPL 96 FC 
FCGR1B -0.58367 2.83776 4.057E-05 0.00380249 1.418806 GPL 96 FC 
HBB -0.74511 11.190131 0.0003314 0.01239002 -0.55416 GPL 96 FC 
PART1 -0.65462 6.7144947 6.125E-06 0.00133404 3.213958 GPL 96 FC 
DIRAS2 -0.76913 10.177409 2.692E-06 0.00085432 3.998798 GPL 96 FC 
GBP1 -0.75003 3.2154484 2.88E-05 0.0031054 1.743075 GPL 96 FC 
SNAP25 -0.56679 12.775182 1.114E-05 0.00182041 2.644057 GPL 96 FC 
IFIT3 -0.76255 6.3359105 1.477E-05 0.00389827 2.231482 GPL 97 FC 
DLGAP1 -0.82148 8.8806354 1.749E-06 0.0016131 4.271858 GPL 97 FC 
DCLK1 -0.65612 6.5173687 6.302E-05 0.00821866 0.854234 GPL 97 FC 
NRXN1 -0.59825 9.3101749 2.255E-05 0.00489439 1.828937 GPL 97 FC 
GABRB3 -0.62875 8.4471402 0.0001035 0.01062345 0.385645 GPL 97 FC 
GBP1 -0.77009 4.9211362 0.0001329 0.01216571 0.150332 GPL 97 FC 
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Table 3: Linear Regression Models Results Between Untreated HAND vs. Control. The 

significant DEGs from the untreated HAND dataset shared with AD subject data are listed in this 

table. LogFC values greater than one are considered upregulated, and values with values less 

than one are considered downregulated. 

 

 

 

 

 

 

 

Symbol logFC AveExpr P.Value adj.P.Val B 

ISG15 3.491838 6.7546391 4.733E-07 0.0006011 5.940132 

IFIT3 3.362526 7.0774746 2.642E-06 0.00189816 4.23041 

STAT1 1.732915 9.8709457 1.339E-05 0.00585167 2.622855 

C3 3.782473 8.2116405 2.964E-06 0.00207559 4.115959 

C3AR1 2.52103 6.0536455 2.475E-05 0.00925724 2.017139 

STAT1 1.732915 9.8709457 1.339E-05 0.00585167 2.622855 

EVI2B 2.156042 5.8222471 1.4E-05 0.00606614 2.579436 

HBB -3.45334 6.1486486 4.956E-06 0.00294169 3.606494 

GBP1 3.211663 5.6099893 4.139E-05 0.01298976 1.511016 

SERPINB1 2.610728 7.5299795 4.289E-05 0.013235 1.475823 

FCGR1B 2.704963 4.8497376 0.0003654 0.04324707 -0.61749 

LINC01094 2.578449 4.7914392 0.0003015 0.03895534 -0.43099 

MAOB 1.867549 8.4465423 0.0002635 0.0360399 -0.29998 

CP 2.31617 6.5035535 0.0003884 0.04428432 -0.6767 
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Table 3: Continued. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RNASE6 1.741931 3.1948183 3.366E-05 0.01149084 1.714127 

SAMSN1 2.506785 4.7847283 0.0002953 0.03876093 -0.41049 

TLR7 2.999565 4.8701305 4.935E-05 0.01396574 1.337971 

NUPR1 2.693328 7.5155246 4.013E-05 0.01266814 1.541333 

ITPRIPL2 1.49326 8.1047011 6.129E-05 0.01564027 1.125378 

SNAP25 -3.11652 10.439936 1.414E-05 0.00608004 2.569368 

FCGR1B 2.704963 4.8497376 0.0003654 0.04324707 -0.61749 

FBXW7 -1.90571 4.6376698 0.0002133 0.03175643 -0.09423 

DLGAP1 -2.81609 8.7887179 6.598E-05 0.01645115 1.05297 

DCLK1 -2.27789 5.6965361 0.0004009 0.04511252 -0.70745 

NRXN1 -2.31118 8.8512038 0.0002368 0.03394861 -0.19608 

SERPINB1 2.610728 7.5299795 4.289E-05 0.013235 1.475823 

PLSCR1 2.306998 6.816581 4.01E-06 0.00246081 3.816263 

DTNA 1.971022 8.2809792 0.0020134 0.10854948 -2.25981 

GBP1 3.211663 5.6099893 4.139E-05 0.01298976 1.511016 
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Table 4: SAM Analysis Results from the Comparison of Untreated HAND vs. Control. The 

shared DEGs compared to AD vs. Control results are listed below. A positive fold change over 1 

represents an upregulation, and values below 1 represent downregulated genes. Similarly, a 

positive score (d)  equal to or greater than 1 indicates upregulation, and anything negative or 

below one is considered downregulated. 

Gene Name Score(d) Fold Change q-value(%) 

LINC01094 5.4169133 6.122256923 0 

GALNT15 4.8565051 3.667753316 0 

IL13RA1 4.5541952 2.319959446 0 

DDR2 4.4311506 4.168248095 0 

EVI2B 6.3001342 4.568297935 0 

ITPR2 4.2008563 2.521429483 0 

MAOB 5.2620958 3.740324209 0 

MS4A7 7.3702522 7.053397738 0 

DTNA 5.4687061 4.018442414 0 

BMP2K 5.0858631 2.82078821 0 

C3AR1 5.4659184 5.883377362 0 

CP 6.3139843 5.104554441 0 

CD44 5.2033087 4.474071974 0 
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Table 4: Continued. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RNASE6 4.3409291 3.428424401 0 

AEBP1 4.3755611 3.000406952 0 

SAMSN1 4.0831942 5.825572282 0 

ANXA1 3.9623182 4.606427525 0 

TLR7 4.3453723 8.197478468 0 

FGL2 4.3050999 5.829209157 0 

GFAP 4.7202061 1.536085743 0 

S100A10 5.5562837 6.257363736 0 

NUPR1 5.4193552 6.629696382 0 

ITPRIPL2 4.3020693 2.885606197 0 

ATP6V0E1 4.5068678 1.609436255 0 

DOCK8 4.3331141 5.385593077 0 

C3 6.8946471 14.1045386 0 

EIF1AY 4.7267314 3.602231856 0 

UTY 4.3265237 9.380347773 0 

DCLK1 -4.9159458 0.211353291 0 

PART1 -4.9822129 0.283166504 0 

DIRAS2 -5.0407903 0.138510617 0 

GBP1 5.5305488 9.495724 0 
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Table 4: Continued. 

