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Activitatea 4 Cercetare industrială: Implementarea metodelor de studiu de biologie redox la IVB 

Sub-activitatea 4.4: Workshop demonstrativ 

RAPORT  

Locatie: INCD “Victor Babes” 

Data: 11.07.2022 

Tematica: studiile de expresie genica pentru descifrarea mecanismelor patologice in bolilie cronice 

Program: 

• 10:00 - 12:00  Prezentari: 

o Introducere, Gina Manda 

o Studiu demonstrativ, Gina Manda 

o Expresie genica, Maria Dobre 

o Transcriptomica si “big data”, Elena Milanesi 

• 12:15 – 14:00 Vizita in laborator. 

Grup tinta: 

• Studenti cursanti la Scoala din Vacanta (modulul practic), organizata in perioada 11-15.07.2022; 

• Studenti in practica la INCD ”Victor Babes” 

• Cercetatori din INCD “Victor Babes”  

Afisul workshop-ului a fost postat la INCD “Victor Babes” la avizier si in laboratoarele INCD “Victor 

Babes”. 

La eveniment au participat: 

• 11 studenti 

• 6 tineri cercetatori din INCD “Victor Babes” 

(vezi lista de prezenta anexata) 

Cursantii au avut acces la prezentarile lectorilor in format electronic chiar la curs si apoi pe pagina web a 

proiectului REDBRAIN (www.redbrain.ro). 

La workshop a fost popularizata brosura proiectului REDBRAIN (de la inchiderea proiectului REDBRAIN), 

care este disponibila la adresa https://www.ivb.ro/.  

Documente anexate: 

• Materialul support pentru workshop (prezentari) 

• Lista participantilor (cu semnaturi) 

• Chestionarele completate de participanti 

 

11.07.2022   CSI Dr. Gina Manda 

https://www.ivb.ro/


11 iulie 2022

Instutul Național “Victor Babeș”

Amfiteatrul ”Ioan Moraru”

WORKSHOP

DEMONSTRATIV

Program
10:00 – 12:00  Prezentari:
     Introducere 
      CSI Dr. Gina Manda
     Studiu demonstrav
      CSI Dr. Gina Manda
      Expresie genica
      CSIII Dr. Maria Dobre
     Transcriptomica si “big data”
      CSII Dr. Elena Milanesi
12:15 – 14:00 Vizită în laborator
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Demonstrative methodologic workshop

Knowledge transfer in redox biology for developing advanced molecular tools 

in neurodegenerative diseases – focus on the signature of 

NRF2 transcription factor in diagnosis and therapy

REDBRAIN P37_732

Coordinator: Prof. Antonio Cuadrado, Autonomous University of Madrid

Proiect cofinanţat din Fondul European de Dezvoltare Regională prin Programul Operational Competitivitate 2014-2020
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Bucharest, Romania
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3. Transcriptomic – CSII Dr. Elena Milanesi

What does transcriptomic mean?

How to get transcriptomic data: Microarray versus RNA-seq

Practical example: Microarray on patients with Fronto Temporal Lobar Degeneration

Where transcriptomic data are stored: public repositories

Assessment of gene expression profiles in pathology and therapeutics

1. A study example: surfing in the blood of Alzheimer’s patients - CSI Dr. Gina Manda

2. Assessing gene expression by qRT-PCR – CSIII Dr. Maria Dobre

Nucleic acids; types of RNA

Gene transcription

The qRT-PCR method



DNA RNA

Transcription

PROTEIN

Translation

Activation signals

Transcription factors

Intracellular signaling

Cellular response

Post-translational 
modifications



Surfing in the blood of Alzheimer’s patients

“Victor Babes” National Institute of Pathology, 

Bucharest, Romania

CSI Dr. Gina Manda

Molecular signatures of the transcription factors NRF2 and NFkB

REDBRAIN project P37_732



The transcription factor NRF2



The transcription factor 
NFkB



The NRF2 and NFkB signaling pathways and their crosstalk through  
reactive oxygen species (ROS) and protein – protein interactions (PPI)



