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Genistein-induced Growth Inhibition was Associated with Inhlblhon of Cyclooxygenase-z and
Telomerase Act1V1ty in Human Cancer Cells. ]ung Im Kim, Cheng-Yun Jin’, M1n~]eong Seo’,
Hak-Seob Lim*, Young-Choon Lee’, Woo-Hong Joo®, Byung Tae Choi’, Yong Kee Jeong’ and Yung
Hyun Choi” 2*. 'Department of Biochemistry, Dongeui University College of Oriental Medicine and
*Department of Biomaterial Control (BK21 program), Dongeui University Graduate School, Busan 614-052,
South Korea, “Department of Biotechnology, College of Natural Resources and Life Sczence and BK21 Center
for Silver-Bio Industrialization, Dong-A University, Busan 604-714, South Korea, Bzomstztute, Millennium
Promise Co., LTD, Jeonggwan-myeon Gijang-gun, Busan 619-691, South Korea, *Department of Biology,
Changwon National University, Changwon City 641-773, South Korea, *Department of Anatomy, Graduate
School of Oriental Medicine, Pusan National University, Busan 609-735, South Korea - Genistein, an iso-
flavone in soybean products, is a potential chemopreventive agent against various types of cancer.
There are several studies documenting molecular alterations leading to cell cycle arrest at G2/M phase
and induction of apoptosis; however, its mechanism of action and its molecular targets on the prosta-
glandin E; (PGE,) production and telomere length regulation in human cancer remain unclear. In this
study, we investigated the effect of genistein on the levels of cyclooxygenases (COXs) and telomere
regulatory components of several human cancer cell lines (T24, human bladder carcinoma cells; U937,
human leukemic cells; AGS, human stomach adenocarcinoma cells and SK-MEL-2, human skin mela-
noma cells). Genistein treatment resulted in the inhibition of cancer cell proliferation in a concen-
tration-dependent manner. It was found that genistein treatment markedly decreased the levels of
COX-2 mRNA and protein expression without significant changes in the expression of COX-1, which
was correlated with a decrease in PGE, synthesis. Genistein treatment also partly inhibited the levels
of human telomerase reverse transcriptase (hTERT) as well as human telomerase RNA (hTR) and telo-
merase-associated protein (TEP)-1, and the activity of telomerase. Taken together, these findings pro-
vide important new insights into the possible molecular mechanisms of the anti-cancer activity of

genistein,
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HZ Ao 3™ genisteinol] 2]3F apoptosisdll< FF

Hhg-o Q3% 2 -3t cyclooxygenase (COX)-29]
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7teAdol AAEH Ao ([4,14], EXA o] EA|3l< telo-
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B Ado] A8 E genistein® Sigma Chemical Co. (St.
Louis, MO, USA)olA sl mRNA AL 93}
Bioneer (Taejeon, Korea)oll X 913t primer+ Table 1] v}
B oho} 2k B 9E B4 9lse Aeu Al
CalBiochem (San Diego, CA, USA), 2 Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA)o A + 33 .0.
M, immunoblottingS ¢3 23} &3 AL8-E peroxidase-la-
beled donkey anti-rabbit % peroxidase-labeled sheep an-
ti-mouse immunoglobulin& Amersham Life Science Corp.
(Arlington Heights, IL, USA)dl| A} %) 8} 4T}, Prostaglandin
E» (PGE2)8] AAYY 4L Amersham Corp.9] enzyme
immunoassay (EIA) kitE AF&31%92.H, telomerase &4 9]
27 & polymerase chain reaction (PCR)d| 7]|%2& & WAyl
o4 H[PCR-based telomeric repeat amplification protocol
(TRAP) enzyme-linked immunosorbent assay (ELISA)}& o]
L3RI o] 93} kit Boehringer Mannheim (Mannheim,
Germany)l 4 7959t

oLN|ZO| Hhet -

¥ A4S AEAGS AH M E, SKMEL2 &4
ZAE, T4 PBLAE D UB7 AFYAL)E 49 35t
T4(KRIBB, Taejeon, Korea)ollA] EF xHEotom 90%<]
RPMI-1640 8} 2)(Gibco BRL, Grand Island, NY, USA), 10%
fetal bovine serum (FBS, Gibco BRL)o] 1% 2] '.penicillin L
streptomycin (Gibco BRL)o] Z3t® wjAZ AL&sha} 5%
COy, 37°Ce] ZA3 A v ¥3tY . Genisteind dimethyl
sulfoxide (DMSO)ol| =] 100 mM$] stock £H 0.2 A Z3l

