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Induction of S phase Arrest of the Cell Cycle by Oak Smoke
Flavoring (Holyessing) in Human Prostate Carcinoma Cells

Cheol Park, Won Ho Lee', Byung Tae Choi®, Kyoung Chul Kim®, Yong Tae Lee®, Yung Hyun Choi*

Department of Biechemistry, College of Driental Medicine, Dongeui University,
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We examined the effects of Oak Smoke Flavoring (OSF, Holyessing) on the cell proliferation of DU145 and PC3
human prostate carcinoma cell line. OSF treatment resulted in a concentration-dependent inhibition of the cell viability
in both DU145 and PC3 cell lines. The anti-proliferative effects by OSF treatment in DU145 and PC3 cells were
associated with morphological changes such as membrane shrinking and cell rounding up. DNA fiow cytometric
histograms showed that population of S phase of the cell cycle was increased by OSF treatment in a dose-dependent
manner. Western blot analysis revealed that cyclin B1 and cdc2 proteins were reduced by OSF treatment in DU145
cells, whereas cyclin A was markedly inhibited in PC3 cells. Furthermore, we observed an increase of Cdk inhibitor
p16 and p27 protein, and an inhibition of phosphorylation of pRB by OSF treatment in a dose-dependent manner. The
present results indicated that OSF-induced inhibition of human prostate carcinoma cell proliferation is associated with

the blockage of S phase progression.
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Aol vl B2 FEkg RARBIF O Jof sk 7
HAME AEEIn. Al g0l QR olx) ARlM okM| ol
A ER ZEN99 Xelol el Uehd SAE HBoEE
Bax9] W £7} U Bel-29] w Zhioll A apoptosis®] St
o B0l YUTHY. thrkeel Mok AMElol 9F LMY
apoptosis LS MZF7| HMedd wet s4ka WS 4BYE
AUEE, 2 dFois G EY 54 A9} AHd HEFT
QAES] walel mixlE R B HES FABIYC
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1. A EZF T FXMH9] e

Adlo] Al8¢%H DU145 = PC3 H-l4 Qb E(prostate
carcinoma cell)&= American Type Culture Collection (Rockville,
MD, USA)ollx] 2F agton, MEe7 wlHol Fald sidl
Qom’, FUT Bx99 ANUE Askd HMEE 0.05%
trypsin-EDTAE 083l AZuigE HERZ] FHAIZRH B&
A7 THE MZ L MZIYE HER] FAlo) 6 x 10° 71/t BT
B 2F8I 2441789 ST £ BXAE Xl HF
SLE Mk AMlsidch

2. HematocytometerE 0}28 Mz WEFQ 53

M ZHYE 6 well plateo] HLAZE 2x10° 7H/mt HEE
BT 24417 SO QS thE BXNE uiAlol s|Ms}
o AP)gt & wiBiFet 24417 & elXE AASKL 0.05%
trypsin-EDTA 05 mE A2islkd HEE B{AIYN %
phosphate-buffered saline (PBS) 0.5 M2 715103 M=Z2E 22 ¢}
B ME BE]N5 05% trypan blue (Gibco BRL)E SE2E 4
o} 287t MZIBIXT. Pasteur pippetted] ZA# JakE o186}
¢ AJZE hematocytometerol] §71 & 94X} Snjd & 0|8}
o dole AEY £F FHoINC) ol W A= Sigma
Plot 40 =& IW(SPSS Ins)2 25K 2435I%3Th

3. DNA flow cytometryoll Qg MZF7] EA

W ZhpR Exdo] Eo A wixolA] At LA
E PBSE FH7lskd SE5] A tiE FuReIE § & 45d
€ BiEgla & MZol 05 mS PBSE & ERA71IL, AI2
ethanol 0.5 mtE H718lo] 4ToA TRIT SO THAR] & &
Lol BolH g Aglshs FHFEZQ! DNA intercalating dyeQl
propidium iodide (Pl, concentration, 50 pg/ml; Sigma)e} 10
kunit®] RNase (Sigma)E Azldlo] oAl 1417 EQF 4ol
A} GA4EICt PBSE £ H Moj#l &, nylon meshE 0] 85id
AEGolzlE SHINQE wojllal DNA flow cytometry
(Becton Dickinson, San Jose, CA, USA)l| HEAIAH HBHISl
W& histograme ModiFit LT (Becton Dickinson) =218 &
ALg510] BT,