SNAP25 -4.964526 0.118183242 0 

IFIT3 6.0865795 10.54246699 0 

FCGR1B 4.426513 6.683377472 0 

HBB -5.6245902 0.043822901 0 

ISG15 6.4917531 11.53105869 0 

FBXW7 -4.9446042 0.273554599 0 

DLGAP1 -4.6739189 0.145543267 0 

DCLK1 -4.9159458 0.211353291 0 

GABRB3 -4.7797119 0.225003173 0 

NRXN1 -4.9447739 0.20653191 0 

SERPINB1 4.7758744 6.260780981 0 

PLSCR1 6.4821609 5.611628732 0 

PLSCR1 6.4767216 5.072202789 0 

DTNA 5.4687061 4.018442414 0 

GBP1 5.5305488 9.495724 0 

FBXW7 -4.9446042 0.273554599 0 

MAN1C1 4.0040713 3.845696121 0 

STAT1 3.9719811 4.266228175 0 
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Table 5: SAM Analysis Results from the Comparison of AD vs. Control. The shared DEGs 

compared to untreated HAND vs. Control results are listed below. A positive fold change over 1 

represents an upregulation, and values below one represent downregulated genes. Similarly, a 

positive score equal to or greater than one (d) indicates an upregulation, and anything negative or 

below one is considered downregulated.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gene Name Score(d) Fold Change q-value(%) Platform Region 

LINC01094 6.6578092 4.495137757 0 GPL 570 NA/AM 

GALNT15 4.2693039 2.2387022 0 GPL 570 NA/AM 

IL13RA1 5.434101 1.901984409 0 GPL 570 NA/AM 

IL13RA1 4.9027625 2.196674345 0 GPL 570 NA/AM 

DDR2 4.5490281 2.050720928 0 GPL 570 NA/AM 

EVI2B 4.967478 2.464669793 0 GPL 570 NA/AM 

ITPR2 4.8310159 1.666934482 0 GPL 570 NA/AM 

MAOB 4.8271927 1.676344812 0 GPL 570 NA/AM 

MS4A7 4.5808365 2.267743033 0 GPL 570 NA/AM 

DTNA 4.5528671 1.684844148 0 GPL 570 NA/AM 

BMP2K 4.4042903 1.664264481 0 GPL 570 NA/AM 

C3AR1 4.4006104 1.867843504 0 GPL 570 NA/AM 

CP 4.3667793 2.666488994 0 GPL 570 NA/AM 
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Table 5: Continued. 

 

CD44 4.28415 3.014387385 0 GPL 570 NA/AM 

RNASE6 4.1927964 2.134918716 0 GPL 570 NA/AM 

AEBP1 4.1556453 1.859616898 0 GPL 570 NA/AM 

DDR2 4.0001111 1.938449415 0 GPL 570 NA/AM 

SAMSN1 3.8170282 2.386927144 0 GPL 570 NA/AM 

ANXA1 3.8053567 2.269906815 0 GPL 570 NA/AM 

TLR7 3.7566192 1.94588517 0 GPL 570 NA/AM 

FGL2 3.67032 1.951703033 0 GPL 570 NA/AM 

GFAP 3.6586269 2.215855483 0 GPL 570 NA/AM 

S100A10 3.5509986 1.702459846 0 GPL 570 NA/AM 

NUPR1 3.5427208 1.720254468 0 GPL 570 NA/AM 

ITPRIPL2 3.5398181 1.538617986 0 GPL 570 NA/AM 

C3 3.623458 1.971693473 0 GPL 570 NA/AM 

DCLK1 4.4311984 2.303211589 0 GPL 570 NA/AM 

ATP6V0E1 3.4774938 1.564082952 0.036597341 GPL 570 NA/AM 

DOCK8 3.4623452 1.656550042 0.036597341 GPL 570 NA/AM 

EIF1AY -6.4426054 0.125066465 0 GPL 570 NA/AM 

EIF1AY -6.1651491 0.270724866 0 GPL 570 NA/AM 
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Table 5: Continued. 

 

UTY -5.4125443 0.433605782 0 GPL 570 NA/AM 

PART1 -4.2022061 0.625303164 0 GPL96 FC 

DIRAS2 -3.9272622 0.577588617 0 GPL96 FC 

GBP1 -3.7343483 0.574256455 0 GPL96 FC 

SNAP25 -3.5946783 0.664554466 0 GPL96 FC 

IFIT3 -3.5361077 0.645386208 0 GPL96 FC 

IFIT3 -3.6286432 0.580570193 0 GPL97 FC 

FCGR1B -3.5185365 0.656824717 0 GPL96 FC 

HBB -3.443967 0.587286815 0 GPL96 FC 

ISG15 -3.3429128 0.611151592 0 GPL96 FC 

FBXW7 -4.5333508 0.6292567 0 GPL96 FC 

DLGAP1 -4.3021738 0.557332016 0 GPL97 FC 

DCLK1 -3.8920161 0.625016133 0 GPL97 FC 

GABRB3 -3.4723019 0.636989078 0 GPL97 FC 

NRXN1 -3.8323091 0.650598271 0 GPL97 FC 

SERPINB1 -4.3937791 0.512203078 0 GPL96 BG 

PLSCR1 -3.5008587 0.515557349 0 GPL96 BG 

DTNA -3.4046582 0.492416537 0 GPL96 BG 
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Table 5: Continued. 

 

GBP1 -3.6060086 0.342399933 0 GPL96 BG 

FBXW7 -3.5813755 0.531905181 0 GPL96 BG 

MAN1C1 -3.5022838 0.611102027 0 GPL96 BG 

STAT1 -3.3802566 0.512321518 0 GPL96 BG 
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Table 6: Common DEGs Between AD and HAND Subjects. The following table summarizes the 

results from SAM analysis and Gene Ontology Analysis. The results were obtained comparing 

untreated HAND vs. Control and AD vs. Control. Significant genes with a (q value < 0.05) are 

represented with the region and if the gene was upregulated or downregulated.  The specific area 

analyzed is represented by abbreviations (FC: frontal cortex, BG: basal ganglia, WM: white 

matter). According to the DAVID bioinformatics database, the specific processes these genes are 

involved in are stated in this list. Based on the results, four mRNA transcripts that were 

significantly differentially expressed between comparisons are involved in the Type 1 interferon 

pathway, and they are ISG15, GBP1, STAT1, and IFIT3. 

Gene Function Comparison & Up or 
Downregulation 

Brain Region 

ISG15  
  

Defense response to  virus     
type I interferon signaling pathway  
  

HAND untreated vs. Control-Up 
AD vs. Control FC-Down   

White matter 
Frontal Cortex 
Basal Ganglia 

GBP1  
  

defense response to virus      
interferon-gamma-mediated 
signaling pathway   
  

AD vs. Control FC-Down  
AD vs. Control BG-Down 
HAND untreated vs. control-  
Up  

Frontal cortex 
Basal ganglia  
White matter 

IFIT3  
  

defense response to virus    
type I interferon signaling pathway  
  

  

AD vs. Control FC-Down 
 HAND untreated vs. Control- 
Up 
  

Frontal cortex 
White matter  
Basal Ganglia 

PLSCR1  
  

defense response to virus  
response to interferon-beta  

HAND untreated vs. Control- Up  
AD vs. Control BG-Down 
  
  

White matter 
Basal ganglia 
 

STAT1  
  

defense response to virus  
interferon-gamma-mediated signaling pathway   
type I interferon signaling pathway  
response to interferon-beta  

HAND untreated vs. Control- Up 
AD vs. Control BG-Down 
 
 
  

White matter  
Basal ganglia 
Frontal Cortex 
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Table 6: Continued. 