Searching biomarkers in the blood of AD patients

Paradigm shift in Alzheimer’s disease (AD)

From amyloid plaques and hyper-phosphorylated TAU tangles
in the AD brain to chronic inflammation and redox disturbances

Inflammation                                          soluble factors
leukocytes 

Blood versus cerebrospinal fluid (CSF) 



BBB alterations and leukocyte extravasation 

in postcapillary venules in the AD brain

- Liebner S et al. Functional morphology of the blood-brain barrier in 

health and disease. Acta Neuropathol 2018, 135(3):311-336.

- Ramos-Cejudo J et al. The Neutrophil to Lymphocyte Ratio Is 

Associated With the Risk of Subsequent Dementia in the Framingham 

Heart Study. Front Aging Neurosci. 2021; 13: 773984.

Are blood leukocytes “primed” in AD?



Case-control study design 

38 mild AD patients 38 controls
Age-matched

Similar comorbidities

M
ild

 A
D

 d
ia

gn
o

si
s 

(N
IA

-A
A

 c
ri

te
ri

a)

CSF

Plasma

MMSE

Patients were not treated with AD-specific medication

• 168 inflammation genes: NFKB signaling 
and transcription of its target genes;

• 84 redox genes: ROS producers, genes 
related to ROS metabolism and redox-
responsive genes.

HPRT1 and RPLPO were used as housekeeping genes 
based on the RefFinder analysis.

Gene expression study in blood



Death receptors/ligands: FASLG*, TNFRSF1B^ 
Apoptosis modulators: TP53*, BCL2L1*
Cell cycle regulator: CCND1* 

Canonical: NFKBIA*  
Non-canonical: RELB*, NFKB2*, TRAF2*, CD40*, LTA* NFkB activation pathway

AKT signaling: AKT1
STAT transcription factors: STAT5B*, STAT1
Interferon signaling: IRF1*, STAT1, TBK1

NFkB-related signaling pathways

Apoptosis

Soluble factors and receptors
Ligands: CFB*, LTB*
Receptors: IL2RA*, CSF2RB*

Coagulation F8*, PLAU*

Over-expressed inflammation genes (FC > 2, p < 0.001)
in the blood of AD patients vs controls

Bold: FC >3 * Validated NFkB targets  
^ Computed NFkB targets



* Redox-responsive genes

Over-expressed redox genes (FC > 2, p < 0.001)
in the blood of patients vs controls

ROS producers NCF1, DUOX1/2*

Antioxidants
Glutathione metabolism: GSR*, GPX3*, GSTP1 
Thioredoxin metabolism: TXNRD2

Other genes involved 
in redox signaling 

FOXM1*, HSPA1A*, SEPP1, CCS 

Pathway activity signature TRAPPC6A

Bold: FC >3



NRF2 signature in mild AD patients

Mild AD

CTRL

NRF2 activation is apparently not able 
to restore redox homeostasis in the blood of AD patients



r=0.663
p=<0.001

r=0.651
p=<0.001
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p=<0.001
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p=<0.001
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R

e
ce

iv
e

r 
O

p
e

ra
ti

n
g 

C
u

rv
e

Genes (FC > 2, p < 0.001, AUC : 0.9)
discriminating between 

mild AD and age-matched controls

Principal Component 
Analysis

Inflammation genes
• Core NFkB genes: RELB, NFKB2
• Apoptosis-related genes: TNFRSF1B, TP53
• NFkB-related signaling pathways:

AKT1, STAT5B, TBK1
• Immunity genes: IL2RA, CSF2RB

Redox genes
• ROS producers: NCF1, DUOX1
• NRF2 targets: GSR, GSTP1
• Other antioxidant mechanisms: TXNRD2
• DNA damage and mitosis: FOXM1
• Pathway signature: TRAPPC6A

Genes that are relevant also in the AD brain
(GSE122063)



The selected panel of genes is not specific for AD,

but 

… once patients are diagnosed, it might be a useful tool for monitoring 

anti-inflammatory and antioxidant co-therapies.

