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. -)f presentation

m Basic Biology of RNA interference

m Application of siIRNA for gene function ?

m How to study miRNA ?

m How to deliver siRNA and miIRNA?

m New prospects on RNAI research
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Elbashir et al.

torical Perspective

Plants: co-suppression

Flies: RNAI
9§1

I
{
e

Kennerdell et al. 1998. Cell 95:1017
Hammond et al. 2000. Nature 404:293
Zamore et al. 2000. Cell 101:25
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http://flystocks.bio.indiana.edu/about-fly.htm

‘ [l |:| |:> Cell, Viol. 75, 843-854, December 3, 1093, Copyright ©1083 by Cell Press

The C. elegans Heterochronic Gene lin-4
Encodes Small RNAs
with Antisense Complementarity to lin-14

. 2000 Cell, Vol. 75, 855-862, December 3, 1993, Copyright ©1992 by Cell Press
Posttranscriptional Regulation
O 2001 of the Heterochronic Gene lin-14 by lin-4
Mediates Temporal Pattern Formation in C. elegans
. 2002 -l;'mm C}"h':--.,_'hh
l Dicer
@2003
microRNA
@ 2004 }
@®. 2005 e .
ﬁ ‘ 2006 ‘% lin-143' UTR
N
v’ ® 2007
L

K74
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http://images.cell.com/images/journal_images/0092-8674/PIIS009286740100616X.GR1.lrg.gif

1.

2.

S.

6.

MiRNA gene is transcribed
Into pri-miRNA.
Pri-miRNA is processed
Into hairpin pre-miRNA.
Pre-miRNAs are
transported to cytoplasm.
Pre-miRNASs are processed
Into short, mature miRNA
duplexes.

Mature miRNAs complex
with RISC-like structure.
MIRNA/RISC complex
binds to target mMRNA.

a mRNA is translationally

repressed or cleave

Transcrlptlon
Pri-miRNA

DROSHA

mlRNA Gene

Nucleus Pre-miRNA (Dt

I dSRNA (Odmmms  pre-miRNA
| |
.
DICER DICER
SIRNA T JE T miRNA
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F

SIRNA -- Atool to
elucidate gene
function
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only ~20% of randomly selected siRNAs knock-down target with efficiency 90% and higher

] -andomly Selected siRNAs

A
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s Correlate with Functionality

100

90 A [ ] I - I ' :
> 801 I | ] .
m Stability at terminus of each strand S 70! 1 . | i " . .
.6 = n H
. — 60 - I I - | ] [}
m  Overall G/C content of sSiRNA molecule b o - 1 " .
N 2 A
m Base preferences at specific positions 5 0 . i . . . .
S 30 « . i L " - "
B 2 . l . 1 i -
[ ] ™ .
101 . . . ' 1
Cell (2003) 115: 209-216 o] | ' . . | . | | |
0 1 2 3 5 6 7 8 9 10

Functional siRNAs and
miRNAs Exhibit Strand Bias

Anastasia Kiworova,” Angela Reynolds,™
and Sumedha D, Jayasena'

8 parameter algorithm score

Nature Biotechnology (2004) 22:326-330

Raticnal sSiIRNA design-
for RNA interference

Angela Revnolds, Devin Leake, Queta Boese, Stephen Scaringe,

William S Marshall & Anastasia Khvorova
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Long dsRNA

siRNA Pool —

Different activities
Different specificities
Different length

SIRNA Pools in Model Organisms

Long dsRNA

Lipid-coated TLRS
siRMNAS i

Mammalian cell W

siRMNA with blunt
ends (23-27 mear) PKER
3" 5°

oy
V7a 74 Z
= l 5
=
3 5
N Endosome
M 5'

- 3"
'C— Helicase gic-1q e TLRS
CARD-CARD T Rk Ak "‘"

k: ATE E E 'E

ADP
R
’I_—Ieiic:lﬁe — CARD-CARD

FADD TBK1 THIF MyDEB

MNF-xB 1IRF3 MF-xB 1RFT
Cytoplasm
MNucleus
Inflammatory
cytokines IFMN-[3 IFN —K

s )i‘}()f}(){‘}()( e )"-J-()Qb(
Adapted from Sioud (2006) Nature Biotechnology, 24: 521-522.
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http://flystocks.bio.indiana.edu/about-fly.htm

Target mRNA
L]

UL

SIRNA1

SIRNA 2

SIRNA3

SIRNA 4

(normalized light units)

-
N ]

Controlled Length- 21mers
Highly functional

0.8

0.6

0.4

0.4

0.2

ools Ensure Robust Silencing

Target sequences avoid
—known SNPs
—highly redundant sequences

—highly homologous sequences

1.2 3 4 P 5 6 7 8 P 9 1011 12 P C

SMARTselection™ siRNAs
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I _SMARTpooI“" Technology

120
100

120 - 80

60
100
40

20I|I
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I

Relative Expression (%)
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o o

20 ~
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0

0p
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random individual siRNAs

Bioinformatics
Chemical Modifications
Pooling

| l

i

I
!

