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Abstract 

Type 2 Diabetes Mellitus (T2DM) is a metabolic disorder which is characterized 

by elevated blood-glucose levels and it is increasing dramatically (Morris et al., 2012). 

More than 347 million people are affected by diabetes worldwide. The late recognition 

and insidious inception of this disease are the main cause of the large number of mortality 

and morbidity cases worldwide, especially in the developing countries like Pakistan 

(Azevedo et al., 2008). T2DM is linked with impairment of the cognitive function, and 

one of the adverse complications of T2DM is an enhanced possibility of developing 

Alzheimer’s disease (AD) (Peila et al., 2002; Arranitakis et al., 2004). AD a 

neurodegenerative disorder is common among elderly people. The AD patient suffers 

from memory loss and decline in intellectual functions (Baglietto-Vargas et al., 2016). 

Recent studies have shown shared links between these two disorders. However, the 

crosstalk between these factors and the mechanisms underlying the diabetes-related CNS 

complication is still elusive. Thus, the study was designed, and T2DM, AD, and 

T2DM/AD patients and healthy subjects (controls) blood samples were collected from 

different collaborating hospitals of Islamabad, Rawalpindi, Lahore, and Abbottabad. 

A total number of 820 research participants: 250 controls, 450 T2DM, 100 AD, 

and 20 with both T2DM and AD were recruited and interviewed. Patient inclusion 

criteria: Patient Inclusion criteria include patients diagnosed with T2DM, AD and T2DM 

& AD both. Patient exclusion criteria: Patients who do not meet the above criteria were 

excluded from the study. Patients with type 1 diabetes, gestational diabetes and pregnant 



 

 

women were also excluded. All the samples collected were transported to Dr. 

Ghosh’s Lab at the Department of Biology, Howard University, Washington DC with 

prior IRB approval by the Howard University Institutional Review Board (IRB-17-MED-

43) and ASAB (NUST) (Ref. Ni. 28/IRB dated April 20, 2016 as well as material 

transfers’ agreements. The DNA samples were shipped through FedEx, and the RNA 

samples were shipped by a special logistics carrier (World Currier) with dry ice. The 

major goal of this study was to investigate shared genetic mechanisms associated with 

Type 2 Diabetes and Alzheimer’s disease in Pakistani Population. This will open the way 

to several lines of investigation and will help to understand disease pathogenesis. 
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Chapter I. 

Introduction  

Type 2 diabetes Mellitus (T2DM) and Alzheimer’s Disease (AD) are two of the 

most prevalent diseases afflicting the elderly population worldwide (Chatterjee et al 

2018). T2DM is a metabolic disorder characterized by hyperglycemia and insulin 

resistance, while pathologically AD presents with extracellular plaques of Aβ and 

intracellular neurofibrillary tangles of hyperphosphorylated tau. There is a growing 

consensus among epidemiological studies suggesting that individuals with T2DM are at a 

higher risk of developing AD. Insulin resistance, characteristic in T2DM, directly 

exacerbates Aβ and tau pathologies resulting in the pathophysiological traits of synaptic 

dysfunction, inflammation, and autophagic impairments that are common to both diseases 

and indirectly impact Aβ and tau functions in the neurons (Chatterjee et al 2018). This 

project was designed to highlight more possible genetic links between T2DM and AD. 

Type 2 Diabetes 

 Diabetes mellitus is a chronic metabolic disorder. Its prevalence globally 

is increasing at an alarming rate and is expected to affect 552 million people worldwide 

by 2030 (American Diabetes Association, 2009). T2DM is the most prevalent subtype of 

diabetes. The most noteworthy features of T2DM are high levels of blood glucose 

(hyperglycemia), hyper-insulinemia, and insulin resistance (Taylor, 2012). Insulin 

resistance manifests through constantly decreased insulin sensitivity of muscle, liver and 
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fat cells to insulin. Another salient feature of T2DM is the formation of human islet 

amyloid polypeptide (IAPP), which ultimately causes pancreatic β-cell dysfunction 

(Marzban et al., 2003). Chronic hyperglycemia, one of the pathological hallmarks of 

T2DM, is the direct result of reduced uptake of circulating blood glucose for 

glycogenesis. 

Alzheimer’s Disease 

Diagnosed by Prof. Alois Alzheimer, a German psychiatrist and neuropathologist 

in 1906, Alzheimer’s disease (AD) is the most prevalent form of dementia in the aging 

population (Chatterjee et al 2018). Declared as the sixth major cause of death worldwide 

(Chatterjee et al 2018) those affected with AD suffer a gradual cognitive decline of 

abilities and memory functions till the disease renders them completely incapable of 

performing daily functions, ultimately leading to death (James et al., 2015). According to 

statistical data, over 30 million people are suffering from AD worldwide. This number 

has been predicted to double every 20 years to reach 66 million in 2030 and about 115 

million by 2050 (Chatterjee et al 2018). 

Clinically AD is classified into two subtypes. Around 95% of AD patients are 

aged 65 years or older and are diagnosed with “late-onset” or “sporadic AD” (sAD) while 

5% of AD patients carry rare genetic mutations associated with “early-onset” or “familial 

AD” (fAD) that causes the onset of disease symptoms in a person’s life as early as thirties 

or forties (De Strooper, 2007).  

 

 

 



 

3 

Early-onset familial AD 

In this subset of AD, the pathology is initiated by mutations in three known genes 

namely: amyloid precursor protein (APP), presenilin-1 (PS-1), and presenilin-2 (PS-2). 

(Chatterjee et al 2018).  

Late-onset Sporadic AD 

The genetics of sAD are more complex. Excluding aging, the strongest risk factor 

for sAD, GWAS studies reveal that the epsilon four allele of the apolipoprotein E 

(ApoE4) gene is a significant risk factor for development of this disease. One copy of this 

allele enhances the risk of AD by 4-fold, while two copies of APoE4 gene increases the 

risk of AD by 12-fold (Bertram and Tanzi, 2009). However, according to (Li et al., 2015) 

only 50-60% of individuals are carriers of this gene. This fact suggests that there should 

be other factors that may also confer risk. Studies suggest that these other factors include 

cerebrovascular infarction, family history of diabetes, hypertension, and obesity.  

Neuropathology 

AD causes progressive loss of pyramidal cells of the hippocampus that are 

responsible for maintenance of higher cognitive function (Serrano-Pozo et al., 2011). 

Early symptoms of AD are characterized by synaptic dysfunction that disrupts 

connectivity between neural circuits, leading to gradual loss of memory. The pathology 

of AD is characterized by extracellular plaques of insoluble amyloid-β protein, and 

intracellular neurofibrillary tangles (NFTs) of hyperphosphorylated tau protein (Serrano-

Pozo et al., 2011). Abnormal incomplete cleavage of Amyloid precursor protein (APP) 

which leads to the formation of insoluble amyloid-β protein, densely packed, form the 

core of the senile plaques (Chatterjee et al 2018). Normally in neurotypical brains, Tau 
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protein serves as a microtubule binding protein and plays an important role in axonal and 

vesicular transport (Chatterjee et al 2018). Conversely, in a diseased state, tau protein is 

hyperphosphorylated and detached from the microtubules. This detachment and 

disruption of cytoskeletal integrity manifests in synaptic and behavioral impairments 

(Gilley et al., 2016). The formation of Aβ plaques occurs 15-20 years earlier before the 

cognitive functions decline, whereas the spatial and temporal spread of tau pathology 

correlates more strongly with the severity with disease progression (Serrano-Pozo et al., 

2011). It has been hypothesized that various risk factors promote Aβ and tau-related 

pathological changes before the onset of visualized clinical symptoms. The objective of 

this project is to identify possible genetic risk factors responsible for alterations at the 

cellular and biochemical levels, and in doing so lead to possible early detection methods 

with goal of improving patient morbidity and mortality.  

Pathophysiologic similarities Between AD and T2DM 

 Both T2DM and AD pathologies show marked impairment of glucose and 

energy metabolism, and amyloidogenesis remains a salient feature in both diseases. 

