MODULATORS OF APOPTOSI S ANP THE USES THEREOF Cross-reference to rel ated
application [000 1] This application clains benefit of, and priority from
U S. proweizomalo7yat ent application No. 61/161,562, fil edTee2u®/0Mach 2009,
the contents of which are hereby incorporated hereln by reference. Field of
Technol ogy [0002]. The Technology is in the field of apoptosis regulation
useful in cancer or stress treatnent or in regenerative nedicine.
Background [ 0003 The: 53 t unor ressor t transcription
factor that s U&ﬁ&g) QFé%?@PJ' g ﬁg¢ﬁ§§ﬁg@&@ﬁ§%) regul at es

mul tiple cellular processes Foulkes 2007). During devel opnent, p53
activity Ceosyreaferenderipelaied apnlisgtipn ow | evel (Ahnog and Rotter 1997).
Activation of p53 in response to DNA damage or oncogene activatlon | eads to
cel | cyclB0dEkr 5th applmp@@m@%bem%mfk@@mmﬁmnﬁ - PRSI BAtelthe p53

pat hway i s t r e human
cancers (ﬁ@ﬂaﬁ%gigg6?M1¢h§ﬂ%£%$%é§ﬁgﬁwgn %%?legtgﬁ%?h%gg“§%§?%%n|tored by
many | ayelicselyfinca@porb@t herein byaiefdrgncat t he post-transl ational |evel by
ubiquitin ligases such as Min2 and Mdm4 ( Foul kes 2007). Indeed, changes in
t he pr ot eFisld fMethlogy®3 were not observed to correlate with the
transcriptional activity of the p53 gene during enbryogenesis or

di f f er ent 080210 The iMTeGhbddgyrig it ket figld f poptsds rqpulatinalusefelginl @nearori s | i kel y
to be involvedzéDon et al. 1985; Klinken et al. 1988; Tchang et al. 1993).
Al t hough #¥PSsise @@W%lrﬁﬁﬂf’qe&m’i"ﬁﬁﬁdﬁ"g{ ed in the maturation of p53 pre-nRNA
there is no_evidence that it nodul ates p53 expression (Khochbin and
Lamﬁence EQ$E¥E£¢53 i s an endogenous protein that induces apoptosis of

cells. It is generally activated when cells are un er sgress The p53
prot ei n kIP8GH- he pa3 rqwtsvnpéewmawnnqmm%ansmt@n B percent of human

tunours C&@é Equs %Euﬂ?c t2hordh8did 818 RbulbRemhnE cQaN‘iAigﬁr bRPREAEs M cro- RNAs

(m RNAs) an a t class of small noncoding R
(Foulkes 2007) Dunng development, p53 activity is maintained at a very low level

(Almog and Rotter 1997). Activation of p53 in response to DNA damage or
oncogene activation leéds to cell cycle arrest or apoptosis (Foulkes 2007). ‘
Inactivation of the p53 pathway is often a key event in tumorigenesis, found in ~
50% of human cancers (Harris 1996). The expression and activity of p53 are
monitored by many layers of regulation, mainly at the post-translational level by
ubiquitin ligases such as Mdm2 and Mdm4 (Foulkes 2007). Indeed, changes in the
protein level of p53 were ﬁot observed to correlate with the transcriptional activity
of the p53 gene durhlg embryogenesis or differentiation, indicating that post-
transcriptional regulation is likely to be involved (Dony et al. 1985; Klinken et al.
1988; Tchang et al. 1993). Although an antisense RNA is implicated in the
maturation of p53 pre-mRNA, there is no evidence that it modulates p53 expression
(Khochbin and Lawrence 1989). P53 is an endogenous protein that induces
apopfosis of cells. It is generally activated when cells are under stress. The p53
protein known to be inactive in many tumors. More than 50 percent of human

tumours contain a mutation or deletion of the 7P53 gene.



potentially involved in biological processes (Bartel 2004).m RNAs are
generated in two steps: First, a hairpin precursor is processed from m RNA
primary tweanenyiopid9s by the Drosha conpl ex; and second, PRE/SGREOWIEIOr | S

cl eaved by the Dicer conplex to becone a mature duplex m RNA (Bartel 2004).
One strand of the mature m RNA is | oaded into the RNA-induced silencing
conplex (RISC) and brought to its target MRNAs (Bartel 2004). m RNAs often
bind to the 39 untransl ated region ect

f .
conpl emed@@(H]t MiqreRiNA (nEBOWYs) arpiay w@@m GEQSé Oéélﬁ%u %%ﬁ?é@gﬁg\k\%y i nhi biting
transl at Ip%ﬂenﬁ%llyr iﬁ%@(ﬁiﬂrﬁolﬁ 1@8 cteyseﬁgBﬁtr{%?Zé %RNA(?%% ée%lna?eg%)

mact i vat ifon 0 I 0genesi 0SS o Dicer leads to severe
def ect s itwo zeeps: aFﬁnssbhemﬁnnwuanmsmmcmuéﬁomrrerlﬁfzélpﬂmr}h@aﬂsmptf( Bernstein et

al . 2003; | dez et al The rol e.of el opnment has
al so beer}i’y(r?%?]i PRI is?fo%“flféheslgfe‘fm?oéﬁ Cle?"eg%\%haﬁq?#er errf&’? \4([I oﬁ of
enbryoni ¢, 84@MeGahtireaighldxkBIRINY (BrieDZ00). m&rmﬂ&oeﬂhbmanm miRN4sues (He and
Hannon 2004; Fosh% and @Gl licano 2007, %g& g&%} The R-34 famly
is a key lﬂb’ﬁﬂ’%‘tlﬁ@ BNAstdaeedstlending qomiple SEsraeEhb o ISP o5 o
highly consg ?%m%fere ImBNAL S'ﬁéhmt%%é%uﬁﬁnsmar&g@mwﬂb&ontrol of

post - enbryonlc tlatlon In wornms, It was also recently found to be
el evat ed leNAew&euhainpeﬁ@Esomplemant@mﬂBalﬁd 2088 dbey ﬁeﬁuw@caemf 0005] . m RNAs are

al so inplicated e [ SSIOH profiles
define t KEPEPYTRHE yd?‘élim&}’fg nllettszl)%nsorc cgesfﬁ{ S[Pa%?l O@ﬁﬁ& ? egu at| on can | ead
to all t%Ohbatdaﬂﬁ\i’akﬁn@fnﬁmqﬁdflogeﬁﬁiszbmtheﬂosabf D%ﬁﬁadsﬂhaﬂ@r@defmts 2007) .

m RNAs are knovvnto be bothre ulato an. rget.s of s and tunor

suppr ess 6f ZHEHEE cparosaRd é’%mQP %@jfeﬂr?@l%@gﬁ §iB ot atlh@?)?eg g}grﬁ RNA fanily
regul at eg bineodSTIRNERATIPARNALAMAES Bev@lopiient RAAQH0. beaﬁmﬁotamgz 34 fanily is a

key downstream éffector of the p53 tunor suppressor (Bo et al. 2007;

Chang et fedtured gothe s¢iremewal and entiptipp §hgmiyoRic steapgpily an hR— 125b, a
hi ghl yconseryed 8?? 4 %m%g){o!lﬁcntlséueg gg@ ohd ﬁlam{o‘ierObﬁ'eE dsgaypargal control of

post - embryoni ¢ eren ratron 1n enorhabditis el egans (O sen and Ambros
1999), waGallidano 20@% dayleyalf 2003) ThomiR-34 family is a key downstream effector of

the p53 tumor suppressor. miR-125b, a highly conserved homolog of lin-4 essential

for the temporal control of post-embryonic differentiation in worms, it was also

recently found to be elevated in several types of cancers and reduced in HCC.

[0005]. miRNAs are also implicated in tumorigenesis. Differences in miRNA
expression profiles define the signatures of various cancers, and miRNA
dyéregulation can lead to all the hallmarks of cancer (Garzon et al. 2006; Zhang et
al. 2007). miRNAs are known to be both regulators and targets of oncogenes and
tumor suppressor genes (Garzon et al. 2006). For example, the let-7 miRNA family
regulates the Ras oncogenes (Johnson et al. 2005). The miR-34 family is a key
downstream effector of the p53 tumor suppressor (Bomumer et al. 2007; Chang et al.
2007; He et al. 2007; Tarasov et al. 2007). miR-125b, a highlyconserved homolog
of lin-4 essential for the temporal control of post-embryonic differentiation in
Caenorhabditis elegans (Olsen and Ambros 1999), was also recently found to be

élevated in several types of cancers (Nelson et al. 2006; Bloomston et al. 2007; Shi
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el evated in several types of cancers (Nelson et al. 2006; Bloonston et al.
2007; Shiet al. 2007; Bousquet et al. 2008). Further understanding of tiie
expr essi omoant)/wh®7f unction of m RNAs in cancers woul d PCOSIGAE10064101
approaches for diagnosis and therapi es agai nst these di seases. [0006].
Recent reports suggest that expression of m R 125b is down-regul ated in
ovarian carcinoma and thyroid carcinoma (lorio et al. 2007; Nelson et al.
2006; Volinia et al. 2006; Namet al. 2008 Le et al. 2008) é)%t el evated in
pancr eat iet 2lc 300 Boussiupigs ab RAPDgFuier P‘Eﬂf?ﬁﬁtaéld%ctf dreppressip apd t

nyel odys %}2&}0@%0 f W@SAQ %&n@%@@ggb@}gvﬁf @%@Ac‘ﬁlséjfoh @}éﬁﬁ‘éﬁ@aﬂﬁp\m) (Nel son

et al. on et 2007; Bousquet et al. 2008).
Parti cul ahdrypiesnghinS: theset d¥ehsepat i ents, a t(2: | 1)(p21l:q23) translocation

wi th the breakpoint mapped near the genorri c location of mr-125b-1 | ocus
leads to a sixfold to 90-fold up-regulation of m R-125b (Bousquet et al.
2008) . | qoeakdi Récem reporR-shigdat hasexphawion bOmRHIpFlessiovaltgdsted img i n

hepat ocel l ul.ar carcinonas (Lj et al. 2008 ro oliferation of
prostate QAR AR 2 Yloéit caé?mori“@)ﬁ‘?l?o e%ﬁ%%@ﬁ%‘}g‘?%gv ﬁgﬁ%t i on of

M R- 125D v inGi e beé‘ NHRACLEAr2 AR cehat ZOCBE KiNQie 2 G Balcreaeit y

contradi ctori es rol es requiring clarity 0007], Morpholinos are a useful-

tool for denes- Qb@oqlqyldrqgh@lrtu@pwp@gtatqpag%rrqulgqusplﬁgwqhon{eﬁ eir frequent
of f-tar fect r a kker and
958! 6ack IR ARBEE! ANl Vet AnAlosRRRloKSIcS o

Larson 2 increase 1n neural cell death by 24 hpf has
been consiooerStd efaalmm)g chusEluet et hlf 2008) cﬁaﬂm%mﬁ/d\ﬂbs ahéANs piishisnos used in

zebrafish Lar on.200 Rec 07)

denonst ref"t&gfﬁ&tzltqﬁ 8%tll°r’i‘§ bgﬁ @%’@gﬁ%ﬁmg‘gﬁwéﬁ hway since the
incr Fasellbéhu@@@%ﬁzlngllsloafsﬂeé‘ds% @@X?Uldgb Qlﬁﬁnltaﬁi-llagatamm oﬁmR—debf be

conpl etely reverse coi nj ecti on, of .p ol i no ecific

mechani srié@&’/s%weéﬁl B@é )i & agditiop iy 1 P ‘fﬁssstlawgéq THgTS? c%ﬁcryﬁ Pnos was not
expl ai ned,q &58&%11%% ot 01%89@1 et a-lhﬁo(m)'ﬁ&ttb%fbnh&e phetrdefondstprostdid on of p53 and

i ncrease | neur a is al an off-tar et effect. There are
many exarqahmcdhdﬁhlrﬂgat ﬁ&@ﬂt"ﬁ]@ebﬂ@g@ﬁ e ngR-¥ hl%‘f‘mfgﬁﬁiikdovm of p53's

?Egﬁ; Ih\e/ie r}”}rni% %l AWt Fs%ow%%ggéegt x;eh]f cHIBiRERE RJtlé(sngﬁlﬂné aQﬁ@f ish
[0007]. Morpholinos are a useful tool for loss-of-function studies in zebrafish;
however, their frequent off-target effect is a main concern for functional analysis
(Ekker and Larson 2001). Particularly, increase in neural cell death by 24 hpf has
been considered a nonspecific effect of 15%—-20% of the morpholinos used in
zebrafish tEkker and Larson 2001). Recently, Robu et al. (2007) demonstratedthat
this effect is mediated through the p53 pathway since the increase in apoptosis is
associated with p53 activation and can be completely reversed by coinjection of p53
morpholino. The specific mechanism by which p53 is activated by mistargeting of
morpholinos was not explained (Robu et al. 2007). The question is whether
activation of p53 and increase in neural cell death is always an off-target effect.
There are many examples showing that the overexpressibn of p53 or knockdown of
p53’s negative regulators can lead to the same phenotype in zebrafish (Langheinrich

et al. 2002; Campbell et al. 2006; Ghiselli 2006; Bretaud et al. 2007). Robu et al.
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et al. 2002; Canpbell et al. 2006; Goiselli 2006; Bretaud et al. 2007).
Robu et al.(2007) suggested that even if the norpholino targets a known
regul at orwof205@7397t can al so have sone off-target effeeCT/se20i0wotle case
of a MInR2 norpholino. They believe that a norphant phenotype can be
considered as on-target only if it can be rescued by overexpression of the
targeted gene (Robu et al. 2007). This approach has been used previously to
identify new regulators of p53 in zebrafish g(;‘hi sellj 20Q6), .]0008]. Cancer
i s one of(200® snagastedithas gead! e marphaling d4rgels A KRPWN FEURR G P3%0f al | deat hs.

New aSpeCMs% DEs JENGELG egtlg&e&%%ﬁhe%gmm%%%rgfg@ﬁoa?hw met hyl ation

and mcro are I ncreasi recogni zed as i npor Wiile there are
several chudieveht 4 atphempheddtyet can dpicaisydedidds dinrtergetaondeif itenbs npst  of
these are toxic wth adverse side effects, , Artifjei ing | evels of
p53 has b&&fHed ﬁ%\ﬂﬁer?@l%séﬁgé’%ﬁ‘reéﬁf’ﬁfige% Rt aﬂ?eisot% Zf}ilﬂr}l%s a@hg)\ég%nous p53

I nduced apEBLashed bfevidusgus ideatifysncksregidatorsalfipss inzebtARhi(@hisdincer but there
are no such nethods on the nmarket. Surmmary [0009]. Modul ati on of

M cr oRNA-2098h has a direct effect on p53 activity and consequently
apoptosis. Inhibiting MR-125b i nduces apoptosis through increased
endogenous p53 activity. Upregul ation of M croRNA-125b inhibits endogenous
p53 activity reducing apoptosis. [00010%. Acgordingly, ong aspect of the

i nvent i on[O0PARl Gdmest ds prst piotie anain dipgrses ioh dheadlo FeBBIs Causingr 1 5P ﬁga dul ation

of the |eyel of m 2 Vi ' %élﬁé-s S nt (MRE)
conpri si n%ea@é()we%’ Nﬁ?&% %E?h%d%&ﬁ?%t 8?%?%0%1 %g atscli)s(r? fggﬂt ﬁse@CTgQF [ 00011].
| n one enheilyiasod atchmicreRNAS aiesintreasingly oedogniaerbashierpostabio dVriteriherehe net hod
is in vivo, and.the nodul ator s admni,stered to a,subj 00Q012]. hi one
enbod nertte AP SLRE R e Bgiea By A S PR RS st e 1 e o
RNA- 125b foRictigh 6@lelse shie cfboisnAsifeidlygelthtngridulsaf @63 thas b shewvh.  Such

anet hod may be effective in_cancer treatnen ere the inhibitor is
adni ni st efoeguicPTamaHE; weing Revigides erdogaous P53 \f’@ﬁfﬁﬁeﬁ?@?mﬂs I ok

cells is desirable in treating cancer but there are no such methods on the market.

Summary

[0009]. Modulation of MicroRNA-125b has a direct effect on p53 activity and
consequently apoptosis. Inhibiting MiR-125b induces apoptosis through increased
endogenous p53 activity. Upregulation of MicroRNA-125b inhibits endogenous p53
activity reducing apoptosis.

[00010]. Accordingly, one aspect of .the invention includes a method of
regulating apoptosis comprising modulation of the level of a micro RNA-125b
having a microRNA response element (MRE) comprising SEQ ID NO. 1, by

administering a modulator to the cell.

[00011]. In one embodiment the method is in vitro. In another embodiment the

method is in vivo, and the modulator is administered to a subject.

[00012]. In one embodiment apoptosis is upregulated by inhibiting the level of
the micro RNA—IZSb in the cell, by administering the modulator to the cell. Such a
4



[00013]. The inhibitor may be a m croRNA-125b anti sense ol i gonucl eoti de.
Alternatively, the inhibitor nay be a m croRNA-125b norpholino. [00014]. In
one enbodwoento/@mppt osis i s downregul ated by enhanci ng rh@/siGeyelooad t he
mcro RNA-125b in the cell, by adm nistering the nodulator to the cell.
Such a nethod may be effective in cell differentiation where the agonist is
adm nistered to .an undifferentiated cell to enhance cell differentiation
[00015]. The agoni st may conprise a vector incorporating.a mcro RNA-125b
havi ng amrittedomaeby effstivisia canceripetnenRENers dipiphibitergs sprynistsrR° 2
Alternatively,. th i.St. conprise a mcroRNA- 125b dupl ex nol ecul e.

[ 00016] . S%‘?‘]%%%Peeasoggg GIZ#[eat%ﬁ%mi nventi on provides a conposition for use in

regul ati ptos},s in.a cel rei 1S AMRASIhd08; Latgs the level
of a m ci@o - 1;@}? W%\Pi?tﬂlgmaag'rﬁ\lggg(%ﬂﬁ&%éégnse eefelér?ear;litlég?ﬁ/%g conpri sing
SEQ | D NQltetnatiy@90the Inhibitor aiag be et dioRBA - 12 ftemophplasi. t i on conpri ses an

i nhibitor of mcro RNA-125b, inhibiting the level of the mcro RNA-125b in
thﬁ Eel I ,[omhqr_gi N RPRAPEMBOEmESt Appptogis livd wehrépnldtdieby evhidiinothe 1§v0D018] . The

i nhi bitor may be a m croRNA-125b anti sense aligonycl eotjde. t.ernatively,
the i nhi tof thermise B AalZbdn giongall: @sﬁﬂ%ﬁﬂ%ﬁﬁ%&‘%ﬁ@’iﬁﬁe petl- ?H%li her

enbodi ment QLR 16 QB i BE SntAR oA $MRicSthe @borHitGs eddRistt2bb,

enhanci ng 1:{1%{2&} gl(\%g}% (?F t he lm' cro RNA-.12gb_i n the %el |, wherein apoptosis is
downr egultatredndifferehigatedyestite enhahooeiojifferppdativgoni st may conprise a vector
incorporating a mcro RNA-125b having a m croRNA response el enent (NMRE)
conpri si 1GPMSER | D NE agbnist ey pemhprizs ayyecttdnengempting draycre SAprilded a mi cr oRNA-

125b -dupl ex. nol ecul scription of f aw : 1 Ryegure 1:
m R 125b 2BV REs? t BY TR RG leeeerrltaltal S )a\#’d‘ﬁﬁ‘ﬁsr?[‘é%? gp% IrrRﬁNXs (A) Qutline
of | uci f eqieseitiveRotht agomds say chmprived inkadRNG-125b dupkes madtdubn of i R-125b

with the 3' UTR of p53: The MREs of m R-125b in the 3' UTR of human
[00016]. Another aspect of the invention provides a composition for use in

regulating apoptosis in a cell wherein the composition modulates the level of a
micro RNA-125b having a microRNA response element (MRE) comprising SEQ ID
NO. 1.

-100017]. . In one embodiment the composition comprises an inhibitor of micro
RNA-125b, inhibiting the level of the micro RNA-125b in the cell, wherein
apoptosis is upregulated by the inhibitor.

[00018]. The inhibitor may be a microRNA-125b antisense oligonucleotide.
Alternatively, the inhibitor may be a microRNA-125b morpholino.

[00019]. In another embodiment the composition comprises an agonist of.
micro RNA-125b, enhancing the level of the micro RNA-125b in the cell, wherein
apoptosis is downregulated by the agonist.

[00020]. The agonist may comprise a vector incorporating a micro RNA-125b

having a microRNA response element (MRE) comprising SEQ ID NO. 1

Alternatively, the agonist may comprise a microRNA-125b duplex molecule.



and zebrafish p53 nMRNA were predicted by Target Scan and m RBase Tar get.
Shaded texts indicate the ' ' seed' ' regions. Each predicted MRE or the
whol e p53w®'2010lR73%as i nserted into a psi Check2 vector, PomSd2at®by101
downstream fromthe Renilla luciferase gene. In nmutant reporter constructs,
the MRE was deleted or a three-m smatch nutation was introduced into the
seed region. Each luciferase construct was co-transfected with negative
control duplex 1 (NC-DPl) or m R 125b dupl ex (125b-DP) into HEK-293T cells,
and | uci fRessgptioneeidhe\dravwimase obt ai ned 48 h after transfection. (B)
Repression of luciferase activity due to the interaction between m R-125b
and the pioeeRidt ed Widse il nmiké2Ftulindseto dlaec3’ NRER of zgbrafishand hemeepse- p53- 39

UTR constr s. , Repressign was abol.i shed . - . ted or

nut at ed. %@@I{V @ﬁ(?‘?tﬁﬁe ?ﬁblfl\f%‘sgégofﬁg%%ﬂsa gwﬁggl&ﬁggﬁa%@i%te g'ttug{e(%fﬁat of the
control fjixrefidsh Wik ideer aSER offte: TheeMREsasf emiRel?by it thes’ DR of human
125b-DP-transfected cells were presented a ercentages.relative to the

| evel of dndeepiafishkps] WRNfeWR]@-pﬁﬁﬂqt?daWé?%'é?tgﬁg’c Itg‘i{%%ﬁqrgarg%thtrol | uci f er ase

level Ts gnisy defGraiBse mOW%%dﬂdreggn%%w £Alcesd MREtdeheswhdlepsEst | i ne). The
n

val ues represent average S ). The dashed |ine _represents the
t hr eshol dUBR wasdisesediggo apsiCheaky veqraymmedipishedesinsicast froppdhe er ase | evel

bel ow whi gh .jndi cates positi i.ndi - tial - lLL,ts are

i ndi cat edﬁ?ﬁ}ha( E‘f&?’fa%e %ef)nﬁgﬂné%ué%(ti’ép)gﬂg"%nﬁwﬁ, 1;dJr?eleI at i\%/ag%{elglée??g *NC- DP

1- t r ansf egtchbichahgatidnGyas@riesdargal iasste seedfregibiR-Erglbictfomse r egul at es t he
wi |l d-type but not the - del et ed human h i 1299, s: pCDNA3.
1+ vect or “VFHIAT3E ﬁ%‘“@%@g‘?t?ffﬂﬂ% He ?‘ﬂ?ﬁéﬁg‘ﬁg%i%ﬂs}g ﬁrelr?(?:%q\?\ngl% h or

Wi thout t#{g1dR @2%’-5@? VRS 243 TedREE, 6l BdifRted faldingE ReterobtisfedetBéd Wi t h
negative control duplex 3 (NG DP3) or 125h-DP intg H1299 cells. The | evel

of human ¥83 taasfeciionl (R&eriysivpet Briferaresedvity dpedp feinerasH®t ecti on. (D)
Ov i ) 43 - CAM i t th
er expr etzeg{vgée},brgfgf-?%% %@%ﬁe ?f?éé‘[%eﬁm B3hd ReifdhidvRERS iRdle NO e

MRE- del et ( I'n HL299 cells: pCDNA3. 1+ vector
cont ai ni niyciféresef- pfI-3PEATR horstrbeta Rieptespes weDrbRliskagueradheMBE WS wi t hout t he

MREof m R;125b was. tr.ansfected al or,. £0- f %@- whih e DP3 or
125b-DP i ?13}%6- %@taiegi E‘ée.ry elélﬂﬁguvcge}?r%?ﬁ {ezzl(g’%%yﬁggﬁ p %&PV\%.)S anal yzed by
West er n bt@isl Breflyafidifiase. The luciferase activities of 125b-DP-transfected cells were

presented as percentages relative to the level of luciferase in the NC-DP1-
transfected cells (this control luciferase level is considered as 100% and is
represented by the solid red line). The valués represent average = SEM (n 2 6). The
dashed line represents the threshold of luciferase activity (75%), suppression of
luciferase level below which indicates positive binding. Two-tail t-test results are
indicated by (*¥) P < 0.05 and (**) P < 0.01, relative to the NC-DP1-transfected
controls. (C) Overexpression of miR-125b down-regulates the wild-type but not the
MRE-deleted human p53 (hp53) in H1299 cells: pCDNA3. 1* vector containing the
full-leﬁgth hﬁman p53 cDNA sequence with or without the miR-125b MRE was
transfected alone or co-transfected with negative control duplex 3 (NC-DP3) or
125b-DP into H1299 cells. The level of human p53 was analyzed by Western blots
2 d after transfection. (D) Overexpression Qf miR-125b downregulates the wild-type
but not the MRE-deleted zebrafish p53 (fp53) in H1299 cells: pCDNA3.1" vector
containing the full-length zebrafish p53 cDNA sequence with or without the MRE
6



transfection. (E) p53 protein |evel was quantified fromthe Western bl ot
bands i C and D, normalized to GAPDH | evel, and presented as fold change
SEM (n > 8P ww/@riswve to the p53 | evel of p53-only-transkertsedoombéivl (solid
red line). The dashed line represents the threshold of suppression
(0.75-fold) corresponding to threshold set in the luciferase reporter
assay. Two-tail t-test results are indicated by (*) P < 0.05 and (**) P <

0.01, relat to the p53-only-t f 22] .. Fi 2:
T R 125 iepFeEEbs  ehBrdBLUELE [tk SrOI A LUgprDEdEE S5 i nduced
apopt osi SH1@9QHH§3‘S|}_1|Q i—‘één’epéﬁ z%ﬁﬁaﬁgfﬁp@iwa%\éﬁéﬂy%@d by Wektin b8 zemf@genous p53

protein l'evel 1n ter transfection with mock (water),
negati ve tamsfectidn. (;EbgiSémr@el(nN@eDW?@ qualﬁlﬁpdl_@em thiesPlestery llogsngspn C or p53 si RNA.

