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Involvement of Early Growth Response Gene 1 (EGR-1) in Growth Suppression of the Human
Colonic Tumor Cells By Apigenin and Its Derivative Isovitexin. Yuseok Moon, Lei Guang Cui and
Hyun Yang. Department of Microbiology and Immunology, Medical Research Institute, 1-10 ami-dong, Pusan
National University School of Medicine. Busan, Korea — 1t has been previously described that transcription
factor early growth response gene product 1 (EGR-1) functions as a tumor suppressor gene. This
study was conducted to demonstrate that EGR-1 induction by phytochemical apigenin and its de-
rivative isovitexin can mediate the growth suppression of the intestinal epithelial tumor cells.
Apigenin and isovitexin induced EGR-1 gene expression both in the dose and time-dependent
manners. Moreover the induction was relatively late around 9-12 hr after treatment of HCT-116 cells,
while several anti-inflammatory agent such as NSAIDS and catechins elicit the EGR-1 gene expression
at much earlier time about 1-3 hr after treatment. In terms of signal transduction, ERK1/2 was critical
for apigenin-induced EGR-1 gene expression and its promoter activation. When EGR-1 gene ex-
pression was blocked with EGR-1 small interference RNA, the cytotoxicity of apigenin in the human
epithelial cells was attenuated, suggesting the involvement of EGR-1 in the anti-tumoric activity of
apigenin. To link the EGR-1 induction to EGR-l-regulated gene products in colon cancer,
NSAID-Activated Gene 1 (NAG-1) was demonsirated to be elevated by apigenin and isovitexin at
24-48 hr after treatment. Taken together, apigenin-activated ERK1/2 mediated EGR-1 gene induction,
which was associated with suppression of the cellular viability by apigenin compound.
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NAG-1& Eulg Alo]EFIQe] ez A YutF 0 F ty-
mor growth factor beta (TGF-b) superfamily9] d£90 24
placental transforming growth factor-beta, prostate-derived
factor, macrophage inhibitory cytokine, placantal bone mor-
phogenetic factor@ 2 & E2]ojzltt. NAG-19] 28& A
EAMY MEADE wj7)3te 53] Spl, Sp3, COUP- TF,
ps3el eJake] WAL 24 Ho] ATHL238]. wehA NAG-
< NSAIDS} @ E 2G99 A3 $3¢ ade F94F
%] apoptosis FEE £ *%—1 Ql Foke F45 AT
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AT o] NAG-19 731}_,7,9 AARIALZ A early growth
response gene 1 (EGR-1)0] NAG-12] promotero]] EGR-1¢}
bindingo] tandem GC AzHE-9)o) 4 2= 23] E3
NSAIDS} HIEF green tea catechin 91 epigallocatechin
gallate (EGCG)ol 93l EGR-1 @& 9] wyo] 7} g}
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HCT 116 A2+ v= §3 ) S84 (American Type
Culture Collection, ATCC, Rockville, MD)oJA o]l &} o]
McCoy’s 5A media (10 % FBS, 50 unit/ml penicillin (Sigma,
St. Louis, MO), 50mg/ml streptomycin (Sigma, St. Louis,
MO)ol 5% CO2 humidified incubator at 375 o A H] 3}
o). A E49} A 284 (viability) trypan blue (Sigma) dye
exclusion& ©]&3] 4 hemacytometerAtoll X ZA3c}. 3}
FE =2 4Y S o] gle MAE o] &3tdh A3
Al & Calbiochem (EMD biosciences, Inc. La Jolla, CA)ol| A
Fossich.

