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Effects of Cervi Parvum Cornu on the Cell Cycle
Regulation in Human Periodontal Ligament Cells

Seung Han You, Hee In Choi, Hyun A Kim, Yun Sang Kim, Hyung Shik Shin, Hyung Keun You*
Department of Periodontology, School of Dentistry, Wonkwang University

Cervi Parvum Cornu(CPC) is that the young horn of deer family and has been traditionally used as a medicine
in Eastern. The purpose of present study was to investigate the effects of CPC on cell cycle progression and its
molecular mechanism in human periodontal ligament cells (HPDLC). In cell proliferation assay, 1 ng/ml, 10 ng/ml, 100
ng/ml, 1 wxg/ml and 10 ug/ml of CPC were used, all treatment groups increased the cell growth. Maximal cell
proliferation was observed in cells exposed to 100 ng/ml of CPC at 4 day, and 10 ng/ml and 100 ng/ml of CPC at
6 days. S phase was increased and G1 phase was decreased in the group treated with 100 ng/ml of CPC in cell cycle
analysis. The protein levels of cyclin D1 were not changed, but the levels of cyclin E, cdk 2, cdk 4 and cdk 6 were
increased. The protein levels of p21, pRb were decreased as compared to that of control group, but the levels of p53
was not changed in the cells both treated with CPC and untreated. These results suggested that CPC increases the
cell proliferation and cell cycle progression in HPDLC, which is linked to an increased cellular levels of cyclin E, cdk
2, cdk 4 and cdk 6, and decreased the levels of p53, p21.
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T Ege T Uk oHE A9 22 JERIAR TiEe] B
slojA] XFZRAE MYATIE EFY dT7) o|FAHRTE T
BojAl9) AjFEgel tigh BH 2 LUNHRE AIREUE A2
2 UeR}IL e AFAEL BHunZox Helx £52
ZHOoR T YEA frt 7EE A7 A B2
ST g Z32k] Sl B A, YEA, 4T,
SRR, AEAH, SIEH, ALAMA, Bt 2ETH E2E
AMSE 1L ok th9] Balv) Qom, (i Phellodendri
Cortex), ZZ (58 Platycodia Radix), & 7}(#i7F:Nepetae Spica),
SU(pEFel Uris)?) SAWE S8 1 BolME vlad 598
OHNE AMSEl0] i, S F4 AR} @B A Y B
5 724, NE A8S AsM Bol ol= BHZE 914k radix
ginseng), Z+X(radix glycyrrhizae), = (radix scutellariae), &
(thizoma coptides), ] 3}flos sophorae), ¥ (tuber bletillae) &
o} YEA U, =& (Cervi Parvum Cornu)2 U S1E(KE1E
[, Cervus nippon Temminck), TR, C.elaphus L) W I
ol 54 TASZ(RIST Cervidae)d) Bol LHET 225
Al g ofgl BE WE Aol 582 ZANE, YAUSSH
R2g, ZEAE, A AN F72E, HRABARAE, 285
Bl 715X AE & TR 8501 Ue AT SYEH

o 579} FE 3=, UARRFPRST, A EH 5ol
ol 71250 Y. EES ol8T ol B AFE WA
HAENEE, ZEXE, BE FUAHES AL, vuld g
2L, LA F D, WA HEIY §284 Fr1an, T
E4g, gugan, ueay 57188 9 AFANE 5o
Baso] Yo B (7o B8 %go] AFZAMES ¢
o7& XIFQI MES FAl MEF7ZE
= gstg gdoldr] Ygloin, o8 EHE A quBge
ERAF)E RIS Muskd T Skt

o
%

Az 2

AF@vishal ckalyslol glFlole) 2219 =& 50 g2 2
HE 24l SR 119 Edlold 712 o3t & 1,500
rpm@) rotatory evaporatorZ F&%} TH2 &2 T8l HolXl
TUES ol8oltt. BY 1 g& SF5 10 mol]l 4o stock
solutiong THEO] ETEE 3149t & 02 m syringe filter
(Nalgene Company, Naperville, IL, USA)Z &3} ¢t & Al
oIt