Extracellular β-amyloid plaques form one of the most notable features of AD, and 

deposits of amyloidogenic peptides are present in the pancreatic islets of Langerhans of 

T2DM patients (Chatterjee et al 2018). The impact of brain insulin resistance present in 

T2DM plays a major role on the two hallmarks of AD, Aβ and tau accumulation. AD and 

T2DM pathologies are interconnected in the areas of synaptic dysfunction, inflammation, 

and autophagic impairment. (Chatterjee et al 2018). 
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Insulin Resistance in the Brain: Alzheimer’s Disease  

Insulin is released from the β cells of the pancreas and is transported to the brain 

and can cross the impenetrable blood brain barrier using a receptor-mediated mechanism 

(Chatterjee et al 2018). The crucial role of insulin in regulating blood glucose in the 

peripheral tissues is well documented, but the function of insulin the central nervous 

system is currently under investigation. The studies focusing on insulin role in the brain 

have been conflicting. There are reports about reduced insulin levels in the brains of AD 

patients; however, this finding was not significant when compared to age-matched 

controls (Chatterjee et al 2018) and (Stanley et al., 2016). Also, it has been hypothesized 

that there are reductions of insulin mRNA in AD, however the results of de novo insulin 

synthesis have been controversial (Chatterjee et al 2018) and (Blazquez et al., 2014). 

Several studies indicate widespread distribution of insulin receptors (IR) in the brain, 

particularly located in the olfactory bulb, hippocampus, and hypothalamus (Kim and 

Feldman 2015). The locations of these IRs may possibly demonstrate an intricate 

“neuroregulatory” role for insulin. IRs in the brain are densely concentrated at the 

synapses of neurons. The IRs of the brain are unique, in the fact that their function is not 

for glucose transport and metabolism but instead are diverse in functionality. Brain IRs 

are tasked to regulate brain homeostasis, modulation of synaptic plasticity, and 

neurotransmission and age-related neurodegeneration (Plum et al 2005). 

Glucose transporter 4 (GLUT4) transports glucose into the brain. Insulin is 

required to activate GLUT4 gene expression and the translocation of the receptor from 

the cytoplasm to the plasma membrane to regulate glucose homeostasis and provide the 

energy required for a vast array of neuronal function. (Chatterjee et al 2018 
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Figure 1.  Pathways of neurodegeneration in the diabetic brain 

Neurodegeneration in Alzheimer's disease is caused by the formation of neurofibrillary 

tangles and the deposition of extracellular β amyloid plaques. Both pathways are 

facilitated by insulin resistance, the major cause of type 2 diabetes. Chronic 

hyperglycemia-generated advanced glycation end products (AGEs), oxidative stress and 

neuroinflammation are also important causes of neurodegeneration, thus providing 

critical links between diabetes and AD. Reference: S. Pugazhenthi et al., Biochimica et 

Biophysica Acta 1863 (2017) 1037–1045. 
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Insulin Signaling in the Brain 

There are plenty of recent studies that provide convincing evidence that issues 

with insulin signaling, due to insulin resistance, occurs in AD (Chatterjee et al 2018) 

(Mullins et al. 2017). PET brain studies in patients with early stage AD clearly 

demonstrated significant lowered glucose uptake leading to the classification of AD as 

“Type 3 Diabetes (de la Monet and Wands 2008).  

 Insulin signaling mechanism are essential for maintaining synaptic plasticity and 

cognitive functions. When insulin binds to its IR, it is activated by auto-phosphorylation 

of tyrosine residues, which then activates insulin receptor substrates 1 (IRS-1,2) which 

leads to downstream signaling cascades through phosphatidylinositol-3-kinase (PI3K). 

PI3K activates AKT, which then phosphorylates GSK-3β, inhibiting its activity and 

resulting in glycogen synthesis (Avila et al 2012). An impairment of GSK-3β is thought 

to be one of the leading key tau kinases in playing a central role in the AD pathogenesis 

(Chatterjee et al 2018). In a normal physiological state GSK-3β is involved in 

maintaining synaptic plasticity and regulates NMDA receptor-mediated long-term 

potentiation and depression effects at neuronal synapses (Bradley et al. 2012). In an 

diseased state however, GSK-3β is hyperactive and phosphorylates tau leading to 

aggregates of hyperphosphorylated tau forming neurofibrillary tangles (Avila et al 2010). 

Also, GSK-3β is a key mediator of apoptosis, suggesting that it may lead to excessive 

neuronal loss in degenerative diseases with increased production of Aβ (Qu et al 2014). 

The PI3K/AKT pathway also regulates synaptic plasticity by stimulating excitatory and 

inhibitory cell membranes, enhances neurotransmitter activities and increases glucose 
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metabolism in specific brain regions that are important for learning and memory 

(Chatterjee et al 2018) 

Insulin also activates the MAPK pathways leading to Ras activation at the plasma 

membrane and activation of Raf, MEK and ERK serine/threonine-specific protein kinases 

(Zhang et al. 2011). It is suspected that ERK plays a critical role in synapses formation 

and learning/memory functions and other neuroprotective functions. A defective ERK 

kinase may lead to AD pathology.  

Mammalian target of rapamycin (mTOR) and its downstream components play a 

role in regulating neuronal survival and nutrient sensing and protein synthesis. In an 

insulin-resistant state, the compromised downstream signaling pathways lead to increased 

levels of Aβ oligomers and hyperphosphorylated tau. This then leads to impairment of 

autophagic clearance mechanisms. Autophagic dysfunction causes the progressive 

accumulation of toxic proteins and eventually causes neuronal death (Orr and Oddo, 

2013). Insulin and downstream signaling pathways are evidently important for 

conservation and preservation of learning and memory processes which become 

compromised in Alzheimer’s patients. This evidence also emphasizes the depth of shared 

pathophysiology in both T2DM and AD.  
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Figure 2. Alzheimer’s Disease Pathogenesis  

The overview of the diverse mechanisms by which Type 2 Diabetes can cause AD 

pathogenesis. Type 2 Diabetes accompanied by insulin resistance and hyperglycemia 

gives rise to metabolic problems in the brain and other target tissues that sets off a 

cascade of pathogenic processes such as oxidative stress, inflammatory responses, 

advanced glycation products and autophagic dysfunction. The reactive oxygen species 

generated by these pathways expedite the process of neuronal death. At the same time, 

the insulin resistance impairs the downstream signaling pathways and exacerbates the 

formation of Aβ oligomers and aggregates of hyperphosphorylated tau. The cumulative 

effect of all these factors expose the neurons to a range of assaults and gradually result 

in the loss of synapses and neuronal death. (Ref.: Chatterjee  & Mudher, Front Neurosci. 

2018;12:38 

Amyloid plaques 

 A hallmark pathology in AD is the formation of extracellular amyloid 

plaques composed of insoluble deposits of amyloid-β (Aβ) protein aggregates. Aβ is 

generated from proteolytic cleavage of amyloid precursor protein (APP) (Chatterjee et al 

2018). At lower concentrations, Aβ is soluble and is cleared and degraded easily. While 

higher concentrations aggregate into insoluble plaques that are resistant to degradation, 

an increase in accumulation of insoluble Aβ plaques arise due to impaired clearance of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Alzheimer%27s+Disease+and+Type+2+Diabetes%3A+A+Critical+Assessment+of+the+Shared+Pathological+Traits
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Aβ protein. Studies suggest that elevated plasma glucose levels, a common pathological 

feature of T2DM, can initiate the formation of Aβ plaques (Chatterjee et al 2018). 

Impact of Dyslipidemia on Aβ 

Insulin plays an essential role in lipid metabolism; another role is facilitating the 

entry of glucose into adipocytes. Insulin also inhibits breakdown of fat in adipose tissue 

through the inhibition of intracellular lipases that hydrolyze triglycerides and releases 

fatty acids. With impairments in insulin signaling leads to an increase of lipolysis leading 

to elevated synthesis of free fatty acids. The human brain produces around 30% of total 

body cholesterol, hence slight alterations in lipid metabolism can have profound effects 

on cognitive function (Chatterjee et al 2018). Overall, there is a strong impact of insulin 

resistance, hyperglycemia, dyslipidemia and other salient features of T2DM that directly 

influence the pathological features of Aβ amyloidogenesis as observed in AD.  

