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ANHT AR S0, g AL T R 4k 9p13.3. NGX6
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JURL W H Promega 7~ | 5 1% R 7 1 & b HE
DL2000 Marker. LA Taq DNA %%, T4 DNA %
P2l Kpn T M1 Nhe T 0 HORES LY A w)(TaKaRa
8 #l)s  Lipofectamine 2000 Ji Bt 44 -+ Invitrogen
2AF]; EZNA MR K 2 DNA $2 0K & 08 B
F[E Omega A vl FOGCRMRINR A&, B- F3
B LI AS I 77 32 R Promega A H] 7= its Uk dh
S B IO A& B Bl sE Y TR A
H s A% B A B2 3 A & (NR-PER Nuclear and
Cytoplasmic Extraction Reagents) fl1 LightShift 1t 2%
&6 EMSA 57 &% H Pierce Biotechnology A 5
oAt EE #E A(mithramycin A)J | Sigma 23 7).
1.2 EMEBES

M NCBI (http://www.ncbi.nlm.nih.gov/mapview)
B PR 3R NGX6 H: 5 L7 13 kb DNA J¥41. [
FH 7 2k T AT PromoterInspecter (http:/www.genomatix.
de/cgi-bin/promoterinspector_prof/promoterinspector.pl)
1 FirstEF (http://rulai.cshl.org/cgi-bin/tools/FirstEF/
fef.cgi) 70 B FF 7000 2 A% & J3 3 1 X k. CpGplot
(http://www.ebi.ac.uk/servicestmp/cpgplot) & £k F1
i NGX6 K 5 L i o % X CpG & .
MatlnspectorProfessional (http://www.genomatix.de/
cgi-bin/matinspector prof/mat_fam.pl) Tl 1% [X 3 %
KT 4 AR
1.3 NGX6 B zh FEHR & E FE & K pGLY/
Enhancer/1126 BI#jE & £ 7E

M A=A B E T ¥ NGX6 JA 5l 1 DNA J7
H, #F X GenBank X 3k [ NGX6 F& K] v 41 5
AF188239 {1 3L K41 DNA J541-357 bp £ +769 bp,
] Primer5.0 ¥ it — X Hp e 514, JHLE 555>
SIMA Kpn 1« Nhe 1 WESVILL 55, B TaKaRa 2
HE . LTI 5 AAAGGTACCCGAGCCCA-
GAGGGTTTACTT 3'; Rl 51#: 5 AAAGCTA-
GCGCCTCAATCTTCCCTGCTTC 3'. LLIE# A 4b
JA LD 20 DNA 988, R PCR BARZ LT %
PE4 88 94°C 48P 10 min J5 N\ LA Taq DNA 2
#M, 94C 30s, 58C 1 min, 72°C 2 min, 30 4
IR, 72°C LEMH 10 min, 1% IRREEER ko 2,
e glife. N T4 DNA &8, F PCR =4
78 % N pGEM-T easy Bk, W& =) 4L K
FEB IM109, i/ 0 BH M B v, 4R IOBURE
DNA, fir4 & pGEM-T easy/1126, £ F#IPEN )

Wi Kpn T« Nhe T BUBEY) B 7 % 52 BA M o 1%
FI R N BERN AR FoRs S 1 BRI P D) I A7 R
Kpn I A1 Nhe 1T, BT IEH# 1) pGEM-T easy/1126
N2 22 Wi 7 55 R 2044 pGL3/Enhancer 3 #E47T X
MY, RIPcaifl J5 7E T4 DNA VEBREVEH] 36T
B, M pGL3/Enhancer/1126 21 4 25 kA
AR, Kpn TR Nhe T UV % 02 BHE ve .
14 RAEIREEFE TSN

