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1. ABSTRACT 

Alzheimer’s disease (AD) is the most common neurodegenerative disorder 

and first cause of dementia all over the world. It is characterized by a progressive 

neuronal loss. The main risk factor for developing AD is the age and it is known 

that there are shared pathological changes between them. Major pathological 

hallmarks include extracellular deposits of amyloid protein and intracellular 

deposits of neurofibrillary tau protein. Moreover, it is though that β-amyloid 

peptide induce cytotoxicity by the generation of reactive oxygen intermediates, 

contributing to protein tau’s hyperphosphorylation. 

The study used immortalised lymphocytes from patients of sporadic AD 

and age-matched healthy controls with following aims: First, use real-time PCR 

to verify the results of several genes expression analysed by array, in a previous 

study. Second, investigate the potential role of resveratrol, inducing an 

upregulation of genes involved in the antioxidant cell response and regulating the 

aging pathway. Finally, establish the different sensitivity between the human 

immortalized lymphocyte cell lines and human neuroblastoma cell lines, both 

treated with resveratrol and hydrogen peroxide (H2O2), an oxidative stress 

inductor. 

The current study was observed that gene expression results by PCR did 

not correlated with those obtained by array, suggesting a variability through 

individuals. Moreover, aging genes seemed to be more expressed by AD 

patients, but resveratrol did not induce any effect. Contrary to genes involved in 

an antioxidant response, which an upregulation induced by resveratrol was 

clearly demonstrated in most antioxidant genes tested. In addition, it was seen 

the high toxicity produced by an oxidative stress inductor and the trace that 

resveratrol 50µM could be the threshold of toxicity for neuronal cells, while 

lymphoblastomas showed to be more resistant to those compounds. 

 

Keybords: Alzheimer disease, lymphoblastomas, resveratrol, oxidative stress, 

aging, qPCR, biomarkers. 
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2. INTRODUCTION 

2.1. Neurodegenerative diseases 

AD is the main cause of irreversible dementia in the population, characterized 

by a progressive cognitive function’s loss (Korolev, 2014). In Europe, there is an 

incidence of 11,08 per 1000 person-years of AD and an estimated prevalence of 

5,05% (Niu, H. et al., 2017). Due to the grown of elderly population worldwide, it 

is predicted that 115 million people will be affected by 2050, becoming a certain 

concern for the social, sanitary and financial sector (Mietelska-Porowska and 

Wojda, 2017). 

2.2. Alzheimer’s disease 

AD is a multifaceted pathophysiology with a complex genetic heterogeneity. 

It has not just an only cause. It can be produced by different mutations or 

alterations in the same gene or in different ones, which can result in the same 

phenotype. Moreover, different mutations in the same gene can lead to different 

phenotypes.  

Several modifiable and non-modifiable risk factors are associated with the 

development and progression of AD. The main risk factor is the age that 

increases by two the likelihood of developing AD, every 5 years after age 65. 

Being noted in the fact that AD is more prevalent in females than in males, due 

to a longer life expectancy. Low education, cerebrovascular risk factors and 

genetics are also related with AD’s development. 

 

2.3. Clinical features 

It is characterized by a slow, but progressive cortical neurons’ lost. The 

degeneration starts in the media temporal lobe where brain’s structures, involved 

in memory and learning, are damaged, resulting in the early clinical 

manifestations of AD. Then, the degeneration spreads through the limbic and 

neocortical regions of the brain, showing cognitive deficits and behavioural 

changes. 

At a molecule level, the amyloid plaques and the neurofibrillary tangles are 

the hallmark pathological lesions of AD. 
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In a normal situation, the cell cleavages the 

amyloid precursor protein (APP), releasing 

a physiological level of soluble amyloid beta 

(Aβ) at its surface  as a receptor. Meanwhile 

in the AD, APP is cleaved and/or processed 

in abnormal way, forming excess of amyloid 

that lead to the formation of neurotoxic 

soluble oligomers than finally precipitate 

forming the extracellular senile plaques. It is 

thought that once the senile plaques are 

formed, the astrocytes and the microglia 

produce an inflammatory response to clear 

them. This inflammatory response contributes to further damage and induces to 

neurons and neurites’ death. There are solid evidences supporting the fact that 

the accumulation of amyloid in the cerebral cortex occurs by 10-20 years before 

symptoms of AD appears, being one of the earliest pathological process of the 

disease. Furthermore, oxidative stress and ionic homeostasis are altered, which 

alters some enzyme activities, e.g. kinase and phosphatases, and contributes to 

the oligomerization and hyperphosphorylation of the protein tau. 

The tau protein is involved in the stabilization of the microtubules in the 

neurones, predominantly in the axons, playing an important role in intracellular 

transport. In the pathological conditions of AD, tau protein is hyperphosphorylated 

leading to intracellular aggregations named neurofibrillary tangles, interfering with 

the neurons’ transport, function and survival. 

2.4. Types 

The “early-onset” or familial AD (fAD) is characterized by owning a rare 

autosomal dominant mutation in the gene that encodes for the amyloid precursor 

protein (APP), the presenilin 1 (PSEN1) or for the presenilin 2 (PSEN2). It 

accounts for less than 1%, but usually appears before reaching 65 years old, 

while the “later-onset” or sporadic AD (sAD) develops on a latter age (>65 years), 

representing more than 99% of the cases of AD. Its etiology is still unknown, 

although the presence of the epsilon four allele of the apoliporpotein E (APOE) 

gene is a risk factor for developing sAD (Korolev, 2014). Nonetheless, any study 

Figure 1. Brain changes in Alzheimer 

disease  (Journal of the American 

Medical Association, 2018). 
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has found major clinical and phenotypical differences between fAD and sAD, but 

the accumulation of Aβ seems to differ. (Dubois et al., 2016) 

2.5. Stages 

The progressive development of 

AD goes through three differentiated 

stages. First, a pre-clinical stage, 

which is asymptomatic, but it starts 

to present AD biomarkers. Then, it 

gets to mild cognitive impairment 

(MCI), a precursor to dementia, 

where the patient starts to have 

cognitive impairments, but can still 

perform daily activities. Finally, in 

dementia, there is an increase of 

cognitive deficits, plus a progressive 

functional impairment. 

2.6. Therapies 

At present, there are just palliative treatments to control the symptoms, but 

there is not any cure yet. The treatments are principally rely on targeting 

neurotransmitter systems in the brain, like acetylcholinesterase inhibitors that 

avoid the breakdown of acetylcholine, increasing its levels in the synapse space, 

improving the attention and memory function of the patients. Lately, several new 

therapies are being tested in clinical and ongoing trials. Most of the attention is 

focused on drugs able to decrease the amount of Aβ protein in the brain. An 

example of those drugs are secretase inhibitors, which inhibits the secretases 

responsible of generating Aβ. It has been also tried to induce active or passive 

immunization to clear Aβ. Unluckily, a clinical efficacy of these amyloid-lowering 

drugs have not been proved yet. These clinical trial failures have brought to think 

that the hypothesis of Aβ role could not be completely right. 