2. RFIchA 2] et

2 dol AR AFUU AEs aF SEXoE SR|g)
143 7RO Gt wRloll @A X129 AAYEE o
4 ¥ BRIEIH O FIlEQr) WX X|ok] X2 1/30)4]
HAS XFQNEA S 10% SERol EA (Fetal bovine serum,
Gibco Co., USA) 1% 3BMEA|(Penicillin G Streptomycin
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Amphotericin B 28}, Gibco Co)E 75t «-MEM(Minimal
Essential Medium, Gibco Co.) 22 33 AHBIKTE. Xx|F0Ih
ZRE AETH & o Imm2 2 HESI 60-mm A E siHE i
FA](Nunc, Naperville, IL, USA)Z SFch A& £A2 20
7V 37C, 5% CO,, &E 100% ul}7](Bantex 1820 IR,
SHELL-LAB, USA)ol 4} S} FAlol TLEA Hilo] HTE uie
AlZl &, Z} plate & 2 ml9] 10% LEjolEAL 1% FBAE £
8t o-MEME JI5HL M ZE0] F4E urtA 28 7+
OF YA TEEIVUCE 2U7 YF YT ALHY] uierd
£ MASHL PBS(Gibco Co)E 23] MAEl HAEX] o2 A
ZE AL BAR M2 BElE 98] PBS(Gibco Co)E
AT & 0.25% trypsin/EDTA (Gibco Co.}& s FAIY 2 ml
A d T 3R G4 BElE AIEHLE A 1.200 rpm2E 10
27 230Nt 93 FE H4FAE AMASGIL PBSE J1dlo] AlE
Sl & Vortex mixerZ E85II M E 2ESHES v=E0] 60-mm
Y Alo] 2F5I0). Y2 N E9 ZESH F4lo] HES]
UERS ti7HA] 2 2 3 o R uEsidict. B dglie
4~7 A st AFAHMZE ARESIRATE

‘..

dr o2

3. ME & &Y

™Al Ul TES ©EY HEEES 025%
trypsin/EDTA & Helal ATt o] MEEES uigyioZ d=t
AF1IL 6-well plateoi] 1x10* 749] M E47} HEE 2FESIACH
4417t B0l YA S MASIL 48Fol= 1 ng/ml, 10 ng/ml,
100 ng/ml, 1 pg/ml, 10 gg/ml9] %EE HJISl1L HEZA=
ER4E ERAC) 2 4, 621 9 37TolA wigRel & &A%
£ 0|83l MEY] 5 AUBIACE A1t 2F T FolAf 3
BioFE AJBRACH

4, MTIT &%

HRQFEAOIA] 5 Al wiekE Lol LT THEY X|F
HHESE 0.25% trypsin/EDTA 2 22la) Wilch 87A47)
Z ME $E Mo} 96-well plate(Nunc, Naperville, IL, USA)oll
7} well 2x10°709] M Z7} BoI7ITE BFBIACE MEE0|
B8 4 QT E 147 5% CO, 95% &719} 100% STolAl 3
7C AefolA] BlFBIct 1811 4417 & RAER] &2 AlE
E2 nEhfXlol 98 AAHUCE 4ol 1 ng/ml, 10
ng/ml, 100 ng/ml, 1 pg/ml, 10 yg/mi9] &S H7I5IAL X
TolE EFTE EAUCL 2 4 62 B uigst &, MIT
(3-[4,5-dimethylthiazol-2 -y1]-2,5-dipheny! tetrazolium bromide ;
Sigma, USA) 8 100 gt £ 229} well ol H71gjen 11 &
AIZHEERH iU widE wiXE AASEL 200 w9
dimethyl sulfoxide (DMSO; Junsei, Japan)g& 715l 4%
formazan ZH2 S sl plateS EERIC]. ELISA 2447
(Spectra MAX 250, Molecular Devices Co. Sunnyvale, CA,
USA)Z 540 nmojlA] EHTE F5HEIC

