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E—XZHRRER, TUEARPEET RENER
microRNA, fEiX 5623 & microRNA T4 1 8624%
W pS3 LU IEN, 3761 & pS3 FUfFEA,
H th MiRanda i 628 4% i #% p53 L i A
microRNA, 2158 ¥ p53 FiiF3EA microRNA.

Targetscan A5 933 451f#% p53 _LU#FE A microRNA,
844 45 4% p53 I i 3 Al microRNA. MirTarget2
A 301 45 4% p53 Ui A K] microRNA, 759 451

2 p53 FUFFER microRNA. EF 5 A — AN 56 PR 1 7
I microRNA 255, B =R AL LA & 2 545
2T 99 £ 4 pS3 RN UFEEA ) microRNA, 5
Ah HE B p53-DNA 25 & A1 s 43 fH < 90 43 11
microRNA, %, 19317 53 44045 p53 b FilfFkk
A 1) microRNA (£ 1). N TWIF =B 4e L
p53-DNA 45 G A7 miixX S @ PRI A OGPk, 24T T
Fisher's Exact Test!"" (£ 2).

Table 1 53 microRNAs associated with p53 upstream and downstream genes

Upstream genes

Downstream genes

hsa-mir-346(BCL6)
hsa-mir-101(FOS)
hsa-mir-222(FOS)
hsa-mir-183(EGR1)
hsa-mir-361(SP1)
hsa-mir-374b(SP1)
hsa-mir-7(SP1)
hsa-mir-96(HOXAS)
hsa-mir-367(KLF4)
hsa-mir-29a(KLF4)
hsa-mir-7 (KLF4)

hsa-mir-633(IL8), hsa-mir-889(IL8), hsa-mir-448(TACSTD1), hsa-mir-509-3(APCS), hsa-mir-455(ABCB1),
hsa-mir-632(S100B), hsa-mir-374b(GADDA45A), hsa-mir-195(CHEK1), hsa-mir-497(CHEK1),
hsa-mir-125a(BAK1), hsa-mir-125b-1(BAK1), hsa-mir-125b-2(BAK1), hsa-mir-578(BAK1),
hsa-mir-19a(IGFBP3), hsa-mir-19b-1(IGFBP3), hsa-mir-655(PTTG1), hsa-mir-220¢(SFN),
hsa-mir-548¢(CRYZ), hsa-mir-625(CRYZ), hsa-mir-587(ODC1), hsa-mir-200b(PLK2), hsa-mir-122(CCNG1),
hsa-mir-342(IER3), hsa-mir-590(TAP1), hsa-mir-653(TAP1), hsa-mir-382(EEF1AL1), hsa-mir-543(EEF1 A1),
hsa-mir-200b(ANLN), hsa-mir-181a-1(FAS), hsa-mir-181b-1(FAS), hsa-mir-181c(FAS), hsa-mir-181d(FAS),
hsa-mir-190b(FAS), hsa-mir-28(FAS), hsa-mir-376a-1(FAS), hsa-mir-376a-2(FAS), hsa-mir-376b(FAS),
hsa-mir-448(FAS), hsa-mir-548c(FAS), hsa-mir-548d-1(FAS), hsa-mir-548d-2(FAS), hsa-let-7g(SCD),
hsa-let-7i(SCD), hsa-mir-200b(SCD), hsa-mir-429(SCD), hsa-mir-495(SCD), hsa-mir-362(CD82),
hsa-mir-142(HSPAS), hsa-let-7g(TRPM2)

Table 2 Contingency table for validated pS3-DNA binding sites and integration of three algorithms

Integration of Targetscan, MiRanda and MirTarget2 algorithms

YES NO TOTAL
MicroRNAs with validated YES 53 214 267
p53-DNA binding sites NO 46 5310 5356
TOTAL 99 5524 5623

Left: P= 1, Right: P = 2.44x10™, 2-Tail: P = 2.44x107.

g R BATAE B gt 27 = L(P= 2.44x1079),
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H T AT REIAH BAE M 4%, FRATTA

%,

BioGRID %#fi ¢ N4 T 47 377 43 A J5UAH B AE
i, Mk 7 38 4 p53 bR A Ak
FRE, BXEHAEFRER1EWELES S, H
Osprey M % ] 14k 5 45 (osprey network visualization
system) # 2 T — 3k p53 A HEAE I E A M % 5
microRNA HAERRIM&E (K 1), WK1 LAy
IEH, KZE microRNA S5 A R
FAHEAER, FFH FFes A EAE AR LA P
EA . FEE 1 s s R BA 1 E 12 FAS 8 H,
FAS % 15 EEF1ALl. TP53 LA & & 4 B AEH,
£ H5 13 %4 microRNA 5 HAE KRR, & p53 A%
EEPHAELRRZE A, FAS & /2 TNF
AR F G, W APO-1 5% CD95, ‘& fuFh
— AN CBETIEERINR 7, JERT FAS AU TS5 MR G
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Fig. 1 MicroRNA-regulated protein-protein interaction network

MicroRNAs and protein are represented by light gray circles, the protein interactions are represented by undirected white lines.

