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Effects of caffeic acid, chlorogenic acid, and EGCG on the methylation status of p16 gene in T47D
breast cancer cells. Won Jun Lee*. Department of Exercise Scienice College of Human Science, Ewha Womans
University, Seoul, 120-750, Korea — In the present investigation, we studied the modulating effects of
caffeic acid, chlorogenic acid, and (-)-epigallocatechin-3-gallate(EGCG) on the methylation status of
promoter regions of cell cycle regulator, p16, in human breast cancer T-47D cells. We demonstrated
that treatment of T-47D cells with caffeic acid, chlorogenic acid, or EGCG partially inhibited the meth-
ylation status of the promoter regions of pl6 genes determined by methylation-specific PCR. In con-
trast, unmethylated p16 genes were increased with the treatment of T-47D cells with 20 yM of caffeic
acid or chlorogenic acid for 6 days. Treatment of T-47D cells with 5, 20 or 50 pM of EGCG increased
the unmethylation status of pl6 gene up to 100%, and the methylation-specific bands of this gene
were decreased up to 50 % in a concentration-dependent manner. The finding of present study dem-
onstrated that coffee polyphenols and EGCG have strong inhibitory effects of the cellular DNA meth-
ylation process through increased formation of S-adenosyl-homocysteine(SAH) during the catechol-
O-methyltransferase (COMT)- mediated O-methylation of these dietary chemicals or an direct in-
hibition of the DNA methyltransferases. In conclusion, various dietary polyphenols could reverse the
methylation status of p16 gene in human breast T47D cells.
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DNA methylation& DNA 97]ME F cytosine T}Eoj
guanosine©] $X|& wj cytosine 58 % g4 o] methyl group
(CHs)o] H7ts e vhg-oltH1]. o2 #/d-2 DNA 714
gl Wast glo] A wdHS Jé 3} epigenetic
mechanism .24 §AA9] integrityE & A 3=t 310 UH
% 589 58 95 43 BE 48 7E A9 2
QA EANA FRLS] Ak A A global hypomethyla-
tiono] Yofir}= vk, DNA oA CpG dinucleotidese] ¥
=7t 28 49 promoter 29 “CpG island” A Go M=
T"rxdl} £o]2 4l hypermethylationo] ¥524 22 dojdr}

B TH16,17].

DNA methylation& Q1A o] A1 DNA methyltransfer-
ase(DNMT)2t& &40 Asﬂ 3 §hgo] dojdTi{18]. A
A dojue thE Z& F4 3 methylation ¥H-3-3} n}3t}
A2 DNA methylation ¥+-& T3t methyl doner£A S-ad-
enosyl-methionine(SAM)S 0] 4-3}9, methylation ¥-§ %
BAE-2 4 S-adenosyl-homocysteine(SAH) & gHEo] Wit}
B AgATE0] SAMe] methyl groupS 7] 2 (substrate)

*Corresponding author
Tel : +82-2-3277-2563, Fax : +82-2-3277-2846
E-mail : jun@ewha.ackr

2

| AFe & AAE SAH7} SAM-dependent methylation
Hh-g-ol lojA feedback inhibitor® #-§3}od methylation
13- AAA T sFTH13,14].
Catechol-O-methyltransferase(COMT) & 24+ methyl do-
ner] SAMo 2 ¥-E methyl groupS catechol 1ZZ 7122
Ae 712E oA 7t o]y g COMTY 71ZZME cat-
echolamines, catechol estrogen® 7Z+& 2z 3 @ ZJFo
catechol #2& ¥ g1 flv ¢4 (endogenous)s 22l
4} (exogenous) ﬂi} A3 Zo| gt g4 ‘:°] A3
B3 catechol 725 EE3a 3v B 4ol4 ZHdE
(polyphenol)&- COMT Bl 93 methylation 8Hg-of] 9]
olx EF3 71do] %5}[23'26]- olg|g Aold ZejdEe
$8 AA YN E4E 3 COMT 5494 93 methyl-
ation ¥}F-5-o] ?4_01"}71 . oM dF3 DNA methyl-
27422 COMT &40 93 Za5Ed
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o] DNA methylationd] 1]z} Gdkd] oj& A+ 23
HATHIZ 4] 2 A% 7 7HA o) ZHdEE, dF
So] #Agd] ¥39 caffeic acid, chlorogenic acid, Y F2
o thek gHrHollE quercetin, fisetin, myricetin, ®3+ 2}
of t}g &/ 9 catechin, epicatechin, (-)}-epigallocatechin-3-
gallate(EGCG) 57 o] BE FFEE0] in vitro DNA
methylationg 7ZZE3HA JAFAE ¥ ofleh, 7L A
¥ ol MDA-MB-231 M ¥ 9} MCF-7 M 39} esophageal squ-
amous $HA| £¢1 KYSE 150 A £, colon HT-29 ¢4AM £, pros-
tate G EQ PC3 MEFH o] B4d FAEAAN T4
A FHA F 32l retinoic acid receptor-3(RAR-B) &7 2}
9] methylationg JA|5tem, 1 23 unmethylation
B9 RARP §HAE fostA /A0 R Basdc
[71314]. 3AD $ES GAZAAN 58S FHAe] FHv
g3} diol YA dohvke ol ohieh dMEY FF
of wetr ZA AolstAl Yehdti20].

