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Classic genetics alone cannot explain the diversity of phenotypes within a population.

John Cloud, Time, January 06, 2010



1939 à C.H. Waddington

“the causal interactions between genes

and their products, which bring the

phenotype into being”

Definition of epigenetics

“Heritable changes in gene expression that are not due to any alteration in 
the DNA sequence.”

1987à R. Holliday Holliday R.  The inheritance of epigenetic defects. 
Science 1987; 238:163-70

Greek, epi = above, upon - genetics



Epigenetic modifications that regulate transcription and translation

Ordovás JM, et al. Nature Reviews Cardiology 2010

Repression of expression

Repression of translationNormal expression

Epigenetic regulation of transcription
§ DNA methylation
§ Histone deacetylation

Epigenetic regulation of translation
§ microRNAs



The role of methylation in HL

Ushmorov A. et al. Blood 2006Ushmorov A. et al. Blood 2003

IgH gene CD19, PU.1, BOB.1 



Ammerpohl O. et al. Leukemia 2012

The role of methylation in HL

Genes hypermethylated
only in cHL are enriched  
for functions silenced in 
cHL, like regulation of 
B-cell or T-cell 
activation.

DNA methylation patterns on a 
genome-wide level (27K BeadArray
analysis) in 5 cHL cell lines.



The role of acetylation in HL

Seitz V. et al. Haematologica 2011

cHL B-cell
lymphoma

Plasma cell
Myeloma

HL shows epigenetic features of abortive plasma cell differentiation

Gene expression of 
acetylated genes

Expression analysis of 158 genes 
differentially acetylated in cHL and 

PCM cell lines (17 hyperacetylated and 
141 hypoacetylated genes)
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Epigenetic 
Modifications

Genome Integrity/ 
transposon defence

Transcriptional 
regulation

Post-transcriptional 
regulation

Viral defense

Antisense 
lncRNAs

PARs*
(e.g. tiRNAs)

[repeat element]

piRNAs

[overlapping 3’ UTR]

miRNAs

snoRNAs

sdRNAs

Endo-siRNAs

Classes and functions of non-coding RNAs

[promoter region]
[intron]

[exon]



Non-coding
RNAs

Ribosomal RNA
Transfer RNA

§miRNAS
§siRNAs
§snoRNAs
§piwiRNAs
§tiRNAs
§PASRs
§TSSa-RNAs
§PROMPTs

§Long ncRNAs (lncRNAs)
§Circular RNAs
§Pseudogenes

SMALL LONG

< 200bp > 200bp

Classification of non-coding RNAs



mRNA

CAP START

5’ UTR 3’ UTR

AAAAAAA

miRNA

DNA

Transcription

Translation

How do microRNAs work?

GENE

Mature miRNA in miRISC

1

Argonaut

2



1. Translation inhibition

3’UTR
Target mRNA

3. Translation activation

5’UTR
Target mRNA

2. mRNA degradation

3’ UTR
Target mRNA

4. “Decoy activity”

Target 
protein

miRNA

Binds to
RISC

5. Transcription regulation

Target gene
DNA

NUCLEUS

microRNA functions



• Chromosome alterations

• Regulator genes

• Methylation/acetylation

• Mutations/deletions/Polymorphism

• Regulation of the maturation process

miRNAs and cancer 

Diagnosis

Prognosis

Therapeutic application?ONCOGENES & TUMOR SUPRESSOR GENES

Mechanisms of deregulation of miRNA expression
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Mantle cell lymphoma T cell lymphoma