(B) The p5 roteln ant|f|e bands in A
nor mal i zet" lﬁﬁé%ﬁﬁgﬁlegéh%d%e& ﬁ%’ P;in?angegs &nbi g)fSEM (n >3
relative ﬂéﬁtﬂ&@@ tRSp53 1%Vﬁ|of9f53—691911rai1§f€¢1§d edlsqsbifiakd sine)( The érdaleemRNA
expression | evel s of p21l, and bax in SH SY5Y cells &eﬁ?é ter

tr ansf ectWﬁeW%ehtSN@‘ﬂ)FqSh@lﬁl of swpresgipn (OpFfaldrosssnonAngde ified by
real -time, &Rg%%gir{%%;'%?&tetrgssta?efv@(ﬁﬁ‘?ﬁ%'t%u@aﬂafhcﬁ&ttédrb y @npl<presented as

fold chan e relative to that in the cells transfected with
NC- DPI Q@an‘ﬂl‘(é*})%ﬁ(ﬂdﬁt, ag@ivefio BelpSYSMyetednsEcisdsontiale for active caspase-3
was quantlfl ed by the Cellomcs high-content screening system?2 d after a
transfection with NCDPI or with 125b-DP. The 10 niMH 7 treatnent was
applied 24h before fixing. The values represent average SEM (n > 3). For
each repljiooea24, 20Fioﬁﬁg25m(ﬂ mﬁmpmgseamelmMendmm(}:xpebdi@) anfer e anal yzed.

In all panels, ttest ults are o *) Ry5.0. 05 and
(3 b PgRyser Bt agor e R At RbE B R 4R TS o
control s.eli0RASH p53Fireehifledel in sﬂgﬁfﬂabnswa@ﬁslsaeﬁmismtlemagmhs p53

expressi on and suppresses apoptosis in human fibrohlast cells. (A The
endogenoudvani3 negaliEe Foptrol dapiex %@CT[?%)’JB%R&%%%C‘%P??‘ di ﬁh &FP?1 ansf ect i on

(A, R S A B o B
1 ( NC- ASI| jormalizeditdrtht ZHPDH level, and presented as fold change &= SEM (n 2 3)

relative to the p53 level of mock-transfected cells. (C) The mRNA expression levels
of p53, p21, and bax in SH-SY5Y cells 2 d after transfection with NC-DP1 or 125b-
DP. The expression was quantified by real-time PCR, normalized to the expression
of B-actin, and presented as fold change = SEM (n > 4) relative to that in the cells
transfected with NC-DP 1 (D) The percentage of SH-SY5Y cells positive for active
caspase-3 was quantified by the Cellomics high-content screening system 2 d after a
transfection with NCDP1 or with 125b-DP. The 10 mM H-7 treatment was applied
24h before fixing. The values represent average = SEM (n = 3). For each replicate,
20 images (including at least 10,000 cells) were analyzed. In all panels, two-tail t-
test results are indicated by (*) P < 0.05 and (**) P < 0.01, relative to the mock-

transfected or NC-DP-transfected controls.

[00023]. Figure 3: miR-125b represses the endogenous p53 expression and

suppresses apoptosis in human lung fibroblast cells. (A) The endogenous p53 level
7



antisense (125b-AS). (B) The p53 protein | evel was quantified fromthe
Western blot bands in A nornmalized to the GAPDH | evel and presented as
fold charwe 200EWIn > 3) relative to the p53 | evel of nmechsSGeearngd@ot ed
cells (dotted line). (C The levels of p53 nRNA and p21 nRNA in human | ung
fibroblast cells 2 d after transfection wi th nock, NC DP2, 125b-DP, or

NC- AS 1, 125b-AS, or a cotransfection of 125b AS and p53 si RNA. The
expression was quantified the expression of

|t
/ 3- act m ambupelyesflagblist *B?&ﬁgﬁféﬁ@@ CSEWT Y’Hﬂﬂ{"g’? (%’étf%’gtl?e\%u Yo that in the
mock- tra@?ﬁ&ﬁfdﬁ@m@@g&é 1616123%1%11 'lf!ﬁx)dup(e@(li@lﬁDP}?raﬁ@mﬁmr of human |ung

fibrobla ce tive for active caspase- 3, d after transfection with
nock, Ncwectmﬁsxbﬂmcmgasw ccamrommseuss 1 (}ﬁé}aﬂ miRd28% the Cellonics

hi gh- t ent SEM 3
For - each raspice e 290 (GHEREE B Rl pELARR rpP SRR YN L0 )

anal yzed pjdtBa@slin A@ﬁ@h&hzém the’iGlAPDH lesdl anemehemecmsefoldr:dhamﬂed by (*) P <
0. 05 and

relative to the sfect ol s. [00024].
i ur o 4 SEMGjt Pucliply e ke P carmered 28 eirsetes St B o
enbryoge IOtk P affeR- 125b in ‘
zebr afi sE%ﬁb%@é@“ﬁ&%@@%pﬂﬁﬁ%% ﬂ,i&bg@ﬁp?f],k ang 418 hpf. Side view
of the V\h@hﬁ"echmdwnémndmde@DPh,elZShmP |OsN§hAﬁh12~‘élB)°xSS?TcPeCQ7| ew of zebrafish

brain, in si y ti " 30 hpf, and
48 hpf. r’i‘iaﬁSftﬁ‘ﬁ’d’ Ig?[i%f'g’c‘%g aﬁ’gﬁgwg‘sﬁg\j r?(?bssr?oes\éigsocﬁlt‘%aftite?Jﬂig of MR-125b in a
r epr esent@td MeR aivhnyed Td1he SRPR AL df@’-%ﬂ:tl%ﬁd ptmartadea:’s fold chhhge20 enbryos

exani ned at each devel opnent al stage (g %5?& ﬁ hb% bi n(gﬁr in; (hyp)
hypot hal &#4 (n Z Ahistative dbthal 1-the Mask Br5ids t (ot ige)Dil0 ect um  (tel)

{ el encepnalOied itk G WIRN %Emgg&zus%b%u%@5@&&»9&59@&13'32ra A@fr M R 125b,

p53, and prf ot ng ze evel opnent Transcr|£ [evel s were
quant i f i ecbyfectalwith meckPTIR-DRdy I%bf&%cN@ -4Slneel2fhtAT wat awntfigd B85 or

b-actm, resent ed sI02foId h fti\ve to the
expr essi 6&1 g?lp %?h'c‘f Y SET IS gXJSte%n ?ﬂg%ﬁ ﬂ!h%egeﬁﬁégr%%% ?n zebr af i sh
enbryos. ﬁé) Degiegdh 1dﬂﬁsOQ@hﬁdxgeBQﬁclh&hgatllem 1ejobbeells) weregui de strand of
mat ur e mR— 5b m 2 or the s

analyzed. In all pane s, two-tail t-test results are indicated by (*) P < 0.05 and (**) P

< 0.01, relative to the mock-transfected controls.

[00024]. Figure 4: Spatio-temporal expression of miR-~125b during zebrafish
embryogenesis. (A) Whole-mount in situ hybridization of miR-125b in zebrafish
embryos at 19 hpf, 22 hpf, 26 hpf, 30 hpf, and 48 hpf. Side view of the whole body
excluding the tail is shown. (B) Side view of zebrafish brain, in situ hybridization
with miR-125b at 22 hpf, 26 hpf, 30 hpf, and 48 hpf. In A and B, each image shows
the expression pattern of miR-125b in a representative embryo. The same pattern’
was observed in all 20 embryos examined at each developmental stage. (ey) Eye;
(hb) hindbrain; (hyp) hypothalamus; (mhb) midbrain-hindbrain boundary; (ot) optic
tectum; (tel) telencephalon; (tg) tegmentum. (C) The expression pattern of miR-
125b, p53, and p21 during zebrafish development: Transcript levels were quantified



| oop regions of pre-mr-125b (1pl25b). Three different Ipl25b norpholinos

(I pl 25bMD1/ 2/ 3) were designed for the three isoforns of pre-mr-125b. (B)
gRTPCR elwoi2dawioniy7t he ef fects of m R-125b norphol i nos @®aTiSGeOWRd@YENOUS

| evel of zebrafish m R-125b at 24 hpf. One-cell-stage enbryos were injected
with m 25bMO or I p 125bMO1/2/3 (individually or together). A norpholino
(msM) with 5 nt different from n125b|\/D was used as control. Total RNA was

obtained fromthe enbryos _at 24 Pg ession val ues were

nor mal i z&y ted-tEssP Wq“@@@eé t%lH’(ﬂefB%‘lé?%‘ﬁ?léél gé’r%ép%én E’Fﬁe@ﬁ? d9e SEM (n >
4) relati e ntrols. Two-tail
t-test relés{%llc%)gdéahlralggﬁ%\ %@tﬁ@e@wsm}ﬁ%%ﬁ?ve to the uninjected

control. (C) Loss-of- functl on m)rphol ogy at 24 hpf: Mrphants typically
exhi bit severe cell death in the brain (brackets), absence of the

Comi 1 o5 (PR o rBRSR Sotn b T P ERENTE RS RLDGIBLer S, O Piler
V:c ew ngf t m)smio@ t@@d%g?ﬂﬂer?hd@?ﬂ& §tiad ﬁx?nﬁmu@ﬁurtmesme?msgmghe oL al nunt)ﬁr

of enbryos in each treatnen e e enbryos having the
sane pheri@‘?ly’ﬁélo&% of previiE 1 2 epiRSsht érgf ede %5&’[3?@53?%0 ’ran,%t ed bel ow each

| mage. ggo%%moﬁw rv&r@deskg%éé f&fthéﬂh%eli;?&@m@d &\({:Zé)-ﬁﬁl GRT- ggers

p53- depe nt apopt sis in zebrafish enbry El evatl on of p53 protein
caused b;Pcrlbslslcldﬁtmgtﬁeeﬁ%@fm&&&baﬁ@@holmpw?enéﬁgﬁny% ley@dod | nj ect ed

W th m s rati %gl%Z%lg){lt 2491 %? c]e/llzs/t%e e ﬁo% ﬁ{?hﬁ%&téﬁ%ﬂ\’as performed at 24

hpf . (B) ein | was quanti e Western bl ot bands
in A norrﬂalﬂmef IleHMd)ll/a/?:l (mhdu:ﬂlycbrpmgﬂemt Adnwhcblmoc(mm\éﬁbe SEM (n. 3)

relative to | i il t-test
results é‘?’@%ﬁﬂﬁhgé 8Hﬁe ng?% ‘gaﬁusﬁ as c@%lgf%gqm‘ﬁgas P (?nj ect ed
control . gdph tHEMYPESR a@.f24 BﬁﬂAﬂlﬁﬁ@@ﬁfrbs@Ioﬁ value@#eRRpformaliRtis yXﬁSRNA] ected with
di fferent conbi nati ons of norphol i nos. ESSI\/D i ndi cates_a nor pholino

bl ocki ng lﬁveémmdalrﬁs(@nteéﬁs pEmee PREeaEL S SENEMe> Moelrrs kdhe PPTFP0ex pr essi on
ol ati ve PRy B LR RO SR R e O P ihhed 11 ne).
Two-t ai | relative to the unm]ected control. (C) Loss-of- functlon morphology at 24 hpf:

Morphants typically exhibit severe cell death in the brain (brackets), absence of the

midbrain—hindbrain boundary (*), smaller eyes (blue arrows), and deformed somites

(green arrows). Each control/morphant embryo is shown with a lateral view of the

whole body and a magnified view of the head. The total mumber of embryos (n) in

each treatment and the percentage of embryos having the same phenotype as in the

representative picture are indicated below each image.

[00026]. Figure 6: Loss of miR-125b elevates p53 and triggers p53-dependent
apoptosis in zebrafish embryos. (A) Elevation of p53 protein caused by loss of miR-
125b in zebrafish embryos: Embryos were injected with misMO, m125bMO, or
Ip125bMO1/2/3. Western blotting was performed at 24 hpf. (B) The p53 protein

level was quantified from the Western blot bands in A, normalized to tubulin level,
and presented as fold change = SEM (n > 3) relative to the p53 level in the misMO-
injected embryos. Two-tail t-test results are indicated by (¥*) P < 0.01, relative to

9



t-test results are indicated as (**) P < 0.01. (D) TUNEL assay for
detecting apoptotic cells (visualized as red spots) in the 24-hpf brains
and acet yWwetedy/tweival i n stai ni ng (aAT) nmar ki ng mat ure ne®coss2emodoaxonal
tracts in the 48-hpf brains of wild-type and p53M214K nut ant enbryos
mcroinjected with msMO, m 25bMO, or |Ip 125bMOL/2/3. Each image is a
projection of nmultiple optical slides obtained froma representative

enbryo. Three enbryos were_ observed for each conditi %g for the TUNEL assay,
and five themisM@sniededcmsiol SGbeR TR oF o Farseres dAT Wof I SRIS Al of them

had a si R 5HY L0z C) Anterior
conmm ssu:ﬂl ét%%w:agfr%g%ﬁ bﬁ%oéswhforeblrﬁg% \363(hb) @lﬁ?tﬁ%ﬁ\r Zil n; (nb)

m dbr ai n:mdrbhjnortdolikidg ttanalgmmmﬁpﬁél Theaeadyes mreaenor(uah;eddgtthec tectum (SOT)

o aoP L St eyt Bachih A reRtes B v Sagf RTTHERM Esph BT Lract of

Synt het i Gemiif t%%ﬁ@eiﬁés@féﬁ%v@ﬂﬁ%%mjd&td&leﬁrbi?&t(ddfmécph@djt’Bwo-ta«ﬂ) TUNEL assay
for detecting a{)optotlc cells in the 24-hpf bral n ‘b‘élos were injected
t

With a sttaedaeselthagandicasedesht r)61<919|11ﬂ@m L asspy 02515“’ ex (125b-DP),
m 25bM) [}pdgH? %ééﬁ%l&é@as 1S A fid BleSAlh éﬁ@%ﬁ%ﬁ%&é’tﬂ@@d@ﬁbui&ﬁ5b DP (12.5

fmol and rno I njectron)y were u to rescue the enbryos injected
with Ip ]s?e&th@(a]A’D/xﬁarkﬁgmunﬁageom&sand appwgl deets omthe 8l biapisef opt i cal sl i des

froma rep ent a Thr.ee errbr Y ach

condi ti on’ lﬁ‘ﬁfme&P P%—ﬁ“?ﬂmﬁ% RO T ﬂ%%t\égwthgﬁg@bt’ﬁ{e{ ?ep?gsent ative

| mages (fda)lp PebRIT132/8; Edch had 1def@¢dﬂmn bﬁbl)lltfplﬂdip‘taa]rshd&imhtalﬁﬂi mm (B)

Regul ati on of p53 pratei n in _the phants and t re R}ﬁ ryos. Western
bl ot t i ng TR aperressRizEYe drbre Tisse e%osp%eeﬁgmﬁ of @ra e Onﬁéntl fied from
the Vst gf0Thhgl, é%%ﬁ%nd ﬁv@ver@%ﬁ%édzf@ﬁee{cﬁcbﬁtbﬂéﬂﬁith@a&@f staitiig. pr esent ed as

fold change SEM (n™> 3) relative to the p53 level inthe enbryos injected
with ni sMgloﬂ"xhemtlmdla similag phenogglas hegprres Aty A LBEHYAC) ANIGEIoE” 0. 01.

[00028] . Fif ;gseuﬁegéilﬂc%,{ ﬁﬁ%’? egfg%ﬁ)?eb%un B?ﬂl%&l;lafne bY&RidBLaiSs- i nduced

apopt osi s prot ei n zebra sh enbryos injected with
(MLF) medial longitudinal fasciculus; (ot) optic tectum; (SOT) supraoptlc tract;

(TPC) tract of posterior commissure; (TPOC) tract of postoptic commissure; ()

telencephalon. Bar, 50 mm.

[00027]. Figure 7: Synthetic miR-125b rescues apoptosis in miR-125b
morphants. (A) TUNEL assay for detecting apoptotic cells in the 24-hpf brains:
Embryos were injected with a standard negative control morpholino, miR-~125b
duplex (125b-DP), m125bMO, or Ip125bMO1/2/3. Two different concentrations of
125b-DP (12.5 fmol and 37.5 fmol per injection) were used to rescue the enibryos
injected with Ip125bMO1/2/3. Each image is a projection of multiple optical slides
from a representative embryo. Three embryos were observed for each condition, and
all of them had a similar phenotype as fhe representative images. (fb) Forebrain;
(hb) hindbrain; (mb) midbrain. Bar, 50 mm. (B) Regulation of p53 protein in the
"morphants and the rescued embryos. Western blotting was performed at 24 hpf. (C)
p53 protein level was quantified from the Western blot bands in B, normalized to

tubulin level, and presented as fold change + SEM (n > 3) relative to the p53 level in
10



negative control duplex 1 (NC-DPl), p53 norpholino (p53 MJ), or m R 125b
dupl ex (125b-DP). At 24 hpf, uninjected and injected enbryos were treated
wi t h 500Wbcamptoaddneci n for 8 h or subjected to 40 Gy ofPCESGRo@BIEDI ON.
Protein |ysate fromthe two treatnents with two sets of untreated control
were | oaded on two separate gels. The bar chart presents quantification of
p53 Western blot band intensity, normalized to tubulin |levels, and

presented as fold change relative to_the uninjected untreat control of
each bl othe EEyyREgisriat etk BEME- Rveosi) tisst Wﬁ?lﬁ%%@&a@%ﬁ%’;ﬁg? t hose

treated ygh 500nMcanptothecin for 8 h or subjected to 40G of
g-irradiation, nornmalized to 18S RNA |l evel, and presented as average fold
change relative to untreated control SEM (n > 6). Two-tail t-test results
are indicated as ** p < o0.0i, relative to the untreated control. (O

St ai ni ng opt Gt I i U W 43 tnh.ected with NC DPI,
553 o, C4opSEEP kel OB AR P R B R bR PO 1 Wi th 40 G
of g-irr agomésiod) Eedulatom ofipb® pfoteteth &brafizh bpbryas thietds) it ed t o TUNEL
assay. Each j mage i rojectli of, nultiple Ical sl froma
represenﬁlﬁgqtvﬁcg‘?fw351?1%?&@@'@2{}@%’@9@%‘%1%%@3?% ’P’orrm%gg condi tion, and
al | of thepkhacss-omit 24 KpHemefeype adbinjdtddRmbrppvesentatd wehi mge (fb)

Forebrain; (hb) hindbrain; (nb) mdbrain, Bar, go_m’n &0,0(?291. Figure 9:
198 PIoigiy

(A) PredisBiRd campiqtcrnsipn b & ar sltisniadtie 40 (ipdyr-gpdig Y$'% he p53 nRNAs

of “nmonkey, [ AOBLE e AREEE vARtwHsRY of ARdRA of¥dl Wadidates e seed regions.

(B) Luciferase reporter assay validating the specifi mtg and efficacy of
m R- 125b sehapitegelarithednt ¢lsegesen398Tntifishtion ofmde Wesigispbébad with a Renilla

| uci ferase reporter..canst ruct . cont ai,ni n conpl enent ary
to human TR Wa%@@g@ﬁugn&%@fg, %g-p ?Sgrrl\tg?l é%@gﬁg@ﬁﬁgﬁ%%%gﬁ %18 control
dupl ex 1lhBinRdchid-unR2diad Sintoi ofdch bREBYRpLEatiqplFmREP)Sbat wanferied|

concentration of 10 nM pe ive control .aptisense,.l - r m R-125b
ant i sens&TPDPSHI fgse ‘é?at%f{]‘fvgﬁébong\@r?&&’ﬁ‘ftﬁ% g’ﬁ Si’fm 50 eﬁ%p eﬂ y)aosfg ay was

per f or med L Wha @Y fodidREd t ASHIeA 1D anEyREhtRERi dvbagt fd Eieingse readi ng was
normalized to that of the control firefly |luciferase. The luciferase

acti vi t y rélstiysrte yntieasel contiobt SBN Gige®)- Twpdeil Ftestigsulisarg adisptedps
(**) P < 0.01, relative to the untreated control. (C) Staining of apoptotic cells in
embryos uninjected or injected with NC-DP1, p53 MO, or 125b-DP, treated with
500 nM camptothecin for 8 h or With 40 Gy of y-irradiation. Embryos were fixed at
32 hpf and subjected to TUNEL assay. Each image is-a projection of multiple
optical slides from a representative embryo. Three embryos were observed for each
condition, and all of them had a similar phenotype as in the representative image.

(fb) Forebrain; (hb) hindbrain; (mb) midbrain. Bar, 50 mm.