2.4 p53 iAEMERME

TIVERT S &K, CDK 4 B 1 p21
JE pS3 R A AR RKAE AR I OCHE. AR, N
p21 B AR 5 B BT TR 58 4 2
11 p53 15 530 5 A L AR KA. IR N A
X R T REAE AR A I A IR AR R IR ) A A
5 ARVF microRNA [ H B AT EU#E BRI LK 1

Hur 24 LU ESE, has-mir-34a A LAE A
p33 M EZLREER, 52451k, FT.
WA R U AH H AT XS T microRNA
SEWM 25 2 p53 {55l s LA A T 4%
W IEAANE R, FE TR &5 M2 A1 p53
{55 W AR B AT H T —1lE p53-microRNA 155
M, LU B microRNA 25 3] p53 155 1l i
AT REALHI(E 2).

A0 /e DNA $00 o i B A1 45 W 005 o 1R
T, gl p53 B — R AV P S A A T
W pS3 iETE, fEX iR, S ps3 bk A

S0 FLA R 5 ) 2 B pS3 U T, g
JA B AL Re, AT MR . X — i FEx TR
YRR AT e B, BT 25 N o —Fih A
TR BT ps3 b N 5 Y D BE kA,
microRNA A] LLYE#L 3% 5 /KT RE R R I, e
T p53 b T DR AR P AT LA R B
P53 VT ML A BRI, AT 21400 3 R 1 1 .
MicroRNA [F3% HAH & X 32 3] p53 1A%, p53 1
It p53-DNA 25447 mi 454 T microRNA F R F X
B, MRS K1Y microRNA 135, f#iH
X p53 BRI R R A I A e R b
Z BN A RN IS B —Fl-P4G. A, p53 fEN R
Feit, RN AZ 3] microRNA LA e b 11
W, pS3 TE PR K B R B A —
DRI 750 R I DRI R 4, DRI, — HLX — Pl
FIRE, ] e 25| Ui 4 B R B 4s s . A AR o
T-. DNA BEEZMAEY DR kil, Mgl
R
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Fig. 2 Schematic illustration of putative p53-microRNA regulatory pathways
Arrows denote stimulatory interactions, whereas horizontal bars instead of arrowheads indicate inhibitory influences.
2.5 A#%E p53 £ T iffE B microRNA AY#8 £ 11%. A T FIEX S B U s I R R T g,

)

h T B ATHEZ ) microRNA #EIEP, oAl
1§11l TARGETSCAN4.2 ¥ f5%}i% 53 414 p53 I
FUFHEA ) microRNA BEAT T H#EIE R T0, EAR
— SRR TN AT g AR A 2 B R A G IR B 22 1)
BT, BRI AT AN DA B 5 5, AT
KR EORE G4, FRE 5 223 K Th e Rk
i 35 7T RE (19 BH Pk 4 R 5k ok SR IR T fE £ 11
microRNA FEREDE,  DUHHOA 5 210 85 (A KA il
ML R R R TR 2 ks, @it
TARGETSCAN Fitill, A543 7 15 500 > microRNA
BEEEPR, A R 43 Jik RIAE 8 (P R R A H R 2 K
B2 LB, Chuth, AR D IR IR O X
15 500 M EEPIEAT T 22K, AR 27405 (8 3),
1A E B R AR R (IE 2 146 N EER), 7% 2
A EE 2 INIER L 1191 MEERD, 7% 3 g
HE 3 RIPER G 714 N EEDD, MxEHE. EE
WHNT 10 EER S 5370 4, R L b
microRNA #UEE[A 1] 89%, FE KEKT 10 %
B4 139 4>, BERIEZ0 0 & microRNA 5 [R] (1)

