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Down-Regulation of Human MAZ Gene Promoter Activity by
Transcription Factor Elk-1 In Vitro
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Abstract The aim of this work is to investigate the transcriptional regulation of the myc-associated zinc
finger protein (MAZ), also known as serum amyliod A activating transcription factor (SAF), which plays a key role
in regulation of variety of inflammation-responsive genes as well as transcription of multiple genes modulating
tumor microenvironment. The down-regulation of MAZ promoter activity by Spl and MAZ were identified. In this
study, the transcription factor ETS-like 1 transcription factor (Elk-1) binding site for regulating MAZ transcription
was identified by PROMO software online and electrophoretic mobility shift assay (EMSA). The expressions of
both SAF-1 and SAF-3, the two transcription variants of MAZ gene, were analyzed by MAZ promoter driving
bichromatic fluorescent reporter system when Elk-1 was over-expressed. The results showed that the region
between —525 and —504 bp in MAZ promoter region could be bound with Elk-1. The expressions of both SAF-1

and SAF-3 were inhibited when Elk-1 was over-expressed. In comparison to transcription factor Spl, it seems that
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Elk-1 is moderate inhibitor for MAZ promoter activation. Based on our observations, it is suggested that as a down-

regulation transcription factor for MAZ promoter activation, Elk-1 may play roles in physiological and pathological

procedures in human cells, such as inflammation reaction and tumorigenesis. The hypothesis needs to be confirmed

by further analysis in vivo.
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Table 1 The probe and its mutant probe of EMSA
et G BREHAI(5—3) SERIREH P (5—3')
Probe name  Site Probe sequence (5'—3") Mutant probe sequence (5'—3")
1 -934~-904  GCG GGC GCG CGC TCA GGG ATT AGC CCC GCC C
2 —907~-883 GCC CCG TCC GTG CCC CCG GCG CGC G
3 —882~-853 CGC TCC CCCATT CTC CCG CTC GGC AAC GAC
4 —851~-822  GCG GCC TTG TGC GCG TGC GCG CGA AAT AAC
5 —823~796  ACG GCC GCT GGC GGA GGG AGG GGG AGT G MACG GCC GCT GCG AGC TCG CGC
TAGCGCT
6 -798~-769  GTG GAA TCG TTG GCG GGG GGA AGA GGA GAG
7 -769~—740  GAA GCC GCC CTG TCT CCC GCG CGC CCA CCA
8 —745~T715 CCA CCA CCT GCG CCATCG TCA GCC AAT CAG C
9 -710~680  GTC TCA GGG GTC TCG CGC TCG GGG CGA CTC G
10 —682~652  TCG GGC TGC TGG GTG GCT CCC CCG TCC CTCC
11 —653~—623 CCT CCC GCC AGA GTC CCT CTC GCG CCT GCC C (OCCT CCC GCC AGA GCG AGC TCG
CGCTAGCGCT
12 —626~-603 GCC CCT CCC GCT GGC CAC GCG CGC
13 -587~-560  CGC GCC CGC TCC AGC CTC TTG TGT GTC C
14 -561~-532  CCT CGC GCC CCC CGC CCG CCC TCC CCG CGC
15 —525~-504  TGC TCC GCT TCC CCC ACCCTCC (DGCT CTC GCT TCC CCCACACGCT
@TGC TCC GCT CTA GCT CGC GCTA
®GCT CTC GCT TCC CCC A
@GCT CTC GCT TCC CC
BTGC TCC GAAAAA CCC ACC CTC C
16 —496~-475 CCCTCCTGC CCG CCC CGC GCG C
17 —470~440  TCC CGG GTT CCC CCT CCC CCA CCG CCG CCG C (MTCC CGG GTT CCC CCC AGC TCG CGC
TAG CGCT
@CGA GCT CGC GCT AGC TCC CCA CCG
CCG CCGC
18 —434~-415 CCT CCC GCC CCA GGG TGA GC
19 —403~-380  CCC TCC CTC CCT CCG CCA TGG ATC
20 -381~-358  TCC CAG CAA CTG GAG CAG CTT CAT
21 -361~-336  TCATCT TCC AGG TAA CAACTC CCT CC (DTCG CGC TAG CGC TAA CAA CGC GCT
AG
@TCA TCT TCC AGG TAA GCT CGC GCT
AG
22 -338~-307  TCC CCC CGC CCC CAC CCC CCT GCC CACACC CC  (MGCG AGC TCG CGC TAG CTC CCT GCC
CACACCCC
23 -308~-282  CCC TCC TGC CCG CCC TCC CTC CCG TCC
24 —284~-255 TCC CAC CCC CCC TCC GCG CGC CCG GTG €CGC
25 —254~-224  GCG CAG CTG TCC CCC TCC CTC CCT CGC GCC C (DGCG CAG CTG TAA GCT CGC GCT AGT
CGCGCCC
26 —226~-197  CCC TCC CCC GCC CTC CCC GAG GCG CCG GCT (DCTA GCT CGC GCT AGC TAG CTC GCG
CCG GCT
27 -199~170  GCT GGG CGC GCG CGC GGC GGG GGC CGA GGC
28 -161~-129  CGC TCC CCC CAC CCC GCC CCG CCAGGC TCCAA (DTCG CGA GCT CGC GCT AGC TCC CCC
GGC TCC AAC
29 —134~-103 TCC AAC CGC CGC CGC CGC CGC CGC CGC cGe
CcC
30 -106~-75 GCC CGG GCC CCC GCC CcCC GGC cce GaGe cce
GC
31 ~76~49 GCG GGG CCT CCC GCC CCC ACC CAG GGG G
32 —54~-28 AGG GGG CGT CGC CGC CGC CGT CGC CGC

