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Abstract miR-122 is modulated by mimics and Inhibitors Confirmation of targets/predictions by qPCR analysis
MicroRNAs (miRNAs) have been shown to regulate gene expression through both Effects of mimic and inhibitor on endogenous target mRNA levels are subtle CIAAGLOL ORKRA

translational attenuation and degradation of messenger RNAs (mRNAs). Though these (confirmed from array) (confirmed from TargetScan)

small noncoding RNAs are predicted to play a signicant role in development, differentiation, Endogenous ALDOA message level responds to miR-122 mimic [N Huh7 cells, message levels 6 ]

and disease etiology, validation of miRNA targets remains a challenge. miRNA mimics and cand inhibitor in cells that express miR-122 of the endogenous miR-122- 15
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target ALDOA are reduced
} gene derepression—— pyy jntroduction of a miR-122
mimic and are increased by

inhibitors are valuable tools for elucidating the roles of miRNAs. Here we have transfected a
human liver cell line alternately with a miRNA mimic and inhibitor to miR-122 and analyzed
MRNA expression changes by whole genome microarray. By examining the overlap of
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robustly identify miRNA-regulated messages, many of which have canonical seed matches ] inhibitor in a dose and time- miR122 k122 k122 .
and some which are not identied by standard target prediction programs. mif-122 mimic 122 nhibtor dependent manner (bDNA e rbter L nbier e rriter bt
k / o T BOA T W23 WIS W00 assay, Panomics/Affymetrix)
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(not confirmed from array) (not confirmed from TargetScan)

Current methods for identification of miRNA targets Endogenous effects are stronger from miRNA

mimic than from inhibitor
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MICROARRAY METHODS ALTERNATIVE METHODS
(for example Lim et al. 2005)

mimic inhibitor inhibitor

Direct detection of protein knockdown

Transfect miRNA Analyze message (Baek et al. 2008, Selbach et al. 2008)

mimic or inhibitor knockdown by microarray Transfect MIRNA mimic or inhibitor | . : ‘

- Assay 20,000 - Find 100's :
‘!"... E:> 40,000 genes E:> of candidate Detect knockdown of protein levels by SILAC (stable
’ genes isotope labeling with amino acids in cell culture)
@ Test 2000-5000 proteins

_ Find hundreds to thousands of potential targets
Select subset of “genes of interest”

Huh? cells were transfected with increasing concentrations of miR122 mimic or hp
inhibitor and appropriate negative controls (MC1 =mimic control 1; IC1= inhibitor control
1). RNA was isolated at day 3 (mimic) or day 7 (inhibitor) and RT-gPCR was performed
using Thermo Scientific™ Solaris™ gPCR Assays for expression detection on a Roche
LightCycler480 (384-well) instrument. Expression of each gene was normalized to the
PPIB reference gene using a AACq method. Expression levels were further normalized to
negative control treatment (MC1 or IC1) at the appropriate corresponding concentration.
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a Immunoprecipitation for all microRNAs or specic
microRNAs (Easow et al. 2007, Zhang et al. 2007)