Western Immunoblot Analysis

Cell lysatew= RIPA buffer (Ix PBS, 1% NP-40, 0.5% so-
dium deoxycholate, 0.1% SDS, 100 mg/ml PMSF, 1 mM so-
dium orthovanadate, and DProtease Inhibitor Cocktail
(Sigma))Z FH|alx 2-32 9] sonication ¥ lysate pro-
tein2 BCA protein assay kit (Pierce, Rockford, IL)E o] &3}
A REstAnh 47 50 mg @A 4F AIFFE o
34 Eg3 F deldS PVDF membrane (Amersham
Pharmacia Biotech, Piscataway, NJ)ol] o]&3}%ith B#& 1
AlZHE9F 5% skim milk Tris-buffered saline plus Tween
0.05% (TBST) 2 blocking ¥ ztzte] LA} A &2 24 7F 42
oA ug & 33 TBSTZ MlE % horseradish-conjugated
secondary antibody2 1 AlZF 42 ¥-3-% 33] A3 F ECL
Chemiluminescent substrate (Amersham Pharmacia Biotech,
Piscataway, N)2 w4 #Aatdc) 2+ dx13A+= rabbit
polyclonal anti-human Actin antibody (Santacruz Biotech-
nology, Santa Cruz, CA), £7] polyclonal anti-p-MAPKs,
anti-Egr-1 34| (Cell signaling technology, Beverly, MA)E
AHE-EH T
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Transient / stable transfection

A E = Trans-LT1 transfection reagent (Mirus, Madison,
WIE o] 83N AlZzx T2 EZ we} transfectiond -8
34t} Luciferase reporter gened] transfectiong $Js)AM z}
well G 1.5 mg firefly luciferase reporter plasmid$} 0.15 mg
renilla luciferase, pRL-null vector (Promega, Madison, WI)&
4.5 ml Trans-LT1 reagento] E¥3}e] 6 well culture plateo] .
=28t ok Transfectiond 244745 M E & 81350 244
7y =238 Qo) Firefly ¢ o229 renilla luciferaseE 5 4] 9
transfection 3}+= Dual-luciferase reporter assay system
(Promega)2 o] &34 A3 H}. ZE tranfection 582
S501R] 60% A =2 FASIHT o] £8L pMX enhanced GFP
vectorE 0] 8-3] A transfection & F Ao &<13}9t}. Stable
cell lines& F712 vhE7) 98t 48A17F% 1000 mg/ml
G418 (Invitrogen, Carlsbad.CA) 24 ¥ & 71319} A4
2 monolayer colonies 7} A duj71x] 3o} A F trans-
fectants = 500 mg/ml G4182] dutujkbo] ] H =gt
Luciferase Assay
AEe 271 PBSE AlAE% 45 £ W3 (Promega)
PolEe FHSYT. 12000 gl A 4 B3 AARAT A
Z BA9E assayd o] &3tHth A5 AL o]F 4¥S A
3| A -80 Coll B#3}g4t}. Luciferase activity= dual-mode
luminometer (Model TD-20/ 20, Turner Designs Co.,,
Sunnyvale, CA)& ©]-&3|A4 =439t Firefly luciferase
activity 2 renilla luciferase activityoll thajr duts} &4
gAL ogo ANXE AN (firefly luciferase activ-
ity / renilla luciferase activity).
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3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox-
yphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)-& ©] &3}
of FANLS B4 AT EF (2 x 107/ well) S 96-well
plated A SFE2 Al stAL A Aldo] BAE F 4
welld 50 ml MTISE §ste] 2417 wh3 A1 & WA S
H zt wells] DMSO 100 ml& ¥ 2083+ k8- Al
% 490 nmel M FFEE FAHAT
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Small interference RNA (siRNA) Xz

A ¥ EGR-1 (Dharmacon, Lafayette, CO)2] siRNAZ
lipofectamine 2000 (Invitrogen, Carlsbad.CA)S.2 2| 3}o
manufacturer’s protocol (Invitrogen, Carlsbad, CA)ol w2}
transfection 3}F T R E AHWS A 7He 72 Azteiqinh

