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Noncoding RNAs Link Transcriptional
Regulation of Inflammatory Pathway Genes

David Corey

UT Southwestern Medical Center




Most Drugs Bind Proteins
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and
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Traditional and successful strategy
Development usually takes years




Target RNA, Modulate Gene Expression

Oligonucleotide
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DNA RNA Protein

|dentify active oligomer quickly (weeks, not years)

Medicinal chemistry/pharmacology similar, regardless of target

Potential to treat almost any disease




Strategies for Targeting RNA and Silencing
Gene Expression

Antisense Oligonucleotide Duplex RNA

ASO

* ASO delivered
as single strand;
finds its target alone
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Recruiting splicing
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* Duplex associates with AGO
» Passenger strand is removed
» Guide strand leads AGO to target

"steric block” protein factors

(e.g. RNase H)

MRNA cleavage
(if perfectly complementary)

Association-mediated
repression
(if partially mismatched)




What Types of Cellular RNA can be Targeted
with Nucleic Acids?

RNA domains of ribonucleoproteins (e.g. telomerase)
MRNA (block translation, alter splicing)
MiRNAs (block miRNA action)

Long noncoding RNAs (up or down-regulate transcription)




A Landmark:
Kynamro (IS1S/Genzyme)

- Antisense oligonucleotide targets Apo-B mRNA
- Acts in the liver/intradermal injection/systemic delivery

- Reduces LDL cholesterol in patients unresponsive to current
therapies

- FDA approved 1-29-2013

- Many other clinical trials of oligonucleotides underway




Noncoding RNAs Regulate
Transcription of an Operon Within the
Eicosanoid Signaling Pathway




Transcription is Bidirectional
Noncoding RNAs Overlap 5" and 3" Ends of Genes

View From ENCODE/FANTOM Projects
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What do Long Noncoding RNAs Do?

Mostly “noise”? Remains a controversial point
Classic examples include, XIST, HOTAIR
Reported action in either cis or trans

Molecular details usually obscure — not clear how
recognition at a specific site is achieved

Analysis usually depends on highly interpreted data,
not primary results or detailed biochemistry

RNAI factors not implicated in mammalian cells




Is There a Role for RNAI Proteins?

MiRNAs are in the nucleus
RNAI factors like argonaute 2 are in the nucleus

Noncoding RNAs are in the nucleus

The players are there, but the rules may be different




RNA-Protein Complexes Act as Control Factors
In the Nucleus

RNA domain

1) Directs specificity ﬁ
i . protein

. u %
Protein domain v
trans.crlptlon

1) Protects RNA ) splicing g

2) Promotes binding to target nucleus

3) Mediates protein:protein interactions




Cyclooxygenase-2 (COX-2) and PLA2G4A
Key Regulators of Eicosinoid Production

membrane phospholipid
1 phospholipase-A , (PLA2G4A)

arachidonic acid

PGD l PGH, synthase (COX-1 or COX-2)

synthase

PGD, «— prostaglandin H2 (PGH,) D thromboxane A2

PGE thromboxane
inflammation l

synthase prostacyclin synthase v o
PGE2 Synthase platelet aCt|Vat|On,

; vasoconstriction

PGF,
\ 1 endothelium

prostacyclin

skeletal muscle  6-keto-PGF,,=» vasodilation,
growth inhibits platelet activation




Hypothesis:

RNA Networks can coordinate expression of
pro-inflammatory genes,COX-2 and PLA2G4A




5'/3" RACE Confirms Bidirectional Transcription Across
COX-2 Promoter
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Is there an Endogenous miRNA Regulating
COX-2 Expression in the Nucleus?

Computational prediction

(based on seed sequence Small RNA-seq
complementarities,
1000 nt upstream)

Overlapped miRNAs identify nuclear miRNAs

N /




Two Potential miR-589 Binding Sites in COX-2
INcCRNA with Strong Seed Sequence Complementarity

COX-2 Gene Promoter

-150 -100 -50 -25
| | I | I I

miR-452 |
B nir-589
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target site 57 -GUCACA- UGGéCUUGGUUUUCA Ch target site 57 -CUUAUAAAAAGGAAGGUUCUCU-3"

(-53/-33) (-30/-9)




mMiR-589 Inhibitor Decreases Expression of COX-2

A549 lung cancer cells
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MiR-589 Increases Expression of COX-2
Protein and mRNA
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mature mimic Fold
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Transcriptional Activation of the COX-2 Gene by
miR-589 Involves RNAI Factor, AGO2




Argonaute (AGQO) Protein

“catalytic engine” for RNAI transcriptional regulation

MRNA




RNAI Factor AGO2 is Required for Activation of the
COX-2 Gene by Small RNA

TRF-1 MM siAGO2 MM siAGO2
TRF-2 MM MM RNA RNA

610),Cv

B-actin




Can Fully Complementary Small RNAs be
Potent Activators of COX-2 Expression?