¥ COS7. HT-29 ik GES-1 41 g 70T 12 4L
REgRtorh, 4 A K& 90% /il & FE I, K5 pGL3/
Enhancer/1126+ pSV-@- - FL i 11 g2 18 ks St 4%
Yedif, LAFLHEE YL pGL3/Control Al pSV-g-1-
RIS ok A BHYEXS B, pGL3/Enhancer A1 pSV-
B- “P-FLBE T il I8 IOk A IPE X . A5G 48 h e
WORAN L, 77 2R IR I FR . 1xPBS 4l
Ml 2~3 &, SEAFEZMPER, BEALHPIA 100 pl
Ix R P, S WCE 10~ 20 min, % & b
— W, KBARAEMIBEANBLE S, B 1SS,
4C, 12000 g &0 15s, HL 20 wl 40 A A
100 wl ZEEEH MR, TRA), FERIE TR B
M. S3AEEEL 30 wl 40 e 4R 04T pSV-B- 3L
PEFPREITE T B, SRALEREL 3 AN PAT SE i A
B, BT A ) 5% 2R WS P A8 pSV-B- 13
PP PR AR HEAL . T B L (e = 5)FROR,
K H SPSS 16.0 e it 8 AT 43 #r, P <0.05 I W
1.5 SR EFIRLEE NGX6 EE B 3FX
Spl X NF-Y B4 &S

T WA TR A A& n AR hsid
e Wt-Spl(=17/+5), 5" CCGGCCGGGGGGCG-
GGGCGTCAC 3'; Mutant-Sp1(~17/+5), 5" CCGGC-
CGGCTTGCGCTTCGTCAC 3’; Wt-NF-Y(-36/-18),
5" TACT GACAGGGACCAATCGAGCC 3'; Mutant-
NE-Y (-36/-18), 5’ TACTGACAGGGACGTCTCG-
AGCC 3. 73 5l ¥ A2 W) 2% b i AR A 1 B
DNA #REF I ST i SCEE IR Kl 2% i AUE EMSA
PrRic AT AR bR R, dhi HT-29 40 iz 1,
KR S5 EAZEMNE 20 min. BLHl 6%AEAPE
RV W e it 47 U8 Yk 30 min Ji7, K DNA- & 1
JRAG SO IATRIYK,  FRVKSE Ja JEAT L IR S5
ANATHE, AR RO FE AR ) DNA, X )6

H 52
RS2
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1.6 Mithramycin A &:32

Mithramycin A & 5% K7 Spl 14 5 % BHL I8
), AEdE Sk b PRI Spl DR 3 B s
GES-1 #% COS7 41 M 7% 3% % 4% pGL3/Enhancer/
1126 pSV-B- 1= FLHE 1l LA FUkL 5, &A R
J mithramycin A &b# 24 h J5 R 26 R B PE.
1.7 Fif Spl BIFRIEIT NGX6 mRNA FKiEKFHY
Al

1E B FL o\ A e S HESE TR Spl 1) siRNA
DA B I, (I ek 7s 1E S 7 41)Sp 1 #7741 4y
WA : 5" AGCGCTTCATGAGGAGTGA 3, Bk
STHFES) . 5" TTCTCCGAACGTGTCACGT 3.
AL T A KU SWA480 41 i (5x 104 /M4l T 6
LB, R P R IRT IR IR 24 h Rl
L iE 2] 80% ~ 90% fill & S I, K siRNA % 44 4
M. fedid% 48 h AR o 4i i, T DA R 5%
K. BERSEEVE 3 4l: siRNA 41, BIPE siRNA %)
RN 25 6 I ZH (O siRNA), RE4H % 4 D FAT
FL. Hh$E RNA, S5 ORI e K B, 75
IQ™ 5 Muticolor Real Time PCR 1 ( Bio-Rad /A #])
34T Spl F1 NGX6 mRNA [F)Scisf s A, pr
s s . Spl, LEiiF514% 5 CACTGTG-
AATGCTGCTC 3', T UEsl¥ 5 CATCTGGGC-
TGTTTTCTC 3'; NGX6, LiiF514% 5" AGAACCG-
CCATCCCTT 3', Tif514% 5 CACCTCGTGA-
GTCAAGCA 3'; GAPDH, L5145’ GGTCGG-
AGTCAACGGATTTG 3', N5 5 GTGATGG-
CATGGACTGTGGT 3'.