Influence of T2DM and Tau Pathology in AD 

 The physiological function of tau protein promotes the assembly and 

stabilization of microtubules (Sotiropoulos et al. 2017). In the neuro-typical brain, tau 

protein usually contains 2-3 moles of phosphate/mole per tau protein, compared to AD 

brains tau becomes hyperphosphorylated with 6-9 moles of phosphate/mole of tau and 

aggregates to form intracellular neurofibrillary tangles, another pathological hallmark of 

AD (Chatterjee et al 2018). Studies have shown that learning and memory defects were 

causally related to the higher accumulation of neurofibrillary tangles in the temporal lobe 

which is the brain region associated with learning and memory. The post translational 

modification of tau (hyperphosphorylation) trigger cellular and biochemical changes 
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causing abnormal structural alterations which become harder to degrade. Two hallmark 

features of T2DM, insulin resistance and hyperglycemia, influence post translational 

modification of tau, as in hyperphosphorylation, leading to an exacerbation of AD. There 

is a complex relationship between tau aggregation and insulin resistance. Figure 2 depicts 

how insulin resistance leads to impaired formation of autophagosomes and disrupts 

lysosomal function, which results in an accumulation of Aβ and tau protein aggregates 

 

Figure 3. T2DM and AD impairs the formation of autophagosomes 

T2DM and AD impairs the formation of autophagosomes leading to impaired clearance 

of toxic aggregates (Chatterjee et al 2018)
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Chapter II. 

Methods  

The work schedule and experiments were planned accordingly, and all the bench 

work was carried out in Dr. Ghosh’s Lab at the Department of Biology, Howard 

University, Washington DC, USA. The qualitative and quantitative analysis of DNA and 

RNA was carried out. The cleanups of all RNA samples were done before proceeding 

with the Taqman Low Density Array (TLDA) gene expression experiments. Microarray 

gene expression analysis experiment was also done from selected RNA samples. 

Ingenuity Pathway Analysis IPA® determining the commonality and differences in the 

molecular mechanisms underlying Type 2 Diabetes and Alzheimer’s disease were carried 

out. 

RNA isolation by PAXgene blood RNA Isolation procedure 

PAXgene Blood RNA Tubes were centrifuged for 10 minutes at 3000–5000 x g using a 

swing-out rotor 

 

The supernatant was removed by decanting or pipetting. Added 4 ml RNase-free water to 

the pellet, and closed the tube using a fresh secondary Hemogard closure 

 

Vortexed the pellet is until visibly dissolved and centrifuged for 10 minutes at 3000–5000 

x g using a swing-out rotor. Removed and discarded the entire supernatant. Added 350 μl 

Buffer BR1, and vortexed until the pellet is visibly dissolved 
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Pipetted the sample into a 1.5 ml microcentrifuge tube. Added 300 μl Buffer BR2 and 40 

μl proteinase K. Mixed by vortexing for 5 seconds and incubated for 10 minutes at 55°C 

using a shaker–incubator at 400–1400 rpm.  

(After incubation, set the temperature of the shaker–incubator at 65°C (for step 20) 

(Do not mix Buffer BR2 and Proteinase K Together) 

 

Pipetted the lysate directly into a PAXgene Shredder spin column (lilac) placed in a 2 ml 

processing tube and centrifuged for 3 minutes at maximum speed (14000 x g, but not to 

exceed 20,000 x g). Carefully transferred the entire supernatant of the flow-through 

fraction to a fresh 1.5 ml microcentrifuge tube without disturbing the pellet in the 

processing tube 

 

 

 Added 350 μl ethanol (96–100%, purity grade p.a.). Mixed by vortexing and centrifuged 

briefly.  

(1–2 seconds at 500–1000 x g) to remove drops from the inside of the tube lid 

(Note: The length of the centrifugation must not exceed 1–2 seconds, as this may result 

in pelleting of  nucleic acids and reduced yields of total RNA) 

 

 

Pipetted 700 μl sample into the PAXgene RNA spin column (red) placed in a 2 ml 

processing tube, and centrifuged for 1 minute at 8000–20,000 x g. Placed the spin column 
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in a new 2 ml processing tube, and discarded the old processing tube containing flow-

through 

 

Pipetted the remaining sample into the PAXgene RNA spin column and centrifuged for 1 

minute at 8000–20,000 x g. Placed the spin column in a new 2 ml processing tube, and 

discarded the old processing tube containing flow-through. 

 (Note: Carefully pipet the sample into the spin column and visually check that the 

sample is completely transferred to the spin column) 

                                                                      

Pipetted 350 μl Buffer BR3 into the PAXgene RNA spin column. Centrifuged for 1 

minute at 8000–20,000 x g. Placed the spin column in a new 2 ml processing tube, and 

discarded the old processing tube containing flow-through 

 

Added 10 μl DNase I stock solution to 70 μl Buffer RDD in a 1.5 ml microcentrifuge 

tube. Mixed by gently flicking the tube, and centrifuged briefly to collect residual liquid 

from the sides of the tube 

(During the process in preparing 10 samples, add 100 μl DNase I stock solution to 700 μl 

Buffer RDD. Use the 1.5 ml microcentrifuge tubes supplied with the kit. Note: DNase I 

is especially sensitive to physical denaturation. Mixing should only be carried out by 

gently flicking the tube not by vortexing) 
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Pipetted the DNase I incubation mix (80 μl) directly onto the PAXgene RNA spin 

column membrane, and placed on the benchtop (20–30°C) for 15 minutes 

(Note: Ensured that the DNase I incubation mix is placed directly onto the membrane. 

DNase digestion will be incomplete if part of the mix was applied to and remained on the 

walls or the O ring of the spin column) 

 

Pipetted 350 μl Buffer BR3 into the PAXgene RNA spin column, and centrifuged for 1 

minute at 8000–20,000 x g. Placed the spin column in a new 2 ml processing tube, and 

discarded the old processing tube containing flow-through 

 

Pipetted 500 μl Buffer BR4 to the PAXgene RNA spin column, and centrifuged for 1 

minute at 8000–20,000 x g. Placed the spin column in a new 2 ml processing tube, and 

discarded the old processing tube containing flow-through 

(Note: Buffer BR4 is supplied as a concentrate. Ensure that ethanol is added to Buffer 

BR4 before use) 

Added another 500 μl Buffer BR4 to the PAXgene RNA spin column. Centrifuged for 3 

minutes at 8000–20,000 x g 

 

Discarded the tube containing the flow-through and place the PAXgene RNA spin 

column in a new 2 ml processing tube. Centrifuged for 1 minute at 8000–20,000 x g 

 

Discarded the tube containing the flow-through. Placed the PAXgene RNA spin column 

in a 1.5 ml microcentrifuge tube and pipetted 40 μl Buffer BR5 directly onto the 
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PAXgene RNA spin column membrane. Centrifuged for 1 minute at 8000–20,000 x g 

and eluted the RNA 

(It is important to wet the entire membrane with Buffer BR5 in order to achieve 

maximum elution efficiency) 

 

Repeated the elution step (step 18) as described, using 40 μl Buffer BR5 and  

the same microcentrifuge tubes. Incubated the eluate for 5 minutes at 65°C in the shaker–

incubator (from step 5) without shaking. After incubation, chilled immediately on ice 

(Note: This incubation at 65°C denatures the RNA for downstream applications. Do not 

exceed the incubation time or temperature) 

If the RNA samples are not being used immediately, store at –20°C or –70°C.  

Since the RNA remains denatured after repeated freezing and thawing, it is not necessary 

to repeat the incubation at 65°C. Used the RNA samples in a diagnostic assay,  

followed the instructions supplied by the manufacturer 

(Note: For quantification in Tris buffer, use the relationship A260 = 1 = 44 μg/ml) 

[FOR 16 samples, it was a 4-hour straight job and had to pipetted over 400 times] 

DNA & RNA Isolation from Blood (Quick-DNA/RNA Blood™ Tube Kit-Zymo 

Research Kit) 

All centrifugation steps were performed at 10,000-16,000 x g for 30 seconds 

unless specified with the following protocol sequentially. Transferred the contents of the 

DNA/RNA Shield™ - Blood Collection Tube to a 50 ml tube. 

Added 120 μl Proteinase K to the tube and mixed by vortexing. Incubated at room temp 

(20-30ºC) for 30 mins. Added 9 ml isopropanol and mix by vortexing. Transferred 700 μl 
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sample to the column and centrifuge. Discarded the flow-through. Reloaded until all 

liquid is passed through. Transferred the column into a new Collection Tube. Added 400 

μl DNA/RNA Prep Buffer to the column and centrifuge. Discarded the flow-through. 

Transferred into a clean micro centrifuge tube (not provided). Added 200 μl RNA 

Recovery Buffer directly to the column matrix, let stand 5 minutes and then centrifuged. 

Added 100 μl DNase/RNase-Free Water directly to the column matrix, did not touch for 

5 minutes, and then centrifuged to elute DNA/RNA from the respective column. 