5 AZF7] B4



EH80] XFIUAZY] A ZF7| 2ol k= EE

Plateol] 72 X|FQIth MEZE2 24 Al Foll 1 pg/ml,
100 ng/ml9] =& HI1e & 4 L0 i ekeisint. vigke A2
B2 trypsinizationA]7! & PBSE MABIPTE AEZES 4ToA]
455 EO 70% ethanolE 118 & 1 pg/ml RNase A7} EZHd
TSP solution (0.1% Triton X-100, 0.1% sodium citrate, 0.005%
propidium iodide) S F AJILE 7 A2ol|A] 302 SOt Y=
tl AMEF7] Ael= FACScan flow  cytometer(Beckton-
Dickenson, San Jose, CA, USA)E EAEI¥on, F H uhg 4

Yokt

6. Western blot &£4]

R X|FQINAIEE 3 Fol 10 pg/mie} 100 pg/mlo)
=80l &A1 100-mm wiY FAlolA At MZES 1582
EQF XM 20llA] lysis buffer [10mM Na2HPO4 (pH 7.2), 0.9%
NaCl, 1% Triton X-100. 0.5%sodium deoxycholate, 0.1%SDS,
0.2%sodium azide, 0.004%sodium fluoride]Z &3djA|Zict M=E
SHIEE 2027 15,000 x gollA] A4ER] AJHA] 1mg/mlS)
e ReH 4Ede 387 Boi HyEAIZT 100 459
dde  gRct HEE 4899 dREE 15% SDS
polyacrylamide geloljA] H718& Al7]l & PDVF membrane
(Millipore Corp., Bedford, MA, USA)oll transfer &}C} 41&0]
A 602&Q At (Zymed, San Francisco, CA, USA)oljA] uliet
% o] Bt Thagl Yl B(diluted 1/1000)0) S0ETH - ZAIZ
T} G1%7] AvERY 4318 #&617] Y8} mouse anti-cyclin
D1 monoclonal antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), rabbit anti-cdk 4 polyclonal antibody
(Oncogene science, Uniondale, NY, USA), rabbit anticdk 6
polyclonal antibody(Santa Cruz Biotechnology), G157] 015
9] g43E &S] ¢t mouse anticyclin E monoclonal
antibody(Oncogene science), rabbit anti-cdk 2 polyclonal
antibody(Santa Cruz Biotechnology), 4| 23719 XY & A6}
T NEZEF7|ZZEZE HaESH] 48l mouse anti-p53
monoclonal antibody(Ab-2; Oncogene science), mouse anti-p21
monoclonal antibody(Santa Cruz Biotechnology)”7} AFSER S
], mouse anti-pRb(IF8) monoclonal antibody(Santa Cruz
Biotechnology)= 01% M ZEF7IZEhNZS W37} HARIA}
9 7l ke Fe 7te BUKP fidl AREolsirt

1t SHHI 2 8hSA17] & PBSE 28] A& & 1 Wb 23} &
A (Santa Cruz Biotechnology)?} Z$}e! anti-mouse or
anti-rabbit IgG-alkaline phosphatase® 6087} Hel® & T}4]
PBSE 72 E¢t 250 4x A& ¢ ¥ ECL kitZ 18 S0t gt
2414 Hyperfilm-MP(Amersham. UK)ol] L-ZAIZACH AMRE
chilElo] YT YRIXE E0ISH] Y8l membraneE 1x
Ponceau S 8% (Sigma Co., USA)oll BT & Wl AT E AMZE
B] I
7. BAEA
A1 7o) 2212 SPSS WIN version 10.0 2 Al25kd B

A
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7 EZ BAE T 0159 EASE R4S Q9 it
418 (One-way ANOVA)E. 0]|23Kd X 2I8IRTHp<0.05).

AL Ml

4 %

1 =89 X)FQIch A Eoll thgh ME F4
1) X & 55

ATl M 2ol theh =& 1ng/ml, 10ng/ml, 100ng/ml, 1
pg/ml, 10pg/mlS BREFR] H71E 2, 4, 647} BIAESI] Aol
= Mz, SHGICE 48 2ol tiETol vla) 2ol
= 100ng/ml, 1pg/miro] |AT MEFAE HY oL} UBF
719 EASE §o42 ¢irh 4gmolE Ing/mlS A Qs &
E HETE0] RO U2 NEZBAE Bk 6dmols 1ug
/ml & H7t ATl thRol dldl 38 5718 MEZS
Alg HR o 4879 EASE Ro4e YJRUCHFig. 1).
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Fig. 1. Effect of Cervi Parvum Cornu on cell proliferation of HPDLCs
between control group and experimental group (1 ng/mi, 10 ng/ml,
100 ng/mi, 1 wg/ml, 10 wg/mi). Cell counting was performed after 2, 4, 6 day
incubation (mean+SD). Vertical bars represent standard deviation of each
independent experiments. * : Significantly different from the control(p<0.05), ctt :