DLBCL LPMB

HL TONSIL

BIC Overexpression

Kluiver J. et al. J Pathol 2005

Navarro et al. 2008

miR-155 Overexpression

miR-155 1st miRNA described in HL



NS RLN MC

miR-9

miR-15b

miR-21

miR-23b

miR-26a

miR-26b

miR-27a

miR-28

miR-29b

miR-30b

miR-30c

miR-31

miR-34a

miR-34c

miR-122a

miR-124a

miR-125b

miR-126

miR-185

miR-198

miR-199a

miR-199b

miR-200a

miR-204

miR-205

miR-216

miR-220

miR-302a

miR-302b*

miR-302c

miR-302d

miR-323

miR-325

miR-335

miR-368

miR-370

miR-371

miR-128a

miR-128b

miR-129

miR-130a

miR-132

miR-134

miR-135a

miR-135b

miR-138

miR-140

miR-142-3p

miR-142-5p

miR-145

miR-147

miR-154

miR-181a

miR-182*

miR-183

First microRNA profiling in cHL

Navarro A et al. Blood 2008
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Validation of the 25-microRNA signature in cHL cell lines
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7 H/RS and microenvironment
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In situ hybridization of miR-21, miR-134, miR-138 and miR-155

miR-21 miR-134

miR-138 miR-155



Nodular sclerosis vs mixed cellularity

EN CM

Nodular sclerosis Mixed cellularity

Overexpressed miRNAs Underexpressed miRNAs
miR-9, miR-15b, miR-26a, miR-27a,

miR-28, miR-30c, miR-34c, miR-99a, miR-
122a, miR-132, miR-135b, miR-140, miR-
142-5p, miR-150, miR-151, miR-200a, miR-
204, miR-302d, miR-371

miR-23b, miR-29b, miR-34a, miR-
124b, miR-125b, miR-126, miR-128a, miR-
128b, miR-129, miR-130a, miR-145, miR-
147, miR-154, miR-181a, miR-199a, miR-
199b, miR-370



EBV + EBV-

Epstein Bar virus and miRNAs in cHL

Underexpressed in EBV+ cHL

miR-96

miR-128a

miR-128b

miR-129

miR-205

Overexpressed in EBV+ cHL

miR-28

miR-130b

miR-132

miR-140

miR-330



Van Vlierberghe P, et al., bjh 2009

MicroRNA profile of microdissected
Hodgkin/Reed-Sternberg cells

MicroRNA profile of 
Hodgkin lymphoma cell lines 

Gibcus JH, et al. Neoplasia 2009

Other miRNA profiles in HL

Cluster miR-17-92
miR-155
… 

miR-21
miR-9
miR-30
miR-155
… 



Navarro et al.
Upregulated: miR-9, miR-15b, miR-21, miR-27a, miR-34a, 
miR-34c, miR-122a, miR-124a, miR-125b, miR-128b, miR-
132, miR-134, miR-135b, miR-138, miR-142-5p, miR-147, 
miR-154, miR-181a,  miR-182*, miR-185, miR-198, miR-

199a, miR-199b, miR-200a, miR-216, miR-220, miR-302a, 
miR-302b*, miR-302c, miR-302d, miR-323, miR-325, miR-

368, miR-370, miR-371
Downregulated: miR-23b, miR-26a, miR-26b, miR-28, 

miR-29b, miR-30b, miR-30c, miR-31, miR-126, miR-128a, 
miR-129, miR-130a, miR-135a, miR-140, miR-142-3p, 

miR-145, miR-183, miR-204, miR-205, miR-335

Jones et al.
Upregulated: miR-494, miR-1973, miR-4299, 

miR-2861, miR-638, miR-1268, miR-3656, miR-
3665, miR-1915, miR-574-5p, miR-516a-5p, 

miR-663b, miR-617
Downregulated: miR-144, miR-144*, miR-139-
5p, miR-145*, miR-30a*, miR-218, miR-1, miR-
4328, miR-124*, miR-582-5p, miR-96, miR-328, 
miR-335*, miR-204, miR-196a, miR-340*, miR-

502-3p, miR-29a*, miR-143*, miR-744, miR-
1271, miR-132*, miR-335, miR-20a*, miR-

551b, miR-224, miR-31, miR-7-1*, miR-362-3p, 
miR-196b, let-7a, miR-769-5p, miR-365, miR-

