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Human cancer is thought to be driven by

combinations of epigenetic and genetic

alterations that activate multistep

programs of carcinogenesis



Tumor mutational burden in TET compared to other
21 different cancer cell types profiled by the TCGA‐projects

The results of the TCGA‐THYM study

showed a low mutational rate in 

Thymic epithelial tumors (TET).  

Therefore a relevance of epigenetic

mechanisms and among them of 

«non‐coding» drivers in TET 

pathogenesis is to be expected



The twentieth century scientist who did most to establish

developmental biology on a firm theoretical footing was Conrad

Waddington (1905–1975) .

Recently described as the “last renaissance biologist“, in 1942

he introduced for the first time the term “epigenetics” in a

paper entitled The Epigenotype,” defining it as “the branch of

biology which studies the causal interactions between genes

and their products which bring the phenotype into being”

Birth of Epigenetics



Epigenetics – a definition:

the study of changes in gene

function that are mitotically and/or 

meiotically heritable and that do not 

imply a change in DNA

sequence”



By epigenetic mechanisms in fact 

the organism undergoes 

hereditable chromatin chemical 

modifications. 

The formation of RNA‐protein‐DNA 

complexes occur representing  

epigenetic reprogramming



The most common mammalian 
epigenetic modifications are:

(1) DNA methylation at the 5‐carbon of the cytosine

(2) histone acetylation and methylation.

(3) However, it has become evident that non‐coding

RNAs have an important role in the molecular

mechanisms that sustain epigenetics



Alterations of these factors can cause abnormal 

epigenetic patterns and may contribute to 

deregulate critical genes involved in proliferation,

programmed cell death, and cell differentiation .



Mutations of  epigenetic regulatory genes and 
DNA methylation studies in Thymic epithelial

tumors



Chen C. Yin B, Wei Q, Hu J, Yu f, Lu Q Aberrant DNA methylation in thymic epithelial tumors –
Cancer investigations 2009, Jun; 27 (5), 582‐591

Wang, Y., Thomas, A., Lau, C., Rajan, A., Zhu, Y., Killian, J. K., … Giaccone, G. (2014) Mutations of  
epigenetic regulatory genes are common in thymic carcinomas. Scientific Reports. 2014

M Mokhtar, K Kondo, T Namura, Abdellah H.K. Ali, Y Fujita, C Takai, H Takizawa, Y Nakagawa, H 
Toba, K  Kajiura, M Yoshida, G Kawakami, S Sakiyama, A Tangoku. (2014) Methylation and 
expression profiles of MGMT gene in thymic epithelial tumors. Lung Cancer 83:2, pages 279‐287

A Lopomo, R Ricciardi, M Maestri, A De Rosa, F Melfi, M Lucchi, A Mussi, F Coppedè, L Migliore. 
(2016) Gene‐Specific Methylation Analysis in Thymomas of Patients with Myasthenia 
Gravis. International Journal of Molecular Sciences 17:12, pages 2121.

K, Koichiro et al. Frequent silencing of RASSF1A by DNA methylation in thymic neuroendocrine 
tumours Lung Cancer , Volume 111 , 116 – 123, 2017

M Saito, Y Fujiwara, T Asao, T Honda, Y Shimada, Y Kanai, K Tsuta, K Kono, SWatanabe, Y Ohe, T 
Kohno; The genomic and epigenomic landscape in thymic carcinoma, Carcinogenesis, Volume 38, 
Issue 11, 26 October 2017, Pages 1084–1091



Wang et al 2014 performed targeted 
sequencing TET  of  197 cancer‐associated 

genes in advanced‐stage patients.

Comparative sequence analysis of 
78 TET/blood paired samples obtained from 
47  TC  and 31 thymoma patients revealed a 

total of 86 somatic non‐synonymous sequence 
variations across 39 different genes in 33 

(42%) TETs. 

Thymic carcinomas (TC) (62%; 29/47) showed 
higher incidence of somatic non‐synonymous 

mutations than thymomas (13%; 4/31)



Wang, Y., Thomas, A., Lau, C., Rajan, A., Zhu, Y., Killian, J. K., … Giaccone, G. (2014)
Mutations of  epigenetic regulatory genes are common in thymic carcinomas. Scientific Reports. 2014



Moreover Wang et al.  reported that Genes involved in 

histone modification (BAP1, SETD2, ASXL1) , 

chromatin remodeling [SMARCA4 ] and 

DNA methylation (DNMT3A , TET2 ,WT1 ) pathways

were recurrently mutated in Thymic carcinoma, but not in 

thymomas.

These mutations occurred in in 38% of TC  and in 27% of 

TETs



Methylation profiling of TET

Mutational signature analysis indicated that the accumulation of age‐related mutations drive TC development.
The Authors identified recurrent somatic mutations in TET2, CYLD, SETD2, TP53, FBXW7, HRAS and RB1, and no
mutations in GTF2I, supporting the hypothesis that TC and thymoma are distinguishable by their genetic profiles.