DLGAP1  
  

chemical synaptic transmission  
  

  

AD vs. Control FC-Down 
HAND untreated vs. Control- Down 
  

Frontal cortex 
White matter 

FCGR1B  
  

interferon-gamma-mediated signaling 
pathway   
  

  

HAND untreated vs. Control- Up 
AD vs. Control FC- Down 
  

White Matter 
Frontal Cortex 

DTNA  chemical synaptic transmission  
Signal transduction  

HAND untreated vs. Control- Up 
AD vs. Control BG- Down 
Nucleusaccumbens/amygdala-
Down 
  

White matter 
Basal Ganglia 
Nucleus Accumbens 
/Amygdala 

NRXN1  chemical synaptic transmission  
Signal transduction  

HAND untreated vs. Control- Down 
AD vs. Control FC-Down 
  
  

White matter 
Frontal Cortex 

SNAP25  
  

chemical synaptic transmission  
  

HAND untreated vs. Control- Down 
AD vs. Control FC- Down  

Frontal Cortex 
White matter 

ANXA1  
  

Signal transduction  
inflammatory response  

HAND untreated vs. Control- Up 
Nucleusaccumbens/amygdala- Up 
  

White matter 
Nucleus/Amygdala 

DDR2  Signal transduction  
regulation of bone mineralization  

HAND untreated vs. Control- Up 
Nucleusaccumbens/amygdala- Up 
  

White matter 
Nucleus/Amygdala 

GABRB3  Signal transduction  HAND untreated vs. Control- Down 
AD vs. Control FC- Down 
  
  

White matter 
Frontal Cortex 

ITPR2  Signal transduction  HAND untreated vs. Control- Up 
Nucleusaccumbens/amygdala- Up 
  

White matter 
Nucleus 
Accumbens/Amygdala 

BMP2K  
  

regulation of bone mineralization  
  

HAND untreated vs. Control- Up 
Nucleusaccumbens/amygdala- Up 
  

White matter 
Nucleus accumbens 
/Amygdala 
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Table 6: Continued. 

C3  positive regulation of vascular endothelial growth 
production inflammatory response  
regulation of complement activation   

HAND untreated vs. Control- 
Up 
Nucleusaccumbens/amygdala- 
Up  

White matter 
Nucleus Accumbens/ 
Amygdala 

C3AR1  positive regulation of vascular endothelial growth 
production inflammatory response  
regulation of complement activation   

HAND untreated vs. Control- 
Up 
Nucleusaccumbens/amygdala- 
Up  

White matter 
Nucleus Accumbens/ 
Amygdala 

TLR7  
  

inflammatory response  HAND untreated vs. Control- 
Up 
Nucleusaccumbens/amygdala- 
Up  

White matter 
Nucleus Accumbens/ 
Amygdala 
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Figure 2: White Matter mRNA Expression in HAND Subjects. This heatmap represents mRNA 

expression after GCRMA (Bioconductor package) normalization from the white matter of 

HAND subjects in GSE28160. The mRNA expression represented is common markers shared 

between HAND and AD pathologies: PLSCR1, DTNA, BMP2K, IFIT3, DDR2, ITRP2, TLR7, 

ANXA1, GBP1, SNAP25, NRXN1, DLGAP1, GABRB3, STAT1, ISG15, C3AR1, and C3. Status of 
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individual subject expression is represented above the graph grey represents control groups, pink 

represent untreated HAND, and red represents treated HAND subjects. The figure legend 

includes a color key that represents the Z score. The blue color signifies downregulation, while 

red represents overexpression. The overexpression of mRNA transcripts can be observed in 

untreated HAND subjects seen in red, including PLSCR1, DTNA, BMP2K, IFIT3, DDR2, ITRP2, 

TLR7, ANXA1, GBP1, STAT1, ISG15, C3AR1, and C3. Meanwhile, the mRNA expression of 

SNAP25, NRXN1, DLGAP1, GABRB3 is blue, suggesting under-expressed compared to controls. 
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Figure 3: Nucleus Accumbens and Amygdala mRNA Expression in AD Subjects. This heatmap 

represents mRNA expression after GCRMA (Bioconductor package) normalization from the 

Nucleus accumbens and Amygdala of AD and control subjects’ brains in GSE84422. The mRNA 

expression represented is common markers shared between HAND and AD pathologies: 

PLSCR1, DTNA, BMP2K, IFIT3, DDR2, ITRP2, TLR7, ANXA1, GBP1, SNAP25, NRXN1, 

DLGAP1, GABRB3, STAT1, ISG15, C3AR1, and C3. Status of individual subject expression is 
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represented above the graph grey represents control groups, pink represent AD subjects. The 

figure legend includes a color key that represents the Z score. The blue color signifies 

downregulation, while red represents overexpression. The figure demonstrates that mRNA 

expression of  DTNA was underexpressed while transcripts ANXA1, DDR2, ITRP2, BMP2K, C3, 

C3AR1, TLR7 were overexpressed seen in red. 
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Figure 4: Frontal Cortex mRNA Expression in AD Subjects. This heatmap represents mRNA 

expression after GCRMA (Bioconductor package) normalization from the Frontal Cortex of AD 

and control subjects’ brains in GSE84422. The mRNA expression described is common markers 

shared between HAND and AD pathologies: PLSCR1, DTNA, BMP2K, IFIT3, DDR2, ITRP2, 

TLR7, ANXA1, GBP1, SNAP25, NRXN1, DLGAP1, GABRB3, STAT1, ISG15, C3AR1, and C3. 