Aol o] BAFEL W GHEE AEF7IY 24 V)
g A, Ad FAE 5A FH[2] B FEYA
A} o] pl4, pl5, plest 2& AEFV] =48 £4
AHcell cycle regulators)= AL o] F2lg AA S = v
= 588 9otk A BE gelA olH g HE T4
Ao BEE o FAREAM hypermethylationo] 4o
doH15] StAT BA AFEE Rl GMEY FH wet
methylation sjgi¢] wj-$ chFaA vedth. 354 o9
EA38 4229 A hypermethylationo] dojute £& F
# A} promoter GO 24, o] FE9| hypermethylation
& 1 53 fAdAY BES AN 98E o ¢4
Z9 F4E 97 JEME o3 AETF7) 2H R
A4AQ W] IgFoltt. AT Aol FEFH o] A
EZF7) 24 FA2 e} methylationo]] v X Gk tigt 4

T ofd Ho| FE% Aot

gty B A7 3 Hol4 e caffeic acid,
chlorogenic acid, 18131 EGCG(2¥ 17} fu¢ A2
T-47D ME9 AEF7] 23 FHAY plee] methylation
Aol mAe dEds AuEed Yo

ME o e

M|Z HHSE

B A A3 T47D f9¢ M EE American Type
Culture Collection(Manassas, VA)AIZ 8 TU3Ah
T-47D M Z= 10% FBS, 100 U/mle} 512 G, 100 pg/
ml streptomycin sulfate® g3t & Dulbeccco’s
Modified Eagles'’ Medium(DMEM)&- ¢ &3}l 37°C(5%
CO»)¢] incubatorel] A Wl F3t At A EE 6 wells platec]] A
sty on, AEE B35t ¢ 2447 £ caffeic acid,
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Fig. 1. The chemical structure of several catechol-containing
dietary polyphenols used in this study

chlorogenic acid, EGCGE X 2|3l¥t}. 20 pM¢] caffeic acid
9} chlorogenic acidg 697t H2|3 AMEXE WS 3
T 03k F9om, wix] Z8e & o caffeic acid$} chloro-
genic acid® AA 8Tk EGCGe MXE £53a & o
4AZF 35,20, 50 pME- A EE| Aol EF3F & 297wk
gta} xlstgoh

Methylation-specific polymerase chain reaction
(MSP)

T-47D gt Al E o A o] methylation 48] HelE o}
B7) ¢3le] MSPE AA3t4th. DNA+E DNeasy tissue
kit(Qiagen, Valencia, CA)Z 23 HT. ple FARY
methylation A8} = 2-stage nested PCR ¥ o2 24319
tH19]. &4 1 pge} %53 DNAS EZ DNA methylation
kit(Zymo Research, Orange, CA)Z ©]4-3te} WEAZ )
Methylationo] Qoj1}x] ¢}& cytosine sodium bisulfite2]
Aol o8] urasilg W o] dojilz wWhd, methylationd]
doju} gl cytosined WE 15 (CHy)Y Aoz 93 ur-
asilZ WA HR ¥ 22 cytosine 0.7 HolglA Hr}. of
&7 sodium bisulfite2 H3 ¥ DNA2| sequence methyl-
atione] Yol DNA S} methylationo] ¥oji}x] ¢S DNA
Ztoll o ol B9 ¥ ErINEE AHAA drt bzt
A B AFoMe Ztzhe] DNA sequenced] P& primerS
A ztste] PCRE A a3t Stage [ PCR o &= ple #3
A% CpG7t F2-8 promoter A 9 (size 208 bp) S ZE A7
t}. Stage I primer= sodium bisulfiteZ P H F7|HE &
A% B methylation 4¥-& T & =S 5o
t}. Stage I PCR9| 913} ZZ 8 product= 50-10008) 2 dilu-
tiong AAIg & 25 plo] Stage [ PCR productE o] &3}
Stage Il PCRE A3t Act. o] BA o)A AL&H primerS2
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Table 1. List of primers sequences, annealing temperatures, and expected product sizes for methylation-specific PCR

