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Impact of Single Nucleotide Polymorphism in the Promoter Re-

gion of miR-34b/c on Regulation of miR-34b/c Transcription

CHEN Jia-ping, QIN Zhen-zhen,CAO Song-yu,et al.
(Cancer Center of Nanjing Medical University ,Nanjing 211166, China)

Abstract: [Purpose ] To investigate the impact of a common polymorphism rs4938723 (T/C) in
promoter region of miR-34b/c on the regulation of miR-34b/c transcription. [ Methods] The pGL3-
basic-miR34b/c-T and pGL3-basic-miR34b/c-C luciferase plasmids were created containing T or C
allele of miR-34b/c promoter region. Then the two plasmids contained T or C allele were transfected
respectively into Hela, A549 and CHO cells to detect the transcription activity of miR-34b/c. [Re-
sults ]| pGL3-basic-miR34b/c-C construct group showed significantly higher levels of luciferase
expression compared with pGL3-basic-miR34b/c-T construct group (P<0.01). [Conclusion] The
miR34b/c transcript product could be effectively increased while the miR-34b/c carrying the
rs4938723 C allele.

Subject words: miR-34b/c; promoter region; single nucleotide polymorphism

microRNAs (miRNAs) J&—2K 2 22 MR
A AE S i FRLEE RNA 435, )2 40 A5 7800 5 A 4 Al
mAE LS, B B R LR, MR — AR G
A58 P RNA, miRNAs 76 4E 9 7R 1 A K & & i
Pk T AR EE R EEEN . MR R miR-
NAs F 258 i) 5 A K 58 2 5O 58 2 B AN 6, A2
HE R L P mRINA 3 fife sl 40 7] 780 6 1 ) 7 i PR 11y 3%

E£TH . BXoAB¥E4E KM E(30730080); B X B A ¥H
4 347 E (81102179).,

BRMEE LR AIRK, ZZ BLERF B CERAEL
ETAFRATK S LARTFR, IHEAF LT ILITR
K IL A H# 818 5 (211166) ; E-mail: hbshen@njmu.edu.cn.,

Y75 HH:2012-07-11;1& 2 H #1:2012-09-27

MEFFT20124% 18 5% 11 #

ik, VENE R R W TR T, 44 miRNA AT 2L
P RCE RSN AR MG R vk T Mk
H. MEHERE— RS EE AR RS R
PO i B BF 58 26 W miRNAs 263425 96 15 g
1 kA & R OIA G, AR LA T iz A 2=
B2 & B AN 2E miRNAs K350 (52%) 1 F B AT
98 A S 32 R 4 X35 P sk 2 260 A 35 R VG A A a1
] B %2 B0, miRNAs [ 2% 35 2 9] 2 0 i g i) 3
PG, AT LA SO0 M i) A R AR

miR-34 FZ 5 I Ak — 28 5 BE AR SF 9 miRNA
KW, I AFAE TR ) R N sh i K 5L sh )

835



Journal of Chinese Oncology,2012,Vol.18,No.11

o A miR-34 FEFEZEAEFLT 3 A5 :miR-
34a, miR-34b Ml miR-34c, H:H miR-34a 3EH 7 T
1p36, Bl % 5 363K | 1 miR-34b A miR-34c W) &
YRR — A BE RS R e sk 3k ak e, 2t £,
miR-34 ZW5 5 p53 He B Z Y B IE K15 9 45 78 p53
-5 14 200 S S0 R 240 B O T R A T 4 4 A T AR
T [FE, Corney 45 P FE 45 SR W miR-34 F kK
AT )/ T 22 45 g #H DG 5  SE P, n CDK4/
6.Cyclin E2, MET, Bel-2 “51F P 3 17 i 0 Ji
55 R & A R SR DA G

R R 2 251 (SNP) J& A\ 2 5 X 21 v e i DL
(R AL AR S 22—  miRNA & R K H B 3T X el 14 38 %
7 S AT RESE I 5 miRNA A9 20k A 1T 2 4% o
REL ) ARHF ST i X miR-34 LR K HE 3h 1 X 8
FENZE SNP B 1 v 3547 AH G182 R0 LU X 1 32 )
i T miR-34b/c J& 3 ¥ X B #% R £ & %
154938723(T/C), AW B 2% AF Bl 45 SR £ WY %
miRNA J& 3 F X SNP(T/C) 2l 4% v] G 43 5% i H 5 5%
ST GATA W45 G, DT A 45 Ho A= Wy 2 e 428 4
FH o ASBIFZ 38 33 48 8 5 A A [F) 5 Y miR-34b/c JH
Bl DX At B PR R A, R RS o 2 il A
FEH ARG W 5E T miR-34b/c J3 3 T X SNP 1 s %t
miR-34b/c I sk RTEDIRE

