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Functional analysis of the upstream regulatory region of chicken
mMiR-17-92 cluster

Min Cheng™?®, Wenjian Zhang'??, Tianyu Xing>*®, Xiaohong Yan“?**® Yumao Li'*??,
Hui Li**3, Ning Wang*??

1. Key Laboratory of Chicken Genetics and Breeding, Ministry of Agriculture, Harbin 150030, China;
2. Key Laboratory of Animal Genetics, Breeding and Reproduction, Education Department of Heilongjiang Province, Harbin
150030, China;
3. College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China
Abstract: miR-17-92 cluster plays important roles in cell proliferation, differentiation, apoptosis, animal development
and tumorigenesis. The transcriptional regulation of miR-17-92 cluster has been extensively studied in mammals, but not
in birds. To date, avian miR-17-92 cluster genomic structure has not been fully determined. The promoter location and se-
quence of miR-17-92 cluster have not been determined, due to the existence of a genomic gap sequence upstream of
miR-17-92 cluster in all the birds whose genomes have been sequenced. In this study, genome walking was used to close the
genomic gap upstream of chicken miR-17-92 cluster. In addition, bioinformatics analysis, reporter gene assay and trunca-
tion mutagenesis were used to investigate functional role of the genomic gap sequence. Genome walking analysis showed
that the gap region was 1704 bp long, and its GC content was 80.11%. Bioinformatics analysis showed that in the gap re-
gion, there was a 200 bp conserved sequence among the tested 10 species (Gallus gallus, Homo sapiens, Pan troglodytes,
Bos taurus, Sus scrofa, Rattus norvegicus, Mus musculus, Possum, Danio rerio, Rana nigromaculata), which is core pro-
moter region of mammalian miR-17-92 host gene (MIR17HG). Promoter luciferase reporter gene vector of the gap region
was constructed and reporter assay was performed. The result showed that the promoter activity of pGL3-cMIR17HG
(—4228/-2506) was 417 times than that of negative control (empty pGL3 basic vector), suggesting that chicken
miR-17-92 cluster promoter exists in the gap region. To further gain insight into the promoter structure, two different trun-
cations for the cloned gap sequence were generated by PCR. One had a truncation of 448 bp at the 5’-end and the other had
a truncation of 894 bp at the 3’-end. Further reporter analysis showed that compared with the promoter activity of
pGL3-cMIR17HG (—4228/-2506), the reporter activities of the 5-end truncation and the 3’-end truncation were reduced by
19.82% and 60.14%, respectively. These data demonstrated that the important promoter region of chicken miR-17-92 clus-
ter is located in the —3400/—2506 bp region. Our results lay the foundation for revealing the transcriptional regulatory
mechanisms of chicken miR-17-92 cluster.

Keywords: chicken; miR-17-92 cluster; promoter; transcriptional regulation
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2}y 787 bp. WFSEIESE , miR-17-92 BE R FE TN BE L 4L,
Z 5 sy B ik . Mt aniss s a1 . i
i e N B A | K - AN [ RA Y 3
0255 RN K B AR I AR AR P A,
W R miR-17-92 SLFRFENT I . B 2 it ik tL 90 5
Z TR A b = 2Rk, B AR RS AN MG A, P
A T2 miR-17-92 BRI 2 — A
E W AE S %9 JE [ (oncomir-1) . BFRX AR, ik
MiR-17-92 & K] #7% AT {1 1F iy 4] Jie 9 40 i 174 186 52 A0 5
B . A UE I LR AN M R A L S B0 I S IR A e ) R
A 43033 s miR-17-92 LIRS S UM A
BET I A O JUE 0T U 2% 75 e b B, BB miR-17-92
IR B 38 240 i) 5 9 20 A 348 3 B2>38 | i AR /DN R
S AL R SRR R miR-17-92 REAfE A Sl
F 7 25 405 KRG 1B A 28T

YF miR-17-92 JLHFRTEM AL s A K & & Al
JERE 22 A R B EE B T, miR-17-92 35 [R5 1 % 3
FEZ B AL i1 . XHFL s s & 3,
MiR-17-92 3 K #£ 15 £ 3K MIR17THG K 8 F4#5F
PSS I B X A RSP R R T4l A s B
WFFEUESE , % 55T c-Myc. N-Myc., E2F1., E2F2.
E2F3. STAT3. Spi-1. Fli-3., Pim-1. cyclin D1,
MXI1, AML1., ETS1, ETS2 Fl NKX3.1 2805
miR-17-92 KL R ik , i p53.C/EBPB Fl HIF-1a
i miR-17-92 3L R #£ 6 B9754 miR-17-92 3L R #%
bR T %2018 £ R sh FREESN, A miR-17-92
FER T8 F I G 37 T 1.5 kb 4y AIT HAEKX
WRESE HEIZ L N R g Fe s 19

A (Gallus gallus) it miR-17-92 Jit K% 75 21 iy St |
k. BT RAERKE F SRR RS EENE
FUT 53901 g R, miR-17-92 KLPKIFEREAE HEAY HT
JIg Ul 240 6 358 5 0 B 5 A0 i e A 728 RV IR L 3
miR-17-92 KPR & e sk ¥ A IR A I IESE , (2
A A miR-17-92 K& R 15 SR 45 B 5% i A DL 4k
i . 75 i) NCBI %4 12 (http://www.ncbi.nlm.nih.gov/)
e, 3 kg (Meleagris gallopavo) . #3142 (Geospiza
fortis) . B ] % 4 (Poephila guttata) A1 j& iz % &S
(Melopsittacusundulatus) % & 28 #5 £ F 47 4 56 I 41
D, (HIXE 5 miR-17-92 KENFERY I # A7
—A~ gap, I EFE S 3 F BB R 51 LS B e

T IR ZE R IR A TERE 09 miR-17-92 JER RN T 1
Syeik, H Ef 1.4 kb b 7ErE—BEK 4N 2 kb
{19 gap(chr.1 147257200-147255334) , HFF/EHY miR-17-92
FE PR 05 SRS IR G, ACBIFGE IR FH U R A RS 1Y
FLTERE T XY miR-17-92 FL[NF%E FIF) gap X, &
A3 A A2 B SEIESE miR-17-92 KL FE 0 15 3
T IXAFi% gap X o AHFGEEE R A #7834 miR-17-92
JE DR ) 7 SRR P B B T A