4. SDS-polyacrylamide 1718 & 2 Western blot analysis

Aggy ol Fslol 4 W FUT Bx%0] Melg i)
ollA] Biet MEEE lysis buffer? EalT &, AL Z
AE W TRIEE BelKY the SY9 oeEE SDS-
polyacrylamide gel W71FECE ETioINr) 2Eif thiidg
nitrocellulose membrane (Schleicher and Schuell, Keene, NH,
USA)S.Z electroblottingol] Qs HOJAI! &, 10% skim milkE
8133 PBS-T (0.1% Tween 20 in PBS)E 01881 A20)4} 24
7t A% incubationdl] B]E0l&0] ThZA S0 thgh blockingS
HAIBIACE 1A} @A(PBS-TZE 1:500 & 1:10002F 8)445Kd
ARB)E AEisld g gA BkeE 92 F, PBS-TE MAgH
I AR 12} GAoll Sk 231 SA|(PBS-TE 1150022 3146}
o A2)E X2ld the Enhanced Chemiluminoesence (ECL)
8% (Amersham Life Science Corp. Arlington Heights, IL,
USA)2 HEAIA Xay filmoll ZBAAH SFNZY) Wl &}
g BMoisitt. 2 4dfd AlS® gHES Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA) % Calbiochem
(Cambridge, MA, USA)olA] TRIBIPCH, oli} SHRIZ AR E
peroxidase-labeled donkey anti-mouse immunoglobulin %
peroxidase-labeled donkey anti-rabbit immunoglobulin®
Amersham Corp. (Arlington Heights, IL, USA)ollA] F13ICt

5. RT-PCR(reverse transcription-polymerase chain reaction) £43

4 3 Z2H0] FAE XA Xt DM EZE YL E
RNAzol B (TEL-TEST, INC., Texas, USA)}E 0|83k total
RNAE Zeisiict

Table 1. Gene-specific primers for RT-PCR

(Gene name Sequence
oyclin A Sence  5-TCC-AAG-AGG-ACC-AGGAGA-ATA TCAS
Antisence  5-TCC-TCA-TGG-TAG-TCT-GGT-ACT-TCA-3
eyclin B Sence 5-AAG-AGC-TTT-AAA-CTT-TGG-TCT-GGG-3
Antisence  5-CTT-TGT-AAG-TCC-TTG-ATT-TAC-CAT-G-3'
oyclin D Sence 5'-TGG~ATG-CTG-GAG-GTC~TGC-GAG>GAA'3:
Antisence  5-GGC-TTC-GAT-CTG-CTC-CTG-GCA-GGC-3
oyclin E Sence 5‘-AGT-TCT-CGG-CTC—GCT«CCA>GGA<AGA-Z§'
Antisence  5-TCT-TGT-GTC-GCC-ATA-TAC-CGG-TCA-3
ode? Sence 5'-GGG-GAT—TCA-GAA—ATT-GAT-CA-Q'
Antisence  5-TGT-CAG-AAA-GCT-ACA-TCT-TC-3
cdko Sence 5-GCT-TTC-TGC-CAT-TCT-CAT-CG-3
Antisence  5-GTC-CCC-AGA-GTC-CGA-AAG-AT-8
caké Sence 5'-CGA-ATG-CGT-GGC-GGA-GAT-C-3'
Antisence  5-CCA-CTG-AGG-TTA-GAG-CCA-TC-3
53 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
P Anlisence  5-CTC-TCG-GAA-CAT-CTC-GAA-GCG3
o7 Sence 5-AAG-CAC-TGC-CGG-GAT-ATG-GA-3
P Antisence  5-AAC-CCA-GCC-TGA-TTG-TCT-GAC-3'
o1 Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3'
P Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
016 Sence 5-CGG-AAG-GTC-CCT-CAG-ACA-TC-3
Antisence  5-TCA-TGA-AGT-CGA-CAG-CTT-CCG-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3