I RS

1.1 SSBw#st

pGL3-Basic ,pRL-SV40 Jii %7 14 [ Invitrogen 2
A RN W H R T R A R A A
8 gLl 7] Lipofectamine 2000 4 H Invitrogen 23 ) ,
XLE G 2R A i PR ARG 3 50) &2 8 T Promega 24
Al, Taq DNA B4 M T4 DNA & 28 PR 6l N Y
ity SR i 5 R A B I Wl & A5 45 O Takara
N, Hela 4 A549 K CHO 4 it hy A< 52 56
ERAT
1.2 SEWHIE
1.2.1 miR-34b/c B2 T /551 & AR B RA LS

)/

H}»
i

M #& UCSC Genome Browser #{ #i F £ /i~
154938723 Z 5 £ T miR-34b/e 15 8 F X, B
B SRR IR FE-423bp Ak, B ARAIF ST BT Y

836

2 45 3 X5 KK miR-34b/c 3 8 T X (=874bp,
+312bp) 79125 AR )3 2l F 19 pGL3-Basic it & 5
FRE= RN T

¥ 1 % A miR-34b Ji 8 7 )¥ 91 1Y pGL3-Basic
ARk PCR 9738 A miR-34b J3 81 X 5 51 3 K
hoB, BB F 5k . F: 5’ - CCTAGCTAG-
CATTGAATGATCCAGATGACC -3’ ; R: 5'- ATG-
CAAGCTTACTTCCTTCACGCCAGGC -3', PCR JZ i
A% 4 :95°C 5min,95°C 30s,60°C 30s,72°C 2min, 35
MGG T 72°CHEM 10min,  H &Y F Wb 10 i
F Nhe 1 #1 Hind I XU VI )5 % A pGL3-Basic #(
i, %46 E.coli DH5o J8% 57 25 41 g I $k e BH 4 v
WM, 045 5 A miR-34b/c J3 )1 X ¥ 51 H Blast
PP HEAT OXS 34 o R 38 7 1% i 58 8 1 5] 8 XF
P B2 1) R AR AR AT R R, M S A AN
SNP {37 55, (T/C)miR-34b Il 32 )7 1 (1 AH 1 2% 44, 43 5]
i 4 A pGL3-basic-miR34b/c-T F1 pGL3-basic-
miR34b/c-C,
122 iR 3

W2 KRS BRI Hela A549 K2 CHO 41 it 43
WP T 24 LM, 2 BRI BT A Lipofectamine™
2000 LW A5 FEAT AN MLEE Gy o PR+ BRI R Y o 21
1% &L M . pGL3-Basic %5 #/&+ pRL-SV40 ,pGL3-ba-
sic-miR34b/c-T+ pRL-SV40 #1 pGL3-basic-miR34b/c-
C+ pRL-SV40, B4 3 M FPAT5L5, A 3 K, 5%
Y 24h Ji WA A0 T R AT 2O 2R WIS PE AT
1.2.3 MR K FBEE N E

& Promega /A H $2& A (14 XU2¢ Y 22 g4 15 3k DR A
W7k dEAT, A IxPBS PR 4008 2 W, ffLimA
200! PLB 2 Jfd 24 fif W WS 4R 40 M, I &2 R Rl )
12 000r/min 4°C 0> Smin, W H 201 4 i 24 f# 14
VWA 100 ZEOE R Y (LAR ) B G5 H
f2E B e E 2R R EEY K JGE, FNA 100l
) R 24 1B W (Stop & Glo), 22 7E b AR Y pRL-
SV40 T Z 1 & CAE , & 1 HAE BN 56 il
{14 FEGT P
1.3 SitZEHiE

K HI SPSS 18.0 et 4k 47 Geit o b, di
PLoxes 7, AL RVECHE 10 LU 3R F o R 560, G 50 7K o
N a=0.05,