(>300 kinase targets)

Collaboration with Joan Brugge’s laboratory, Harvard Medical School
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IRNASs Induce Off-target Effects

off-target on-target
signature activity

MAPK14-8

MAPK14-7

MAPK14-6

MAPK14-5
MAPK14-4

MAPK14-3

MAPK14-2

MAPK14-1

luc

protein

S

JZ 0.4 0.6 0.8 1.0
protein
HEE Fraction MAPK14 remaining

Functionality # Specificity

= Adapted from Jackson et al., (2003) Nature Biotechnology, 21: 635-638.
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http://www.nature.com/nbt/journal/v21/n6/index.html

argeting

Nature (2005) 433:769 1ol
Microarray analysis shows that =
- (@) *
some microRNAs downregulate 9
large numbers of target mRNAs o 0.0F o
Lee P. Lim', Helson €. Lau®, Philip Garrett-Engele’, Andrew Grimson®, ﬂc:U ) - - LT >
et L L A dowresuated
-2.0 0.0
Intensity (Log)
target mRNA
JESSEERERERSEE 8 5 E
miRN AU seed region :
5-UTR ORF BEUTR
AUG UAA—mr——mr—mr AAAAAAAA

miRNA can down-regulate multiple gene targets
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IRNASs Induce Off-target Effects

'seed” binding

¢ AUG PAA %—\'\ AAAAA clea vage

u UAA AAAAAAA

MAPK14-8

MAPK14-7

MAPK14-6

MAPK14-5
MAPK14-4

MAPK14-3

MAPK14-2

MAPK14-1
RNA

protein

- 1.0
S Fggctmn lﬂA%KM rgl‘l?alnmgo 6 0.8 1.0
Fraction MAPK14 remaining

Functionality # Specificity EEE protein

Bl RNA

luc

@ Adapted from Jackson et al., (2003) Nature Biotechnology, 21: 635-638. Z ’K %5"; Hx. {f-ﬁ %- FE{ /d’n ;]
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ponsible for Off-target Effects

Widespread siRNA “off-target” transcript silencing 3" UTR seed matches, but not overall identity,

mediated by seed region sequence complementarit . . .
RNA (2006) 21:635 " P Y are associated with RNAi off-targets
NATURE METHODS | VOL.3 NO.3 | MARCH 2006 | 199
Amanda Birmingham', Emily M Anderson’, Angela Revnolds', Diane llsley-Tyrec?, Devin Leake!,
ﬂﬁfb‘t :ﬁﬁ?& SJ.UH:S':EUYR{HA"D’ JANELL SCHELTER, B. NEISON CHAU, MICHELE CLEARY, ‘J'l.l.l'i:\ ledorov!, Scnlll Baskerv iI.Ic'..l-.Icna f\l‘llkﬁill‘lnl'nl. Kathryn Robinson', Jon Karpilow!,
Rosetta Inpharmatics, LLE, a whaolly owned subsidiary of Merk & Co,, Inc., Seattle, Washingion 98109, USA William § Marshall® & Anastasia Khvorova

target mRNA

5 seed region 3
o e L
1
2
3
4
5
5-UTR ORF 3-UTR
8 AUG UA Ampur——r——pr— AAAAAAAA
X 7
¥
o 8
3| . I
c
- 10 00
(=]
:E 11 80 -
a 12 60 |
=
g 1= 40 |
g 14 0l
' 15
= 0l
16 1 2 More
i I
4 18
> 18 16
P-value = 2.82 x 1010 <<<0.05
~ L8 (using 2 test of independence)
-
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Helicase Activity

siRNA unwinding

Sense strand 5|RNA . RISC activation
entry
Antisense
strand entry
Off-target P
recognition & 3’ i i On-target recognition
cleavage & cleavage

mRNA-5' 3

p-5'

{'HK#M%‘% N
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] _ied to ON-TARGETplus™ siRNA

