Korean Society for Biotechnology and Bioengineering Journal 28(1): 1-6 (2013)

http://dx.doi.org/10.7841/ksbbj.2013.28.1.1

HR=e

Aol 2 kXt

XA A Spe] ¥t
WG, 44 Me D), A4S, ER, 294, A0, 95

oS, B, $A A A

Role of Sp in the Regulation of Notchl Gene Expression by Curcumin
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Abstract: Curcumin has diverse anticancer activities that lead
to tumor growth inhibition of cancer cells and induction of
apoptosis. Curcumin is involved in the regulation of multiple
genes via transcription factors including NF-kB, STATs, AP1,
and SP. Notch signaling plays critical roles in maintaining the
balance between cell proliferation, differentiation and apopto-
sis, and thereby may contribute to the development of various
cancers involving breast cancer. This study was to investigate
the effects of curcumin on Notchl gene expression and to
explore the underlying mechanism. Here, we found that cur-
cumin decreased the levels of Notchl mRNA and protein in
MDA-MB-231 human breast cancer cells, along with the
downregulation of Sp family genes (Sp1, Sp2, Sp3, and Sp4).
The repressive effect of curcumin on Notchl gene transcrip-
tion was confirmed by performing Notchl promoter- driven
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reporter assay and three Sp-binding sites were identified on
Notchl promoter that may act as curcumin-respose elements.
Moreover, treatment with mitramycin A, a specific Sp inhibi-
tor, decreased the levels of Notchl mRNA and protein in
human breast cancer cells. Taken together, our results indi-
cate that Notchl gene expression is downregulated by cur-
cumin, at least in part, through the suppression of Sp family,
which may lead to apoptosis in human breast cancer cells.
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Zoto] theFet 79 dAlxZe FEEES o] &3t AY
A A ATE 7HA = A= ofn] ] FH HE Qlr} [5-8].
£ =9, WEAA o tigt AN FA Ay By
=4 ol= AFH Y3) specificity protein (Sp)2] family
Spl, Sp3, Sp42] W& o] g e = A A ZAE A, B4
A, RS FAAY TAG A Fol FEET] fEo
o} [6]. T3 HF A 2o A= AFFRIO] &g Notch19] 2
a7 Al o] AR AFE S =Rkl e A Q
o} [7]. §8] 2 2 A2 ek Al o] it AR
SAAA 7)1 Fol Bt AFATE LaEeE et ot (8]

Notch signal-&- Z1}2] o A 58] Abgtol] o] 27]742] 21312
Ao g & HEw o] glom Ao Wrghyp AFE T1gfar g
713 v 3t 7] Fo] P v Ao R gt
[9]. Notch 4=8-A| 2} 71 27t E52 W& Shehil A 2 4] Al
QJELE T} Al R 1Al o] EAsHe FREo R o]
o)A qlrt. Z {70l A<= Notch 5=8-A| 47}2] (Notchl-4)2}
Y= 57FA] (Deltao] 833} Delta like (D) 1,3,49}
serrate®]] 3|3 5}= jagged 1,2)7} 221 =] ¢l th. Notch signal2,
A ZZZE R Eo A =8A oF 2T A B e 5
3f| &4 gamma-secretase”| tNotch (total Notch)o] Al 3z QF& H
B8 ZralEo] &A1 g )2l eNotch (cleaved Notch) 2 H1 H
A AT 29 eNoteh= 3 W= o] 5-sko] CSLY Zgs}
Al ==d] 1w repressorZAd S 7}A ¥ CSLo] activator2 &
SHe o2 A JAIE L U FAAY] HAF 243} Ht F
< dF4dTo]| w=W Notch ATHY = (signaling
pathway)®] /3= FHere] Wa 2ol a3t A
& ol Alos YA Hoon oleig ATE S Skt
A &of QlojA] Notch7} £-& €}l 8- A} (therapeutic target
gene)7} H 4= Q135 Kol [10,11].