Status of individual subject expression is represented above the graph grey represents control 
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groups; pink represent AD subjects. The figure legend includes a color key that represents the Z 

score. The blue color signifies downregulation, while red represents overexpression. SAM results 

demonstrate the underexpression of transcripts ISG15, GBP1, IFIT3, DLGAP1 FCGR1B, 

NRXN1, SNAP25, GABRB3. 
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Figure 5: Basal Ganglia mRNA Expression in AD subjects. This heatmap represents mRNA 

expression after GCRMA (Bioconductor package) normalization from the Frontal Cortex of AD 

and control subjects’ brains in GSE84422. The mRNA expression represented is common 

markers shared between HAND and AD pathologies: PLSCR1, DTNA, BMP2K, IFIT3, DDR2, 

ITRP2, TLR7, ANXA1, GBP1, SNAP25, NRXN1, DLGAP1, GABRB3, STAT1, ISG15, C3AR1, 

and C3. Status of individual subject expression is represented above the graph grey represents 

control groups, pink represent AD subjects. The figure legend includes a color key that 
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represents the Z score. The blue color signifies downregulation, while red represents 

overexpression.  Based on SAM results ISG15, GBP1, STAT1, PLSCR1, DTNA were under-

expressed in the Basal Ganglia of AD subject brains. 
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Figure 6: Individual HAND Subject Expression in the Dataset. Principal Component Analysis of 

the controls and groups within the white matter of untreated HAND patients from GSE28160. 

Details of the platforms and patients’ data can be found in table 1. Clusters of spheres represent 

similar expressions in subjects the further they are apart, the more their expression differs.  
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Figure 7: Individual AD Subject Expression in the Dataset. Principal Component Analysis of the 

controls and the three platforms that make up dataset GSE84422. Details of the platforms and 

patient data can be found in Table 1. Figure 7A represents the data derived from the nucleus 

accumbens and amygdala. This shows clustering in the negative direction of the PC1 axis where 

both control and AD subject group seem to cluster together in the same area on the axis. AD 

subject data, however, spreads out more, and some subject data can be seen on the positive end 
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of the PC1 axis, meaning there is more variability of the subject data. Figure 7 B-C represents 

the frontal cortex data. Both plots represent clusters of data on opposite ends of the PC1 axis. 

Still, both contain subject data clustered together and show some variability among control 

groups on the PC2 axis. Figure 7D-E represents the basal ganglia subject data which displays 

more variability in Figure 7D with no clear clusters. However, Figure 7E depicts clusters on the 

positive end of the PC1 plot and towards the negative end of the PC2 axis. 
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Figure 8: Dysregulated Genes in Untreated HAND and AD Subjects. This Venn diagram 

represents the SAM results considered significant (q-value= <.05). The results were generated 

using “Two unpaired analysis” independently comparing untreated HAND vs. Control and AD 

vs. Control.  The white matter of untreated HAND subjects had 397 upregulated genes and 52 

downregulated genes. AD subjects' nucleus accumbens and amygdala resulted in 62 upregulated 

and 385 downregulated genes. The 28 genes that were dysregulated in both diseases are 

mentioned to the right of the Venn diagram. 
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Figure 9: Dysregulated Genes in Untreated HAND and AD Subjects. This Venn diagram 

represents the SAM results considered significant (q-value= <.05). The results were generated 

using “Two unpaired analysis” independently comparing untreated HAND vs. Control and AD 

vs. Control. The Frontal cortex regions of AD subjects had 197 downregulated genes and 17 

upregulated genes. The white matter of untreated HAND subjects had 397 upregulated genes and 

52 downregulated genes. The 13 common genes that were dysregulated in both diseases are 

listed in purple on the right of the Venn diagram.  
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Figure 10: Dysregulated Genes in Untreated HAND and AD Subjects. This Venn diagram 

represents the SAM results considered significant (q-value= <.05). The results were generated 

using “Two unpaired analysis” independently comparing untreated HAND vs. Control and AD 

vs. Control. The Basal Ganglia regions of AD subjects had 40 downregulated genes based on 

mRNA expression. The white matter region of untreated HAND subjects had 397 upregulated 

genes and 52 downregulated genes. The seven genes shared between untreated HAND and AD 

are listed in purple to the right of the Venn diagram. 
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Figure 11: Dysregulated RNA in AD in HAND. SAM results are represented in this figure in 

which we could observe a difference in expression of type 1 interferon genes. The results were 

derived from the SAM Analysis using “two unpaired analyses” independently using “Control vs. 

AD” and “Control vs. HAND.” The Score (D) with a baseline of 1, meaning anything above 1, is 

considered upregulated. Therefore, anything below 1 represents a downregulation. The gray 

represents AD data, and the orange represents untreated HAND data. 
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Figure 12: Common Gene Function using DAVID. This chord diagram represents the common 

genes generated from the SAM Analysis results and submitted through DAVID for the Gene 

ontology analysis. This allowed for identifying the specific processes affected in both AD and 

HAND. Each gene is connected to its respective function through a chord.  
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Figure 13: AD Model Cell Viability. MTS results show that there is a significant reduction in 

cell viability at 60µM at 96 hours for differentiated (p=0.0065, 95% C.I.=[5.734,36.26]) and 

undifferentiated  SH-SY5Y (p=0.0435, 95% C.I.=[0.5453,42.16]) , HA (p=0.0158, 95% 

C.I.=[10.56,99.53]) , and HMC3 (p=0.0004, 95% C.I.=[19.38,56.09]) cells treated. Here Dunnets 

multiple comparison significance is annotated with (*) in which p < 0.05 (*), p < 0.01 (**), p < 

(***). For more details on statistical analysis refer to results section. 
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Figure 14: Reactive Oxygen Species in Aβ Treated Cells. Differentiated and undifferentiated 

cells were treated with Aβ, catalase was used as a negative control, and H202 was used as the 

positive control. After 18-hour incubation with Aβ, there was no significant increase in ROS 

production in undifferentiated cells. Differentiated cells showed a significant difference between 

Control vs. H202 (p=<0.0001, 95% C.I.=[-35272,11779]) and Control vs. 60µM (p=0.0124, 95% 

C.I.=[-21172,1990]). Dunnett’s multiple comparison significance is annotated with (*) in which 

p < 0.05 (*), p < 0.01 (**), p < (***). 
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Figure 15: RNA Expression in SH-SY5Y Cells. No significant results were found through RT-

PCR in undifferentiated (p=0.9709) and differentiated SH-SY5Y cells (p=0.9566) treated with 

Aβ for 96 hours. Here the delta CT values are used to represent the RT-PCR data. The greater the 

mean difference is to the housekeeping gene GAPDH. There is no significant difference between 

STAT1 and IFIT3 in undifferentiated and differentiated cells. 
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Figure 16: Protein Expression in Aβ Treated SH-SY5Y. Flow cytometry results show no 

significant difference in protein expression for IFIT3(p=0.3578) and STAT1(p=0.2526) in 

undifferentiated SH-SY5Y. Similarly, IFIT3 (p=0.4029) and STAT1 did not show any 

significant results undifferentiated SH-SY5Y. However, there is a reduction of IFIT3 below 

control levels in cells treated with 60µM of AB. Despite the increase in the number of transcripts 
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produced, this data suggests an impairment in translation machinery. STAT1 protein levels are 

lower 60µM compared to lower concentrations suggesting a slower translation rate. 
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Figure 17: Protein Expression in Undifferentiated SH-SY5Y. Neuroblastoma (SH-SY5Y) cells 

that were grown in control (A), 10µM (B), 20µM (C), and 60µM (D) Aß for 96 hours.  Cells 

were trypsinized, washed, fixed, and labeled with anti-IFIT3 (green, FITC) and anti-STAT1 (red, 