 

 

Figure 4.  DNA purification and RNA purification  
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Tempus™ Blood RNA Tube and Tempus™ Spin RNA Isolation Kit Protocol 

Processing Stabilized Blood Before Purification 

1. The sample was frozen, so I thawed the sample in the Tempus tube at room 

temperature (18 to 25 °C). 

2. Removed the cap from the Tempus tube, then poured the contents of the tube into 

a clean 50-mL tube (conical tube). 

3. Pipetted 3 mL of 1✕ PBS (Ca2+/Mg2+-free) into the tube to bring the total 

volume to 12 mL  

.  

NOTE: IMPORTANT! If the initial blood sample was less than 3 mL, make up 

the difference by adding enough 1✕ PBS bringing the total volume to 12 mL. 

Otherwise, RNA yield will be decreased significantly. 

Replaced the cap on the tube, then vortexed the tube vigorously (at maximum vortex 

speed) for 30 seconds ensured proper mixing of the contents. 

         

IMPORTANT! Vortexed the diluted sample for at least 30 seconds; vortexing for less 

than 30 seconds may cause clogging of the purification consumable. Note: Frothing of 

the sample after vortexing is normal. 
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Centrifuge the tube at 4 °C at 3,000 x g (rcf) for 30 minutes. 

 

 

Carefully pour off the supernatant. Left the tube inverted on absorbent paper for 1 

to 2 minutes. Blotted the remaining drops of liquid off the rim of the tube with clean 

absorbent paper. 

 

 

Note: The RNA pellet was transparent and invisible. IMPORTANT! Handled the 

tube carefully, did not shake the RNA pellet off the bottom of the tube. Pipetted 400 μL 

of RNA Purification Re-suspension Solution into the tube, then vortexed briefly and re-

suspended the RNA pellet. 

IMPORTANT! To prevent washing any blood residue down the inside of the 

tube, the pipet tip was inserted into the tube and added the re-suspension solution to the 

bottom of the tube. The re-suspended RNA was be kept on ice while the next steps were 

prepared. 
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Performing the Purification Run 

 

 Labeled the RNA purification filter, then inserted the filter into a waste collection 

tube 

 

1. Pre-wetted the filtration membrane with RNA Purification Wash Solution (100 

µl) into the purification filter. 

2. Pipetted the re-suspended RNA (400 µl) into the purification filter, then 

centrifuged @ 16000g for 30 Sec. 

3. Removed the purification filter, discarded the liquid waste collected in the waste 

tube, then re-inserted the purification filter into the waste tube. 

Pipetted RNA Purification Wash Solution 1(500 µl) into the purification filter, 

then centrifuged @ 16000g for 30 Sec. 

4. Removed the purification filter, discarded the liquid waste collected in the waste 

tube, then re-inserted the purification filter into the waste tube.  

5. Pipetted RNA Purification Wash Solution 2 (500 µl) into the purification filter, 

then centrifuged @ 16000g for 30 Sec. 

6. (NO DNAse Treatment at this point) 

7. Removed the purification filter, discarded the liquid waste collected in the waste 

tube, then re-inserted the purification filter into the waste tube. 

8. Centrifuged to dry the membrane @ 16000g for 30 Sec 
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9. Transferred the purification filter to a new, labeled collection tube to collected the 

eluate. 

10. Pipetted Nucleic Acid Purification Elution Solution (100 µl) into the purification 

filter, closed the cap, incubated the entire tube for 2 minutes at 70 0C, then 

centrifuged @ 16000g for 30 Sec  

11. Pipetted the collected RNA eluate back into the purification filter, then 

centrifuged @ 16000g for 2 Min . 

12. Discarded the purification filter, then transferred approximately 90 µL of the 

RNA eluate to a new, labeled collection tube. 

13. IMPORTANT! When transferring the RNA eluate, carefully pipetted the liquid 

out of the collection tube starting from the top of the liquid and ensured that the 

pelleted particulates are not disturbed. 

RNA Quality Control Results and Discussion 

The RNAs of the samples were measured by Nanodrop 2000 according to 

manufacturer’s protocol (http://www.nanodrop.com/Productnd2000overview.aspx) 

A total 1150 number of RNA and DNA samples quantification was measured by 

Nanodrop 1000 according to the manufacturers, protocol. 

(https://tools.thermofisher.com/content/sfs/manuals/nd-1000-v3.8-users-manual-

8%205x11.pdf).  

The qualitative analysis was also carried out for all RNA samples. All the gel 

images were incorporated in the Lab logbook as well as in research work records. After 

the quality analysis was done for all RNA samples, best RNA samples were shortlisted 
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and undergone genomic DNA clean up followed by cDNA synthesis. The RNA quality 

analysis was carried by gel electrophoresis on 1%. Agarose gel 

High-Throughput Quantitative Real Time PCR (qRT-PCR) 

TaqMan Low Density Array (TLDA) is a medium-throughput innovative 

microfluidic design based on probe-based qPCR chemistry offering an increase in the 

number of RNAs analyzed on one plate TLDA involves the use of a predefined pool of 

RT-primers that are used to synthesize the cDNA. These cDNAs are then spun into a 

customized 384 well micro-fluidic card to determine the expression of multiple RNAs 

using qPCR (here by ABI 7900HT Fast Real Time PCR System. 

https://www.thermofisher.com/order/catalog/product/4351405 ).  

Each well of the card contains dried primers and probes to amplify specific 

RNA(s). Therefore, up to 384 reactions can be processed in single TLDA card  

Sample Preparation for TLDA & ABI HT-7900 PCR System (With Applied Biosystem 

Reagents) 

 
Materials used: 

1. RNAs from the specified samples 

2. Genomic DNA Cleanup Kit DNA Free KIT™ (ABI) (Part # AM1906)  

3. DEPC Treated Water    

4. High Capacity RNA-to-cDNA Kit (Part # 4387951) 

5. TaqMan® Universal Master Mix II, no UNG (Part # 4440040)  

https://www.thermofisher.com/order/catalog/product/4351405
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I started by selecting the number of runs wish to perform per subjects/experiental samples 

(Recommended RNAs required is 1000ng/sample, scale up accordingly, if you need 

more) Our starting materials is about 2000ng and calculations thereoff. 

Genomic DNA Clean up 

Using DNA Free KIT™ (ABI) (Part # AM1906) 

Pipetted required amount of RNA according to Stock RNA Conc. (to 

1000/2000ng) 

 

1. Made up volume with H20 to 16µl 

2. Added DNAse Buffer 2 µl + DNAse 2 µl (Now Total volume = 20 µl) 

3. Incubated at 37 0C for 30 minutes 

4. Added DNAse Inactivation Reagent 4 µl 

5. Incubated and mixed occasionally for 2 minutes  

6. Centrifuged at 10,000 x g for 1.5 min and transferred the RNA (in supernatant) to 

a fresh tube (Stored at -20 0C, for downstream applications) 

cDNA Synthesis 

Using the High Capacity RNA-to-cDNA Kit (Part # 4387951) 

Preparing the RT Reaction 

Allowed the kit components to thaw on ice.(Note: Prepare the RT reaction on ice) 

Calculated the volume of components needed to prepare the required number of reactions 
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(for my case I used 18 µl of cleaned RNA for duplicate study) (9 µl for each reaction 

recommended) 

Added 20 µl of 2x RT Buffer + 2 µl of 20x RT Enzyme mix = Total Volume 40 

µl 

 

Mix gently and place the reaction mixture on ice 

Performing Reverse Transcription (RT) 

Aliquoted the RT Reactions in individual Tubes (40 µl) 

(Briefly centrifuged the plate or tubes and spun down the contents and eliminated air 

bubbles) 

Programmed the thermal cycler conditions using the following conditions to run the RT 

STEP 1: 37 0C for 60 min; STEP 2: 95 0C for 5 min; and then to 4 0C  

Preparing Sample for TLDA Plate 

1. With TaqMan® Universal Master Mix II, no UNG (Part # 4440040) 

2. Took 20 µl of Reverse Transcripted Sample + added 30 µl of H20 in a fresh tube 

= 50µl 

3.  Added 50µl of Master Mix to the Sample = 100 µl (Mixed well) 

4. Pipetted the whole 100µl sample and followed the instructions below 
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Fill Port of the Card with reaction Master mix 

 

Figure 5.  Card with reaction Master mix 

TLDA Plate Preparation –  

Centrifuging the TaqMan Array Card 

             

Figure 6.  Centrifuging the TaqMan Array Card 
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Sealing Plates 

