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THERAPEUTIC POTENTIAL OF EPIGENETICS

EPIGENETICS: non genetic changes in chromatin structure
resulting in changes in gene expression

° DNA methylation- long-term changes, developmental

® Histone modification

DNA methylation

® DNA methyltransferase inhibitors (e.g. azacytidine):
reverse silencing of good genes

¢ Stimulate methylation: silence bad genes

® Applicable to lung cancer, inflammation?

® Problems of specificity and targeting

Histone modification

® Involved in cancer, fibrosis, inflammation

® Small molecule modifiers now identified
(including existing therapies)




INFEAMMATORY GENE TRANSCRIPTION
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HISTONE ACETYLATION
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HISTONE ACETYLATION AND GENE TRANSCRIPTION
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HISTONE ACETYLATION

Anti-acetylated 5 ool Histone
histone H4 acetyltransferase

HAT activity
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nucleus IL-18 (ng/mL)
Ito K et al: Mol Cell Biol 2000

HISTONE ACETYLATION'AND GENE EXPRESSION

Inflammatory stimuli
e.g. IL-1B, TNF-a

NF-kB regulated genes
®* Chemokines: CXCL1, CXCL8, CCL2, CCL5, CCL11
* Cytokines: GM-CSF, TNF-a, IL-1B, IL-6
® Enzymes: iNOS, cPLA,, COX-2, MMP-9
g NK,, NK,, bradykinin B,, B,

® Peptides: endothelin-1
® Adhesion mols: ICAM-1
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ACTIVATION OF INFEAMMATORY GENES

INFLAMMATORY GENE REGULATION

Corticosteroids

~

THDAC

]

Histone
deacetylation mRNA

Repressed chromatin Ac- Ac- Activated chromatin Repressed chromatin
Cl1 OSED OPEN CLOSED




[EFFECT OF CORTICOSTEROID ON HDAC]
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CORTICOSTEROID'SUPPRESSION OF INFLAMMATORY GENES
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EFFECT OF STEROID'ON INFLAMMATORY GENES




/HDAC EXPRESSION'IN COPD MACROPHAGES
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Ito K et al: FASEB J 2001

CORRELATION OF HDAC TO STEROID RESPONSE

Alveolar macrophage: normal smokers and non-smokers

TNF-a inhibition IL-8 inhibition
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DAC2'KNOCK-DOWN: RNAi

Alveolar/sputum macrophages
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HDACZ2'IN COPD'LUNG

Peripheral lung (surgical resection)
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HDAC2 AND STEROID RESPONSIVENESS'IN COPD
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NITRATION AND'HDAC2 ACTIVITY
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PEROXYNITRITE INDUCES STEROID RESISTANCE

Human airway epithelial cells
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CORTICOSTEROID RESISTANCE IN COPD

Py . o  Barnes PJ: Ann Rev Physiol 2009
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ORTICOSTEROIDRESISTANCE

Cell membrane

Steroid resistance
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THEOPHYLLINE AS HDAC ACTIVATOR
VW

COPD macrophages:
nuclear Iysates**

Theophylline
® activates H
® via a novel
* markedly

® reverses si

Ito K et al: PNAS | B/L Theo (10-¢M)
Cosio B et al: J Exp Med 2004

THEOPHYLLINE'RESTORES STEROID RESPONSE
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'HEOPHYLLINE EFFECT ON ChIP"ANALYSI

Histone acetylation of NF-kB site of IL-8 promoter
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REVERSAL OF SMOKE-INDUCED INFLAMMATION

A/l Mice
, Drugs
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COPD PATIENTS: CORTICOSTEROIDS!+ THEOPHYLLIN
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STEROID RESISTANCE IN'SMOKING ASTHMATICS

NON-SMOKING ASTHMA SMOKING ASTHMA

Inflammatory stimuli
Corticosteroids

/Oxidative stress
/

Peroxyn itrite

\
4

GHAGH | roAce

Histone St Histone
. ) eroid’ iation
acetylation | YN ¢ Steroid resistance

;'r I'I;_M‘-csr { Histone acetylation

1 2Gtaxin

HEOPHYLLINE +ICS INF'SMOKING ASTHMATIC

P=0.06

'S
<

P=0.008
Theophylline +
inhaled BDP (n=22)

Theophylline (n=23)

Change in PEF (L/min)

Duration (days)

Inhaled BDP (n=23)

Spears M et al: ERJ 2009

16



HOW'DOES THEOPHYLLINE'RESTORE HDAC?

U937 cells
Immunoprecipitated PI3K-6
A549 cells
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LY: LY 294002, non-selective PI3K inhibitor
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PISK-6"NULL MIC
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Borisy AA et al: PNAS 2003
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NORTRIPTYLENE AND HDAC'REVERSAL

@ Effect of nortriptylene hydrochloride
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MACROLIDES'REVERSE [HDAC2 TRANSCRIPTION
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PIGENETIC MODIFICATION OF HISTON
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METHYLATION AND STEROID ACTION

5-aza-dC: 5-aza-2’-deoxycytidine: Methytransferase inhibitor
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CT OF STEROID ONIHISTONE'METHYLATION
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CORTICOSTEROID'INHIBITION'OF TGF-1

IL-1B

—— i
Steroid — R, pac2 %, GF-B1 mRNA

SUV = histone methyltransferase
TGF-81 Promoter

Lee K et al: J Immunol 2006
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® Multiple histone modifications regulated by enzymes

involved in regulation of inflammatory genes
acetylation, methylation, phosphorylation, nitration, ubiquitination, sumoylation

® HDAC2 recruitment mediates antiinfl effects of corticosteroids
| in COPD: - due to oxidative/nitrative stress

® HDAC2 activity restored by gene transfer, theophylline
reverse corticosteroid resistance in COPD cells

® Theophylline 1 in HDAC2 mediated by PI3K& inhibition

® Histone methylation (H3K9) 1 by corticosteroids
HMT (SUV39H1) recruited by corticosteroids

® New therapeutic approaches targeting epigenetic
changes now possible
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