Sp+= Sp/KIf familyo]] &38h= HARRIAFEHN, 2t 7]39]
A Z271eA A oFstatAg of) hofgtei[12]. Sp familyoll:= Spl,
Sp2, Sp3, Sp47} AL Spli} Spd= gene? A A 0|11, Sp2
= O I 7] 5ol AR A gt en, Sp3= FA A2 A
Ao 71 se B 7HRItaL Bk o] gtk X Halo] o
2 A 2te] . Ao E (keratinocytes) Al 3E o] A k1f4Q} sp3 o]

= 7 7HA AARIAZE 917 Noteho] HHE & 2 43bckal
A A Aok [13]. 22 3L #H|9hA 2ol A Spl Tl 2 ©f DNA
Adsol Aqtulo] s AR = w, gt A Lol X = AF
Hlof oJsf Spe] WE o] FFAaH Tl ¥ L E] Gt} [6,14].

wepa] 2 Aol A= ARl Ashle W 159 Al
3} Notch19] & WSS AFSEIL of T4 of A Sp ARSI
AL} A of s Lo a1} B

2 <

|
|

ro 2

2.2 Ry

2.1.AEA =&
2137} mithramycin A-2 Sigma (Sigma Aldrich, St. Louis,
MO) A& S 2 dimethyl sulfoxide (DMSO)®f 20 mM stock ©.

& W50l -20°Ce]| Hksto] ARE-SHRITE. tNotchl A<}
cNotchl A= z+7} Santa-Cruz@} Milliporeof| A - 3}
t}. B-actin &A= Abcam A|&©] 11, Western blot analysisof] A}
&3t o] A} A= B Pierceo| A 9153t

2.2. A ¥

oI7F Ut A|3EQl MDA-MB-231 A|3£+= American Type
Culture Collection (ATCC)of| A £-F "WFQIT). 10% $-Efo}& A
(fetal bovine serum, FBS, GenDEPOT)Z} 1% antibiotics
(Penicillin-Streptomycin, GIBCO)7} 33+ Dulbecco’s modified
Eagle medium (DMEM)& AM2-3}41 31, 37°C2 S-A|E &= 5%
(volivol)2] COHI 715 AHE-8to v o5t it

2.3. MTT assay

A 32 8f 98- 24 well plateo] MDA-MB-231 A| £& 1 x 10°7/mLE
W5kl 24X 7HE 3 BiFAIX] & mithramycin AE 5=
W2 Helsheeh. Hel 5 24417k0] ALPE 05 mgLe] =
2 3-(4,5-dime thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
MTT)E A 2sto] 4417 52t COMYF7 ol Al ulj Fat et
o ©AR, MTITA¢fo] Soi8l= HiAE A|AT 9
DMSOE- 500 uL g o] wellof] A A H formazang ©5F =91 &,
96 well plateof| 100 L& 24 4] microplate reader (Dynex
Technologies, USA)Z 540 nmo| A &4 =& =454}

2.4. Plasmids and constructs

Genomic DNA= AA @39 AE£Q] HMEC (human
microvessel endothelial cells)o]| A E2]5lH oW o] FFHO
2 AF Notchl promoter AF2] 484nt (-225-+259)3} 268nt (-9-
+259) £ E-& PCR=E 22 2 Y 31 5| pGL3-basic vectoro]] 4
Q15Fe] Notchl promoter-driven luciferase reporter vector$l
(8 lucT} p(286)luce A 25T},

2.5. Transfections Luciferase assay

MDA-MB-231 A| 3£.9]] lipofectamin 2000 reagents (Invitrogen)2 A
231o] p(48h)luct} p(286)luc ¥ E]E transfection 3} .1,
4847 Hof) M2 lysisab T} Mithramycin AZ 3 2] 5}od
I2E AL A= A9 724, reporter vectorE
M| 3E o] transfectiond} 1L 24X 7F F o] mithramycin AS | ]
St o, 24A17F & HEZE lysis 3} T} Lucifease assay
kit (Promega)@} luminometer (Tuner Biosystens)& AR&-35}¢
luciferase A4 =& =4 515t}