Alexa647).  A portion of cells were selected for imaging using a confocal microscope under 
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identical exposure (A-D). The other cell portions were used in flow cytometry 

experiments.  Panels A-D illustrates that by increasing the concentration of Aß from 10 to 60µM, 

the IFIT3 and STAT1 expressions initially increase and then decrease at the concentration of 

60µM.    
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Figure 18: 96-hour Aβ Treatment in SH-SY5Y Cells. After 96 hours, cells treated with 60µM of 

Aβ showed a significant reduction in cell viability and a significant production of ROS compared 

to other concentrations.
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CHAPTER III 

 

SUMMARY AND CONCLUSION  

 

Identification of Common Biomarkers in AD and HAND 

The neurodegeneration observed in populations suffering from HAND and AD share 

common characteristics, including neuroinflammation and Aβ deposition in the CNS (Pulliam et 

al., 2019; Stern et al., 2018). Considering these neuropathologies are relatively common among 

the aging population with HIV-1 infection, it has become increasingly difficult to detect and 

distinguish between these two diseases based on their symptoms (Kahn et al.,2019; Milanini et 

al., 2019; Pulliam et al., 2019). To biologically characterize these two diseases and find a 

potential biological indicator (Kodidela et al., 2019), it is important to understand the underlying 

molecular pathways involved in these two diseases, especially in co-existing conditions (Rubin 

et al., 2019). Therefore, the present study has taken advantage of the existing RNA expression 

datasets from post mortem brains samples to investigate a set of common and distinctive gene 

biomarkers for HAND and/or AD. The AD, untreated HAND, and treated HAND data were 

initially compared to healthy controls considering that AD and HAND will have similar gene 

expression compared to control. Using independent results with this same analysis, we were able 

to perform this type of comparison. Due to the lack of datasets containing cART treated HAND 

patient transcriptome data, the treatment was not a factor we considered in our analysis. Our   
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objective was to identify common mRNA transcripts differentially expressed between HAND 

and AD subjects. The basal ganglia and the frontal cortex regions of the AD patients’ post-

mortem brains were investigated in this study. The current study helped to identify signaling 

pathways that are dysregulated and may be crucial in the development of the neuropathology 

seen in AD and HAND. 

Type 1 interferons are part of the innate immune response that interferes with a viral 

infection. Toll-like receptors allow cells to recognize bacteria, viruses, and cellular debris and 

activate interferons' transcription. The current study has shown an upregulation of TLR7 in 

untreated HAND and AD postmortem samples. TLR7 is involved in recognition of viruses, 

double-stranded RNA, and single-stranded RNA, and its activation results in downstream 

transcription of type 1 interferons, including type 1 interferons α/ß (IFN α/ß) (Meier et al.,2007). 

IFN α/ß and its receptor, an IFNAR complex, recruits STAT1 and STAT2 for phosphorylation, 

creating a heterodimer that forms a complex with IRF9 known as ISGF3 (Borden et al., 2007; 

Platanias, 2005). This complex is then translocated into the nucleus, activating the transcription 

of interferon-stimulated genes (ISGs) as part of the immune response (Zhao et al., 2013).  This 

interferon response is known as the JAK-STAT pathway signaling cascade to promote 

neuroinflammation. Therefore, it is important to investigate how to regulate the immune 

response to avoid dysregulated forms of inflammation in the brain commonly observed in 

neurodegenerative diseases (Taylor et al., 2014). 

The results from the DAVID analysis allowed the identification of two common 

interferon pathways that were found dysregulated in both AD and HAND (Figure 12). Three 

genes were identified involved in the type I interferon pathway, including STAT1, IFIT3, and 
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ISG15. Several genomic and transcriptome analysis studies have indicated that genes like ISG15, 

STAT1, and IFIT3 can, directly and indirectly, regulate HAND or AD (Dansokho et al., 2016; 

Gomez et al., 2020; Hsu et al., 2013; Hsu et al., 2014; Kuffor et al., 2019; Nazarian et al., 2019; 

Zhang et al., 2015).  However, their underlying mechanisms and contribution to neuropathology 

are not well understood. Our study has established that in untreated HAND subjects, the 

expression of STAT1, IFIT3, and ISG15 was upregulated as expected due to viral infection. 

However, in AD postmortem brain samples, there was downregulation of STAT1, ISG15, and 

IFIT3. This is supported by another study analyzing the post-mortem AD brain, where decreased 

IFN-α and IRF7 levels suggest an impaired immune response. They also demonstrated that the 

expression of genes varies in distinct regions of the brain, which may have different 

consequences due to region- and gene-specific functions (Romagnoli et al., 2020). In our 

analysis, the frontal cortex and basal ganglia regions were analyzed based on their involvement 

in motor commands and executive function, respectively. 

The type 1 interferon response can have harmful or beneficial effects that have been seen 

in various neurodegenerative diseases. It has been observed to induce anti-inflammatory effects 

in multiple sclerosis and is associated with chronic inflammation in AD. However, our results 

show a downregulation of STAT1 in AD postmortem brains. It has been observed that STAT1 

deficiency leads to the activation of secondary pathways that are associated with severe 

neurological effects (Wang et al., 2002).  Previous studies have aimed to understand the function 

of type I interferon in the CNS and confirm the upregulation of interferons in the presence of Aβ 

due to chronic stimulation (Roy et al., 2020; Taylor et al., 2014). However, our results showed a 

downregulation of STAT1 in AD postmortem brains. Another study supported this observation 
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where initial upregulation of interferon response in microglia was downregulated within six days 

of infection with the neurotropic virus, indicating impaired IFN-γ response (Hwang & 

Bergmann, 2020). The present study has identified four genes CD44, FCGR1B, GBP1, and 

STAT1, from the common genes of AD and HAND that are involved in the IFN-γ mediated 

signaling pathway. Previous studies have investigated patients' nitric oxide (NO) levels in 

different stages of AD in both microglia and astrocytes, which have neurotoxic effects in the 

brain and contribute to AD pathology (Belkhelfa et al., 2014). The study also identified that IFN-

γ and tumor necrosis factors (TNF) were needed to induce NO production. However, the 

mechanism of how these cytokines regulate the production of NO and how this can potentially 

reduce the inflammation observed in AD pathology needs further investigation (Belkhelfa et al., 

2014). Another study has suggested that experimental autoimmune encephalomyelitis (EAE) 

induced IFN-γ signaling can have a protective effect through STAT1 in immune cells of the 

CNS. In the absence of STAT1, cells suffered from a severe form of EAE. STAT1 deficiency 

observed in our analysis may lead to detrimental effects seen in EAE CNS in vitro models (Lee 

& Chanamara, 2012). However, IFN-γ produced by CD8+ T cells and microglia has been 

observed in the brains of mice and patients with AD (Unger et al., 2020). The type II interferon 

pathway requires a STAT1 homodimer that translocates into the nucleus, where it can bind to 

cis-regulatory elements known as gamma activating sequences (GAS) elements that can either 

activate or suppress interferon-regulated genes (Roshan et al., 2017). A study observed that 

phosphorylated STAT1 allows tau fragment (1-368) to bind and activate the transcription of 

BACE1. It was observed that this mechanism is dependent on the presence of the 
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amyloidprecursor protein (586-695), which regulates the phosphorylation of kinases SGK1 and 

JAK2, which are both activators of STAT1 (Zhang et al., 2018).  