125a-5p, miR-16-2*

Sánchez-Espiridión et al.
Upregulated: miR-15b*, miR-17*, mire-216a, 

miR-23a, miR-25, miR-26a, miR-27b*, miR-30d, 
miR-30e, miR-320, miR-21*, miR-92a, miR-93, 

miR-130b
Downregulated: miR-132, miR148b*, miR-204, 
miR-300, miR-31*, miR-378, miR-423-5p, miR-

503, miR-539, miR-551a, miR-559, miR-609, 
miR-621, miR-628-3p, miR-637, miR-708*, 

miR-888, miR-92b*, miR-937

Signatures in lymph nodes

miR-204,
miR-21

Van Vlierberghe et al.
Upregulated: miR-21, miR-20a, miR-

16, miR-155, miR-18a#, miR-186, miR-
374, miR-140, miR-30a-5p, miR-196a, 

miR-30b and miR-9
Downregulated:miR-614, miR-200a#, 

miR-520a#

Gibcus et al.
Upregulated:miR-17-92 

cluster,   miR-16, miR-21, miR-
24, miR-155

Downregulated: miR-150, miR-
135a

Sánchez-Espiridión et al.
• Upregulated: miR-15b*, miR-17*, 
mire-216a, miR-23ª, miR-25, miR-26a, 
miR-27b*, miR-30d, miR-30e, miR-320, 
miR-21*, miR-92a, miR-93, miR-130b

• Downregulated: miR-132, miR148b*, 
miR-204, miR-300, miR31*, miR-378, 
miR-423-5p, miR-503, miR-539, miR-

551a, miR-559, miR-609, miR-621, 
miR-628-3p, miR-637, miR708*, miR-

888, miR92b*, miR-937

Signatures in HL cells

miR-21

miR-132 miR-140 miR-155 miR-16 miR-196a miR-20a miR-21 miR-135a miR-204 miR-30b miR-31 miR-335 miR-9 miR-92 miR-93
Navarro et al.
Van Vlierberghe et al.
Gibcus et al.
Jones et al.
Sánchez-Espiridión et al.

15 miRNAs

miRNA signatures in cHL



miR-21

miR-155

miR-135a

miR-9

Key miRNA in lymphomagenesis

1st miRNA described in HL

Most common oncogenic miRNA

Associated to doxorubicin resistance

Prognostic marker in HL

Prognostic marker in HL

JAK/STAT pathway

Plasma cell differentiation inhibition

Cytokine production and release regulation

Key miRNAs in HL



miR-155

Key miRNA in lymphomagenesis

1st miRNA described in HL

miR-21

miR-135a

miR-9

Most common Oncogenic miRNA

Associated to doxorubicin resistance

Prognostic Marker in HL

Prognostic Marker in HL

JAK/STAT Pathway

Plasma cell differentiation inhibition

Cytokine production and release regulation

Key miRNAs in Hodgkin lymphoma



AGTR1, FGF7, ZNF537, ZIC3, and IKBKE
are true miR-155 target genes in HL.

Gibcus JH, et al. Neoplasia 2009

miR-155 target validation miR-155 transgenic mice (B-cell lineage)

Costinean S. et al. PNAS 2006

Transgenic mice exhibit initially a 
preleukemic pre-B-cell proliferation 
followed by the development of a 
high-grade B-cell Lymphoma 
approximately at the age of 6 months.



miR-21

miR-155

Key miRNA in lymphomagenesis

1st miRNA described in HL

Most common Oncogenic miRNA

Associated to doxorubicin resistance

Prognostic Marker in HL

miR-135a

miR-9

Prognostic Marker in HL

JAK/STAT Pathway

Plasma cell differentiation inhibition

Cytokine production and release regulation

Key miRNAs in Hodgkin lymphoma



miR-21

Navarro A et al. Blood 2008

Gibcus JH, et al. Neoplasia 2009.