2.6. Western blot analysis

MDA-MB-231 A|3o] 60 ul lysis buffer (40 mM Tris-HCI,
10 mM EDTA, 120 mM NaCl and 0.1% NP-40 with protease
inhibitor cocktail (Sigma))E *]&]slo] ThA-S EHels)
a1, TR e 30 pg/lane© = SDS/PAGEO| A A 7|95 &
nitrocellulose membrane (Amersham Pharmacia Biotech)o]]
transfers} A ch. 18]l 5% skim milko]| blocking 3}t
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0.1% tween-200] 59131 += PBSo| 14} 34| &} 22} A & <+
Mo Aesto] Hukgh AIZHEQH g A1 71T}, Enhanced
chemiluminescence (ECL, amersham Pharmacia Biotech) -8-2-2- A}
83to] QPAIOA Xeray BB AHAA B4 Tl oFL
#Ashelrt,

2.7. Total RNA Reverse Transcription-PCR

Total RNA= MDA-MB-231 AJ3¢]| TRIzol reagent kit
(Invitrogen)& A 2] 3}o] £&]3}4 1L, cDNA+ 2 pg?] total RNA
£ AlE-3}9] reverse transcription kit (Promega)= 3144 3}%i Tt
PCROJ| A}-&-% oligonucleotide primers+= T3} 2+t

Notchl,  5.GCAACAGCTCCTTCCACTTC-3'$}
(559bp)  5-GCCTCAGACACTTTGAAGCC-3’
GAPDH,  5>"GACCACAGTCCATGCCATCAC-3’2}
(550bp)  5-TCCACCACCCTGTTGCTGT-3’

Spl, 5. TTGAAAAAGGAGTTGGTGGC-3"9}
(427bp)  5-TGCTGGTTCTGTAAGTTGGG-3’

Sp2, 5’-TGCCACTGCTGCTGTGAGTC-3’ 9}
(337bp)  5°-CCGCCTGGTACTGGATATTGG-3’
Sp3, 5'.CCAGGATGTGGTAAAGTCTA-3’ 9}
(468bp)  5-CTCCATTGTCTCATTTCCAG-3’

Sp4, 5’-CAGGTGCTTATCCGGGCTCCA-3" 9}
(263bp)  5°-GTTGGCAACGCTCACTGTCTG-3’

2712 cDNA 3H4d 20 Notchl, Spl, Sp3= 94°Co]| 4] 30s,
57°Co| A 30s 18] 72°Cof| 4] 30sS. 2 28 cycles 1&]il
Sp2, Spd+= 94°Cof| A4 30s, 60°Cof| 4] 30s L& 3L 72°Coj| 4] 30s 2
2 28 cycles®] A0 & PCR W2 #8y3}+4ct PCR HHg-
AR 1.5% agarose gelof| A A7) 950 & &2lst4 ).

2.8. FAAE
s Aol oot 4P AL A A AGstel dojdl B
He T B2 Tl 2 10022 so] AFZe] 4
e %z EAT

.83 4 2%

3.1. MDA-MB-231 Notch1l

A8 9 B F sl AFUL 71 o AR 5o
N 323 LR O R ThoFe £50] F¥ 8] TR
2 FEA ] o QPAIE FA1E o AISIA L A EAEALE §

=5h= 7)Aol Q3 A o2 HiE o] gk [4-7]. H L B ¢
& A A elof ofsf 5-19hA £ MDA-MB-2312] Al
AHA} FEHS BaE vt Q) [8]. wheha] B L) A
L AF9 A 2of 93k MDA-MB-2319] A A} H A} =3}
AollA frkeh A2 FA W AEo] Fa% AT =
Ao &edA 9= Notchl G-#z}o] Wha He 2 2AlS}
At WA o] 2 Yato] thekst HEo Ao R AFUE

(a) Curcumin (24 h) (b) Curcumin (50 pM)
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Fig. 1. Effects of curcumin on Notchl expression. MDA-MB-231
cells were plated at 5 x 10* cells per well of 24-well plate, and
incubated for 24 h. The cells were treated with variable concentra-
tions of curcumin for 24 h (a and c¢) and 50 uM curcumin for the
indicated times (b and d). Total RNAs were isolated and then ana-
lyzed by RT-PCR using specific primers to human Notchl. GAPDH
served as an internal control (a and b). Cell lysates were subjected
to Western blotting for total Notchl (tNotchl) and cleaved Notchl
(cNotchl). B-actin served the loading control (¢ and d). The den-
sity of the control bands (untreated) was set to 100%.