Some of the downstream ISGs that deserve further investigation regarding their roles in 

the CNS include IFIT3 or ISG60 that are expressed downstream of the JAK-STAT pathway.  It 

has been observed that IFN-β secretion activates the production of IFIT3, which can then 

regulate the downstream production of chemokine CXCL10 (Imaizumi et al., 2016). IFIT3 can 

function as an inhibitor of cellular and viral processes, cell migration, proliferation, signaling, 

and viral replication; however, a better understanding of AD pathology is needed (Pidugu et al., 

2019). On the other hand, ISG15 has been identified as an interferon-stimulated gene since its 

expression is induced in response to type I interferons or lipopolysaccharide treatment 

(Malakhova et al., 2002; Zhang et al., 2015). ISG15 activity is tightly regulated by specific 

signaling pathways that play an innate immunity role. A study demonstrated that ISG15 could 

negatively regulate the type 1 interferon response through USP18 stabilization (Zhang et al., 

2015). This study showed an increase in ISG15 untreated HAND brain samples. This finding is 

supported by a previous study that analyzed cerebrospinal fluid (CSF) and post mortem brain 

samples of people who had HAND, identifying increased levels of ISG15 in the early stages of 

HAND (Fields et al., 2013). This suggests that the regulation of downstream activation of ISGs 

in response to type 1 interferons may benefit people with HIV-1. Since both of these ISGs are 

activated downstream of STAT1 in the Type 1 interferon response, understanding how these 

genes may regulate inflammation or other factors contributing to the neurodegeneration seen in 

the CNS may be helpful for the development of therapeutic drugs.  
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A recent study has indicated that the interferon response can directly or indirectly 

regulate other mechanisms involved in neurodegeneration regarding C3 and C3AR1. These two 

genes are involved in the complement cascade pathway and were both found upregulated in AD 

and HAND subjects.  This study demonstrated that interferons can regulate microglia-mediated 

synapse loss through complement cascade components (Roy et al., 2020). However, further 

investigation is needed to fully understand the contribution to neurodegeneration (Roy et al., 

2020).  Innate immunity can be regulated through the complement pathway in which the 

cleavage of C3 into C3a and C3b is followed by binding to C3AR1 and CR3, respectively. It is 

expressed in the central nervous system and is associated with aging and neuropathology 

(Litvinchuk et al., 2018).  The C3-C3aR has been observed to mediate mechanisms involved in 

immune response and neuron interactions involved in network function and Aβ pathology.  

However, the interactional relationships between neurons, astrocytes, and microglia need to be 

further understood. This study showed that C3aR has a critical role in mediating CNS immune 

hemostasis and tau pathology through the JAK-STAT pathway (Litvinchuk et al., 2018). In 

addition, levels of IL-6 have been observed in the brains of AD patients. The presence of Aβ can 

activate the NALP3 inflammasome that will cause the secretion of IL-1ß and IL-6, respectively, 

and also induce the transcription of acute-phase response proteins like C3 (Ayton, 2020). The C3 

gene expression has been observed in the brains of HAND, where NF-kB induction of IL-6 

activates the C3 gene. This contributes to inflammation and cognitive dysfunction in people with 

HIV-1 infection (Nitkiewicz et al., 2017). Further research is needed to investigate and compare 

the mechanisms involved in regulating C3 and C3AR1 in the CNS of AD and HAND subjects. 
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Despite the sample size, our data supports multiple studies that recognize type 1 and type 

II interferon signaling pathways related to HAND and AD. In summary, it is important to 

understand further the mechanism of these pathways and how they mediate neuronal plasticity 

through astrocyte and microglia activation. STAT1 is a gene involved in interferon response; 

however, more research is needed to understand its regulation in AD pathology. Some of the 

genes downstream of STAT1 are ISG15 and IFIT3, which are involved in innate immunity. The 

expression levels of these mRNA transcripts were dysregulated in different brain regions. This 

may be worth further investigation to understand better the mechanisms in which they may elicit 

inflammation in the central nervous system. Due to the limited available data, treatment was not 

considered important in HAND data analysis. However, since most people with HIV receive the 

treatment, it would be ideal for collecting data from larger cohorts receiving treatment in the 

future. 

Overall, the transcriptome profiles of the brains of people with HAND and AD highlight 

opposite expressions of RNA involved in type 1 interferon signaling, including STAT1, ISG15, 

and IFIT3. The expression of genes involved in this immune response varies in different 

neurodegenerative diseases. It is suggested to be involved in the different neuropathologies that 

lead to cognitive decline. A limitation of this study is that we did not consider age as a factor for 

comparison due to the small sample size. It has been observed that there are age-related 

differences in brain atrophy in AD brains (Senguko, 2020). Also, epigenetic histone 

modifications that are associated with age have been implicated in AD (Nativio et al., 2018). It 

would be interesting to see the different levels of gene expression at different stages of the 

disease.  Further research is needed to confirm these observations using in vitro or in vivo models 
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to understand further the mechanisms involved in the progression of neurodegenerative diseases. 

Nonetheless, to the best of our knowledge, this is the first comprehensive report comparing the 

epigenetic mechanism of AD and HAND from two established RNA datasets. 

Type 1 Interferon Gene Expression in in vitro AD Model 

To further understand the regulation of STAT1 and IFIT3 in an AD, an in vitro model was 

established based on published data (Lattanzio et al., 2016; Li et al., 2019; Yu et al., 2014). 

Previously described in this article, Aβ is one of the hallmarks of AD. Therefore, exposing 

neurons to various Aβ concentrations would create a disease pathology in neurons similar to AD. 