2 & R

2.1 HYEBFRARSHT NGX6 EEFERIFIEX

LA NGX6 % [H ] mRNA 76 N EE R 41 A 56
(1) 5 — AN B EE A +1 (A B 556 1 38 R AL 971 5 oA
35829222), #£HL NGX6 JE[F-2 202 bp £2+13 239 bp
] 15 441 bp J¥ 41, >KH] PromoterInspector 3% 14 73
M, &5 3R WI-157 491 1) 248 bp X [1] ) NGX6
HE DRI i 8 5 B 1 X A8 2k 3K AT FirstEF 000
NGX6 H:K A REAFAE 2 NS T, 703 -257 bp
24313 bp X I F1-163 bp £ +407 bp X Ik, X 2 4>
JAB) RIS, JF5 PromoterInspector Tl
(A B DS E S (B 1), B 5> 1 A28 FF I8
{1 €5 EMBOSS (European Molecular Biology Open
Software Suite)7E £k F14# -2 202 bp 42 +13 239 bp X
W, KL NGX6 HK-107 bp £+299 bp K— CpG
By (B 2), 13X 45555 P B 3l XA K 4
B ARPETINEE RS Y5 NGX6 £:K-357 bp
$+769 bp MR FrBL.

TEZ AT Matlnspector 73 #7 1126 bp (K45
X B e sk N r e A4l 4 RERW .
NGX6 H:PHJH B XA TATA &, MiEH
CAAT 1) GC & H# X . © & A Spl. Egr-l.
RREB. P53. MYC-MAX Fll AP2 %45 % Ffik 55 K 1
gt s (B 3).

35819222

—_—

-355  -257  -163/157-105

¥BB

+1 +91 +313 +407

PromoterInspector

-157—— +91

-257— +313

FirstEF

-163 —— +407

Fig. 1 Bioinformatic analysis of promoter region of NGX6 gene

The first basic group of mRNA is numbered as +1. The region from positions —157 to +91 bp predicted to be the promoter region by the online program

PromoterInspector is shown as a hatched box. And the region from positions =257 to +313 bp and -163 to +407 bp predicted to be the promoter region

by the other online program FistEF are shown as dot box.
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Fig. 2 Bioinformatic analysis of CpG island of NGX6 gene
The first basic group of mRNA is numbered as +1. NGX6 regulatory region of from —107 to +299 bp was predicted to be a CpG island by the online
software CpGplot of the European Molecular Biology Open Software Suite.

GGGCCTCOAGGGEGCGAGCCCAGAGGGTTTACTTCTGAAMAGTGGGGTGTGTGTTGOGEG  ~302
EGRF EKLF
ATCTCTGTGAGCGAGTGTTTGGGTAGGATCTGCGGAGATCTGTGCGTACGTCCOOGGOAG 242
TCTGGGATTGTGAGGATAGGGTTCCTTTGAGACATCTGTGGGGCGGTCOTTROGGECTGT  ~182
EGRF
GAGGATCTGAGGGGACCTCGGGCTCTGTGCTTGGGGTGAGAAAGGCAGGGTCTCGGGTAG 122
MZF1 GKLF
CTGAGGCOGGGGCGCAGTCTGTGTGTCCTCGAAGCCCAGCAGGACTAAGTTGGGGACCAY  —62
EGRF GREF
Spl EKLF
TAGAGTAGGGLGGGEGCGGGCTTTACTGACAGGGACCAATCGAGCCGGCCGGGEE6EGGG 2
EGRF EKLF AP2 EGRF
GOGTCACGCCGACGTCAAGTCGAGGCCGCCGCCGOGGGGCCTGGTTATCGCCGGTTCAGE  +58
EGRF CP2
ZBPF
GCAGCCCGGAGTCGCCCAGGCCTGAACTCCTACCCAGGTCCCCGGCCCOBGECCCGRG0C  +118
ZBPF
Spl

CGCGAGGACACCGGAGGCCACCCCCCGGEEETGGGGAGCGGAGCCGCGGGCCAGCTCTGE +178
ETST ZBPF EKLF MAZF

Fig. 3 Analysis of putative binding sites of transcription factors in the regulatory

region of NGX6 gene by the online program MatInspector
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2.2 pGL3/Enhancer/1126 ER{KHIMEREE