X 139 ANE S IRECOK T 10 (125 K B 1) DAVID
s e L, A H 2h g B B & 1T H (Functional
Annotation Chart) %} IX £8 LR 3E4T T DhRE R 2L, 1
RERNRE R PAHBAKMI(P < 5.5x107) 2 H0Ch &
HEEN R S5 MR BE A, X —45 5 Wei 55201
RIMAAW) G, ABATT A BRI 122 A8 ) p53 3L A
t, LA 20 NANE T BT ps3 R DhRe 4
2, T JE T —ANF T s 40 B kL I R
g, AN p53 i IX e HAT 41 Hu ks i Az 5
DI RE L HE DR 45 5 KA g ()3T
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Fig. 3 The number of target genes of cluster 1~ 27
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2.6 p53-microRNA #EE [F If g = & 5 #7 (functional
enrichment analysis)

S0 A L 0 R TR 40 i B4 B S pS3 T
W TRAR A T 1 R AR R, Ak, AR
53 4% microRNA X M ¥ #E L PR (3L 15 500 M) 43 73l
Wit 21 DAVID 20l L, DU X Se BRI PR R AT
hREr 2, fela, MIX 53 4 microRNA H i ik 75
F7 30 4 P<0.05 ) microRNA #JL [X )y g v R
f& BW(F 3). XY microRNA [HEIEN 25 T 41 g
JE YRR 400 TR0 G X AN E ) ps3
MY =R, HEEEMERL DA 9 4%
microRNA 76X =F AW A S5, XER
HIX 9 4% microRNA 7 p53 15 5 8 i 1) 17 15 v ] g
T CHAEH, BT ARE I IE R A5 24 p53
G950 ER 4). LA RS HEN 2 hsa-mir-195
Fl hsa-mir-497, ‘EATNBERET 17 S5 HO7K 1,
HAILFE R, MNIhaeE ks, eiim
AL DR E 40 B A I s B RS T AE WK P E
(8.1x107), XM BTl ps3 HEH 1S
57 400 B HERE . Flavin 2502300 S il i oA sk
PERE RS 55 U9 S8 1 microRNA Rk 3 J5 k&
L, A5 R YRR T hsa-mir-195 Al hsa-mir-497

FISHE N, 0 N 87.10%F1 99.91%, FFH.
LA [F— GO AR (17p13.1) (K] p53 FZik AN
P, 1XZF ] hsa-mir-195 Fll hsa-mir-497 A] BELE IR K
PR RS vk A P JE /R T, {H Flavin 552154
P H 4 ) hsa-mir-195 Al hsa-mir-497 5 p53 [
KF. WHRAIHT, hsa-mir-195 Fl hsa-mir-497
% p53 HEEUR L, BT LAY p53 iE Tk B AR I
hsa-mir-195 Fl hsa-mir-497 (K& WA N i, X
i ka5 p53 H 421 has-mir-34a AT
KA AFENLE]. 46, Xi 25058 1 g HCT116
(WT-p53)F1 HCT116 (null-p53)4i g & [¥) microRNA
FIE WG KRB, AE p53 4745 hsa-mir-181a-1 Al
hsa-mir-181b-1 [¥J3IE F ) 7)) & p53 WK 11) 1.34
A11.87 £, AR T2 E%ZE ps3 HILREILZ
WL REAE K WA, Hulle ARG,
AN, Yu 2% N microRNA #3417 28 25 5 /&
microRNA 7T [ L9 40 i 38 1K R IE 7KF Ja R I, [+
I microRNA FRIAEA—2, Fafb A1z T
— SO A 3 i U7 AR 5 PR ) microRNA, 1l
hsa-mir-181c. hsa-mir-181d 1 hsa-mir-29¢ %5, Jf
HABATTIA R iX 2L microRNA R fEAE I8 1L T BE AN iR
AL B eSS dIE (D

Table 3 The 30 significant microRNAs associated with p53 upstream and downstream genes

that involved in apoptosis, cell cycle or cell proliferation

MicroRNAs Number Apoptosis Cell cycle/ mitotic cell cycle Cell proliferation
hsa-mir-181a-1, hsa-mir-181b-1, hsa-mir-181c, 9 + + +
hsa-mir-181d, hsa-mir-195, hsa-mir-497, hsa-mir-495,
hsa-mir-543, hsa-mir-548¢
hsa-mir-19a, hsa-mir-19b-1, hsa-mir-200b, hsa-mir-429, 9 - + +
hsa-mir-548d-1, hsa-mir-548d-2, hsa-mir-587,
hsa-mir-653, hsa-mir-655
hsa-mir-220c, hsa-mir-448, hsa-mir-376a-1 3 + - -
hsa-mir-28, hsa-mir-374b, hsa-mir-455, hsa-mir-578, 8 - - +
hsa-mir-632, hsa-mir-101, hsa-let-7g, hsa-let-7i
hsa-mir-590 1 + - +

“ »

The symbol “+” means positive hits, whereas

means negative hits.