Table 1. Sequence of primers used for RT-PCR
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&1 24417 F<t oFA8AlT] b genisteind H} Ao 3] 4
Sty 48417 & A E A ASL tetrazolium bromide
salt (MTT, Sigma) A|2FS 05 mg/pl =& 3|48t 200 pi
4§83 32 5% NPT el B The MIT
A oFS A ABE DMSOE 100 pl# BZ3o] welld] A%
formazing 25 =¢ & ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)E 540 nmo|H EF =& 43I
2o nF 33 ANFYoH, 1o s Fa gt EFE L
& Microsoft EXCEL program-= A8} A8t}
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Reverse transcription (RT)-PCR 24

FYH xAgAN FHE AEZES 2= TRIzol B
(Invitrogen, Carlsbad, CA, USAYE ¢] &3} total RNAE
Haahgot. 228 RNAZ A3 &, ONESTEP RT-PCR
PreMix (iNtRON BIOTECHNOLOGY, Korea)& ©|8-3}¢] 2
ngo RNAJ A ss cDNAE 4390 ©] & cDNAE tem-
plate2 Ag3te] #F gy FAATable 1) PCRE &
&4ttt ojm housekeeping A A}Ql  glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) % 2}& internal con-
trol2 AR&3stgh 2+ PCR AHEE-S 1% agarose gel& o|-§
gt A7) %31l ethidium bromide (EtBr)2 @43 %

UV stell M glstia.

chijEol Ha| M7|YS YU Western blotting
A 2 genisteino] A @ B A oA A A EES lysis

Gene name Sequence
NOS Sence 5-AGA-GAG-ATC-CGG-TTC-ACA-3
Antisence 5 -CAC-AGA-GCT-GAG-GGT-ACA-Y
WTERT Sence 5-AGC-CAG-TCT-CAC-CTT-CAA-CC-¥
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3
TEP-1 Sence 5.-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G-¥
Antisence 5 -CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3
hTR Sence 5-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-¥
Antisence 5-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3
COX.1 Sence 5 -TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-¥
Antisence 5-GTG-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3
COX.2 Sence 5-TTC-AAA-TGA-GAT-TGT-CGG-AAA-AT-3
Antisence 5_AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3
GAPDH Sence 5 _CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Antisence 5 -AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3’
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A7l & FFY @ d-S SDS-polyacrylamide gel 7719
o7 By 29 gl A S nitrocellulose membrane
(Schleicher and Schuell, Keene, NH, USA)S.Z Zo|A|7
¥, 574 w9 g
AAI8 3 enhanced chemiluminoesence (ECL) £l
(Amersham Life Science)-& £ A]7] th& X-ray filmo] 7
BAA 54 vudd 18 3¢ BARL

Telomerase &AM 53

A3 9 genisteino] A 2] € A A vjYH AEXES B
o} 200 ul lysis reagento] 1x10°7)¢} N & 4101A] 3087
Ag 9ol lysisE AT TRAP 952 $13hed 2 mg
o] iAol FHird 2 plo ME F29E 25 pl9 reaction
mixtured] &3 -, FHTE 715 HF volumeo] 50 pl
7} =& 3Q ) PCRE primer elongation (25°Col A 30%
71, telomerase inactivation (94°Col| A} 5837}, product am-
plification (94°Celj A 30, 50°Col| A} 30 2 72°Col| A 90x%
£ 30 cycles)9] A E Zo] HYoH, o]F o}§-3} hy-
bridizationi} ELISA reaction #¥+3-& A|FH T}

23

Prostaglandin E29| &%

PGE: 44 Wste AP skl 2uE ATE
96-well plateo] well F 160 ple] vl Z]oj] 10° cell/well A%
2 EF5 4N < YT ¥, genisteing TEEE
Ao 8Aske] Qe stk olm whAT WAl e e m
180 pl2 FAAIFHY. 48217 & nX|o] 2.5%2] dodecyl-
trimethylammonium bromide”} 349 bufferE 20 pl 37}
atof 3w x| o] 200 ul HA § F lysis7} Z dojux
% pipettingg 58 AAYT 4ol o 1087 in
cubation 3 & trypan bluegE o] &3} ALY & A
Qtt. oF 50 ul9) lysateZ 33} kito] 23 protocolo] w
o FIAZ A% F 450 nme] 34 Qoja e 730
2 PGEY 4& 333