[00029]. Figure 9: (A) Predicted miRNA response elements (MRESs) of miR-~
125b in the p53 mRNAs of monkey, rabbit, horse and frog. Shaded text indicates
the seed regions. (B) Luciferase reporter assay validating the specificity and efficacy
of miR-125b duplex and antisense. 293T cells were transfected with a Renilla
luciferase reporter construct containing a sequence perfectly complementary to

human miR-125b. The cells were co-transfected with negative control duplex 1/2/3
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luciferase in NC-DPl transfected cells (dashed line). The val ues represent
average s.e.m (n >6). (C The level of mR125b in H1299 cells two days
after a tweansfoewrison wi th NC-DP3 or 125b- DP andpl asni ds PEXfSGee®wiongohunan
wi | d-type p53 or human MRE-del eted p53. The level of m R 125b was
quantified by real-tinme PCR, nornalized to the expression of U6 RNA and
presented as 10g2 fold change s.e.m (n >4) relative to that in the
p53-only-transfected cells. Two-tail T-test results are i ndi cated by *P <

0.05 and (NE-BP2/8) miR-G03bplexri §irBPN o fpal eonsentaion el M BV 251

ol 1 (AFERRC p ey ORese e AT HEARTEY SuRpse (Bl alig T 0r ot os!

transf ec’rcbmrmmttolﬂ ofi¢g@hMv €he assty whs phrfuinaxd Bvq d@@ﬁﬁyrfmmép@m%b dupl ex

(125b- DP of.. M R-125b .in . hu plast cells two

days aft)g%' &%@HﬂgFQ%QSSHGW%Wﬁm 1@5%@“& |°€fehec%nt rol antisense 1

(NG ASl) 119ﬁfef£%8’1‘1=13ﬁhi%ﬁbé mmg 14@3@%&3} perEéHtaéfb@Trélat(\A)to drdeldBpf the | evel

of nai R-125b was quanti f é real -tine aguma ized to the expression
2

of U6 RNAucifsthspi @ﬂPéoP%feFfﬁ eliso@éPhE%Hﬂ@eTh"sV FhICRIRSCUVeraBP At i ve to
m R-125b Iglyedé ség (Hygfhg%% ﬁi@i%ﬁﬁ@n@@b Eélst;g\’i@i‘a&sadﬁel-{ test results are

i ndi cat ed’ atl ve to the nock-transfected control [0003
1. Fi gumenﬁf&cuOﬁA)ﬂhRé@DR&qrdZIS’@lDPadeW@md&ﬁXP@&mman ®é{t¥e n human | ung

fibrobl as ansf I rent
concentréi’%?B’n @@ﬁﬁ%&teé&hﬁn&? r‘?ﬁ%&f\?\nég %P&r}éal%%? 5 %eg%&ﬁ%ﬂfg%r essi on of
{S- af:tl nP@Nﬁ@t&@%@é&f@dh@?{pﬁ&lbﬂn(blﬁ?ﬂge\IAa?@pma(tm as4§og2rfe]da;1han@ﬂt3 t he 82% o
evel in nock transfected ce Wo- t ai are indi cated by
< 0.05 af@m (p =) eelpfvetpfhapgy 'h’éPﬁ3'B¥ﬂ§ttfaé‘ﬁ@Ft§é Fé fr 3%‘53 Bt &5 le n SH SY5Y
cells tr ]ﬁglcgyb&gyip<rﬁ\d%p@qbag(pr wi t h- DMSO vehicle control for 24
hours. Tubulin was” used as a |l oading control. (C) Real-tine PCR anal ysis of

m R-125b expression | evel in SHSY5Y cells treated as in (B). The | evel of
m R-125b was normalized to the expression of U6 RNA and presented as fold

%\?\g??:l | Tfi'@t?,g]ét ( pelﬁg‘he;l%;?tghgﬁmﬁlgg 'Egélﬁ- 1b3B Qvél’é‘ﬁﬁlessidﬂ ARG Iierhed cells.
in SHSYS5Y cells and in human lung fibroblast gells (A) The level of miR-125b in
© SH-SY5Y cells two days after a transfection with negative control duplex 3 (NC-
DP3) or miR-125b duplex (125b-DP). (B) The level of miR-125b in human lung -
fibroblast cells two days after a transfection with NCDP2, 125b-DP, negative
control antisense 1 (NC-AS1) or miR-125b antisense (125b-AS). For both (A) and
(B), the level of miR-125b was quantified by real-time PCR, normalized to the
expression of U6 RNA and presented as log, fold change + s.e.m. (n =4) relative to
miR-125b level in the mock-transfected cells. Two-tail T-test results are indicated

by ** P < 0.01, relative to the mock-transfected control

[00031]. Figure 11: (A) Real-time PCR analysis of p21 mRNA levels in
human lung fibroblasts transfected with miR-125b duplex (125b-DP) at different
concentrations. The level of p21 mRNA was normalized to the expression of S-actin
and presented as fold change  s.e.m. (n 4) relative to the p21 level in mock

transfected cells. Two-tail T-test results are indicated by * P < 0.05 and ** P <0.01.
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< 0.01. [00032]. Figure 12 (A) The level of M R-125b in Sw ss-3T3 cells two
days after a transfection with m R-125b duplex (125b-DP). The |evel of

m R- 125b weomuanisrfi ed by real -time PCR normalized toPCHSGexyressi on of
U6 RNA and presented as log2 fold change s.e.m (n >4) relative to

m R-125b | evel in the nock-transfected cells. (B) The nRNA | evel s of p53,
p21 and bax in Swi ss-3T3 cells two days after a transfection with nock or
125b-DP. The expression was quantified by real-time PCR, normalized to the
expressi @) WEstdaﬂé;Mt|ama1ysnsjo@5é$ememdn§ﬁ—$liﬁ‘d coltretragted witlelGiM( n >4) rel ati ve

to that inth fect al ysis of seven
mi R- 125b°8BeY ‘f‘i‘{féﬂlﬁ’zﬁ@g? 6?‘?’???10@%8%%’ 89’%% ub?ﬁ]eggﬁg%sg?on of seven genes
was neasagig chnthln@) RokH8Y0 FCREnaBysis bﬁﬁﬁRﬂaﬁleécpmdshnﬂm@hin% control
duplex 1 NC- DPI? 125b-DP or in nouse SS- BTEI’iZE‘g tfw. transfected with

nock or B¥SK-ceibs fﬁﬁ*ﬁélqsé%@) &he lexel PRl 478 3vas ST ® the expression of
(3-actin t N(>4n feﬂtl&gwe to the

ocks NG B et PR A RGO gk o bR (R ER FBE Y0 08 and *+ P <
0.01. Thﬁuhad[ﬂﬁlehwelon DMS<PM®41 coltss Trottaili Sttest resulty ﬁeswl@éﬁdé’ﬁ?)“c%l I's

[ 00033] . (gure 13: Devel opnental onset of apoptosis in m R 125b rmr phant s:
Enbryos “injected with either msMO or m 25bMO. Cell death was observed
in the brain by live imaging of the head and fluorescent inmaging of fixed
enbryos where apoptotic cells were stained by a TUNEL assay. Each

fluor esc mage f froma
r epr esent@0P%eend ;}%“‘e%ﬁr(&ﬁﬁ%jﬂg‘ Ogr%gr’l{gtsh ngggé'r ltlaszdglﬁd(% ndition and all
of them Eﬁé&% t&nﬂemdnampﬁhﬂmnym@qﬁsmmsw ) reprlestof miR-1256 wege. Scal e bar,

50 mm [00034]. Figure 14: Rescue of m R-125p S by the | oss of p53.
The phenétlf’ﬂ@@e‘é)byrﬁahﬁ@ﬁ’l?%%’h%%?gt%%? @XHI%V@PE)EEIJ%@Gé(?H nj ection of

mR12 |5 lb Hfggén%lpels' l%%ow&lghg%@% JRf el Rftiveko }%YRJI DRy ENg the R- 125b

nor phol i hos | nt o homoZygous nut ant s. gss were captured at 24
hpf. Mor pimah{tlsnifWMﬂlbjBéThﬁmﬁl\Tééﬁﬂé}S@fééi Lpzééﬁ‘i % i SHEs-BFai n (bracket s)

and abs ek % tWo days a er L ans@gclﬁoﬁlvﬂth mock or 125b-DP. The expression was

quantified by real—tlme PCR, normalized to the expression of B-actin and presented

as fold change % s.e.m. (n >4) relative to that in the mocktransfected cells. (C)
Real-time PCR analysis of seven miR-125b putative targets in the p53 pathway. The
expression of seven genes was measured in human SH-SYSY cells transfected with
negative control duplex 1 (NC-DP1) or 125b-DP or in mouse Swiss-3T3 cells
transfected with mock or 125b-DP. The level of each mRNA was normalized to the
expression of B-actin and presented as fold change + s.e.m. (n =4) relative to the
mock/NC-DP1. Two-tail T-test results are indicated by * P < 0.05 and ** P < 0.01.
The expression of PLAGL1 was not detected in Swiss-3T3 cells.

[00033]. Figure 13: Developmental onset of apoptosis in miR-125b
n.lorphants: Embryos were injected with either misMO or m125bMO. Cell death
was observed in the Brain by live imaging of the head and fluorescent imaging of
fixed embryos where apoptotic cells were stained by a TUNEL assay. Each

fluorescent image is a projection of multiple optical slides from a representative
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boundary (*), smaller eyes (blue arrows) and defornmed somtes (green
arrows). Each conti A/ norphant enbryo is shown with a |lateral view of the
whol e bodyoant/m73vagni fi ed view of the head. The total mRraFiserzowfoo@Obryos
(n) in each treatnment and the percentage of enbryos having the sane
phenotype as in the representative enbryo are indicated bel ow each inmage.
Detail ed Description [00035]. Here, we report for the first tine a m RNA
that directly regulates p53. W identified mcroRNA-125b (m R-125b) as a
negat i ve embgyol. Thee eobryws Sreienptivevhd hugrakh somtiipryang edfof diem avRAa125b bi nds
directly ta th human , and represses p53
protein F%@F?ﬁ?wt%’er?ﬁﬁh@f’re&’é%% é‘ﬁetlmg%éa%cm%%faggéﬁg'si te in the p53 3'
UTRs. m R-125b-nmedi ated regul ation of p53 is critical for nodul ating
apoptosis in human cells and in zebrafish enbryos during devel opnent and

durlngthe stress res se. i ts into the
functi on[f03M-R- 12’@3‘5“'%&%' gﬁsc’&@\?éfl’gfgﬂéﬁl? B‘Qﬁ’é‘ é&@%e\tqgss O%erggeﬁ? n

tunori geeﬁéio%yﬂe%f iRl 255 RN hanls QRIS ersVe b bt tibh af milk-aREIRNA- 125b
suppress ps3. al so have evi dence for_that m R-125b su gmess ot her genes

in the p@@rplmlmawthméﬁ@ﬂ&oémm@blzswmgn&ﬁ Z3psrqrhpling ator of p53
| | di
ol st o PSR b B e O L Rt o on o

cells to an mage | nduceddeath and sel ection for
cancer ¢ ejzﬂmllyl\ﬁhﬂmtcse{mmeél deathen thedwaiedbiasle:ts rnd @@@n@mfﬁ@gbfalnn t hese

i nst ance woul d be s resse T f. 0 restore p53
functi on Pﬂl‘lg‘é"r{aﬁr?linbé? T T @g{% ars ﬁ'?gr(% %@Bﬁ% ow p53 protein
llevel inatbwey paed &osmbmmmmmrydi@@mwn}liraéatmethnwlodg;e wﬂmém i nvol ves the

use of inhibitors of m cr oRNA- at h of cells. Qur
cl ai mi s bpasawl pragnifpbpyiof ﬂ}eil??ﬂ Ck?b@ﬁ‘?’?]?lé’oﬁ and a key

tunor s u%@ﬁtﬁ?&ﬁ?%n@ﬁ@ﬁmc&ﬁ%&e@@ﬁl N?%g 'h§¢11ﬁ§ tlféas'éﬁlb F)ﬁ@ﬁ)'ﬂ}@)‘élas i ﬁhe many types of

human cancers croR are SI’TB. ecules. Antinmrs and various
i nhi bi t orepredentative embryo are indicated below each i unage

Detailed Description

[00035]. Here, we report for the first time a miRNA that directly regulates p53.
We identified microRNA-125b (miR-125b) as a negative regulator of p53 in both
humans and zebrafish. miR-125b binds directly to the 3> UTR of human and
zebrafish p53 mRNAs, and represses p53 protein levels in a manner dependent on
its binding site in the p53 3> UTRs. miR-125b-mediated regulation of p53 is critical
for modulating apoptosis in human cells and in zebrafish embryos during
development and during the stress response. Our report provides new insights into
the function of miR-125b during development and suggests a role in tumorigenesis

for this miRNA.

[00036]. We showed that microRNA-125b suppress p53. We also have
evidence for that miR-125b suppress other genes in the p53 pathway. Therefore
miR-125b is an important regulator of p53 levels and p53 pathways in cells. It is

- known that loss of p53 predispose cells to survive stress and DNA-damage induced
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m cr oRNAS, bei ng devel oped are al so small nol ecul es. Therefore m cr oRNAs
and inhibitors of mcroRNAs can be used directly as drug. [00039].

Accor di ngvo 2a1ivmev3dved of regul ating apoptosis i s descri bedTiSkeowmwiod

conpri sing nodul ation of the level of a mcro RNA- 125b having a m cr oRNA
response elenment (VMRE) conprising SEQID NO 1, by adm nistering a

nodul ator to the cell. In one enbodinent the nethod is in vitro. |In another
enbodi nent the nmethod is in vivo, and the nodulator is admnistered to a
subj ect . deh aadbsglectionnfaycdneerfcelan Mayy whcdrhbawpediced pf3 etlesk dfp58abl e 2.

Preferably the.subject_js ma and nost ef er abl n. [00040].
"M cro Rl\%—t}ieﬁgﬂlsya&gesug%gdpaﬁ@?aé’i mﬁh B%S%waedagﬁ%eéfeﬁgé %01{3:5{% RNA-125b is a
smal | i hpnuehddion wfildbd 0G&hbekdBem Mveltiof @icsa@Aanswfo kilav ps3uence a

m cr oRNA response el enent, (MRE) conprising SEQ ID NO 1. Mdul ators of

ni cro RNAotepgpvel dpmor cell tg ifiséeashice that nodul ates the level of a mcro
RNA- 125b havi ng a m croRNA response el ement (MRE) conprising SEQID NO 1
in a cel I[0p@37]do sBhe tsckuslesyshendpyalvesthe papyolanhifitars 9f MicseRNR-1EAR i R- 125b
and bl 0CKe @bl bf YancCRRAL 48431 2MIS ARG 6 aRhedil Bl dRfedmy Conveni ently
be prelimnariTy screene y in vitro- binding assays as, for exanple,
descri bedpbefiomianBNAhed d legtedor shppreseagpleepithat mgdadtes cel | assay as

descri bed bel ow. Exaﬁl es of ﬁzﬁﬁﬂ"gi dat e substances i ncludeanti sense RNA or
doubl e: st PHAREI T8 %‘P’istﬂ’ﬁs PfGBHe%s such as ni R-125b antisence or a
mor phol i f.a re_m R-125b such as that. di sclosed i.n. SEO.1D. NO : 2.
[00042] . r}ﬁo‘&%stmmﬁﬁﬁ]éhﬂﬁﬁﬁgbpﬁ Cﬂﬁe§~é’8{%1“§;’rﬁa&ar}ﬁaﬁ£‘ﬁ%‘8&ﬁ%§/9£| so i nhi bi t

the | evelmRforNAS 68iae BWopkd Bk dlsd shalighbleclby. ShaafordmicreNAdantsi ng, for
exanpl e the whol e ceigl S assagé described below. In particular, fragnents of

subst ancenbifitern of BrcrBR Nds ¢ Bepsed direrttyi R IMYESH whi ch conpri se ni cr oRNA
response elenent (MRE) of SEQ ID NO 1 may be suitable to inhibit the |evel
of a micri8003Q 128bcardinglyeansthod efgegdptingmepwsigdrinseiicddhe HethPdvel of a

mcro RNA&’OHPp%?i?lgirﬁoé’ulgtﬁlnl of ﬁféﬁ%beﬁ%ﬁ a micro RNA-125b having a microRNA
response element (MRE) comprising SEQ ID NO. 1, by administering 2 modulator
to the cell. In one embodiment the method is in vitro. In another embodiment the
method is in vivo, and the modulator is administered to a subject. The subject may
be from any of the species listed in table 2. Preferably the subject is a mammal and

most preferably a human.

[00040]. “Micro RNA-125b” as used herein also known as miR-125b, or
miRNA-125b is a small ribonucleic acid including within a section of its sequence a

microRNA response element (MRE) comprising SEQ ID NO. 1.

Modulators of micro RNA-125b

[00041]. A substance that modulates the level of a micro RNA-125b having a
microRNA response element (MRE) comprising SEQ ID NO. 1 in a cell may do so
in several ways. It may directly disrupt the miR-125b and block its activity.
Candidate substances of this type may conveniently be preliminarily screened by in
vitro binding assays as, for example, described below and then tested, for example

in a whole cell assay as described below. Examples of candidate substances include
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inhibiting or reducing the level of a mcro RNA- 125b in a cell the

nodul at or/ i nhi bitor may conprise a m croRNA- 125b anti sense

ol i gonuclwotntel07387t er nati vel y, the inhibitor may conprips@/S&2moop@®NA- 125b
nor phol i no such as the norpholino of SEQID. NO: 2, or the norpholino of
SEQID. NO: 3, or the norpholino of SEQID. NO: 4, or the norpholino of
SEQID. NO: 5, or one or nore norpholino sel ected fromSEQ ID. NO.: 2; SEQ
ID. NO.: 3; SEQID. NO: 4 and SEQ ID. NO.: [ 00044] . AIternatlver,

i nst ead ahtijents BN ng dotigestansled olﬁteléelmgcRUARPwH€1¥251§u¢1haSan%%1 PR he

dul at bst h h 1.
Thi s may AR O peatATeg P abra fikAhfn & %5%&1@%%%3?;”53. Cabl &

candi dat eN(su@stances i ncl ude a vector expre55| ng m R-125b. Preferably the
vector may incorporate a mcro RNA- 125b having a m croRNA response el enent

(MRE) ing b@{;ﬂuzrg SEQsh B tMNG: whichhan bld digotly ®tmiRay2ibanpy ilseinkibit the ORNA- 125b
dupl ex nol ecu [ 00045 Sui .t abl ¢ candi date supst.anc al s cl ude
ant i body lﬁ‘febeﬁ@t@lc(q SNANZMD IR 2 GeBn bR SR beAftich HFfe l{e?ﬁe??‘ar&ﬁf: B%di es,

single chalf. o é &eQScnﬁéH ﬁ%vlf qn%@ﬁﬂc@l@f"fﬁ'&%ﬁﬂg oI nad warth A | bodi es)

whi ch are speci % . Furthernore, conbinatorial |ibraries,
pepti de & Mtlyd@mﬁn%bomCMGﬂnmd nej o/ respense tolemaent QYRGS Ric] eot i des,

and nat ur |brar| r ti regul ators of
n R-125b ﬁ&/ﬁ# Eﬁl}uﬁ Ay RS ﬁunaﬁﬁéo Cabﬁ?f@%&?@%%gﬁcﬁ%ff gy%géeld in an
initial t ches tion, and

t he subsﬁ%‘@gg %8’?&“% %ngstﬁmyééh%r%%cﬁ g@g‘ ?319 gr%dgg%rﬁ Igst%?c t est ed

i ndi vi dUélhthtngaBﬂl galeing Ulist aeeeds ofhi ¢ mish oML LIRED t ;n in eall vthcro screens
such as those descri bed bel ow can thenRg@vé? F “ﬁf dsystems
such as rRQAWAtOTARNIBEPY &ay, CQMPISE Nt FHERRAEY @bﬁﬁ?\sﬁens%ﬂ P e exposed

to the i Q&l&&ﬁétﬁélw{hem&&&tm@%n{pﬁ% @Quér@RN@‘-imtmo@nomﬁl duclapofae 0si s.
Nucl ei ¢ acid constructs and vectors [00046] Poll\éaucl eotl des oLethe

i nvent i ormerpholive ¢fEBRPEY.aNEd 3.rargthe morpholmo of S
morpholino of SEQ ID. NO.: 4, or the morpholino of SEQ ID. NO.: 5, or one or

more morpholino selected from SEQ ID. NO.: 2; SEQ ID. NO.: 3; SEQ ID. NO.: 4
and SEQ ID. NO.: 5.

[00044]. Alternatively, instead of inhibiting the level of a micro RNA-125b in
a cell the modulator substance may enhance the level of a micro RNA-125b in a
cell. This may be by exogenous expression of the miR-125b, for example suitable
candidate substances include a vector expressing miR-125b. Preferably the vector
may incorporate a micro RNA-125b having a microRNA response element (MRE)
including SEQ ID NO. 1 The the agonist may comprise a microRNA-125b duplex

molecule.

[00045]. Suitable candidate substances also include antibody products (for
example, monoclonal and polyclonal antibodies, single chain antibodies, chimeric
antibodies and CDR-grafted antibodies) which are specific for miR-125b.
Furthermore, combinatorialA libraries, peptide and peptide mimetics, defined
chemical entities, oligonucleotides, and natural product libraries may be screened

for activity as regulators of miR-125b levels in a cell. The candidate substances
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reconbi nant replicable vector for introduction into a prokaryotic or
eucaryotic host. Such vectors may typically conprise a replication system
recogni zewokzg1orteesdnost , i ncl udi ng the intended pol ynucl ecisdeoforoaguoent
encodi ng the desired pol ypeptide, and will preferably al so include
transcription and translational initiation regulatory sequences operably

| inked to the pol ypeptide encodi ng segnent. Expression vectors may include,
for exanple, an origin of replication or autononously replicating sequence
(ARS) ananayxpy essl mnac dmtiplofcreraginebridiss of, rosrsrwle Iérﬁuéﬁ%ﬁ% &FT and
necessary pr.ocessi inf.ormati it > [ - bincdicng sites, RNA
splice si){?agé?n’p%’ﬁy@gesﬁg?% Clrg%r? fgll[f Sésb,a?c F: %ﬁ‘}s@% gl?“i %hﬁ%?t%&grgrmg dgl?%fra’ sequences,
and RNA séseddi ihilzidaglls e Quadides .subdtdncbevhich show qurieiteiimg: vapadteenof

regul ating dimerization such as EKBP may, he incl ud inaplasmdto
facilitatseh %%Q’Pﬁezéﬁﬁcﬂb?gegﬂ?gt%ﬁfﬁ?nnb? F%tearlgs‘gt%% Cgl? SYAPAm T h*or FK506 or
any ot her, 1 (URASIRY &S Bl Lebidfitd FeddieHmdbal Whath! WwilgWe agosides idzers of FKBP
and nTOR. Such vectors may be prepared by means of standard reconbi nant

t echni queshibiédrior kgamist apdhtested fereffects opoaypopMsisappr opri at e promoter and

ot her necessary vector sequences will be selected so as to be functional in
t he host Numlpib amid/cansirbatsiand vedetors appropri ate, those natural |y associ ated

wi th m RNA-125b. Exanpl es of workabl e conbinations of cell |ines and

expr essi vect or I i hedak N SaRi0 tyal; ya usef ul
vectors idr?oeO 4§ﬁomsfi,oz}d}%ﬁfeé8§§‘{s gﬁdth%ray be o ?gia}ﬁe%eafnrl?rrﬁ%g%g% _{}/ﬁd%rs as

St r at age resonievnEreglicabit Bicodrdbsintrithotiey int@p praatyotiawd cetanmtis hogr onpt er s

such as t trp, lac and phage pronoter t RNA p . e 2ql.ycol ytic
enzyne prsg‘ai‘)tv 8"3 S e’y g’gﬂ?&ﬁ C&leg ok &t ?/18%5[%03 W%@{nsl.[&@%‘f%&so@@gshtg Ltior onot er s

i ncl ude pRdMGRSE thel 8GOS pbighudietidt haghennaicoding 3hpHedpt ayiypesidet e ki nase or
ot her glycolytic enzynes _sucH as enol ase or@g%&/_ceral dehyde- -ﬁhosphate
dehydr og@ra el Pesferphiyalsoaplye frpnseriptinn g grrl TEPUGR 58 ATEY | i zat i on,

and ot her, B ML B5ISpSHUilt BkdoidcQkeMe®. HRpMEAGT veR¥ps essi on are
further 52%116}(8&%9&%@'19& 4 §peIEM K g%?%A. App?opri a‘tfe .non-native

cribed in"H tzeman et al., EP 73,
manmal | amayr owider Brngxghpld, fa QéEn ©f derRlifrtign HF PUEPOBIOBHY FERIERENS [ om SV40 or

promot er Ssec(lju%ﬁicev ?&'Ré)r 28 %1%&%n’%n&9ﬁ¥eqh%§,”& BrothétdS an enhancer and
necessary processing information sites, such as ribosome-binding sites, RNA splice
sites, polyadenylation sites, transcriptional terminator sequences, and RNA
stabilizing sequences. Further fusion proteins capable of regulating dimerization
such as FKBP may be included in a plésmid to facilitate localized dimerization in
the presence of rapamycin or FK506 or any other immunosuppressive drugs that
naturally act as dimerizers of FKBP and mTOR. Such vectors may be prepared by

means of standard recombinant techniques well known in the art.

[00047]. An appropriate promoter and other necessary vector sequences will be
selected so as to be functional in the host, and may include, when appropriate, those
naturally associated with miRNA-125b. Examples of workable combinations of cell
lines and expression vectors are described in Sambrook et al., 1989. Many useful
vectors are known in the art and may be obtained from such vendors as Stratagene,
New England Biolabs, Promega Biotech, and others. Promoters such as the trp, lac

and phage promoters, tRNA promoters and glycolytic enzyme promoters may be

17



nouse tunour virus, avian sarcoma viruses, adenovirus I, bovine papillom
virus or polyonma hi addition, the construct nay be joined to an anplifiable
gene (e.gwp 2DHARy3930 that nultiple copies of the gene negTise2omwer1oFor
appropri ate enhancer and ot her expression control sequences. [00048]. Wile
such expression vectors may replicate autononously, they nmay also replicate
by being inserted into the genone of the host cell, by nethods well known
in the art. [00049]. Expression and cloning vectors will likely contain a
sel ect ablwgedri kmkarybtic thoets. | Wsefidyyeesirirainntess gehwle arewdien gegzonsrier ei n

necessary for survival .or growh of a host. cell transf | t he

vect or . Tﬂgﬂéﬁggﬁﬁ%eggpoPﬁ?@yaﬁagq%ﬁ§%f)énﬁ?oﬂfﬁﬂg$>§n y %8?%% ost cells
that exprgghsd Re dinsfildehydd Y phehats edcboliioptngenasymies aspompit efons t hat a)
confer resistance to antibiotics or other toxic substances

anpi ci | | imalioseeny eplactosrerilizeties g, othsrt, Vepprcab PO SiiebE Bpni

def i ci encjes, Qb «CxpFdBBhYa grﬂlltt%c?a(}es&iﬂeﬂ'iﬁnﬁﬁzﬁﬂén gval | bl dsam conpl ex
nmedia, e.q., the gene encoélng al ani ne racenmase for Baci | [i. The choice
of the praogeoprsd ect-ablie mamoslianidrometersemichsringlide s earbeprd latpd
appropriate markers r different hosts are oI rt. [00050].
The vect GFePRY kﬁ?rﬂisfﬁ/gmt%éxﬂlﬁgﬁebsl %enggcli %81%0 uﬁﬁ% M%@%ng%@gyﬁ%hscri bed in
vitro, andodsBeumesulitusNgvifd sdrediNAvirues, edegsdruk NI, bovine phpidlbme efitus by

wel | - known net hods, e.qg., by injection, or the vectqr an be introduced

di rect |y Qe oHEs {0 ediftes, By AREHEESREPT IR e %%E?Eh vary
dependi ngyQRRY HembyRBIDIe ?ﬁ)héslgf @l’iel 98 tnayl BEChbEY. T9r SppRedra0PabatidedN;

transfection enploying cal Cium chloride, rubidiunchloride, calcium
phosphat eynd PEkEextEsssioasonipel sequsagessubst ances; mi croproj ectil e bonbar dnent ;
| i pofection; infection (where the vector is an infectious agent, such as a
r et r ovi r d00QShone) Whilngudt ¢xeression Neers MpyaeplirateoaitRnomenslys theh@ayi cr oRNA
pol ynucl eot i d it o, t-he.h b i t,
i ncl udi nga?sol rr?e%cralteah E%mE %Sggtg%grg%lrﬂlwb e&%oﬁﬁp%ﬁtﬁp@’ﬁ félfet g&%\é@lﬁ o herein as
"transf orymetvinamthe afihe cells into which have been introduced nucleic acids
descri bed above are neant to al so .
[00049]. Expression and cloning vectors will likely contain a selectable

marker, further it may contain a gene encoding a protein necessary for survival or
growth of a host cell transformed with the vector. The presence of this gene ensures
growth of only those host cells that éxpress the inserts. Typical selection genes
encode proteins that a) confer resistance to antibiotics or other toxic substances, e.g.
ampicillin, neomycin, methotréxate, etc.; b) complement auxotrophic deficiencies,
or ¢) supply critical nutrients not available from complex media, e.g., the gene
encoding D-alanine racemase for Bacilli. The choice of the proper selectable
marker will depend on the host cell, and appropriate markers for different hosts are

well known in the art.

