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The Central Dogma

Replication



Non-coding RNAs are important
regulators of gene expression

A new paradigm of
gene regulation

Breakthrough
of the Year




Non-coding RNAs
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MicroRNAs were discovered in C. elegans
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MiRNA and inherted disease

miR-17-92 polycistron o ———g

Example of miRNA mutation responsible for a developmental defect in humans
(de Pontual Nat Genet. 2011)

Hemizygous deletion —
Short stature and digital abnormalities




%& nNA MIRNA: A rapidly emerging field

Technologies

Discoveries
1993 \ 1998 1999 2001 2002 2004 ’ 2005
Thefirst miRNA,  dsRNAto be the  siRNAsas guide miRNAs miRNAs FirstIND miRNAs shown
lin-4 trigger of RNAI for RNAI established as  implicated in application for to act as
W large class of cancer therapeutic oncogenes
gene regulators siRNA
() Nobelprize.org
e Publications in PubMed
The Nobel Prize in Physiology or -
Medicine 2006

"for thair discovery of RNA intecference - gene slencing by

doubie-stranded RNA"

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Angrew 2. Fare Crasg C. Melio

http://www.interna-technologies.com/index.php



micrioRNA processing
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MicroRNAs regulate gene expression using
multiple mechanisms
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miRNA is the conductor of
the orchestra of functional
proteins

- Affect >60% gene expression



Cancer Tends to Involve Multiple Mutations

Benign tumor cells
grow only locally and
cannot spread by
invasion or metastasis

Mutation
Inactivates
suppressor
gene

Malignant cells invade
neighboring tissues, enter
blood vessels, and
metastasize to different sites

Cells Mutations  Proto-oncogenes  More mutations,

proliferate inactivate  mutate to more genetic
DNA repair oncogenes instability,
genes metastatic

disease
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Mechanisms of microRNA mis-regulation in

diseases

Genomic changes:
deletions, amplifications,
translocations

promoter miR gene

TT T

Epigenetic SNPs,
changes mutations

Dicer
Mature miR <€ s

Transcription
factors
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Altered expression or
function

Exportin 5 1

Pre-miR

lorio, M. V. et al. J Clin Oncol; 27:5848-5856 2009

Copyright ? American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY




»Circulating microRNAs in the body fluid: a new
potential biomarker for cancer diagnosis and prognosis

-The first paper was published in 2008

B Glioblastoma miR-21
B Saliva - B Oral cancer miR-200a, miR-125a
B Tongue cancer miR-184a
Sariny W Lungeancer TR MIR-17-3p, mIR-185
Plasma B Breast cancer miR-195
TR \\ M Liver cancer miR-500
8 v M Colorectral cancer miR-17-3p, miR-92
B Ovarian cancer  miR-141, miR-200
B Prostate cancer miR-141
Bladder cancer  miR-126, miR-182
N AML miR-98
B DpLBCL miR-21

Cancer Science 2010, vol.101, p2087-2092
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MIRNA expression: a new potential biomarker

Clinical Chemistry 56:6 Molecular Diagnostics and Genetics
Q03— 1006 (20100

Robust MicroRNA Stability in Degraded RNA Preparations
from Human Tissue and Cell Samples

Monika Jung,' Annlka Schaefer,'2 Isabel Steiner,’#* Carsten Kempkensteffen,' Carsten Stephan,’
Andreas Erbersdobler,® and Klaus Jung'-**

nature Vol 435(9 June 2005|doi:10.1038 /nature03702

LETTERS

MicroRNA expression profiles classify human
cancers

Jun Lu™**, Gad Getz"*, Eric A. Miska®*t, Ezequiel Alvarez-Saavedra?, Justin Lamb’, David Peck’,
Alejandro Sweet-Cordero™, Benjamin L. Ebert"*, Raymond H. Mak'*, Adolfo A. Ferrando®, James R. Downing’,
Tyler Jacks®*, H. Robert Horvitz? & Todd R. Golub'*®

microRNA profiles are more effective in cancer classification than mRNA profiles
containing over 16,000 genes



»Circulating microRNA in the body fluid: a new potential biomarker for disease
diagnosis and prognosis
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Cancer classification
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Type & Origin

Definition of poorky
differentiated cancers and
determination of origin.