Gene Forward Primers Reverse Primers AT PS
(5°-3") (5-3) (°C) (bp)
N: GGAGAGGGGGAGAGTAGGT CTACAAACCCTCTACCCACCT 60 208
IC: GGGGAGTAGTATGGAGTTT CTACAAACCCTCTACCCACCT 54 155
p] 6 U: TGGGGAGTAGTATGGAGTTGGTGGT CAACCCCAAACCACAACCATAA 62 81
CGGGGAGTAGTATGGAGTCGGCGGC GACCCCGAACCGCGACCGTAA 62 81

208 bp

Stage-1 PCR

Stage-II PCR

et Nest primers
=== Internal control primers

====*® Unmethylation and Methylation-specific primers

Stage-1 PCR product
Stage-1l1 PCR product

N: nest primers; IC: internal control primers, U: unmethylation-specific primers; M: methylation-specific primers; AT: annealing

temperature; PS: product size

methylations} unmethylation® &8 ZFEA]7]= PCR
ot} Primerg] sequence, annealing 2%, 12]3 product
=71 & 1) vhehdt upsh o) PCR 939 S0]4$ o]
7] 913te] HotStarTaq DNA polymerase(Qiagen, Valencia,
CA)E o] &35 2o, PCR vHs FE 9 F volume 20 pl

2 3}4t}. Stage I PCRY] 7 & denaturing =& 95°Co]
A 45%, anealing 2=& 60°CoJA 1&, extension =&
72°Co A, 18 2.2 FAHALH, o) Al BAE 40 cy-
cles BFE5tH T 1 & vpx] extensiond 70°Co A 1087+
A A&t} Stage I PCR 242 95°Col| A 453 7F denatur-
ing AlF 2w, 62°C(unmethylation-specific and methyl-
ation-specific)oll A 4527t A Alstgon, vlA 9} extension
A= 72°Col|l A 4527 AAIBtF L} Stage II PCR oM =
ol#) g TAE wtEH 2 Z 40 cycles A3} PCR cycle
Fo 21& 359 A27 3F curved M AHH o R FU}
S 3ol AVALAT WAL F A ycle S8 2
et ®§ controle DNAYF Qe Aejold 2 &
g A78¢ BUR A PRE ANSED. RE SE
PCR producte 2% agarose gelS ]85t 1587 7]
29 & &, ethidium bromideZ A 587+ G412 3lHu )

1 of Mt f‘)’

Z gel & ultraviolet transilluminationd 3] Al o2 718
Aok olg)dt gel AFREL densitometryE ©] &3} in-
tegrated optical density(IOD)E 243}t o|2A A=
methylation®} unmethylation PCR product?] IODE in-
ternal control24 ZZ ¥ PCR product(F 1)ZA ¥ A 3}q
PCR ur8S 93 29 DNAY copy+E REAAT-
Internal control primer %A] methylation®} unmethylation
BeE TR 2D 4AAE FEND + AR 47
HoAth ZE PCR 4§32 F2L 219 HZE 3 setZ +
43l 7 setg Ak 231013 B 2Holglo, PICIO0
thermal cycler(M] research, Waltham, MA)E ¢]&3lo &
ZH30.

Z 1

Caffeic acid®t chiorogenic acid7l T-47D MZQ
p16 TXX} methylation AER0)l DiXl= HE

E A A coffeed]] Theko 2 &-8-5lo] 9l caffeic acid
9} chlorogenic acidg W A E<Q T47D A x| 6Y7t
Agstget 13 2004 B upe} go] 20 uMe] caffeic
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Fig. 2. Alterations of DNA methylation status of the promoter
region of the pl6 gene in T-47D cells following treat-
.ment with caffeic acid or chlorogenic acid. T-47D cells
were treated with 20 uM of caffeic acid or chlorogenic
acid for 6 days, or 5 pM of 5-aza-2'-deoxycytidine
(DACQ) for 6 days as a positive control. Each of chem-
icals was introduced through medium change on day
0 and 3. The integrated optical density (IOD) of each
band was quantified by densitometry, and the values
for the methylation-specific and unmethylation-specific
bands were based on the ration between the 10D for
the specific band and the IOD for the internal control
band. In the graph, all the control values were arbitra-
rily set to 1 for ease of comparison. Each data point rep-
resents the mean + SE. of 3 parallel replica experiments.
One representative set of the unmethylation-specific
bands(U), methylation-specific bands(M), and internal
control(1.C.) were shown.

