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Studies on Expression of Cell Cycle Related Genes
in HL-60 Cells Undergoing Apoptosis
by the Methanol Extract of Hedyotis diffusa
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Lae-Gil Pak**, Jong-deok Lee***

Dept. of Internal Medicine, College of Oriental Medicine Wonkwang University, Iksan, Korea.

Objectives: Hedyotis diffusa is used to treat cancer in traditional Korea Medicine. So this study was
carried out to examine the expression of cell cycle related genes in HL-60 cells undergoing apoptosis by
the methanol extract of Hedyotis diffusa.
Methods:
1. HL-60 cells were treated with various concentrations (from 200 to 50xg/ml) of methanol extract and
H20 extract (200 ug/ml) of hedyotis diffusa. After 48 h later, the cells were tested for viability by
MTT assay.

2. The HL-60 cells were treated with 200 ug/ml of methanol extract for the indicated periods. The
‘whole cell lysates were prepared and analyzed by western blotting using anti-p53 antibody, .

3. The nuclear extract were prepared and analyzed by western blotting using anti-p21 anﬁbody, anti-

p27 antibody, anti-cyclin A antibody, anti-cyclin E antibody and anti-CDK?2 antibody.
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Results :

1. The methanol extract of Hedyotis diffusa induced the death of HL-60 cells in a dose dependent

manner.

2. The methanol extract of Hedyotis diffusa markedly decreased the level of p21/Cipl and cyclin A in

a time dependent manner.

3. The methanol extract of Hedyotis diffusa markedly increased the level of p27/Kipl and cyclin E in

a time dependent manner.

4. The methanol extract of Hedyotis diffusa markedly did not affect the level of CDK2.

Conclusions: These results provide evidence that expression of cell cycle related genes in HL-60 cells

undergoing apoptosis by the methanol extract of Hedyotis diffusa mainly results from

decreased level of p21/Cipl and increased level of p27/Kipl of the cell cycle related

genes.

Key words : Hedyotis diffusa, HL-60 cells, p21/Cipl, p27/Kipl, cyclin A, cyclin E, CDK2.
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(2) EEAsY

BB #HE BHe 94 74 BEE
AR HH A ES AMEEte 2 EEol o] 85
Aot 44 E ?fﬁ&% (H,0 extract) f2#29 &
TEEEEEE 100g2 B 11 9 34 HABE 23
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Eetx3o) Yol FF¢ FEYeES ¥
3 o2 AZEZ BT 3200pmo 2 2087
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(1) HL-60 Amimss MMkl 2%
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oF 48REM] SEHAZ RPMI-1640 3RS oA 3}
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(2) #HE viability IS

Wl EFES MTT assay HEES o] 4319
ot fERSlE MM EAR (24-well plate)ol] #HE
£ Ix10° 4 1me gEHHE Bo] 2539 F,
Biol 983 2 =19 EEM ST X3
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(3) Nuclear extract &=H|

% Hihi#(nuclear extract)el] 1= MMaBLT BY
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(4) Western blotting

e HL-60 Mgl EHE A 44 Al
7t 3o MBS A3 shod, cold Hank’s balanced
salt solution (HBSS) 2 23] Ml 42
i total cell lysateZ A 7] 93] RIPA &#iHK
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polyAcrylamide gel electrophoresis (SDS-PAGE)
g A BsAT A719Fel B geld] BEAE
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membraned} AF-2o]| A 4A1 7 ¥r-gA]Z ). o] o]
A, Z=Zk$EEQ anti-rabbit IgG conjugated horse-

radish peroxidase (TBSZ 1:30002.2 & 4)e} A
2o A 241 B¢ KMEAIZ F, enhanced
chemiluminescence kit (ECL kit)& A} 83t
€ =A%
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Fig. 1. The Effects of hedyotis diffusa extracts on
the viability of HL-60 cells in a dose
dependent manner. HL-60 cells were treated
with various concentrations (from 200 to 50
pg/ml) of methanol extract and H20 extract
(200 pg/ml) of hedvotis diffusa. After 48 h
later, the cells were tested for viability by
MTT assay. The data represented mean =+ S.
D. of triplicates.