1 BB
1.1 ##

TEME R 1A pEASY-Blunt Zero, pEASY-T1 Simple
K Rk Topl0 ¥l [ 4204 A ) (dbat) s Bl b
fiti Kpn 1 . Sma I #1 T4 DNA & #:W H NEB 2\
(EHD); B8 e o AR5 BN & B A F
(Ab3T) . DNA ghifblriioasn g . Tk /)i il 25 557
&M H Axygen A w](BiIH); DMEMIF12 K73k |
Opti-MEM 35353 | - i B Gibco AwI(GEH); 2¢
I R R A L DRAGN57] £ (Dual-Luciferase® Reporter
Assay System) , 7zt Z it 15 JE K 244 (pGL3-basic) .
185 9L R W A5 B N 2K (pRL-TK) Y - Promega
Nl (ERE); #YR 7] Lipofectamine™2000 Iy H
Invitrogen 23w (35 ) ; XA AT 441 il 2 (DFL)IA B
VA AR A S B A M BT O s XY EEIR A AR
50 = R AF AA AP 24H DNA,
12 Hik
e R

JARAEAS miR-17-92 JLHFE i gap X HYJTF 41
B, AR B 2 ) (b ) A 7 A AR 0 Y A b
Bkl &, MIEX miR-17-92 JLF %S gap X Z|A]
M E P AT 3 25 mm 54 SP1. SP2. SP4(41 4
5 gap AHEE 830 bp. 781 bp 1 427 bp)(F 1), 44
ik E i HOR 5 AT AR XS FR PCR .
I A 2 RN S AR UG P R . DL AA RIS T
41 DNA 1ENENHFT TS —% PCR(50 uL 1A R
FENA R A 200 ng), 3t 9 ANRR, 5184508 SPL
FRAF & b 0I5 19 ZFP1~ZFPY, SR FE

121
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Table 1 Primers used in this study

514 ¥4 (5'—3") R BRI (bp)
SP1 GGTTCCTCTCATTGGGTTTAGATGGG 3281
SP2 CCAGTAATGGCTGTAAGTTACCCAAGC 3232
SP4 GCTGCTAAACATGCCTGCAATCCT 2878
cMIR17HG(—4228/-2506) F: GGGTACCCAGTGGGAAAAGAGCTCGGTTGT 1722
R: CCCCGGGGAAGGGAGGGGAGAAAGGGGGCG
cMIR17HG(~3780/-2506) F: GGGTACCCAAGGAAACTTCAGTCTAAAAAT 1274
R: CCCCGGGGAAGGGAGGGGAGAAAGGGGGCG
cMIR17HG(—4228/-3400) F: GGGTACCCAGTGGGAAAAGAGCTCGGTTGT 828
R: CCCCGGGGCTTGTCCGAGCGGGAATCGCTG
cMIR17HG(~3400/-4228) F: CCCCGGGGCTTGTCCGAGCGGGAATCGCTG 828

R: GGGTACCCAGTGGGAAAAGAGCTCGGTTGT

NS VEIREE Ky 62°C, ZEfRETE 2 min, —
KRNI PCR 74 HAAE A — 48 PCR S A
Mr, #4755 PCR, 514912k SP2 Fid il & iy bl
MLEIY ZSP1, 55 48 I N i) PCR =¥ #i #% 50 {55
YE RS =% PCR R AR, iF17565 =% PCR, 5l
Yk SP4 FiR £ B BEHLE 1Y) ZSP2., 43 I — 4%
PCR Wik, i 1%RY B IR pHEE I EA TRk, HEFE
T LK AT, SR TR RNtk I B e R E
PEASY-Blunt Zero wrfEzkik b, i F#ELIREY
AT

1.2.2 AW 8 F o

FIF DNAMAN #i1 ClustalW2.0(http:/Aww.ebi.ac.uk/)
Xt . A (Homo sapiens). H2JEJE(Pan troglodytes) .
4 (Bos taurus) . % (Sus scrofa) . K Fi (Rattus
norvegicus) . /) L(Mus musculus). 7 §L(Possum) .
T I (Rana nigromaculata) f1 Bt & #4 (Danio rerio) %5
10 Rl ¥ miR-17-92 BLPHFE L3¢ 1P 91 264 7 HE X 43
¥r o & F Mulan(http://mulan.dcode.org/) i fill %
miR-17-92 JFE[NFE b7 8l X e 145 50 145
% Jl GENSCAN (http://genes.mit.edu/GENSCAN.html)
F1 GPMiner(http://gpminer.mbc.nctu.edu.tw/index.php)
LT T gap X [H) GC &t K CpG 5.

1.23 BT/ ELARB ARG ML

WRIEG AR T #1538 miR-17-92 JL[H %
FWEFES, AR PCR Y GE Y, W TERE 3
TG L R AR K 51m A 3 s AR S R AR R B T

e LM EAA, B FEESIE 54 A ARG
Al Kpn T # Sma T (519115 L3R 1), LA AA I3
FEIHN 4 DNA MM EFT PCR P38, § 31 7=y el
#| pEASY-T1 Simple sefE#fAk b MIFLiRE, &
Y] B e shiAe a3 51145 A pGL3 basic ¢t &R
BT A S TR AR b, A AR A i 15 35 DR ko
pGL3-cMIR17HG(-4228/-2506) . pGL3-cMIR17HG
(-3780/-2506) . pGL3-cMIR17HG(-4228/—3400) F
pGL3-cMIR17HG(-3400/-4228) . pGL3-cMIR17HG
(—4228/-3400) Fl pGL3-cMIR17HG(-3400/-4228) it
AR ShF R B IE, {07 A .