Table 4 The functional enrichment analysis of the 9 microRNAs associated with pS3 upstream and

downstream genes that target known apoptotic, cell cycle and cell proliferation genes

Total number of

MicroRNA . Count Target genes P-value
predicted targets
MicroRNAs hsa-mir-495 608 40 BCL2L1, HSPA5, TRAF7, PTEN, CADMI1, BCLAF1, IGFIR, DEDD, 3.3x107
targeting CDHI13, SGMS1, UBE2Z, RUNX3, FOXC1, PDCD10, RYBP, RAD21,
apoptotic PHLPP, SNCA, CBX4, PURA, VEGFA GJA1, DDIT4, IHPK3, PLAGL2,
genes BTGI1, ACTC1, SCG2, RFFL, SOX9, ACVRIB, PHF17, EIF5A, CROP,

PAK7, CCARI, BIRC4, EP300, TGFB2, TNFRSF21

hsa-mir-543 466 31

API5, TFDPI, MAPKI, CUL3, PTEN, PURB, SON, KRAS, NF1, 7.5x107

UBQLN1, PRKCE, CDH13, SGPP1, BCL6, OSM, SIRT1, RAD21, BIRCG,
PURA, VEGFA, NR4A1, IL1A, RNF34, SCG2, PAK7, RRAGA, CCARI,
RNF7, DLX1, EP300, GRIK2
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Continued

. Total number of
MicroRNA .
predicted targets

Count

Target genes

P-value

MicroRNAs
targeting
apoptosis
genes

hsa-mir-195
hsa-mir-497

712

hsa-mir-181a-1 686
hsa-mir-181c

hsa-mir-181d
hsa-mir-181b-1

hsa-mir-548c 1295

42

39

64

CD28, PIM1, PURB, CADMI, IGFIR, DEDD, B4GALTI, CDKS5RI,
RADY9A, MNT, ELMO2, BTG2, PLAGL1, RYBP, SEMAG6A, SIAHI,
BAGS, CBX4, UBE4B, PURA, VEGFA, BCL2, BCL2L2, PIK3RI,
CARDI10, PCBP4, YWHAH, PDCD4, APP, LITAF, PTH, PPP2RIA,
PAK7, SNRK, IHH, SMAD3, CUL2, BFAR, RASSF5, ARHGDIA,
RNF144B, ADRB2

MAPKI1, HSPAS, CUL3, PTEN, PURB, SH3GLB1, BCLAF1, BCL2LI11,
B4GALTI1, PRKCE, DNAJA3, CDH13, CULS, UNC5A, BCL6, MCL1,
HMGBI, ESR1, SIRT1, RAD21, PAWR, TNFRSF11B, BIRC6, CBX4,
IL1A, BCL2, RNF34, ATGS, TIMP3, MAEA, HSP90B1, PDCD4,
MAP3K10, PAK7, FAS, CCAR1, CARDI11, PHLDAI1, GRIK2

NRG2, ACTN4, PDCD6IP, TIAL1, CUL3, PURB, HIPK3, NFKBIA,
BCLAFI1, BCL2L11, CDK5R1, NOTCH2, SGK3, SGMSI1, EI24, RAD21,
SIRT1, GIB6, CD24, UBE4B, PURA, VEGFA, BCL2, BCL2L2, PIK3RI,
CDKNI1B, PHF17, PRKAA1, TRAF3, EP300, CADMI1, ACVRI, IGFIR,
TNFSF12, B4AGALT1, PRKCE, MNT, PAK2, MCL1, FOXCI1, SEMAG6A,
SIAH1, TOPORS, TXNDCI, GCLM, GJA1l, TP63, PLAGL2, BTGI,
DAPKI1, ATGS, AKTI1, SLTM, HDACI1, ARF6, TBX3, YWHAZ, SMAD3,
STATSB, TAX1BP1, RTN4, MAPKS, TESK2, MAPKS8IP2

1.1x107?