SHAz
¥ o]el= SigmaStat for windows (Jandel Scientific, San
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Rafael, CA, USA)E o] 484 R4t Fa59 dolg
H| 2 Student’s ¢ testd 3} 93, multiple groups HlRE
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Flavonoid$] apigenin¥ FEoA 2] t)F A2l apigenen
YAME Q] isoviexind]l 9]3te] EGR-1 @& EA% An
AwrFg o g x7)o] HEHE EGR1 HaYAIE ¢ =
% % 91247t o] %9 apigenindl] &3] EGR-10] =%
t}2,3,20,21]. Sulindac®] F8 tAME<l sulindac sulfone,
sulindac sulfide$} 1 9] 3+t 77} 4+ 2432 NSAIDs9
Atz AT i EGR-19] o] A n
Aed o} Fol= 1-3A1719) W2 A7t EGR-1¢] F 714
tH3]. Apigenin®] 7Z-$& 9-12A417F Fo EGR-10] frEHE
- AoR Bty $HA 28 FA F apigenine] g v
A9 oAz} mRNA stability’} FoddHe Aoz B
(Fig. 1A). E3] isovitexin®] 7ol & 2447t o] Fof F &
Z7} ¥ag BT (Fig 10. #714 ol 24 po3 gl A
7% apigeninol 9Jdte] ©¥iA ) WAI|7t FUtE e B
7b ATH19). o]Z nlgo 2 isoflavone AF9 3FE9
EGR-1%-%¢ digt Asde AAE A3t £3 5%
A A 1247t &M 50-100 mM apigenine] 23|
EGR-10] ¥do] Huo|ltt (Fig. 1B). Apigenind} iso-
vitexine] ©3F EGR-1-4-349] BHFZEHRE YFYANE
oA FAFL ole e FEFA 53] COX A4 4+&
2 AAEo[A Hol= EGR-1 ¥4 A+ & & kineticsS
Bl melA olo @& FAALHEY AT HAEA Y 4
o] 479

Apigenin0fl 28t EGR-1 70| UM ERK MAP
kinase®| gt

2o 71&9 Ao 9o EGR-19 &&d) 9lo] ERK/
Elk-1 429 $439 9850 B3 =1 v}9,10,18]. &
AZo|A HCT-116 A E 42 MAP Kinased] Q1A+gE )
Y& HEL o F8 kinase 9 JNK, ERK, p38 MAP kinase &
F7F 843 5. 53] ERKS 1487} F31ekA vebs
t} (Fig. 2A). 7 8443} kinetics £ wj¢ T2 A Yege
ol p383 INK9 72 4x7F ojF= #A3] Ao,
ERK MAP kinase®] ZA$%e =&A171 9717 B¢t A714 2
2 243 Ao wehA ERKVE EGR-1 23 #d He
4 AzAgAgE 7MY stol ERKY A HAEAE A3
Bl U01262 T4 A2 A] @A3HA apigenind] 935 =
¥ EGR-19] #tdo] dAAstA 9] HAdh (Fig. 2B). o] g
ARES vgoz ZFH EGR-1 §AA9 S-untranslated
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Fig 1. Effect of apigenin and isovitexin on EGR-1 gene ex-
pression in the colon tumor cells. A. HCT-116 cells
were exposed to apigenin (50 mM) for the indicated
time. B. HCT-116 cells were exposed to apigenin at the
indicated doses for 12 hr. C. HCT-116 cells were ex-
posed to 50 mM isovitexin for the indicated time.
Protein was detected with Western blot analysis. Data
are representative of the three repeated experiments. S
indicates the HEK293 cell lysate which was transfected
with human EGR-1 gene-cloned pCDNA3.1 plasmid.

region (UTR)9] luciferase 2] LE] & o] &8 A apigeninof <]
3k EGR-1 promoter activityoll tj 3t &35 £43 A api-
gening o $- 22 F& (1-22 mM)o} A= EGR-1 promoter&
8438t & 5 U903, ERK o Az ABAE Asaa A
kA 8kA EGR-1 promoter activity2 74X FAth (Fig. 3). 2
2407 apigenind] o]} #4318 ERK MAP kinase7} %
H2 o2 EGR19] 287 HAZA g B0l e R
2 At Hol .

