


Che cos’è l’epigentica? 
(επί) epì = "sopra"

(γεννετικός) gennetikòs = "relativo all'eredità familiare"

Definita come lo studio dei meccanismi responsabili di
cambiamenti ereditabili che influenzano il fenotipo (espressione
genica) senza alterare il genotipo (sequenza del DNA).

Il termine risale al 1942 quando
C.H. Waddington lo coniava per
designare la branca della biologia
che studia le interazioni causali fra
i geni e il loro prodotto cellulare
(fenotipo).



Che cos’è l’epigenetica? 
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LA RIVOLUZIONE EPIGENETICA

Completion of the First draft of the Human Genome Project was announced on the 26th June
2000, jointly presented to the world by US President Bill Clinton and UK PM Tony Blair.



DOGMA DELLA BIOLOGIA MOLECOLARE



Ivanov M et al., Trends in Pharmacological Sciences 2014 



Ivanov M et al., Trends in Pharmacological Sciences 2014 

EPIDRUGS
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I principali componenti del codice epigenetico:

o Metilazione del DNA
o Metilazione dell’RNA (N6-metiladenosina)
o Modificazione della cromatina (acetilazione e/o

metilazione degli istoni)
o RNA non codificanti



METILAZIONE DEL DNA

La citosina metilata NON esiste nel pool dei nucleotidi liberi presenti nella cellula!
E’ una modificazione post‐replicativa del genoma catalizzata da enzimi DNA‐metil‐transferasi.
Avviene a carico dei dinucleotidi CpG.



Techniques for profiling DNA methylation

- Digestione con endonucleasi

- Arricchimento per affinità



- Trattamento con bisolfito 

Techniques for profiling DNA methylation



High-throughput techniques for profiling DNA 
methylation



MARCATORI EPIGENETICI ASSOCIATI ALLA RISPOSTA DI ANTINEOPLASTICI

Ivanov M et al., Trends in Pharmacological Sciences 2014 



MARCATORI EPIGENETICI ASSOCIATI ALLA RISPOSTA  DI ANTRACICLINE

DNA methylation of the ABCB1 CpG island is
associated with response to doxorubicin treatment and
overall survival in a doxorubicin-exposed cohort of
primary breast cancers.



MARCATORI EPIGENETICI ASSOCIATI ALLA RISPOSTA  DI ANTRACICLINE

DNA methylation of the GSTP1 CpG
island is associated with overall survival in
a doxorubicin-exposed cohort of primary
breast cancers.



MARCATORI EPIGENETICI ASSOCIATI ALLA RISPOSTA DI DOCETAXEL
(A) Expression of RASSF1A in 3 breast
cancer cell lines, determined by western
blot analysis and RT-PCR analysis. (B)
RASSF1A protein expression in normal
breast, DCIS and invasive ductal
carcinoma. Brown staining in
immunohistochemistry is indicative of
RASSF1A protein expression

Re-expression of RASSF1A by treatment of 3
different breast cancer cell lines with 5-
azadeoxycytidine. Western blot analysis and RT-
PCR show that RASSF1A is re-expressed by
treatment with increasing concentrations of 5-
azadeoxycytidine

Comparison of mean level of methylation
of RASSF1A between non-responder and
responder to chemotherapy.



MARCATORI EPIGENETICI ASSOCIATI ALLA RISPOSTA DI AGENTI ALCHILANTI

BRCA1 hypermethylation proves to be a predictor of good response to chemotherapy with
cisplatin in ovarian cancer patients. BRCA1 hypermethylation in patients with ovarian cancer is
associated with longer time to relapse and improved disease-specific survival.



Pharmacoepigenetics of anti-TNF drugs in psoriasis

3 CpGs were hypermethylated in PR patients (N=4)
with respect to ER patients to adalimumab (N=21)

cg09141835 hypermethylated in patients with a
poorer response to anti‐TNF drugs.

cg23446055 and cg03242666 tend to be
hypomethylated in patients with a poorer
response to anti‐TNF drugs.Psoriasis Area and Severity 

Index (PASI)

Significant correlation
between PASI at 6
months and DNA
methylation values

Ovejero-Benito MC et al., Br J Dermatol. 2017 



(Kadmiel & Cidlowski, 2013) 

BETAMETHASONE DEXAMETHASONE
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Pharmacoepigenetics of Glucocorticoids
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Epigenetic biomarkers associated with GCs response in ALL patients

Primary leukemia cells were obtained from 444 patients (B and T cell leukemia) with newly diagnosed acute lymphoblastic
leukemia and analyzed for their sensitivity to prednisolone using the MTT assay. Distributions of measured LC50 values
are shown for the three independent cohorts of patients; sensitive and resistant leukemias are highlighted in blue and
orange, respectively.