3.1x102

4.7x107

MicroRNAs hsa-mir-195
targeting cell  poa mir497
cycle/mitotic

cell cycle

genes

712

hsa-mir-548c 1295

hsa-mir-543 466

hsa-mir-495 608

hsa-mir-181a-1 686
hsa-mir-181c
hsa-mir-181d

hsa-mir-181b-1

68

94

40

47

46

CD28, CDC25A, DMTFI, RECK, PAM, SESNI, CCNEI, E2F3,
ALS2CR2, CCNYL1, CDK5R1, RAD9A, PLAGL1, MAPRE!, MYBLI,
KIF23, VEGFA, PURA, YWHAQ, BCL2, PPMID, CCNJL, FOSLI,
TACC1, PDCD4, PPP2RIA, PPP6C, CHEKI, SRPKI, MAP2KI,
Cl10orf46, E2F7, RBBP6, CCND2, CYP26B1, CADMI, ANKRDIS,
LATS2, FGF7, CDC37L1, IGFIR, CCNJ, MNT, DNAJA2, ARHGAP20,
MACF1, FGF2, PCTK2, G0S2, CCNT2, SIAHI, PAFAHIBI, PTCHI,
CDC27, WEEL, PCBP4, YWHAH, CD2AP, TLK1, MYB, PPP3CB, CUL2,
MTSS1, TSPYL2, CCNDI, RASSF5, TMEM189-UBE2V1, MAPK3
HSPA2, ACTN4, ADCY3, RAP1A, SENPS, PTP4A1, CUL3, PAM, TGFA,
BTG3, CCNLI, SPIN1, FOSB, E2F3, APPLI, PCAF, CCNYL1, DDBI,
CDK5R1, NOTCH2, CDC73, CDC14A, PAPDS, PDGFC, POLS, FOXO04,
ERH, CAMK2D, RAD21, CSK, MAPRE3, E2F4, TRIMI13, PURA,
VEGFA, MPHOSPH9, OSGIN2, CP110, CDK7, STAG2, BCL2, CLASP2,
CDKNI1B, PDS5B, E2F8, FOSL1, ERBB2IP, PLCB1, PPP3CA, PDS5A,
MAP2K1, CLASP1, EP300, TCF7L2, ADCYAP1, RBBP6, GTF2HI,
PARD6G, KHDRBSI, CDC2LS, CADMI, ACVRI, CITED2, IGFIR,
PARD6B, MNT, DNAJA2, FOXCI, SIAHI, NEKI, CLIP1, PAFAHIBI,
PPPICB, VEGFC, MYC, HECA, PTCHI, DAB2IP, TRRAP, UHMKI,
ZMYNDI1, TBX3, PTMA, XRNI, CD2AP, TARDBP, MYB, HDAC4,
TOB2, STATSB, MTSS1, EPHB2, TSPYL2, STAGI

CTCF, RAP1A, TFDP1, MAPK 1, CUL3, CYP26B1, PTEN, SPIN1, KRAS,
NF1, SEPT3, BCL6, TSC1, NIPBL, NEK2, RAD21, CCNT2, MAPREI,
PAFAHIBI, PPPICB, RNF2, PURA, VEGFA, IL1A, PTCHI, UBB,
CCNC, YWHAQ, HECA, PDS5B, LATS1, BMP2, NUMAI, PPP3CA,
CCARI, PDS5A, CAMK2G, MAPK6, EP300, E2F7

KPNA2, PNN, CYP26B1, PTEN, ANAPCI, CADMI, E2F3, FGF7, IGFIR,
CDC37L1, PCAF, CDC14A, PSMD2, JAG2, RUNX3, RANBPI1, PAPDS,
FOXC1, NIPBL, EML4, DUSP1, POLS, RAD21, CCNT2, PPPICB,
VEGFA, PURA, MPHOSPH9, PTCHI, STAG2, ZMYNDI1, ACVRIB,
PDGFD, PPP3CA, PPP6C, CCARI, TARDBP, TLKI, CDK6, ILF3,
CAMK2G, MTSS1, MAPK6, EPHB2, EP300, TGFB2, DUSP6

CUL3, MAPK1, PTEN, PAM, RECK, ANKRD15, CCNJ, HEXIM1, PCAF,
SEPT3, CDC73, PCNP, CULS, RAN, PAPDS, BCL6, NIPBL, PCTK2,
RAD21, CLIPI, PAFAHIBI, PPPICB, BMPR2, MYBLI, TRIMI3,
RASSF1, IL1A, HECA, BCL2, CSNK2A2, PDCD4, MAEA, CIT, CCARI,
TARDBP, CD2AP, SPECCIL, ERF, MAP2K 1, ILF3, CAMK2G, CLASPI,
CCNK, E2F7, DUSP6, STAG