First conclusion 
on redox- and inflammation-related blood biomarkers

Blood leukocytes are “primed” in the blood of mild AD patients.



Second conclusion
on the positive NFkB – NRF2 crosstalk

Over-expression of some NRF2 target genes accompany the NFkB-
driven inflammation in mild AD patients.

Is this type of positive NRF2-NFkB cooperation specific for chronic  
low-grade inflammation and the associated oxidative activity?

GSR
GSTP1

SQSTM1
NRF2 target genes

ARE-containing genes



https://pubmed.ncbi.nlm.nih.gov/34848989/



Gerard Piñol Ripoll 

The team



Thank you for attention!
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EXPRESIA GENICĂ

Maria Dobre, PhD
INCD “Victor Babes”



DOGMA CENTRALA A BIOLOGIEI 
MOLECULARE

FRANCIS CRICK 1958

 ADN  ARN  PROTEINE

 GENOTIP  FENOTIP



ACIZI NUCLEICI



Tipuri de ARN

1. ARN mesager (ARNm) 

- poartă informaţia genetică

- este sintetizat pe matriţă de ADN prin transcriere

- bazele de pe catenă sunt organizate in grupuri de

câte trei (codoni)

2. ARN de transfer (ARNt)

- decodifică informaţia din ARNm

- transportă aminoacizii către ribozomi

- bazele de pe catenă sunt organizate in grupuri de câte 

trei (anticodoni) – complementari cu codonii din ARNm

3. ARN ribozomal (ARNr)

- orientează ARNt pentru a citi corect codonii



qRT-PCR 

1. Revers Transcriere – reverstranscriptaza

2. PCR – polimeraza

- Real Time PCR



SYBR Green I 

Se leagă de acizii nucleici dublu catenari

Absoarbe lumina albastră (λ max = 497 nm) și 

emite lumină verde (λ max = 520 nm)

Permite verificarea specificității produșilor de 

reacție – curba de topire



SONDE DE HIDROLIZĂ TaqMan

• Oligonucleotide 

extremitatea 5’ –
fluorofor (reporter)

extremitatea 3’ –
quencher

- adecvate pentru reacţii 
multiplex

• Nu permit verificarea 
specificității produșilor de 
reacție



NORMALIZARE
• Condiții de reacție

Martor extern: ROX – marker fluorescent de referință

• ARN introdus in reacție
- cantitatea ARN extras
- cantitatea de țesut sau numărul celulelor din suspensie

- calitatea ARN extras

Gena de referință – expresie constantă

Calitate ARN



PCR Array

• Instrument sigur pentru analiza expresiei 

unui panel țintit de gene

Placa cu 96 sau 384 godeuri 

- primers specifici unei gene de 

interes

Mixul de reacție - SYBR Green



PRIMERS

- 84 gene de interes
- 5 gene de referință – HK 
- controlul contaminării cu ADN genomic – GDC 
- controlul reacției de revers-transcriere – RTC 
- controlul  performanței  PCR – PPC 



REZULTATE PCR-ARRAY



ANALIZA REZULTATE

- Controlul contaminarii cu ADN genomic – GDC, Ct >35

- Controlul  performantei  PCR – PPC 

- Controlul reactiei de revers-transcriere – RTC



ANALIZA REZULTATE
Stabilitatea genelor de referință - RefFinder



ANALIZA REZULTATE

Expresie genică relativă

Valoarea fold change = 2(-ΔΔCT)

ΔCT = CT
GI - CT

AVG GR

ΔΔCT = ΔCT (probă) - ΔCT (control)

Valoarea fold regulation = -2(ΔΔCT)



REZULTATE
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TRANSCRIPTOMIC ANALYSIS 
AND 

Elena Milanesi, 
Med Biotech,PhD



TRANSCRIPTOME: the complete set of RNA transcripts that are produced by the 
genome, under specific circumstances or in a specific cell—

WHAT IS TRANSCRIPTOMICS



HOW MANY GENES ARE THERE IN THE HG?