Other promising strategies are drugs that target the abnormal tau protein and 

to find a potential AD drug in the medications that are already in the market as 

treatments for other diseases. 

Figure 2. Development of AD. The dashed 

line represents the progression of an AD 

patient, while the solid line represents a 

normal cognitive aging. (Korolev, 2014) 
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2.7. Diagnosis  

For the moment, the only way to definitively diagnoses AD is through an 

evaluation of the brain tissue in a post-mortem autopsy. For that reason, the 

“probable” AD’s clinical diagnosis is established based on a consensus criteria 

focused on the medical history, physical and neurological examinations, 

neuropsychological evaluations and dismissing other possible causes for the 

cognitive impairment, updated by the National Institute on Aging-Alzheimer’s 

Association (NIA-AA) workgroup, in 2011, with an accuracy of 70-90% (Dubois 

et al., 2016; Lee et al., 2008). 

2.8. Lymphocytes as a potential peripherial biomarkers  

It is demonstrated that the therapeutic treatments are more effective if applied 

before the massive neuron loss and the appearance of dementia, requiring an 

early diagnosis for AD as it develops in the asymptomatic preclinical phase for 

several years, before the symptoms appear. This context shows the importance 

of AD’s biomarkers for an early diagnosis. 

Nowadays, the only biomarkers known to define preclinical AD are an 

accumulation of Aβ in the brain, detectable by the positron emission tomography 

(PET) imaging technique and/or by detecting low Aβ1-42 levels, elevates levels 

of total tau and phosphorylated tau, which are cerebrospinal fluid (CSF) 

biomarkers. Unfortunately, those tests are invasive, expensive and not suitable 

for routine clinical screening (Cosín-Tomás, 2017). Moreover, it is being studied 

the tau PET imaging for the AD’s diagnosis, but it is still needed to be validated 

in clinical trials for being stablished as a biomarker (Okamura et al. 2018). 

Therefore, it is still necessary the research of biomarkers that would help to obtain 

an early diagnosis and to evaluate the efficacy of therapeutic trials (Lee et al., 

2008). 

Blood-based biomarkers could be an easy, non-invasive and a cost-effective 

way to detect an early AD. Moreover, increasing evidence indicates that 

characteristic AD molecular changes do not happen just in cells of the central 

nervous system, but also in peripheral cells, such as lymphocytes, fibroblasts, 

platelets and red blood cells. Neurons and lymphocytes share changes, 

characteristics in AD pathology, such as elevated oxidative stress, altered levels 
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of antioxidant enzymes, impaired calcium homeostasis, dysregulated cell cycle, 

immune alterations and endoplasmic reticulum stress (Wojsiat et al., 2017). 

2.9. Resveratrol 

Resveratrol (3,5,4’-Triydroxystilbene) is a polyphenol and a phytoalexin 

produced by some plants in response to a stress such as a pathogenic attack or 

a damage. It is found in some fruits, like blueberries, peanuts, blackberries and 

grapes, which is why it is found also in wine, especially in the red wine that is the 

main source of resveratrol in the Mediterranean diet (Sergides et al., 2016). 

Resveratrol’s structure consists of two aromatic rings bounded by a methylene 

bridge. There are isometric cis- and trans- forms of resveratrol, where the trans-

isomer is more stable and active biologically, whereas the cis-form is unstable 

and not commercialized. 

Resveratrol shows a wide spectrum of beneficial proprieties, including 

phytostrogenic, antitumor, cardiovascular, anti-inflammatory, anti-apoptotic, anti-

viral and antioxidant effects.  

It has been widely reported that the stilbene structure of resveratrol, consisting 

in two phenol rings, scavenges some free radicals and modulates gene’s 

expression from redox pathways and mitochondrial metabolism, providing its 

neuroprotective properties, because of its antioxidant effects (Gambini et al. 

2015). 

Figure 3. Main alterated molecules and processes in AD lymphocytes. (Wojsiat et al., 2017a) 
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For all the above, resveratrol has become an interesting potential treatment 

against some neurodegenerative diseases, as the brain is the most metabolically 

active organ in the body, but it has a poor antioxidant defence and a rich number 

of lipidic membranes’ susceptible to oxidation. Becoming the antioxidants, that 

are permeable the brain blood barrier through diet like resveratrol, potential 

neuroprotective agents.  

It is known that caloric restriction lengthens life span and delays the beginning 

of age-associated diseases in non-human primates, being dependent on SIRT1 

that contributes to telomere maintenance, in appearance.  Resveratrol activates 

SIRT1, when it is attached to a fluorophore, mimicking the caloric restriction 

(Pallàs et al., 2013). 

 

  

Figure 4. Chemical structures of trans-resveratrol and cis-resveratrol (Gambini 

et al., 2015). 
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3. BACKGROUND AND OBJECTIVES 

In a recent study performed in the laboratory, an analysis of the expression 

of several genes, involved in the aging pathway and in the antioxidant stress 

response, from immortalised lymphocytes from AD and healthy controls (HC) 

treated with resveratrol 5µM during 1 and 18 hours, was done with an array 

technique. A promising differential expression was found in some of the array 

genes, but the reduced number of cultures used to analyze a huge number of 

genes makes the array results preliminary and need confirmation. 

Starting from that point, first of all, we extend the study verifying the results 

obtained in the array by real-time PCRs using the samples of the previous 

study. Additionally, the study of the neuroprotective proprieties of resveratrol 

was broaden with a wide range of concentrations according to the 

concentrations found in serum after taking supplement pills of resveratrol, 

analysing the expression of genes involved in the response against oxidative 

stress. Finally, preliminary experiments were realised to compare the rate of 

survival and death between the immortalized lymphocytes cell lines and a 

human neuroblastoma cell line in front of hydrogen peroxide (H2O2) that 

induces oxidative stress and treated at the concentrations analysed with the 

lymphoblasts cell lines. 

We hypothesized that the oxidative stress will be higher in AD than in HC, 

while the resveratrol will induce an antioxidant response, expecting a 

correlation between the concentration and the level of genic expression and 

the neuroblastoma cell lines will be more sensible to oxidative stress than the 

lymphoblastoma cell lines. 

To sum up, we aim to: 

1. To verify the gene expression results of a previous preliminary array 

study, using qPCR analysis of mRNA samples of HC and AD limfoblasts. 