acide T47D Al & AxEE7] 24 AAR plé /AR F
unmethylated p16& ¢ 100% 3= Z7FA| AT X3 20 pM
2] chlorogenic acidg T47D A2 o] 647 Az e A3 un-
methylation A ER 9] pl6 f A A7} caffeic acidZ A3 42
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oo vl g £ 2 FUHE AT oju] 78§ DNA meth-
ylation AA A2 &7 5-aza-2-deoxycytidine (DAC) 5 uM
£ positive control24 T-47D A Xl A3 23 caffeic
acid9} chlorogenic acidZ Mg Wtk o 73| plb
FA9] demethylaitong ZZ 34 3 methylationo]
Joji} o= Ael 9 plé FH A= caffeic acid$} chlorogenic
acid®] AMejol} o8] Z7 20%, 40% = R-J5tA A8
ooold @ Zie oln YAHoR e ¢ AR AHEE
1 Sle DACH = B & X v|Ae BEAT coffee F]H %
o] DNAY] demethylationS FX3l=d JAAM o5t &3
g By

EGCGIt T-47D MZEQ p16 FHXt methylation AEY
ol OlXl= Het

=3} 559 EGCGE T47D ukgt A Eo) 2¢7 X g
3 % pl6 fAALS] methylation e & AHE A3, 0¥ 3
ol A B0 5 uM9] EGCG+= unmethylated pl6 3 AE o
29% AT Z7MAIFAoH, 20 uMe] EGCGs controld] w]3]
unmethylation® p16& ¢ 100% ZF71AZth. A5 2 A7
A AHEE 4R L w22 50 yMe EGCGE 20 uM 9
EGCGE A#8ly-g ol Rt} o H713 22 unmethylated
pl6 HARE Z7MA7 A e £3l9t) Methylated pl6 4
A= 5, 20, 50 pM 9] EGCGE 297t AHeldk A3 control
plé f-xAjel nis) 24z of 13, 22, 50% A= FE AEFH O
2 ZaFHAn

o

HT BE dFE°] Hold ¥ FEFsol DNA
methylation 81§ W3lAlZiTtn RIstn 9lt}H7,13,14,21].
o]# Y of#] dFEo] DNA methylationd] #AL 71A&
NG 2 ol A9 BE AT 51 0704 DNA
9] hypermethylationo] goju}7] wj&olt}. o]# g hyper-
methylationo] dojute= A2 F GAZ F4S AAA
7led £838 982 3= F A5 DNA methylation®.
2 Q3 12 Fdol JAHE A5t o o[A L 9 A
7179 o) fAze] E@o] AAHE AAW, 1 F8 d
912 DNA 2 #3}o] glth. DNA methylationg cytosine
o] 5W A €49 methyl groupe] F71EE §HEO 2 A, o]
# 3 methyl-cytosine¢] ¥ 271402 A H DNAY +
Z A7} B3] compactdt FRZ vl Y, o] F L2
DNAZ 7}8]# heterochromatino]2}x 3HcH21]. o] A
DNA methylationo] 2}3)] remodeling® heterochromatin&
FAzY ddo B4AQ AARQI A transcriptional factors)
7} DNAY Zst= AS WalstAl fo11]. E3§ meth-
yl-cytosine2 I t}& epigenetic mechanism! histone T4



526 BB ePIX} 2007, Vol. 17. No. 4

Unmethylated/I.C. (I0D)

0.8
0.6

0.4

Methylated/1.C. (I0D)

0.2

0.0
0 5 20 50

EGCG (M)

Fig. 3. Alterations of the methylation status of pl6 genes after
treatment with 5, 20, or 50 uM of EGCG for 48h in
T-47D cells. The upper bar graph represents the un-
methylation-specific bands and the bottom graph repre-
sents the methylation-specific bands. The integrated op-
tical density (IOD) of each band was quantified by
densitometry, and the values for the methylation-spe-
cific and unmethylation-specific bands were based on
the ratio between the IOD for the specific band and the
IOD for the internal control band. In the graph, all the
control values were arbitrarily set to 1 for ease of
comparison. Each data point represents the mean + S.E.
of 3 parallel replica experiments. One representative set
of the unmethylation-specific bands(U), methylation-
specific bands(M), and internal control(L.C.) were shown.