 

      

Figure 7.  Sealing Plates  

Cutting and Loading into the Instrument  

                                      

Figure 8.  Cutting and Loading into the Instrument  
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Running TLDA Card on ABI HT 7900  
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Differential Gene Expression by Taqman Low Density Array (TLDA)-384 Well Custom 

Array 

 

 

TaqMan Low Density Array (TLDA) is a medium-throughput innovative 

microfluidic design based on probe-based qPCR chemistry offering an increase in the 

number of RNAs analyzed on one plate. TLDA involves the use of a predefined pool of 

RT-primers that are used to synthesize the cDNA. These cDNAs are then spun into a 

customized 384 well micro-fluidic card to determine the expression of multiple RNAs 

using qRT-PCR (ABI 7900HT Fast Real Time PCR System) (See workflow above). Each 

well of the card contains dried primers and probes to amplify specific RNA(s), therefore, 
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up to 384 reactions were processed in single TLDA card. TaqMan® Gene Expression 

Assays consist of a pair of unlabeled PCR primers, and a TaqMan® probe with a FAM™ 

or VIC® dye label on the 5’ end and minor groove binder (MGB) and non-fluorescent 

quencher (NFQ) on the 3’ end, and coupled to Applied Biosystems® instruments 

(7900HT Real-Time PCR system) and software (TaqMan® RQ Software, Ver. 1.2.1) 

(Wong et al. 2015) 

The custom designed microfluidic card was used in a 384 well format that 

included 18sRNA (Manufacturing Control), GAPDH, (as endogenous control). The level 

of expression of each gene (g) was calculated as Relative Quantities (RQ) using the 

equation RQ = 2- Ct, where Ct = −[Ctg−(Ct18s + CtACTB + CtGAPDH + Ct β2 + Ct 

HPRT /5], and Delta Ct values were averaged for triplicates. The 16 Format TLDA 

Custom Array genes list for 2 plates includes 18s, ACTBL2, APC, ARNT, ATP1B1, BCL2, 

CCK, CD3G, CTP1A2, CYP2D6, ENTPD3, LEPR, LRP12, MYC, RRAD, AND TRAP2 

(PLATE-1)  and 18s, AMACR, APOC1, APOC2 , ATF5, CLCNKB, CYP1B1, EGFR, 

GAPDH, JUB, MGP, PRL, RARB, SLC2A13, SLC33A1, UGT1A4; UGT1A7; UGT1A10; 

UGT16 (PLATE-2). The cDNA samples were mixed with Taqman Universal Master 

Mix and made the volume up to 100 ul. The final volume of 8 samples (100 µl each) was 

pipetted into 8 respective ports. The plate was centrifuged and sealed till end position 

followed by cutting and loading the plate into the instrument (Ghosh et al., 2015) with the 

designated Amplification (Thermal) Cycle.Probe-based Real-time PCR Approaches for 

Quantitative Measurement of microRNAs. Journal of Visualized Experiments. 2015. 

10.3791/52586. 
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Custom Array Plate Design (TLDA) with 28 Gene Transcripts  

Custom Array Plate # 1 & # 2 with Gene Transcripts, where 18S RNA was 

designated as the manufacturing control and GAPDH was internal control. The 16 

Format Taqman Low Density Array (TLDA) Custom Array Plate design is shown below 

including complete list of genes in Panel –A. The Panel –B shows the image of Original 

Plate (Figure 9). 

 

 

Figure 9.  Custom Array Plate #1 & #2 
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The quality control summary and results were analyzed for the TLDA 

experimental run with ABI RQ Manager Software (V 1.2.1) for the post run analysis. 

Data analysis will be done through DataAssist™ and StatMiner®.  

 

Our Genes of Interest and Their Relative Expressions 

Table 1. Genes of Interest & Their Relative Expressions  

Gene Significance 

APOC1 Plays a central role in high density Lipoprotein (HDL) and very low-

density lipoprotein (VLDL) metabolism: Late onset of Alzheimer’s 

Disease/Breast Cancer/ Metabolic Dysfunction 

APOC2 Cause hyperlipoproteinemia type 1B, characterized by 

hypertriglyceridemia, xanthomas. Increased risk of pancreatitis/Early 

atherosclerosis 

RRAD Diminished insulin-stimulated glucose uptake: Metabolic 

Dysfunction/Diabetes 

ARNT Insulin secretion and glucose tolerance linked to Type 2 Diabetes 

LEPR Involved in the regulation of fat metabolism: Obesity / Pituitary 

Dysfunction 

CYP2D6 Catalyzation of reactions involving drug metabolism and synthesis of 

cholesterol, steroids, and various lipids: Neurobehavioral 

/Alzheimer’s Disease 

SLC2A13 Required for transport of myoinositols: Cancer/ Parkinson Disease 

TP53 Provides instructions for a tumor suppressant protein: Cancer  

Table describes gene of interest and the role of that genetic expression  
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Differential Gene Expression by 96-Well Plate (FAST) for Alzheimer’s Gene Panel 

In addition to TLDA gene expression studies, experiments by using conventional 

96-well plate (Clear) over the ABI 7900HT- Fast Real time PCR system was done for 

relative quantification. The following is protocol that has been optimized for generating 

first strand cDNA using High-Capacity RNA-cDNA Synthesis Kit (Cat # 4387406, 

Applied Biosystem, Santa Clara, CA, USA) for the use in downstream quantitative real-

time RT-PCR. 

First strand cDNA Synthesis: 

1. Used up to 2 μg of total RNA per 20-μL reaction. 

2. Allowed the kit components to thaw on ice. 

3. Referring to the table below, calculated the volume of components needed to 

prepare the required number of reactions. 

4. Aliquoted the RT reaction mix into a plate/tube. 

5. Sealed the plates/tubes with the appropriate seal or caps. 

Table 2. cDNA Synthesis Materials & Quantities 

 

Table describes components and volume per reaction of cDNA synthesis  
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6. Briefly centrifuged the plate/tubes to spin down the contents and eliminated any 

air bubbles. 

7. Placed the plate or tubes on ice until you are ready to start the reverse 

transcription reaction. 

8. Incubated the reaction for 37°C for 60 minutes. Stopped the reaction by heating to 

95°C for 5 minutes and held at 4°C. For convenience, the incubation can be 

performed in a thermal cycler. 

9. The cDNA was ready for use in real-time PCR applications or for long-term 

storage in a freezer (−25°C to −15°C). 

Preparation of the PCR reaction mix 

1. Combined the following components for the number of reactions required, plus 

10% overage. 

Table 3. Preparation of the PCR Reaction Mix 

 
2. Vortexed briefly to mix. 

3. Centrifuged briefly to bring the reaction mix to the bottom of the tube and 

eliminated air bubbles. 
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Preparation of the PCR reaction plate 

1. Transferred the appropriate volume of PCR reaction mix to each well of an 

optical reaction plate. 

2. Added cDNA template (1 pg to 100 ng in Nuclease-Free Water), or Nuclease-

Free Water for NTC, to each well. 

3. 1.0 μL for a 384-well plate  

4. 2.0 μL for 96- and 48-well plates (Standard and Fast) 

5. Note: Made sure to adjust the volume of Nuclease-Free Water for the PCR 

reaction mix for a larger volume of cDNA. 

6. Sealed the reaction plate with optical adhesive film, then centrifuged briefly 

bringing the PCR reaction mix to the bottom of the well and eliminated air 

bubbles. 

7. Applied a compression pad to the plate, required by the real-time PCR system.  
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Chapter III. 

Results 

Following are the expression status (in fold change, up, down-regulated) of 

different disease specific (Alzheimer’s Disease) genes in T2DM and AD in Pakistani 

population based on different selection criteria (Overall, Male, Female, smokers, non-

smokers) with relative comparison with our previous studies (Slovak Population) 

(Figures 10 -13) 

 

Figure 10.  Differential expression of Alzheimer’s Disease panel genes  

Differential expression of Alzheimer’s Disease panel genes through TLDA in Pakistani 

female diagnosed with Alzheimer’s Disease.  

AD-FEMALE 
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Figure 11.  Differential expression of Alzheimer’s Disease panel genes  

Differential expression of Alzheimer’s Disease panel genes through TLDA in Pakistani 

female with Type 2 Diabetes. 
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Figure 12.  Differential expression of Alzheimer’s Disease panel genes  

Differential expression of Alzheimer’s Disease panel genes through TLDA in Pakistani 

male diagnosed with Alzheimer’s Disease. 