Van Vlierberghe P, et al., bjh 2009



Sánchez-Espiridión B. et al. British Journal of Hematology 2013

miR-21 as prognostic marker

miR-21 sensitizes L428 cells to 
doxorubicin-induced apoptosis



miR-21

miR-155

Key miRNA in lymphomagenesis

1st miRNA described in HL

Most common Oncogenic miRNA

Associated to doxorubicin resistance

Prognostic Marker in HL

miR-135a
Prognostic Marker in HL

JAK/STAT Pathway

miR-9
Plasma cell differentiation inhibition

Cytokine production and release regulation

Key miRNAs in Hodgkin lymphoma



n=89

Analysis of 
clinical

outcome

cHL signature miRNAs

High Low

miR-21
miR-27a
miR-124a
miR-134
miR-138
miR-147
miR-182*
miR-185
miR-198
miR-216

miR-220
miR-302a
miR-302b
miR-302c
miR-325

miR-23b
miR-26b
miR-30b
miR-31
miR-126
miR-135a
miR-183
miR-204
miR-205
miR-335

Navarro et al
Blood 2008

Disease Free survival

Univariate analysis

Multivariate analysis

P value RR
miR-135a 0.034 3.412
Gender 0.993 1.005
Extent of 
Disease 0.504 1.573

Age 0.500 2.043

What mechanism is involved in the relation 
between miR-135a expression and clinical 

outcome?  

Navarro A et al. Blood 2009

miR-135a expression and clinical outcome in 89 cHL patients 



TargetScan 
4.2

459 conserved 
targets

miR-135a
Query

10 targets with the 
highest score

JAK2

linked to hematologic 
malignancies
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JAK2/STAT signaling pathway



JAK2 protein expression
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XhoI BglIIJAK2 3’UTR(miR-135 region) NotI

5 235 bp 6

48 bp

0
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72h

Control

pre-miR-
135

-28.72 %

0.2µM Vector + insert
+

500nM pre-miR-135
or

500nM pre-miR-Negative Control
CO

N
TR

O
L

Navarro A et al. Blood 2009

Target validation: Renilla/Luciferase assay



TargetScan
6.2

JAK2

Bioinformatic analysis

miR-34a, miR-135a, 
miR-204, miR-216a, 
miR-216b and miR-

375

Selected
microRNAs :

Human JAK2 3’-UTR region: 1204bp

miR-135a 

miR-101 miR-34a

miR-204

miR-216b

miR-375

8-mer

7-mer-1A

Type of miRNA 
binding

Selection criteria: 
ü Conservation grade
ü Expressed in HL
ü References

223 miRNAs

Could other miRNAs regulate the JAK/STAT 
signalling pathway and impact prognosis in 

cHL?
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Western Blot Analysis of microRNA modulation of JAK2 protein levels
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Patients

Characteristics N=168

Age(median, range) 33 (15-89)

Sex(M/F) 86/82 (51.2%-48.8%)

Histology
NE
MC

95 (56.5%)
27 (16%)

EBV+ 56 (43.8%)

HIV+ 21 (12.5%)

B Symptoms 72 (43.6%)

Bulky mass 32 (19%)

Anemia(Hb<105 g/L) 36 (21.4%)

Leucocytosis (15 x109/L) 20 (11.9%)

Lymphocytopenia 17 (10.2%)

Hypoalbuminemia 60(38.5)

High LDH 55 (33.1%)

High B-2-microglobulin 37(28.5%)

Ann Arbor Stage I-II 102 (60.71%)



Survival analysis according to JAK2-miRNA expression

miR-101
P=0.020

Disease Free Survival

High, n=75

Low, n=63

miR-204
P=0.037

Disease Free Survival

High, n=98

Low, n=39

miR-204
P=0.071

High, n=116

Low, n=51

Overall Survival

miR-216
P=0.031

High, n=32

Low, n=127

Overall Survival



4-microRNA Signature Targeting JAK2

Factor OR (95%CI) P-value

4-miRNA signature 7.6 (1.1-57.2) 0.048

Age ≥ 45 5.9 (2.4-14.4) P<0.001

B Symptoms 2.6 (1.09-6.3) P=0.03

Multivariate analysis

P=0.015

Overall Survival

<2 miRNAs high (N=24)