F T RIZ T 5 9 RASRET I RAL 75 o

The underlined nucleotides represent the mutated bases of mutant probes.
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MRSAF-1RISAF-3[) FRIA NG Ul AR SCAH AT I 4 7 o
Fi 3 = Fh, 43 5 ApGL3-MAZ-DEQD. pGL3-MAZ-
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MAZ-ED®) FISp13& i& Jii #i(pN3-Sp1)It % YtHelLa
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L YeHeLadll i 1 A BH P 5 B %% YR I A S uL
Lipofectamine™ 3000 Reagent*2.2 pgif £ i ¥ (pGL3-
MAZ-ED@)#10.2 pg ik Jii #7(pCGN-Elk-1/pN3-Sp1)/
TRIKFRIAT I Y, a8 hig, WOkt R ER
(PG NI~ LAREN R2 LN T LA
1.9 RRMMEARR G FE D

7] b 3R J7 v X HeLaZt i i3k 47 i %, #4175 % G
RS AW, o, — 240 i e 5 e 5 i pGL3-
MAZ-EDQ®), # i& Jifi ki(pCGN-Elk-1/pN3-Sp1)/%* %

ori mp f1 ori Pause site
< pGL3-MAZ-DEQD >
MAZ

promoter

SAF-1 i‘

+1nt

[
SAF3 | | Non DsRed ORF |ﬂ

®)

pGL3-MAZ-ED®

</—<1 ori |—< AmpR |—{ fl ori [>—[ Pausc site }>

MAZ promoter

SAF-1 ﬁﬂ

\

SAF-3

©

| [Non EGFP om}—‘

pGL3-MAZ-ED®

ori }—< AmpR ! flori > Pausesite l>

~ [ MAZpromoter |

SAF-1 h

+1nt

SAF-3 \

| {Non EGFP ORF|— NDSREI>

A: MAZJSF) T IREI L0 GO TO6E A RIE 3 AR SAF-TRISAF-3[( 314, B: MAZJS 3 FIRANI A, L5 G E AR IL 5 I L SAF-1
HISAF-3[{3ik; C: MAZRF) TIRANIER . 2105 H A RIE T R SAF-1 HISAF-3[f 2K ik .