2. To analyse the response of gene expression induced by resveratrol at 

different concentrations in a wider number of HC and AD lymphoblast 

samples, using qPCR analysis from mRNA obtained in a new set of 

experiments. 
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3. To make a preliminary comparison of the rate of survival and death 

between a human neuroblastoma cell lines and the immortalized 

lymphocytes cell lines used in the study, while being induced an oxidative 

stress and treated with resveratrol. 
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4. MATERIAL AND METHODS 

4.1. Cells lines 

4.1.1. Human immortalized lymphoblasts cell lines 

Human immortalized lymphoblasts cell lines from moderate AD patients and 

age-matched HC patients were kindly given by Dr Angeles Martín-Requero, CIB, 

CSIC, Madrid. These cells were cultured in RPMI-1640 (BIOWEST, L0500), 

which contained 2mM L-glutamine, supplemented with 10% fetal bovine serum 

(FBS, GIBCO, 10270) and 1% penicillin/streptomycin (P/S, GIBCO, 15070) or 

0.1% gentamicin (GIBICO, 15750-045). Human lymphoblastomas were grown in 

suspension inside T25 flasks in an upright position, in approximately 8mL of 

completed medium per flask and at an ideal density of 1x106 cells/mL. In addition, 

they were maintained in a humidified 5% carbon dioxide (CO2) incubator at 37ºC. 

Culture medium was routinely changed every 2 days by removing 4mL of the 

medium above the cells and replacing it with an equal volume of fresh medium. 

All cell culture plastic was from Nunc™ (THERMO SCIENTIFIC). 

 

4.1.2. SH-SY5Y cell line 

SH-SY5Y cells (CRL-2266) are a human neuroblastoma cell lines. Those 

were obtained from the American Typer Culture Collection (Manassas, VA, USA). 

SH-SY5Y cells were cultured in a mixture of Eagle's minimum essential medium 

(50%), Ham’s-F12 medium (50%), fetal calf serum (10%), L-glutamine (1%), 

minimum essential medium non-essential amino acids (1%) and gentamicin 

(1x1000). Human neuroblastoma cells were grown in monolayer adhered at the 

plastic’s surface with Nunclon® Delta surface treatment in T75 flasks and 

passaged before a confluence of 100%. Moreover, they were maintained in a 

humidified 5% carbon dioxide (CO2) incubator at 37ºC. 

All cell culture plastic was from Nunc™ (THERMO SCIENTIFIC). 
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4.2. Experimental design 

4.2.1. Gene expression analysis of human immortalized lymphoblasts 

cell lines 

Cells were prepared at a concentration of 600.000cells/mL and incubated in 

medium without FBS and with the corresponding treatment, consisting of 

resveratrol solubilized with DMSO as a vehicle, at 0, 1, 5, 10, 20 or 50µM, in 2mL 

eppendorfs. Final concentration of DMSO was 0,1% for all the treatments. Four 

different eppendorfs per each condition were prepared and incubated with the lid 

opened in the CO2 incubator during 18 hours (overnight). Then, the four 

eppendorfs, corresponding to the same conditions, were mixed together in one 

single Falcon. The samples were speed at 1000rpm during 5 minutes and 

washed with 200µL of phosphate buffered saline (PBS). Samples were speed 

again at the same speed and time, the supernatant was removed, cells were 

resuspended with 600µL of Lysis buffer and the samples were turned over to 

1,5mL eppendorfs. Finally, samples were thawed at -80ºC. 

4.2.1.1. mRNA isolation procedure 

The isolation of the mRNA was done using mirVanaTM miRNA Isolation Kit 

(LIFE TECHNOLOGIES, AM1561). First of all, the eppendorfs were defreezed 

and 60µL of homogenate additive were added to the samples. Then, samples 

were homogenized and incubated for 10 minutes on ice. After that, 600µL of Acid-

Phenol:Chloroform (AMBITION, AM9720) were added, samples were 

homogenized doing vortex for 1 minute and speed at 10.000rcf during 5 minutes 

at 12ºC. Carefully the aqueous (upper) phase was turned over a new Eppendorf, 

without disturbing the lower phase, and 1,25 volumes of ethanol absolute RNase-

free (SERVA; 39556.01) was added to the aqueous part. The lysate mixture was 

placed onto the Filter Cartridge, previously placed in a Collection tube, and speed 

at 10.000rcf during 20 seconds. The flow-through was discarded and 700µL of 

the wash solution 1 was applied. After 20 seconds speed at 10.000rcf, the flow-

through was discarded and 500µL of the wash solution 2/3 were applied. The 

samples were speed again and the wash with the second wash solution and the 

speed were repeated. After discarding the flow-through, a last speed for 60 

seconds at 10.000rcf was done to remove residual fluid from the filter. Then, the 

Filter Cartridge was transferred into a fresh Collection tube and 100µL of pre-
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heated (95ºC) nuclease-free water was applied to the centre of the filter and the 

tubes were speed at 11.600rcf for 30 seconds. Finally, the quantification of the 

RNA content of the samples was done using Nanodrop spectrophotometer 

(AVANTEC; ND-1000). Samples with a lower concentrations than 21ng/µL of 

RNA were concentrated afterwards using the SpeedVac vacuum system 

(SAVANT). Finally, samples were thawed at -80ºC until next use. 

4.2.1.2. cDNA reverse transcription 

Reverse transcription (RT) was done with the high-capacity complementary 

DNA (cDNA) Reverse Transcription Kit (Life Technologies, 4368814). First of all 

the MasterMix for the RT-PCR was prepared as shown in Annexe 1. The 

necessary volume per sample was calculated in order to have a final 

concentration of 300ng of RNA. Corresponding volume of sample was transferred 

into new eppendorfs properly labelled and volume was adjusted with nuclease-

free water up to 14,2µL. Finally, tubes were placed at the PCR and when the 

program was finished all samples were diluted at a 1:4 ratio and stored at -20ºC 

until next use. 

4.2.1.3. Quantitative real-time PCR (qPCR) 

The gene expression of genes related with the oxidative stress (PRDX5, CCS, 

GSR, GLA and GSTZ1) and genes involved in aging (CASP1, SIRT6, FOXO1, 

SNAP23, TFB1M, TINF2, TXNIP, VPS13C, SIRT3 and SIRT1), were studied 

using TaqMan Fluorescein amidite (FAM) labelled specific probes (APPLIED 

BIOSYSTEMS) and Quantimix Easy Probes kit (BIOTOOLS, 10.601-4149) (see 

Annexe 2 for genes information). First of all, the plate layout for each gene was 

designed using duplicates of each sample. In addition, two wells were used for a 

Non-template control (NTC). Then, one MasterMix for each gene was prepared 

as shown in Annexe 3. Then, 9µL of the MasterMix and 1µL of sample were 

pippeted in each well generating two droplets at opposed sides of the well. Next, 

the plate was sealed with an adhesive plate sealer. Finally, after two spins of the 

plate, samples were read at the PCR (BIO-RAD, RFX96TM Real-time system), 

analysing duplicates of mRNA and means with SD<0,3 were dismissed. Results 

were normalized with the mean of both housekeepings, PGK1 and B2M. 
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4.2.1.4. Statistical analysis 

Statistical analysis was performed with the program GraphPad Prism 6 

software (GraphPad Software). Analyses were done using one-way or two-way 

ANOVA followed by Fisher’s and Bonferroni’s tests, respectively, for comparison 

of the different means. All the values are shown as mean ± standard error (SEM). 