124 MpEmF4mie 2 (DF)#ERERELR
A

XS IR B 2R 4E 40 ML R (DFL) 4 i 3% 5% T
DMEM/F12 &5 F# 5 (&4 10%JIf 2k 1fL ¥ . 100 U/mL
HHEEM 100 pg/mL 5EHE R, B HE TIRE
37°C .CO, ¥k i 5% AHXT IR B 90% Ay 4H B 1 =48
AT A 100%K}, F 0.25% s fb g b1k, It
B AR 2= 12 FLHR(2.5%10° AN HL)P, Fidm
JIC A BE IR 5] 80%H, 437l B 1000 ng )5 8l 5%
N E W45 2K pGL3-cMIR17HG(-4228/-2506) |
pGL3-cMIR17HG(-3780/—2506) . pGL3-cMIR17HG
(—4228/-3400) fil pGL3-cMIR17HG(-3400/-4228) L
Ko zs 4 KL 25 4A pGL3 basic 5 50 ng ) pRL-TK
FORRA, LY DFL 4. %54 FH Lipofec-
tamine™2000 #5YLikF], YL RIAMIESE T Opti-
MEMI 53236, 5~6 h J5 e B # A KB .
Y 48 h Ji, WAEAN MMM, FFH% Promega 2 Al
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PR BRI G UL W 484, 23 B 4% 41 R
T (N 2) N K OO R MG

B 7

FIiA LR AR R 3 ok A LA, B
FH SAS9.2 #ff( SAS Institute Inc.) J3HT B EHE, %k
PEE RN N x2SD, 'P<0.05 HEFEE, "P<0.01
h e

2 HIR500r

21 B miR-17-92 EF % EFERFEA gap KAIEE
NG A i

X% miR-17-92 3 PR % - 3ife i 5 R 20 )7 91 A 4E gap
X, M gap [X 578 miR-17-92 HEPR#% a] 49 2 40
5, TR RS SPL. SP2 % SP4, AR 53k
5514 ZFP1~ZFP9, ZSP1. ZSP2 47 =% PCR "
B, PR AT BN S R EA T LUK T E 9
Hecmh, 551, 4.5, 7, 8. 9 =% PCR 1§
JCHA B 5 45T AR 2 FIER 3 Y =% PCR &
55 6 215 4 PCR A WM 457 (B 1A) . H#fix sk
TH T 45 A3 DI i, el % pEASY-Blunt Zero
VEREEAR F IR, SAEERRIR, 45 6 45 i
PCR =¥ iy ¥ 41K B 4 3.3 kb, DNAMAN 41 L %t
ST I, %A B R AR 5 08 miR-17-92
LR B gap X BRI E RFS—2, P
0.7 kb BFAI EE (K 1B), B 6 4155 48
PCR P B F 51 R1% gap XJF5, S5 o 60
B, mAWEM gap XKF4)4 KN 1704 bp, fF
FICHEZE GenBank(E k%5 : KU745420), MiXf2s 2
IS 3 4155 =58 PCR p=i P &5 50 43 kB, 31X
P F BTG 3 Sy @ fkf 5 S ak, H5Xg
miR-17-92 JEPRI Y FIEA Ml r 9 IR B

FI i GENSCAN(http://genes.mit.edu/GENSCA.-
N.html) 23> B 3R B XS miR-17-92 JE [K#% i 1704 bp
) gap XFFA, Z5REM, ZXIFS GC &tk
80.11%, HAFTE Rt E L 741 . FIH GPMiner(http://g-
pminer.mbc.nctu.edu.tw/index.php) /3 H1%% miR-17-92
FEFE BT 4 Ko JFA, SEREPL, SN BT
fE—4 CpG &, i T H IiF-3494/-1170, &K
2324 bp, A4~ CpG 51 GC &l 77.62%, % 4h,
BRI miR-17-92 FL R FIEAF7E— 1 AT B4R X,

125

i F chr.1:147253933-147255083, 4K 1150 bp, H:
AT &) 62.48%([& 1B).

2.2 B miR-17-92 HEE#% LR 5B EIEME S 7

M. UCSC Genome Browser(http://genome.ucsc.edu/)
RO . N, BB, R . KRR DR L
BE Tt AR ESE 10 FhahH miR-17-92 JE K% LiiF 4 kb
FISEHALF5, Hd, 391 4 kb 8 H A & A5
AFHIAG mi-17-92 FLA % i 1704 bp 1Y gap X ¥
5. FFl DNAMAN X}ix 10 Fhz#) miR-17-92 FE[H
% EiE 4 kb FAIUEAT X M. AT R B, XS
miR-17-92 K:N#%E FiiF gap X HYFH hAH —EZ
200 bp HJFF 5 HAzh 9 Fish¥y miR-17-92 JEH 7% I
Uie e 50 BEAR ST, T2 X A B A RN A5 I L
B miR-17-92 5L M #1132 L [ MIR17HG 4% 0 A
g F X, FF Mulan 44 (http://mulan.dcode.org/) #F
— 501 L3k 200 bp R5F XTSI EREB, XA
AT X P HAT 35T TATA box FilE #4 1 (initiator)
FiAh, AL VF 2 R ST R i SR IR T 2 A
Ji, Wi SP1. NFY., LEF1, Myc. OCT1 fil ETS1 4§
(K 2).9t—F| ] Clustalw2.0(http://www.ebi.ac.uk/
Tools/msa/clustalw2/) % i 10 Fhs4#7iX 200 bp J¥51
VAT XS A8 o 45 SRR BL, AS[E W FI ] X 35 DNA
JE A AL EE TS He 55 v, O 2L 8 40 ) A R RL BB 3 R
T 81.7%, I, A 5EEEMAEPIE R 100%, A
54 8% REF/NREAHLIESE 90.0%~97.4%2
)5 XG5 AFUBBIEMAHRUE R 77%, W54,
.OREL ANR I R E 74.1%~76.6%2
], S AR R 67.4%,