 

Figure 13.  Differential expression of Alzheimer’s Disease panel  

Differential expression of Alzheimer’s Disease panel genes through TLDA in Pakistani 

male with Type 2 Diabetes. 
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Figure 14.  Quantitative Real-time PCR (qRT-PCR) validation of the selected 96 gene 

panel (Alzheimer’s Disease) of interest  

Taqman Low Density Array (TLDA) in ABI platform after analysis by SDS RQ Manager 

Version 1.2.1(ΔΔCt) in contrast to calibrator samples. A – Alzheimer’s Female; B- 

Alzheimer’s Male; C- T2DM Female; D – T2DM Male. 
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Results from 96-Well Fast Plate Alzheimer’s Disease Panel Genes (TLDA) 

We used the panel of assays (for details visit: 

https://www.thermofisher.com/order/catalog/product/4414070#/4414070) in this pre-

made plate which was based on the "amyloid hypothesis" that includes 92 genes that are 

involved in APP processes that generate beta-amyloid and included genes implicated in 

multiple secondary steps of beta-amyloid aggregation, tau hyperphosphorylation, 

excitotoxicity, inflammation, oxidation, and microglial activation. It also includes assays 

for genes involved in cholesterol biosynthesis due to the correlation between high 

cholesterol and increased risk of Alzheimer's. Genes associated with Alzheimer's disease 

pathology, biochemistry and genetics are also included. Gene Signature Plates are 96-

well plates that are pre-configured with the most appropriate TaqMan® Gene Expression 

Assays for a specific biological process, pathway, or disease state. Each plate contains 

predefined assays and endogenous controls dried down in the wells, ready for accurate 

assessment of an entire gene signature in one simple experiment. 

 Representative subjects (one each male and female) from each disease 

conditions (T2DM and AD) were investigated to see their relative gene expression status. 

The results showed different gene-expression pattern in those selected subjects. A 

significant differential change was observed among T2DM male and Female, whereas the 

AD subjects also showed different gene expression pattern among male and female 

(Figure 15).  The detailed and further investigations are underway.    
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Figure 15.  Male and Female ALZ Gene panel  

Differential expression of Alzheimer’s Disease panel genes through TLDA in Pakistani 

Male & Female diagnosed with Alzheimer’s Disease.  

                            AD-FEMALE-ALZ Panel 

Genes 

                         AD-MALE-ALZ Panel Genes 
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Figure 16.  Stacked Bar-Chart with the Number of Genes Involved in AD Subjects 

Bar graph shows up/down-regulated expression of genes involved in AD subjects. Of note 

is the upregulation of Apoptosis signaling and downregulation of IL-10 signaling 

(involved in healing and stopping inflammatory pathway. 

Our Genes of Interest and Their Relative Expressions from Validation Studies (PAK-A) 

and with Other Population (PAK/AA/SLOVAK-B) 

The following figures depict the genes of interest in this project and their relative 

expressions (up/down-regulation) in comparison to gene expressions from previous 

projects studying other populations (Slovakian, African Americans and Pakistani) 
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Figure 17.  Our Genes of Interest and Their Relative Expressions from Validation 

Studies (PAK-A) and with Other Population (PAK/AA/SLOVAK-B) 

 

A 

B 
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Figure 18.  Metabolic Dysfunctions (ARNT) Gene Expression  

ARNT gene expression was up-regulated in African American and PAK -nonsmokers. 

ARNT was down-regulated in Slovak and PAK-Smokers population. ARNT is responsible 

for insulin secretion and glucose tolerance  
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Figure 19.  Cancer Related (MYC) Gene expression 

A proto-oncogene and encodes a nuclear phosphoprotein that plays a role in cell cycle 

progression, apoptosis and cellular transformation. MYC gene regulation up-regulated 

in PAK and Slovak populations and down-regulated in PAK-smokers. 

 

 



 

45 

 

Figure 20.  Other Gene Expressions of Our Genes of Interest 

Other gene expressions in the studied subjects (Neurobehavioral/Alzheimer’s/Cancer). 

Ingenuity Pathway Analysis (IPA®)  

Overall Approach for Differential Gene Expression (Microarray) and with 

combined “Signature Pathways” by IPA. Since gene expression levels reflect the joint 

effect of several underlying biological functions, disease specific biomarkers may be 

involved in distinct biological functions. However, a single gene can be involved in 

multiple distinct biological processes. One solution to this problem is to first infer gene 

regulatory networks (Pathways) that appear to control or regulate phenotypically relevant 

biological functions, and then to extract the most biologically and statistically relevant 
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biomarkers. Through our current gene expression studies with Pakistani population, we 

have been able to identify some specific disease (T2DM & AD) pathway related genes 

(gene panel per se) along with the database using Ingenuity Pathway Analysis (IPA, 

Ingenuity Systems: http://www.ingenuity.com). In this current project, subjects were 

selected (n=2 in each group; case (T2DM and AD) versus control (Healthy, non-

diseased) from our recruited subjects to complete the microarray gene expression analysis 

coupled with IPA analysis for the significant pathways, with special emphasis on 

endocrine system disorders, insulin receptor signaling, Type I & II Diabetes Mellitus 

Signaling, beta-cell receptor signaling, and glucocorticoid receptor signaling. Combined 

with our previous results, we were able to identify a subset of genes in these respective 

pathways, that could usefully classify the T2DM and AD cases, according to their P 

values, highest fold change, highest expression levels, and consistency of fold change in 

each individual sample. 

Pathway Identification 

We constructed the probable pathways with the significantly induced genes (filtering 

through fold change > 2.0 and P value <0.05) to identify the specific pathways associated 

with respective diseases (T2DM & AD). Using Ingenuity Pathway software to examine 

any functional correlations between the pathologies. Data sets containing gene identifiers 

and corresponding expression values will be uploaded into an application and mapped to 

its corresponding gene object in the Ingenuity Pathways Knowledge Base. Genes 

differentially expressed with p<0.05 were overlaid onto global molecular networks, 

developed from information contained in the knowledge base. Networks were then 

algorithmically generated based on their connectivity. Canonical pathway analysis 
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identified the function specific genes that significantly present within the networks. 

Biofunction analysis identifies the associations between the data set and the information 

in the IPA library. This associations were calculated from the ratio of the number of 

genes from the data set that are associated with the biofunctions divided by the total 

number of molecules that are associated with the function. The probability that each 

biological function and/or disease assigned to that data set was due to chance alone, and  

were calculated using a right-tailed Fischer’s Exact Test. Over-representation of the 

molecules in each process will be statistically significant when P < 0.05. The over-

represented functional or pathway processes are those which have more focus molecules 

than expected by chance. Using a pathway approach, we capitalized on the prior 

biological knowledge about genes and pathways, and therefore, we may have a better 

chance to identify the genes and mechanisms that are involved in Type 2 diabetes and 

Alzheimer’s disease.  
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Figure 21.  Pathways with ALZ Gene Panel (96 genes)  Expression Information 

Networks AD-Female 

IPA analysis reflecting the top gene connections of genes and canonical pathways 

derived from AD - female participant.  

AD-Female 
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Figure 22.  Pathways with ALZ Gene Panel (96 genes)  Expression Information 

Networks AD-Male  

IPA analysis reflecting the top gene connections of genes and canonical pathways 

derived from AD - male participant 

 

 

 

 

AD-Male 
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Figure 23.  Pathways with ALZ Gene Panel (96 genes)  Expression Information 

Networks T2D – female 

IPA analysis reflecting the top gene connections of genes and canonical pathways 

derived from T2D – female  

T2D-Female 
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Figure 24.  Pathways with ALZ Gene Panel (96 genes)  Expression Information 

Networks T2D – Male 

IPA analysis reflecting the top gene connections of genes and canonical pathways 

derived from T2D – Male  

T2D-Male 
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Figure 25.  IPA Analysis Reflecting the Top Network of the genes and Canonical 

Pathways derived from Pakistani AD participants. 
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Chapter IV. 

Discussion 

The major goal of this study was to investigate shared genetic mechanisms 

associated with Type 2 Diabetes and Alzheimer’s disease in Pakistani Population. 

Understanding the gene expression (up-regulation and down-regulation) of our specific 

genes of interest will give us a better understanding on the why certain pathologies 

manifest themselves and could offer an explanation of the shared co-morbidities shared 

by patients with Type 2 Diabetes and Alzheimer’s disease.  