— — * |P a native/tagged component of RISC (Ago1,2 or

other), identify co-precipitated RNAs

e Introduce tagged Ago2 and a miRNA mimic

Construct luciferase reporter with (Karginov et al. 2007), or a biotin-labeled microRNA . o o . o o
5 UTRof‘gene of merest (@rom and Lund 2007, @rom et al. 2008 Our method identifies novel genes not identified
e |P by tag o .
Confirm by transfection of |dentify co-precipitated mRNAs by pred ICtIOﬂ prog rams
—.' mimic or |nh|b|tor:' with ' H|TS-CL|P i n h i bitOr m i m iC
e e Tl e | W | )
A heatmap demonstrating strongest gene expression effects of miR-122 miRIDIAN : - : , , ,
. — o . Intersection Huh7 mimic Total # | Genesin % Genesin % Genesin % Genesin %
Mimics and Holrpln Inhibitors. A gene bioset was created from Huh? cells transfected and inhibitor genes | common | experimental | common | experimental | common | experimental | common | experimental
Microarrays provide one of the easier methods to screen the largest number of with miRIDIAN Mimic miR-122 (at 3 days and 50 nM) where the experiment met the gene 1 of 4 mimic, 1 of 4 inhibitor | 64 8 125 % / 109 % 2 31% 2 31%
potential target genes. criteria (2-fold cutoff and p-value < 0.01). A visual script used this bioset to mine data 2of 4 mimic, 2of 4 nhibitor | 15 | 2 B0% ‘ 3% . oo ° o
Hypothesis: Messages observed to be modulated in an anti-correlated fashion with kocross the set of 10 experiments/arrays. j Overlap of miRNA target prediction programs
miRNA mimic and inhibitor treatments give a higher condence list of candidate target Legend
kgenes than mimic-only experiments. j B MIRANDA miR-122 targets (P0.0001 sept 08) (145)
®  miR-122 Target Scan 5.1 (164)
Modulation in both directions and multiple sctar miR-12 arges Lol 2008 167)
replicates are esse ntial for robust resu |ts ®  PITA miR-122 targets (> -16 score, dec 09 download) (168)
[ ] [ ] [ ] [ ] ' l
mMiRNAs exert effects primarily in a target’s 3' UTR N /
Mimics down Inhibitors up C I :
, target mRNA : lof4 1698 1874
s e S |7 TYPES Of Seeds Emes A RESE
3 . L= (LeWiS et al. 2005): 3of4 443 389
miRNA 8765432 1 3 . 4of4 198 71
AND 6-mer seed, AS nucleotides 2-7 .
| 7-mers, adding either Al or rcehgoJlgttzgtgsrﬂ'i%@t;fn?r‘#]?;%erruog_gggﬁﬁlf;fg We have demonstrated that the combined use of mimic and inhibitor to search for miRNA
5'-UTR e ORF 3 UTR additional Watson-Crick match ir:chibito:c (pval o.o|1) inhuphtlo ﬁ bioIigigol repliéotes Chart showing the number of potential targets of targets with microarray analysis produces a restricted list of potential target genes that
UAA AAAAAAAA of transfection. Blue highlighting indicates data miR-122 change depending on how many biological ; ; P ; ;
" Commssage (M8) used in next panel. replicates are included in the analysis. Blue highlighting includes some overlap with predictive programs as well as unique genes of interest
8 mer (Al and M8) indicates data used in next panel. e : : :
K j K Due to the subtle nature of inhibitor effects, multiple replicate experiments should be
performed to detect modulation and guard against a potential false negative result
This empirical method results in a higher condence set of potential targets than the method

Combining mimic and inhibitor experiments greatly \_ Ofsearchingfor argets bosed on seed site clone y
improves confidence in potential target list