A 25k ¥ Al2ZW Notchl §-73179] W@ §i3HE RT-PCRY}
Western blot analysis B4 © 2 3213} % T}

AL 5 uM, 10 pM, 30 pM, 50 pM O 24417} A 2| 3}
fom F=rb F7Hghel|l w2l MDA-MB-231 Al 3Z U A
Notch19] mRNA%Fo] 5] 24x51laL, 50 uMef A= d A 3]
Hashe S 2Alskint (Fig 1(a). 12|13l 50 uM o] A 571
= 4AIZE, 8AIZE, 1641 7F, 2447 24 A © 2 A 251 3lS uf A
7kol Z'grof wh2} Notchl &f mRNA 9| ¢Fo] 7451311 244
Zrol A= @A 5] F2ax5k 3Tk (Fig. 1(b)). E3F Notch1 2] T
] oFo] H31E oH7] ]3] Western blot analysisE A A| 3}
. A, AR FE 30 pMof A 5E] Notch1 2] ¢ o
28kl 0w 50 uMol| A= 5 A S A4 5 ve }lot (Fig.
1(c)). T3t 50 pM A 571 2] 2|3k 7 - 8AITHAE F2 3 7
£ T ¢ AL o] AT YA 24X A 7R A& G
t} (Fig. 1(d)). E3t total formQl tNotchl Thal 2l B u} ofif 2}
Notch19] active form¢l cNotch12] thaf 2] ok 7+ A 3he 12k
SF3T} (Fig. 1(c),(d)). & Atoll 28t A E b2z o 2] ]
 AFUE A EZ O] APESE -8 8}=H o] Notch signaling
gAJo] ZHA = o] = tNotchlof] ZH-8-5}o] cNotchl 2. 2 2] A
2lof o] dl= F A2l y-secretase 2] -4 Tl 21 9] Presenilin 1
T} Nicastrin®] 9H& ZhA wj&ol Aoz HuE i) [15].
b FHAZE AR 2 AtollA B/ E QL
cNotchl T2 o] Zha7h AFRlof] o3k tNotchl o] U&7}
A= QI3 A Q1 A| E+= gamma- secretase®] LA T4 W&
Ao taf A= FF ofof gt d7F B 3= ofof &
o= A7k,
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3.2. A9 o § Notch1e] dA =4 7|4 71
Aol oaf W@ o] 7Adh= Notchl F-H2e] W x4
7178 5+ 3}7] § 3l Notchl promoter-driven reporter vector
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Fig. 2. Localization and identification of curcumin-response ele-
ments on the Notchlpromoter. (a and b) Schematic representatior
of the human Notchl promoter containing three putative Sp-bind-
ing sites that were identified by the computer database TRANS-
FAC and the Notchl reporter vector. (c) MDA-MB-231 cells were
transiently transfected with each of Notchl reporter vectors anc
pCMV-[3- galactosidase and then treated with curcumin (50 pM) for
24 h. Cell lysates were then subjected to b-galactosidase enzyme
assay and were tested for luciferase activity by using an assay ki
(Promega) and luminometer (Turner Designs). The relative level o
promoter activation in each experiment was calculated by dividing
the luciferase activity by -galactosidase activity.