Control group

2
© 06}

Fig. 2. Effect of Cervi Parvum Cornu on cell growth of HPDLCs
between control group and experimentat group(1 ng/mi8 10 ng/ml,
100 ng/ml, 1 ug/ml, 10 wg/ml). MTT assay was performed after 2, 4, 6 day
incubation{mean+S.D.). Vertical bars represent standard deviation of three or four
independent experiment. * : Significantly different from the control(p¢0.05), ctl :
Control group
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0] FQUUA ZY MEF71HBol u|X]E= ek B
3171 -.40}01 100 ng/mi, 1 pg/mid =&o) gHRg ano Hoj X
FRIHM ZE 427t viYsiod AEF7IE 24810 1 pg/mi
9 =822 B 3R S F71E 804%0)A} 807%E A9 W}
7t IR 2L, 100 ng/ml SEOAE 44M4%E TS B71E B
Ak Gl F71E 1pg/miS) BS 81%0llA 83.74% % B715I¥.S
L} 100 ng/ml SEolAE 78.00% 2 ZABIH I, G2/MF7)= 1
pe/mle AL 8.64%00A] 6.38%, 100 ng/ml 2 645%F Z+A5}
915} ol ZHE 589 Foivt AFAUUMEY MEzF7] T
2 E7KIFIE RAE ¢ 4 YNeH, E3] 100 ng/ml 559
=84 MEF7) AAE TS © E7KRI3ACHFig. 3).
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Fig. 3. Effect of Cervi Parvum Cornu on cell cycle progression of
HPDLCs. The cell cycle analysis was performed after 4 days incubation (A:
control group, B: 100 ng/mi experimental group, G 1 wm/mi experimental group)

3. cyclin E, cdk 2, cdk 4, cyclin D1} cdk 69 wt&

=89 XFIhAMZo] thgt MEFV|ZE7IAE AF5H]
95k, MEF7|ZETHE cyclin E, cdk 2, cdk 4, cyclin D13
cdk 69 WS BEBIUCE 1 pg/mi} 100 ng/mlf] =& T
%, cyclin D19] B2 1pg/mlollA] CFZF Z4gh WbH, 100
ng/mioi Al 37} YRS, cdk 2 100 ng/mloA E716}
QL cdk 49} cdk 63} cydclin EQ] &AL F FTolA] BF &7}
S AES HACHFg. 4).
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Fig. 4. Western blot analysis for intracellular levels of cyclin E, cdk
2, cdk 4, cydlin D1 and cdk 6 in culture HPDLC. Lane 1 is a control
group, lane 2 is an experimental group that supplemented with 1 w/ml of CPC,
and Lane 3 is an experimental group that supplemented with 100 ng/ml of CPC
for 2 days. Cell extract equivalent to 50 # g/ml of total cellutar protein of HPDLC
was electrophoresed by 15% SDS-PAGE and transferred to a PVDF membrane.
The intracellular protein levels of cyclin E, cdk 2, cdk 4, cyclin D1 and cdk 6 in
HPDLCs were probed with respective antibodies diluted by 1 : 1000. After probing,
the membrane was stained with 1xPonceus S stain for 10 min to reveal the total
cellular protein loaded per each lane.
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91610), AR\ TR ps3, p213} pRbO) Wl 2 BEG)
T} 1 pg/miz} 100 ng/mlo) RS Bo] %, p21o] LHE 1 g
/miolA izt Z718 4 100 ng/miolAE ZAsIOn, £
55 S04 psiol wEle W) §Ron pRog) e 2
4 BIGCHFig. 5).
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Fig. 5. Western blot analysis for intracellular levels of p53, p21 and
pRb in culture HPDLC. Lane 1 is control group and fane 2 is an experimental
group that supplemented with 1 w/ml of CPC, and Lane 3 Is an experimental
group that supplemented with 100 ng/ml of CPC for 2 days. Celt extract equivalent
to 50 # g/mt of total celiular protein of HPDLC was electrophoresed by 15%
SDS-PAGE and transferred to a PVDF membrane. The intracellular protein levels
of 53, p21, pRb in HPDLCs were probed with respective antibodies diluted by 1
: 1000. After probing, the membrane was stained with 1xPonceus S stain for 10
min to reveal the total cellular proten loaded per each lane.
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g XFEEY qYE Al o] A YHE0| A8
F QoL 2ol 22 FE AMYEol LN JoH AR
g £2A1717] Yt HE Q- I} ekE7igo] o] £oiA| 1L rt. o]
d A I Fola olF el MEEY Jaol it A7y
o] LA Uehltetl X2ZAZA A Felg HEZ= Aok
NERAG ERATIA RS, A2 &8 oISkt XI5
ol e MEE olge XZHol AYuetE S WHHL
AZ M/t mESY] ARAS ZHs6H it O1-A XFEF
9 xidellal B XFQINME SRS M2 714 gge #
v IEE AR MEY 718E 7K AESEE 7KL A