FIH Mulan #AE3 XS miR-17-92 5E 5 7%
K Ui 4 kb JER AP ARUE, 458 BREY
NA W BRI v ) X I (1] 3), —Befor FiZ kA
WEF A BT A X8, A5 N % X8 40 A R
1k 70% , ¥ 43 X AR BLBE 2 5 100%(miR-18a fffiT)
B —BALTX miR-17-92 KEHFE FF0 gap X (WY
miR-17-5p [ii# 2.9 kb-3.2 kb), XEBtFHIH = A
MIR17THG #%.00 5 3 1 X b 55— A S 1 B 4 55—
W& T RAIIX, HdiZz gap [X 5% 200 bp #4155
NP AU By, 3% 5 5817 DNAMAN 437 &
LAY 10 N4 Fh miR-17-92 JE R b 7 i) v BE (R ~F X
A—5 . XEEPER R, A8 miR-17-92 JE R E 3h
F XA F AL e #4219 gap X,
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Chicken chr.1 CpG & AT BERX &&&&}\Z& :&\Z& gV
5 - I } 4-1 <-| 4_I _3
: : SP4  sp2  SPI
GAP
(kb) —4.2 -35  -31¢ -4 -11 098 063 -0.58 0 0.8
| EAX (749 bp) (1704 bp) HEEX (782 bp)
a1 BL(3235 bp)

1 B miR-17-92 EFEFEMER AL MR E Lif gap REBETHB LN

Fig.1 The schematic genomic structure of chicken miR-17-92 cluster and the genome walking analysis of the genomic gap
A 18 miR-17-92 A% |1 gap K AU R R /347 . M 78 DNA marker(4 kb); 1 /855 —4% PCR 771 ; 2 /R 45 4 PCR ¥y
3 FIRHE =4 PCR =¥ ; ZFPL~ZFP9 F R #E55 —4%% PCR I 1 FIr s £ 09I E 51 9143 5 ik R & b 9519 ZFP1~ZFP9, % ZFPL Ml
JEE VAL, ZFP2 MU NES 2 41, DIMZEHE; JrhAS 6 415 AR MRS R 1 S Gk miR-17-92 FERE B4, EIP ik bRt .
B: X% miR-17-92 J [ 5 KL D 20 45 44 B e 1420 88 T 5 R BE I P ) 43 #r o 3 miR-17-92 JER B F—5 e fafk, L EilEH —14 CpG &
f—A~ AT H4EX, HH CpG & (GC & & 77.62%) /i F miR-17-5p 4w X Ui 1.1 kb~3.5 kb, AT &4 X (AT 35 62.48%) 1. T CpG &
B9 R ilE. SP1. SP2. SP4 Jy e (o AL H% BT i S5 [ W i A o T Hh 0 52 B3 miR-17-5p 7€ T%IéﬂLE’J§€~/\+7ﬁ@§(147253923)
6 4155 4% PCR =¥ F 41 53 miR-17-92 FL K FE I Wi SE R4 e 41 () L X 25 51, STl P81 44 3235 bp, %7414 3579 miR-17-92
R F gap X0 o O 0 8 PR P 9 B &, ST 43 (9 62 58 43 51 R chr.l: 147257201-147257949 Fi chr.1: 147254553-147255334,
Hih 5 gap X E#f#ES 749 bp, 15 gap X FUFHE S 782 bp, L MumnI EEXIFS], 1541 gap X 4K 1704 bp,
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SP1 NFY ETS LEF1

-130 -120 -110

Gallus gallus GCGGGC! SGGTCTGAGGCCGGCENNIE) . .
Homo sapiens GCCGCCGT
Pan troglodytes GCCGCCGT
Bos taurus GCCGCCGT,

Sus scrofa GCCGCCGT,

Rattus norvegicus GCCGCCGT,
Mus musculus GCCGCCGT
Possum GCAAAGGAGGCGGAGA. . . . . CAGCCCGTNwiele)
Daniorerio....................ccc00... [®@GATTGG
Rana nigromaculata. ... ... ... ... . ... .. ...... TGCGCTINYES]

CTCGGAAGTLCTTTGTT
cTCGGAAGTlCTTTGTT

—40 —30 —20 -10 +1 +10 +20 +30 +40

Gallus gallus AGC. GGGGCTTGT GGAIV:NMWVNCGTTGAGGCGGGAGCCGCCGCCCT LV IBACCOHNINIEGTCC CCGAACCCAGCCGCCGCCGCCG
Homo sapiens AGT. GGGGCTTGTCCG V.V RN ENCGTTGAGGCGGGAGCCGCCGCCCT LVBRACCOINEGTCC. TTCGAGGTGCCGCCGCCGCCG
Pan troglodytes AGT. GGGGCTTGTCCG ¥V ¥ VNCGTTGAGGCGGGAGCCGCCGCCCT AVUIBA CCOINIEGTCC. TTCGAGGTGCCGCCGCCGCCG
Bos taurus AGT. GGGGCTTGTCCG [¥:N g4 VNCGTTGAGGCGGGAGCCGCCGCCCT FNNIMIACCONFIMEGTCC. TTCGAGGTGCTGCCGCCGCTG

Sus scrofa AGT. GGGGCTTGTCCG ¥V UUVNCGTTGAGGCGGGAGCCGCCGCCCT (OANWIRACCOIEWEGTCC. TTCGAGGTGCCGCCGCAGCCG

Rattus norvegicus AGT. GGGGCTTGTCCG V:A¥¥VNCGTTGAGGCGGGAGCCGCCGCCCT PNMIHACCHIPNIEGTCC. TTCGAGGTGCCGCCGCCGCCG
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Danio rerio AGTTGGGGGTTGTAGAIVNYNVNCGTT CA. ACGGGAGCCG. . . CCCTUNWIHACCININCGTTCCAAGGCAGGT. . CGCCTTCG CG

Rana nigromaculata AGC. GGGGCTTGT AGA 'GTTG GTGCGGGAGCCG . . CCCT [{&.Ny{JACCOLIFNIGGTCGGGATTCAGAC. . AGCGTTCG CG
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Fig. 2 Conservation analysis of the sequences upstream of miR-17-92 cluster in various animals
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Fig. 3 Conservation analysis of the genomic sequences of miR-17-92 cluster between chicken and human
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Fig. 4 The promoter activity analysis of chicken miR-17-92 cluster
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Ko 3y Ao 5 72 AR A e DR 28 AR ) 05 P T 0 I 5
i T B A R (P<0.01) (& 4B), H, &K R Bt
AR A EE N 2K pGL3-cMIR17HG(-4228/-2506) i
TG PE 228 R SR 8k pGL3 basic 1Y 417 %, Ui
A% F B miR-17-92 Bk R 18 = 3L R () 2 .
5aRK Bttty 2L D A A L, 5ol 28 AR R i
LK pGL3-cMIR17HG(-3780/-2506) 1 33
U AR AR A FE N 2K pGL3-cMIRL7THG (-4228/
—3400) G HEX TR, 430 T R 19.82%F1 60.14%.