Chemical modifications to both the sense and antisense
strands of the siIRNA duplex:

m Sense strand is deterred from entering RISC

m Antisense strand requires more rigorous complementarity
with target mRNA

patent pending
Jackson AL et al. (2006) RNA 12: 1197-1205.
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Sense Strand
Antisense Strand 3’

Sense strand entry

prevented by A P-o
ON-TARGETplus
modification
l’ 3'
Reduced off-target

recognition and cleavage

patent pending

s Eliminate Sense Strand-Mediated
tisense Strand Specificity

->

RISC: siRNA
recognition and
J' complex formation
) O'rerrerarereriern 3’ <
LLAVLALLAVIAT AL IATL]
p-o
)?iR NA\(
p-o' ' Enhanced
Antisense

strand entry

L

Increased target specific
recognition and cleavage

3'
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ype is Independent of Target

g 120 ] [
s
8
; < 100 .I I_ il
SiRNA 1 | §
a4
£ I _
T 80
5 e |
< g m LR EEEEEEEEEEEEN |} EEEEN N EEEEEEEESR LB EEEEEEEENENN |} |} |} LB B
EE B 60
SIRNA 2 &
= |
o g ¥
= E
= S 20
SIRNA3 1 3
0 T T - -

Lipid l
Untreated

MAP2K1-1
MAP2K1-2
MAP2K1-3 k
MAP2K1-4
MAP2K2- 1
MAP2K2- 2
MAP2K2- 3
MAP2K2- 4

Lipid (MAP2K1),

Lipid (MAP2K2),

Untreated (MAP2K1)
Untreated (MAP2K2)

SiRNA4
B - target knockdown

[1[] - cell survival

Adapted from Fedorov et al., (2006) RNA, 12:1188
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type is Eliminated in the Context of
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SMARTpool® Reagents Provide
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How to study miRNA?

Functional Assay
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NA Mimics and Inhibitors:
gical Outcomes?

Fri-miRNA é é

Cytoplasm
Pre-miRMA O:b;n?m.
1
o 5D
/" Add miRNA \ Inhibit mIRNA function In cells
f Mimics * with HIGH endogenous levels

==~ miRNA f/—“"_“\
/ AddmirNA
( Inhibitors
Supplement mIRNA function In @
cells with LOW endogenous levels ! __,—’/
nAvA
@R risc RISC, RISC

{Fﬁﬁ‘?ﬁﬂh\;ﬁ' N
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i -s: miRIDIAN microRNA Mimic

m Double-stranded synthetic RNA oligonucleotide

Intended to mimic function of endogenous miRNA ,
chemically modified

m Chemically modified to:
Enter miRNA pathway with active strand
Exclude passenger strand from loading
Minimize interferon response
Improve target binding specificity & efficiency

m MIRIDIAN Mimic designs now updated to Sanger
miRBase 13.1

fﬁkﬁﬁx‘f’r}%—l‘&z a
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I - miIRIDIAN microRNA Mimics

m  Supplement miIRNA activity to study gain-of-function
effects

m Screen for mIRNAs that regulate gene expression and
affect cellular pathways

m Elucidate miRNA involvement in normal biological and
disease pathways

|dentify and validate miRNA targets

{Fﬁﬁﬁﬁ’r}jﬂ‘&% a
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Mimic Positive Controls

Endogenous miRNA positive control (AT Z AR E B RIRINA
miR-122 <—> Aldolase A EEMIRNA)

* Validated miRIDIAN microRNA Mimic that targets Aldolase A in human, mouse, and rat
* Provides the ability to optimize assay conditions by monitoring mimic function on an
endogenous gene target (Aldolase A) with a conserved miR-122 binding site

100 ¢
80 |
60 f
40 [ Many cells lines express low to moderate levels of miR-122. Aldolase
Ais a predicted target of miR-122 and the 3' UTR is conserved in
20 human, mouse and rat at the 8-mer miR-122 predicted seed site.

miRIDIAN microRNA Mimics designed to modulate endogenous miR-
122 was transfected at 50 nM (Huh-7 at 40 nM) using DharmaFECT 1

%AldoA mRNA Expression
Normalized to Mimic Control #1

1 into the indicated cell lines and assessed for their ability to decrease
= g a e o @ - AldoA mRNA levels. AldoA downregulation was determined at 3 days
e = e ol (HepG2 at 5 days) post-transfection.