[00050]. The vectors containing the nucleic acids of interest can be transcribed
in vitro, and the resulting microRNA introduced into the host cell by well-known
methods, e.g., by injection, or the vectors can be introduced directly into host cells
by methods well known in the art, which vary depending on the type of cellular

host, including electroporation; transfection employing calcium chloride, rubidium
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i nclude the progeny of such cells. [00051]. Thus the present invention
provi des host cells transforned or transfected with a nucleic acid nol ecul e
of the i nwernioonz3sPref erred host cells include bacteriapcysegoi0/oneonal i an
cells, plant cells, insect cells, and human cells in tissue culture.
Illustratively, such host cells are selected fromthe group consisting of

E. coli, Pseudononas, Bacillus, Streptonyces, yeast, CHO R . 1, BBW L-M
COos 1. Cos 7, Bsd, BSC40, BMIl O human HEK-293T cells, human neurobl ast oma
SH SY5Y GRlotigs, dafpam phbsphtitep DHARdexaang bnotiar ki@Aces nhisyoprapssis Swi ss- 3T3
cells, human I ung f.ibroplast cells and Sf9 cells 00052 L e quantities
of the mbélﬁlbﬁﬂﬂe%tf hP‘I’féCt‘;S’Pe%’é‘?FPOP AYReSE ﬁ’ﬁﬁ’ SRRy S13E %ﬁeétb%‘?@ﬁ‘lw a‘%(%r egS| ng the

m cr oRNA; Loah ugh6in6); 3mdsmer n@oli. ONBhd hitfoleétidnNol @&t afiGoRNAOt her
expressi on vehicles 1 n conpatible pr okara/otl C or eucaryotj.c host cells. The

nost  conmpolyhyclentidds plttcoﬂ@rfgﬂ@t ¢adl byoaasmethed &npwn i thsrardpahding Sl col i |
alt hough ag%ghosF rok é/ oG wﬁltuth qe&ﬁe@?oc%éreﬁi%s SDlskdrh3uQL Age¢deyonas may

al so be hu's e present Invention al so provides nethods
for prepaitb ﬁ@uc&ﬂhmedfeeﬁlﬂﬁfodﬁaﬁbnmmamﬂs Kgscribed alpaet are mﬁgnfamc&lﬂ?q as
descri bed above under glt: ons that provide for expression of the

i cr o RNAIClusls el%fﬁ%‘mé’t?% &ring the expressed microRNA- 125b. This

procedure can al so_be acconpanied by the s f t ographi ng the
mi cr oRNALOUOSEL usiThys %9 BRS¢ pirye 3n§r%c£?\§\nﬁ‘?sg ?qlﬂ% QF]?S OIB 18) puri fying
the mcr %%&&ﬁbmﬁya f1Q81eRXA5P o1 éduld 5etueomvemidﬂod9rafmmh¢sn ctlre art .

Met hod for treatinfi a patient with cancer[00054 ghe ba |s of the

above, mchpieé)getnnaﬂymséﬁnmmab@mﬂlo arg ceHlsy HiSert cglls, fpd SPatient with
cancer, uﬁ&)rgprIL&S 1{,419 Sﬁ‘kﬁm&&fcﬁgﬁ%% %Eﬂe@%ohhﬁleﬂ%bdpscdﬂsﬁsmy and around

a cancer WI or 0 escri bed ove. Desirably, the
i nhi bi t ofiF cphioRiaddnbmisa BubiduspBeptanets ecaityEHERNhL., BiWobd4] . An

al ternatiyg for el LASAT e588ho, BAEPLd, ORubSP 4ER-IdAT! NGNS fundln the

neuroblastoma SH-SY5Y cells, p53-null human lung carcinoma H1299 cells, mouse

Swiss-3T3 cells, human lung fibroblast cells and S9 cells.

[00052]. Large quantities of the microRNA of the present invention may be
prepared by expressing the microRNA-125b nucleic acids or portions thereof in
vectors or other expression vehicles in compatible prokaryotic or eucaryotic host
cells. The most commonly used prokaryotic hosts are strains of Escherichia coli,

although other prokaryotes, such as Bacillus subtilis or Pseudomonas may also be

used.

[00053]. Thus, the present invention also provides methods for preparing an
microRNA-125b comprising: (a) culturing a cell as described above under
conditions that provide for expression of the microRNA-125b; and (b) recovering
the expressed microRNA-125b. This procedure can also be accompanied by the
steps of: (c) chromatographing the microRNA-125b using any suitable means
known in the art; and (d) purifying the microRNA-125b by for example filtration

methods known in the art.

Method for treating a patient with cancer
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peptide in the manufacture of a nedicanment for treating a patient with
cancer preferably a nedicanent used in treatnent to i nduce endogenous p53
expr essi onolyio/rhidbi ting the I evel of m R 125b in cell sparsezono@naoar ound a
cancer. [00056]. "Treatnent” and "treat" and synonyns thereof refer to both
t herapeutic treatnent and prophylactic or preventative neasures, wherein
the object is to prevent or slow down (lessen) a cancer condition. Those in
need of such treatnent include those already diagnosed with cancer.

[ 00057] . [AS0M3ed hei eherbasis Of the mhpey theqabdeyt infdngion puoyidespumrtitoddbr a conpound

wi |l be an anmount of active m R-125b inhibjtor that is capabl f

prevent i fFawRe atPafiend Wity caRfeh g™ Otnlpgée§etlrli‘f3 r‘?&)" %?ggﬂté(étplggfglﬁac:%p?on, in
parti cul afiiNGheasdund 4 Behcey ifgs et FUR-Y24b edldescibedcabeer patients.
Dosages and adm nistration of an antagonist of the invention in a

phar mac e Rdstally.cheipbibiter isprovidedoa adberanauiinetedsiye smev ¥t ordi nary skill in
the art of clinical pharmacol ogy or pharnmacokinetics. An effective anount
of the mlBOOSS5h i ndw biteroativedome of st prpseat invettiopaatifiessn the wia 9f Bepend, for
exanpl e, upon the ther [ bj [ , u «agi R_hsdefation, and
t he condipteﬁt&)%e o) ehlél%rlr‘gfgrr%#e. fA%c%?g(glédr%ﬁ% ,fmiI tgge\lmt{rﬂgl ZIIE’é}ﬁ%\necessa}ry for the

t her api stpréferabiytemedibanctho asden aratnmndiofipdideendegeneusqf53adpioséist but i on as

required to obtain the.optinpl.therapeutic effect. A typical daily dosage

m ght ¥ aﬁ@@blﬁﬁngﬂ?egﬁ‘(fgf’ﬁfgiﬂgﬁk’&Cteﬁsﬂ'gtg%“oanﬁﬁﬁ’ PRESE the mammal ''s body

wei ght or _nore per day, preferabply abouyt 1 nu/kg/dayto | Onrg/kg/ day.

Conposi t ilBHY0bf  t héh'?ar’ﬁ?@ﬁ{i G‘H{ ?W@S}apgnﬁﬂ’ﬂ}%l%r eﬁ%gd{?geé(?&gc%g{rl ding to the

i nventi oRpGaRkuRE tastHeR @U%@;qlgwﬁc P BrekERatERAbas@Es, GAReEn thaoljde for m of

phar maceuti cal conpositions.[00059]. Thus, the present i nvcefgtl on al so

rel ates tio teonpesi o1 Ay dovel Gepsen) prranerc@ndingal Teespastel disednpri sing a

t her apeuty, %&II%?}(~n%{ufdg%Ok??r%gyu%gngged%im%&tor of m R-125b. As used herein
o inni bi e’ ther

a comnpoun or "wi _ rapeutically effective if it is able to
af f ect CanGET 9! OWg D, Gl NG | b Bl Brrehiy amdlh@ 3t bofglo¥nd @ conpound
agoni st etherapeumalalye ective if it Is able to

will be an amount of active miR-125b inhibitor that is capable of preventing or at

least slowing down (lessening) a cancer condition, in particular increasing the
average 5 year survival rate of cancer patients. Dosages and administration of an
antagonist of the invention in a pharmaceutical composition may be determined by
one of ordinary skill in the art of clinical pharmacology or pharmacokinetics. An
effective amount of the miR-125b inhibitor to be employed therapeutically will
depend, for example, upon the therapeutic objectives, the route of administration,
and the condition of the mammal. Accordingly, it will be necessary for the therapist
to titer the dosage and modify the route of administration as required to obtain the
optimal therapeutic effect. A typical daily dosage might range from about 10 ng/kg
to up to 100 mg/kg of the mammal's body weight or more per day, preferably about
1 pg/kg/day to 10 mg/kg/day.

Compositions of the Invention

[00058]. modulators produced according to the invention can be administered

for the treatment of cancer in the form of pharmaceutical compositions.
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affect cell differentiation or devel opnent either in vitro or in vivo.

[ 00060]. Pharmaceutical forns of the invention suitable for injectable use
i ncl ude swerpnicgoaigaeous sol uti ons (where water sol ubl e) pomr/sdzep@paioons and
sterile powders for the extenporaneous preparation of sterile injectable
solutions and or one or nore carrier. Alternatively, injectable solutions
may be delivered encapsulated in |iposones to assist their transport across
cell nmenbrane. Alternatively or in additi-on such preparati ons nmay contain
consti t ugnoasonf seThas ﬂwnpdesamg mﬁontaﬁaqctelnt@stm eonfipnsitions dndudifEnspor t

across the cellular nenbra n i ons of
manuf act JP8AY utécla[) F%Bosétﬂ'ﬂ?s rﬁ?&pnﬁlélgpar géeé?l’\?%P a@&aﬁr%%g{w 1%0&19[ 6k &
cont am nqﬁédﬁggtg{es)tfr dERi1g8b.actAprised RareihoQr gaimpsuiil 3m1ﬁ1151tc&s willobe exarrpl e,

bacteria and fun 00061] .. The carrier can b a sol vent or dispersion
nedi um cdh‘tféweﬁilﬁ 1§>’@ff F’tl‘éfxléﬁﬁ dle {paatiset C@P?Fa%’l%‘i‘”t %%PWIV“E‘T g Enpl e,

gl ycerol, ' &byl yedreecaly ook is as1d 6 he |ike),
sui tabl e AlPer ure ghlégﬁ,d gér?gls{t/gggtbggﬁgja%l ¥ y‘?’ ecproper lﬁ‘l uidity can be

mai nt ai nexﬂfectfqeﬂ de‘ffampiaepn by devhlopursst mmelamd@‘m Plhlgvs‘@ch as, for exanple,
| ecithin, by the maintenance of the required particle size in the case of
di spersi qoomq:l by Plvemuseticfl formd af tthntisvenkorseittilndot frdecigle ane of

m croorganis in the co iti of the nt| C by addi ng
ant i bact é?‘fhé‘iqm étﬁ’alleoarqua‘?‘r?%ﬁﬁ]@ﬁff ?‘é{geéﬁt%ate‘ u%\{ej C?%&S%oan%a 8 ne{&ﬂe

chl or obutRR@kss PR eOExteBfIricoud picfaratibih I@'Ersmﬁw mﬁadtblefmldtlokle and @rmany cases,
it wll be preferable to |nclude |soton|% gef for (r)q:%kj ugars or
sodi um cHINgr PEemOFs; cﬂ%ed*&’ﬂi‘?é‘t" P o establen SOUHPRL tBBY L% HFISEPYi ons can be
br ought Qébtsu]]labédt e HRRoh8s (B 1&RIPaRIH ARSHR! 28980t &lldehayirag. absor pti on,
for exanple,” alum num'nonostearate and gel atin.[00062 Sterile injectable

sol ut i onsAleaﬂeatp'pb/peJr ad additiom eenbpprepatptienst way a?@tl‘ia"i’ec‘ﬁé{%ﬁ“ieﬂféso fi ¢ ?fr he required
amount in.l heog\r/l ppro(r)fp - RhGes ) f’é@{f art%f\‘tltaﬂ dj%gtvﬁlfi@% s i ¢ nﬁar% brah@gk edi ent s

enuner at ed” a as requrred ere sterilization.
Gener al | )musdll&petalsleanﬁlelalﬂe: pmreimmmdoﬂ)manmﬁacmpoam istogagehandy avisolls sterili zed

acti ve | ngrediant_i 0. & SLSTLL S SENELR MEbE N SRBbAI M Sulios]

for example, bacteria and fungi.

[00061]. The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol and liquid
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of a coating such as, for
example, lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Preventing the action of microorganisms in
the compositions of the invention is achieved by adding antibacterial and/or
antifingal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thimerosal and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars or sodium chloride. Prolonged absorption of the
injectable compositions can be brought about by the use in the compositions of

agents delaying absorption, for example, aluminum monostearate and gelatin.
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requi red other ingredients fromthose enunerated above. In the case of
sterile powders for the preparation of sterile injectable solutions, the

pr ef er r edwoabvoi@390f preparati on are vacuum dryi ng and fPcesseswrogomng, to
yield a powder of the active ingredient plus any additional desired
ingredient frompreviously sterile-filtered solution thereof. [00063]. Wen
the active ingredients, in particular small bionol ecul es contenpl ated
within the scope of the invention, are suitably protected they may be

oral |y adff062it er eSkerifeainjeeteblopdobitions ate puspirad by dedrpeatindhevictiie an edi bl e

carrier, or_.it . be encl osed.in hard or | sule, or it

may be cdltf tiegégg}/q Wﬂ%lr%;%]?%'flgl,n t@? %P lfrglrjrré%}e %@L%Iﬁﬁﬂﬁp%p’%%@f t'glg r g%?l y wWith the

food of tihgegiest . efter@bdlabbier apestuired,adstiovedt bat filtaed tsheiliagtiinve conpound

may be incorporated wth excipi gﬁ)s .and used in the form.of, i ngesti bl e

tabl ets, Guetdy, disperaioss afer FEpE _Xélﬁ?ﬁﬁ’%gt}ngeﬂ'iex‘fapg‘f? SteeliedsioBNe, syr ups,

waf ers, qggre&i@& ihﬂ(okaeiterﬁg‘%ghiagm oIS RO add @BSUrabh BREuSEM He cont ai n at
o

| east 1% wei g active conmpound. The percentage of the cgonpositions
and pr eparatifednatheraingresiiento fromethobe evemeratedagheveralp Bsncashidtstile be bet ween
about 5 to abo 0% of the wei ght. i Ht-afgs @t i ve

pepti de ipﬁ’wglﬁli’?#of ﬁ‘&rPé{BJeaﬁaE”i‘%é’?ﬁ?g{l}s‘%‘%ﬁaﬁcﬁﬁﬁé’%‘?’ iﬂg%%elﬁg}gs lq}ii:eh tFQ']_at a suitable
dosage wigrtpabioabiraivaasim Bryefgerdeficczedpasg,ttb gned arpawdepaf 8t astise accor di ng

to the present invention are prepared sa that a daosage unit.form contains
bet ween aBFGECR. BlUsFOyAfldsEnY gy f‘i’%?@‘gﬁlgn%@ﬁ?n%r.ewf%%ﬁ§%fﬁe'q%ge§nabI ets,
troches, Ridibgins@psul es and the |ike may al so contain binding agents, such
as, for exanple, gum acacia, corn starch or gelatin. They may al so contain

an exci pighie3]SuUChyasy fRr exaMRhRedidhtsalic| pHmiqainas phall ebioklokyulemy al so
contain a disintegrating agent such as, for exanple, co:{ﬂ starch, potato
starch, alogtemptates withinrible senpe of ke, VRPN saitabdy BRoReRdriieY 1ABPP cant such
as, for e%ﬁ?&&hﬁ%&?eeds, F&r%gﬁgl@,r@ﬁﬁ an HAEVIITBY: Rl HAUAAL BarBeS WERT €Ni Ng
agent such-& Sucrose, 'l actose or sacchari n. They may al so contain a
f I avour i ngasalgeatclesad in had of suft ehelingslatin epperonitmay bé Forgpresied e gr een, or
cherry f Ita Vlgtlél,r Iopgf may be incorporated directly with the food of the diet. For oral

therapeutic administration, the active compound may be incorporated with

excipients and used in the form of ingestible tablets, buccal tablets, troches,

capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and

preparatioﬁs should contain at least 1% by weight of active compound. The

percentage of the compositions and preparations may, of course, be varied and may-

conveniently be between about 5 to about 80% of the weight of the unit. The

amount of active peptide in such therapeutically useful compositions in such that a

suitable dosage will be obtained. Preferred compositions or preparaﬁons according

to the present invention are prepared so that a dosage unit form contains between

about 0.1 pg and 20 g of active compound.

[00064]. The tablets, troches, pills, capsules and the like may also contain
binding agents, such as, for example, gum, acacia, corn starch or gelatin. They may
also contain an excipient, such as, for example, dicalcium phosphate. They may also
contain a disintegrating agent such as, for example, corn starch, potato starch,

alginic acid and the like. They may also contain a lubricant such as, for example,
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[ 00065]. When the dosage unit formis a capsule, it may contain, in
addition to materials of the above type, a liquid carrier. [00066]. Various
ot her matwoi2alosion®y be present as coatings or to ot herwpse/Seadiofogoivhe
physical formof the dosage unit. For instance, tablets, pills, or capsules
may be coated with shellac, sugar or both. A syrup or elixir may contain
the active conpound, sucrose as a sweetening agent, nethyl and

propyl paraben as preservatives, a dye and flavouring such as, for exanple,
cherry omagtange stchateo Tthey Ghayc also sentaiany swatteninglagerdetich i Picegser i ng any
dosage upit form shaul.d be pharmaceutigal | y. pure and subst qally

non- t oxi €°1RC PHECHRBENt &Y %?e‘i:f’,rl?aﬁ}a 8‘69%“@&?61{%%&?& ?’\%g)@%ﬁ r%%ound(s) may
be i ncorp%;p@itnggt, b wittslspdenesi-chergas®duphgpar at i ons and formul ati ons.

[ 00067] . Pharnmaceutically acceptable carriers and/or diluents nmay al so

i ncl ude pnyeANd alneiahy 8Bdage uflk SRENS b QApdiRitana;catdiNgs additidd fact eri al s
and/or antifungals, isotonic and absorption delaying agents and the |ike.
The use wktesialsiof thedbaveaiyde.adisvidcar @i phar maceuti cal active substances is
well known in the art. Except insofar as any conventional nedia or agent is
i nconpat [9066]wi t h Viahieus othiew enatanighsetipye e pressit ashenelipgs pintor PSS apeut i ¢
conpositio i,S _gont | at ed. . tive LAagredi ents can
al so be P}?§§¥ B’grpg’gélaael{]gé% Of ﬂqee %Og%glglll tt ;F((%:ig BE%{%;@E%E%Pgﬁt %rocggé@%ppl enent ary
active i agyedicestd wathahalivci aaac er balyeh sgrup we klizis nwyeentabethapytivegent s | i ke,
for exanple; cisplati n,E&{)I ati num or carbopl 3 iln ig conbi' gl%ienon vai th one or
more of EREPRIPAhi HEOSHaP id aVECIREc 8BS %e I CBY 0 58S BEPYYARSF el Bi ne,

t opot ecapyes@batives, O3 R A fldvehi@sd aRh ek, NS exdniflé, ihk8Y 1 bLange flavodrt i ni b,
Bosutinib, Cediranib, Dasatinib, Erlaotinib, Gefitini E I rrﬁti(gi b, Lapatinib,
Last aur t OAi dourski 128y i WAtsTiaks @pesk &hiPESPaEDS; 30V nAesasy idefUm 5ROWLt88 ani b or any
ot her suj . | N Lk bl : t BSbsntd BEMGVEA BRNzynes, for
exanpl e WEO%&%@%F%&S@%&%@?@ iIl(gl_lpilrgl}n,C '%IOR%?L%R%& or asyl.i Exi sulind or
ot her apegiidsi, sihadantivagcanpopmdés) misc rbs- RNApokeied jinfot pestairedaislspicosi s or

ot her chenot her ap ents. such as those comonly known to a person skilled
in the aP]EePa%l?rgr%g?(g%“?%mm P

[00067]. Pharmaceutically acceptable carriers and/or diluents may also include
any and all solvents, dispersion media, coatings, antibacterials and/or antifungals,
isotonic and absorption delaying agents and the like. The use of such media and
agents for pharmaceutical active substances is well known in the art. Except insofar
as any conventional media or agent is incompatible with the active ingredient, use

thereof in the therapeutic compositions is contemplated.

[00068]. Supplementary active ingredients can also be incofporated into the
compoéitions. Preferably those supplementary active ingredients are anticancer
agents such as chemotherapy agents like, for example; cisplatin, platinum or
carboplatin in combination with one or more of gemcitabine, paclitaxel, docetaxel,
etoposide, vinorelbine, topotecan, or irinotecan; tyrosine kinase inhibitors (e.g.,
Axitinib, Bosutinib, Cediranib, Dasatinib, Erlotinib, Gefitinib, Imatinib, Lapatinib,
Lastaurtinib, Nilotinib, semaxanib, sunitinib, vandetanib, vatalanib or any other
suitable tyrosine kinase inhibitor); apoptosis inducing enzymes, for example TNF

polypeptides, TRAIL (TRAIL R1, TRAIL R2) or FasL, Exisulind or other apoptosis
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they may be anticancer treatnents such as radiotherapy, chest radiotherapy,
surgi cal resection, the chenotherapy agents nenti oned above or any

conbi nat iwo 20fo/wohw3ge. [00069]. It is especially advant agewvss20w/o0baonul at e
parenteral conpositions in dosage unit formfor ease of adm nistration and
uniformty of dosage. Dosage unit formas used herein refers to physically
discrete units suited as unitary dosages for the mammal i an subjects to be
treated, each unit containing a predeterm ned quantity of active nateri al
cal cul at eildtadng reotuss; nherodNAr gt tilitatap epoptosisf pieother rehamedieiaayi on wi t h

the required pharmaceutical carrier. The do unit for . e invention
are di ct atEH l§§}°aha?‘?otﬁﬂ§ercé)8?3i“§}ﬁ¥i AhY N PR %%%hlgl%uén irjlrct[ut‘aA VI% %];lg%:lyeri stics of
the acti vigeyRhe b ahticanctr b@nRatstsheihandiotirrappathicktiaadibfhecipyf ordiealachi eved,
and (b) the limtations inherent in,thg art of conpoundi nq%é@th an active
mat eri al feeActiomdhe shemotherapy dgends mentiene Adgvedr ARy SURPIEIR g a di seased
condition in which bodily health is inpaired as herein disclosed in detail.
[00070] . [PAGOYIr i ncltpmpspaeinily advantpeeensdn ot RSHISEHS GOBPSEYVRNi ent and

of f ect | Ve AR MliShbA b0l Bt BAGEaHSn MHPHIRSmI L dBsald! DARIE unit

phar maceu y accep e carrier In dosage unit form A unit dosage form
can, for fexanphesd looeih adfarstth @hpsicailyi disketa onitsmited ap vuitaty idasagabidit s rangi ng

fromO0.5 t o about 2000 . ressed..in proporti -1 he i,ve conmpound
i s gener a‘g?? ’éﬂtsul?J?f’QﬂDor{%}tﬁegge@te ﬁgmfgﬁo tglma Ol re%g%gnﬁr%l/ ot'fy carrier.
In the casmuchic marEMISiadunal ©aRbaics itgdsiipptherpaitar offeatini aseodiatignedi ent s,

t he dosages are determ ned by reference.to the %ésualf%gse a{ld manner of

adni ni st raith Si¢ required @hampageytivgh cagiiant 2e dosgrpant| formps ot g NELHT §8s may be

for use ig ikl N HARAS depdiiBnd HE(4)IBS uiRBe RhardcteRiRO VI tho Bt t he
i nvention ?or the preparation of a nedicanment or a (Phar maceutically

accept abl mateGalpodiths paticwdar therepentie sffatip bsfackisyrde nd fhdhg HuHaiodsi on may
further coppri.se che [ : radi a

medi camsn’flg%)]f(e)l?‘t ]tnhtge ta?tegf%&%? H%ascr(}g%%ﬁ r 8?%??%%%%%@?@%@%@& unction
of m R- 1258isdage ire fjuingt subfpps Shaaivgps Jisdeged noeditionpoptlgsh Hodily health is

impaired as herein disclosed in detail.