ME K 2012 454 18 &% 11 #H



%= R

21 HEH miR-34b/c MEBEBFHEWEIER E =S

i 4 1) 22 3k R FE 21 TR pGL3-basic-miR34b/
o Z [ I FE 36, AR A 5T [ 14 I 0 9F B 1E 2%
AR A L TR B pGL3-basic-miR34b/c 251 1y 56
TIE rs4938723 fii #ik C, Z AT 44 4 pGL3-basic-
miR34b/c-C , X #4) 1 5 2y 1) B kL pGL3-basic-miR34b/
c-C PEAT 5 1 578 (C—T) , I e 45 SR W] 22 o5 58 728 K,
o (K1), feZty g2l & A AR SNP 47 g5 (T/C) Y
miR34b/c J3 3 TP 91844, 35l 44 pGL3-basic-
miR34b/c-T 1 pGL3-basic-miR34b/c-C,
22 FHABRME pRL-SV40 £ HELFR A ZEBHIRE
ERERE

% pGL3-Basic

Ve
e
ol

Jit ki pGL3-basic-miR34b/c-T

Fl pGL3-basic-miR34b/c-C ik 5355 pRL-SV40 4
Z FORi AL Y T A549 Hela 1 CHO 20 Ff | 5% AL
G FR T A o R G 0 % 3R 38 TR 1) ¢ 016 3R Tl 1) A
XPWEPE . AR 3 B4 ML & P K pGL3-Basic %5 ik 4H
PR BFAAXSIEEE B E N 1, 4R ER, 7 CHO
4 jfg |, pGL3-basic-miR34b/c-C 41 %% % il A1 % 1%
Pt R 1.383 £0.059, % pGL3-basic-miR34b/c-T 41
(1.125+0.056) & 3 T} =5 (P=0.0054) ; 7 Hela 4 Jif 5%
Ye sy i pGL3-basic-miR34b/c-C 41 %)t K i AH XF
W H 1.97£0.116, % pGL3-basic-miR34b/c-T 4
(1.588+0.138) . & Tt = (P=0.0054) ; £ A549 4l il %
Ye 52 | pGL3-basic-miR34b/c-C 417t 2 i AH XF
TG PEN 2.339£0.129, % pGL3-basic-miR34b/c-T 21
(1.776£0.075) i 3 F+ 5 (P=0.0003) . ULIK 2,

LSS

3 3 B

2002 4F 11 H Calin K
it i6 miRNAs 5 % 55 il g3+
XK, O Bk B £ 1 iE 4 R
miRNAs 7€ I 98 19 & 4 ke

5PAICIE TA. TE ATA 8

B 1

3.0

2.5

2.0

LDOREEE (N

1.5

1.0

0.5

0.0

CHO Hela A549

SEA: GIE& TATT "TAGC A 8

pGL3-basic-miR34b/c-T RALE R R (CT)MFLE R

*

TE . AR YL AR B e R N S IR pRIL-SVAO FRE ) ¢ )it 22 0 1 b 47t HL 3%
5. MABE N 3 W L5605 R R B EBORbRME2 . . P<0.05,™: P<0.001 ,

2 miR34b/c 1§ & £ B Bk 52 St R EB A X iE 1

WA EEMEN ., %R
B ,miRNAs 7] i 1 98 7 J7 9
FEH AR RN RIE S 50
R AT L, He 28 S Rk W]
1 R b9 L2 W . 97 T
Ja PEAG AR A, ARk R
IRYT TR AT AR SR Ok
i £ i k5T 2 W, miRNAs 3
i) SNPs A 52 M AR A
miRNA 1Y 8 23 F2 F miRNA
B 45 4 omiRNA 5 #0355 Y
PSSl miRNA 45 0 %
RS NS5 i 0 k&
A JR o AR A A Y
WF5E & W, {7 F has-miR-
19622 i %4 X 1) 1511614913
frss (T/C) HCAE AT 5% e i A
pre-miR-196a2 i Ay Rl #A -
miR-196a2 H (13 F | 41 Jifl 512
B 25 AR st G 8 7 b