Antisence __ 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

22]¥ RNAE B %, Choi™9] Wol 5l oligo dT
primer®} AMV reverse transcriptaseE 018314 2 g2 RNAO)
4] ss cDNAE BABIFTE 0] (DNAE templateZ ARZSIN
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Table 10 EE FHUALE BHLE PCR YHOE SE3IYTH
oltf  housekeeping FHAW!  glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) {AXLE XEH51 internal control 2
AREBISAT) 2} PCR AFBEE 1% agarose gelS O] 2351 H7|
=5l ethidium bromide (EtBr, Sigma)S 0185l F8s)
& UV glolA RIS

a3 2 3
1. 29l Siloll mixle 52 &

EHlE ZX29 AR (OSHE 4EAE W dHdx A&
AXNY 48413 Ot Mzjet &, LolUE MEY FE ASSI
2x00) AZHA LS WA ME 40} 1 T3 A= Fig
13} Ztl Fig. 1ol LIERA Hie} 2ol 259 Aelskd ol
wet Aol ALBE F 7HA QA - FAMES YEES A
i BXHY 5% QEHOE 7““?% RE Y 4 A &
02% =k ExH Xz} 48A1t & YEE xTol vldld
oF 70% TEJOM, 04% ME)ZY F S 35% ol5kE ZaHo)
0.6% Reldolde 20%E A Ralict Adold & 4 U=
o] & AE ZFollAl BXA Ao WME YEES F&E2 A
9 RAIFAH, 2 4o AI8E DUI4S HEFE 52
SRR} p530] SEHo|gEo|m, PC3E p530] null typeQl HE&
0] 80| p539) SHAL @ xolol WME® FxHO A4Y xlole
A Rl AOE AIEETh E olzid gl 8 Aol
H 1S MTT assayoll 23t 2AT AP FAKII2H, ol2ig
Ex% KMl W dEyHd QML E4)ox)E= apoptosis it
o @Yol ALS L 4 AU

r
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Fig. 1. Inhibition of the cell viability by Oak Smoke Flavoring (OSF,
Holyessing) treatment in DU145 and PC-3 human prostate
carcinoma cells. DU145 (A) and PC-3 (B) cells were seeded at an initial density
of 6 x 10°/ml, Incubated for 24 h, and treated with OSF at different concentrations.
The viable cells were counted after 48 h QSF treatment, Results are expressed as
percentage of the untreated control +/- SD obtained from three separate

experiments.

2. BN A7t QA EY MEFY) BEA A= JE
22 S5xH9] Melof 98t AEA R F4]

g MEF7] ZEQAIY W HAE ZARGIH EXH 9

ot A E B4 AAIIFE BESY] Al EEH0

AZO AR AEF719 EFAIZIY AAHE THAIER

ZABICE 018 Atk BExdo| EHFE uiXlol| At 484171

HiQRE M EE HAOR 3 ) DNAY 42 AtHSZ o

o NZF7] Ztztoll 22 M ES 428 DNA flow cytometry S
o] 83l 2431ct. Table 20l LERA Ble} Zo] BENo) &
FEA 2 i uiAlol A A DUMS M ZQ] B2 G717} &
50.9%E AAXGHIL UAULH, 5719} G2/MI ol &3l ME7) 2t
2} 374% % 11.7% FEATE I8 PC3 A9 A= 217
428%, 39.9% L 17.3%RATh IBL} 04%9) BEMNo] SFF 1l
RollA] 48417} Wk DU M9 AL G717t 4.3% 2 LA
HRow, 5719 G2/M717}F ¢F 43.0% 2 127%2 ViEhdr) &
3t 0.6% ZEolAl X DU4S AE9 AL Glrlol sigsi=
MY 2271 179%E 2 ZAEUCH UhHOF S7lo 4
She AZY 71 742% 2 E718I8 S0, G2/M7dl digE=
29 T E 8.0% FLE UERITEH ol2ig 5XY Ao ul
2 G| METY 249 571 MEY YT E7 HALS Table 2
oAl & 4= JX0] PC3 MEFMET FAIGH HFEHANSES
e 4= UACE oldel AAE Fesled BH FEMO] Kol &
St QA2 HAA U apoptosisd] FE2 AEF7]9 S7]o)
A G2/MZ1Z Hol7t AREE= S arrest @At GPAo) Y=
ROZE AlE¥CL

Table 2. Fractions of each cell cycle phase of DU145 and PC-3
human prostate carcinoma cell lines cultured in the presence or
absence of various concentration of OSF for 48 h

Cell OSF % of cells

line (%) G1 S G2/M
0 509 374 1.7
0.1 538 347 115

DU145 02 56.1 354 86

04 43 430 127
06 179 742 80
0 428 399 173
01 21 395 185

PC3 02 421 372 206
04 348 366 296
06 266 513 221

3. Cyclins®} w0l DR BXN0 JF

Fxoo] Azjol Q¢ 7] BolAQl MEF7] uets @
B AEF7] ZEIAEY AEE RAK Y6l BxHo] 3
Al alAlolA eikE AEd QN ZES AL E XA Bt
BJZl cyclins BollA] E3| MEF7} checkpoint #FHollA] &3¢
cycling9] thillE 2 mRNAQ] vl HT & Western blotting
4 RT-PCRECE ZASIATHFig. 2).