£ A2k Tk PCRYH 0 2 =2 Y 31 Notchl promoter &
& pGL3-basic vectorof| AFl3}o] p(484)luc} p(268)lucS
2tz A2kl (Fig. 2(a),(b)). MDA-MB-231 Al Zof 75
& Aokl wf 2+ luciferase 2H/d o] o G A ¥ S}st=
A& ZAFE oY 1 AT}, p484)luc?] 7$+= cucumin
of 93} luciferase®] AT AE B G H HHA p(268)luce 7
Felofl gk vEg-o] UrebubA] eFQtet (Fig. 2(c)). ol &3k 2
T2 u]FojRol p(484)luc®] Notchl promoter < ujo]
curcumin-response element 7} £ d}= A 0 2 oAlE o] o]
9919) 971492 BAsHgon 1 Ak, Sp HAKlA A
FHEAR A== 2ol F ALl (79014 -69 (5°-GGG
GCGGGGGG-3")71#], -569 A4 -47 (5°-GGGGCCGGGC-3’)
74, 12 1 460 A -37 (5-GGGGCGGGGC-3°)7HA]) Z )
32 shelsl ot} (Fig. 2(a),(b)). oA A7 AT o] wp2w 7
Hulo] o5} HAFLA NF-kBS] Wl 5l B4 o] 72 [16]
%71 wi<Zoll Notchl A=} &7k Aaof v gk NF-kB2] 47
goll sl AR Hokrh. SFA|NE A Rlo] &3] 1 &g o]
ZF 431+ p(496)luc®] Notchl promoter &S U ofl= NF-kB
AR 7} 24512 ko g Hojx NF-kB7} A F & o=
L rojs}x) 9 Aoleki Azkkeh. whebA o)4tel 2172

W& E3) AFef 9%t Notchl 2H& 7H4of Sp family7} &
1% 5 Aol £8& o 4 otk

3.3. 9 Al MDA-MB-2319)4] #A5fglo] Sp family
TP v = Y

AFRIA ] Al Sp familye] WA} FbS £ASH] 9
&}o] RT-PCR& AA5H3IT. 7L A3, AFY 1% S=E (SuM,
10 M, 30 M, 50 M) AR (4A] 82|17, 16A]7F,
24A17H 2 A 2319 u Sp family = Spl, Sp2 Sp3, 1811
Spd RS BF, AR T SR LAl A7
AlZrol F7HepE I Wdo] A Zelskitt (Flg-
3.0, A £ AT FAPAE ATFUE A
215t o =% Notchl1 o HAZGAE= S %‘i’\??lx}aﬂ
el phel ielo] 918 A4l £t 4] 7 AE
ofl ofahel A ul He) A WA E ] FA] A7 G
AL ZHAAAI Y srebp-2- A AF2] @ o] k=] o] 2]
ot A5 ARl &gt Sp family o] el 2 2Hd 240}
AR WA o] lokal oA Ut [6,17]. T3t AlgkE] =
A}o] E 9] Notchl-3-A A} &hd 2 A of| Sp37} Hojghrh= o
AT QIe}[13]. SFARE A 225 AFESE 2 Aol A=
Sp family W77} A5 Rlof| &fsff Wdl o] 24 (Fig. 3) == A
O &2 UEE7] o o] 5 EE5 7} Notchl 2 24 of ot
A oFU ¥ o] Fof] £ Q1A Notchl -2 A} W 2 4 o
AR A o7 profst=A]of| A= HLs] o o= o
Zolof thgt =714 A S s & A o= Ay Zkgit

l_.

(a) Curcumin (24 h) (b) Curcumin (50 pM)
0 5 10 30 50 (um) 0 4 8 16 24 (h)
GAPDH

|———-—‘--—|GAPDH

|ﬂ”~ — """45"1

100 67 58 24 A7 100 38 25 2 2

|— —— I3p2
100 120 99 57 24 100 50 M 30 35

|_-~- e

100 75 66 29 ( e 70 ' )
w o [ e

100 69 67 70 39 100 70 49 53 46

— — — —]sz

Fig. 3. Effects of curcumin on Sp family expression. MDA-MB-
231 cells were plated at 5 x 10* cells per well of 24-well plate, and
incubated for 24 h. The cells were treated with variable concentra-
tions of curcumin for 24 h (a) and 50 uM curcumin for the indi-
cated times (b). Total RNAs were isolated and then analyzed by
RT-PCR using specific primers to human Sp1, Sp2, Sp3, and Sp4,
respectively. GAPDH served as an internal control. The density of
the control bands (untreated) was set to 100%.