[060070]. The principal active ingredient is compounded for convenient and
effective administration in effective amounts with a suitable pharmaceutically
acceptable carrier in dosage unit form. A unit dosage form can, for example, contain
the principal active compound in amounts ranging from 0.5 pg to about 2000 mg.
Expressed in proportions, the active compound is generally present in from about
0.5 pg to about 2000 mg/ml of carrier. In the case of compositions containing
supplementary active ingredients, the dosages are determined by reference to the

usual dose and manner of administration of the said ingredients.

[00071]. The compositions may be for use in treating cancer. Use includes use
of a composition of the invention for the preparation of a medicament or a
pharmaceutically acceptable composition for the treatment of cancer. The
preparation may further comprise a chemotherapeutic agent for the preparation of a

medicament for the treatment of cancer

Preferred embodiments
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[00072]. Qur data establish m R 125b as a bona fide negative regul ator of
p53. W validated this interaction in two vertebrate species, humans and
zebr af i shwooggwsiorng that this interaction i s an essenPralsSGaeanive

regul atory el enent of the p53 pathway. The direct interaction between

m R-125b and p53 nRNA was el uci dated by several |ines of evidence: (1) The
3" UTR of both human and zebrafish nRNAs contain a putative binding site
(the MRE) for mR 125b with significant seed match. (2) m R 125b

Suppr ess eFreliRtion bf MR- ¥250fin segulicing @G aaed p Epdedeadert-apedosii th the 3' UTR of
human/ zebrafi sh p53 nRNA in a MRE dependent manner. (3) m R-125b represses

the ectogoeo EpreS@ﬁM&t@&fsta'Bliﬁl’ﬁmﬂZQDﬂaid§1iibrwﬂddnég4ni&ep@ﬁlmpﬁbt not the
VRE- del et ed 3 cDNA in a.p53-null backgroun H1299, ¢ Qur report is
the firstWe @alildﬁéqétﬂnﬁW@FWHWW%%WW%&R@P&?& %i‘%’sz 100073]. To

exani ne fg H%ﬁ@% thisﬁﬂteﬂf:ﬁcﬂ?@ ah @%}1@41 'nQéhtRM 1@% ele%nﬁﬁ&h@bﬁj for

potenti al Ing sites in MRNA by conput ati gnal . anal ysi s.
Sear ches pbﬂlvﬁﬁar”glmﬁmwn(i@@ws b@tpveam mﬂ&{l@@) anhiep 3rmRiSAswasTArgdted Yoon and De

2006) i Ided élgo%ﬁg evé egg%rdlﬁ} Mgﬂﬁgﬁhum; vidich Bi@gAct ed bi ndi ng

sites (m ese m In the 3 ' UTR of p53
are poor lpneansaimed bifdgysiniitie MIRE) for miRi REMwithisRnifi@bbseed matsst ed bot h

human and _zebrafish p53 edi ctions wer e ss di stant

speci es (B gR-1AYD Sul’H’é’SSﬁvwl‘é"taW‘é‘t)f\f%{?sl erﬁe@%ﬁ?ﬁﬁﬁ%‘fgﬁgl%% ﬁglfjlgd in the 3

UTRs of REBuintn/QLtistsh\p3s LEOUALLS MITE depcddint mbALE:. BYPIRSIZSHE hat mi R-125b is
likely to be an inportant regul ator of p53 Ve val idated the

bi ndi ng opmises the Sefopis expression afhrmsp/ ZakraEFh \ah%“‘f@é@%éﬂ?yﬁ* lb‘gf?ohm ng a

| uci f er age, (ARO; L FELARHE X RAISR BuP fepdfr g1 R 125b by
transfects[ﬁo - %?ﬁ%u&g?s#%ﬁ% g cells g)tsjppr esses by -60% (P <
0. 01) t hehafitst i itlgntid§ a aniRNA thhtaliteady fegnlats pédnst ruct containing the nmM R

125b MREs of human or zebrafish p53 at its 39 end (Fig. IB). Simlarly, the
activity [0607]l uci Teeastncihnpbssitilityadpd Aragulagon hyg meRNAsewg' UTR of hunman or

zebrafis hsegrgl%ed for potential miRNA-binding sites in the p53 mRNA by computational
analysis. Searches by TargetScan (Lewis et al. 2005) and miRBase Target (Yoon
and De 2006) yielded two different lists of miRNAs. Most of the predicted binding
sites (miRNA response elements, MREs) of these miRNAs in the 3° UTR of p53 are
poorly conserved. Only one specific miRNA, miR-125b, targeted both human and
zebrafish p53 when the predictions were compared across distant species (Fig. 1A).
The putative MREs of miR-125b were also found in the 3° UTRs of p53 in other
vertebrates (Fig. 9A). This suggests that miR-125b is likely to be an important
regulator of p53.

[00074]. We validated the binding of miR-125b to the 3° UTR of human and
zebrafish p53 using a luciferase reporter assay (Fig. 1A, B). Ectopic expression of
miR-125b by transfection of miR-125b duplex into HEK-293T cells suppresses by
~60% (P < 0.01) the activity of a Renilla luciferase construct containing the miR-~
125b MREs of human or zebrafish p53 at its 39 end (Fig. 1B). Similarly, the activity
of a luciferase construct containing the entire 3° UTR of human or zebrafish p53

was suppressed ~40%-50% (P < 0.01) by ectopic miR-125b (Fig. 1B). Suppression
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was suppressed ~40% 50% (P < 0.01) by ectopic m R-125b (Fig. IB).

Suppressi onof luciferase activity was abolished when the m R-125b- MRES wer e
del et ed fwormtdi®733 3' UTR  and when a 3-base nmi smat chPOWISGR)10000¥0S
introduced into the seed region (Fig. IB). These data indicate that the
predicted MREs are critical for the direct and specific binding of mR-125b
to the p53 nRNA. [00075]. To confirmthe binding of rniR-125b to human and
zebrafish p53 in vitro, we ectopically expressed the full |ength

hunman/ zebf rtifshsddrdvieMas dbolighed-wirnlthe MR IVSteMREs. wedprdsleted &nm wi t h t he

luci ferase reporter assays, over-expression of m R-125b. in.HI299 cells
si gni fi cHRMSY 3 wﬁ%ggéwﬁ%% ?\%ﬁﬁfrfﬁﬁmé{? r’%‘gﬁtﬂoé]f‘iv%sﬁnwcﬁlﬁ?(gﬁéo I %g‘%r otein
(30% 40%.ecR(rfy. GB). THibe 04 inWh6R thl erclYiRESicioe MR Ekedre bkl fopnhd he 39 UTRs of
p53 MRNAs (Fig. ICGE). [00076]. Moreover, we showed that the negative

regul at | dicasengaBcifi bndng atrBR-125bgn ks 30BRNA |y rel evant to cel |l function
and enbryoni c devel opnent. Ectopic expression of m R-125b is able to

repress PEB7H) ot eiTe qenfos thepinding of mik-12 tatethiypap gk asbeatish@d3f” | ung
fibroblasts and human neur : j £H3€ of m R-125b
al so repl&¥s s eﬁtﬁgﬁ’?&?}??esg%etfﬁéas @%&%Z%M}nﬁﬁsﬁg% i%cr eases the |evel
of p53 phol gilpoReslisapepissi with thehlotiferase reporenassays, sverreapugesiomef zebr af i sh
enbryogenesis. I n_particular,. zebrafish r.yos displa speci fic neural
cel |~ deafHRpHahét ?E@%&?@ﬁswﬁf’ﬁ Hel?gﬁ%%ﬂﬁg%ﬁﬁmﬁﬂéfl‘ig%’#%@%ﬁﬁ% HS 125b may wel |
be a conggkVed pRdtEini¥Rk—4086 Pot 0 DB EBut dbt Whéd the MRESWere deleteyl fioreps t he | evel
of p53 | ow during devel 0ﬁment to support normal tissue growh. [00077]. In

addi t i onthed WERS akps Aséhecl¢iRity and the efficacy of the mi R 125b
dupl ex (125b-DP) and the m R-125b antisense ol igonuc] eoti de_(125b-AS) that
vere usef000A6hur ademyeer, Weshomgd s dheapeptived e PRIPPIPI2 8Y PUR: | uci f er ase

reporter b Dl g%;ht VertFoBE déVelBpAen to provide a
site wit kllgﬁ?itgsﬁhg|1ﬁ%?%81%§{e¥a?%ttt§9%%ruﬁt e érﬁnlrdF?NA.1 | ndeed, pco-t ransfecti on of
t he cel | EcwpiclexpREHieDbl mifpp2Bsis eblethieeptase pfpwtin medésdy byt by ; 95% while no

T o BN T Tl £t Bhis bR SRR Aot T GhyKes (negative
cells. An increase of miR-125b also represses apoptosis, whereas knockdown of
miR-125b increases the level of p53 protein and apoptosis in both in human cells
and during zebrafish embryogenesis. In particular, zebrafish embryos displayed a
specific neural cell death phenotype upon miR-125b knockdewn. Therefore, miR-
125b may well be a conserved survival factor that directly or indirectly keeps the

level of p53 low during development to support normal tissue growth.

[00077]. In addition, we validated the specificity and the efficacy of the miR-
125b duplex (125b-DP) and the miR-125b antisense oligonucleotide (125b-AS) that
were used in our assays. We transfected into HEK-293T cells a luciferase reporter
containing a perfect complementary MRE of miR-125b to provide a site with high
binding affinity for the miRNA. Indeed, co-transfection of the cells with 125b-DP
suppresses the luciferase activity by ;95%, while no suppression was observed with
any of the control miRNA duplexes (negative control duplex, NC-DP1/2/3) (Fig.
9B). The luciferase activity suppression by 125b-DP was abrogated when 125b-AS

was co-transfected; this effect was not observed with the same concentration of a-
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9B), The luciferase activity suppression by 125b-DP was abrogated when
125b- AS was co-transfected; this effect was not observed with the sanme
concent r avpanioafo7®mnegat i ve control m KNA anti sense ol i gecusiGeatodeo( Fi g.
9B). Therefore, 125b-DP and 125b-AS are effective and specific for

nmodul ating the | evel of m R 125b. The transfection efficiency and the
effect of these oligonucleotides on m R-125b |l evels were also verified by
guantitative RT-PCR (qRT-PCR) in each cell type. For exanple, in H1299
cel I's, waepmivedontaltmiRNes i@t ebigémmoleofide Fih-9DP. Thecefers ESbtIHR | evel of

m R-125b b 5fo|d n.co risan_wth 0 b level (Fig.
90). mi Railéﬁﬁ A5 rakgeidetiyp @ﬁ%‘ﬁ%&%? &6@5%?% gﬁé)gmz%gbﬁéﬁl%g in human
neur obl ast ARl dfcibRAABkhe cFRci dTvigst by Iﬁlclebﬁdd’seﬁuﬁlm-lﬁb leflsendogenous
human p53 by m R-125b, we used the neurobl astona 9@;ell Ilne SHSY5Y, which is

known toWBW&%@@W@Q%&W@%@@RW%(@ET“ECRM@ celtf@eeifogenous | evel of

m R-125b f I transfecti on of
m R- 125b é‘ ?feégfn bé %lr?g %%ﬂ%&%q&%b%%ﬁ\l/ée aanElch éﬁf;i%fb oIs)li,j\&n(c %:Q%d t]!’ié(;LA) Ect opi c

expr essi davabbfmIR-lZﬁﬁby r2ufoddoh dohleaﬂlmevltbﬁlepﬁ@)g@n@tsemﬂ 1990 8rebY5Y cel | s
by; 40% ( F 8 01) (Fig. 2A,B). The level of p53 nRNA was al so reduced by
125b-DP t##ng Iacti on al though the fold change was snal I er than that of p53
protein (Fig The expressi 0 21 .and bax, .th mai n targets of
D59 Cal s ck e g e Rt oLy v TR s P TR o 2

[ 00079] . denrbdtisionry &1sp53 often | eads to apoptosis (A nog and Rotter 1997).
However, in neuroblastoma cells, p53 proteinis nmainly localized to the

cytopl as r[bomg t he 1361ﬂﬁz@mg@té&h@&gummwc&hdmb@@mumﬂ3Sbyumum:Jssa
insufficient to nodul ate apq?[)t osis (Ml et al. 1996) Thu? we predicted
t hat ectdﬁ@eém@wb&ﬁtom 1fine $H5 5YﬂWQHhSS(}5“PVY}H°Ie§PW§ ViI&GHBS suppr ess

apopt osi VBI56Gh BdifSreMRASIE to the
drug |- %Slwggg tinol" ?ﬁg su fony%@ogﬂﬁg%do?} I[%lfpateram ne1 (Ie-l-7) Exposure to

H7 | ead ST anelanmipb;sfednd trpofaction B R -l Afoduriex braughs gyR- I3her e p53 becones
active arievell up y By <37.848 [812" Si&A)( 5%0171@ e}%;re% 101 o%‘?r%@— 125b reduced the level

of p53 protein in SH-SY5Y cells by; 40% (P < 0.01) (Fig. 2A,B). The level of p53
mRNA was also reduced by 125b-DP transfection although the fold change was
smailer than that of p53 protein (Fig. 2C). The expression of p21 and bax, the two
main targets of p53, also dropped significantly after 125b-DP transfection (Fig. 2C).

[00079]. Induction of p53 often leads to apoptosis (Almog and Rotter 1997).
However, in neuroblastoma cells, p53 protein is mainly localized to the cytoplasm,
so the endogenous activity of nuclear p53 is usually insufficient to modulate
apoptosis (Moll et al. 1996). Thus, we predicted that ectopic expression of miR-
125b in SH-SY5Y cells will only suppress apoptosis when the p53 pathway is fully
activated by an exposure to the drug 1-(5-isoquinolinyl sulfonyl)-2-methyl
piperazine (H-7). Exposure to H-7 leads to an increased import of p53 into the
nucleus, where p53 becomes active and induces apoptosis (Ronca et al. 1997).
Indeed, ectopic expression of miR-125b significantly suppressed H-7-induced
apoptosis, but did not affect apoptosis in the untreated SH-SYS5Y cells, as quantified
by the staining of active-caspase-3 (Fig. 2D).
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| ndeed, ectopic expression of m R 125b significantly suppressed H 7-induced
apoptosis, but did not affect apoptosis in the untreated SH SY5Y cells, as
quant i f i esolzg10rtee393t ai ni ng of active-caspase-3 (Fig. 2DpCriSR20@Bbowepr esses
endogenousp 53 and apoptosis in primary human |ung fibroblasts [00080]. To
further denonstrate the repression of human p53 by m R-125b in a
physi ol ogi cal context, we exam ned this regulation in primary human | ung
fibroblasts that were cultured fromnornal fetal Iungs to honogeneity. The
| evel of MBJJ%prs esdiigetouisp 5B andapdpisty Hipbinolny bemen lusgr el ati vel y hi gh.
V‘é wer e ng( o0 knock down the endogenous m R-125b by ~24-fold with 125b-AS
over - lﬂiloé &5mi R-125b by ~26-fold with 125b- DP (Fl g 10B). Consistently,

over-expre35| on of m R-125b repres tein I l.e knockdown

of m R 12890&flevat &8 fiyther ﬁ%‘V%q‘%m?tEHeP eé%?ff?ﬁ‘ r@)R'Mgﬁél 18xpr essi on

of p2l ”@i@sm@ogg& i Bkt 088 o iRGRhis i oA biigribiahl@st s was al so

nodul at ed 125b i'n the same fashion as p53 protein (FI% f3C) Her e,
tO

t he effecﬁbnoblasts fhat werstsubinrep Sionpimmal fsizd lungat haspegepeite paigEstOTon” p53
expr essi Oﬁlhﬁ 62%%;(‘( nockdown of, @R ﬁgééb?aﬁ% H%@% h?gtf)! Wé&)el%%ﬁl%lﬂ@ the

i ncrease pression cause Fig. 3C). I'n addition,
125b- DP r ejicRg6@4 thekhdeggpnessiion 25nbya-2ebdd deheAfleAS araneresxpraas t h

si gni ficant_ suppres st centration ase | ow as 10 nM
ot S125b: DPRAPAT b 26 ol ish 1R e 20 B e R REIS TS, ol et .
however, iﬂﬁ@l@%re?fe@@@tpggi Rﬁelhm@veﬁhﬂﬂﬂ@l&ldcﬁddﬂlr?oﬂxﬂﬂllmﬁ&&ld@ﬁ(Fl g. 3C)

Thi s suggests t ha R-125b inhibits the translation aof p53 does not
modul at e keridls gigaibicrith(Fig 39 ArpwxrressioneEr2! mEN4A 2 mpn gt B > m R 125b
knockdown; |\, 1, 9&5&9%@&1 0 HEARSE bl HRPOBL 8 116 sGAL FShiodss quant i f i ed
by acti ver caspase-3 staln over expressi on had the opposed

effect (FpEp plaﬁ)n (Fihé€e Iﬂab,ahwjmgfmét -d26han pal % bevekpesesotdlvn is both
et vi (y SRepea o R beer S B SPEP el PR RO R PO T T R 1260
| evel is akar thepofchih pEDEXﬁr%wnrwmeﬂ by pie3t25b-AS (Fig. 3C). In addition,

125b-DP represses p21 expression in a dose-dependent manner, with significant

suppression. still observable at a concentration as low as 10 nM of 125b-DP (Fig.

11A). The level of p53 mRNA in human lung fibroblasts, however, was not‘ affected

by the changes in miR-125b expression (Fig. 3C). This suggests that miR-125b

inhibits the translation of p53 but does not modulate the stability of p53 mRNA in

these cells. In addition, miR-125b knockdown led to a substantial increase in

apoptotic cells, as quantified by active-caspase-3 staining, while miR-125b over-

expression had the opposed effect (Fig. 3D). These data demonstrate that miR-125b

expression is both necessary and sufficient for maintaining the physiological levels

and the activity of p53 in human lung fibroblasts.

[00081]. A reduction in miR-125b level is also important for the in vivo p53-
dependent stress response. We demonstrated that miR-125b was down-regulated in
zebrafish embryos just 8 h after y-irradiation or camptothecin treatment, while p53
protein level was elevated dramatically. Furthermore, the DNA damage stress-
induced p53 and apoptosis in zebrafish embryos was repressed by miR-125b ectopic

expression. Similarly, we also observed a down-regulation in miR-125b in human
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dependent stress response. W denonstrated that m R- 125b was

down-regul ated in zebrafish enbryos just 8 h after g-irradiation or

canpt ot hewpreotwvwaidmrent, whil e p53 protein | evel was el erarsd2eanevical |y.
Furthernore, the DNA damage stressinduced p53 and apoptosis in zebrafish
enbryos was repressed by m R 125b ectopic expression. Simlarly, we also
observed a down-regulation in mR- 125b i n humanneur obl ast oma SH SY5Y cel |l s
after a 24-h treatnment with etoposide, a topoi sonerase inhibitor known to

i nduce DiNAuQBIBERaSIUSHSY iceld £ftqp a3 4(Rirgptmdrl vB(h é®)posi@ara dat a suggest t hat

the down-regulation of m R 125b in r onse to th tr .of damage is
conser ved RHSWBELITE ?%“bb@ﬂ‘%%““émnﬂ%‘?&ﬁgg dﬁpa%?ﬂdoacﬁgastia R ?% &é%‘tlil wt o f u?t her

char act erdyz@y{ iig, fREHMHab the Qowil Bl ARt STAIR= 1564 Rsp@ite kdnthe e8@oNse to DNA
damage. Sgemfl city versus off-target effects [00082 W denonstrated that

m R- 125b cfONA demageds easervadiubatly sctraliplaad brmags. Byoouldbe I8 d zebr af i sh.
The i nducti.on of, _p5 t I i QShBatin ; ed phenotype
of i R L35 b A iy B o 1 26

nmor phol i ma$Aidamagdr af i sh rai sed concerns of a possible off-target effect.
[00083]. In order to address the specificity of m R 125b norpholinos, we

f ol | owed Spwafi@ppeaas bfsergki ¢ftrs two different sets of norpholinos were used
to knock down m R-125b: the m 25bMO (targets the mature m R-125b) and the
three | pl[gsdshis (twedgeiohhtatddabp mi®glsh aofs ab hdirtdtmegatpregegulaterkiZsh

i sof ._Th f_ 1 25bMD. over | i th the.lpl 25bMs by only 3-4
nucl ot 1 053 1 ey oy TR Gl LS R e SRPORgPARELe

mor phol i Qs Aaminagot heo SR 1 2 kREERwe Ho@elerl fhe Vaiyatlc@ifet2¥6 48 . Second,
and inportantly, we were able to rescue m R-125b nor phant sﬁf;peci fically

with syntmhi&125bmqRplalBis ihgsbeafish saispdesncare aflapostible ofpleRhFtchhenot ype i s
an on target effect of the norpholinos'. 0008@. In the first approach,
our dat a [80Bakd t Hatordende kdibbens tof spasiRcity 123 mehedmsHWD or | pl 25bMOs

o5y Ry MG A B il and ncase
knock down miR-125b: the m125bMO (targets the mature miR-125b) and the three
1p125bMOs (target the loop region of the three pre-mir-125b isoforms). The
sequence of m125bMO overlaps with the Ip125bMOs by only 3—4 nucleotides (at)
(Fig. 5A). Thus, the probability of all of these morpholinos having the same off-
target effect is very low (2%—4%). Second, and importantly, we were able to rescue
miR-125b morphants specifically with synthetic miR-125b duplex, suggesting that

the morphant phenotype is an on target effect of the morpholinos’.

[00084]. In the first approach, our data showed that knockdown of miR-125b
by either m125bMO or Ip125bMOs resulted in the same phenotype: up-regulation
of p53 protein and increase in neural cell death at 24 hpf (Figs. 5C, 6A-D). In fact,
the severity of the phenotype was dependent on the dose and the efficacy of the
morpholinos. For m125bMO or for the combination of Ip125bMO1/2/3, injection of
0.25 pmol of morpholino had no effect; 0.5 pmol of morpholino induced a mild
neural cell death in ~80% of injected embryos; and 0.75 pmol of morpholino
produced severe neural cell death in ~95% of the embryos. m125bMO reduced the
level of mature miR-125b to almost zero (Fig. 5B), and the apoptotic phenotype was
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the severity of the phenotype was dependent on the dose and the efficacy of
t he norpholinos. For m 25bMO or for the conbination of | pl25bMJ/2/3,

i nj ecti orwof200/@339pnol of norpholino had no effect; 0.5ppmsiG2af/om@ophol i no
induced a mld neural cell death in -80% of injected enbryos; and 0.75 pnol
of norpholino produced severe neural cell death in -95% of the enbryos.

m 25bMO reduced the I evel of mature m R-125b to al nost zero (Fig. 5B), and
t he apoptotic phenotype wasthe nost severe in enbryos injected with this
mor phol i nthe nid3} @etiedn embryak injédwdewith (hibbislince fjédted off all gwepnpar abl e

effect to, that of m 25hMO becau i S ¢oinpecti uld jnhibit the
processi n%’j’l@)?bl\éﬁgﬁ TespiEe F—Cf%@'aﬁgt‘?%’%?%. 3 ﬂ#’é‘gﬁbﬁo CREEEH™ pl 25DMO

i ndi vi duabdidjestntlduedinhibifhe bRIORRL Y all hrPskdowh iRfortisRnjsttibn 6 g. 5B) and
led to a mld neural cell death. In particular, the level of mature m R

125b was pashll@dbMis} mdiyidualy pesplteshin ap dngopipisteropkdayamolgyB-p Ispvos,

pr obabl y I . i £- 1] i renbryos. As a
consequengﬁg?’ Séﬁfégﬁééﬁﬁlﬁﬁggﬁq&ﬁ&f%{@% @%‘%@hﬁ%ﬂuﬁé&ﬁﬁgre cel |

deat h t hai23bheds refuckp @EhdgIp125hM At did IpdATbNMO?2 tleatbylh E2&FOX equence
specificit s.important for knockdown. of, m,R-125b,. we designed a control
nor phol i nBl)‘/’P%,‘ﬁil d%eantg t{‘%@v‘?hﬁ’ﬁ’r?séﬁ’& p’é?ﬁlanéésglgrﬁl G ey ?Shgsraﬁ 25bMO but

cont ai nedcdosyfieies HKcEBE S IpTB5EMOT SRt ehievdoneegutied inaorerkl MEth was not abl e

to knock down m R-125b Mor eover, enbryos iﬁ&,ect ed with m sMO

Fig. 5B). _
exhi bi t edthasthaf eflatap 3-?19‘#6@31)%’&%&% VRS SPPSBOOPERIRFI ¥8t ed control s
(Fig. 5C) ] 09088] 1moIE&ov§rpsﬁMﬂ.@i§b¥ v/f%fdel‘igﬁéakéj&\ﬁ’f}ol’%§rpﬁ15r1ﬁm5t ignonst r at ed

by the second approac Over -expression of m R-125b by injection of

synt het i ctheis@ad RSpthdud GEX congent aethe @ SeMQelout cofitaingd fspmispiatghes.i n a

dose- depengdent. ner.. ciflcal [ 0l [ 3 {]{rpi .1 he mR-125b
dupl ex reg%E gHSI{mcréh é%%?gfg’fn"ég’gﬁ‘%%%% ﬁétgﬁ% t{? egc%ud%bzvélr 0 asp])jgfg%ggti c cells
si gni fi cafB). Worddver, el ok .inje¥tedwithindsMOsexhibtithd npdiffeearicage of enbryos with

e bR ChRRE LB e Ry L 215 oyt

col nj ect e[cé)O\(%S:[].h ' h%hcran ép%éi 1c%t?ft<))f %%Jcpclkgéwrg &%sb %u?th% den%erlgggtgg by the second
approach: Over-expression of miR-125b by injection of synthetic miR-125b duplex
rescued the effect of Ip125bMO1/2/3 in a dose-dependent manner. Specifically,
injection of 37.5 fmol of the miR-125b duplex reduced the level of p53 protein and
the number of apoptotic cells significantly (Fig. 7A—C). With this dose, the
percentage of embryos with neural cell death dropped from 98% in the
1p125bMOi/2/3 morphant population, to 6% in the rescued embryos in which
Ip125bMO1/2/3 was coinjected with the miR-125b duplex (Table 1). Because
Ip125bMO1/2/3 can only bind to the loop regions of mir-125b precursors and block
processing of endogenous miRNA precursors, it cannot interact with the synthetic
miR-125b duplex. Moreover, Ip125bMO1/2/3 was injected at a 20- to 30-fold
(750:37.5 to 750:12.5) higher dose than the miR-125b duplex; hence, the rescue
could not be due to a titration of the morpholino. Instead, this result implies that the
mature miR-125b processed from the injected synthetic duplex Waé able to replenish
endogenous miR-125b, and thus repress p53 and down-regulate apoptosis in the
embryos.
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| p 125bMO1/ 2/ 3 can only bind to the | oop regions of mr-125b precursors and

bl ock processi ng of endogenous m RNA precursors, it cannot interact with

t he synt hwOi2010Mm0R9125b dupl ex. Mreover, | pl25bMJ/2/3 wa3/SGapwod@dl at a

20- to 30-fold (750:37.5 to 750:12.5) higher dose than the m R-125b dupl ex;

hence, the rescue could not be due to a titration of the norpholino.