B2 od3oli ZAME cyclion &, cyclin D= M 27} G2
HolBHA] wao] Z71=olx)7) AlZMSH] Cdk4 ¥ Cdkées} &
AIS FA5RA G17) 2™ BB, cyclin E= Cdk2
o} BEAE g@45IEA NEFVA G17)0)A S7IZ9] Folol
593 A8 gyatt®™. J211 cydin AR MEF7]Y Gl
&710] el g A|EBlo 5719 G718 ARl ol E7tEH
cyclin B12 G27)ollA] M7IZ29] Holg Cdk2 W Cdc29] kinase
24 HIE Bl ZRITPM. Fig. 200 UER HIS} Zo)
cyclin D1 SHAZI0] WIS E F AZF BFolA & HE7 P
Sul, PC3 MZolA HAF =&0] A6k A=At T8l
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cyclin AQ) A PC30ilA] hlF £Fo] ti4 ZAagR o,
cyclin Ex- TH4 B mRNA E0A9 H3E F AZFE 7
Soli BEE 4 QAT T2 cyclin B9} ZS DUL45 A|E
Foll4] mRNA £&9) vl #H3] glo] "4@—‘,‘7“91 aglo] BxY
el sk JEHOE ZaHArk & Y8 THoNA FAK
AxEA A aNE 29 F dgA Q*il:tﬁxlm 29 A
gloll 95t MEF7] A ZERIR e TEolE MEF E
ClEQl EUIER HIAE BEHEE ¢ 5 UMt

A) OSF (%) OSF (%)

0 0.1 0203 04 05

LLS ‘;‘—] h * 1 2]+ CyclinA
[ o b jl:-—--—-j«— Cyclin81
I;.,, —_— — Z—l b-—.—-—»——]« Cyclin D
I.;...._..-._:II; - =** |+ Cyclink

[ ——

OU145 PC-3

0.1 0203 04 05

Fig. 2. Effects of OSF treatment on the levels of cyclins in DU145
and PC-3 human prostate carcinoma cells. (a) Cells were incubated with
OSF for 48 h, lysed and cellular proteins were separated by 10%
SDS-polyacrylamide gels and transterred onto nitrocellulose membranes. The
membranes were probed with indicated antibodies. Proteins were visualized using
ECL detection system. (B) Cells were incubated with MNNG for 48 h and total
RNAS were isolated and RT-PCR was performed using specific primers described
in Materials and Methods. GAPOH was used as a house-keeping control gene.

4. Cdks9] &3lol] mjX]= BANO H&

CIFS} cyclins@}o] ZBtE Eal M2 F2g g45s
AOHA} 719 inhibitordl] QJ5 37t ARIFEE MEFT] &
oM 523 detg +adHs Cdks9 walof] njx= BEH9)
HEES FAKB ABE Fig 33 Lok ZHold] & 4 Y=0) 2
Z9 Azjo) 95k ZARE M) 579 Cdks9) mRNA 52
DU145 B PC-3 M 25 RFollA] glo] giich J2) i vl
W9 A A EFolA HXNI R)ol wlE xjo|He w

HE 5 AL DU4S M ZFo)A] Cde2 Wit} 1 =%
9 HxY AzlTolM tih Zasle HAES BET 4+ UUCt
Ol2i8t A2 DU145S M FEol4 BXHY Azl 95l cyclin
B19] wislo] RAM oz ZAHUCKS B 43M0) = RS
2 AlE8n.

0]49] ZijoilA DU145 MEFQ Z Zx99] Azlol
Asial G2/M719] Hololl 5Q3F HEE Gl cyclin Bl &
Cdc29] gisio] ZATIQUCEZ, DUS HEFoA EXN
glol ggt MEF7) S7] Sold YFAH = cyclm
B1/Cdc2 kinase &4 AZFHQ L4 dBFHol YALS
& F Ak

),

- oldm - Ael - AFH - o180 - HYR

OSF (%) OSF (%)

A) 0 0102030405 0 010208 04 05

=== == — -

—-"IL-“-———'——Mld— cdk2

T‘— cdk6

=
—————

DU145 PC-3

Fig. 3. Effects of OSF treatment on the levels of Cdks in DU145 and
PC-3 human prostate carcinoma cells. (A) Cells were incubated with OSF
for 48 h, lysed and cellular proteins were separated by 10% SDS-polyacrylamide
gels and transferred onto nitrocellulose membranes. The membranes were probed
with indicated antibodies. Proteins were visualized using ECL detection system. (8)
Cells were incubated with MNNG for 48 h and total RNAs were isolated and
RT-PCR was performed using specific primers described in Materials and Methods.