TC with TET2 mutations had more hypermethylated genes than those without, and hyper‐methylation was
associated with downregulation of gene expression.

The results suggested that the molecular processes leading to TC depend on the accumulation of genetic
and epigenetic aberrations.

M Saito, Y Fujiwara, T Asao, T Honda, Y Shimada, Y Kanai, K Tsuta, K Kono, SWatanabe,
Y Ohe, T Kohno; The genomic and epigenomic landscape in thymic
carcinoma, Carcinogenesis, Vol 38, Issue 11, 26 October 2017, Pages 1084–1091



Histone modifications

Little is known about abnormal histone modifications in

carcinogenesis, but this is an area of great interest given its importance 

for chromosome remodeling .

Genes involved in  histone modifications are BAP1, SETD2, ASXL1



Histone deacetylases

Histone deacetylases are enzymes 

involved in the post‐translational 

modification

of histones that regulate gene 

expression

through chromosome remodeling. 



In a Phase I trial on solid tumors the pan‐histone deacetylases inhibitor (HDACi)

belinostat, a hydroxamic acid HDAC inhibitor with potent antiproliferative and HDAC

inhibitory activities in vitro, determined a minor response that lasted for 17 months in

a patient with metastatic thymoma.

Steele NL, Plumb JA, Vidal L et al. A Phase 1 pharmacokinetic and pharmacodynamic study of the 
histone deacetylase inhibitor belinostat in patients with advanced solid tumors. Clin. Cancer Res. 
14(3), 804–810 (2008). 

Histone deacetylase and their inhibitors ‐ 1

Histone deacetylase (HDAC) enzymes catalyze the removal of an acetyl group from the

terminal lysine residues of histone proteins, leading to more compact chromatin and

repression of associated genes.

Inhibitors of HDAC enzymes alter patterns of gene expression, induce cellular

differentiation, and promote cell cycle arrest and apoptosis.



Basing on the first results, a Phase II study of belinostat was performed (1) Among the 41 patients
enrolled (25 thymoma and 16 TC), two had PR (both thymoma) and 25 had stable disease. No
responses were seen in the TC group

Therefore the histone deacetylase inhibitor belinostat has shown only modest activity in treating
TETs; however, disease stabilizations and duration of response are intriguing

A Phase I/II study on belinostat in combination with chemotherapy (PAC regimen) as first‐line
therapy was subsequent performed (2), indicating that the combination is active and feasible in
TETs.

1) Giaccone G, Rajan A, Berman A et al. Phase II study of Belinostat in patients with recurrent or refractory 
advanced thymic epithelial tumors. J. Clin. Oncol. 29(15), 2052–2059 (2011).

2) A. Thomas et al…. G.Giaccone. A Phase I/II Trial of Belinostat in Combination with Cisplatin, Doxorubicin, 
and Cyclophosphamide in Thymic Epithelial Tumors: A Clinical and Translational Study ‐ Clin Cancer
Res November 1 2014 (20) (21) 5392‐5402

Histone deacetylase inhibitors ‐2





The protein‐coding

genome gets

smaller as the 

structural

complexity of the 

organism increases





MicroRNAs
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Small  RNAs (19‐25 nt) endogeneous non‐coding.
•MicroRNAs (miRNAs or miRs) are a family of small non‐coding RNAs 

regulating  gene expression

MicroRNAs (miRNAs) regulate gene expression in a sequence‐specific manner
via translational inhibition or  messenger RNA (mRNA) degradation.



At the Regina Elena National Cancer Institute a special focus is directed , 

among rare thoracic tumors, to Thymic epithelial tumors both on diagnostic

and on epigenetic aspects

We rely on a strict collaboration with the  Oncogenomic and Epigenetic Unit and on a 

longlasting collaboration with the Histology & Medical Embryology  Section of  Dept. 

Anatomical, Histological, Forensic & Orthopaedic Sciences, Sapienza University of Rome



In the first phase of our MicroRNA study….



We identified groups of miRNAs differentially

expressed between: (1) TET and normal thymic

tissues, (2) thymomas and thymic carcinomas,

(3) histotype groups.

miR‐21‐5p	
miR‐34b‐5p
miR‐141‐3p
miR‐148a‐3p
miR‐205‐5p

miR‐451a
miR‐145‐5p
miR‐485‐5p
miR‐630

microRNA	UP																			 microRNA	DOWN

Thymic tumor tissue

Identification of microRNAs deregulated in TETs

miR‐145‐5p
Normal tissue

Tumor tissue
9/22 miRNAs common to histotype groups of thymic
tumors compared to normal tissue



Thymoma tissue
Carcinoma tissue

miR‐128
p=0.04

miR‐181c‐5p
p=2.64e‐05

miR‐142‐5p
p=0.001

15 miRNAs are differentially expressed between carcinoma and thymoma tissues

microRNAs differentially expressed in carcinoma vs thymoma tissues. 

Unsupervised clustering
analysis

Validation by RT‐qPCR of 3 
miRs



By in silico pathways prediction analysis, cell adhesion and 
motility pathways  as well as cancer phenotype‐ related 
pathways appear to be targeted from deregulated miRs. 