A: the expression of DsRed and EGFP driven by MAZ promoter, reflecting expressions of SAF-1 and SAF-3 respectively; B: the expression of EGFP
and DsRed driven by MAZ promoter, reflecting expressions of SAF-1 and SAF-3 respectively; C: the expression of EGFP and DsRed driven by MAZ

promoter, reflecting expressions of SAF-1 and SAF-3 respectively.

Bl MAZBZh TR RGBT EEEWREE

Fig.1 Schematic representation of a bichromatic fluorescent reporter vector driven by MAZ promoter
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SAF-1{{ A TH L. 3 — A L5 YLpGL3-MAZ-
DEQ), %% 5k (pCGN-Elk-1/pN3-Sp1)/45 F ik # A%,
it A B AR ] A % 8,58 6 B 1 LA R RS AF-3 1) 3%
IETEDL. A Yea8 hidk 47 i =N B AR (1 5 eI
it 2 A0 i A A W 45 SR FHSPSS 17.0HE47 Su it 2 4y
M, FIEERRHE 22 R oR, 2R A HA) 1) EUBCK
FH B K 25 7 22 73 BT (One-Way ANOVA), P<0.05% 7~
AR REER, P<O0IKRNEAWNEEZR.

2 H#HR
2.1 EMSAIFSEMAZE A B FXEEBRMAZ
FMSp1IMNE AR REFEHEE =

K F MAZEIR A 31 X HI32 AN RE A EMS A SE
F 0, HA 4N BRER L E.DNA- 45 6 46,
SN ERER3. 5. 11. 14, 150 17, 19, 21, 22, 23,
25, 26+ 28, 30. FHH, FREF3. 19, 3085 A AR
55, BREFMABEIER o T2 4%, SR 2352
UESEMAZARISp1 45 67 55, MU S EREF A A — 2D
o AR EFS. 110 150 174 21, 220 25, 26, 283k
1T RAR, TRENS e TRAR N RAARE15D, 15@. P L
RACREMEMSA LAAR /N 5 IR - 2 Y T, 45 L i
R, RAGE5D. 220, 28Ol 4 A% E A .
2.2 HEISHCTTCCHRIIHITRELIEFE T
SHeLaZiftzEB%EE

PROMOKK A T 8 &1 15T fig A 75 %% R 7

TGCTGCGCTTCC

c-Ets-1

STAT4

Eer ]

E2F-1(E2F transcription factor 1). STAT4(signal
transducer and activator of transcription 4). cEts-
1(ETS proto-oncogene 1 transcription factor). Elk-1.
RXR-alpha(retinoid x receptor-o). Egr-3(early growth
response 3) I TFII-I(transcription factor II-I)[ % & 7
m(E2). RARE15O% BUE2F-1. RXR-alpha.
Egr-3. TFII-145 & 067 f5 11 7 51 58 A48 A el 4 Ti0 1)
STAT4. cEts-1. Elk-145 & {7 i, EMSASE % 45 R
BoR, RARE 15O 45 & HeLaZll i 1% & H (K13A,
VKIES). 15@ A& FUM UE2F-145 5 i 53, EMSA
TG 45 R BOR, RAREN 5@ K S HeLadl % & 4
T EDNA-E [ i 45 15 26 i (B3 A, TKIE10). 5 3E
15 R AR, RAFHREF 5@ AL E T (I STAT4
cBts-1. Elk-1854 7 il RARREF15@ A5 i
[FISTAT4. cEts-145G 7 5, 85 R BoR, SUREF15@)1]
454 HeLaZll A% B2 1 (BI3A, VKiB2), FREFIS@K I,
T DNA-I [ 455 56 (BIBA, TkiE4). FHRET15
(0,5 FICTTCCIF 51 R A NAAAAAN RAZTRE150)
ANBE 45 A A M i (3B, vkiE4), R ER 151
CTTCCFP AN e AT IR T 4 & B R B 2
23 REFWT2RISESRET1545 S THP-1 AR B B
K AW R ARE FIWT-248 4 F/EElk-155 4+ 45
B, AT U S HRET 1 SEIDNA-B 1 &5 & 4k, JF
BE 5 IR E IS 0, PREF15HIDNA-2E H B 45
A IBIR(E4A, FKIE3. 4. 5, FREFWT-28 4510
BREFISH &40 N9006% . 1 125F%. 1 3501%). H

[
CCCACCCTCC

Elk-1

RXR-alpha

E2F-1: ¥ 3% [K-FE2F-1; STAT4: {5 514 5 M S 0% R T-4; cEts-1: ETS 5 34 [ 154 35 [K F; RXR-alpha: 4k F25x 57 k-0, Egr-3: F- 14K M A

F-3; TFI-I: 3K F11-1.