BFol & 34%, 200 pg/ml EEEF & 90% )4
A FFERC] @At T (Fig. 1)
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FE B2 GlolA] S phase2 9] EHEREF check
point2 {EM st apoptosis2 2] #ITREE 2
A0, g2, B gRAME giteEE
Hee mdse] o & HL-60 &4 Mo
apoptosis® o] 2 & p539] HERS oW ML
BeA] o e myE oI
AL B ¥ T kst Mg
(cell lysate)S B} o] ¥ ANIF £
nitrocellulose membrane o 29| EE%HES A
2 F p53o] thE HBE ALS3Ad western
blotting& Al P&t git}. pS3 HAH & HEit HHE
6AIHT-El A AT 3] BN 7] Al Zate] o] B
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Fig. 2. Methanol extract of Hedyotis diffusa induced
the expression of pS53 in a time dependent
manner. The HL-60 cells were treated with
200 pg/mi of methanol extract for the
indicated periods. The whole cell lysates
were prepared and analyzed by western
blotting using anti-p53 antibody.

2HE NNE EA) ARST Fig 2).

3, BEEFE HHBHO st HL-60
AR HA5ER p21/Cip1EAEY
3R 24to| OjX= R

p2ICipl/WAFLiE{EF+ o] &M F 24
o)A EHHE] cyclin dependent kinase 2
(CDK2)% RiEsle ME=E A HE AT o
23 p21-2 HHARAS] negative regulator2 Al
E5 ob 2t apoptosisol = F83 ATo] g
o1 Eag3n g, oy B BRIA
t BiEKEEE YESHdY BFHA JF
p219] EERHG| BEER #MLE £A3e=
A olgol 9% WHsuA AT} o
®E HHHE T AZE EE X
MRS BET I ME 2 FE A AA
¥ FEd g B HEmne Ao o
Z7]9% ¢ nitrocellulose membrane 442 2 9]
BESS AR Fp2lo] i HIEE AEsto
western blotting& Al 8514 T} p21 EHH L ¥
# BEHE 6A1ZHE-E M A 3] FiAE ] A ey
o] 36A12t Fell= A2 2] 70 -80 %o] o] i
A8}t (Fig. 3).

Time() 0 6 1218 24 30 %

o1 Cipt—

Fig. 3, Methanol extract of Hedyotis diffusa
markedly decreased the level of p21/Cipl in
a time dependent manner. The HL-60 cells
were treated with 200 pg/ml of methanol
extract for the indicated periods. The nuclear
extract were prepared and analyzed by
western blotting using anti-p21 antibody.
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4, BTEEEE MmEmol 28 HL-60
HiER M3ERF p27/Kipt EBEY
R B0 01XE PR

p27Kipl ZEHE S EBHBIAH (contact
inhibition)ell &3t {RiLHel A& MLt
transforming growth factor (TGF)-AEEEE & #
Kool A negative growth regulator2A1 9] 9
e Aoz W HGO,

2 BRoAMc it aE S-Sty &
Hol| o p279] Al7bE BEREAE B 37
Fo2H o)5o] HIEWEE WS LY &
e HL-604Rfue] MiuEM 8L BR A
o 4¢¢ F9stanA . WEE #Hib
e 9%T ATET EEId ARE B8
£ 3T MR 2 HE O ANE HEE

we B HEHTE dUT- o] F HIY -

% 9 nitrocellulose membrane #422
o BFESE A F p27d W HB@E
A3t western blottingS A3t
ot EFui§A p2lde 98 p27 ZuEe A
SH EH EE AT F X BEREY &
A7b = A gohsh 1243 F A A8
o, 302 LA H1 BHEE Hojrhrt
o] F %zt WA AT (Fig. 4).
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Fig. 4. Methanol extract of Hedyotis diffusa
markedly increased the level of p27/Kipl in
a time dependent manner. The HL-60 cells
were treated with 200 gg/ml of methanol
extract for the indicated periods. The nuclear
extract were prepared and analyzed by
western blotting using anti-p27 antibody.
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Cyclin& CDK$} t £o] #iluBiiE 243
£ BF2A 84 309439 cyclin FETFEY
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E7} 9187 Uk o] &L Gl Z Gaffell A S &
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A} GI cyclin, G2 cycline 2 £ &Hc} o] &
cycling F#38h= EEHHY MIELNA
E BWEES ] CDKS HEI S E M #i=2
AYsed e BFE Bl 4 o
J&o] EYH cycling FalHo] fojAc}
G1, s #iol 53 3kA A 3tE G1 type cyclind]
= cyclin A, D, E 522 CDK2 |} CDK4%} 2
g3t GlolA S #iZ o] MBS X8 A7)
A gk Gl, S #el A 5F8A {EHstE Gl
type cyclin® M & Cyclin A, D, E 4 CDK2
' CDK4¢t A3t} MlBHE Al 2stA 3
<t F4 98% 0. & EEolM e aftie
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Fig. 5. Methanol extract of Hedyotis diffusa
markedly decreased the level of cyclin A in
a time dependent manner. The HL-60 cells
were treated with 200 zg/ml of methanol
extract for the indicated periods. The nuclear
extract were prepared and analyzed by
western blotting using anti-cyclin A antibody.
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AN BML B FolM e 98E AYstn
74 AT W mimE AEd ALES
RESY MRS G T ME g HE
AANE FES o2 & mEgee a9
Z A719% 9 nitrocellulose membrane 4} 2.2
o mAEFE A F cyclin Ad] R HBE AL
23t western blotting2 A) 31 314 t}. Cyclin A
BOES B EE RAT TR MM &
A4817] AlFsld e, 3673 e dE A
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(Fig. 5).