5 TR — 25, 3 v A 58 AR AR I 14 A B4
LR AR pGL3-cMIR17HG(-4228/-3400) )3 5 1
I S R N AR D O Y R S E R YIS = I
pGL3 basic)HH L AT i 3 22 7 (] 4B) . X BB 4
N, X miR-17-92 FERFE FIit i 8+ B D) R IX
Al GE 7 T -3400/-2506 X .

3 W #

ARG ANE T 1 miR-17-92 JE[HIFE | i 4
B gap X341, HUESL1Z gap X NAEAERS miR-17-92
SRR G ST o AT Rt —2 e 7R 0 B oA 525
MiR-17-92 FEPRI (1) SR AL B8 1 IR S 1) A



732 #1% Hereditas (Beijing) 2016

% 38 %

HARIPAE 2004 4 ANZEHEC 58 O Y 4 LR 4
) V3 2 W, (HLS i DR A AT A7 — 2L gap.
X miR-17-92 LA % A 7E—4> gap X, {H—
B BRA PG B . BRTE 245 H
ZH I A At 55 28 (AN 2 R B | TR B L KOG
FEZIX IS AAETE gap. ASIFSR B IRARTS XS miR-17-92
JER#% B gap X ¥4 (GenBank %515 : KU745420).
FPa 3 KR, 1% gap X GC 7 #1155 (80.11%) , Jf:
FEAEREEREE P, XAl gEst 2 A AL 52— F
ARAEM H miR-17-92 JEN % FiE gap XJ¥4 1 2
JRH 22—

PR PR R — PR S T A ERER,
FIH BEH A R LML B 4L 2 A7 51 H k% A A
AR A A1 0, g T e R T A R
) 2s BRIEAN, DIRBCE B LR A T LUK N . 5
WA Y EE R, AW TEE
T-DNA 5l 5% JA F 1 4 A7 5 e N T4k PAC .
YAC Fl BAC K F Befg it e iR o Je:
H A AL K 4 DNA JF 5311 3 % [R) 1) H A2 M i B
R RS, S5 a IR R R I
51 Z B A2 M 0 B 1) 22 S A T RS X R PCR I
B, B F RS =5 PCR P HEAT DI i LR
HELE SR IE# 5 . AU Y RS B b R I,
56 458 A IS PCR =451 (K1 1),
Hrp, 55— PCR W) 24571 (29 4 Kb) i M B2 & T
5575 PCR =4, HASHE T —3k, HEE =
5 PCR Y HLEE — 48 PCR J“HIB%/IN; TIEH — A
PCR 7=#yiii (£ 750 bp)fES =48 BA H B IX Y 3
FEYINE R B, BT AR B 5E — 1> PCR 11 %
AT RIS R eI, I AR FRAR B 45 2R .

X miR-17-92 FEH % b3 g 8+ X i 4 5L R 43
Brok B, 3o i 28 21K 5 2 F pGL3-cMIRL7HG
(—4228/-3400) % 15 FE H (A 16 PEAR B AR T 2K H
B )5 sh T4 A5 L 25K pGL3-cMIR17HG (-4228/
—2506) TG 1, S SERE T N 60.14%(& 4B),
PERAG miR-17-92 KL FE )G 3+ E L BE X A F
A miR-17-92 KL [N #% 17 —3400/-2506, % X {0 4%
XN G /NREHIL Y miR-17-92 JE s 32 3
R PR SF IR 8 FIXIR, % X384 TATA box ., iz

4 F (initiator) A & Myc, ETS, SP1, LEF1, NFYA
HEZRTFHNESRHE TSNS (B 2), X
miR-17-92 LK% b 1F—4228/-3400 J¥41) 5 HiAth 54y
AIFRSTE AR AN L {H pGL3-cMIR17HG(—4228/-3400)
AT58R HAK S ) 715 1 (8] 4B) . #2785 —4228/-3400 3% Bt
DX IRAFFE — LAY T RE AT W S P25 B i o ok
K F45 G0 S i & B, % X IAE7E Myc. AMLL,
OCT1. GATA2. LEF1., RREB1, SRF Z5&:3[H ¥
MIZE AL, AR DB B TIE 3 B S5 ]2 75 7
FEXS miR-17-92 JE K £ A %

miR-17-92 JE AL sh ¥ K k& FE e & B
Hh R I A A 8 R L SR R ML X T T
SRR R E & A AL B R
TEMFLBIYI b, miR-17-92 Ik [ (55 SR R T %
Him FEKH MIR1THG JahF i, PR EiEsE A
miR-17-92 ZE % b AIT B 4 X UL RE TR 12 PR R
FRIOSA HERG miR-17-92 FENFE W RIFEAEAE AIT
X, AIT SN 62.48% (NN 64%), %X KT
G5 N AIT BHEXFFIME, HEUE AR (34%), 1%
B 7 XS miR-17-92 JE [R5 i s A1V A 1 0k
— 9. 15 miR-17-92 JEHFE F ey CpG B 5
AIT BHEXZEAE— AR EEM c-Myc 454
57 15, E-box(E3), {7 F A miR-17-92 L [K#% 3% 1.5 kb
Ab1O3839 A AL, A8 miR-17-92 JLPRE it A
— AT HEEX LK —4> CpG & (GC & itk 77.62%,
AN 78%), {EAENY miR-17-92 JE[H#% |- CpG
55 AIT &R ZEFH AR R 1 c-Myc 454107
M E-box, #2808 5 A miR-17-92 PR 54 (5% s 45
A REAN T 4 AH ] .