Apigenin0fl 2/8t MISAMZES MEZHMXSHH AN
EGR-19| &nd

Apigenin®l] 95t Fulid Fdol g MET A 53
£ MTS assay 2 53] A4t &3] HCT-116 A ¥4 o
st 3 EFHoE NE8Aol AAHUT (Fig. 4A).
Apigening] A4 T it EQENE g =&
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Fig 2. A. Effect of apigenin on MAP Kinases in the colon tu-
mor cells. HCT-116 cells were exposed to apigenin (50
mM) for the indicated time. B. Involvement of ERK sig-
nals in the apigenin-induced EGR-1. HCT-116 cells
were pre-treated with vehicle or U0126 for 1 hr and
cells were exposed to apigenin for 12 hr. Protein was
detected with Western blot analysis. Data are repre-
sentative of the three repeated experiments.
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Fig 3. B. Involvement of ERK signals in the apigenin-induced
EGR-1. HCT-116 cells were transfected with EGR-1 pro-
moter luciferase plasmid using TransIT-LT1. At 15 hr
after transfection, HCT-116 cells were co-treated with
vehicle or U0126 in the presence of apigenin for 12 hr.
Cellular lysates were analyzed using dual luciferase as-
say system. Asterisks indicate significant difference
(p<0.05) from vehicle group. Data are representative of
the three repeated experiments.
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Fig 4. A. Effect of apigenin on the cellular viability of HCT-116
cells. Cells were exposed to” each dose of apigenin for
24 hr. Asterisks indicate significant difference (p<0.05)
from the zero vehicle. B. Cells were transfected with non
specific control (NSC) and EGR-1 siRNA (siEGR-1) and
cultured for 3 days and apigenin were treated for anoth-
er 24 hr. Asterisk indicates significant difference (p<0.05)

from the each pair of NSC group.

TAM 59 Hol A JUT1L1425]. £ A7e old A

E8d Astol 9lojA o] EGR1 @ d el #d4E& FAlS}

Atk £3] EGR-1 small interference RNAZ o] &3ty
18

EGR-1& 23 :8: A3 A7 ¥ apigenindl] 9% T LA
A aRE HlastAS W, EGR-17F A3 AEFo A4
HEEAHA H7} Y 93tHA (Fig. 4B). wetA apigenin
o o3 NESAANE AGEE EGR-19) 93] mjfdc}
= A% ¢ & Utk ol EGR1 wjA 9 AxEAH57e &
Adudg BAMste F EGR-19 93] 2AHE Ax34
[e3]

A & pro-apoptoticd] NAG-1 ©hel & o] 24A) 7hol A & %
StAl 7 HA o 4847kl BA 3] FhEe A4S BY
t} (Fig. 5A, 5B). @elA] o] &A1 NAG-19] wdLe &
A FAANTEA Aste] B 2 F e AL gA
gtoh Baek 5o 93 NAG-19)| 23t tjAtA T o
A &3} growth arrest®} pro-apoptosisel] 9]3}e] oj 7} 5o
53] troglitazoneo|u} NSAID9| 7% EGR-19] 9)3F NAG-1
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a9



114 ABUEPIX] 2007, Vol. 17. No. 1

0 12 24 48 (hr)
S— - | NAG-1
Actin

B 0 3 6 91224 48 (hr)

Fig 5. Effect of apigenin and isovitexin on NAG-1 gene ex-
pression in the colon tumor cells. HCT-116 cells were
exposed to 50 mM apigenin (fig 5A) or 50 mM iso-

detected with Western blot analysis. Data are repre-
sentative of the three repeated experiments.
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sponse gene 1 (EGR-1)ol 9lo] dbg} HAEQ! apigenin}
aYAEQ isovitexino] g AH FA FEAH T thst
o ZJ 4T¢ FHslET. Apigenin I} isovitexing T
AbM Lol A 9] EGR-1 B o] W S 9- 124 7He] =&
g3 vk & FUIEAY EF A5 HESUAA
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