>2 miRNAs low (N=111)

Navarro A, et al. Oral Presentation in ASH 2013



miR-9

miR-21

miR-155

Key miRNA in lymphomagenesis

1st miRNA described in HL

Most common Oncogenic miRNA

Associated to doxorubicin resistance

Prognostic Marker in HL

miR-135a
Prognostic Marker in HL

JAK/STAT Pathway

Plasma cell differentiation inhibition

Cytokine production and release regulation

Key miRNAs in Hodgkin lymphoma



Nie K. et al. Am J Pathol 2008

Van Vlierberghe P, et al., bjh 2009Gibcus JH, et al. Neoplasia 2009

miR-9



Nie K. et al. Am J Pathol 2008

PRDM1-negative HRS cells



Nie K. et al. Am J Pathol 2008

A hypothetical model of microRNA-mediated PRDM1 inactivation in pathogenesis 
of HRS cells
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Navarro A. et al. Leuk Lymphoma 2015

Treatment with 
demethylating

agent

L-428
L-1236

miRNA expression 
analysis

600 miRNAs

§miR-34a
§miR-99b*
§miR-105
§miR-135b*
§miR-203
§miR-337-5p
§miR-342-5p
§miR-490-3p

§miR-512-3p
§miR-517a
§miR-517c
§miR-518f
§miR-519a
§miR-520g
§miR-525-3p

15 miRNAs re-expressed in both
cell lines after treatment

Identification of miRNAs regulated by methylation in cHL



Validation by MS-PCR and by in situ MSPC

In situ MS-PCR

Navarro A. et al. Leuk Lymphoma 2015



Navarro A. et al. Leuk Lymphoma 2015

5-Aza-dC treatment inhibits proliferation at high doses and produces re-expression of 
miR-34a and miR-203 at low-intermediate doses.

20nM          250nM        1mM 5mM
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Oncogenic miRNA Tumor suppressor miRNA

Potential therapeutic  
strategies 

miRNA targeted
treatment

“Antagomirs”

miR-21
miR-155

miR-17-92

miR-15/16
miR-203

miRNA + 
Chemotherapy

Chemo effect
on miRNA 
expression

AZA
PBA

miR-127 and BCL6

microRNAs as treatment

“Pre-miRNAs”

Dual nature of some
microRNAs
OG or TS?

miR-135a and JAK2

Therapeutic applications?



A Multicenter Phase I Study of MRX34, 
MicroRNA miR-RX34 Liposomal Injection

Primary Liver Cancer
SCLC
Lymphoma
Melanoma
Multiple Myeloma
Renal Cell Carcinoma
NSCLC

Recruiting
participants

There is still a long way to go on miRNA based treatments… 

Ongoing miRNA-based clinical trials on lymphoma



Epigenetic 
Modifications

Genome Integrity/ transposon 
defense

Transcriptional 
regulation

Post-transcriptional 
regulation Viral defense

Antisense 
lncRNAs

PARs*
(e.g. tiRNAs)

piwiRNAs

[overlapping 3’ UTR]

miRNAs

snoRNAs

sdRNAs

Endo-siRNAs

*Promoted associated RNAs

There are a lot of non-coding RNAs waiting to be studied in HL

[repeat element]

Anna Cordeiro et al. 
Oral presentation at 13.30h
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Transcriptional regulation of microRNAs

Promotor miRNACpGIntergenic miRNA

Intronic miRNA
(90%)

Gene Z

Promotor Exon-1CpG Exon-2 Exon-3
Intron-1 Intron-2

miRNA

Exonic miRNA

miRNA

RNA pol II

RNA pol II

mRNA including
the miRNA
sequence



miRNA Indication Phase Status

miRNA
antagonist

miR-122

Drug: Miravirsen

Hepatitis C virus Phase 2 Completed
Janssen, et al. N 
Engl J Med  2013

miRNA 
replacement

miR-34

Drug: MRX34

Primary 
unresectable

liver cancer or 
other primary 

tumors with liver 
metastases

Phase 1 Recruiting 
participants

Ongoing miRNA-based clinical trials



miRNA-based molecules in preclinical development



CD15

CD30

STAT5

STAT5

JAK2

JAK2

miR-135a

let-7a

CD99

miR-9

p53

cell cycle 
arrest miR-17/106b
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ebv-miR
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NUCLEUS