om® g M 22 YA FHES HolT A ndd 2

A9 Sgtoll 718 guEoln, £F 715E 7HAH, BWotE 4y
o Polgk= 7158 etk LEA U 2155 7o)
o] fisliAE XFQUY AT ME7E LEF RI2H o]
Frjo] EAlgojof ol, ZAGE AL 71580 A/ RA7F
U2 4], Y&Elojo} Stk o8 FAISH YHHOE M EY A
T A S A4 BQl AFQIHM S AR olF, B4, 4
zxjojolzt BTt o]9} T2 o)RE 2 AfolilE 47 At
S X FOIHAI Z & o BIITE B HFolAE Al S4lo) st
=89 FHE Yotdr] A8l XFANMZo)A AFHIACE Al
EZ4 BFI MIT 24oja XFQIuiAZo] 1 ng/ml, 10
ng/ml, 100 ng/mi, 1 pg/ml, 10 gzg/ml FL) %8S Meldld
291, 48, 6ol XA RAEICE MES BHoAME 240
o Eol] ulgh 2ol 100 ng/miz 1 gg/ml FTolA| FG
AIE HYom, 4dddl= 1 ng/ml 58 AT HE 4
o] APIE BYen, 6droie 1 gg/ml STolA Fol
Aol HIUTH dEd 7 | Aol HOIA L hE
T Hihe 2% 3718 e UERTE &, 8710 S04 1 e
/mioiM s N&E0 AELY FAo] JUSE & F ARG
(Fig. 1). MIT E&ollAl= 2ol 227t FQI¢t Aozt gL
4270l 100 ng/ml =TolA, 62K o= 10 ng/miz} 100 ng/ml
9 s%olx tETol Hld] {8 AolE R 53l 100
ng/ml & ATl Al7to] A48 THE AETRETE 8
A &7iElE Qe BACkFig 2). o€ 23S 10 ng/ml,
100 ng/ml, 1 pg/ml8} FTolA HE FAE0] £E AE HA
FZAL ETTH & XolE HolA L%eH, MTT Z i 100
ng/ml EEQ =& AelTo] FAt 7 AKHLE Ve
RAe HZ ¢ &3 Zuge G TE RE ¢ 5 UM
A XFAES K56 Yol B2 AEHSo| M, &
Axlo] 21 At 11 Bk YokAixie L2 HE] dAElo 2
= 9HE & shulolth I MHIME Yo ZRE F89 &
2ol QAo oHisi &5, EIVt ALHYE FYHL Urt
AFEE X E L LA 5 AefDA|, Aol st SdE
o)l el A7 F2 EHol 21 YRS YekaiRiol ot &
2 @77t o] Zoix A Rkl YTt YekkiAde AEH0 Y
olsto) $HAIE Joi, Mal=lo) AaiXl= o] oAl gl thdt
Hed 22l o]lE9 gl thish HEEel FTo] o]FoH
AL, YEE UGS HE 0170 A Yol ABE &0l
012 AL Utt ol HoAAE BA 7 BEHA2 ¢
YT g, 4A Qaloll AEE st AE0 EHe E W,
S8 759 SRZ A2 A AFE AL Y HAAAMEY

g Yot A8l Z adFolA J1E £2 FAE B 1 pg/mix
100 ng/ml L8 w8 AHeleh XA FIh AEY MEF7) H
g It 2o A MZF710 met o]lFo Xy Al
EF7)19 I BRH T WEEQ] 459 Mg olojdo}
#XE o F AFECE MEF7)E GL S, G2 2@ MVIE o]0 A