S99l ZE MDA-MB-2319A4] mithramycin Ao]
Notchl $@oj u| X &= J &
A+719] luciferase reporter assay®] 215 53| Sp family”}
Notch12] W& 2 4dof Hojd Aoz 01]”& 12 Sp HAFIR}
O A A ?1 mithramycin AS %] 2]5}31-& wf Notch12] 'H& o]
Dast=AS AT WA MTT assayS S8 A L2
A& Z FFS v X] X] oF= mithramycin A % %7} 25~50
nMo| v 100 nM./] £o] 50% A= T o

¥ (data not shown) © ]E'ﬁ;_; AT ZFABA] o] %
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9] A¥ o= 25 nMI} 50 nM 5= 9] mithramycin AS A&
4t MDA-MB-231 A|3Eof mithramycin AS *| 2|3t H
A|ZFE 2 total RNAE £8]8}o] RT-PCRS A A|81ich 1 2
T}, 4A| 7L, A7, 1241 7E, 164 7E, 24A17FS 2 mithramycin A
2 A 2|5k A|7bo] 7] ¢rel] weh Notch1 ) mRNA®] ofo] 2t
4543 24A T A 71 2 S e AL Belsy
t} (Fig. 4(a)). 3t mithramycin Ao] 23}t Notchl a2l H-
FHHSLE ZAI517] $510] Western blot analysisE A A] §t
I}, mRNA &g FARSE Notchl T8z Hhad Zhas
£ I 4= AUk (Fig. 4(b)). Notchl -7 2] promoter %
o 484 bpE A4S reporter vector p(484)lucE AR-E-5)o]
mithramycin A 2] o] oJ3t L2 W E] B & HIE ZAls)
4t 1 23} 50 nM 2] mithramycin AS %] 2|5} 9-2 4] 50%
459 Notchl Z2 ¥ 40 Faa s Uetfich o
2hA MDA-MB-231 FHAAZA & WS Hol=
Notch19] & o] Sp ZAFQIRFS] A A 21 mithramycin A #|
2fof| oJaf| 7rathS &It £ A+ Z IS ol FH Al E
W Notchl {7 2}9] HAL2H 144 of| Sp family7} ¥of g 7}
S0l 23S T 4 sl

ITa =2

> i

(a) Mithramycin A (25 nM)

0 4 8 12 16 24 (h)
""" T |GAPDH
[— — — — — — | Notch1

100 102 100 95 84 73

(b) Mithramycin A (25 nM)
0 4 12 24 h)
I . B-actin
ot w . | tNotch1

100 135 79 76

. 120
© g
2 100
=
S 801
o
n
S 60
&
‘©
2 404
o
=
B 20
[}
14 0l
MithramycinA 0 25 50 0 25 50 (nM)
pGL3-basic p(484)luc

Fig. 4. Effects of Mithramycin A on Notchl expression. (a,b)
MDA- MB-231 cells were treated with 25 nM Mithramycin A for
the indicated times. (a) Total RNAs were isolated and then analyzed
by RT-PCR using specific primers to human Notchl. GAPDH
served as an internal control. (b) Cell lysates were subjected to
Western blotting for Notchl. B-actin served the loading control.
The density of the control bands (untreated) was set to 100%. (c)
MDA-MB-231 cells were transfected with p(484)luc and pCMV-[3-
galactosidase vector, and then treated with different concentrations
of mithramycin A (0, 25, and 50 nM). After 24 h, the cell extracts
were prepared and analyzed for luciferase activity.

5
488
#F9l0] Hkek A3 o] Notchl 442} W& of W] 2] &= o 3F
= W AN e F2 2ES 99
@© AR A 2ol &3 Notchl 2] BH& o] ZAgt},
@ AFtHlol ¥H-g- LEFH = Notchl promoter ¢ & U o]
= Al 71 Sp-A 7917 At
@ AR 2ol 23l Sp family 2] & o] 7hA 3}
@ Sp AAFIALS] A A Q] mithramycin AS A 2|3}

Notch19] ¥F& o] At}
o]Ate] ATHE B3 {oF Al E 2l MDA-MB-231 A Zo]
A A1) oI5k Noteh 9] Wl 7 Ho] = Sp pathway
£ Bl oYL & 4 Sk mekal AT T Sp-
Notchl axis®] &4 7FA = MDA-MB-231 G149 A9 =
oA W AZAEAE o7 ko] FRE 2§ 7}
R CER i

Shal A IHA| Sh ¢l (29)e] o5t
A= AEYH
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