Gene: any interval along the chromosomal DNA that is transcribed into a functional 
RNA molecule or that is transcribed into RNA and then translated into a functional 
protein.



HOW MANY TRANSCRIPTS IN HUMANS?

THE TRANSCRIPTION IS TISSUE-SPECIFIC

140.000 different transcripts



HOW WE CAN ANALYZE THE 
TRANSCRIPTOME or GENE EXPRESSION 

PROFILE?



Gene expression profiling: measurement of the expression of thousands of genes at once, 
to create a global picture of cellular function at a certain point

High-Throughput technologies
1. Microarray gene expression 2. RNA-sequencing



1. Microarray gene expression (a)

- About 28.000 transcripts per chip
- 1 sample per chip array



Controls Patients

Validation in Real Time qRT-PCR!!

Microarray gene expression (b)



2. RNA sequencing

Validation in Real Time qRT-PCR!!



RNA-seq Microarray



Applications of High-Throughput gene expression profiling

2. IDENTIFICATION genes expressed in response to specific conditions (new drugs, molecule, natural

herbal products)

1. IDENTIFICATION OF BIOMARKERS

- Diagnostic biomarkers (mRNA levels of a specific gene can differentiate Patient vs Controls)

- Prognostic biomarkers (mRNA levels of a specific gene can predict the prognosis of the disease)

- Drug response/resistance biomarkers (mRNA levels of a specific gene can predict the response to a therapy)



Detection of biomarkers (example)



Fronto Temporal Lobar Degeneration (FTLD)

Atrophy and hypometabolism of the Frontal and anterior Temporal lobes

Mean survival: 6.6-11 ys
Early onset Dementia: 58.8±7.8 ys

Overlaps with MND (ALS) or Parkinsonisms
(PSP and CBS)

bvFTD avPPA svPPA

Primary Progressive Aphasia



GRN Thr272fs
Deletion of CACT in exon 8; (Tyr272SerfsX10). 
Mutant protein of 282 aa instead of 593 aa. 

Borroni B ,Archetti S, Alberici A, Chiara A, Gennarelli M,Bigni B, Bonvicini  C, Ferrari  M, Bellelli G, Galimberti D, Scarpini  E,

Di Lorenzo D,Caimi L, Caltagirone C, Di Luca  M,  Padovani A.

Subjects GRN mutation carriers have low serum levels of 
granulin since the birth, while the onset occur after 5 decade



Family with GRN mutation 

n= 9 [S+m+] n = 9 [S-m+] n = 8 [S-m-]

mRNA ISOLATION

Microarray Gene Expression Analysis around 32.000 transcripts



AIM: Identification of biomarkers associated with the onset of symptoms



Gene List (p<0.001 e FC±1.5) of 170 differentially 
expressed genes in the blood among the 3 groups

Results…

From the top 25 genes we 
considered only genes also 
expressed in the Brain

5 genes to be validated by Real Time PCR



- Real Time Validation

n= 15 [S+m+] n = 14 [S-m+] n = 11 [S-m-] n = 16 [S+m-]



Results Imaging Correlation

1) High levels of TMEM40 in 
leukocytes correlate with gray 
matter atrophy in BA7 (parietal)

2) High levels of LY6G6F in 
leukocytes correlate with 
damage in BA10 (front)

n= 11 [S+m+] n = 11 [S-m+]



Increased levels of TMEM40 and LY6G6F seem to be 
associated with the onset of symptoms

CONCLUSIONs

Their expression is related to specific areas of damage

Peripheral biomarkers 
associated  with the switch 
from the asymptomatic phase 
to the symptomatic 

New pharmacological targets



WHERE ARE TRANSCRIPTOMIC DATA STORED?

-OMIC DATA ARE PUBLIC!

https://www.ncbi.nlm.nih.gov/gds
Example GSE138260



SPECIFIC DATABASES DISEASE RELATED

http://oncodb.org/
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