Instead, this result inplies that the mature m R 125b processed fromthe

i njected synthetic duplex was able to repl eni sh endogenous rm R-125b, and

thus repress p53 and down-regul ate apoptosis in the enbryos. Table 1.

Percentage of enbryos with neural cell death Neural cell death was observed

i N 24- hpfTgbievie peRBYESofRmbi R vaacad atll eattof dark cells in the brain

(exanmpl e shown in Fig. 5C). The enbryos were counted in a doubl e-blind

manner . [ PO08R{adveth@sAMOWO [T Nes|of evijdence strongly suggdest _that the

m R-125b por pholinos used ijn our |experijments were on targeft. Add|tionally,

t he phenot ype2siDrithe)n R- 125b noif phafity i s_al so expl ai néd by #he|tenpora

and spati al gég&ggfion pattlern of mM R- 25hwh fectslin thel mi R-1P5h

nor phant s| ap ecisely|in the regians ere.mi Ry 126b jis normally
he—bLif S } g? Fi gs.

strongly axpLessedE_ngrr_L al-n—the
5C and 4A). TEHNEEE of increased apoq

t n the|norphants—isj|al so

correl at ed t"A%nggéﬁgfg%lg_hgﬁ) whegy M R-g25pbeg s tdg expregs|in the
pl emen i g )

)

ha o
aHHE—tRE—SOt

) U

enbryos (cf. §ﬁp me g.” 5|/and Fi|g. . [00087]. Mofeover| the

expr essi oT OfgHiRwid alAes |UP-Gegul aped dugsvng desel opreamt|, wekl & the
activity pf p53 was decreading (Fig. 4¢). In gcontrast, m R 125b|was
down-regu| at @ehti N response {t o DNA danage, whi] e p53|was uprregul ated under
the same condition (Fig. 8). ThejinversSe correl ati hetwelen mi Rt 125b

expr essi dvevaridelp8aitis tvaeotgetved s Sthpidowcmbsyasms theaccunRatiosef dagk 5

physi ol ogiligin thelyaingtxamé sipFd in@hg SE) VEIs aorbrpds wirReqRsésl gy gets in thep 53
net wor k[ (o088 blindBemhnkes p53, m R-125b may al so target other conponents of

t he p53 network. The nRNAs of these genes all contain putative binding
sites for mR-125b

[00086]. These two lines of evidence strongly suggest that the miR-125b

morpholinos used in our experiments were on target. Additionally, the phenotype of
the miR-125b morphants is also explained by the temporal and spatial expression
pattern of miR-125b. Defects in the miR-125b morphants appear precisely in the
regions where miR-125b is normally strongly expressed; e.g., the brain, the eyes,
and the somites (cf. Figs. 5C and 4A). The onset of increased apoptosis in the
morphants is also correlated to the stage (18 hpf) when miR-125b begins to express
in the embryos (cf. Supplemental Fig. 5 and Fig. 4C).

[00087]. Moreover, the expression of miR-125b was up-regulated during
development, while the activity of p53 was decreasing (Fig. 4C). In contrast, miR-
125b was down-regulated in response to DNA damage, while p53 was up-regulated
under the same condition (Fig. 8). The inverse correlation between miR-125b
expression and p53 strengthens our conclusion that miR-125b is a physiological

regulator of p53.

Conservation of miR-125b targets in the p53 network
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intheir 3 UTRs. W conpared the putative binding sites of the seven
targets across a nunber of vertebrates and found that each site is broadly
(al t houghwoabietorisct | y) conserved anong vertebrat es (TalpCa/sSgpoloBaeial speci es
has a binding site for mR 125b in the sequence of at |east one of the
seven targets. Supporting these findings, we denonstrated that these seven
genes in the p53 network were i ndeed downregul ated by m R-125b ectopic
expression in the human neurobl ast oma SHSY5Y cells and/or in nouse

fi brobl agpod38i.ss- 33asideepb% nfiRi- 256 12 alsoHeneeothttrespogentest the 251 i kel y to be
targets of endo,ﬂ?nous m R-125b in goth human and..nouse. Fugﬁ\?\g nor e,

ni R- 125b "6EY¥ki eé%l%yééé’fgﬁseag%s%} FRTAR JHPEY 2 nffggs Wl as the p53
targets, WA, E@Nﬁ& U a8k oBiteSEved targeiehtdss Si nce the
bi ndi ng snlqt%;ee fognkr??sé- 125b7i afeﬁt 3 1VfUTRdgf‘?'c’L p53 NMRNA i s ngt conserved in
nouse, traemmdlm@f‘eg@blatqsandﬁmné%té%@brséésﬁi@ﬁadéy(aﬂﬁhmlms‘ﬁﬁﬁlybe nedi at ed

i ndirectl b t.he down-re 53 I n nouse

Swi ss- 3T dan}ﬂntgﬁgrﬁé%ggi @Iahﬁ%ce)é(aﬁ}elg ncg%31§§apgﬁr g%'&?’lrﬁg 'EIRO val i date the
direct tallnghﬁhe%eqﬁeﬁbeMEbleasn ohdef thBewattm;getk Suppertiag deysfisdisgs ongl y
suggests t hat the tvvork as a whol g, broal conserved target of
m R- 125b W& Oé‘ﬁr%} sﬁetssweagsm 52‘ ?—4& R-125b targets in

the p53 nﬁkxlw@gﬁia%%%mmtecmpmwmdnhhmbhmﬂﬁilmemmmma gHti fs (the seed
regions) are strictly conserved across sgec es, but their targets are |ess

wel | - consifMeerlisTRdof ingagusaifhrablast Pyiserd 6P Gelidfieod2Gh Hened thedtial  nRNA t ar get

may make . RNA sgaultiple
targets. s%‘/%%lﬁfé&%'goal% &%{slg@ &({%g?%deg?%kmﬁﬂ#?%bgthgenes aili\érllhl!taﬁswﬁSS net wor k,
|y neutral

where t hd?urﬁhdmnmtanmﬁ tﬂSbteh’esE ebialrewrsalan {lows rdgulataddb mREALs

| / t
o s B 3 P Pl R v B Y BB SSR L e
conser vedhélbiniing sy o utik o syithe 32 UIR st eRNAdsparenteradd ibhe p53 net wor k.

O her targets and ot herfunct s of m.R-125b_[ n the p53
net wor k d’ﬂ%lsﬁﬂgf g‘b%beéﬂfa?(’]ﬁdfpﬁ Pfﬁﬁflgnﬁ lggg a]ybe me@ha%ecf

indirectly by the down-regulation of the genes upstream of p53 in mouse SW1SS-3T3
cells. Although further experiments are required to validate the direct targets of
miR-125b in the p53 network, our analysis strongly suggests that the p53 network,

as a whole, is a broadly conserved target of miR-125b regulation in vertebrates.

Table 2. Putative miR-125b targets in the p53 pathway

Targets TP53 PRKRA| PLK3 TP53INP1 BAK1 PLAGLY PPPICA PPP2CA|
Human + + + + + + + +
Monkey + + + + - + + +

Mouse - + + + + + + +
Guinea - - - + + - + T

pig

Rabbit + + - + + + + +

Cat - - + -+ + - + -

Horse + + + + + + + +
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m R-125b. We observed several defects in zebrafish enbryos after ectopic
expression of m R 125b, including a delay hi growh, rounding of the body,
t hi ckeni ngoahioyorieo7ext ensi on, and | oss of brain ventri clres/Sagadiomboivhe

m dbr ai nhi ndbrai n boundary (data not shown). These phenotypic effects are
not observed in p53-deficient zebrafish. In addition, we also found that
ectopi c expression of mR- 125b pronotes neuronal differentiation in human
neural progenitors and neurobl astoma cells. This phenotype was not

r ecapi[t Ulogdsad| by- kijockdowi of pp3.+ Addiftional| targets t-hat pedtate|the
functilon of M R-128b in zebrafish and in hu neural cellslremin{to be
identifiéé?dSPatio-tenporal expl essi on pf rfi R-[125b duri g zebrafish
enbry ge%,%is 0009 -—Forexampe+H—mR-125b—expressionisiiwersel y
correllat SH¥% | p53 axpr essilon sphtio-tenporal Ily durinl devel bpment . |we

anal yzZed g R- 125bexpressi on at i i1 erenf stages -of zebrafish enbryoggenesis.
Expression of [m R-125b was firsi detected at 19 h post-fertilizatign (hpf)
by whal eZebwasisf ih gitu hybridi zpti-on (A g.- 44). “m R-125b was presemt in the
whol e lenbr yo w-th-enrichrent p-thebratn—the—eyes—antd—the—somtes at
different stages (Fig. 4A B). The expression pattern in the brain is

consi st ep:éOé)\Q@Lh prﬁMét%ﬁWAsﬁlﬂ@ Irl{e?ilﬁiﬁﬁl\lg@&iﬁdiﬁ%fdﬁ@@dtﬁ@se@& re3lonsP#05) . However,
no enriched eXxpression was detected 1n the Spinal cord. Instead, we found a
pr onounc etfictty ForiseBied esmpsespsiion birrtheihtargatmare dass wellwerservzd- Bigd 30 hpf (Fig.
4A). By 22 hpf,. mi R-125b expressi.on ' ' s, the somtes,
the tel eﬁ%&%ﬁlgldgﬁflg ght u?%ﬁ%nd%ﬁg?%alﬁ%ﬁ]gg%gg%& l!ngg((etp‘%g}é g?ﬂgn in the

t egnent umpdrd oh iedbn@ion of Bing RNAASHE) muBgteveeget Veafodn@hatpiR-124tR- 125b was

strongly expressed in the hypothal anus, the te nt t he

i dbr ai nIHEHRBRIRE %eaﬁﬁaﬂat}wf?%ﬁfdwrﬁfew PR %@%ﬁf FIBTR 1250

expr essi Qilow Ok ke 3]atifclly REKRARRs/uiin b®sDVAols Speeies While adtevapt i ¢ tectum
becanme the only region with weak m R-125b exgéession qéﬁ48 hpf (Fig. 4A B).

[00092] . taneefliystiedogonsered dsrpverabregdaton afn>MABTEYERERN ! 1Pate by qRTPCR
shoved t iag b NG,sEXRAE B3ShP N ohdtiohivi &l RhndiBorltRfnpBhtht bPHE@ssed exponential Iy

from

network.
Other targets and other finctions of miR-125b

[00090]. Genes in the p53 network are most probably not the only targets of
miR-125b. We observed several defects in zebrafish embryos after ectopic
expression of miR-125b, including a delay in growth, rounding of the body,
thickening of yolk extension, and loss of brain ventricles and of the midbrain—
hindbrain boundary (data not shown). These phenotypic effects are not observed in
p53-deficient zebrafish. In addition, we also found that ectopic expression of miR-
125b promotes neuronal differentiation in human neural progenitors and
neuroblastoma cells. This phenotype was not recapitulated by knockdown of p53.
Additional targets that mediate the function of miR-125b in zebrafish and in human

neural cells remain to be identified.
Spatio-temporal expression of miR-125b during zebrafish embryogenesis

[00091]. To examine if miR-125b expression is inversely correlated to p53

expression spatio-temporally during development, we analyzed miR-125b
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18 to 48 hpf (Fig. 4C). Interestingly, p53 andp2l expression was inversely
correlated with m R-125b up-regul ation over tine (Fig. 4C). W also

conpar ed wbeosp@rioo- t enpor al expression pattern of m R PRPISGe@urooén1 situ
hybri di zati on analysis) with the expression pattern of p53 nRNA ( Yamaguchi
et -al. 2008). p53 and m R- 125b were observed to be co-expressed in the
brain and the eyes at ;24 hpf. In the brain, m R-125b expression increases
steadily from24 to 48 hpf, while p53 expression decreases gradually during

that samexpeEdiéitat differtltetagedfiRbrafish Fathi¥bdenesip Fapsdssion bfméi2ihed from 22
to 30 hpf, while p53 expression .is n observed. Western blots al so showed

| t
that p53 YpEdtgidstesisn bl Hapsderalization {apthby wholg M B-8Ws t o undet ect abl e

level s by 484:bRfon(HE 2ANLRSTIEHNas plddsnt iMRIARBISQRBEL Aifhon bet ween mi R 125b
and p53 éﬁgﬁf?elgi",%gn(?*}tct%& ty suppoafstps obr hygot hesi s@t hat p53 is

downr eguleatigiindny imfhRbid heieses,rgd thesoatites #f dffereyiotprasediis 4ABss of mi R- 125b
| eads to . severe defects .in zebrafish. ] e for the
functi on of AR © nmgheebl?rg i'S O%Qmmgﬂg\gllﬁ{gﬁleegg%e Bilgérilegl(i%? er ent
mol phol i (OEe@@aisrs b1, PO0F).IREVeveEing.enfidieil erpressiorl RabddB)ctadan getspimgl t he nature
gui de strand, and three (I pl25b targeting.the precursors. In zebrafish,
mat ur e mCR‘idl)fE?E?aiisW‘H@PP@ééi’rqr}o&}ﬂ‘il\é[f}sl‘iﬁ)ugégégﬂ‘%rlﬁ%h mBFﬁ%iPPEﬁ?F PR hr s wi t h
sequence ﬁiam@b%pfﬁ?%i@)mﬁzt QOP niRAD Shedrésdion 5 entigledShMwywer e desi gned
0

to bind to each esé | oops. Binding of the norpholinos to the |oop
regi ons dhe snni, the ebucedalon; andthpsidhssia igyprenes EPEEReP M %essi ng of t he

m RNAs, ofl QU0 HRGMLAF0 4h09, BBLKES2FLIEND hivglr. ibeakaconpl ete
knockdovﬁg%]?&na \ég(ieﬂl% ?%Z(Eg'gmté]%b ser veé W th nIfPZ/SbIVD and also with a
conbi nat isoongly expressedinethe hppd2kbdvides, (iBitegmeEB)m, thevdiidlireiodiindyir5bMOs al so
suppress dt(gag expressi on .of _.m R.125b . al beit inc ; Jed. 5B). As a
control, GOHPEEYight %‘%&Wﬁﬁgl o™ "%@b?){p\}\néstsir?nfc?g{}gﬁu%g gdn]é%%ﬁees di ff erent
from nml 250 M tithidl siai theabis eptidteaiint bst-gd the oalytregibangth veak miR-1236b expr essi on
(Fig. 5B). [00094]. Severe devel opnental defects were observed in the
ni R- 125b SHBYepAembE+S dFe fiénost apparent phenotype was the accunul ation
of dead cells i _ o

[00092]. Analysis of miR-125b expression in whole embryo lysate by gRT—

PCR showed that the expression initiated at 18 hpf and increased exponentially from

18 to 48 hpf (Fig. 4C). Interestingly, p53 and p21 expression was inversely

correlated with miR-125b up-regulation over time (Fig. 4C). We also compared the

spatio-temporal expression pattern of miR-125b (our in situ hybridization analysis)

with the expression pattern of p53 mRNA (Yamaguchi et al. 2008). p53 and miR-

125b were observed to be co-expressed in the brain and the eyes at ;24 hpf. In the

brain, miR-125b expression increases steadily from 24 to 48 hpf, while p53

expression decreases gradually during that same period. In the somites, miR-125b

expression is enriched from 22 to 30 hpf, while p53 expression is not observed.

Western blots also showed that p53 protein can be detected at 18 hpf and decreases

to undetectable levels by 48 hpf (data not shown). The inverse correlation between

miR-125b and p53 expression/activity supports our hypothesis that p53 is down-

regulated by miR-125b during zebrafish embryogenesis.

Loss of miR-125b leads to severe defects in zebrafish embryos
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in the brain (Fig. 5C). This phenotype was observed by 24 hpf in al nost all
enbryos m croinjectedw thm 25bMO or with I pl25bMO 1/2/3 (Fig. 5C, Table 1).
Q her norwbabogiocalr defects upon m R-125b knockdown i nclpaasGeomlob&nt eyes, a
m ssing m dbrain-hiiidbrain boundary, and deformities in the somtes. These.
data are consistent with the expression pattern of m R 125b and denonstrate
its inportance in zebrafish devel opnment. Loss of m R-125b i ncreasesp 53
andp53- dependent apoptosis in zebrafish [00095]. As a result of m R 125b

kpﬂgc kdomqtoﬁo%h.n{j ectd ﬁﬂbb@lf"ormﬁel?ﬁhf&@annﬁR—ﬂzZEM/%&zﬁlsﬁ, wakmthneedel | - st age
enbryos, e _endogenous | evel of p5 rotein was el evated in.zebrafish
enbryos dpundiffersat menpholings agaipgt miBslp SpaRigad Ak Oﬁi)@é]g?é?éyi@cfa‘igﬁ%t h types of

ror DRAN 3 g 83 sudheflg ks I PABRYS B ECRS ABGLAS I h 2 mor ol no

bl ocki ng translation o . expression was restored to wld-type
| evel s, izsbiafisit, nmegurt heR- 126k iagerived frbmttheen differen pregyrspd iRofepshwitkqui r ed p53

(Fig. 6 ©.[000 . At .2 f. an_ipcr i 1 nal ick end
| abel i ng %ﬂ‘%ﬂﬂéﬁ?ﬂeﬁ}%ﬁsﬁl @gqg??oﬁ?tggpi(glgcg‘?ﬁ? l\i\zlgg%rspveér}%g%&é%gﬁe m dbrai n and
?IF_ndbrgl Bx‘ﬂtoﬂﬁ&daE hﬂﬁoﬂgesb%dpsmiaﬂh@@ftI&ﬁﬁiorbhblﬂrﬁShj\mma’p&egibm @ct ed enbryos

ig. . Enhanced apopt gsi S observed jn e n nor phant s onl
Ij r ?m SSd%ﬁN%%gf?zﬁ%c%g@ﬁeg ﬁﬁgéiw'é]g?‘m@??swgﬁ-%%émwg%og was fi rs%/
etected {5ing: ARERSIPRNAAENE NAr-LERSlcf kndbldtifn ofthteiet he brain
defects were F%Lg m)gst severe (Fil%\'/l 13).rAp0|igteosi S 'élecr eoased Sr adual Iy by 30

hpf (Fi g.miR3})25bbves obbrsvdsawithed 25kl Qzad wse evitt 4 qambiedtioatof the thigf t h di st ort ed

heads an -b | [ : th |1 death
phenot ypce1p @%@Fﬂ%gg?\%@%ﬁgﬁt@%y %Saél%e%ﬁgf&s%ﬁg%}%glpg Efi nSSgepr ot :?n.
gof abIt at emi®s mﬂggaﬂbﬁt i_mnq_)mpketel;s(éﬁig.ﬁ:ﬁle. Aebeafuod injpERNRT4knerphalime, which is
efective 1, .activi.t ut st.i under | _enmb i

(Ber gh nar@“@([B?aW.ltﬁ%Uﬁ 31)13’%{%@?%3 ﬂkfg%ﬁ} Trophimd gﬁ’m %24 H‘%ﬁﬁ%ﬂé éﬁ) \iﬂ :ts Ith by

M 25bMO Qi gridfcahicHarebihiRl 158, exprskiao(rohsd)vabl e ef fects on brain apoptosis

(Fig. 6 D. Simlar effect was observed with
[00094]. Severe developmental defects were observed in the miR-125b

morphants, where the most apparent phenotype was the accumulation of dead cells
in the brain (Fig. 5C). This phenotype was observed by 24 hpf in almost all embryos
microinjected with m125bMO or with Ip125bMO1/2/3 (Fig. 5C; Table 1). Other
morphologicél defects upon miR-125b knockdown include smaller eyes, a missing
midbrain-hindbrain boundary, and deformities in the somites. These data are
consistent with the expression pattern of miR-125b and demonstrate its importance

in zebrafish development.
Loss of miR-125b increases p53 and p53-dependent apoptosis in zebrafish

[00095]. As a result of miR-125b knockdown by injection of m125bMO or
Ip125bMO1/2/3 into one-cell-stage embryos, the endogenous level of p53 protein
was elevated in zebrafish embryos at 24 hpf (Fig. 6 A, B). p21 was also up-
regulated in both types of morphants (Fig. 6 C). When the morphants were
coinjected with a morpholino blocking translation of p53, p21 expression was
restored to wild-type levels, indicating that the up-regulation of p21 by miR-125b
required p53 (Fig. 6 C).
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the co-injection of p53 MO and m R-125b MOs (Fig. 14). Defects in the

m dbr ai nhi ndbrai n boundary and the somtes of mR 125b norphants were al so
rescued iwopbBBNMRI39K nut ants or by co-injection of p53 MBCTRIG3010D4)101
Additionally, m R 125b norphants exhibited severe defects in axonal path
finding, as observed by anti-acetylated tubulin i munostaining (Fig. 6D).
Most major primary axonal tracts were markedly reduced in the mR- 125b

nor phants, but they were rescued substantially by the | oss of p53-nedi ated

apopt osi %odm%}].he PRSMAHLA KinMikdrafdk i fen@linaBdWIP nitRkedlbogel (TRINELRese dat a
denonstrate that the excessive p53 activity in m R 125b,rmr§)2 nts is

r esponsi BRativerpopkic splkoT#RAbseied Eibe nidhraih apd bararain fpmpgs of he observed
nor phol ogj o f 0 j i be the nmjor
argor PO S bt IR ) phecrk (ot Q5 A Eh Rl OB P el oprment
of zebr afviaslobseBymitihéliei m12FbRIA BBkpldus caky fresd 8 dyf, apesixteas ivdthithe mi R- 125b

nor phants. b estari t he normal Jevel ofp53[00098]. | to address

t he specis?ag%iwﬁ’?“ B’I‘Oﬁr}?%’ i%%gs%r“ﬁﬁﬁ“? r?S#sef’teg\gﬁgt ﬁgrﬁ%?%’&’ S%% eé)%lg%l%e t he

mor phant 5}@&1@@@%&@, Wheh theOfaintlieRe s vidte tHe Bysbdveid (Bignl B: Apapbsidupl ex into Ip

125bMOL/ 2/ 3 nor phants. | ndeed, the nunber of apoptotic cells.in the
mor phant slesigased grdually bsi Yt (Bigntybusyhehatehed Bsvas e itllf ﬁetjﬁ Y6sedependent

manner (KL qidk R8s Slif bbb ERE¥efidescue was quantified by the nunmber of
enbryos v%\n‘lntg]h lv%?dbfe Sclea cell I's ?n %ﬁe live brain at 24 hpf. Both m 25bMO

and 1p LESRMAL 2/ Syt BGLLANIRANS b (N Rath MAHAAMR RIS 0S L0 show neur al
cel l .deai ) 'ereéélle(@%eiﬁi %ljieectl on g%étgﬂe ?n' % 120%p éupl ex reduced this nunber
to only @G86rphzmbd waskpused by sha deation of pZpwpteos ile ablgtrnddgord®ni Het he reducti on
in p53 protein I R, upl.e 1 g, B. O . . l.yww since this
dup! ox ddsd By P?%@Ré&“%@ﬁb‘&&’? s g iuShnoop %R{“E?ﬁ% St 721 3
nmor phanL mﬁﬁgmsmﬁﬁﬂemﬁt%@bn@quh@mnﬂbﬁl.mﬁ).anlaﬂcab]m oduced mature
m R-125b _t hat, repl eni shed the epndo us. m R- ress p53 and
down- r egfiPgt OWBOH 112D, gtk 5{;}'&8@3@&@ @?Yéﬂ%ﬁ@b@ﬁ%@?@a“d}% repressed by
ect opi ¢ phRskdRDeffects on brain apoptosis (Fig. 6 D). Similar effect was observed with

the co-injection of p53 MO and miR-125b MOs (Fig. 14). Defects in the midbrain—

hindbrain boundary and the somites of miR-125b morphants were also rescued in

C

p53M214K mutants or by co-injection of p53 MO (Fig. 14). Additionally, miR-
125b morphants exhibited severe defects in axonal path finding, as observed by
anti-acetylated tubulin immunostaining (Fig. 6D). Most major primary axonal tracts
were markedly reduced in the miR-125b morphants, but they were rescued
substantially by the loss of p53-mediated apoptosis in the p53M214K mutant (Fig. 6
D). Taken together, these data demonstrate that the excessive p53 activity in miR~
125b morphants is responsible for the abnormal increase in apoptosis and most of
the observed morphological defects. Therefore, the p53 pathway is likely to be the
major target that mediates the function of miR-125b during the early development
of zebrafish.