In a subsequent phase we studied the mRNAs expression 

profiling of a cohort of fresh frozen TETs and normal tissues from 

our Biobanks by microarray analysis including 28,000 genes 

(mRNA and lnRNA)

The thymomas frozen samples included: one type A, two type 
AB, two type B2, one type B3



In this phase  we identified the messenger RNA (mRNAs) 

differentially regulated in TETs and analyzed the 

correlation between these and the miRNAs previously 

identified as deregulated in TET versus normal peritumoral

thymus, focusing in particular on miR‐145‐5p



Genes
(mRNA)

mRNA putative targets  
of  9 miRs (incl miR145‐

5p)

Up in T vs N 1095 682

Down in T vs N 1233 748

Tot 2328 1430

B cell receptor signaling pathway

Cell adhesion molecules (CAMs)

Chemokine signaling pathway

Cytokine‐cytokine receptor interaction

Adipocytokine signaling pathway

MAPK signaling pathway

Jak‐STAT signaling pathway

Gene expression profiling of Thymoma versus normal Thymus tissues  



Expression profiling of putative targets of  9 deregulated miRNAs in Thymoma versus normal 
Thymus tissue 



Identification of a 69‐gene signature of miR‐145‐5p putative target mRNAs
impacting on TETs cancerous phenotype.	



Cell adhesion molecules (CAMs)

B cell receptor signaling pathway

MAPK signaling pathway

Adipocytokine signaling pathway

Jak‐STAT signaling pathway

Expression profiling of putative targets of miRNAs deregulated in Thymoma versus normal 
Thymus tissues 



we induced the overexpression in the Thymic

carcinoma (TC) cell line TC 1889 of miR‐145‐5p and we

observed that this resulted in the down‐regulation of

the target genes

Functional approach in a Thymic Carcinoma cell line



We also found that Valproic Acid (VPA)‐ HDAC inhibitor ‐

treatment of TC1889 cells led to miR‐145‐5p up‐regulation

and concomitant down‐regulation of miR‐145‐5p target

genes and exhibited antitumor effects, as indicated by the

induction of cell cycle arrest and by the reduction of cell

viability, colony forming ability and migration capability.



Inhibition of HDAC activity sensitizes TET cells to chemotherapy: A‐B  FACS 

analysis to evaluate the percentage of TC 1889 Propidium iodate positive cells

treated with Cysplatinum (CDDP) for 48 h, pretreated with 3mM of VPA for 8 

hours



Long	non‐coding	RNAs	(lncRNAs)

Mansi	A.		et	al.,	Pharmacology &	Therapeutics 2016

tRNAs translation
snRNAs splising
snoRNAs modification
scRNAs trasl.control
gRNAs editing
miRNAs trasl. Control
siRNAs RNA stability
piRNA genome stability

rRNAs
lincRNAs
Long Enhncer RNAs
pseudogenes

Non‐coding RNAs are arbitrarily classified into short and long non‐coding RNA based on 

transcript size. 

Long non‐coding RNAs (lncRNAs) are non‐coding transcripts longer than 200 nucleotides



The number of lncRNAs with described functions is steadily
increasing,  as previously for MicroRNA

1) LncRNAs have regulatory capacity , acting as  as chromatin 
regulators

2) Moreover LncRNAs often function as important cis and trans‐
acting modulators for the expression of protein‐coding genes 

3) LncRNAs can mediate epigenetic modification by recruiting
chromatin‐remodelling complex to a specific chromatin locus

Long	non‐coding	RNAs	(lncRNAs)



4) Long non‐coding RNAs act as co‐factors to modify the 

activity of transcriptional factor, thus acting as

Transcriptional regulators

5) Post‐transcriptional regulation



LncRNAs in cancer

Recent data  have revealed that the majority

of the cancers are attributed to non‐coding regions of the

genome. Several cancer loci are transcribed into lncRNAs, 

playing key roles in tumorigenesis. 



In the current study, we performed a lncRNA expression profiling of a cohort of fresh
frozen TETs and normal tissues

Identification of lncRNA deregulated in TETs 
(preliminary data)

We identify 154 lncRNAs significantly deregulated in TETs

Tissue Samples 
#
  

Tissue Histotype

1 Normal 
2 Normal 
3 Normal 
4 Thymoma A
5 Thymoma AB
6 Thymoma AB
7 Thymoma B2
8 Thymoma B2
9 Thymoma B3

A 



lncRNAs are pharmacological tools

Recent research suggest that these molecules represent 

new strategies to modulate the cell transcriptome and

translatome by operating at different subcellular 

compartments.

Characterization of these lncRNA genes and their 

modes of action may allow their use for diagnosis, 

monitoring of progression and targeted therapies



Pathologist tools in rare tumors

1) Diagnostics

2) Tissue biobanking as major key resource for advancement in life sciences, 
molecular pathology , clinical medicine and drug development

3) Molecular and genetic characterization

4) Translational medicine
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