...........
I

Microarray data

Computational analysis

Oncogenic features

e, S
Subtypes & Mutations
ldentification of clinical

subtypes and commaonly
mutated oncogenes.

qRT-PCR assays

LIRS

Cilinical data

Predis position Prognosis
|
-
{ Dysregulation — A
Patient survival &
MicroRMAs as oncogenes Treatment response

MicroRMAs can have a
causal and maintenance
role in oncogenesis.

MicroRN As can predict
sunvival and response
to spedfic therapies.

Modified from TRENDS in Molecular Medicine



Systems biology comes to the rescue!
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@@ NON-CODING RNA

MicroRNA profiling:
approaches and considerations

5 it important to measure novel miRNAs?

¥

¥

No Yes
|5 it important to distinguish isomiRs?
No Yes I—D- RNA-seg
L]
——
Low High
L]

Is accurate quantification important?

+_I_lr

REPCR | Yer |

¥ ¥
gRT-PCR Microarray RNA-seq
Sensitivity +++ +f++ ++
Dynamic range 4+ + +++
Cost $3 $ 533+

Nature Reviews Genetics 2012, 13,358-369
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MicroRNA Analysis
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The TagMan® Array Human MicroRNA Card Output Data (CT Value)
(Containing a total of 754 human microRNAs)



mIcroRNAS as biomarkers

Plasma microRNAs profiles

Diagnosis: Prognosis:
UC vs non-UC in kidney dialysis patients Radiation Therapy Response or no response
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What are the advantages of microRNAs in
therapy?

1) Regulate multiple genes
- effective treatment

Cancer-signaling network 2) Endogenous
1 - Less toxicity
- Less “off-target” effect
Effective therapies - reduce side effects
1 3) Drug resistance ’

Drug resistance,

Drug-induced toxicity. I m
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miR-92a
miR-451 8
9c repal Atheros®
miR-15 miR-33

Circulation Research 2012; 110:496-507



MicroRNAs Therapy in Cancer

Clinical Trials

HCV
Miravirsen
(Anti-miR122;

I

Liver Tumor

MRX34
(mir34 mimic)
Cell Cycle and Proliferation

% / } Pancreatic tumor
; : Anti-Apoptosis
. o ki / Cancer Stemness
@ ’ . \ Metastasis
\ Oncogenic Transcription
Colon tumor Chamarazistanca

FIGURE 1| Cancer processes counteractad by miR-34.

Frontiers in Genetics 2012,vol.3,p1-9

Liver Tumor

Anti-miR221 (AMO)
miR7

miR520

miR375 (Cholesterol-conpugaled)

Molecular and Cellular Therapies 2013, 1:5



Develop microRNAs as the therapeutic tool

Nianhan Ma Lab

MicroRNAs function study

A B C

Normal MAPK pathway BRAF Y69 gctivation miR-524-5p treatment

II RTK II RTK II RTK
Cytosol l, Cytosol ,', Cytosol ,l,

RAS RAS RAS

{ | |

_l RAF O T B TBRAFVGOGE&
MEK MEK MEK  miR-524-5p mimic
—I ERK M ERK ERK \/
Nucleus Nucleus Nucleus
\ 4 4
Proliferation; Highly Decreased
migration; T proliferation; proliferation;
survival migration; migration;
survival survival
- High Low Low
miR-524-5p miR-524-5p miR-524-5p

miR-524 as therapeutic miRNA for melanoma




Future clinical application

 Patients ‘—-\tmtmem
Blood, Urine or other bio-fluids microRNA inhibitor
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Summary

» MIRNAs are frequently mis-regulated and expressed
at aberrant level in diseased tissue when compared
to normal tissues.

» Circulating microRNASs are a new potential biomarker

for disease diagnosis and prognosis

> MIRNAS are natural molecules and are therefore less
likely to induce side effects.



Any Questions ?7?7?
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http://www.cc.ncu.edu.tw/~manhlin/Welcome.html

THANK YOU FOR YOUR ATTATION!!



Systems Molecular Medicine Laboratory
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Systems Molecular Medicine Laboratory
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»Research Focus: .
Biomarker
Envir'onmen‘ra| Gnd —>[Hum n D'S S S}
) ) an Disease
Genetic alternation Signaling Transduction Pathways

Small Traditional

molecule Chinese
inhibicine
No-side
effects of

Therapy
Nianhan Ma Lab
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