A W 5% Fl ] GENSCAN(http://genes.mit.edu/
GENSCAN.htmI)% 3% miR-17-92 JE[H 5% 5 3L K iy
SERGFEATIR, RPN MIRLTHG A 4 MISTER
ShRT, BREE AN TN, HASNE TR T8 S
LAY AH LA UM AN S . AR miR-17-92 JE[H %
JLA B 19 7 SN AEAS [R) Py i) o B RS, SR, LA
FIHFE MIRITHG BI4ME TR EARAE,
MIR17HG & A £f 75 1Y 3 % 2 S W] BE #t J2 2 i
miR-17-92 R[N #%

JUEARM IR ZM T3R5 T3 miR-17-92 JE[H %



AR XY miR-17-92 LRI # F i X h B4 by

733

A gap XJFA, HFHSLIIESL X gap X NAF
FEXS miR-17-92 FE[H#qE EEE WG s+, (HHETET
A TF NS miR-17-92 J R 4% & B Z 4 S N 11
e . SR BRATK R FSER 845 . EMSA
DL ChIP 888 AR, T a5 JF R AL 5 B AR W) it i
H miR-17-92 K&K B &% s ML B9

2 2% ik (References):

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(0]

[10]

[11]

[12]

[13]

Ambros V. The functions of animal microRNAs. Nature,
2004, 431(7006): 350-355.

Bartel DP. MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell, 2004, 116(2): 281-297.

He L, Hannon GJ. MicroRNAs: small RNAs with a big role
in gene regulation. Nat Rev Genet, 2004, 5(7): 522-531.
Zamore PD, Haley B. Ribo-gnome: the big world of small
RNAs. Science, 2005, 309(5740): 1519-1524.

Krol J, Loedige I, Filipowicz W. The widespread regula-
tion of microRNA biogenesis, function and decay. Nat Rev
Genet, 2010, 11(9): 597-610.

Denli AM, Tops BBJ, Plasterk RHA, Ketting RF, Hannon
GJ. Processing of primary microRNAs by the Micropro-
cessor complex. Nature, 2004, 432(7014): 231-235.

Yi R, Qin Y, Macara IG, Cullen BR. Exportin-5 mediates
the nuclear export of pre-microRNAs and short hairpin
RNAs. Genes Dev, 2003, 17(24): 3011-3016.

Du TT, Zamore PD. microPrimer: the biogenesis and
function of microRNA. Development, 2005, 132(21):
4645-4652.

Bartel DP. MicroRNAs: target recognition and regulatory
functions. Cell, 2009, 136(2): 215-233.

Inui M, Martello G, Piccolo S. MicroRNA control of sig-
nal transduction. Nat Rev Mol Cell Biol, 2010, 11(4):
252-263.

He L, Thomson JM, Hemann MT, Hernando-Monge E,
Mu D, Goodson S, Powers S, Cordon-Cardo C, Lowe SW,
Hannon GJ, Hammond SM. A microRNA polycistron as a
potential human oncogene. Nature, 2005, 435(7043):
828-833.

Voorhoeve PM, le Sage C, Schrier M, Gillis AJM, Stoop
H, Nagel R, Liu YP, van Duijse J, Drost J, Griekspoor A,
Zlotorynski E, Yabuta N, De Vita G, Nojima H, Looijenga
LH, Agami R. A genetic screen implicates miRNA-372
and miRNA-373 as oncogenes in testicular germ cell tu-
mors. Cell, 2006, 124(6): 1169-1181.

Trang P, Medina PP, Wiggins JF, Ruffino L, Kelnar K,
Omotola M, Homer R, Brown D, Bader AG, Weidhaas JB,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Slack FJ. Regression of murine lung tumors by the let-7
microRNA. Oncogene, 2010, 29(11): 1580-1587.

Lee Y, Jeon K, Lee JT, Kim S, Kim VN. MicroRNA mat-
uration: stepwise processing and subcellular localization.
EMBO J, 2002, 21(17): 4663-4670.

Kim YK, Yu J, Han TS, Park SY, Namkoong B, Kim DH,
Hur K, Yoo MW, Lee HJ, Yang HK, Kim VN. Functional
links between clustered microRNAs: suppression of ce-
Il-cycle inhibitors by microRNA clusters in gastric cancer.
Nucleic Acids Res, 2009, 37(5): 1672-1681.

Yuan XY, Liu CN, Yang PC, He SM, Liao Q, Kang SL,
Zhao Y. Clustered microRNASs' coordination in regulating
protein-protein interaction network. BMC Syst Biol, 2009,
3: 65.

Yan XH, Wang ZP, Wang N. Characterization of the
structure, function and regulation of the chicken mir-17-
92 cluster. Zoolog Res, 2012, 33(5): 455-462.

EeLr, TS, £, 8 mir-17-92 ZEHEFFE L . D)
e S =AY, sh¥=A0r5E, 2012, 33(5): 455-462.
Concepcion CP, Bonetti C, Ventura A. The mi-
croRNA-17-92 family of microRNA clusters in develop-
ment and disease. Cancer J, 2012, 18(3): 262-267.

Wang Q, Li YC, Wang JH, Kong J, Qi YC, Quigg RJ, Li
XM. miR-17-92 cluster accelerates adipocyte differentia-
tion by negatively regulating tumor-suppressor Rb2/p130.
Proc Natl Acad Sci USA, 2008, 105(8): 2889-2894.

Ota A, Tagawa H, Karnan S, Tsuzuki S, Karpas A, Kira S,
Yoshida Y, Seto M. Identification and characterization of
a novel gene, C130rf25, as a target for 13g31-932 ampli-
fication in malignant lymphoma. Cancer Res, 2004, 64(9):
3087-3095.

Lu Y, Thomson JM, Wong HY, Hammond SM, Hogan BL.
Transgenic over-expression of the microRNA miR-17-
92 cluster promotes proliferation and inhibits differentia-
tion of lung epithelial progenitor cells. Dev Biol, 2007,
310(2): 442-453.

Bonauer A, Carmona G, Iwasaki M, Mione M, Koyanagi
M, Fischer A, Burchfield J, Fox H, Doebele C, Ohtani K,
Chavakis E, Potente M, Tjwa M, Urbich C, Zeiher AM,
Dimmeler S. MicroRNA-92a controls angiogenesis and
functional recovery of ischemic tissues in mice. Science,
2009, 324(5935): 1710-1713.