COX-2 Promoter o
_ +1
M
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Variants of Endogenous Small RNAs
Activate COX-2

COX-2 Promoter

Western Blot small RNAs
NT 9 10 11 12 13 14 34 38 MM
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COX-2 Activation is On-Target

20

18

- Mismatches reduce activity 16

Just 1 seed sequence Fold 14
mismatch (guide strand only) increase

eliminates activation cox2 %

mRNA 10

No interferon response

Chemically modified duplexes
(Alnylam) activate




COX-2 and PLA2G4A are Adjacent Genes

149 kb PLA2G4A

Chromosome 1




Pro-Inflammatory Genes COX-2 and PLA2G4A are
Functionally Linked

membrane phospholipids

l PLA2G4A (releases arachidonic acid)

arachidonic acid

l COX-2 (converts arachidonic acid to PGH2)

eicosinoids

are they also transcriptionally linked?




MiR-589 Increases Expression of PLA2G4A
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MiR-589 Inhibitor Decreases PLA2G4A Expression
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Detecting Gene Loops With Chromosome Conformation
Capture (3C)

Promoter

Formaldehyde X- DNA

Promoter . .
DNA link + RE digest .\
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Gene Looping Brings COX-2 and PLA2G4A
Promoters in Close Proximity

Constant fragment

PLA2G4A COX-2

_ﬁ i'_ (C1+T1, 108-bp) Junction
[ ‘ Sequnce from PLA2G4A promoter (blue) v

Dpnll CCTACTCAGGATAAGACTTTCTCTAAGTCCGGAGCTGAAAAAGGATCGCCTTGGATGGGATAC
CGGGGGAGGGCAGAAGGACACTTGGCTTCCTCTCCAGGAATCTGA

3c Sequence from COX-2 promoter (red)
Primers

(C1+T2, 142-bp)

Sequnce from PLA2G4A promoter (blue)

CCCAAATTCCATGAGAATCAATTCATGTCTTTAAAGATTGACATGTTCATTTAG
Junction

TATATCTTGTTTTTCAAACACANEATCGCCTTGGATGGGATACCGGGGGAGGGCAGAAGGACA
MM CTTGGCTTCCTCTCCAGGAATCTGA

no crosslink Sequence from COX-2 promoter (red)

Treatment

RNA12
no crosslink

(positive control)

Non-coding

? RNAs
COX-2
promoteﬁ? \55

% PLA2GA4A
Regulatory promoter
proteins




Gene Activation:
Recruitment of Transcription Factors, Histone Modifiers
and RNA Polymerase ||

C) Gene Activation PLA2G4A Promoter
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Conclusions

RNA can induce COX-2 transcription

The IncRNA is a scaffold for sequence-specific
recognition of RNA-protein complexes.

The IncRNA can be cleaved, but cleavage is not
necessary for activation.

RNA organizes a novel multi-gene inflammatory
response pathway
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Cardiovascular disease

»60% of the increase in overall life expectancy
during the last 30 years is due to reductions in
mortality from cardiovascular disease

Cardiovascular disease

Perinatal disease T 1 T

Coronary heart Other heart
disease Stroke disease

Injuries

Cancer ]

Chronic obstructive
pulmonary disease

Human immunodeficiency
virus infection or the acquired [
immunodeficiency syndrome

Other causes

-1 0 1 2 3 - 5

Years

Lenfant C
NEJM 2003 Changein U.S. Life Expectancy 1970-2000

Death by causes
World WHO June 2011

« Myocardial disease (e.qg.
myocardial infarction,
heart failure)

« Vascular disease

M Lung

W Cardiovascular

W Diarrhoeal diseases
M HIV/AIDS

H Diabetes

M Road accidents

Others



mICroRNA functions in the heart

miR-126
Seeger et al ATVB 2013





















































































































































