Significant differences between groups (treatment) are represented as *p<0,05, 

**p<0,01 and ***p<0,001 and significant differences between cell line are 

represented as $p<0,05, $$p<0,01 and $$$p<0,001. 

 

4.2.2. FDA/PI staining of human immortalized lymphoblasts cell lines 

The fluorescein diacetate (FDA) is used in combination with propidium iodide 

(PI) to determine viability in eukaryotic cells. The FDA stains viable cells, as it is 

uptake by cells and it is transformed into the green fluorescent metabolite 

fluorescein by the intracellular esterases. Contrary to PI that stains dead cells, 

because it can only pass through disordered areas of dead cell membranes and 

binds to DNA leading to a highly increased nuclear red fluorescence.  

The working solution was prepared mixing 30µL of FDA-acetone (1,5mg/mL) 

and 30µL of PI (1,5mg/mL) with 5mL of PBS 1X.  

The incubation medium of cells in 2mL eppendorfs, treated with resveratrol 

and H2O2, prepared the day before, was changed to 100µL of PBS. Next, the 

100µL of cell suspension was transferred to a 96-well plate and 200µL of working 

solution was added to each well. Immediately, the pictures were taken in an 

Olympus IX-70 Inverted Fluorescence Microscope at 10x and stained cells were 

counted with Image-J. 

 

4.2.3. PI/MTT staining of SH-SY5Y cells 

The 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) is 

transformed to its insoluble form, named formazan, by NAD(P)H-dependent 

cellular oxidoreductase enzymes. Formazan has a purple color, which can be 

detected by optical density, assessing cellular viability by their metabolic activity. 
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SH-SY5Y were calculated at a concentration of 3 × 105 cells/mL and 100 μL were 

seeded in each well on a 96 wells’ plate and cultured for 24 hours. Then the 

medium of each well was replaced by 100 μL of the corresponding concentration 

of resveratrol and 10µL of the corresponding dose of H2O2 were added. After 24 

hours of incubation plates were stained with 5µL of PI (diluted 10X with PBS), 

while 10µL of triton-PBS 0,4% is added in two control wells. It was left 1 hour in 

the incubator before reading the fluorescence in the fluorimeter at 530 and 

645nm. Next, 10µL of MTT were added to each well and after 2 hours of 

incubation 100µL/well of lysis buffer were added. The plaque was incubated at 

37ªC overnight (18h) and it was read at the spectrophotometer at 570 and 630nm. 
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5. RESULTS 

5.1. Verification of array’s results by qPCR. 

In order to verify the significance on the different gene experssion observed 

in RT2 ProfilerTM PCR Array Human Oxidative stress Pathway Plus (524PAHS-

065YD-12) and RT2 ProfilerTM PCR Array Human Aging (524PAHS-178ZD-12) 

(“data not shown”), those genes were also analysed by real-time PCR, in 

exception of SIRT1 and SIRT3, that had no significant difference, but they were 

of the group’s interest, and NFE2L2, CAT, SOD2, GPX1 and GPX4 genes did 

not showed any significant difference in the array, but as they play an important 

role in the pathway, they were also analysed. The samples analyzed in the arrays 

were AD and HC cell lines  treated with an inductor of the oxidative stress, either 

hydrogen peroxide or ferrous sulfate, for 18 hours and verified with DMSO 

controls at 18h and blank controls at 0h (array data are not shown). Additionally, 

the same cell lines, but with a 5µM resveratrol’s  treatment, in two different time 

intervals, after 1 and 18 hours, were analyzed in those qPCRs to confirm the 

protective role of resveratrol. 

We expected to obtain the same or, at least, similar levels of gene expression 

as in the arrays. 

Significant effects of the treatment and/or of the disease were detected and 

indicated in the figure’s description. Although, there were not any interaction 

observed between bothe factors, whereby differences between mean values of 

the groups were not further analyzed by post-hoc test. 

 

  

A B 
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As shown in Figure 5, A) Study of the CCS gene expression. Two-way 

ANOVA indicated an effect of treatment [F(3,14)=13,62;p=0,0002] and a 

disease’s effect [F(1,14)=5,248;p=0,0380]. B) Study of the GSR gene expression. 

Two-way ANOVA indicated an effect of treatment [F(3,14)=6,821;p=0,0046]. E) 

Study of the GPX4 gene expression. Two-way ANOVA indicated an effect of 

treatment [F(3,15)=3,910;p=0,0302]. F) Study of the PRDX5 gene expression. 

Two-way ANOVA indicated an effect of treatment [F(3,14)=8,622;p=0,0017] and 

a disease’s effect [F(1,14)=5,358;p=0,0363]. G) Study of the GSTZ1 gene 

expression. Two-way ANOVA indicated an effect of treatment 

[F(3,14)=16,26;p=<0,0001] and a disease’s effect [F(1,14)=6,720;p=0,0213]. H) 

Study of the CAT gene expression. Two-way ANOVA indicated an effect of 

treatment [F(3,15)=140,9;p=<0,0001]. I) Study of the SOD2 gene expression. 

Two-way ANOVA indicated an effect of treatment [F(3,15)=30,02;p=<0,0001]. J) 

Study of the NFE2L2 gene expression. Two-way ANOVA indicated an effect of 

treatment [F(3,15)=24,85;p=<0,0001]. 

Figure 5. Effect of resveratrol (5µM) at 1 and 18 hours on the expression of genes involved 

in the oxidative stress in AD (A100 and A121) and HC (C104 and C109) lymphoblasts by 

qPCR. The mRNA levels of HC cell lines treated with DMSO, at 0 hours, were set at 1,0 and 

the treated groups were estimated relative to the control value. Statics by two-way ANOVA, 

results are shown above: A) CCS, effect of treatment and the disease B) GSR, effect of 

treatment. C) GLA, no statistical differences were found. D) GPX1, no statistical differences 

were found. E) GPX4, effect of treatment. F) PRDX5, effect of treatment and the disease. G) 

GSTZ1, effect of treatment and the disease. H) CAT, effect of treatment. I) SOD2effect of 

treatment. J) NFE2L2, effect of treatment. Results are shown as the mean±SEM. n=2-4. 

I J 
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Taking all together, it seems that there were not any difference in mRNA gene 

expression levels after 1 hour treatment, while there was an upregulation of the 

genes CCS, GSR, GPX4, PRDX5, GSTZ1, CAT, SOD2 and NFE2L2, due to the 

18 hours’ treatment with resveratrol. Moreover, CCS, PRDX5 and GSTZ1 

showed a decreased expression in AD cell lines compared to HC cell lines. 