LL gDNA A #E8%, H PCR AF &P 1 NGX6
BEP RIS, § 3T 1126 bp B IS
(K 4). RIFLZE Kpn 1 F1 Nhe T XUBE ) U 119 25
PEALAE N v By, 3 42 214 8] R SR D) 2% 4 11
pGL3/Enhancer /4 I, #4 # slid )t 3 i Rk 2 i
pGL3/Enhancer/1126. Hk % BH ¥ 70 B, Kpn 1 A
Nhe 1 XUBE V) %5, 14%] 1126 bp H 1 v B Al
5048 bp JFURL(E 5). WIFiESE, pGL3/Enhancer %
S RE NG TIFRE R

bp bp
2000
1000 1126

Fig. 4 Amplification of the NGX6 regulatory region
by PCR with gDNA as template
I: DL 2000 molecular mass marker; 2: PCR product of the 1 126 bp
(=357 to +769) regulatory region of NGX6 gene (The first basic group of

mRNA is numbered as +1).

Fig. 5 Verification of pGL3/Enhancer/1126
by enzyme cutting
I: DL 2000 molecular mass marker; 2: Enzyme cutting of pGL3/Enhancer/
1126 with Kpn I and Nhe I .

2.3 pGL3/Enhancer/1126 /& 31T & RN E

LL pSV-B- £ FUMHEF B 4 A X, pGL3/Control
I BHPEXSHE, pGL3/Enhancer A BH P X I, oK B4
& pGL3/Enhancer/1126 # 4% COS7 4i/d. HT-29 4
1A K GES-1 400, ¢t 28 Wi ik 1k Al 45 R L W«
pGL3/Enhancer/1126 F.A7 5 pGL3/Control [F]%5 135
PE(E 6).

T
T
=y
m
i

Relative luciferase activity

e
)

0 | I
COS7 HT-29 GES-1
Fig. 6 Identification of the promoter activity of the NGX6
gene regulatory region from positions —357 to +769 bp

pGL3/Enhancer/1126 was transfected into COS7, HT-29 and GES-1cells.
All of the constructs were co-transfected with B-galactosidase vector for
internal control. Luciferase activity was measured in cell extracts 48 h
after transfection. The luciferase activity of pGL3/Control was used as
positive control. Data are analyzed with software SPSS11.0 and
represented by the ( x + s ) of three independent experiments. [1:
pGL3-Control; [J: pGL3-Enhancer-1126; M : pGL3-Enhancer.

2.4 EMSA BRI ERLIGETFE NGX6 £ FiFiE
XEXEFEESHS

KT B UEAE 28 A Matlnspector 73BT 5 R, 73
il 16 B NGX6 J D5 21 X 38 B A7 %% 5% K1 Spl
(=17/45)F1 NF-Y (-36/-18) £ & 7 4 (1145 5+ k. DNA
FEHERTREY, FAEEbd RE . KA R
FRIC IR ET SR FHAE D) Zhrad ISR BUREE 40 ) 5
HT-29 4 (1A%t 1 45 A o EAT I IT B 22 5206
SERRU, Spl AW EMCHRE S E AL A B
DNA- & E & 447, 1M1 100 % AR brid 5REF AT
SEANE] Spl AEM E ML SR EAMS S
(K 72), U8 NGX6 R X -17/+5 B g s

@ ®)
Competitor Mut Wt —  —
Nuclear extract + + + -

Competitor Mut Wt —  —
Nuclear extract + + + —

Spl — @ '
.

NF-Y —

'
sald.

§id
Ml
Fig. 7 Transcripitonal factor Sp1 binds to the
corresponding sites of NGX6 proximate promoter region
(a) Transcriptional factor Spl binds specifically to the promoter region
of NGX6 gene. (b) Transcriptional factor NF-Y binding to the promoter

region of NGX6 gene is non-specific.
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kA7 Spl R P25 &, NF-Y #REF AR S %
1454 TR DNA- # EE BG40, (ARG
FNGAR RGP b id R R 1 &5
A (E 7b), FRESEN T NF-Y 5 NGX6 K%
e ARk et g
2.5 Spl 45 F 4 FEETF mithramycin A T8 NGX6
ERBEHFEER mRNA Rik