8.1x107

3.6x10°°

2.0x10%

7.1x107

1.1x10*




2009; 36 (9) ZRE L E: p53 EIEIHIE microRNA K HEEE A 518 2 iHiE <1161 ¢

Continued
. Total number of
MicroRNA . Count Target genes P-value
predicted targets
MicroRNAs hsa-mir-548c 1295 88 KIT, GLI3, CUL3, PURB, CTNNBIP1, TGFA, BTG3, ODCI, MYCN, 1.0x10°¢

targeting cell
proliferation
genes

hsa-mir-495 608 46
hsa-mir-195 712 49
hsa-mir-497

hsa-mir-181a-1 686 44
hsa-mir-181c

hsa-mir-181d

hsa-mir-181b-1

hsa-mir-543 466 30

NFKBIA, APPL1, MXIl, KLF11, PCAF, ODZ1, CDK5R1, CDCI4A,
NOTCH2, SKAP2, MXDI, NRP1, MMP14, PDGFC, PDGFRA, FOXO4,

CSK, GJB6, NUMB, E2F4, DBP, CD24, VEGFA, PURA, CDK7, BCL2,
CDKNI1B, PDS5B, EDGI, FOSLI, LRP2, MAP2K1, GAS6, SFI,
HDGFRP3, GPC4, ID4, KHDRBSI, CDC2L5, IGF1, TOB1, CADMI,

MXD4, ARHGEF2, IGFIR, TNFSF12, BAGALT1, ERBB4, INSIG1, MNT,

CTBP1, DNAJA2, PBEF1, FOXC1, SSTR1, BMII, LIF, TOPORS, LDOC],
PAFAHIBI, MYC, VEGFC, TXNDCI, HHIP, GJAl, ADAMTSI,
BHLHB3, PTCHI, BTG1, ZMYNDI1 1, TBX3, FLT3, TGFBR2, NUMBL,

SMAD3, HDAC4, TOB2, STATSB, ACSL6

KLFs, PTEN, IGF1, SSR1, CADMI, FGF7, IGFIR, ETS1, ODZ1, PCAF, 1.1x10*
CDC14A, ERBB4, CNBP, CDHI3, JAG2, RUNX3, EHF, FGFRLI,

FOXC1, BMII, NAB2, ACVR2A, CD164, VEGFA, GJAl, PURA,
BHLHB3, PTCHI, RAPIB, BTGI, ATP8A2, SCG2, ZMYNDII,
CBFA2T2, SOX9, TIMP2, PDGFD, EPS15, POU3F2, CDK6, NOTCHI,

HBEGF, CCDC88A, SF1, TGFB2, NR6A1

CDC25A, CD28, FGFR1, PURB, SESN1, RBM9, BAIl, PRDM4, CDKSR1, 3.3x10
BTG2, MAPREI, VEGFA, PURA, BCL2, PPMID, PPAP2A, PDAPI,

FOSL1, LRP2, CHEK1, MAP2K1, IHH, CDV3, AXIN2, ADRB2, CCND2,

PIM1, CADM1, FGF7, IGFIR, BMPR1A, LAMCI, B4AGALT1, DNAJA?2 ,

MNT, FGF2, PAFAHIBI, CDI164, ACVR2A, BHLHB3, PTCHI,
CBFA2T3, CDC27, EFNB1, HDGF, POU3F2, SMAD3, CXCL10, CUL2

ELN, CUL3, PTEN, PROX1, LMOI, PURB, ABII, ETSI, B4GALTI, 3.8x107
PCAF, CDHI13, IRS2, CULS, MMP14, BCL6, TGFBI, PDGFRA, ERG,

PAWR, LIF, CTTNBP2, BIRC6, PRKCD, PAFAH1B1, BMPR2, ACVR2A,
ADAMTSI, IL1A, CBFA2T3, BCL2, FLT1, ADM, RAP1B, CBFA2T2,

EDGI, RBBP7, CYR61, EPSIS5, CARDI1, ERF, MAP2K1, CCDCS8A,
TGFBR1, NR6A1

ID4, TFDP1, CUL3, PTEN, PURB, LMO1, MYCN, ARHGEF2, KRAS, 1.6x10?
NF1, CDH13, ERBB4, BCL6, OSM, TSC1, TGFBI, MAPREI, BIRCG,
PAFAHIBI, ACVR2A, VEGFA, PURA, IL1A, PTCHI, EPSS, SCG2,

PDS5B, RBBP7, BMP2, CYR61

The P-values represent the probability of a microRNA targeting an annotation terms gene purely by chance.