A9 deacetylationo] Q3 histone deacetylase AAE
methyl-cytosine binding protein 2& &3] €438 w
g te o fAAY 2EE AN ZITHE] whetM FHZ
ZA 3 wgg zdde A4y fA48Y 28 FFHY
d%2 3l DNA hypermethylation 238 4 githd &
S dsta X gsted glolA ¢ or) e dolEti @
T AT

A MEJHE AdFEH=¢], DNA methylation
DNMT &&d] 9 o] dojuin, SAME §-8] UA
A dojit= T methylation ¥Hg-3} vlA7lxE DNA

(ol

methylation ¥+-8-9) $10JA & methyl group$ A st= do-
nerd &g 3t} SAHE SAMo] 7|2 0) methyl group< A
23 F ANHE FAEEA o3 SAHY F/le feed-
back 94 7179 93} methylation ¥+$-& A7 F&
2 st} & dT70)A1= DNA methylation &R|A 24 4ol
A Z2H e o83 derl, THAHLR coffeed] THF T
¥ o} gl caffeic acid, chlorogenic acid, 181 X} A
238 EGCGE AME-39th o8& ZdEe] g AE
9] MDA-MB-231 A| X ¢} MCF-7 Al ZolA FFAA Faz
9l RARBO] methylationg F73] £ ¥4, unmethyla-
tion A9 FHAE 43 S7MANATDT Bas I3,
14]. stAS 283 AL FAEeiT d4 oy {FHAE
A L3 Hele] methylation FEE Hol= e oy
o AlEvith EolAQ HEe st glon, =3 DNA
methylation A Aol thd g FAsA dojubA] &7
o Fo[tH3,4,5]. webM £ AFol e M A7A o]y
Z 7959 tea catechins} bioflavonoidsE o] MDA-MB-231
MEG MCF7 AEoA FFAA Fazte) 28 A4
A3 BastGA, T47D A LA 9) pl6 A9 w3}
o ulAle Gkl T A7E ofF HYHA k7] Wi
Aol A ZejuEol T47D A X9 pl6 FH <] DNA meth-
ylationd] m]xl= Yol ths] z&sgch

FAE doIM N FeP §A F she dHAEe
e 238 5 de $YS 248 A4, o= d8
AL BYQlol 4L Fozn FU0FE wAste Ao
th oA AEFVIE 2T A2dd EA47 23R
7) Eog MEFVNE A FaF Pl Uyl
AA =R Eolch B A 133 pl6 F22= ol

tF sz

JE NEY F2& 2Aste AXF7] Z2HUX
A o] fAAe Lol AAETH HEE AF F7]9
check pointsZ AX A &3 A& A& stA ©oH10]. plb
4 AAE cyclin dependent kinases(CDK) A4 24 A
Z7)¢] G1 phasesiM M7} £EE Yodje BAR 2y
e AL JAAZITH12]. CDK4Y} CDK6 2 cyclin de-
pendent kinases&< retinoblastoma(Rb) ©¥ia& <43}
(phosphorylation)A| Z1TH15]. o] & Rb T Ao} Ql4tsl=
E2Fgta Bale AARIAE wEsHA ©Ed, AX7t F4
& 4 Qe HAE 9o2 & =g ok watA plest 2
& CDK 4AA 7} &do] S83] Frhd, Rb gl o] <4t
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A pl6 342 methylation s181-& WEA R LS Rush



Zg]# = 0] Methylationo] @ pl6 84S 7+
W unmethylation Ae]<] ple FARE Z7}A]
At ol# e A2 methylation 4He] W3t 1 #44F
o Bd g 3= oM TH a4 71%F suelt
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FHT. duksby, o] d Zelde AEL v & A3y
(affinity) 2 COMT &9} ¥h§-0] dojuhr) Wjo|}22]. &=
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feedback mechanismo] o}z EGCG7} thE ZdliE A&
HE 98 E587 71A e gallic acid moiety TZ(28 1)

Foln, EGCGY gallic acid moiety7} DNMT¢] catalytic
core sited] ¥ Hzlgoz AFFOoZH DNA methyl-
ation ¥H&-& AAAZI i Gt AT B Ao H
£ EGCG4] DNA methylation A 7]H 0] caffeic acid$}
chlorogenic acid®] 2H& 7|43+ G227 T47D F-34< Al
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