E2F-1: E2F transcription factor 1; STAT4: signal transducer and activator of transcription 4; cEts-1: ETS proto-oncogene 1 transcription factor; RXR-

alpha: retinoid x receptor-a; Egr-3: early growth response 3; TFII-I: transcription factor II-1.
E2 PROMOMMTUMENIRETISHEREFE AR
Fig.2 The putative transcription factor binding sites (TFBS) in probe 15 is predicted by PROMO software
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(A) Probe15 — — — — + + — — — — (B
Probe 150 — — — — — — + + — —
Probe 15 — — — — — — — — + +
Probe 15@ + + — — — — — — — — Probe 15 + + — —
Probe 15 — — + + — — — — — — Probe 158 — — + +
Nuclear extract Nuclear extract
+ -+ -+ - -+ - +
of HeLa cells of HeLa cells

A REFIS H R 15D, 150, 150, 15@ 5HeLa fit% & RN FIEMSALE AL B: R EF15 M RALTREN 156 5 HeLaH 4% 5 A R SE K
EMSAZ R,
A: probe 15 and mutant probe 15D, 15@), 150@), 15@ were incubated with HeLa cells nuclear proteins and analyzed via EMSA; B: probe 15 and
mutant probel5®) were incubated with HeLa cells nuclear proteins and analyzed via EMSA.
El3 RETSRERTIRET AR R IKITBSINLER
Fig.3 The EMSA results of probe 15 and its mutant probes

(A) (B)
Labeled probe 15 + + + + + - = = =
Labeled probe WT-2 - = - - - 4+ + + +
Unlabeled probe 15 - = - = - — — + +
Unlabeled probe WT-2 - — + + + - = = = Probe 15 + + + + +
Nuclear extract Rec.Elk-1 - + + + —
of THP-1 cells i Anti-His tag - -+ -

A: JKIEL. 6%7;'“%@"1%%%7&16E’J#‘ﬁls%ﬂ%’mﬁWT 2; (73<L27FD6§J\7JIUJ$%?»$HBE’J#"EJrlS*D?%JrWT 2 '5THP VANIAZ B L A VKBS

SEREA AR PRC RS LS THP- 1400 5 15 AME L& AN FIVR FE AR AR IC R WT2CBOR 1IC R E T LS IR 2351900/ . 1 1256 1 350%%);
?ﬂ(iﬁi& OBR & A AW F R C I IRAT WT-2H THP- 1 A% 8 11 S IE A5 AN R FE (AR AR LR AT 1S CEARICIREF WT-2 T 2 #6751 1 1256%). B:
PREF 15T 5 EAIEI-1 5 1 45 5 TR RDNA- 8 F R ZE S YI0KIE2. 3). STl A R4 14 (anti-His tag Ab)F]fEDNA- 2 [ 5 45 & 4% i R 35 (VKT8 4).«
A: free probe 15 and probe WT-2 were represented lane 1 and lane 6, respectively. The nuclear proteins of THP-1 cells were incubated with biotin-11-
dUTP labeled probe 15 (lanes 2, 3, 4, and 5) or biotin-11-dUTP labeled probe WT-2 (lanes 7, 8 and 9). In addition, lanes 3, 4 and 5 contain differing
amounts (900, 1 125, 1 350-fold excess) of unlabeled WT-2 competitor probe respectively. Lane 8 and lane 9 contain differing amounts (675, 1 125-fold
excess) of unlabeled probe 15 respectively. B: recombinant Elk-1 protein bind to probe 15 (lane 2 and lane 3). The DNA-protein complexes were been
decreased in the presence of the anti-His tag antibody (lane 4).