2.7 p53 E#EE1E microRNA EREER

BT ALEE AN 36 AN FD ¥ L R 41 41

H T WX 30 4% microRNA ZEM AR (4% 57  MiRNAminer J& — Ff 78 3& K 40 b 48 & [\ ¥
P, A 1EH miRNAminer T H(SHCVERIAE)E  microRNA [ T H. & & 564 ] BLAST £EAH M 1)

Table 5 The new discovered microRNAs which not included in other species databases

MicroRNA

Organisim

ptr ppy mim  oga cpo

ocu opr sar str dno eca ete fca laf tbe mlu

hsa-mir-497
hsa-mir-495/
hsa-mir-543
hsa-mir-19a
hsa-mir-19b-1
hsa-mir-200b
hsa-mir-448
hsa-mir-28
hsa-mir-455
hsa-mir-590

The gray box indicates the highly conserved microRNA which have been newly identified by miRNAminer.



* 1162 - SMFEEMYIRER

Prog. Biochem. Biophys. 2009; 36 (9)

FERIA P2 5 microRNA BIAFHICEC T2, 2
Jo R — & A 2% A O O A s R R R T TR A
microRNA, X514 45: BLASTE fH. RNA —
R 2R B S /NI AR B K
RNA KR 50 1525 L A 5 microRNA Hij /41 %
2 microRNA £ LX) 424,

gE R I, 4 10 45 microRNA J& — 454 Fp
microRNA £ 48 [ it A W% 18T microRNA (R 5),
Jf HiX 10 4% microRNA 1 5 BE 124 1.0, HIYE
36 MR AR SE(FR S RIRETEY), 31X 10 4%
microRNA 73 430 A5 T 16 AN Fed, i 1 HoAth
[ 20 APy ot A e BAH B ) [R] Y5 microRNA.
B B IX 28 microRNA ¥ 4 )5 42 41 o< W) F
microRNA [FAFFEFE I — e 115 ..

3 it it

H microRNA KILLIK, CalhigAaHlE it
() microRNA S 4 A AT T & B, HAL A A 51
microRNA #% iiF SE B # 4% p53 %, ASCNILA
microRNA £t tH %, {1 i} Targetscan. MiRanda
1 MirTarget2 —Fp&VEAL A 77, X p53 Lt
B s R IR DARC R i S DR 34T T #E microRNA
T, 53T 99 45 p53 LR UL A S 1)
microRNA, HH 1 53 45 B AT 5 B W] {511 p53-DNA
g5 A 7 25 (20 1 >90), &5 34 45 microRNA [f]
p53-DNA &5 &A1 s EH AT 85 5 90 2 [a], 1] I,
R =R VAL A 13 21 microRNA 5 p53 HATR
AR SCPE, A T HEBRIX B AH DG & — AN Bl AL
5 FRATTHEAT T Fisher’s exact test, 52 T 4F 1K
) P{H(P=2.44x10%). [Nk, ATLAHEEMAE, M
SRR S S5 R i e 19 2 B AT pS3-DNA &5
A7 2 1¥ microRNA 53445 s A ¢, JRdE
— A BEHLRE R AR, p53 M AR R A M 2%
microRNA & W A B AEH (¥ B 57 JE AR 2 1RG4
¥ H AT O A pS3 AH BME B iR 5 X 53 4%
microRNA It R AT ok, #k T — 5K AH B 1E M 4%
K, DAL m S A ARG R, bl
FHERIME FAS 5211, 'B5 13 4k microRNA # H.
YEH, WEEILMNEATMHEEREZ, FAS &
[ 1EAb 7E FAS-Casp 1X— 41 Ji 8 T2 3R i 7 11 L3,
ST AT & HES WAl PR TR R, X3
6 1A R AR AT NI e S B0 M 1 i AN T 5 L g . R
2 microRNA J&/ERZ 55 ps3 (5 5Bk Ik