6. BIEMEEER HH#Ho| olst HL-60
FAEAR AAIEBE cyclin E BHEY
3R 24tol] njX= BB

3, & th2 Gl cyclin®] 3}1}9l Cyclin E€]
B Bt gE3dd ol 8 des
#HEme GFT ANST EEIY ERE
HES T M 2 AR AANE FE
< o} & #EgRE Al of F A
719% 2 nitrocellulose membrane 4
o2 BEHS A F cyclin Eod W
e HEBE A8t western blottings
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Fig. 6. Methano! extract of Hedyotis diffusa markedly
increased the level of cyclin E. The HL-60
cells were treated with 200 zg/ml of methanol
extract for the indicated periods. The nuclear
extract were prepared and analyzed by
western blotting using anti-cyclin E antibody.

A3 3+d o}, western blotting A3} S0kda 3 42
kdad] 3 F &S ZE F 789 band7t B FHS
tHFig. 6). 23} Cyclin A o] BEZEIE= &
2] cyclin EZEHE S ¥ EE 12417 F5H
43t B|hsty] AlFstad ol g d4e 4
F& 42kDag] bandel|A] Bt} BA5A &9l
At

7. BTEMERE HHHol 28t HL-60
MR H55ER CDK2 ZEnE9 &
3 24tol 0lx= B8

Cycling} A sl I EAS Uetd 4 &
cyclin dependent kinase (CDK)¥& cyclind} o] &
ol F8¢ MEY FHEFIT. BHAA
A& cdc2 (cell devision cycle)7} B3 A o] &
CDK2, CDK3, CDK4, CDK5 @ CDK6 o] &)
Wiakeol A Aol B & BRIA e
BTEfEEE veSHb mE 99 CDK2
o) AIZHE BEREGE BMLE 2R T2 o) E
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foo] MEL BL AR FdAYy 98L& 7
gotnzl 3t WgE s ohE A
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Fig. 7. Methanol extract of Hedyotis diffusa markedly
did not affect the level of CDK2. The HL-60
cells were treated with 200 ¢g/ml of methanol
extract for the indicated periods. The nuclear
extract were prepared and analyzed by
western blotting using anti-CDK2 antibody.
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2 H7e o3t #HoA E3] EHEE
B HUEHIEC] fERREC 248l ST
Ml apoptosisE FB o] ¥A Uz
M, BW ZkF AT el o8] o] 2{ & apoptosisy}
FEEHUA o8 71X MiEEY RGE T #
1t 9 #rdctn g2iA Yok ey £ 9
TFolA e aitERE We-Sdd & &
# 5 £ apoptosisol A #MILBNIRM BFE<
BE BLE AN A BREEEY HE
MR A A FEMEL e o3 g {5
stn 2} B+ ot