Otherwise, there were not any significant difference in GLA and GPX1 genes 

expression, neither owing to the disease nor to the treatment. 

A B 

C D 

E F 
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The Figure 6 showed  A) Study of the CASP1 gene expression. Two-way 

ANOVA indicated an effect of the disease [F(1,14)=9,623;p=0,0078]. B) Study of 

the SIRT6 gene expression. Two-way ANOVA indicated an effect of treatment 

[F(3,14)=15,81;p=<0,0001]. D) Study of the TXNIP gene expression. Two-way 

ANOVA indicated an effect of treatment [F(3,14)=5,590;p=0,0098] and a 

disease’s effect [F(1,14)=7,566;p=0,0156]. E) Study of the TFB1M gene 

expression. Two-way ANOVA indicated an effect of treatment 

[F(3,14)=14,85;p=0,0001]. F) Study of the SNAP23 gene expression. Two-way 

ANOVA indicated an effect of treatment [F(3,14)=4,570;p=0,0197]. G) Study of 

the TINF2 gene expression. Two-way ANOVA indicated an effect of treatment 

[F(3,14)=3,952;p=0,0311]. H) Study of the VPS13C gene expression. Two-way 

G H 

I J 

Figure 6. Effect of resveratrol (5µM) at 1 and 18 hours on the expression of genes involved 

in human aging in AD (A100 and A121) and HC (C104 and C109) lymphoblasts by qPCR. 

The mRNA levels of HC cell lines treated with DMSO, at 0 hours, were set at 1,0 and the 

treated groups were estimated relative to the control value. Statics by two-way ANOVA, 

results are shown above: A) CASP1, effect of the disease. B) SIRT6, effect of treatment. C) 

FOXO1 no statistical differences were found. D) TXNIP, effect of treatment and the disease. 

E) TFB1M, effect of treatment. F) SNAP23, effect of treatment. G) TINF2, effect of treatment. 

H) VPS13C, effect of the disease. I) SIRT3, effect of treatment. J) SIRT1, no statistical 

differences were found. Results are shown as the mean±SEM. n=2-4. 
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ANOVA indicated an effect of the disease [F(1,14)=6,028;p=0,0278]. I) Study of 

the SIRT3 gene expression. Two-way ANOVA indicated an effect of treatment 

[F(3,14)=11,07;p=0,0005]. 

Therefore, they showed a significant upregulation of the genes SIRT6, TXNIP, 

TFB1M, SNAP23, TINF2 and SIRT3, due to the 18 hours’ treatment with 

resveratrol, if compared with their controls treated with DMSO for 18 hours. 

Moreover, CASP1 and VPS13C showed a trend towards an increased 

expression in AD cell lines compared to HC cell lines, while TXNIP showed an 

inclination to a downregulation in the AD’s patients. Otherwise, there were not 

any significant difference in FOXO1 and SIRT1 genes expression, neither owing 

to the disease nor to the treatment. 

 

5.2. Analysis of lymphoblasts’ response induced by different 

concentrations of resveratrol by qPCR. 

To keep going on with the study of resveratrol’s protective role in aging, this 

time, the AD an HC cell lines were treated at different concentrations of 

resveratrol during 18 hours, increasing the number of cultures used (n). The 

genes analysed were chosen based on the results obtained in the previous 

subsection: The qPCRs were performed for the genes, involved in the aging 

pathway, validated with the array (CASP1 and TINF2), for those genes that were 

not validated, but showed a disease’s effect (TXNIP and VPS13C), and SIRT1 

and SIRT3, that were of the group’s interest. AD an HC cell lines were treated 

with resveratrol 0, 1, 5, 10 and 20µM. As before, resveratrol treatment was 

verified with a DMSO (vehicle used at 0,1%) control and the differences on the 

mRNA gene expression was seen between the different treatments in both cell 

lines and the HC cell treated with resveratrol 0µM. As there were not any 

difference in mRNA gene expression levels in the cells treated with 1 and 5µM, 

this results are not shown. 
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C D 

E F 

Figure 7. Effect of different concentrations of resveratrol on the expression of genes involved 

in human aging in AD (A121 and A100) and HC (C100, C104 and C109) lymphoblasts by 

qPCR. The mRNA levels of HC cell lines treated with DMSO (0µM) were set at 1,0 and the 

treated groups were estimated relative to the control value. A) TXNIP, effect of the disease. 

B) CASP1, effect of the disease. C) VPS13C, effect of the disease. D) TINF2, no statistical 

differences were found. F) SIRT3, effect of treatment and of the disease. Results are shown 

as the mean±SEM. n=5. 
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The Figure 7 showed A) Study of the TXNIP gene expression. Two-way 

ANOVA indicated an effect of the disease [F(1,24)=16,42;p=0,0005]. B) Study of 

the CASP1 gene expression. Two-way ANOVA indicated an effect of the disease 

[F(1,24)=30,63;p=<0,0001]. C) Study of the VPS13C gene expression. Two-way 

ANOVA indicated an effect of the disease [F(1,24)=5,834;p=0,0237]. F) Study of 

the SIRT3 gene expression. Two-way ANOVA indicated an effect of treatment 

[F(2,24)=5,507;p=0,0108] and a disease’s effect [F(1,24)=8,252;p=0,0084]. 

Demonstrating an upregulation of the genes TXNIP, CASP1, VPS13C and 

SIRT3 in AD cell lines compared to HC cell lines. Furthermore, SIRT3 also 

displayed an increase on its expression when treated with resveratrol 20µM. 

Otherwise, there were not any significant difference in TINF2 and SIRT1 genes 

expression, neither owing to the disease nor to the treatment. 

 

Beside, GPX1 and PRDX5, which are gene involved in the antioxidant 

response, but did not showed any disease effect, were analysed under the same 

conditions as the previous aging genes. 

It could be observed in Figure 8 that A) Study of the GPX1 gene expression. 

Two-way ANOVA indicated an effect of the disease [F(1,22)=4,471;p=0,0460]. B) 

Study of the PRDX5 gene expression. Two-way ANOVA indicated an effect of 

the disease [F(1,23)=13,88;p=0,0011]. 

A B 

Figure 8. Effect of different concentrations of resveratrol on the expression of genes involved 

in the oxidative stress in AD (A121 and A100) and HC (C100, C104 and C109) lymphoblasts 

by qPCR. The mRNA levels of HC cell lines treated with DMSO (0µM) were set at 1,0 and the 

treated groups were estimated relative to the control value. A) GPX1, effect of the disease. B) 

PRDX5, effect of the disease. Results are shown as the mean±SEM. (An outlier was 

calculated and eliminated from the control 0µM of the analysis of both genes). n=4-5. 
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Both genes, GPX1 and PRDX5, presented an increased expression in AD 

cells lines when those were compared to their controls. 