g1 ¥ o3

H K| M|z SA|0 0jxl= genistein®] A&t

Genisteinol] 3t ¥ 7}4] A GAMEJA COX-2 E te-
lomerase &4 A& A& FHIH7 AT 209 85 9
stof, 48AIZE Fot Y FE9 genisteing AE F
MTT assayS A3t Fig. 1¢] vepd Aoy &
A50] ZALE 471X GAH o] LFE genistein A 7] T
7t met F2lo] A o, genisteine]] g T4
< WEy M 25 UBB740 A 714 A yUeigton, Wy
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Fig. 1. Growth inhibition of human cancer cells after treatment
with genistein. Cells (T24, human bladder carcinoma;
U937, human leukemic; AGS, human stomach ad-
enocarcinoma and SK-MEL-2, human skin melanoma
cells) were plated at 1x10° cells per 60-mm plate, and
incubated for 24 hr. The cells were treated with various
concentrations of genistein for 48 hr. The growth in-
hibition was measured by the metabolic-dye-based
MTT assay. Results are expressed as the means+S.E. of
three independent experiments.
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Telomere ZFQIXIEC| Wa0f| O|X|= genistein® HEk
AN T GAH Dot Yo} &A= telomeres re-
peat sequences [(TTAGGG) |2 o}Foj4 glom, o]¥ Hi&
FzZ9 A 9 LA B G4 7} telomeraseo] TH25].
?ﬁ"} A A Lol A= telomerase] EAlo] §17] W&o A|E7}
ATTE telomere?] ZolE FolA A HAE A EY
90% o] Ao A= telomerase®] catalytic subunit T4 A-&
codingd}= human telomerase reverse transcriptase
(hTERT)7} #&¢d Hol A o2 % =& telomerased]
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PIE A AB40] glor, o] e AP A
Hetll = A2 AMHEE § &S A £oH19,25]. =
gto] ol A telomered] A4S A o] 9FA Aol
A5 e Aol o]= DNA damaging agento] 2|3t p53 &
Cdk inhibitor p219] ¥&Z712 Q3 Al X F7] oz A
BEol A QTH21]. 53] 43} dFE BEA telomer-
ase®| AL hTERT f7Ae] wd A 93 Ao,
hTERT +#42] promoter ¥9ole 2 FAAY pro-
moter Kt} A O B& AA 2R ARRAS B G
&t 1o} activator = repressor® Z-8-3 & 9 tH5,25].
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merase-associated protein (TEP)-19] & o] wX|& genis-
tein®] Q& HA ZALEIHT ol & 98l A4 2 genis-
teino] Az @ v Ao A 48417 Fot wl%E NEES i
©.2 RT-PCR ¥ Western blot #2418 A3} t}. Fig. 2¢]
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ANO, T24 2 AGS A X9 4= genistein #2] $& &J&
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83 98g o] H 9 A UTH11,29]. PGE 949
A 27}A] COX isoformo] #eJ3tal e=H|, o Fi9 Z£2 9
A 4R o2 wEHE COX-19 AS QA9 344
FA9} AFBH 7)e5d FAsta o, COX2e thygh
#0117}, cytokines, % FRAJAE FTY Ao Y&
A isoformO. 2 A A X A4S
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Fig. 2. Effects of genistein treatment on the levels of telomere regulatory genes in human cancer cells. (A) After 48 hr incubation
with genistein, total RNAs were isolated and reverse-transcribed. The resulting cDNAs were subjected to PCR with the
indicated primers, and the reaction products were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B) The cells were lysed and then cellular proteins were separated by
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed with anti-hTERT
antibody. Proteins were visualized using an ECL detection system. Actin was used as an internal control.
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Fig. 3. Effects of genistein treatment on the levels of COX-1 and COX-2 in human cancer cells. (A) After 48 hr incubation with
genistein, total RNAs were isolated and reverse-transcribed. The resulting cDNAs were subjected to PCR with COX-1 and
COX-2 primers, and the reaction products were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr
staining. GAPDH was used as an internal control. (B) The cells were lysed and then cellular proteins were separated by
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed with anti-COX-1
and anti-COX-2 antibodies. Proteins were visualized using an ECL detection system. Actin was used as an internal control.
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ATAE A7) 918t PGE;9] A vlx|+ genistein
9] FFE AN ZH< Fig. 4Bl YERd nie} 2ot Fig,
4B A ZALE 271A] AEF AGS 2 SK-MEL-2 A ¥ 2%
oA| A genistein?] X2 =7} F718+E PGEY Ao v
T #FasHAoH, PGEY YA 74 ZF3L2 COX-2¢9 ¢d
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Fig. 4. Inhibition of telomerase activity and PGE; production
in AGS and SK-MEL-2 cells after exposure to genistein.
(A) After 48 hr incubation with genistein, telomerase
activity of cells was measured using a TRAP-ELISA kit
as indicated in the protocol. (B) The cells were treated
with the indicated concentrations of genistein for 48
hr and collected. The PGE; accumulation in the me-
dium was determined by an EIA kit as described in
materials and methods. Results are expressed as the
means+S.E. of three independent experiments.
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