This will allow the characterization of IFIT3 and STAT1 expression regarding various Aβ 

concentrations. In this regard, several published data also suggested that in vitro AD is a unique 

tool to characterize the AD pathology outside in vivo conditions (Petry et al., 2020).  In this 

regard, different concentration of Aβ was treated with SH-SY5Y cells to optimize a 

concentration that is not toxic to cells. However, that concentration also creates AD-like 

pathology in SH-SY5Y cells. Cell viability was observed using an MTS assay to optimize the Aβ 

concentration that is not toxic to cells but can induce AD-like cell pathology in SH-SY5Y cells 

(Figure 13). Initially, only undifferentiated SH-SY5Y cells were being measured for cell 

viability. This did not show any significant decrease in cell viability. A similar observation was 

made by other groups where cell viability was measured in undifferentiated and differentiated 

SH-SY5Y after exposure to Aβ (Petry et al., 2020). It was observed that differentiated SH-SY5Y 

were more sensitive to Aβ. This may be due to the post-mitotic characteristic, and increased 

receptors are seen in mature adults. This cytotoxic effect was observed in differentiated SH-

SY5Y, HMC3, and HA in determining if the AD model was effective. By analyzing various cell 
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lines, it was observed that 60µM of Aβ was optimum for exhibiting AD-like cell pathologies 

within 96hrs in the SH-SY5Y cells, as indicated (Figure.13). In this regard, cell treated with 

60µM of Aβ for 96 hours was optimum to observe the Aβ induced pathologies comparable to 

late stages of AD. Since ROS has a significant effect on AD pathology, the effect of ROS was 

observed on Aβ treated cells (Cheignon et al., 2018).  It was observed that Aβ did not induce any 

ROS production in undifferentiated SH-SY5Y (Figure.14). It is possible that Aβ does not 

produce ROS within the time of the analysis. Our results of differentiated cells treated with 

60µM of Aβ show a significant increase in ROS production compared to the other 

concentrations. Previous studies have reported that differentiated SH-SY5Y is more sensitive to 

Aβ compared to undifferentiated SH-SY5Y. They reported that undifferentiated SH-SY5Y lack 

neurites that reduce the surface area that Aβ can cover (Krishtal et al., 2017). 

Our study has identified that STAT1 and IFIT3 genes are affected in AD and HAND 

patients in our SAM analysis. In addition, our study indicated that among other genes, STAT1 is 

downregulated in the AD model, which has been associated with severe neurodegeneration. In 

parallel, it was also observed that IFIT3 was also downregulated in this condition. Among the 

other genes, ISG15 and GBP1, IFIT3 are uncharacterized genes concerning AD pathology. 

Previous studies on AD brains demonstrate that severe dementia is characterized by increased 

downregulated genes (Haroutunian et al., 2009). 

This provided an ideal opportunity to characterize this gene in this model. Therefore, the 

present study has characterized the STAT1 and IFIT3 gene in the in vitro AD model. The gene 

expression of IFIT3 and STAT1 in differentiated and undifferentiated SH-SY5Y cells through 96 

hours of treatment with various Aβ concentrations (Figure 15). It was observed that there is an 
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upregulation of both IFIT3 and STAT1 at 60µM Aβ treated cells at 96 hours. This upregulation of 

these interferon-stimulated genes suggests that Aβ can induce the release of interferons that will 

recruit STAT proteins upon binding to the receptor known as the IFNAR complex on the cell 

membrane. When STAT proteins are recruited, they are phosphorylated and translocated to the 

nucleus, activating the transcription of ISGs like IFIT3 and ISG15. Once the transcripts are 

complete, they undergo translation by rRNA to produce proteins that are the gene's functional 

components. However, an early study using peripheral blood samples identified a low ratio of 

rRNA 28S and 18S subunits in AD patients compared to age-matched and young healthy 

controls (Payão et al., 1998).  

Our immunocytochemistry and flow cytometry significantly reduced protein expression 

for IFIT3 and STAT1 after 96 hours of Aβ treatment. However, results are not significant 

between trials. There is a reduction below the control levels in cells treated with 60µM for both 

differentiated and undifferentiated SH-SY5Y. Even though there is no reduction of STAT1 

below control levels, there is a reduction of 60µM treated cells compared to the expression of 

10µM and 20µM. Further studies should measure protein expression at different time points to 

fully understand gene expression's transcriptional and translation levels. A reduction in protein 

synthesis suggests that Aβ may be associated with the impairment of translational mechanisms 

that may be detrimental to the cell. Previous studies have reported impaired protein synthesis in 

the early stages of AD. This study suggests that impaired protein synthesis may interfere with the 

cell’s ability to regulate hemostasis and contribute to neuronal damage (Ding et al., 2005). 

Similarly, studies have shown that brain regions, specifically the frontal cortex affected 

by AD, have reduced mRNA translation (Langstorm et al., 1989). This supports our in vitro 
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results showing the reduced translation of IFIT3 and STAT1 despite the significant mRNA 

upregulation. A previous study that measured the protein expression in AD mice models 

demonstrates dysregulation of protein homeostasis (proteostasis) and pathways involved in 

protein degradation and synthesis before symptoms. The results suggest that reduced protein 

synthesis is crucial for developing AD pathology (Elder et al., 2021).  

A study shows that Aβ in neurons regulates translation, affecting proteins' synthesis, and 

nanomolar amounts of Aβ increased translation. Their data suggest there is a biphasic regulation 

of translation in AD. In which earlier stages have an increased rate of translation; however, in the 

later stages, protein synthesis is impaired, leading to neurodegeneration (Ghosh et al., 2020). Aβ 

aggregates can be resistant to phagocytotic degradation; therefore, they can be found in the 

brains of people with AD. It is suggested that Aβ can be recognized by Toll-like Receptors as if 

they were pathogen-associated molecular patterns (PAMP)-like agents initiating a pro-

inflammatory response (Udan et al., 2008). Previous results demonstrate that both TLR4 and 

TLR7 are upregulated in AD subjects. This observation is supported by a study that suggested the 

expression of TLR4 increases with age (Hughes et al., 2020). Downstream TLR activation 

induces the expression of type 1 interferons that then activate the transcription of ISGs through 

the JAK-STAT pathway, as seen in Figure 18.  In the CNS, all cells can produce type 1 

interferons; however, the effects in the brain of AD are still not well characterized. It has been 

observed that increased levels of IFN-α are detrimental to the brain, and type 1 interferons can 

induce pro-apoptotic signaling in neurons. The results in Figure 16-17 from our study show a 

deficiency in STAT1 protein after 96 hours of Aβ treatment. Studies in mice have demonstrated 

that STAT1 deficiency in the CNS prevents the activation of IFN dependent genes, suggesting its 
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distinctive role in the CNS (Pasieka et al., 2011). Data indicate that IFN-α response in neurons 

depends entirely on STAT1 (Wang & Campbell, 2005). The STAT1 depletion in the neurons is 

compensated by activating STAT3, which contributes to pathology in the CNS (Pasieka et al., 

2011). The activated STAT3 can be phosphorylated in response to IFN-ß and IFN-γ that 

downregulates TNF-A and NFKB (Kim et al., 2015). Our results also show downregulation of 

IFIT3 protein expression in SH-SY5Y cells after 96-hour incubation with Aβ. Based on our 

results, cells treated for 96 hours also showed a significant decrease in cell viability. Studies 

showed that IFIT3 knockout increased cell death by measuring caspase3/7 levels (Sasaki et al., 

2021). 