H
il
O

- 161 -



AT AEO BAl2 MEF7] 4 Gl F7lol HED AW M 27}
s%712 Holwo] fARYol dojuir waiske RHoltk. Gl
7l R HA FAVE Mo 2gE IF o2 48A8e
A&7 o) ™ol " Qg MEW QIALE Flshe 717t0lH, S7)
olAe dlol| U= FHEEE 71X DNAY Ex7} o]FoA&
AIZIEA] o HalRolA EYSH F GAAZ BE Al7]ole. o]
Z AEZE GUIE dojrketl ERE sl MEAY QIANE0
LA g HE7F F AERE BEshed 883 QARSI
2 DEOXE Al7loltt. Mol E MEZY EEo] Ao}
o AlZEo] 471HA § MEZE F AEZE AR L oXe
A)710lck RFEQIHMIE] 1 pg/mli} 100 ng/ml 5T =S
AeIgt & MZEF7IE 246 2 1 gg/mlolA GIF7I= 81%
o)A] 83.74%E, SFEI)= 8.04%0)41 807%F 7t E7VEIC)
100 ng/miollA] Gl F71& 78%F 2451 em SF71& 14.44%
Z |/Y51A4 E713I%icHFig 3). olRE 100 ng/ml &9 =&
HelolAl A W FAZIZ 248 F MEE 8895 9
ot DNAY] §H4o] Z7tks ALE &719 Alx 348 23
S AxIBH}. AlZY F4l2 o] 71X A=) Q8 Z2EEH,
=29 £FO Mt 7170 wl MEEE0] dojuiALL BFEA
2ot £3 EF 715€ ERIIEE BdV gohlk itk o]
@ AZFEZ|Q Ty Aol o] ME F7] U caldo]
=0t oYy vAZ = A Z2FY] I £93 dEke
3h= 01443} § 4Q) cyclin dependent kinase(cdk)$} o 710l Zgt
3l 848 ZAEFh= cyclin, 211 o] 2ol AEsl 1
XS Ralshs MEF7) AH Tide § 4 AT, olE 4
ZF7|ZETMIZIZ A ZEEFL0IA &2 NEZEHAX QAL
of olgh walo] 2k MEREIGo] EXTAHL, ATt

2 dFolA AZEAed 2AE HIH2E 1 »g/mli} 100
ng/ml 550 £8& Tl AEFV] RFELES Wl
ATSIATE MEFT0) ZRElke B2 AEF7IZRENZo]
AL 1oL, 1 o] AEE A2 WA Yotk Jeuv M=
Z41 ZZI0IXIQ] mitogen £ & FA £9 6h47} cyclin D
oln}, cyclin ET BojE AT HAAHZY & ol
cyclino|gl= ©hiZo] F7IHOE Frh ZAskL Joem,
mitogen S0 Q3 cyclin DO w30] FX1=]o] cylelin®] 7ol
98) cdk 7} 439 T, cyclin EQ} cdk 29] 2, cyclin DO}
cdk 4 E2 cdk 69 AEE &3l cdk activating kinaserk ¢dk9)
threonineE Q1413} A|AHA} 43P cdk = pRBY serine A
threonineE Q14t5}A1ZIT). cyclin E-cdk 2 B84 7} 431 O
BA] cyclin D7} GIS0] pRBY Q4ISIE 7141710 11 @
pRB7} A&|5IL Y& E2FL} c-Abl, Elf-13} 22 HARIAIEC)
43} =HA HZF7)E GlolA SFIIZ2 o7 Hil AlE
= SAls 8. 2 dToxie 589 $0i7} cyclin E,
cdk 2, cdk 4, cdk 69 WHAS HZXIA|Z OLY, cyclin DlolE= Fat
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