=

TSENG HSIANG LIFE SCIENCE LTD.
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] _: miRIDIAN microRNA Hairpin

m  Most effective inhibition of endogenous mature microRNA function by
means of proprietary, innovative design

m Patent-pending molecule combines chemical modifications and
completely novel secondary structure motif

m  Superior potency and longevity in comparison to any other synthetic
product offered commercially

m Enhanced potency and longevity allows for multiplexed microRNA
Inhibition at very low nanomolar concentrations with minimal toxicity

Huh7 cells, miR-122 reporter
« Good inhibition

a-
1.2 9

17 W 25nm
0.8 Bl 5nm
06 H 1nm
' 0 o2nm
0.4 4

] «—— No inhibition
02
04 - -

HPmR21 HF’mR122 mRIDIAN RCmR122 none

c/Fluc .

Normalized Rlu

S i O




] _'niRIDIAN microRNA HP Inhibitors

Suppress miRNA activity to study loss-of-function effects

Screen for miIRNAs that regulate gene expression and
affect cellular processes

Elucidate miIRNA involvement in normal biological and
disease pathways

|ldentify and validate miRNA targets

{Fﬁﬁﬁﬁ’r}jﬂ‘&% a
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+1hibitor Positive Controls

Targets miR-16 in human, mouse, and rat cells resulting in reduced miR-16 activity

1600 Hairpin miR-16, Z nM

Hairpin miR-16, 50 nM
Hairgin miR-21, ZnM

Relative Expression of miR-16 g
111 |
] Haprpin miR-21, 50 nM
u
]
O
[ )

LU Normalized to Hairpin Control #1

1200 Hairpin miR-16, 50 nM 0.06% Hairpin Contral #1, 2 W
Hairpin miR-16, 2 nM 0.52% Hairpin Control #1. 50 nM
1000 Hairpin Control #1,50nM  100% Lipid only
Lipid only 95% Umiraated
80O Untreated 118%

600

Fluorescene (dR)

400

200 f
Threshold } No BT
No Template

0 5 10 15 20 25 30 35 40

Cycles
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Delivery of siRNA or miRNA &
experimental tips
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A method for delivering DNA or
@ RNA into mammalian cells, using a
N complexing reagent such as

cationic lipids.

e
Oy -

detect outcome

Fibroblast cells

{Hﬂ*#ﬁx{ﬁ‘ﬁ & 2 4]
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# filter tip

PIPETTIP WITH FIPETTIPWITH
This diagram shows the difference ART BARRIER ORCIMARY FILTER
between ART seff-sealing barrier tips REELIDR
LCONTAMMATION '
B |
and ordinary filter tips. ART barriars N>
4 |#— SEFSAELNG CRDINARY =——®|"" o
L BARRIER FILTER l .
3 B *
a | .
prevent cross-contamination while RN - . e
e ¥ a AEROSOL CONTAMINATION 2
contaminants pass frealy through
* SAMPLE *
ordinary filters.
<
|

&?/MH&MMQ
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nd Viability

Efficient siRNA Delivery with Minimal Effect on Cell Viability m Broad spectrum of cell

140 | types
: ™ GAPDH mRNA Level o _
120 b ® Cell Viability m Efficient delivery
- @
_ Lol m  Low toxicity
L 100 o © ° ¢ o 0 ] )
‘a: to o | % 4 m Robust silencing
g _
S 80 ' ° ¢
T
3 L
T 607
g X
-]
Z 40 [
5 ‘ s siGLO Green

“9q

;
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Applications of gene profiling
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creening

Experimental design of Cytokine Protein Arrays

Cells treated with drugs/siRNA/miRNA of gene-of-interest or not

\

Collect supernatant or cell lysate

\

Profile protein expression by Protein Array

\

Data analysis

\

Discover pathway-of-interest or biomarker

B
.

Sample 1 Sample 2

{Fﬁﬁﬁxfh\%— N
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Incubation of Sample
with arrayed antibody

supports

i
-
-

Incubation with
Hiotinylated Ab

Incubation with
lahded-Streptavidin

Detection of
signals

Data analysis
and graph

L ]
9 s
LN

Sample 1

] _g gene expression by RNAIi?