COS7 u, GES-1 4fi it 7t t£ 4% 4% pGL3/Enhancer/
1126 1 pSV-B- - FLHE 11 B R L R f5, & A
W ¥ mithramycin A 4L 2 24 h, 5 2 BEIG PE A
Mk FEoR: #F COST F1 GES-1 H1, 25 wmol/L [f)
mithramycin A 7] 58 2401l NGX6 5 )5 8)) 135 1%
(Kl 8a). & T #fi %& mithramycin A X} NGX6
mRNA K&K R5ENT, AREFT 4 T 25 wmol/L
] mithramycin A 4t # §7 5 GES-1 41l g ' NGX6
FE P mRNA [ R IEAZ L. &5 3 5o (K 8b):
mithramycin A b2 5 GES-1 41 iid 1 NGX6 [ 1)
mRNA JK-FH R . X —45 358 W], mithramycin A
AL RS A NGX6 FE DK R 81 % PE R Py Y5
Kik.
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Fig. 8 Mithramycin A down-regulates the promoter

activity and the endogenous expression of NGX6 gene
(a) pGL3/Enhancer/1126 was co-transfected with SV40-3 galactosidase
vector into COS7 and GES-1 cells, respectively. After treated with
mithramycin A for 24h, the cells were collected and measured with the
luciferase activity. [1: COS7; B: GES-1. (b) Cultured GES-1cells were
treated with 25 pmol/L mithramycin A for 24 h, the total RNA was
isolated. The endogenous expression of NGX6 was detected by
RT-PCR. ]: DL 2000 molecular mass marker; 2: Mithramycin A (+);
3: Mithramycin A (-).

2.6 FH AR Spl B9FRIEZ A LU 8 NGX6 & [F
mRNA HIFRIE

¥ siRNA-Spl L 100 nmol/L ] ¥k Ji % % &
SW480 4il g 7, LLIE ] siRNA-control 2 B 4 %
M, WK 9 fron, 5 siRNA-control Fl 45 J X 4
MuAHLL, siRNA-Spl % 4e4fi fiurh Spl A1 NGX6 (1)
mRNA KT 2 R, X — g5 R4 5 ) Py I
P Spl [ 2&IA AT LA i NGX6 3t [ mRNA [ ik
K

0.5r

Relative mRNA expression level

(=)

NGX6 Spl

Fig. 9 NGX6 and Spl mRNA level was analyzed
by real-time PCR
[0 : SW480; [ : siRNA-control; H: siRNA-Spl.

3 it it

NGX6 F: K&K cDNA Q21 22 740 ik e
BEASF R — N FTIGSEIR. A 2RI R g Rk
N, EREk, H SRR, ThREpFIR
B, NGX6 3 I Thfe 5 hisie il & S 450
FEMRAE . RV, Bt — AR IE
R HEA.

H TR, i ke, R ek f v 2 A
RIRBRMHURE A28, Hrh— AR E A
FRIATL AR 2 B SR AT PR R 0, 5 DR e Sy 7 X 11 o
WA R 22 25 O3 T 38 3k o) AR 26 35 DR S 1 S i
TR A R e (1) S S 0403 i B RIF I
AL T NGX6 A3 i 4 X 1) SNP(rs879284) 5
S MR IR A AE Wl 5 AH DG PERD, PRLE, fF9E NGX6
BRI R IA I e s AL, RN T il NGX6 A
JA B [Pt sk i 1 B L g D] 2 AT B

AHFTCR FHADE B2 BRI NGX6 LK 1)
JAEN AT REAE T =357/+769 X3k, LLIE % A4 i
4N L gDNA WBER, §381% 7 B, M
ZRIA AR pGL3/Enhancer/1126. £ 5 41 JFbi
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POCFEM I RIEZ BB IR ATy, i
Jo, PGB P SR E A R T R B AR
SRIE. DAFEZOC R Mg LT AT E R T —4 SV40
J2 )1~ 1) pGL3/Control &y FHEXS L, 50 2 WG
PER I 25 B W], NGX6 3 [K =357 bp & +769 bp
XI5 SV40 5 31 H A R S5 R R 1) )3 3 1%
PE, PRI T NGX6 JE G 37