OpGL3-Basic
% EpGL3-basic-miR34b/c-T

WpGL3-basic-miR34b/c-C

1S4
w

MEFFT20124% 18 5% 11 #

837



Journal of Chinese Oncology,2012,Vol.18,No.11

M hsa-mir-196a2 S5¥03E N LSPI 9454 . [FIEE, A
R ZH AE LA (51— %o BB 5 Sy BE A i 35t 12 SC I B 52 46
Frh &M, rs11614913 £ 345 1) 28 48 45 47 JE P v] DL &
S0t 98 AL R g 1 e RV BG 5 | BR AlE / 4
I (NSCLC) ST XUBS: $2 5 76% , Hh A A 7 B 1] s /b
5.9 A~ FHosl ez H AT A Ik, rs11614913 23847 A5
CfE R RIS TP I 5 il FLAR e B B
JHT-Je5 S5 22 0 98 %) 22 9 IR 5 DI AH 6 1012170 S A
A PRGEZH AT miRNA Hij 4 X 3l 33t % 742 5 5 NSCLC %t
To U e R F 5T H & B, 1 F has-miR-30c-1 R4 X
() 1s928508 1 LA 52 Wil pre- Al il 24 miR-30c-1 (1) %
ik, HEARFE pri-miR-30c-1 F'E 15 £ XA nu-
clear transcription factor Y (NFYC) ik, RHixZL
A7 A5 0] BE B W pri-miR-30c-1 # pre-miR-30c-1
B AR ERE 1T pri-miR-30c-1 N iZ A& Fl NFYC 33
ki,

miR-34 Z< 0% Al LLid & 5 CDK4/6 , Cyclin E2 .,
MET , Bel-2 %5 AH 5 I 3 PR (%) 396 4 T 52 1) 400 ik PN 1) 22
oo o] 4 2F B2 4 B SR BT | 4N R R R R A i R T
ZE178 miR-34b A1 miR-34c¢ J& miR-34 %% 1Y 3 3 il
By, HERIB AT R 2 Al bR 1 & AR Kk R DA
Sl8201 - ARIF S I 1 % NCBI Hh A2 SNP % 4 it
TR A & B L xF, i 26 27 T miR-34ble Ji3 8l ¥
X ~423bp HLH% 1 MR 2 35 1% 154938723 (T/C), W15
B R R % 2 B A5 52 GATA e 56K 11
gh4y ) Al AEE I B ) miR-34b A E G R i B S ik
PR AR H A F 0 Re . HIAS DR 7 LA Ry
FEA B 151 —XoF BRI 9 o FRATT e IR 1s4938723
A7 S KL AL (TC/CC) & 5 #5717 rs4938723 i A ik (K]
B (TT) AR AR Eb, & 28 988 00 KU 38 T 40% 2
TEABEFE o FoATT R G 2 55 AN ] L R 28 miR-34b/c
(10 4l 6 PR AR A, R XU G 2 B A 3 R
SWF5E T miR-34b/c SNP {37 5i XF miR-34b/c 1) % 5%
FEAEN . ISR A5 R W, 78 A549 Hela
CHO =/~ 4ifig &, pGL3-basic-miR34b/c-C 41 %< )t
2% A AT 3% P2 88 pGL3-basic-miR34b/c-T 1. 3 T &
(P<0.01), T & F 1s4938723 (T/C)Z A0 A5 1Y
miR-34b/c J3 ) F X ¥ 5 i # A pGL3-Basic # {&
W, T LB G K 1 R 55 A B BT miR-34b/c
Jet Bl DXt % A Sk LA SIS PR S A E YR
W], miR-34b/c Ji3 3 ¥ X it % 28 55 AT DLAE 3% sk K F- 1

838

AROEE RS it — PR AW ST miR-34b/c 1
JbRg e A R TR A R L AL R B8 T 3k

S 3k

[1] Lee RC,Ambros V. An extensive class of small RNAs in
Caenorhabditis elegans|J]. Science,2001,294(5543): 862—
864.

[2] Lagos-Quintana M,Rauhut R,Lendeckel W et al. Identi-
fication of novel genes coding for small expressed RNAs
[J]. Science,2001,294(5543): 853-858.

[3] Lau NC,Lim LP,Weinstein EG,et al. An abundant class
of tiny RNAs with probable regulatory roles in Caenorhab-
ditis elegans|J]. Science,2001,294(5543): 858-862.

[4] Calin GA,Sevignani C,Dumitru CD,et al. Human mi-
croRNA genes are frequently located at fragile sites and
genomic regions involved in cancers[J]. Proc Natl Acad
Sci U S A,2004,101(9):2999-3004.

[5]  Lu J,Getz G,Miska EA, et al. MicroRNA expression pro-
files classify human cancers [J]. Nature ,2005,435(7043):
834-838.

[6] He L,He X,Lim LP,et al. A microRNA component of the
p53 tumour suppressor network|[J]. Nature,2007,447(7148):
1130-1134.

[7]  Tarasov V,Jung P,Verdoodt B,et al. Differential regula-
tion of microRNAs by p53 revealed by massively parallel
sequencing: miR-34a is a p53 target that induces apopto-
sis and G;-arrest[]J]. Cell Cycle,2007,6(13):1586—-1593.