5. Cdk inhibitors 2 pRBY widlol izl BExH9 @&t
B2 FRAQ Aejol oot PEY SAAM I AEF
719 84 ZEQIAK] Cdk inhibitord) w1813 A0 Q=X
9| ARE ZAG] Al AM7A YedRl Cdk inhibitor &
7He @2 A7} o|RAR 2H, GrlolA} S712 Hololl 523}
AEHg 5H="" pl6, p21 & p279) WHS Western blotting
RT-PCRECE ZAGINN: Fig 49 Zipild & & UKo
DU145 Al Z o) Z AR 37}X)9) Cdk inhibitor & p16 & p279]
310l mRNA & chilg] & HRojA 229 Mg 55 &
HOZ 50| E71EACLE p219) 22 mRNA % philz) &5
oA & HIE BEE s Yk

l

OSF (%) OSF (%)

A) 0 010203 04 05 0 0.1 0203 04 05
L i 0'] L. BRI
— T —
[_—_—W}_?—H_:‘ v .- l.-
1 V171 E——

B)
—————]—————F
- &
————— %

DU145 PC-3

Fig. 4. Effects of OSF treatment on the levels of Cdk inhibitor and
pRB expression in DU145 and PC-3 human prostate carcinoma
cells. (A) Cells were incubated with OSF for 48 h, ysed and celiular proteins were
separated by 12 or 8% SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with indicated antibodies. Proteins were
visualized using ECL detection system. (B) Cells were incubated with MNNG for 48
h and total RNAs were isolated and RT-PCR was performed using specific primers
described in Materials and Methods.
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It PC3 MEFQ A2 FAME 37}A] Cdk inhibitor &
Foll A RS wao) 57} glo] 28] p219) 22 mRNA 4
o] Zane FAFEE 2o FUck ¢ pRBE D-type
cyclinsoll Q)31 Ql4tSl7E AW olF 91§ Gi/S Hol &
DNA &g 718 & 285k /AR 5238 £EQIAN) E2Fs
o 48 ZEIICHP®, pRB ThZIQ] Ql4ks} Halol nlx]E=
E2H0] Feke TA 2 23 DU45 X PC-3 MEF Z250)
Al B2 M) 519 &7k mel 5x%0] M2lEA) g F
Hul Aol A s M Zatoll vlBle Q47 BlA] ke o2&
9} band o] HHHCE HX WolAdg & 4 Ytk F BEX
A xzlol 215t pRBO] Q14HE7} HAEAUSE Qu|sla ol= 2
= FALRERIAIS ZEE dAsINE ALE 4Adn.

4 &

QIAl M4l UM TR DUMS W PC-3 M 2] S4lo] 1R
© Zhis BX2N9] gakg RARIMLE Zhis EXdo] gfe
BixlollA] A T SR YHEES EXY 5 JEHOT &
Alo] AXEIRCH, ozt MESA AAELUE membrane
shrinking %! rounding up E4HE 4#H0] JX}Ct DNA flow
cytometryol]l Qg MEF7] BET BAo HExN Xejstr)
E7VERE NEFT) Gl7lol digElE A2 471 ZAENS
o, YUHOE 5710 &5k MRS BETI F HEZF B
Al E71EJCE Western blot analysis Z3 DU145 A ZojjA]
cyclin Bl ¥ cdc2 THBZ) wigio] Z4F HiH, PC-3 M ZoilAle
cyclin A ThZ wiglo] tha ZAFJCt &3 Cdk inhibitorgl
plé W p27 protein TRAZS] 571} pRB THAZIS) 01415 AR
e HEE 4+ UV olE ATola) ZEH Aol I
IR AYd eM2o] SAAAIE MEFT 571 1Y welol
2|3} apoptosis T GEHo] JASE & 4 UACE

BAe 2
2 d7E 20033 SAthel dTe] Aol gl o]
S
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