TELL T AF Matlnspector 3 HTIX AN EE 4 1126 bp
(VR X B A e sk DR a5 G A, S5 IRER
. NGX6 HEKA 81 X A —MAT TATA &, 1M
T CAAT &1 GC BEEIX. &2 Mz
T45 447 5, Spl, NF-Y, Egr-1, RREB, P53,
MYC-MAX Fil AP2 %%. EMSA 45 % %R Spl #55%
A7 BE S 5 1 Hb 5 NGX6 FE PR #51X -17/+5 ¢
B a4, NFY B Dl 7B e S NGX6 JH3) 1 IX
-36/-18 J B4 A, AHARBRICHRET RIS A B B4
REFNAE F# bRl RS S A 4G, WU NF-Y
BN T 5 NGX6 PR X (1 45 45 2 Ak S v
1. Spl(specific protein 1)J& —Ff KA 7 ¥ He 7 P
(1] DNA 45 &8 a7, |2 4210 T 2 A A 230 4h g
. el R GC £ (GGGGCGGGGC) MM LLF
SIS TG TATA &M ESFiEE, 25245
B STORIA IS S IR 108, BIFSY R B, Spl Ik S
MR R A RIEFFERBEDIMG, ©55% fi
ARG S E S, B, meE &
K LK i ) A= K0 SR Spl R S 4 4 A
mithramycin A 4b P GES-1 5% COS7 4 ji 5, ¢
F IS YE oA 7R, mithramycin A B8 B 5 00 46l
NGX6 H:PN 33 7 idtE. [Af, RT-PCR 45Kk
mithramycin A g & ] NGX6 JE R R iL. Lz
& B ) Spl f siRNA % 4t & = %95 Spl 1)
SW480 4l ffd 1, AHXET- B siRNA X 411 75 [
XTHEAL, siRNA BEA 8] Spl ik, dEimyl
NGX6 % [F mRNA RIA/K P N, ix 2o JLE s
T HSE N T Spl X NGX6 F ] 1) 2 32 A7 4F 11 1
EAER . 53— 7 I BRATTIE E K £ Spl Rk &k
pCMV-HA/Spl, R£8 ik Fik i 5k A1 Spl 5T 4
X NGX6 R FRAA e R E A .

ELBAE T R, NGX6 N B8 X &H
—/N1 400 bp K/MF) CpG B, CpG H(CpG island)
e FLE YIS WK 1~2 kb &R F AL
CpG ICAARIT) DNA. i 4H M 7E AR FH R4k 7K
SR, G R A SRE DRURT R R RS B
CpG 5 X 12 i FHIEALRY, NGX6 K 3 8 T IX 4

H—A 400 bp ZE47 1) CpG &, HIL, XF NGX6 %
R X CpG & FFEAL 1 R0 A2 FRATTE 9T NGX6
SR RIS PN — 8 H s (M TAE H 67 1E 7R ik
1T). XEEHFST A i W) NGX6 i [H (1) 238 1 A1 i1
P T A I SRS, A T A M A AT NGX6 J
DRI & L s i A e v A 5 A7 25 LA

& % X W
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Cloning and Identification of Promoter of Suppressed-tumor Gene NGX6°

LIU Min-Ji’, WANG Xiao-Yan", SHEN Shou-Rong"™, LI Nan",
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Abstract
candidate of tumor suppressor gene in colorectal cancer. pGL3/Enhancer/1126 vector, a recombinant reporter gene

Transcriptional regulation mechanisms have not been clearly illuminated for NGX6 gene, which is a

vectors of the transcription regulatory region of NGX6 gene, was constructed based on bioinformatic techniques
and identified by luciferase assay system. No canonical TATA boxes, but several CAAT and GC boxes were
observed in the transcription regulatory region by the online analysis programs PromoterInspector program, FistEF,
CpGplot and Matlnspector Professional. Transcriptional factor Spl was validated to bind to NGX6 promoter by
electrophoretic mobility shift assay (EMSA). Inhibition of the Spl binding to NGX6 promoter by mithramycin A
significantly reduced the promoter activity. The endogenous expression of NGX6 in mRNA level was
down-regulated by mithramycin A and blocking with Sp1.
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