Methods

Cell Culture, cytotoxic analysis, and quantitation of target message knockdown: Examining the overlap of targets from 4 biological replicates of mimic and inhibitor Refe rences
e Huh7 cells plated at 10,000 cells/well in a 96-well plate: can modulate miR-122 both experiments in one cell line with moderate miR-122 expression yields a much smaller target
UP and DOWN set with signicantly higher seed enrichment in 3' UTRs
e Transfected after 24 hr.Wlth DhormoFECT 10.2 UL/ well . A The number of messa ges differentiolly 1. D.Baek, J. Villén, et al. The impact of microRNAs on protein output. Nature. 455(7209), 64-71 (2008).
- 50 nM Dharmacon miRIDIAN mimics, mIR-122 and negotlve control (NC) dintheint fi f 2. M.Beitzinger, L. Peters, et al. Identification of human microRNA targets from isolated argonaute protein complexes. RNA Biol. 4(2), 76-84 (2007).
- 20 nM miRIDIAN Hoirpin Inhibitor, miR-122 and ﬂegOtive control (NC) ex.presse .Iﬂ ) ein erse; '|on O A. 3. G.Easow, A.A. Teleman, et al. Isolation of microRNA targets by miRNP immunopurification. RNA. 13(8), 1198-11204 (2007).
o H t d imic 3 d . hb tor 6 d ft t f ti mMIR-122 mimic- Ond mhlbltor'tre(]ted 4. FV.Karginov, C. Conaco, et al. A biochemical approach to identifying microRNA targets. Proc. Natl. Acad. Sci. U S A. 104(49), 19291-19296 (2007).
arvested mimic Oy S, Innibrtor Oy S arter transrection Huh7 Ce”S, The repressed grOUp iS J[he 5. LP Lim,N.C. Lau, et al. Microarray analysis shows that some microRNAs downregulate large numbers of target mRNAs. Nature. 433(7027), 769-773 (2005).
° Toxicity meosured by resqzurin metqbo“sm assay set Of messages thOt are signicontly 6. FE. Nicolas, H. Pais, et al. Experimental identification of microRNA-140 targets by silencing and overexpression miR-140. RNA. 14(12), 1-8 (2008).
. . . . . . . . 7. M. Selbach, B. Schwanhdusser, et al. Widespread changes in protein synthesis induced by microRNAs. Nature. 455(7209), 58-63 (2008).
° QUOﬂtlthlve mRNA deteCtlF)n using Quontlgene brOnChed DNA assay dOWﬂ regUIGted ne Of 4.m|m|C rephCOteS. 8. A.Vermeulen, B. Robertson, et al. Double-stranded regions are essential designcomponents of potent inhibitors of RISC function. RNA. 13(5), 723-730 (2007).
(bDNA» POﬂomICS/ Affy metrlx) The de_repressed group IS the set Of HuthRflegzre;?;(:cby HuZ‘ﬁRcii;rzer;ﬁist;::rby 9. L.zZhang, L. Ding, et al. Systematic identification of C. elegans miRISC proteins, miRNAs, and mRNA targets by their interactions with GW182 proteins
meSSOgeS thOt are SlgnICO ntly up_ AIN-1 and AIN-2. Mol. Cell. 28(4), 598-613 (2007).
. . . . T . 10. U.A.@rom, AH. Lund. Isolation of microRNA targets using biotinylated synthetic microRNAs. Methods. 43(2), 162-165 (2007).
Mlcroarray eXperlmentS. / \ \ reguloted in 2 Of the 4 |nh|b|tor repllCOteS' B. < %1 11. U.A.@rom, FC. Nielsen, et al. MicroRNA-10a binds the 50UTR of ribosomal protein mRNAs and enhances their translation. Mol. Cell. 30(4), 460-471 (2008). j
e Total RNA puried using RNeasy columns . - - 2.2
Inhibitor: Mimic: General ' : S
withon-column DNase digestion (Qiggen) miR-122/neg. ctrl. miR-122/neg. ctrl. controls: B. The percentage of 3' UTRs with at least _g 700% 1
. . vs. lipid only vs. lipid only Lipid only vs. one miR-122 seed motch Compored to - Iof ° d h
* 650 ng total RNA amplied using Low Input RNA untransfected 2 UTRs of lenath-ratched random A ge ITesciences.com armacon
Fluorescent Linear Amplication Kit (Agilent) ¥ J S oo |
Hol . | QRS  oovnreguioted controls. These are plotted by groups of c o
* Whole Humnan Genome Microarray (Agilent) \ \ - messages taken from the Venn diagram .
» Hyb reference: mock (lipid) transfected cells in — N ) (Figure Al. The numbers above the gray S oow ] I I
otentia otentia . ) . 2 ln
Cy3 channel targets targets ( Nottargets ) bars are the ratio of the biological sample 5 s aE ARFEEE
.. . =y 5 G| E S| E I3
e Data analysis in Rosetta Resolver using to the matched control. £ s 2 A
visual scripts, P value cutoff of 0.01 used to determine signicance, clustered images used the g 2 S sl 2] I
agglomerative algorithm and cosine correlation similarity measure for message analysis [a With Increasing stringency of seed sequence S vt o s it Wi it i
: ) : : : : L
collection of Agilent Human probes with NM annotation, present in the RefSeq 32 database (greater length), the enrichment of seed PHERE L THERAT e
(23,558 probes]] matches in 3' UTRs compared to a length- e ———)
K e Random control gene lists were generated from an average of three sets j Kmotched random set increases dramatically. Increasing Stringency of Seed Match j
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