Chen JH, Huang ZP, Seok HY, Ding J, Kataoka M, Zhang
Z, Hu XY, Wang G, Lin ZQ, Wang S, Pu WT, Liao R,
Wang DZ. mir-17-92 cluster is required for and sufficient
to induce cardiomyocyte proliferation in postnatal and
adult hearts. Circ Res, 2013, 112(12): 1557-1566.
Alemdehy MF, Erkeland SJ. MicroRNAs: key players of



734 %% Hereditas (Beijing) 2016 %38 %
normal and malignant myelopoiesis. Curr Opin Hematol, [35] Wu Q, Luo GH, Yang ZP, Zhu F, An YX, Shi YQ, Fan
2012, 19(4): 261-267. DM. miR-17-5p promotes proliferation by targeting

[25] Olive V, Jiang I, He L. mir-17-92, a cluster of miRNAs in SOCSE6 in gastric cancer cells. FEBS Lett, 2014, 588(12):
the midst of the cancer network. Int J Biochem Cell Biol, 2055-2062.

2010, 42(8): 1348-1354. [36] Park D, Lee SC, Park JW, Cho SY, Kim HK. Overexpres-

[26] Hayashita Y, Osada H, Tatematsu Y, Yamada H, Yanag- sion of miR-17 in gastric cancer is correlated with prolif-
isawa K, Tomida S, Yatabe Y, Kawahara K, Sekido Y, eration-associated oncogene amplification. Pathol Int,
Takahashi T. A polycistronic microRNA cluster, miR-17- 2014, 64(7): 309-314.

92, is overexpressed in human lung cancers and enhanc- [37] Xie RY, Lin XL, Du T, Xu K, Shen HF, Wei F, Hao WC,
es cell proliferation. Cancer Res, 2005, 65(21): Lin TY, Lin X, Qin YJ, Wang HY, Chen L, Yang S, Yang
9628-9632. J, Rong XX, Yao KT, Xiao D, Jia JS, Sun Y. Targeted

[27] Hossain A, Kuo MT, Saunders GF. Mir-17-5p disruption of miR-17-92 impairs mouse spermatogene-
lates breast cancer cell proliferation by inhibiting transla- sis by activating mTOR signaling pathway. Medicine
tion of AIB1 mRNA. Mol Cell Biol, 2006, 26(21): 8191- (Baltimore), 2016, 95(7): e2713.

8201. [38] Ji M, Rao EY, Ramachandrareddy H, Shen YL, Jiang CS,

[28] Chow TF, Mankaruos M, Scorilas A, Youssef Y, Girgis A, Chen JX, Hu YQ, Rizzino A, Chan WC, Fu K, Mckeithan
Mossad S, Metias S, Rofael Y, Honey RJ, Stewart R, Pace TW. The miR-17-92 microRNA cluster is regulated by
KT, Yousef GM. The miR-17-92 cluster is over expressed multiple mechanisms in B-cell malignancies. Am J Pathol,
in and has an oncogenic effect on renal cell carcinoma. J 2011, 179(4): 1645-1656.

Urol, 2010, 183(2): 743-751. [39] O'Donnell KA, Wentzel EA, Zeller KI, Dang CV, Mendell

[29] Yu J, Ohuchida K, Mizumoto K, Fujita H, Nakata K, JT. c-Myc-regulated microRNAs modulate E2F1 expres-
Tanaka M. MicroRNA miR-17-5p is overexpressed in sion. Nature, 2005, 435(7043): 839-843.
pancreatic cancer, associated with a poor prognosis, and [40] Grillari J, Hackl M, Grillari-Voglauer R. miR-17-92 clus-
involved in cancer cell proliferation and invasion. Cancer ter: ups and downs in cancer and aging. Biogerontology,
Biol Ther, 2010, 10(8): 748-757. 2010, 11(4): 501-506.

[30] Zhou P, Ma L, Zhou J, Jiang M, Rao EY, Zhao Y, Guo F. [41] Schulte JH, Horn S, Otto T, Samans B, Heukamp LC, Ei-
miR-17-92 plays an oncogenic role lers UC, Krause M, Astrahantseff K, Klein-Hitpass L,
veys chemo-resistance to cisplatin in human prostate can- Buettner R, Schramm A, Christiansen H, Eilers M, Eggert
cer cells. Int J Oncol, 2016, doi: 10.3892/ij0.2016.3392. A, Berwanger B. MYCN regulates oncogenic MicroRNAs

[31] Xiao CC, Srinivasan L, Calado DP, Patterson HC, Zhang in neuroblastoma. Int J Cancer, 2008, 122(3): 699-704.
BC, Wang J, Henderson JM, Kutok JL, Rajewsky K. [42] Sylvestre Y, De Guire V, Querido E, Mukhopadhyay UK,
Lymphoproliferative disease and autoimmunity in mice Bourdeau V, Major F, Ferbeyre G, Chartrand P. An
with increased miR-17-92 expression in lymphocytes. Nat E2F/miR-20a autoregulatory feedback loop. J Biol Chem,
Immunol, 2008, 9(4): 405-414. 2007, 282(4): 2135-2143.

[32] Zzhu HQ, Han C, Wu T. MiR-17-92 cluster promotes [43] Woods K, Thomson JM, Hammond SM. Direct regulation
hepatocarcinogenesis. ~Carcinogenesis, 2015, 36(10): of an oncogenic micro-RNA cluster by E2F transcription
1213-1222. factors. J Biol Chem, 2007, 282(4): 2130-2134.

[33] zZhu HQ, Han C, Lu DD, Wu T. miR-17-92 cluster pro- [44] Kayali S, Giraud G, Morle F, Guyot B. Spi-1, Fli-1 and
motes cholangiocarcinoma growth: evidence for PTEN as Fli-3 (miR-17-92) oncogenes contribute to a single onco-
downstream target and IL-6/Stat3 as upstream activator. genic network controlling cell proliferation in friend
Am J Pathol, 2014, 184(10): 2828-2839. erythroleukemia. PLoS One, 2012, 7(10): e46799.