Synthetic miR-125b duplex rescues apoptosis in miR-125b morphants by restoring

the normal level of p53
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[00099]. To further elucidate the role of mR-125b in zebrafish

devel opnent, we exanmined the ability of m R-125b to suppress p53 during the
stress respanpeloriv7zebr afi sh enbryos. p53 can be i nduceacusiGeioypodayl agent s
that cause DNA danage, leading to cell cycle arrest and apoptosis (Kuerbitz
et al. 1992; Langheinrich et al. 2002). To induce DNA danage, we irradi ated
zebrafish enbryos with 40 Gy of g- rays or treated themw th 500 nM
canptothecin for 8 h. As expected, the p53 protein increases dramatically
after botdhobieat Mbict @ il BRoRIERyM0miR ARG nffiholihdd, gieestingly, both
treatnments resulted in a signiticant diop in m R-125b expression (Fig. 8B),
suggest i aitpnipied totrbseuel thenmmarplepnl phanotype fwith R-inestonafisgubetis BHoot h

upregul ation. of p53.i i ress. res : To test

whet her L e%?geﬁl%toé?(%’ségscﬁézzg 8f° r}?%ﬁaﬂglgggagg%% egu%%f#ggt%gelgg 4eunst of the DNA
damage Siyt@smolRRARRES redi€edipofeatybRnliR51258dpblex in ajleet ed enbryos to
g-irradiation or canptothecin treatnent. As antici d,. the.level of p53
protein ﬂ??eﬂqlﬁé{tfﬁaé%ftréﬁlgem )ﬂ;%?{ﬁﬁ?n%ﬂ :éﬂleé’faﬁﬂfl?l}t@%a_ﬁ';hwnmeh 125b dupl ex
(Fig. 8A) enggl %@Wﬂﬂvﬁfbl@&ﬁ@k&ls‘iﬁﬂ?ﬁwﬁrbﬂ at DeneMBhthamI 25bM@im f ur t her
denonstrate at thesevere apoptosis induced by g-irradiation or

canpt ot hipd 2FbMA3/ 2/ eigten eduged mpredban %P%?fﬁlﬁmhjoéEQW@ﬁ%* cekhy R-125b dupl ex
(Fig. 8C éat%r\]xflferae%g bo-'inn ctiroff%ﬂflg nﬁ{{tﬁggﬁu&fe M f3ced @RIuRL %nﬁ%%ng the DNA
Sp early as g Re eff f

damage r nse were reat as't ects of p53 Knockdown via a
nor phol i (Eab{eFi)gThi8 Escuctofnpgediiveormepdndsito thepéduxtidraid 138 peftéiady (Fig. 8C).

The inplication ofmpR,1 i.n_tunorigenesi.s [000101] . r,Study supports
t he noti B]ILRTI_I?Igl? dyglex @2%?@&)5&%&3#1)8@%8@%& “h Ogegfl P %/t%rtte{égjul ating p53
and suppfASSiNIOsAeku6 6P&EUNELIANOLAY D sicsphaiishtehidbitrans 3hdt syrehatt i on

represents a new nmechani smfor requl ation of apoptosis useful.in certain

types of miRriah dumen eelened manye mikHEas thett splanghe e RTQEFRS MR -of t he
luci f er agg5yERGILELS3 M MERE AR RLERSEON construct s

Stress-induced p53 and apoptosis are repressed by ectopic miR-125b

[00099]. To further elucidate the role of miR-125b in zebrafish development,
we examined the ability of miR-125b to suppress p53 during the stress response in
zebrafish embryos. p53 can be induced quickly by agents that cause DNA damage,
leading to cell cycle arrest and apoptosis (Kuerbitz et al. 1992; Langheinrich et al.
2002). To induce DNA damage, we irradiated zebrafish embryos with 40 Gy of y-
rays or treated them with 500 nM camptothecin for 8 h. As expected, the p53
protein increases dramatically after both treatments in wild-type embryos (Fig. 8A).
Interestingly, both treatments resulted in a significant drop in miR-125b expression
(Fig. 8B), suggesting that the down-regulation of miR-125b allows a smooth up-

regulation of p53 in this stress response pathway.

[0001001]. | To test whether an ectopic expression of miR-125b can reduce the
extent of the DNA damage stress response, we exposed miR-125b-duplex-injected
embryos to y-irradiation or camptothecin treatment. As anticipated, the level of p53
protein in the treated embryos was reduced significantly by miR-125b duplex (Fig.
8A). Staining of apoptotic cells in the embryonic brain further demonstrated that the
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[ 000102]. The MREs or the whole 3' UTR of p53 were cloned into the

psi CHECK- 2 vector (Pronega), between the Xhol and Notl sites, imediately
3" downstweamoirwedvrt he Renilla |uciferase gene. The topPCI®Sagei/oandl bot t om
(anti sense) strands of each MRE were designed to contain Xhol and Notl
sites, respectively (Table 3). They were synthesized, anneal ed, and |i gated
into the psi Check-2 vector. The 3" UTR of human p53 was anplified fromthe
total cDNA of SH SY5Y cells by a nested PCR and inserted into TOPO PCR2. 1
(Invitro . GHER L hes VWas, : theni vector by
o g 2RIk bR gat %‘%MWElgﬁtlﬁﬁﬁsi b BHBAAGHs HaRd IR Vo

zebr af i sfyy5i3: ingstiempl miR-e25bf duphext(Biga$ C DNAch thengsaup Bifeathefanifsh enbr yos,

di gested with Xhol / Not d,.ligated directly .nt i clk2 vector.
The turt bR Rhe B HER kP SR by & BshOR BEURET R0 %
PCDNA3. 115¥ @aédkbowh Riskehv@aelit@igEeORIA Asdtixheintsl dgtex ldbdwostieetam f rom t he
CW pronoter. The human p53 cDNA was PCRanplified fromthe total cDNA of
SH SY5Y &Bigl 80)- The zebrafish r53 cDNAwas PCR- anplified fromthe total cDNA
of 18hpf zebrafish enbryos, using fp53Fe/ fp53Rx prinmers.[000103]. Deletion
or mut at i78A mlicarien ph LB INREIGTIECRHE p53 construct was performed using

t he Qui ckChange site-directed nutagenesis kit (Pronega) according to the
manuf act GP®HOE]. i nsQustadyrrROrtFiiee %%QH&?&@ER&%EP‘FW&HW%%‘F@YW ovided in
Tabl e 3. ! : A jngdl.-Gate s i€t on enzyne
sites; grn e@ﬂ %ﬁlgzﬁ%ﬁ%g%q{sé%ﬁ &]%{ﬁ%?eg%?&g%lﬁ&e&gg%ﬂrtﬁgéﬁg@%i%%ﬁ%?sjp? %r bi ndi ng of
restri ct iataraetivympssentoawsrw masentsextor ragdiatan eSapvposiaustfeldneetaini ons. Nane
Type Sequence.Luc-liP53-nreF MRE top strand

5 -TCGAGM%WTTATGCTCAQ@GTGC—S ' Luc-hP 5 3-nreR MRB bottom strand
5%@%% T, CAAGICTTG-S ' Luc-fP 5 3-nreF MRE top strand

5' - TCGAS CAGGGCAGC- S

Cloning and mutagenesis of the luciferase reporters and the p53 expression

CONSIFUCLES

[000102].  The MREs or the whole 3> UTR of p53 were cloned into the
psiCHECK-2 vector (Promega), between the Xhol and NotI sites, immediately 3’
downstream from the Renilla luciferase gene. The top (sense) and bottom
(antisense) strands of each MRE were designed to contain Xhol and NotI sites,
respectively (Table 3). They were synthesized, annealed, and ligated into the
psiCheck-2 vector. The 3’ UTR of human p53 was amplified from the total cDNA
of SH-SY5Y cells by a nested PCR and inserted into TOPO PCR2.1 (Invitrogen).
Subsequently, the UTR was released from the TOPO vector by XholI and Notl and
ligated into the psiCheck? vector. The 3° UTR of zebrafish p53 was amplified from
total cDNA of 18-hpf zebrafish embryos, digested with XhoI/Notl, and ligated
directly into the psiCheck2 vector. The full-length cDNA encoding human and
zebrafish p53 was cloned into a pcDNA3. 1" vector, in between the EcoRI and Xhol
sites, downstream from the CMV promoter. The human p53 cDNA was PCR-
amplified from the total cDNA of SH-SY5Y cells. The zebrafish p53 cDNAwas
PCR-amplified from the total cDNA of 18hpf zebrafish embryos, using fp53Fe/

fp53Rx primers.
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Luc-fP53-nreR MRE bottom strand 5' - GGCCGCTGCCCTGAGTATTTGACATTTCAC-S ' hP5
3-UTR-FI PCR forward primer 5 - AAGTCCAAAAAGGGTCAGICTACCTCCC-S' hP5 3-R
PCR reverwe 2promesv75' - GCTCACAATTGTAATCCCAGCACTCTGG 3 'PCcmR63610MP18X PCR
forward primer 5'-0CGCTCG AGACCCAGGACTTCCATTTGCTTTGIC-3 ' hP5 3-UTR-Rn PCR
reverse primer 5 - TTCCr TTTGCGECCGCGATCGCCTGAGCCCAGGA GITT-3' fP5 3- UTR- Fx
PCR forward prinmer 5 - CCGCTCGAGATG CTA AGA GAG AAA GAA ACT G&3'

f P53- UTR- Rn PCR reverse prinmer 5'-TTCCTTTTGCGGCCGCGCAAATGCGTGTAAACAGTA

3 Fe por WAL o ot Sadlely e e PR SRRt R 0 P

fCR re\éerlﬁﬁ“omddgasmgihe QM@&@@M@@W@&@)S f p53- Fe PCR
orward primer - GCGI T TAGT GGAGAGGAGGT C- 3! 53 Rx PCR reverse
pri mer S@WHW‘F@?M@A@W‘F& s(?@lence%%%% E°Mut agenesi s
priner 55 6AdG ThHeGT CCCCEEG GYTgCAGTCCTGCCTC AGCC- 3 hp53XhoMJtR

Mut agenesi s primer 5' - GGCTGAGGCAGGACT GCACCACCCGGEEGAGECAAAGCCTG - 3" hP5
3-3m sF Mut agenesi s priner 5 -GGATCCACCAAGACTTGITTTATGCTgcGTC
AATTTCTTTTTTC- 3" hP53-3m sR Mut agenesis prinmer 5'-

GAIQ@% CAAGTC TTGGIGGATCC- 3" hP53del F Mut agenesi s
primer 5' A % ]

w . TCCACCAAGICAATTTCTTT TTTC3" hP5 3del R
s soenes g, ) T - SAOMMGA IR S T p T 3 P
AGTCCCT CGvathang sequences for binding of restriction enzymes; lower case text indicates
mismatched mutations.
Name Type Sequence
Luc-hP53-mreF MRE top strand 5 TCGAGAAGACTTGTTTTATGCTCAGGGTGC-3
Luc-hP53-mreR MRE bottom strand ~ 5°~GGCCGCACCCTGAGCATAAAACAAGTCTTC-3
Luc-fP53-mreF MRE top strand 5*-TCGAGTGAAATGTCAAATACTCAGGGCAGC-3’
Luc-fP53-mreR MRE bottom strand ~ 5°-GGCCGCTGCCCTGAGTATTTGACATTTCAC-3?
1P53-UTR-F1 PCR forward primer  5’- AAGTCCAAAAAGGGTCAGTCTACCTCCC-3’
hP53-R1. PCR reverse primer  5’~- GCTCACAATTGTAATCCCAGCACTCTGG-3’
hP53-UTR-Fx PCR forward primer  5’-CCGCTCGAGACCCAGGACTTCCATTTGCTTTGIC-3’
1P53-UTR-Rn PCRreverseprimer 5 TTCCTTITGCGGCCGCGATCGCCTGAGCCCAGGA
GTTT-3’
£P53-UTR-Fx PCR forward primer 5 CCGCTCGAGATG CTA AGA GAG AAA GAA ACT GG3°
{P53-UTR-Rn PCRreverseprimer  5-TICCTTITGCGGCCGCGCAAATGCGTGTAAACAGTA
ATAAG-3"
hp53-F1 PCR forward primer  5-GTCATGGCGACTGTCCAGCTTTGTG-3'
hp53-Fe PCR forward primer 5~ CCGGAATTCGTTCGGGCTGGGAGCGTGCTTT-3°
hp53-Rx 4 PCRreverseprimer  5'- CCGCTCGAGTCTGGGAGGCTGAGACAGGTGGAT-3’
fp53-Fe PCR forward primer  3-CCGGAATTCGTTTAGTGGAGAGGAGGTIC-3'
53-Rx . PCR reverse primer 5“CCGCTCGAGAGTTITATCAAGATTTCCAGGAGG -3'
hp53XhoMutF Mutagenesis primer 5’-CAGCCTTTGCCTCCCCGGGtGgTgCAGTCCTGCCTC

hp53XhoMutR

Mutagenesis primer

AGCC-3’

5-GGCTGAGGCAGGACTGCACCACCCGGGGAGGCAAAG
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fP5 3-3m sR Mut agenesis prinmer 5 - GGAGGGACTTGTACATGGECGICAGTATTTGACATTT
CATTTCGC -3' fP5 3-del F Mut agenesi s pri ner

5' GATTGGAVGRCIABAPAT GAGCAAATGTACAAATG TACAAGT CCCTCCTGGARATSGIGADNANAAC- 3
fP5 3-del R Mut agenesi s primer 5 GITTTATCAAGATTTCCAGGAGGGACTTGTACATTTG
TACATTTGCTCATATTTAGACATCCAATCC- 3" fActi nF SYBR forward prinmer

5' - CCAGACATCAGGGAGTGAT-S' fActi nR SYBR reverse priner

5' -TCTCTGTTGCCTTTGGEGATT-S ' fp2lF SYBR forward priner 5'-
CGGAATAAACGGTGICGTICT- S fp2l1R SYBR1ceverse primer 5' - CGCAAACAGACCAAC
ATCAC-3' hp21F SYBR forward priner 5 - TTTCTCTCGGCTCCCCATGI-3 ' hp21R SYBR
reverse PSHmBF 5' - CCHORARKPTCAGCEPHIFEESASCAHBERE S8R war d primer 5' -
CCGATTCATCTACCCTCGCTG 3' hbaxR SYBR feMefsec.pri mer 5' -

CAATTCCAGAGGCAGTGGAG- 3" Luci ferase reporter assay [000104]. m RNA dupl exes
i ncl udi ngesnagat | ve coMungdesisgtipt ex 5 1GAandAsT JCRCAGRAGAAAGEATESNL 1 Ol

Prem R#l and #2), negative contro G%’H@JA% 33 (NCDP3, mR7 PremR), and

m R-125b dupl ex (125b-DP, m R- 125 rem és . m RNAant i sense ol i gonucl eoti de
i ncl udi ngespg@at i ve COoMttlesisatd Senseathr¢NGAASEeaTregahhgrEAeTMCTIOl Antim R 1)
and m R-125b antisense (125b-AS, m R-125b Antim R) were purchased from

Ani bi on and di ssolved in water. ntRB¥ dupl ex was used as a negative control
in our experinents be L 0nes €€6. dh &l Al aficRericOfccaadtabe found in the 3
" UTR of human and zebrafish p53 nRNAs. Ten nanograns of each psi CHECK-2
construct were co-transfected w t FCATOATAIAL-3 ni RNA dupl exes or 100 nM m RNA
antisensesg | nto HEK-293T cells in, X I ' ectam n- 2000
(I'nvit ro%%ﬁa)mfﬂg After 4 tag’rgllfes’stp he" cel %C%T%TG%A%B%b#% ﬁ%ﬁj;rdﬂg ?% efly and
Renilla luciferase activities werecmeexdsed with the Dual - Luciferase

reporter fP??—IBSmESE m ( Promg ut?l. enesais%grgel; di rﬁlgGéA%GtGngT g&%&i&%&%A%&AﬁTéA%ﬁ’}{Tu ctions.
CATTTGC -3’
fP53-delF Mutagenesis primer 5'GATTGGATGTCTAAATATGAGCAAATGTACAAATG
TACAAGTCCCTCCTGGAAATCTTGATAAAAC-3
fP53-delR Mutagenesis primer S'GTTTTATCAAGATTITCCAGGAGGGACTITGTACATITG

TACATTTGCTCATATTTAGACATCCAATCC-3'

fActinF SYBR forward primer 5’-CCAGACATCAGGGAGTGAT-3’
fActinR SYBR reverse primer 5°-TCTCTGTTGGCTTTGGGATT-3’
H21F SYBR forward primer 5’- CGGAATAAACGGTGTCGTCT-3’
p21R SYBR reverse primer 5°- CGCAAACAGACCAACATCAC-3’
hp21F SYBR forward primer 5°- TTTCTCTCGGCTCCCCATGT-3’
hp21R SYBR reverse primer 5- GCTGTATATTCAGCATTGTGGG—3 ’
LibaxF SYBR forward primer 5’- CCGATTCATCTACCCTGCTG-3’
BbaxR SYBR reverse primer 5’- CAATTCCAGAGGCAGTGGAG-3’

Luciferase reporter assay

[000104].

miRNA duplexes including negative control duplex 1 and 2

(NCDP1/2, negative control PremiR #1 and #2), negative control duplex 3 (NC-
DP3, miR-7 PremiR), and miR-125b duplex (125b-DP, miR-125b PremiR); miRNA
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Cell culture, transfection, and drug treatnments [0001 05]. Human HEK-293T
cells, human neurobl astoma SH SY5Y cells, p53- null human | ung carci noma
H1299 celwe,20m0m0387SwW ss- 3T3 cells, and human | ung fi br @brssR0webé91 wer e
mai ntai ned in DVEM or RPM nedi a, supplenented with 10% fetal bovine serum
and 1% penicillin-streptonycin (Invitrogen). H1299 cells, SHSY5Y cells,

Swi ss-3T3 cells, and human lung fibroblast cells were transfected in
suspension with 4.x 105 cells per well in six- well plates using

|'i pof ect s@n& otld gb)\f)'uhé RN 1 %@t?&z@c@ﬁu SIDMIRRLZ el @fAS‘lh n¥dakidhe ype or

mut ant p const Fuct wer e trans ected i ntoH1299 cells at a final
concent r abritor AptinGR 3) gridviniR-fi Fivmtidenst €5285- 2 aniBnt 355 ieniB) Wgtsnucl eot i des

were transf at  a, final tra nM respectively
(unl ess ng?ﬁﬁgf@n%‘%%lp@&)aldggéo gl%ﬁ&'a% Igl}{?rfnzcoq)g V?agqfegdgagsfect ed at 60 nM
final comggiile aéﬂttbmmd&@@ﬂ&ﬁientd‘be?aﬁedoeéedpﬁﬂc}defmﬂl -G panvier e d| ssol ved in

wat er and di net hyI sul f oxi de (DIV&g . SH SY5Y.ce
(unt r ansfe@ddythes’ S Rrofdyumgan apd fé%‘tHS W@\Ofﬂﬁfﬁf 8&% Were treated

wth 10 gﬁ{beﬂ"ck 9oty & eBBhsectE PRitR 40 lﬂM mﬁ@ﬂNcﬂbleﬁ@' drovere treated

w th wat or respectively. Active caspase-3 assay [000107]. Two days
after trmméﬁﬂA@ntlse&%SﬁﬁlﬂéQP%T ealld il e Rerwallmiege priBg bpofaetemie| | s were

fixed w I I for 10 min at
-200C. Al p%‘f(f‘i‘?lﬁ"%ﬁngéﬂ%ﬁg‘%%?}% gpg)é}g#rl %Sg&tgn%%gﬁgﬂln}ﬁﬂg 0 gogit serumin
phosphat (hrcﬁblfafseaicﬁdlt&akﬂeﬁem(aﬁaﬁ)i withithe DeblHsuonferase rapottbrastystdmwi t h anti acti ve-
caspase- antl BD Bi.osci e ces at 4C and then incubated with
Al exa Fl %)é%méﬁ? fherr%laﬁlﬂ %c,sdﬂ%&lfbg%fntl body (Invitrogen) and
Hoechst %E gen) Fl uorescent i nm es of the cells were collected and
anal yzed 2) e EVISERIVE dﬁ’gct&?f‘f’ﬁ screeni ng system Wole nount in

situ hybr[@od)u@sajtl OHRR0AER 8103 T\8bI, ﬁummmomamrhmsﬁmmcam pi%as with
doubl e-Dig-1abeled m R 125b m RY LNA p 9% Eﬁ( gurR on _zebrafi sh
enbryos ﬂglllémﬁ@%h@gﬁ@remomaHu% cells, mouse Sw1ss 3 cells, ahd uman lung

fibroblast cells were maintained in DMEM or RPMI media, supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin (Invitrogen). H1299 cells, SH-
SYS5Y cells, Swiss-3T3 cells, and human lung fibroblast cells were transfected in
suspension with 4.x 10° cells per well in six-well plates using lipofectamin-2000
(Invitrogen). Plasmids (humaﬁ/zebraﬁsh wildtype or mutant p53 constructs) were
transfected intoH1299 cells at a final concentration of 0.5 pg/mL. miRNA duplexes
and antisense oligonucleotides were transfected at a final concentration of 80nM
and 100 nM, respectively (unless otherwise stated). p53 siRNA (Dharmacon) was
transfected at 60 nM final concentration.

-[000106].  H-7 and etoposide (Sigma) were dissolved in water and dimethyl
sulfoxide (DMSO), respectively. SH-SY5Y cells (untransfected or 24 h after
transfection with miRNA duplexes) were treated with 10 uM H-7 or 10 uM
etoposide for 24 h. Control cells were treated with water or DMSO, respectively.

Active caspase-3 assay

[000107].  Two days after transfection, SH-SY5Y cells and human lung
fibroblast cells were fixed with 4% paraformaldehyde and treated with cold
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essentially as described (Wenholds et al. 2005). Mdifications to the
protocol include an incubation of the 19-, 22-, and 24-hpf enbryos for 30
sec and ovouh®/®@97hpf enbryos for 1 min with PCR-gradePprsiGRInas@ oK
(Roche) after fixing. The hybridization m x was prepared by adding 20 pnol
of m R 125b doubl ed-| abel ed LNA probe to every 1nL of hybridi zation
solution. The hybridi zation tenperature used was 200C bel ow the nelting
tenperature of the m R 125b LNA probe. Optimal signal-to-noise ratio

during cal of ) 3l i . ] opM th 53
Tri s- buf fr%‘%lé g?éﬁﬁ%?n?ﬁﬁ%%g.%ﬁﬁm%geﬁﬁggs?gg%&ggwgyﬁ%ﬁ ween col or
r eact i onggoatieien Myptlosphafe-medfchidgling (P P 3hd BEF Went inovlededoyite aitor devel opnent

was repeated thrice. A rol., the sar cal. was us for

doubl e- Dgatjt-lYeaT?éWéag W@%ﬁfﬁ%@ﬁﬁg&‘%@gﬁﬁ% Eé‘f‘% %gar{‘? thep ’?‘é‘g’rage i sh enbryos,
and no siwnak1NREIuePSE stRtalEf8b#8 sébBnduRy antdRds (TBivRidigen) dnt Fdeehspr i or report
(Wenholds et al. 2005). Mcroinjection in zebrafish _enbhryos [000109].