The MTT assay is a colorimetric test for measuring the activity of cellular
enzymes:

MTT FORMAZAN

Cellular

Enzymes

Metabolically 
active cells 

Metabolically 
inactive

cells 

Steven W. Paugh et al., Nat Genet. 2015



Steven W. Paugh et al., Nat Genet. 2015

Epigenetic biomarkers associated with GCs response in ALL patients

CASP1 (panel D) and NLRP3 (panel E) expression was significantly higher in
glucocorticoid resistant leukemia cells. DNA methylation analysis show
significantly lower levels of CASP1 and NLRP3 methylation in leukemia
cells with higher expression of CASP1 and NLRP3.





Steven W. Paugh et al., Nat Genet. 2015

Epigenetic biomarkers associated with GCs response in ALL patients
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Epigenetic biomarkers associated with GCs response in ALL patients



Epigenetic biomarkers associated with GCs response in ALL patients

Steven W. Paugh et al., Nat Genet. 2015

CASP1 increases resistance to glucocorticoids



Epigenetic biomarkers associated with GCs response in INS patients

NLRP3 promoter methylation resulted significantly reduced in GC‐resistant compared to
GC‐sensitive in both adult (p=0.00024) and pediatric patients (p=0.032).

Adult patients Pediatric patients

Confocal microscopy was used to confirm
that NLRP3 was significantly more
abundant in PBMC from GC‐resistant
compared to GC‐sensitive patients.



Epigenetic biomarkers associated with GCs response in INS patients

NLRP3 was knocked down in human THP‐1 monocyte cells. The shRNAs targeting NLRP3
caused significant knockdown of the encoded protein (79.3%). The knockdown of NLRP3
significantly increased sensitivity to glucocorticoids (p˂0.0001), decreasing the PRED LC50
from 998.9 to 833 µM.



Epigenetic biomarkers associated with GCs response in INS patients

NLRP3 inflammasome activation significantly
increased resistance to GC on U937 cells
(p=0.027). Consistent with this finding, the
levels of glucocorticoid receptor diminished
significantly after the activation of the
NLRP3 inflammasome (p<0.05). The ability
of GC to induce GILZ expression was
markedly lower after activation of the NLRP3
inflammasome compared to the cells
without NLRP3 activation (p=0.0045), results
consistent with reduced GC transcriptional
effect after NLRP3 activation.



Epigenetic biomarkers associated with GCs response in INS patients









Schematic representation of the changes in the methylome during aging. Purple circles are
indicative of methylated CpG dinucleotides. Aging is often marked by the establishment of global
hypomethylation and regions of CpG island hypermethylation.

DNA methylation dynamics in aging



Cytosine modification cycle



MODIFICAZIONE DELLA CROMATINA 
(acetilazione e/o metilazione degli istoni)

Modifiche covalenti a carico degli istoni
• Acetilazione (influenza la condensazione della

cromatina), fosforilazione, monoubiquitinazione.
Sono modifiche reversibili

• Metilazione; è parzialmente reversibile e pare ci sia
corrispondenza tra metilazione degli istoni e del
DNA



Histone ChIP-Seq:

–Reagente che instaura legami crociati proteine-DNA 
(formaldeide) 
–Estrazione cromatina 
–Rottura meccanica del DNA 
–Uso di anticorpi contro istoni acetilati 
–Rottura legami istoni-DNA 
–Sequenziamento DNA: la sequenza rivela quali regioni 
del genoma erano associate a istoni acetilati 

MODIFICAZIONI ISTONICHE: metodologie



MARCATORI EPIGENETICI ASSOCIATI AI GENI ADME

Ivanov M et al., Trends in Pharmacological Sciences 2014 

Green denotes genes regulated by DNA methylation; blue
denotes genes modulated by histones modifications;
orange denotes genes influenced by both mechanisms



MARCATORI EPIGENETICI ASSOCIATI AI GENI ADME

CBZ induced CYP3A4 expression. Real time results of CBZ-induced CYP3A4 in HepG2 cells. Luciferase reporter
assay of the expression of CYP3A4 promoter in CBZ treated cells (C).



RNA non codificante

Non-coding RNA is an RNA that functions without being translated to a protein.