 

In addition, the genes that were validated with the results obtained from the 

arrays and presented, either, treatment and disease’s effect (GSTZ1 and CCS) 

and the genes that were considerate relevant in the oxidative stress pathway that 

showed some effect of the treatment or of the disease (CAT, SOD2, NFE2L2 and 

GPX4) were chosen to be analysed by qPCR, enlarging the concentration of the 

treatment. The samples used for this analysis were AD and HC lymphoblasts 

treated with resveratrol 0, 1, 5, 10, 20 and 50µM. As before, data of 1 and 5 µM 

is not shown, due to any difference in mRNA gene expression levels. 

 

  

A B 

C D 
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The Figure 9 showed A) Study of the CAT gene expression. Two-way ANOVA 

indicated an effect of treatment [F(3,84)=6,948;p=0,0003]. B) Study of the SOD2 

gene expression. Two-way ANOVA indicated an effect of the disease 

[F(1,84)=5,292;p=0,0239]. C) Study of the NFE2L2 gene expression. Two-way 

ANOVA indicated an effect of treatment [F(3,84)=6,303;p=0,0007]. D) Study of 

the GSTZ1 gene expression. Two-way ANOVA indicated an effect of treatment 

[F(3,84)=20,49;p=<0,0001]. E) Study of the CCS gene expression. Two-way 

ANOVA indicated an effect of treatment [F(3,84)=7,952;p=<0,0001] and a 

disease’s effect [F(1,84)=7,605;p=0,0071].  

So, an upregulation of the gene SOD2, while CCS presented a decrease in 

its expression, in AD cell lines compared to HC cell lines. Besides that, CAT, 

NFE2L2, GSTZ1 and CCS displayed an increase on its expression when the 

concentration of the treatment also increases. Otherwise, there were not any 

significant difference in GPX4 gene expression, neither owing to the disease nor 

to the treatment. 

 

E F 

Figure 9. Effect of different concentrations of resveratrol on the expression of genes involved 

in the oxidative stress in AD (A121 and A100) and HC (C100, C104 and C109) lymphoblasts 

by qPCR. The mRNA levels of HC cell lines treated with DMSO (0µM) were set at 1,0 and the 

treated groups were estimated relative to the control value. A) CAT, effect of treatment. B) 

SOD2, effect of the disease. C) NFE2L2, effect of treatment. D) GSTZ1, effect of treatment. 

E) CCS, effect of treatment  and of the diseass. F) GPX4, no statistical differences were found 

(an outlier was calculated and eliminated from the control 0µM). Results are shown as the 

mean±SEM. n=7-13. 
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5.3. Preliminary study of cell survival and death between a SH-SY5Y 

cell lines and the immortalized lymphocyte cell lines after a H2O2 

and resveratrol treatment 

This preliminary study aim to compare the cell viability between a human 

neuroblastoma cell line (SH-SY5Y) and the immortalized lymphocyte cell lines 

used in the study, when those were exposed to an inductor of oxidative stress 

(H2O2) and treated with resveratrol during 18 hours, as it is known that H2O2 is 

very toxic for the neuroblastoma, because neurons are very sensitive to oxidative  

damage. Initially, cytotoxicity was analysed by the MTT reduction and PI staining 

that measure viability and cell death of SH-SY5Y cell lines, respectively.   
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In the Figure 10, it could be observed in all the graphs that H2O2 100µM was 

lethal for the cells independently of the treatment. Otherwise, cells treated with 

resveratrol 50µM, seemed to induce a protective role at concentrations of 20 and 

100 µM of H2O2, presenting a significant decrease in % of cells death at P1 and 

P4 when compared with the control, but contrary, at P6, cells treated at that dose, 

showed less survival and a higher death. Meanwhile, there was no statistical 

differences between the other treatments and the control. 

Then, lymphoblasts were stained with FDA/PI to study their viability.  

 

It could be observed in the Figure 11, that there were some death, which dos 

not increase neither with the H2O2’s concentration nor with the dose of 

resveratrol nor between cell lines. Anyway, it could not be talked about significant 

differences of death, as it was a preliminary study with an n=1. 

Figure 11. Effect of different 

concentrations of resveratrol 

and H2O2 on the number of 

death lymphoblasts by FDA/PI 

staining. Results are shown with 

a Y axis that reaches 100, as it 

was the total number of 

cells/well, approximately. 

Figure 10. Effect of different concentrations of resveratrol and H2O2 on the % cell survival and 

death measured by MTT and PI staining. Three experiments are shown (Exp1, Exp2, Exp3). 

The % of SH-SY5Y cell lines survival of cells control treated with H2O2 0µM were set at 100% 

and the treated groups were estimated relative to the control value. The % of cell death of 

cells control treated with H2O2 0µM were set at 0% and the treated groups were estimated 

relative to the control value. Results are shown as the mean±SEM. 
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6. DISCUSION 

6.1. Verification of array’s results by qPCR. 

On the one hand, from the collective of oxidative stress’ genes analysed, 

because of the array of the human oxidative stress pathway, the gene expression 

of CSS was expected to be increased in AD lymphoblastos cell lines, either 

untreated or treated with vehicle and in the absence of FBS for 18h when 

compared with HC cell lines, while qPCR anlaisis shows a downregulation of this 

gene in AD patients. On the contrary of GLA which was expected to decrease at 

those times in AD lymphoblasts cell lines, fact observed with the qPCR analisis 

too. Meanwhile GSR gene just showed to increase at AD 0h in the array, but, in 

the qPCR, it did not seem to change its expression between controls and AD at 

basal conditions. PRDX5 and GSTZ1 genes are supposed to upregulate after 18 

hours with the vehicle, in AD’s lymphoblasts, but instead, both seemed to be 

downregulated. NFE2L2, CAT, SOD2, GPX1 and GPX4 genes did not showed 

any significant difference in the array, NFE2L2, CAT and SOD2, neither showed 

in the qPCR analisis, but GPX1 and GPX4 seemed to decrease their expression 

in AD patients. 

Those it means that just GLA could be verified, ergo, array and qPCR, showed 

the same tendency of the level of expression in the same conditions. Meanwhile, 

the rest of the genes analysed could not be verified.  

On the other hand, because of the array of the human aging, the gene 

expression of CASP1 was expected to be increased in AD lymphoblastos cell 

lines, treated with the vehicle, at 0 and 18h when compared with HC cell lines, 

effect observed in the analysis by qPCR. Meanwhile FOXO1 gene was thought 

just to increase at 0h (DMSO), SNAP23 genes are supposed to be upregulated 

after 18 hours with DMSO and an increase on the gene expression of SIRT6, 

TF1M, TXNIP and VPS13C when the lymphoblasts were exposed to an oxidative 

stress inductor for 18 hours, but none of the above effects were reflecten in the 

qPR results. Aversely to TINF2 gene expression that decreased at 18h (DMSO), 

also observed in the qPCR analisis. 
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Therefore, just CASP1 and TINF2 were verified by the qPCR analisis, while 

the reminding genes did not showed the same gene expression as in the array 

and could not be verified. 