W d-t yréh?ﬁcpgpismgmc%ir@aaes pElbe selissreraeeliecirdiant analeedhy 1s andar d

protoco - et : Lnj ections were carried out at the one- to
four-cel ﬁjesltg{é]g%eg \A%%t(ﬁﬁ%ntn%g)%@ngo%tﬁ%n into each enbryo. In the knockdown
experi mmd/i??gﬁif"”}3’%%)%2{"’?2%’; nos were injected at 0.75 pnol per enbryo

(1 pl25b ndi ca e coinjection of three |pl25bMds, 0.25 pnol
each); p3600t68hhol Wholewasmtinsitnjlybtididations withdotblpddigdatstedoniRni R- 125b dupl ex

s ) SO B bR G ¥ LBl B I A 05 " esonse
or 125b- RRseafialWi dstleQfed Wienpelds erdir3005p 3o difatiGequehcmstadl al | nor phol i nos
Seauence MBI BRBME Atk ur s F ARSI T PACECRE T EAGToA S
B1r :I-Vtr?l ?A- 1 SE@PI%ES gﬂgrrﬁG%kvé%Tﬁ %Aﬁi%églﬁ% - S@ﬁt&ﬁ}(h{gl EROMDL Bl ocking
hybridization mix was prepared by adding 20 pmol of miR- 125b doubled-labeled

LNA probe to every 1 mL of hybridization solution. The hybridization temperature

used was 20°C below the melting temperature of the miR-125b LNA probe.

Optimal signal-to-noise ratio during color development was obtained by washing

the embryos with 53 Tris-buffered saline containing 0.1% Tween 20 (TBST buffer)

between color reactions. This cycle of washing with 53 TBST followed by color

development was repeated thrice. As a control, the same protocol was used for
double-Dig-labeled miR-7 miRCURY LNA probe (Exiqon) on zebrafish embryos,

and no signal was observed before 48 hpf, consistent with the prior report

(Wienholds et al. 2005).

Microinjection in zebrafish embryos
[000109]. Wild-type and p53M214K mutant zebrafish were maintained by standard
protocols (Brand et al. 2002). All injections were carried out at the one- to four-cell stage
with 2 nL of solution into each embryo. In the knockdown experiments, miR-125b
morpholinos were injected at 0.75 pmol per embryo (Ip125bMMO1/2/3 indicates the co-
injection of three Ip125bMOs, 0.25 pmol each); p53 morpholino was co-injected at 1 pmol
per embryo; nﬁR—lZSb duplex was injected at 12.5 fimol or 37.5 fimol per embryo. In the

stress response experiments, the embryos were injected with 37.5 fmol per embryo of NC-
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| pl 25bMX2 Bl ocki ng pre-mr-125b-2 5' - CGTGGACATCGAAGCAGAACGTCAC - 3!

| pl 25bM33 Bl ocki ng pre-mr-125b-3 5'- GIGATTTTTAGCACACAAAGCTCAC-S' p53MO
Bl ocki ng wb2otwmam®at i on 5' - GCGCCATTGCTTTGCAAGAATTG S RegsiGeew/ooant r ol MO
St andard negative control 5'-CCTCTTACCTCA GITACA ATTTATA 3' RT-PCR [ 0001
10]. KNAwas extracted fromcells or zebrafish enbryos using Trizol reagent
(I'nvitrogen) and subsequently colum-purified with RNeasy kits (Q agen).
For gRT-PCR of m R-125b, 100 ng of total RNA was reverse-transcribed and

subjected,to man i RNA as edshl , inSRT- PCR of nRNAs,
C yoﬁﬂﬁ%]%"P}a?%avglﬁlpdégr PEY n%eése\%%f#%%%ng c')ﬁ g({ugﬁéée?toﬁﬂz}n@ll ngmt he H gh Capacity
¢ DNRGAeTabMp alishoki\ipl abeci. Bi osyst ens) . Subsequently, human p53 and
zebrafish 18S expression was anal yzed by Taqg- Man assay; the expression of

al | ot hemragRNEFIoYABlIANSqM&aREs by SYBR assay (Applied Biosystens) follow ng
the manufacturer's protocol. Western bl ot assay [0001 11]. Cells were |ysed

i n RTPAbwider (Pierce)ypeZebr afi sh enbfeescewer e dechori onat ed, deyol ked, and
honogeni zed in T- PER reagent (Therno Fisher Scientifi cé cant ai ni ng protease

i nhi bi t oPIPREEhe) Blogingpaipmis® separ af 8 BY A A0 PorVaeryI ami de gel and

transferpedsto a nethanpls.activat ed PMokaepcaner¢&Eieal theare). The
menbr ane was bl ocked for 1 h in PBST containing 7.5% m |k and subsequently

probed wiph43bM@015 g/Bikkina pt-nicpBB1 ant i body- (TSANEATACEARCABASEEEHADP0gi es) or 1.4

ng/ mL Zfp53-9.1 anti body (Lee et al. [ - C yde- 3

- phosphag’éﬁﬂ\@cl"?ydr FYEFREE™FERPDH) anti %%gg‘}%&%g%érﬁ‘* o oér’(M?Gg(}'gn{ipanti -a-tubulin
anti body (ShasR AlslliG bl «Qy868i ght at sdGcatfiredcchelicAgabatdson with

goat - anti - nouse HRP-conj ugat ed secondary anti body (Santa Cruz

Bi ot echnei3wgi es), HddéngpBotditin | evel WASCHECAAEEETTAAAPTIHTol reagent
(Santa Cr uz, eBi otechnol ogies). Intensity of the protein bands was quantified

usi ng | Mgy
control MO Standard negative control 5_CCTCITACCTCA GTTACA ATTTATA 3'

gRT-PCR

[000110]. RNA was extracted from cells or zebrafish embryos using Trizol
reagent (Invitrogen) and subsequently column-purified with RNeasy kits (Qiagen).
For gqRT-PCR of miR-125b, 100 ng of total RNA was reverse-transcribed and
subjected to Tagman miRNA assay (Applied Biosystems). For gqRT-PCR of
mRNAs, cDNA synthesis was performed with 1 ug of total RNA using the High
Capacity cDNA Archive Kit (Applied Biosystems). Subsequently, human p53 and
zebrafish 18S expression was analyzed by Tag-Man assay; the expression of all
other genes was analyzed by SYBR assay (Applied Biosystems) following the

manufacturer’s protocol.
Western blot assay

[000111]. Cells were lysed in RIPA buffer (Pierce). Zebrafish embryos were
dechorionated, deyolked, and homogenized in T-PER reagent (Thermo Fisher
Scientific) containing protease inhibitor (Roche). Protein was separated by a 10%

polyacrylamide gel and transferred to a methanol-activated PVDF membrane (GE
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TUNEL assay [0001 12]. Enbryos were dechorionated and fixed in

2%par af or mal dehyde (Fl uka) overnight at 4C. They were then dehydrated in
met hanol wWBQ940/105%y 95% 100% series) and incubated w t RCESIGdoA®EdIONE f Or
10 mn at -200C. After perneabilization in PBST containing fresh 0.1%
sodiumcitrate for 15 mn, they were assayed using the in situ cell death
detection kit TMR red (Roche) according to the manufacturer's instructions.
Hi gh-resol ution i mages were obtai ned by confocal m croscope.

li nnunost}feg h{}geg[»?geol}le glh &5@%&&2‘#&; gfﬁp Of Lanahegd 7% nlillcead in 4%

par af or ma overni ght at ree washes w th PBDT (PBS
cont ai ni mgb@%%ﬂypi%eﬂ)m@Oaﬁmg/ﬁllEﬁ%m?I'p%tambOd}d@@l)taQﬂkﬁe enbryos were

i ncubat eq,.wi t.h oId acet one f m n.a f wed by three

a2 i TEn BT B &eﬁ@éﬁ‘gr]yam‘ﬂ’ﬂé‘/%‘r%rey% 0SB DY ed w13

bl ocki ng dayéd-gaetyReshgbsihate cféh‘fﬂrogé‘maﬁb (GycRIbA) edibedy bramierant i - acet yl at ed
t ubul i n nonocl onal anti body, 200 ma) overni g}ht at 4C The enbryos

were was W@M%@W@anﬂwdﬁ’éﬁ}gﬁ{aﬁdﬁ Jovemight at @, AfisglPncubat ed with
Al exa Fl b2 ®h \gﬁ@% ﬁ%ﬁ—n@k@ﬁﬁ%@nﬁ%ﬁﬂe@@%nda}'y g&%oﬁ%%‘d}ﬁl& Probe) for 4

h. After |ve was in PBDT (30 mn €ach), the enbryos were refixed in
4%par af o erﬂeciﬁiojumesbg ey protght leml vacdeteetad Wlfhdlqmngl repgamt GxiatarfIE? oscope

ety a i eopniteeLARRRGT Heas BRI AL e R ool 1 aser

scanni ng ,.m scope (Carl Zel ss Vision GrbH). A bright-field i mage was
acquired Wé[g‘é”@gne time as the fluorescent image. Projection of inmage

st acks by. t Zei ss, | e bro r...l e inported into
Adobe Pwiﬁ%(gﬁgﬁ 8?)8?5‘?@1604”2@@&% énvﬁsgﬁedl %?B‘g% afye aeidéh@fg%t rast and
bri ght ne%ﬂuﬁ&)&%ﬁﬂgﬂm £¢. geepivhby the debliiratedag gsthaholt(hes2ave, I5Pgur e. [ 0001
15]. Inmages of |ive enbryos were obtained by. an ;&)él% st er eom croscope
00% series) and incubated with cold acetone for 10 fin at

permeabilization in PBST containing fresh 0.1% sodium citrate for 15 min, they

were assayed using the in situ cell death detection kit TMR red (Roche) according to

the manufacturer’s instructions. High-resolution images were obtained by confocal

microscope.
Immunostaining

[000113]. Embryos were dechorionated and fixed in 4% paraformaldehyde
overnight at 4°C. After three washes with PBDT (PBS containing 2% BSA, 1%
DMSO and 0.5% Triton X-100), the embryos were incubated with cold acetone for
20 min at -20°C followed by three additional PBDT washes. Subsequently, the
embryos were blocked with 13 blocking buffer (Roche) for 1 h, then incubated with
mouse anti-acetylated tubulin monoclonal antibody, 1:200 (Sigma) overnight at
4°C. The embryos were washed extensively in PBDT (30 min, six times) and
incubated with Alexa Fluor 568 goat-anti-mouse IgG antibody, 1:200 (Molecular
Probe) for 4 h. After five washes in PBDT (30 min each), the embryos were refixed
in 4% paraformaldehyde overnight at 4°C.

Image acquisition and microscope settings
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(A ympus) and a Magna FIRE SP canera (O ynpus). The enbryos were nounted in
3%ret hyl -cel | ul ose. Images were acquired with a 653 objective, at a

resol uti omoab101@8®7x 1024, with ~100- nsec exposure and @chisG2aepodioat r oom
tenperature. The image set of each enbryo was conbi ned, resized, cropped,
and oriented using Adobe Photoshop. Statistical analysis [0001 16].

Two-tail t-tests were used to determ ne the significance of differences

bet ween the treated sanples and the controls where val ues resulted from

| uci fer aZSO({}ﬁgP rt ePEIu@t%?c%Mt’ imcél R Tl\fﬁﬁtears%lyplaﬁtﬁ? ?&'g(lgﬂgi@ RiapRt ent

screenin tests were p ormed usi ng Croso where the test
type i s ataiviysweetobtinddwaittsanitMds Byjcmalfooahlas@ancaning0fiotosdope.(Cathose ski | | ed

in the art w_l:.l. appreciate th t he i nventi.o scribed herein is

suscept i lﬁe@w&Sl%E}Pﬁ’?ﬁo‘gi’nﬁ\tﬁtﬁ%aﬁgeé’ﬁsia8ﬂ§m§tag§? Sf”ﬁ%ﬁ eﬁ%éhee specifically
descr i begyofddgent ASR! PRECHACOHUSRSe Sthdks ks nadaby #d uissdfmdgarodi fi cati ons. The
i nvention also includes all of the steps, features, fornul ations and

conpoundbroveser imagestwere fhen irpertaddpto; AlopR EheleshapiPPRIiRe TP%N%i dual |y or

col | ecti vehy;angkan ' L@ 9BfRsRE WO OaBBY R the steps
or featuraggxn%g%bo%'{:gﬁ‘?g]ﬁ%@hbr%g{g%nﬁtl, r%fserg%c&:g,y patentag%;)pl i cation or

pat ent cistmefipmet his text is expressly incorporated herein in their
entirety by reference, which neans that it should be read and considered by
t he readgoosspar tInpdged dfiliveteabtyos Treat olithiaadbyamePTX12 sbspminrescoprat ent

applicati or patent cit i this Xt i ot _repeated in is text is
ner el y fé&pwg?&d a&damﬁ%@eﬁe@g}eﬂt {Sgﬁmﬂé] fheA%br Osnvlvﬁrgc U ]rlee?' s

| NSt r uct i;QB%, mElBFICHIRIos Magdd Mg Sdquipe WithiaGaB objestiveanith pscddtitat  sheets for
any products nentioned herein or in Sga/ docunent incorporated. by reference
herein, & &23{bx 934 milhor Berseeernearerhd Bypiidsprb FOL! CHIRGT S & enpl oyed in
the practj,ce Qf of 88h 'e&%%%éé?om[a%@, re€29d, crbpfedheP&intdd @It i ON is not to

be limted Fn scope by any of the specific enbodi ments descri bed herein.
These entoldbeBhetestape i nt ended for the

Statistical analysis

[000116]. Two-tail t-tests were used to determine the significance of differences
between the ;created samples and the controls where values resulted from luciferase
reporter assay, qQRT-PCR, Western blots, or high content screening. The tests were
performed using Microsoft Excel, where the test type is always set to two sample

equal variance.

[000117].  Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and modifications other than those specifically
described. The invention includes all such variation and modifications. The
invention also includes all of the steps, features, formulations and compounds
referred to or indicated in the specification, individually or collectively and any and

all combinations or any two or more of the steps or features.

[000118].  Each document, reference, patent application or patent cited in this
text is expressly incorporated herein in their entirety by reference, which means that

it should be read and considered by the reader as part of this text. That the
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pur pose of exenplification only. Functionally equival ent products,
formul ati ons and nethods are clearly within the scope of the invention as
descri bedwbens®y107397000121] . The invention descri bed her ecm/Sgagioioneoude one
or nore range of values (eg size, concentration etc). A range of val ues

wi |l be understood to include all values within the range, including the
val ues defining the range, and val ues adjacent to the range which lead to
the sane or substantially the sane outcone as the val ues i medi ately

dj acent t i i . . 000122] .
adj acen dto&x{}'éh@, 1ef’é@én‘d?,i ﬁ(%n?%bﬁ?&@iﬂoﬂ%?g&t@ﬁt DU TR NetiQs hiGefara | ]

Thr oughout thi's speci unl ess the context requires otherw se, the
wor d " corijos texefs mgrelydpr @bsonmef @mcisersss.” conpri ses” or "conprising", wll be
understood to inply the inclusion of a stated integer or group of integers
but not t[b@1esL! ushonmafufactyreos strudtivhgglescriptiony; praductfspeaifiengiens. It is al so

noted that ,in thi i scl osur nd particularly in the clainms and/or
paragrapﬁ@épF@P%ﬁiggﬁﬁwﬁgyp%ﬁﬂﬁfFf&xmfdﬁggﬁﬁﬁﬁggﬁV@mm%%ﬂgrising" and t he
li ke can ihaysoritb@byREenE [Rkdif, lailedbytifcdrborafdd HeiBin hakfninckaml e. 9., they
can nmean "includes”, "included", "including", and the like; and that terns
such as "meayrbsicstlonsdds demraciice of e YRR onsi sts essential Iy of have the
meani ng ascribed to themin U S Patent |aw, e.g., they allow for elenents
not expl ilB4AIRY]. r ecFhesnseseptinvention ifcrot & emiimited Insgeredyer ¥ @b in the prior

art O o pkoifl e Aehaabsnibla IR TEABLABbEHIALIaF BfentifiProk feent | on.

[ 000123] . Initions for selected terns use erein may be found
W t hi n t paret off dxechptl G sationpinlyo Fupétidnhy pqurealerit prodaeid, fappilgtiatsr oughout .

Unl t her wi,sedef i . oth Lentifi. 3 [ t d
nor ot nabePEHB e e e 0% S RE IR s ESbRRIER of °0rGi hary

skill in it to which the i.nventi.on bel gngs. [000124]. ile the
i nvent i orﬁbﬂﬁg eenﬂ}?é%?’iuﬂg e%PP eé‘?”érn%aisfélé&t“ge % e[eoél i %ralr%‘%? ?\%ds and
enbodi meRuRes ek site] donbentapiph eR). a4 eshet Bataluéy willls uidelstobd af inclnde and changes
may be made w thout departing fromthe inventign. Ref er ences
all values within the range, including the values defining the range, and values
adjacent to the range which lead to the same or substantially the same outcome as

the values immediately adjacent to that value which defines the boundary to the

range.

[000122]. Throughout this specification, unless the context requires otherwise,
the word "comprise" or variations such as "comprises" or "comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers. It is also noted that in this
disclosure and particularly in the claims and/or paragraphs, terms such as

“comprises”, “comprised”, “comprising” and the like can have the meaning

H

b A 11

attributed to it in U.S. Patent law; e.g., they can mean “includes”, “included”,
“including”, and the like; and that terms such as “consisting essentially of”” and
“consists essentially of”” have the meaning ascribed to them in U.S. Patent law, e.g.,
they allow for elements not explicitly recited, but exclude elements that are found in

the prior art or that affect a basic or novel characteristic of the invention.

[000123]. Other definitions for selected terms used herein may be found within

the detailed description of the invention and apply throughout. Unless otherwise
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3. The nethod of claim11, wherein the cell is in vivo, and the nodul ator is
adm nistered to a subject. 4. The nethod of any one of clains 1 to 3 wherein
apopt osi swpooupregal at ed by inhibiting the | evel of thepProirSGaoBNAe10L25b in
the cell, by adm nistering the nodulator to the cell. 5. The nethod of
claim4, wherein the nodulator is a m croRNA-125b anti sense

ol i gonucl eotide. 6. The nethod of claim4, wherein the nodulator is a

m cr oRNA- 125b norpholino. 7. The nethod of claim1, wherein the norpholino
conpri ?E% SEQID. NO: 2. 8 The nethod of claim?7, wherein the norpholino
conpri MEEQ ID. NO.: 3. 9. The method of claim 7, wherein the norpholino
conpri ses, SE D NO : 4. 10. The method of .claim./ erel he nor phol i no
conpri seslgé%df“ﬂo Npguilatisis Apeptogiy SOTHRHFREME It oﬁﬁ}é leyfm\%é)rrf%flﬂm%he nor phol i no
CONpri ses ORKAQI2 ¥ MHaGinFARBRIRNW r&pbR6 ERtheht QMRBEInIAsinyBEQ I SEQ I D. NO.:
3; SEQID. NO: 4 and SEQID. NO: 5. 12. The nethod of any one of clains 4
to 11 wher eNR- Lk adpouistsring 2 modglafarie Ye€flbd to a subject in need of cancer
treatnment. 13. The nethod of any one of clains 1 to 3 wherein apoptosis is
downr egulZaTheimpihoé phelpiel hgvhanin thaesll iof Wie micro RNA-125b in the cell, by
adm ni stering the nodulator to the cell.14. The nethod of claim 13, wherein
t he modul3aThe methapef daizn b wheetin the qgll éF jvora prehtha medelatpr@NA- 125b havi ng a
m cr oRNA response. el . (MRE) conprising SEQID NO 1 15. The nethod of
claim13 or® ?ls\g%eéirtgg%%Jﬁé:' nmodul ator i s a m croRNA-125b dupl ex nol ecul e.

16. The od of .a one qf, ¢l ai c el ulator is
adm ni st en‘?ige ?18&18?110831 i%nfeé)(r%glﬁfcl?sg% go?%g?r%%aﬁ%t\éﬁg%%ﬁ%%ﬁ%dﬁ?f erenti ation.
17. A conpomhititig thelevelsd themicegRINa-i 21l iaiepteisbysadminatecidkthenher ei n t he

conposi tion
P modulator to the cell.

5. The method of claim 4, wherein the modulator is a microRNA-125b antisense

oligonucleotide.
6. The method of claim 4, wherein the modulator is a microRNA-125b morpholino.
7. The method of claim 7, wherein the morpholino comprises SEQ ID. NO.: 2.
8. The method of claim 7, wherein the morpholino comprises SEQ ID. NO.: 3.
9. The method of claim 7, wherein the morpholino comprises SEQ ID. NO.: 4.
10. The method of claim 7, wherein the morpholino comprises SEQ ID. NO.: 5.

11. The method of claim 7, wherein the morpholino comprises one or more
morpholino selected from SEQ ID. NO.: 2; SEQ ID. NO.: 3; SEQ ID. NO.: 4
and SEQ ID. NO.: 5.

12. The method of any one of claims 4 to 11 wherein the modulator is administered

to a subject in need of cancer treatment.

13. The method of any one of claims 1 to 3 wherein apoptosis is downregulated by
enhancing the level of the micro RNA-125b in the cell, by administering the

modulator to the cell.
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nodul ates the | evel of a mcro RNA- 125b having a m croRNA response el enent
(MRE) conprising SEQ ID NO 1. 18. The conposition of claim 17, wherein
apopt osi swo=0wpeyal at ed by the conposition inhibiting Phe/SGeywlooablt he
mcro RNA-125b in the cell. 19. The conposition of claim 18 conprising a

m cr oRNA- 125b anti sense ol i gonucl eotide. 20. The conposition of claim18
conprising a mcroRNA- 125b norpholino. 21. The conposition of claim 20,
wherein the norpholino conprises SEQ ID. NO 2. 22. The conposition of

clai m 20114%% 511: g&%?gg% gﬂ%ﬂepeqn RSB jgngé;? atdor 3. 23. The

conposition o erern e nor p 0 conpri Ses SEQ ID. NO : 4.
24. The conpmsrpbfaﬁngahuabalmaQSngannctrhﬁNﬁmemwba dememitpMiRBes SEQ I D.
NO : 5. 25. The, conﬁ@&éﬁ of claim 20, wherein the norpholiiio conprises
one or rmor eSHBRIERS dted from SEQID NO.: 2; SEQID NO.: 3; SEQ
I D. NO ; Th tlonof e of claim 18
to 25 forlsuggeWﬁt??ég‘flﬁ’ﬁbi%%{:‘bﬁ’&?fm%ﬁ ﬁ%éﬁ?}nﬂ)‘ﬁo Pg m 17, wherein
apopt osi s i guslowabreutated by the conposition enhancing the [evel of the
mcro RNA-125b in the cell. 28. The conposition of claim27 conprising a

vector i %O*THQIn@ﬁlbﬂ‘gfﬁagan%ro?cﬁhlﬁs 13256 WaydintheanttiaRNAIhesRasse el enent
(MRE) conpri sing 29. The conposition of claim27 conprising a

m cr oRNA- 125@tdldﬁfeecmlm9ﬂe@liut<eenl@@06 cFHdiffesentiedni on of any one of clainms 27

to 29 for use in differentiati ng an undi fferentiated cell.
17. A composition for use in regulating apoptosis in a cell wherein the composition

modulates the level of a micro RNA-125b having a microRINA response element
(MRE) comprising SEQ ID NO. 1.

18. The composition of claim 17, wherein apoptosis is upregulated by the
composition inhibiting the level of the micro RNA-~125b in the cell.

19. The composition of claim 18 comprising a microRNA-125b antisense

oligonucleotide.
20. The composition of claim 18 comprising a microRNA-125b morpholino.

21. The composition of claim 20, wherein the morpholino comprises SEQ ID. NO.:
2.

22. The composition of claim 20, wherein the morpholino comprises SEQ ID. NO.:
3.

23, The composition of claim 20, wherein the morpholino comprises SEQ ID. NO.:
4.

24. The composition of claim 20, wherein the morpholino comprises SEQ ID. NO.:
5.

25. The composition of claim 20, wherein the morpholino comprises one or more
morpholino selected from SEQ ID. NO.: 2; SEQ ID. NO.: 3; SEQ ID. NO.: 4
and SEQ ID. NO.: 5.

26. The composition of any one of claim 18 to 25 for use in treating cancer.
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27. The composition of claim 17, wherein apoptosis is downregulated by the

composition enhancing the level of the micro RNA-125b in the cell.

28. The composition of claim 27 comprising a vector incorporating a micro RNA-

125b having a microRNA response element (MRE) comprising SEQ ID NO. 1
29. The composition of claim 27 comprising a microRNA-125b duplex molecule.

30. The composition of any one of claims 27 to 29 for use in differentiating an

undifferentiated cell.
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