PRDM1

DNA
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CYTOPLASM
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Targets of miRNAs

“Seed sequence”

Database Web address

MIRBASE http://microrna.sanger.ac.uk/

TARGETSCAN http://www.targetscan.org/

TARBASE http://www.diana.pcbi.upenn.edu/tarbase.html

MIRANDA http://www.microrna.org/

miRNAMap http://mirnamap.mbc.nctu.edu.tw/

miRGen http://www.diana.pcbi.upenn.edu/miRGen.html

DIANA-MicroT Analyzer http://diana.pcbi.upenn.edu/

• They have more than one 
target

• Their expression is tissue 
and cell type dependent



Main functions of miRNAs in hematology

•Hematopoietic stem cell regulation

ØHematopoietic differentiation

•Active role in carcinogenesis

ØmiRNAs as oncogenes

ØmiRNAs as tumor suppressor genes



Normal hematopoiesis and miRNAs

miR-181a, miR-223 y miR-142

They are specifically expressed in hematopoietic cells and their 
expression is dynamically regulated during early hematopoiesis

and lineage commitment.
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miR-135a levels and treatment response
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No Complete
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Epstein Barr virus in HL

• Infects B cells
• Type II latency with expression of EBNA-1, 

LMP-1, LMP-2A/B & EBERs
• 40% of cHL cases are EBV+
• LMP1 mimics CD40 and activates survival

mechanisms in B cells
• More frequently found in mixed cellularity

subtype
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Could other miRNAs regulate the JAK/STAT signalling pathway and impact prognosis in cHL?

Prognosis????



PRDM1-negative HRS cells

Nie K. et al. Am J Pathol 2008



Silencing of miR-9 by antimiR-9 reduces HL tumour growth in NOG mice.
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Virus and miRNAs
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microRNAs

RNA pol-II NUCLEUS

CYTOPLASM

pri-miRNA

pre-miRNA (~70nt)

duplex miRNA  
(22nt)

Drosha-DGCR8

Exp5-RanGTP

Dicer-TRBP

Dicer-TRBP-Ago

miRNA 
in RISC Intergenic

• Small RNA molecules(~20-25nt) 

• Non-protein encoding

• scattered  in  all  chromosomes (except Y)

• Exonic, intronic and intergenic

• 50% are found in clusters

(transcritos primarios policistrónicos)
miR-10
miR-15a
miR-16-1

miR-155

ExonIntron

GENE 1 GENE 2



• General epigenetics features of HL
• Generalities of Non-coding RNAs
• microRNA profiling phase in HL
• microRNAs regulating HRS cells crucial pathways

• miR-21
• miR-155
• miR-135, miR-204
• miR-9
• miR-30 family

• microRNAs regulated by methylation in HL

Index



miR-9 inhibition reduces 
cytokine secretion

AntimiR-9-mediated 
upregulation of HuR impairs 
the ability of HL cells to 
attract normal blood cells. 

miR-9 targets DICER1 and HuR

Leucci E. et al. Oncogene 2012



EARLY STEPS IN THE STUDY OF miRNAsà PROFILING



Mechanisms of reprogramming a Hodgkin and Reed-Sternberg cell: loss of the B-cell phenotype

Küppers R, Nature Reviews Cancer 2009

§ Deregulated expression of 
inhibitors of B-cell molecules
ü ID2, ABF1, Notch1

§ Downregulation of B-cell 
transcription factors
ü OCT2, BOB1, PU.1

§ Epigenetic silencing  of B-cell 
genes
ü CD19, IgH

§ Non-coding RNAs (microRNAs)
§ EBV
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