The variability observed between the results obtained from the arrays and 

from the qPCRs, could be due to the genic variability between individuals as the 

samples were not the same ones analysed in both techniques, even if they were 

treated at the same conditions. In the array, C100 and C109 as HC and A100 

and A121 as AD cell lines, were analysed, while in the qPCR the analysis were 

done with C104 and C109 as HC and A100 and A121 as AD cell lines. 

Alternatively, the high amount of mRNA needed to fill the array plates was 

obtained from an only experiment, which could have failed for some unknown 

reason. 

Moreover, the present study showed a propensity of resveratrol 5µM to lead 

the upregulation of the antioxidant genes involved in scavenging of reactive 

oxygen species and aging genes, involved in different functions, such as DNA 

repair, regulation of transcription and transport, after an 18 hours treatment, 

indicating a control of gene expression levels by resveratrol. Accordingly, 

resveratrol is known to enhance the expression of antioxidant defense genes in 

a variety of cellular systems and thus intervene in the prevention of 

neurodegenerative diseases and other age-related ailments (Truong et al., 2017). 

It is also considered an anti-aging molecule (Wahl et al., 2018). 

 

6.2. Analysis of lymphoblasts’ response induced by different 

concentrations of resveratrol by qPCR. 

Aging is considered the greatest risk factor for developing AD and it is known 

that there are shared pathological changes between them (Zheng et al., 2018). 

Taking that in consideration, it could be predictable that genes involved in the 

human aging, would be upregulated in AD patients if compared to age-matched 

controls. The present study evidenced a general increase of aging genes in AD 

lymphoblasts cell lines. Unfortunately, resveratrol did not display a protective 

effect, reverting their overexpression. Alternativelly, lack of reversion might 

indicate that they are stress-reponse genes and resveratrol is in fact an agent 



Lymphoblasts as potential peripheral biomarkers of Alzheimer’s disease and the 
protective role of resveratrol  

30 
 

that induces low levels of hormetic stress (Chirumbolo, 2011). This point would 

need further studies. 

Otherwise, resveratrol did showed a predisposition to increase the 

transcription, ergo, the expression of genes involved in protective mechanism 

against oxidative injury, one of the main altered factors in the pathogenesis of 

AD. Resveratrol was known to upregulate transcription factors and enzymes 

involved in the first line antioxidant defense (Harikumar and Aggarwal, 2008). 

Nowadays, mechanisms by which resveratrol controls the expression of cell 

survival and protective genes are not well understood, but is thought that 

resveratrol might act by the longevity and neuroprotection sirtuin1 enzyme 

pathways (Corpas et al., 2018). Here we did not find SIRT1 gene activation, but 

the effect of resveratrol may be post-translational. 

Notwithstanding, a general upregulation of aging genes in AD patients and an 

induced expression of antioxidant genes by resveratrol, was observed, what led 

to think that enlarging the number of samples and the genes analysed could be 

an interesting future perspective to find a potential AD biomarker and to inquire 

into resveratrol’s action over the cellular oxidation-reduction. 

 

6.3. Preliminary study of cell survival and death of SH-SY5Y cell lines 

and the immortalized lymphocyte cell lines after an H2O2 and 

resveratrol treatment. 

Highlighting the much more sensitivity of neuronal cells against oxidative 

injury, compared to lymphocytes, due to a high metabolic activity of neurons that 

produces reactive oxygen species, along with a high lipid content and a low 

number of antioxidant enzymes (Cásedas et al., 2018). Considering that, it was 

expected that H2O2 was more harmful to SH-SY5Y cell lines. Effectively, H2O2 

was highly toxic for the neuroblastomas even in a low concentration. On the 

contrary, the lymphoblasts seemed to present a high basal death, but it was not 

related with the toxic effects of H2O2 or a high dose of resveratrol, as the number 

of death cells, in the different conditions, were similar to the controls not treated 

with resveratrol nor H2O2.  
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Besides that, resveratrol appeared to activate antioxidant genes, as seen in 

the previous subsection, reason why it was supposed to produce a protective 

effect against H2O2 with SH-SY5Y cell lines where it was harmful. However, any 

significant effect was observed, but it could be sensed that resveratrol 50µM 

inhibits cells’ growth, but just in one of the three experiments seems to kill more 

cells, meaning that resveratrol 50µM was at the threshold of toxicity for neuronal 

cells. Even though, more experiments are need to be done in this line, like treat 

for 24 hours with different concentrations of resveratrol to lead enough time to 

activate the gene expression, before inducing the oxidative stress, since 

antioxidant enzymes are considered the first line of cellular defense against 

oxidative injury, one of the main altered factors in AD.  

Lymphocyte cell lines resulted less sensitive to injury than neuroblastoma, but 

we demonstrated that they show oxidative stress changes in AD, according to 

previous reports (Wojsiat et al., 2015c).  

Resveratrol may act through other pathways in addition to antioxidative 

mechanisms (Ahmed et al., 2017). Noteworthy, recent clinical trials showed brain 

changes in AD patients dosed with resveratrol suggestive of promising 

neuroprotection (Turner et al., 2015; Musa et al., 2017) 
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7. CONCLUSIONS 

To sum up, the findings in this study shown that: 

1. Most of the genes analysed by PCR and array techniques did not showed 

the same level expression when compared. It might be attributed to a 

variability on the expression of genes involved in an antioxidant response 

and in the aging pathway, between individuals. Moreover, resveratrol was 

found to upregulate the expression of those genes after 18 hours of 

treatment. 

2. AD lymphoblasts showed an aged gene profile compared to HC 

lympoblasts either in basal conditions or in front of different concentrations 

of resveratrol treatments, so, the increased expression of markers of age 

was not reverted by resveratrol, but displayed the aging effect over the 

pathology. Otherwise, resveratrol induced the transcription of several 

genes involve in the antioxidant cell response, exhibiting to be a potentially 

useful antioxidant in AD. 

3. Human lymphoblasts were more resistant against an oxidative inductor 

than neuroblastomas that had a high sensitivity front H2O2. Even more, 

neuroblastomas did present trace of toxicity at resveratrol 50µM, not 

showed with lymphoblasts. 