[8] Corney DC, Flesken-Nikitin A, Godwin AK,et al. MicroR-
NA-34b and MicroRNA-34c¢ are targets of p53 and cooperate
in control of cell proliferation and adhesion-independent
growth[]]. Cancer Res,2007,67(18): 8433-8438.

[9] Ryan BM,Robles AI,Harris CC. Genetic variation in mi-
croRNA networks: the implications for cancer research [J].
Nat Rev Cancer,2010,10(6):389-402.

[10] Hu Z,Chen J,Tian T,et al. Genetic variants of miRNA se-
quences and non-small cell lung cancer survival[]]. J Clin
Invest, 2008, 118(7):2600-2608.

[11] Hu Z,Shu Y,Chen Y et al. Genetic polymorphisms in the
precursor microRNA flanking region and non-small cell
lung cancer survival[J]. Am J Respir Crit Care Med,2011,
183(5):641-648.

[12] Hu ZB,Liang J,Wang ZW ,et al. Common genetic variants
in pre-microRNAs were associated with increased risk of
breast cancer in Chinese women|[J]. Hum Mutat,2009,30

(1): 79-84.

ME K 2012 454 18 &% 11 #H



[13] Tian T,Shu Y,Chen J,et al. A functional genetic variant MIR196A2 with susceptibility to hepatocellular carcinoma

in microRNA-196a2 is associated with increased suscepti- in male Chinese patients with chronic hepatitis B virus in-
bility of lung cancer in Chinese [J]. Cancer Epidemiol fection|J].Hum Immunol,2010,71(6):621-626.
Biomarkers Prev,2009,18(4):1183-1187. [18] Svoboda M,Sana J,Redova M,et al. miR-34b is associated
[14] Hoffman AE,Zheng T,Yi C,et al. MicroRNA miR-196a-2 with clinical outcome in triple-negative breast cancer pa-
and breast cancer: a genetic and epigenetic association tients [J]. Diagn Pathol,2012,7:31.
study and functional analysis|J]. Cancer Res,2009,69(14): [19] Hiroki E,Suzuki F,Akahira JI,et al. MicroRNA-34h
5970-5977. functions as a potential tumor suppressor in endometrial
[15] Peng S,Kuang ZS,Sheng CY,et al. Association of mi- serous adenocarcinoma [J]. Int J Cancer,2012,131 (4):
croRNA-196a-2 gene polymorphism with gastric cancer E395-E404.
risk in a Chinese population [J]. Dig Dis Sci,2010,55(8): [20] Tanaka N,Toyooka S,Soh J,et al. Frequent methylation
2288-2293. and oncogenic role of microRNA-34b/c in small-cell lung
[16] Wang K,Guo H,Hu HM,et al. A functional variation in cancer [J]. Lung Cancer,2012,76 (1):32-38.
pre-microRNA-196a is associated with susceptibility of [21] Xu Y,Liu L,Liu J,et al. A potentially functional polymor-
esophageal squamous cell carcinoma risk in Chinese Han phism in the promoter region of miR-34b/c is associated
[J].Biomarkers, 2010, 15(7):614-618. with an increased risk for primary hepatocellular carcino-
[17] Qi P,Dou TH,Geng L,et al. Association of avariant in ma [J]. Int J Cancer,2011,128(2):412-417.

(2012 HEMEZ L FMHYHREE

Shy 4 0 R R bR 00 TR, A bR e L EE ST T R B AR R R, A
2008 A FF i i W T D3 AR Y R E R B AR AR, S 3R g A ST S A AR A TR AR
2012 A4 [ g A e o e 4 104 AN bR iR Ak 2009 AF e B e Bl ol xR
B P RS R, A T2 A EIC A B E i A (2012 [ MR B e AR ), DL B 2009
A ] ey 5 7 2 e DX T R ) &R S AR T K AR 35 N 13K 8 547 7 A4
31 AT HBIX (5 749 J7)F 41 DARATHLIX (2 798 T7) , 4R N & 300 TLANER Y, 55— 8B40
WA 5 20 3 43 B0 I A 5 50 — WU ER 4B S B BT A R 5 5 R A S B S, (S A B
VLA TAER R Geit I ik fHE A .

(2012 v [ b9 2 0 AF MR ) I . 425 B R 22 i okt i, R gm R BE BR D, B AR
i B R RIAE

M FRE 2012 5% 18 &4 11 #H 839