FEATAERNE? Ak, B8 FRg Biyd 7 —
7K p53-microRNA {55518 # 14,  LUIIE B X — ik 7%
IR RENLER.  FRATOHEL A, microRNA B2 psS3
BRI RSR ps3 ARG I EF
WL B EIER, 53 4h microRNA Z [AIHBAFLE
FEAHEAEM. D, XA 2 A4 B3 BAH R
LA, p53 AE R — AN BE DA IE A Ak T 31X P-4l
FIH, IR SRAR B R BB BT microRNA
P9, ltn, has-mir-34a a] LLADH A R 1
SL[RMVE RN AN 5, 24 pS3 SAR R ELK e i
Ji has-mir-34a 35 1 FEAIG, 0040 B0 GE IR BE ) R
B, M5 R MR, Brugarolas 252 10 Z4EHT
WF5T p53-p21-cdk2-mdm2 P Ek I 5 & B/ B AP p21
B AWK S5 B A R AT T 0 TR 58 4 2811
P53 {5 Sl s A Al M2 K s X R B T
£ p53-p21-cdk2-mdm2 X i b A7 A6 3 SA K
YEFHR T, microRNA [ H 30 DU AT DR G Hb i e i
—I%, WHERATER p53-microRNA {5 55 il 4%
Bk B, 4 p2l ARG KRG, p53-p21-cdk2-
mdm2 FRERSZBIBIR, p21 K cdk2 (05144 T AR
BUH S, MUERR T 4ERFIE W AR BT 68, Y pSs3
(TG PER 98, p53 45 cdk2 ¥ microRNA _F T 7 [X
W4hity, A microRNA 7555 /K V- B I AE R 5%
Ja K edk2 Ak, A microRNA £
p53-p21-cdk2-mdm?2 loop J& 2 EAFE FI1EH, &
ARETE AR p21 WIFEH], IXARRE T A4/
(1) p21 & IO 5 IF A 82k ps3 5 5id
IR IA, AR EMEEE microRNA 782 T p21 144
0 DA SR R BAT MBS WL 75 224 Ja gk — 0 Hh
SERGIGAIE.

AR CRX 53 45 microRNA HEAT T 413 A ) 1
W, LA E] 15 500 ASHEEEDH, A BRI X O 5
DR] F R AT 2 v 1) — e Rl 2 A LA S R B 1 &
Pk, X —45 5 Wei S5V I pS3 I RIHT 1)
hRE > R—— RS ERE S &, ATA A
p53 LI LERIEL IR ) 45 A T Be S0 s (11T
OIS, AN AR . A0 TR 0 e B X
AR S IR ) R AEE DI OG, ik, FRAT
¥4 15 500 ANHEIE R WU 21 DAVID 84l e, 5 1e
2 30 44815 = L 3 (P< 0.05) 1) microRNA #
NS TR =AVEY AR, o, BiT—3tk
WA 9 4 microRNA ¥ 55 T X = AN EY)2r it e,
HEMIX 9 2% microRNA AJHELE p53 A5 51 % ke
FOHEAE R, BT 2 3 B0 1 FE A DL A
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The High Throughput Screening of Direct Regulatory
microRNA and Their Target Genes”
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Abstract 53 new microRNAs which have p53-DNA binding sites and regulated the p53 upstream transcription
factor and downstream target genes were screened from 676 human microRNAs. The microRNAs and p53 protein
interaction networks was constructed through mined the known interaction of p53 and p53-microRNAs.
Remarkably, FAS was found, which is a key factor in the apoptotic pathway regulated by a number of microRNAs.
The interaction of FAS-microRNAs maybe play a key role in the apoptotic pathway. A presumptive
pS3-microRNA regulatory mechanism was proposed: pS53 as a transcription factor regulated the target genes and
direct regulatory microRNAs, whereas it also is regulated by upstream transcription factor and microRNAs. So, a
balance which p53 located in the center would be formed by the factors of p53 pathway, the disease would be
caused when this balance is broken. A total of 15 500 genes were predicted as targets of these 53 microRNAs and
they are classed by 27 clusters according to the frequency of gene in all the 15 500 genes. Function annotation
analysis of genes frequency more than 10 revealed a novel p53 functions, including cell adhesion and migration
which suggested that p53 can suppress metastasis through direct transcriptional regulation of this new category of
molecular targets. 30 microRNAs which involved in cell cycle, apoptosis and cell proliferation were explored
through gene functional enrichment analysis, noticeably, 9/30 microRNAs (hsa-mir-181a-1, hsa-mir-181b-1,
hsa-mir-181c, hsa-mir-181d, hsa-mir-195, hsa-mir-497, hsa-mir-495, hsa-mir-543 and hsa-mir-548c) regulated all
three biological process, which implies that these 9 microRNAs maybe play a key role in the regulation of p53
signaling pathway and feedback loops through interaction of microRNAs. Finally, the homology and conservation
of 30 microRNAs were analyzed in the 36 species and 10 new highly conserved microRNAs (hsa-mir-497,
hsa-mir-495, hsa-mir-543, hsa-mir-19a, hsa-mir-19b-1, hsa-mir-200b, hsa-mir-448, hsa-mir-28, hsa-mir-455 and
hsa-mir-590) which have not included in the current microRNA database yet were found.
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