Similarly, other studies have observed that silencing IFIT3 is associated with more 

significant cell death in astrocytoma cells (Hsu et al., 2013). Recent studies show that IFIT3 can 

regulate mitochondrial apoptosis in human pancreatic cells (Wang et al., 2020). Based on our 

results, we can associate the reduction of IFIT3 expression to increase levels of cell death. 

However, further research is needed to confirm that IFIT3 is associated with cell death seen in 

SH-SY5Y.  

Based on the given observation made through computational analysis with the supportive 

evidence of primary science data, we propose a downregulation in the gene expression of both 

IFIT3 and STAT1. Our data suggest an impairment in these genes' translation despite an 

increased number of STAT1 and IFIT3 transcripts in differentiated SH-SY5Y cells. The 

inconsistent results of mRNA expression in undifferentiated SH-SY5Y may result from the 

heterogeneous population of cells at different stages of mitosis instead of the homogenous 

population seen in differentiated SH-SY5Y. Both cells types had a significant reduction in 
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protein expression, suggesting a reduced function of these genes at 96 hours of Aβ treatment. 

The gene expression for IFIT3 and STAT1 in the first aim of this study used total RNA to 

measure gene expression through GWAS. There was no protein data to compare with the in vitro 

study; however, it can be implied that a reduced number of transcripts will reduce protein 

synthesis. What can be observed in AD patients is an upregulation of both TLR4 and TLR7, 

which can activate the transcription of Type 1 interferons that can signal through the JAK-STAT 

pathway (Figure. 18). However, the downregulation of STAT1 means that it can not be recruited 

to the cell membrane to activate downstream transcription of ISGs, including IFIT3 and ISG15. 

Previous studies have shown that it increases apoptosis in cells. This study reports a reduced 

level of IFIT3 expression in differentiated cells treated with 60µM of Aβ for 96 hours. These 

differentiated cells also showed significant cell death at 96 hours. Therefore, it is worth 

mentioning that future studies should investigate the correlation between cell death and reduced 

IFIT3 expression in the AD model. 

Nonetheless, this study did not address the expression levels of IFIT3 and STAT1 in 

HAND pathology, which can be done in future analysis (Figure. 19).  However, our experimental 

data suggested that the population living with HIV-1 has an upregulation of genes involved in 

the Type 1 interferon pathway. The virus can be recognized by TLR7 that was shown to be 

upregulated in the white matter of untreated HAND patients. This can activate the transcription 

of interferons that will signal through the JAK-STAT pathway. There was a significant 

upregulation of STAT1, suggesting that it can be recruited and phosphorylated. After forming the 

heterodimer, it is translocated into the nucleus, where it can activate the transcription of ISGs. 
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Our data showed a significant upregulation of ISGs IFIT3 and ISG15. It would be worth 

investigating the role of IFIT3, specifically its role in neuroinflammation. 

Our results suggest an impaired innate immune response in AD patients, specifically the 

Type 1 and 2 interferon pathways. This is supported by a post mortem AD brain study that 

reported a decrease in IFN-α and IRF7. Interestingly, the same study observed an increase of 

IFN-α and IRF7 in the hippocampus, meaning a differential expression in distinct regions of the 

brain (Romagnoli et al., 2020). This may explain why we see the opposite regulation of type 1 

and 2 interferon pathways in AD and HAND—unpublished data in our lab show downregulation 

of IFIT3 in HAD vs. HIV frontal cortex. In the white matter of untreated HAND, there is an 

upregulation of IFIT3. It has been observed that impaired immune response varies in different 

brain regions; therefore, we do not rule out that there could be different expression levels in other 

regions of the brain. The white matter of people with AD has been suggested to be associated 

with cognitive impairment. It would be interesting to see the expression of genes in this part of 

the brain (Nasrabady et al., 2018). The white matter is a reservoir for HIV-1 infected during the 

early stages of the disease (Rumbaugh & Tyor, 2015). Many studies have focused on 

investigating brain tissue samples to identify the critical pathophysiological features of the 

patients with different severity levels of HAND (Rumbaugh and Tyor, 2015). 

The activated microglial cells elicit an immune response releasing proinflammatory 

cytokines that may cause neuronal damage. Microglia may have a role in developing 

neurological diseases like AD and HAND (Borrajo et al., 2021). A recent study on AD post 

mortem brains reported dysregulation of type 1 interferons in distinct regions of the brains 

(Romagnoli et al., 2020). Future studies to further understand the immune response in 
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neurodegenerative diseases like HAND and AD should compare the same regions of the brain 

for more consistent results.  Even though HAD is rare and no longer relevant, it shows the 

dysregulation of IFIT3 in different neurodegenerative diseases and that tight regulation of IFIT3 

may be beneficial.  

Conclusion 

In conclusion, we accept the hypothesis due to the reduction of STAT1 and IFIT3 gene 

expression in AD ex vivo and in vitro models. However, further tests are needed to gain 

statistical significance for the in vitro model. Measuring gene expression over some time is key 

to understanding their regulation. Our study supports previous reports of impaired innate 

immunity in people with AD (Mulugeta et al., 2008). Specifically, a dysregulated type 1 

interferon pathway may lead to severe neurodegeneration. Further investigation is needed to 

understand these genes' function in the development of AD pathology.
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Figure 19: Proposed Type 1 Interferon in AD Pathology. Based on our data from Aim 1, we 

propose that in AD pathology, there is an initial upregulation in Toll-Like receptors TLR4 and 

TLR7, which activate the expression of Type 1 interferons. However, the data suggests that there 

is a downregulation of STAT1, which will inhibit the activation of downstream gene IFIT3. 

Previous studies have shown that cell apoptosis increases as a result of IFIT3 reduction in cells. 

Further research is needed to confirm this in AD. 
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Figure 20: Proposed Type 1 Interferon in HAND Pathology. Based on our data from Aim 1, we 

propose that in HAND pathology, there is an initial upregulation in Toll-Like receptors TLR7 

which will activate the expression of Type 1 interferons. The upregulation of STAT1 enables the 

protein to be recruited and activate the downstream expression of ISGs like IFIT3 and ISG15. 

Studies have shown the ability of IFIT3 (ISG60) to regulate chemokine CXCL10. Future 

research is needed to determine its potential association with chronic neuroinflammation. 
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