Important Differential Expression of Genes and their Functions related to Alzheimer’s 

Disease 

DOWN-REGULATED Genes and Functions 

CSNK1A1: Casein kinase-1 isoforms differentially associate with neurofibrillary 

and granulovacuolar degeneration lesions. 

CSNK1D: Cholesterol Biosynthesis. 

CYP45A1: Cholesterol Biosynthesis. 

GAP 43: Growth Associated Protein-43. Responsible for synaptic 

damage/dysfunction leads to cognitive impairment. 

APOE: Responsible for major cholesterol carrier and lipid transport (Lipid 

Biosynthesis). 

GJB1: Gap junction protein. Involves in cellular function and communication. 

GRIN2A & 2B: Chemical message to brain. Speech and language.  
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GSK3B: Negative regulation of glucose homeostasis and energy metabolism. 

Defect of this gene function have been associated with Parkinson’s and Alzheimer 

’s disease. 

Further research into the normal physiological functions of these genes while 

attempting to comprehend the resulting downstream effects of the downregulation of 

these specific genes, allows us to postulate and present reasoning as to why certain 

pathologies may present themselves in the patient populations. For example, with the 

downregulation of genes responsible for cholesterol biosynthesis (CYP45A1 and 

CSNK1D), a person’s body which is unable to create cholesterol for physiological use 

might respond by delaying the breakdown and clearance of cholesterol which can 

possibly lead up to the buildup of cholesterol into plaque which interrupts with neuronal 

signaling. The downregulation of APOE also can be held responsible for the buildup of 

lipid plaques.  

The downregulation of genes specifically linked to brain function can have 

deleterious effects on physical impairment. Genes involved in cellular function and 

communication through the actions of the transmembrane gap junction protein regulates 

and controls the transfer of communication signals across cell membranes of the 

peripheral nervous system. Complications include the demyelination of oligodendrocytes 

and Schwann cells, which results in delayed transmission rates of nerve communication 

in the peripheral nervous system. This condition, most commonly will lead to muscle 

weakness and sensory problems in the outer extremities of the limbs, resulting in muscle 

atrophy and soft tissue injuries.  
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Glutamate [NMDA] receptor subunit epsilon-2A/B (GRIN2AB) functioning is 

involved in long-term potentiation, an activity-dependent increase in the efficiency of 

synaptic transmission thought to underlie certain kinds of memory and learning 

(Chatterjee et al 2018). It can be hypothesized that a lower expression of this protein is 

responsible for the failure to maintain developed cortical circuits.  

Glycogen synthase kinase 3 beta is an enzyme in humans that is encoded by the 

GSK3B gene and is identified as a phosphorylating and an inactivating agent of glycogen 

synthase. Downregulation of this gene results in negative regulation of glucose 

homeostasis and energy metabolism. 

 

UP-REGULATED Genes and Functions 

SLC30A3: Zinc Transport/homeostasis, normally up-regulated in brains, an 

inflammatory markers for obese women, also an association with serious 

psychiatric illness, associated with an increasing rate of suicide. 

SLC18A3: Responsible for transport of Acetylcholine. Short and long-term 

recognition memory. 

CDC2: Cell Cycle related.  

APLP1: Amyloid beta protein precursors in modification of glucose and insulin 

homeostasis.  

APBB2:  Amyloid beta protein precursors and related to Alzheimer’s Disease.  

IL1A: Immune response. 

NAE1: Amyloid beta protein precursors/Signal Transaction / Pathogenesis of 

Alzheimer’s Disease. 
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The upregulation of certain genes may accelerate the pathological cellular 

processes. This may be accomplished by a ramped up, unregulated immune response in 

which the body’s uncontrollable immune response will cause more harm than good. For 

example, an upregulation of Interleukin 1 alpha (IL-1A), will lead to an uncontrolled 

immune response. In addition, IL-1A plays a role in insulin resistance, this protein is an 

important modulator of glucose and insulin homeostasis (Chatterjee et al 2018).  

Amyloid beta is a hallmark pathology of Alzheimer’s disease. Amyloid beta is 

cleaved from amyloid precursor protein and is the main component of the amyloid 

plaques found in the brains of Alzheimer’s patients (Chatterjee et al 2018). An 

upregulation in the expression of amyloid genes (APLP1, APBB2 and NAE1) create an 

abundance of Aβ that can form membrane ion channels allowing the unregulated calcium 

influx into neurons (Chatterjee et al 2018). This disrupts the calcium ion homeostasis and 

leads to apoptosis seen in neuronal cells in Alzheimer's disease patients. Other suggested 

mechanisms in which amyloid beta may damage and cause neuronal death include the 

generation of reactive oxygen species during the process of its self-aggregation, this 

process causes lipid peroxidation and the generation of a toxic aldehyde called 4-

hydroxynonenal which, in turn, impairs the function of ion-motive ATPases, glucose 

transporters and glutamate transporters (Chatterjee et al 2018). As a result, amyloid beta 

promotes depolarization of the synaptic membrane, excessive calcium influx and 

mitochondrial impairment, and there is some evidence suggesting that misfolded Aβ can 

induce tau to misfold (Chatterjee et al 2018).  
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Research Limitations 

The current research is a pilot information that how this two-disease 

pathophysiology are interlinked with the genomic classifier with limited number of 

participants out of the total cohort. To correlate this disease progression in any 

population, the gene expression along with the other social and environmental 

information is necessary. Current study did not have any scope with the limited time and 

resources but is underway in the mentor’s lab to unveil the true connection between these 

two disease pathways.   

 Future Research Directions  

Once these genes (signature biomarkers) are validated in large-scale population-

based studies (undergoing), it will help to elucidate the mechanisms of action, in which, 

researchers and clinicians can then be enabled to devise the ways for better therapeutic 

management to prevent future disease and disorder development. 

Our future goal is to complete large-scale population-based studies for the 

candidate disease marker specificities, which may have the capabilities to address the 

health disparity diseases (Type II Diabetes here) that particularly affects minority 

populations. 

Conclusion  

In this investigational pilot project, two genes, i.e., ARNT and CYP2D6, both 

downregulated, showed the possibility of becoming putative biomarkers for metabolic 

disorders and neurobehavioral disease, respectively.  
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We have been able to observe the expression status of some putative signature 

biomarker genes through our gene expression studies in connection with the clinical 

outcomes, e.g., Metabolic Disorders (Diabetes/ Obesity), Neurobehavioral development 

(Alzheimer’s disease), and Cancer.  

In the studied subjects, gender and smoking were somewhat decisive factors (risk 

factors) in the disease-specific gene expressions. Genes: APOC1, RRAD, ARNT, 

CYP2D6, and TP53 showed up-regulation in males and smokers, but down-regulated 

among females and non-smokers. Exposure, ethnicity, gender, age, smoking, and disease 

condition may exert important underlying roles on their relative gene expressions. 

Utilizing Pathway Analysis over IPA revealed distinct gene networks and the respective 

canonical pathways that were carried out both in T2DM and AD participants.   

While examining Alzheimer’s disease gene panel (Custom Disease panel), 

significant differential changes were observed among T2DM male and female, whereas 

the AD subjects also showed a different gene expression pattern between male and 

female. 

 

 



 

59 

 

References 

 

Abella, V. Scotece, M. Conde, J. Pino, J. Gonzalez-Gay, M.A. Gomez-Reino, J.J. 

Gualillo, O. (2017). Leptin in the interplay of inflammation, metabolism, and 

immune system disorders. Nat. Rev. Rheumatol,13(2),100-109. 

doi:10.1038/nrrheum.2016.209 

 

Bertram, L., and Tanzi, R. E. (2009).Genome-wide association studies in Alzheimer’s 

disease. Hum. Mol. Genet. 18(R2), R137-R145. doi:10.1093/hmg/ddp406 

 

Bradley, C. A., Peineau, S., Taghibiglou, C., Nicolas, C. S., Whitcomb, D. J., Bortolotto, 

Z. A., et al. (2012). A pivotal role of GSK-3 in synaptic plasticity. Front. Mol. 

Neurosci. 5,13. doi:10.3389/fnmol.2012.00013  

 

Chatterjee, Shreyasi, and Amritpal Mudher (2018). Alzheimer's Disease and Type 2 

Diabetes: A Critical Assessment of the Shared Pathological Traits. Front 

Neurosci. doi:10.3389/fnins.2018.00383 

 

Cho, N.H. Shaw, J.E. Karuranga, S. Huang, Y. da Rocha Fernandes, J.D. Ohlrogge, A.W. 