El4  IRENSHFEREEMSAZ R RIR$T154 A ELAEIK-1
Fig.4 The results of competitive EMSA of probe 15 and probe 15 bound by recombinant Elk-1 protein
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RAFRCIREN 1558 AW R AR ICWT-28R % (H4A, K
TE8. 9, TREFISE bR IR ETWT-2H & 43 67545
1 12545 n] tHIRSEALAZE S
2.4 IRETISAIZE G ELH AEIK-1

FIH 2 20 NElk-1 5 8R4 153 TEMSASE L, &5
o] BT 4 (4B, Tk iE2. 3). E4LEA
Elk-1#N-35i 17 4 25 Bt H IK-S-#% # i (glutathione-S-
transferase, GST)Fr2, GSTHRZE HIN-iti iy A 10Hisbx
25, T KT A A R v S A FH At i e 1 T
FRIIDNA-E i 45 & i A i fa IR . A HE2H 2
FIBIk-1. PrHishrZEPifk. REM SEHAT MBI RE S8,
EECA HH R B 2 % S5 (AT I N B HsPR 25 BT
PR DNA-R H i 45 & 261 55 (K14B, TkiE4). At
GSTHRZ PR AT T R S50t tH IR FIRE [ 25 2
2.5 Elk-17TH#ISAF-1F1SAF-3893R X

pCGN-Elk-1/73 %A ki /pN3-Sp1 5 pGL3-
MAZ-EDQ}L#E Y HeLadll i1 48 hjm, A A #
S SRS o= S RV SE ) RS S G o o8 3 D ok i
FE I BESAF-13R 1515 HL(EISA); 75— ZHpCGN-Elk-1/

(A)

pGL3-MAZ-ED(M+Empty expression vector
pGL3-MAZ-ED(D-+pCGN-Elk-1

pGL3-MAZ-ED(+pN3-Spl

TR IE KL /pN3-Spl 5 pGL3-MAZ-DE@ 3 % 4L
HeLaZfiff148 h/&, i N4 A M 2k 5Ot B, A
ST ) £ €0 58 6 B 1T 3 e R R BSAF-3 3%
i1 BL(EISB). 2 4H M R B8 & G it 5o i 2
7R, 256 4 pCGN-Elk-1+pGL3-MAZ-ED® 5 BH 14: X}
8 41 2% I8 JURi+pGL3-MAZ-EDD 47 15 1% & 3% %
5(P<0.01); 52 % 2HpCGN-Elk-1+pGL3-MAZ-DEQ®
55 [ 4 o B 20 4% 2 38 B Ri+pGL3-MAZ-DEQ A7 11
W 3 22 1 (P<0.01). IX U BH, %% 5% K FElk-17] #i
HISAF-1MISAF-31f) ik, H.¥% 4 745 7 & [ pCGN-
EIk-1%FSAF-33 i (1) 4l il 4 F 9 T X SAF-13¢ ik
I WO IR IR A B AR S U BT A AR 25 RN
pGL3-MAZ-ED®), 41 {f. £ 075 653 il fR T SAF-3
FISAF-1HRILTE . SR ER, RIAEKk-1)5, £
KA GRESOLER A AN R LR O R
IF 1 % R L 350 9D (K1 6)
2.6 EIk-1#1$IMAZZ LB 1E R 55 FSp1xiMAZ
FIERHIHY

AR S R EoR, LI H pCGN-Elk-1+

F ——

>

e ——

0 2 4 6 8 10

Mean green fluorenscence intensity of total cells

(Relative expression of SAF-1)

(B)
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A: flow cytometry analysis of relative expression of SAF-1 was performed by detecting green fluorescence, **P<0.01; B: flow cytometry analysis of

relative expression of SAF-3 was performed by detecting green fluorescence, **P<0.01.
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Fig.5 SAF-1 and SAF-3 expression status with Elk-1 over-expression assayed by flow cytometry
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Fig.6 Observation of SAF-1 and SAF-3 signal with Elk-1 over-expression under laser confocal scanning microscopy
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