[34] Ventura A, Young AG, Winslow MM, Lintault L, Meiss- [45] Thomas M, Lange-Grunweller K, Hartmann D, Golde L,
ner A, Erkeland SJ, Newman J, Bronson RT, Crowley D, Schlereth J, Streng D, Aigner A, Grunweller A, Hartmann
Stone JR, Jaenisch R, Sharp PA, Jacks T. Targeted dele- RK. Analysis of transcriptional regulation of the human
tion reveals essential and overlapping functions of the miR-17-92 cluster; evidence for involvement of Pim-1. Int
miR-17-92 family of miRNA clusters. Cell, 2008, 132(5): J Mol Sci, 2013, 14(6): 12273-12296.

875-886. [46] He M, Wang QY, Yin QQ, Tang J, Lu Y, Zhou CX, Duan

CW, Hong DL, Tanaka T, Chen GQ, Zhao Q. HIF-1a



AR XY miR-17-92 LRI # F i X h B4 by

735

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

downregulates miR-17/20a directly targeting p21 and
STAT3: a role in myeloid leukemic cell differentiation.
Cell Death Differ, 2013, 20(3): 408-418.

Yu ZR, Wang CG, Wang M, Li ZP, Casimiro MC, Liu MR,
Wu KM, Whittle J, Ju XM, Hyslop T, McCue P, Pestell
RG. A cyclin D1/microRNA 17/20 regulatory feedback
loop in control of breast cancer cell proliferation. J Cell
Biol, 2008, 182(3): 509-517.

Fontana L, Pelosi E, Greco P, Racanicchi S, Testa U,
Liuzzi F, Croce CM, Brunetti E, Grignani F, Peschle C.
MicroRNAs 17-5p-20a-106a control
through AML1 targeting and M-CSF receptor upregulation.
Nat Cell Biol, 2007, 9(7): 775-787.

Kabbout M, Dakhlallah D, Sharma S, Bronisz A, Sriniva-
san R, Piper M, Marsh CB, Ostrowski MC. MicroRNA
17-92 cluster mediates ETS1 and ETS2-dependent
RAS-oncogenic transformation. PLoS One, 2014, 9(6):
€100693.

Yan HL, Xue G, Mei Q, Wang YZ, Ding FX, Liu MF, Lu
MH, Tang Y, Yu HY, Sun SH. Repression of the
miR-17-92 cluster by p53 has an important function in
hypoxia-induced apoptosis. EMBO J, 2009, 28(18): 2719-
2732.

Kusy S, Gerby B, Goardon N, Gault N, Ferri F, Gerard D,
Armstrong F, Ballerini P, Cayuela JM, Baruchel A,
Pflumio F, Roméo PH. NKX3.1 is a direct TAL1 target
gene that mediates proliferation of TAL1-expressing hu-

monocytopoiesis

man T cell acute lymphoblastic leukemia. J Exp Med,
2010, 207(10): 2141-2156.

Yan Y, Hanse EA, Stedman K, Benson JM, Lowman XH,
Subramanian S, Kelekar A. Transcription factor C/EBP-B in-
duces tumor-suppressor phosphatase PHLPP2 through repres-
sion of the miR-17-92 cluster in differentiating AML cells. Cell
Death Differ, 2016, doi: 10.1038/cdd.2016.1.

Kang L, Cui XX, Zhang YJ, Yang CH, Jiang YL. ldenti-
fication of miRNAs associated with sexual maturity
in chicken ovary by Illumina small RNA deep sequencing.
BMC Genomics, 2013, 14: 352.

Hicks JA, Trakooljul N, Liu HC. Discovery of chicken
microRNAs associated with lipogenesis and cell prolifera-
tion. Physiol Genomics, 2010, 41(2): 185-193.

Yao J, Wang YX, Wang WS, Wang N, Li H. Solexa se-

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

quencing analysis of chicken pre-adipocyte microRNAs.
Biosci Biotechnol Biochem, 2011, 75(1): 54-61.
Rathjen T, Pais H, Sweetman D, Moulton V, Munsterberg
A, Dalmay T. High throughput sequencing of microRNAs
in chicken somites. FEBS Lett, 2009, 583(9): 1422-1426.
Wang N, Duan K, Song H, Zhang XF, Zhang TM, Zhang
WJ, Yan XH, Wang Sz, LiH. Identification of TP53INP1
as a targets gene of chicken miR-20a. J Northeast Agric
Univ, 2015, 46(9): 69-74.
£, Boad, RE, ki, KRB, JKIcE, FEmR,
SPaR, AHE. 19 miR-20a #EEE K TP53INPL 4 5E. At
Ll K2f244R, 2015, 46(9): 69-74.
Huang HY, Liu RR, Zhao GP, Li QH, Zheng MQ, Zhang
JJ, Li SF, Liang Z, Wen J. Integrated analysis of mi-
croRNA and mRNA expression profiles in abdominal ad-
ipose tissues in chickens. Sci Rep, 2015, 5: 16132.
Dodgson JB. Chicken genome sequence: a centennial gift
to poultry genetics. Cytogenet Genome Res, 2003, 102
(1-4): 291-296.
Barski A, Jothi R, Cuddapah S, Cui KR, Roh TY, Schones
DE, Zhao KJ. Chromatin poises miRNA- and protein-coding
genes for expression. Genome Res, 2009, 19 (10): 1742-1751.
Rishi AS, Nelson ND, Goyal A. Genome walking of large
fragments: an improved method. J Biotechnol, 2004, 111
(1): 9-15.
Zhang ZW, An Y, Teng CB. The roles of miR-17-92 clus-
ter in mammal development and tumorigenesis. Hereditas
(Beijing), 2009, 31(11): 1094-1100.
FRARER, v, BRI miR-17-92 2 [F# microRNAS X
WFL Sl A B A E MR R AR R R, i, 2009, 31
(11): 1094-1100.
Ozsolak F, Poling LL, Wang ZX, Liu H, Liu XS, Roeder
RG, Zhang XM, Song JS, Fisher DE. Chromatin structure
analyses identify miRNA promoters. Genes Dev, 2008,
22(22): 3172-3183.
Pospisil V, Vargova K, Kokavec J, Rybarova J, Savvulidi
F, Jonasova A, Necas E, Zavadil J, Laslo P, Stopka T.
Epigenetic silencing of the oncogenic miR-17-92 cluster
during PU. 1-directed macrophage differentiation. EMBO
J, 2011, 30(21): 4450-4464.

(Fitshd: RER)