Malanda, B. IDF (2018). Diabetes Atlas: Global estimates of diabetes prevalence 

for 2017 and projections for 2045. Diabetes Res Clin Pract.138,271-281. 

doi:10.1016/j.diabres.2018.02.023. 

 

Cohn, J.S., Tremblay, M., Boulet, L. Jacques, H. Davignon, J. Roy, M. Bernier, L. (2003) 

Plasma concentration and lipoprotein distribution of ApoC-I is dependent on 

ApoE genotype rather than the Hpa I ApoC-I promoter polymorphism. 

Atherosclerosis, 169, 63–70. doi:10.1016/s0021-9150(03)00139-4 

 



 

60 

De Strooper, B. (2007). Loss-of-function presenilin mutations in Alzheimer disease. 

talking point on the role of presenilin mutations in Alzheimer disease. EMBO 

Rep. 8(2),141-146. doi:10.1038/sj.embor.7400897 

 

Ghosh S, et al. (2015). Molecular expression and biological pathways analysis of human 

equivalence PCBs-exposure in vitro reveals disease and disorder development 

akin to human consequences. Environ. Res. 138C, 202-216 

 

Ghosh, S. Loffredo, C.A. Mitra, P.S., Trnovec, T. Murinova, L.P. Sovcikova, E. Dutta, 

S.K. (2018). PCB exposure and potential future cancer incidence in Slovak 

children: An assessment from molecular finger printing by Ingenuity Pathway 

Analysis (IPA®) derived from experimental and epidemiological investigations. 

Environ. Sci. Pollut. Res. 25, 16493–16507. 

 

Ghosh, S., Mitra, P.S., Loffredo, C.A. Trnovec, T., Murinova, L., Sovcikova, E., Dutta, 

S.K. Transcriptional profiling and biological pathway analysis of human 

equivalence PCB exposure in vitro: Indicator of disease and disorder development 

in humans., 138, 202–216. 

 

Gómez-Sintes, R., Hernandez, F., Lucas, J. J., and Avila, J.(2011). GSK-3 mouse models 

to study neuronal apoptosis and neurodegeneration. Front. Mol. Neurosci. 

2011,4:45. doi:10.3389/fnmol.2011.00045 

 

González, E.M., Johansson, S, Wallander, M.A., Rodríguez, L.G. (2009). Trends in the 

prevalence and incidence of diabetes in the UK: 1996–2005. J. Epidemiol. 

Community Health, 63, 332–336. doi:10.1136/jech.2008.080382 

 

Guariguata, L., Whiting, D., Hambleton, I.R., Beagley, J., Linnenkamp, U., Shaw, J.E. 

(2014). Global estimates of diabetes prevalence for 2013 and projections for 

2035. Diabetes Res. Clin., 103, 137–149. doi:10.1186/s12933-015-0296-y 

 

Hu, Z., Jiao, R., Wang, P., Zhu, Y., Zhao, J., De Jager, P., Bennett, D.A., Jin, L., Xiong, 

M. (2020). Shared Causal Paths underlying Alzheimer's dementia and Type 2 

Diabetes. Sci. Rep., 10, 4107. doi:10.1038/s41598-020-60682-3 



 

61 

 

Hubacek, J.A., Pitha, J., Adamkova, V., Skodova, Z., Lanska, V., Poledne, R. (2003) 

Apolipoprotein E and apolipoprotein CI polymorphisms in the Czech population: 

Almost complete linkage disequilibrium of the less frequent alleles of both 

polymorphisms. Physiol. Res., 52, 195–200. 

 

Hur, J., Sullivan, K.A., Pande, M., Hong, Y., Sima, A.A., Jagadish, H.V., Feldman, E.L. 

(2011). The identification of gene expression profiles associated with progression 

of human diabetic neuropathy. Brain., 134, 3222–3235. doi:10.1093/brain/awr228 

 

James, B. D., Leurgans, S. E., Hebert, L. E., Scherr, P. A., Yaffe, K., and Bennett, D. A. 

(2014). Contribution of Alzheimer disease to mortality in the United States. 

Neurology 82, 1045–1050 doi:10.1212/WNL.0000000000000240 

 

Kim, B., and Feldman, E. L. (2015). Insulin resistance as a key link for the increased risk 

of cognitive impairment in the metabolic syndrome. Exp Mol Med. 47(3),e149. 

doi:10.1038/emm.2015.3 

 

Lauer, S.J., Walker, D., Elshourbagy, N.A.; Reardon, C.A., Levy-Wilson, B., Taylor, 

J.M. (1988). Two copies of the human apolipoprotein CI gene are linked closely 

to the apolipoprotein E gene. J. Biol. 263, 7277–7286. 

 

Lee, M.K., Han, K., Kim, M.K., Koh, E.S., Kim, E.S., Nam, G.E., Kwon, H.S. (2020). 

Changes in metabolic syndrome and its components and the risk of type 2 

diabetes: A nationwide cohort study. Sci. Rep., 10, 1–8. doi:10.1038/s41598-020-

59203-z 

 

Marzban, L., Park, K., and Verchere, C. B. (2003). Islet amyloid polypeptide and type 2 

diabetes. Exp. Gerontol. 38, 347–351. doi:10.1016/s0531-5565(03)00004-4 

 

Monte, S. M., and Wands, J. R. (2008). Alzheimer’s disease is type 3 diabetes-evidence 

reviewed. J Diabetes Sci Technol. 2008 2(6),1101-1113. 

doi:10.1177/193229680800200619 



 

62 

Morris, A. P., Voight, B. F., Teslovich, T. M., Ferreira, T., Segre, A. V., Steinthorsdottir, 

et al. (2012). Large-scale association analysis provides insights into the genetic 

architecture and pathophysiology of type 2 diabetes. Nature genetics, 44(9), 981. 

 

Noreen, Z., DeJesus, J., Bhatti, A., Loffredo, C.A., John, P., Khan, J.S., Ghosh, S. (2018). 

Epidemiological Investigation of Type 2 Diabetes and Alzheimer’s Disease in a 

Pakistani Population. Int. J. Environ. Res. Public Health Published. 

doi:10.3390/ijerph15081582 

 

Orr,M. E., and Oddo, S. (2013). Autophagic/lysosomal dysfunction in Alzheimer’s 

disease. Alzheimers Res. Ther. doi:10.1186/alzrt217  

 

Patel, C.J. Chen, R., Kodama, K., Ioannidis, J.P., Butte, A.J. (2013). Systematic 

identification of interaction effects between genome-and environment-wide 

associations in type 2 diabetes mellitus. Hum. Genet., 132, 495–508. 

 

Plum, L., Schubert, M., and Bruning, J. C. (2005). The role of insulin receptor signaling 

in the brain. Trends Endocrinol. Metab., 59–65. doi:10.1016/j.tem.2005.01.008 

 

Serrano-Pozo, A., Frosch, M. P., Masliah, E., and Hyman, B. T. (2011). 

Neuropathological alterations in Alzheimer disease. Cold Spring Harb Perspect. 

doi:10.1101/cshperspect.a006189 

 

Sotiropoulos, I., Galas, M. C., Silva, J. M., Skoulakis, E., Wegmann, S., Maina, M. B., et 

al. (2017). Atypical, non-standard functions of the microtubule associated Tau 

protein. Acta Neuropathol. Commun. doi:10.1186/s40478-017-0489-6 

 

Taylor, R. (2012).  Insulin resistance and type 2 diabetes. Diabetes 61, 778–779. 

61(4),778-779. doi:10.2337/db12-0073 

 

Wild, S., Roglic, G., Green, A., Sicree, R., King, H. (2004) Global prevalence of 

diabetes: Estimates for the year 2000 and projections for 2030. Diabetes Care. 27, 

1047–1053 (5):1047-1053. doi:10.2337/diacare.27.5.1047 



 

63 

 

Zhang, W., Thompson, B. J., Hietakangas, V., and Cohen, S. M.(2011). MAPK/ERK 

signaling regulates insulin sensitivity to control glucose metabolism in 

Drosophila. PLoS Genet. (12):e1002429. doi:10.1371/journal.pgen.1002429 

 

Zheng, Y., Ley, S.H., Hu, F.B. (2018). Global aetiology and epidemiology of type 2 

diabetes mellitus and its complications. Nat. Rev. Endocrinol., 14(2), 88-98. 

doi:10.1038/nrendo.2017.151 

 

  