Taking all together, more experiments would be required to deepen in the study 

of the protective role of resveratrol and potential peripheral biomarkers in AD. 
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9. ANNEXES 

Annexe 1: cDNA RT-PCR mastermix 

Reagent µL/sample 

RT Buffer (10x) 2 

RT random primers (10x) 2 

dNTP Mic (100mM, 25x) 0,8 

Reverse transcriptase 

(20x) 
1 

 

Annexe 2: Gene expression analysis 

In this study, the level of expression of various genes related with neuroprotective 

cell pathways were analysed after several treatments, which are known to modify 

these mechanisms. Therefore, antioxidant and aging genes, which have an 

important role in protecting the cell against oxidative damage by different 

pathways, were of particular interest.   

GENE Full name 
REFERENCE 

NUMBER 

PRINCIPLE ACTION 

MECHANISM 

PGK1 
Phosphoglycerate 

kinase 1 

Taqman; 

Hs00943178_g1 
Housekeeping gene 

NFE2L2 

Nuclear factor 

(erythroid-derived 

2)-like 2 

Taqman; 

Hs00975961_g1 

Regulation of 

antioxidant proteins 

expression that protect 

against oxidative 

damage. 

SOD2 
Superoxide 

dismutase 2 

Taqman; 

Hs00167309_m1 

Mitochondrial 

superoxide dismutase 

encodes for a protein 

that binds to the 

superoxide byproducts 

of oxidative 

phosphorylation. This 
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protein form hydrogen 

peroxide and diatomic 

oxygen from the 

superoxide by 

products. 

GPX1 
Glutathione 

peroxidase 1 

Taqman; 

Hs00829989_gH 

This gene encodes for 

a protein, which is one 

of the most important 

antioxidant enzymes in 

humans due to its role 

in the detoxification 

hydrogen peroxide 

pathway. 

GPX4 
Glutathione 

peroxidase 4 

Taqman; 

Hs00989766_g1 

Gene that encodes for 

enzyme that protects 

against membrane lipid 

peroxidation. 

CAT Catalase 
Taqman; 

Hs00156308_m1 

Gene that encodes for 

an enzyme which 

catalyzes the reaction 

of hydrogen peroxide to 

water and oxygen. 

Therefore, it protects 

the cell against ROS. 

PRDX5 Peroxiredoxin 5 
Taqman; 

Hs00738905_g1 

This gene encodes a 

member of the 

peroxiredoxin family of 

antioxidant enzymes, 

which reduce hydrogen 

peroxide and alkyl 

hydroperoxides. 

CCS 
Copper 

chaperone for 

Taqman; 

Hs00192851_m1 

Copper chaperone for 

superoxide dismutase 
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superoxide 

dismutase 

specifically delivers Cu 

to copper/zinc 

superoxide dismutase 

and may activate 

copper/zinc superoxide 

dismutase through 

direct insertion of the 

Cu cofactor. 

GSR 

Glutathione-

disulfide 

reductase 

Taqman; 

Hs00167317_m1 

It is a central enzyme of 

cellular antioxidant 

defense, and reduces 

oxidized glutathione 

disulfide (GSSG) to the 

sulfhydryl form GSH, 

which is an important 

cellular antioxidant. 

GLA 
Galactosidase 

alpha 

Taqman; 

Hs00609238_m1 

This gene encodes a 

homodimeric 

glycoprotein that 

hydrolyses the terminal 

alpha-galactosyl 

moieties from 

glycolipids and 

glycoproteins. 

GSTZ1 
Glutathione S-

transferase zeta 1 

Taqman; 

Hs01041668_m1 

This enzyme catalyzes 

the conversion of 

maleylacetoacetate to 

fumarylacetoacatate, 

which is one of the 

steps in the 

phenylalanine/tyrosine 

degradation pathway. 
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CASP1 Caspase 1 
Taqman; 

Hs00354836_m1 

Sequential activation of 

caspases plays a 

central role in the 

execution-phase of cell 

apoptosis.  This gene 

was identified by its 

ability to proteolytically 

cleave and activate the 

inactive precursor of 

interleukin-1, a 

cytokine involved in the 

processes such as 

inflammation, septic 

shock, and wound 

healing. 

SIRT6 Sirtuin 6 
Taqman; 

Hs00966002_m1 

The encoded protein is 

localized to the 

nucleus, exhibits ADP-

ribosyl transferase and 

histone deacetylase 

activities, and plays a 

role in DNA repair, 

maintenance of 

telomeric chromatin, 

inflammation, lipid and 

glucose metabolism. 

FOXO1 Forkhead box O1 
Taqman; 

Hs00231106_m1 

The specific function of 

this gene has not yet 

been determined; 

however, it may play a 

role in myogenic growth 

and differentiation. 
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SNAP23 

Synaptosome 

associated 

protein 23 

Taqman; 

Hs01047496_m1 

It is an essential 

component of the high 

affinity receptor for the 

general membrane 

fusion machinery and is 

an important regulator 

of transport vesicle 

docking and fusion. 

TFB1M 

Transcription 

factor B1, 

mitochondrial 

Taqman; 

Hs01084404_m1 

The protein encoded by 

this gene is a 

dimethyltransferase 

that methylates the 

conserved stem loop of 

mitochondrial 12S 

rRNA. The encoded 

protein also is part of 

the basal mitochondrial 

transcription complex 

and is necessary for 

mitochondrial gene 

expression. 

TINF2 
TERF1 interacting 

nuclear factor 2 

Taqman; 

Hs01554308_g1 

This gene encodes one 

of the proteins of the 

shelterin, or telosome, 

complex which protects 

telomeres by allowing 

the cell to distinguish 

between telomeres and 

regions of DNA 

damage. 

TXNIP 
Thioredoxin 

interacting protein 

Taqman; 

Hs01006897_g1 

Thioredoxin is a thiol-

oxidoreductase that is a 

major regulator of 
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cellular redox signaling 

which protects cells 

from oxidative stress. 

This protein inhibits the 

antioxidative function of 

thioredoxin resulting in 

the accumulation of 

reactive oxygen 

species and cellular 

stress. 

VPS13C 

Vacuolar protein 

sorting 13 

homolog C 

Taqman; 

Hs00419559_m1 

This gene encodes a 

member of the vacuolar 

protein sorting-

associated 13 gene 

family. 

SIRT1 Sirtuin 1 
Taqman; 

Hs01009006_m1 

The functions of human 

sirtuins have not yet 

been determined; 

however, yeast sirtuin 

proteins are known to 

regulate epigenetic 

gene silencing and 

suppress 

recombination of rDNA. 

SIRT3 Sirtuin 3 
Taqman; 

Hs00953477_m1 

The functions of human 

sirtuins have not yet 

been determined; 

however, yeast sirtuin 

proteins are known to 

regulate epigenetic 

gene silencing and 

suppress 

recombination of rDNA. 
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Annexe 3: qPCR mastermix 

 Reagent µL/sample 

Nuclease-free water 3,5 

Quantiprobes mix 5 

TaqMan probe 0,5 