Antibody Array

® Semi-quantitative

* Quantitative

H

Sample 2
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Array membrane

'

Experimental Procedure

;

Visualization of signal

’

Measurement of signal intensity

(o)
ooe 000
—
e | 4—
b Sh La
e
s -

'

Importing data to RayBio® Antibody array Analysis tool

'

Aligning data into RayBio® Antibody array map

"

¢
i

Obtain result
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IL-6 (pg mi")

Smad4cofco;uk-m

Pos Neé

IL-5, -6, -9

.l IL-13 .
IL-5, -6, -9 . o .
* (P < 0_05) 300 T-cell _T_ (P < 0.05)
80 Serum supernatant
200
40
20 100
0 0
S T T
&) Q Q &]
- EoEod 2
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@ s ® s
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Smad4soiea
AD clusta
b clustar

Nature Medicine,Oct 2007

Nature Vol 441|22 June 2006

NDGC clustar

Relative concantration {Z-scora)
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Clinical diagnosis of
plasma sample donor
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Alexa Fluor Dye-Streptavidin

Detection Antibody

ultiple ELISA platform

Sandwich-based ELISA
Quantibody Arrayi * = B ;5
ZELISARIZ | f% Bz
i i\ @ + & & - capture
antibodies > & B 4c » B
¥4 -~ detection antibodies ~ §r
¥ &2 $ o & {8 L Laser
Scannerscy3 /g £ X% £ 47 o
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200080
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O0000e
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| @
10
0
|®

10~40 cytokines for one sample
— 5kslide t 7 16 i sub-array
% i# sub-array + § 10320
cytokine’1 % positive control
negative control - = i3 target
ﬂmiﬁ’&%&ﬁﬁﬁﬁ
e
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Format: Standard glass slide with 16 removable wells
Sample Volume: 50-100 ul

Detection Range: 0.5-3000 pg/mi
Standard Curve Range: 5-800 pg/ml
Signal Duration: 6 hours
Reproducibility: <20% well-to-well CV

i+ CapitalBio
Microarray Scanner

LuxScan™-10K

FErST L



IP-10 (pafmil)

L

A549 cell expression levels of IL-8, IP-10 and RANTES are altered
by TNFa stimulation and siRNA transfection.

TSENG HSIANG LIFE SCIENCE LTD.
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filing gene function by RNAI

* Tizzue or cultured cell
* Blood, urine
* FFPE tissus

[ Control vs. Dissase ] [ Organ X ve. Organ '1‘]

r

Species 1 vs. Species 2] [ Cell type A va. Cell type E!J

miRMA Profile- Today Control # Treatment
Vi Ve
miRMN& Profile- Futurs Dizesze £ Treatment

V

{H%iﬁﬁx";fﬁ‘% [ /2 3)
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n profiling to biomarker discovery

Transfection
Forward transfection (FT) Reverse transfection format (RTF)
Day one Day cne
Plate cells Add siRNA + lipid mix
I T e
g Mimic screen Inhibitor screen l I Il l IL* | L) e o) ) () o B
1 Add cells
Day o . e N i O
Add siRMA + lipid mix
it r ;.-w E .-'.s:.:'."" ;--..; o -_'-' -.-.=-_‘.' . ‘._=,.
Gain-of-function Loss-of-function - — l S

e rssserees s
sessssasssss

d Quantification of radiolabeled b Visualization of FITC-labeled
transferrin uptake transferrin uptake

16 O
1
ao | l
g of I
2
i
8 1 I
5 40 |
20 | I
s 1 N PR N e N P

CHC Epsi5 p2 CALM

5 B A R
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Collect supernatant for determination of specific tar
Fix cell lysate on 96-well plate for In-Cell-ELISA

In-Cell ELISA

Mear Infrared Detection Method

ELISA assay for downstream protein expression

In-Cell ELISA

Colorimetric Detection Method

+ Seed cells in 96-well microplate
* Treat cells as required
* Fix, permeahilize, block

* Incubate with 1° antibodies
[same well)

* Incubate with 2° DyLight Conjugates
{OyLight 680 and OyLight 800}

+ Read fluorescence
{dual channel)

Mousa 1° * 1 Habbi 1*

Goat anti-Mouse A 1 Goat anti-Rabbit

Oylight 80 & = HRP
Dylight B0 =

+ Seed cells in 96-well microplate

+ Treat cells as required

* Fix, permeablize, block

* Incubate with 1° antibodies
(different wells)

* [ncubate with 2 HRP-conjugates

* Add developing and stop reagents
* Read absorbance

+ Stain cells with whole-cell stain

* Elute whole-cell stain
* Read absorbance

s to get hints
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] -pes to get hints (continued)

« Staining of Specific Marker as phenotype (IHC/IF)

-- cell survival or proliferation
-- cell morphology

-- cytotoxicity or apoptosis

-- cell migration

-- cell stress or DNA damage

Staurosporine



http://www.thco.com.tw/front/bin/ptdetail.phtml?Part=PC-02-01-08&Category=276569
http://www.thermo.com/com/cda/article/general/1,,21051,00.html

F

Thank you for attention!
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