A2 ol T ATKEE HbsE ol HL-60
Mol AHPH o2 REMEAS 4o eAE
Lol 7] 93te] HliS BEFIZ KBS 2
3 ek mdisTio] BE KFHIQ) Rl
S5 25t st HFEE e d2 &
A&t (Fig. 1). B 79 FFATLAE
o} 3) o) g v ehg ity BIE ) o] ¥ HL-60
#fe] 522 DNA fragmentation, caspase i&
¥E{b, %) 4=¥+E] = apoptotic processol] 2} 3 4R
BEZYo] BA=AG. 2 o7 AFE
o] 2 apoptosisw o] HEENFIEIS B}t
gtEthE Ao RaEo] o] afeEE A
< HitHel 93 HL-60#if =24 JYelhuds
HiBEE FAEEFS(cyclin A, cyclin E, CDK2,
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p21/Cipl, p27/Kipl X ps3)e] B B BB
g 3 A FEE7] 95t western blot
analysis® 9 SHAch REER 714 <93
E #RE p21/Cipl @ p27/Kiplel HREIQ B
AR Bkl p21 CDK29} Este &
BEEA A& ¢ 29, wild type pS39)
a8 BEo] HE I, o] F A
BEY p21& p219) N-termianl FirE 3 Gl
cyclin-CDK # A48 9 2§39 cell cycle #AT
£ w3t p219) c-terminal A E FHM =
proliferating cell nuclear antigen (PCNA)o} #54&
3t} PCNA©) 2] § DNA polymerase 69 i
ItE HEFTGIT REI DU F 2
p21/Ciplo] apoptosis S 3T F U E
GE FaF #Hikel REAUTG. 2N
Gorospe5-& p21/Ciplo} AR 2}E(melanoma

cells)#if el p53 A apoptosisE M A& .

A-SE AT, =3 MCF-7 fifgdl =
prostaglandin A29] 218 AE# AA apoptosis

£ p21/Ciple] BEHo) (L 4 Y &o) HES

A3, Y Asada T p2le] o] cell
cycle progression -2 apoptosisE HH3j st &
o2 fEAEX = p21/ICiple] Mlaolr el &
AAA A UG &L 4 & EF
R # BHIR(monocytes)oll A B EHA T
p21/Cipl-& #%oll &x13}9 4 k(differentiation)
FHE)l ANF cell cycles) amrestE of7}A}ZITH
ojo] K # BRIRS 4k #E9] p2l/Cipl
o] MK =Ee] At d#=o] ok HHe
G R p2l/Cipl2 apoptosis signal-regulating
kinase-1 (ASK1)3} complexE A st ~E#
AEo] 23k ASK! ¥ 1 o} 9] SAPK/INKS
o] EHALH = AL Aese] apoprosisE AR
ok, T3 Zhang %2 p2l/Ciple] caspase-3
o 2]t cleavageE ™ o]m o] p21/Cipl2
PCNAo| binding?dt= T8 & 443 £ &

&of ARt THE FAsAE G #Est
act wala] o] 5L caspase-39 o3t 2
A p2l/CiplL EHMEE growth arrest FE| 25
B apoptosisE 85t ALEl 2 A EA) A ELE
B9 chemotherapy- induced apoptosis& {E#A]
24 F Atn HESFADY. & HRAAR
p2l/Ciple] BEL BREFE WeS HibH
BEST EERRHC &R Foj=x A9
FEIATT o] AL GA AFH HATHRES
o] HRAT vlodtd AFHEA K
p21/Cipl GA) vl &-& ¥y BIBA) o] F0i7]
£ apoptotic death signal {#:£:8722] d§o =
A3 & caspase-359] o3 TS o cell
cycled amest & & Jl& HRE FA o] £
ASKldl HiEE + d& ol 24
ASKI/SEKI/INK1 59 d@9] apopotisisE &
A7 = EREEHES EtElbrlIle e
2 AEEY. o) P2 gREFE fEe
e A75He B B AEFERES
A8 BIEEEE S-S WMy EEA
caspase-35 ¥ &3+ c}oFgt caspase) {EME{L7}
dojdtre A& BHT AAMZ ¥BHZ 3
.

3H p27/Kipt GA] hakg cyclind} CDK9J
HAM) BEHLE AAF224 GloA S
phase 298] BB E M3} AT MiEELH
MEFoITh pRT:EE T 248 AF ) A+
Bol REH, g Nde] REEM
(hyperplasia), pituitary tumor®] H#k T4 Fol
Jedz AP FoiEAE p27 BEFE A
S 3o ZeAR@R] HUT o]
ol x| k36 127 EREAH 7} breast cancer?) 74
R BRI F4 220 HEHD Y.
£ Fugieda§2 p279] BES BaxFol BE
< REA D2 2AM oral @ oropharngeal

carcinoma Sl A 2o 1= spontaneous
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apoptosisol] WH g d@e] otz HEFH
¥, mekA olH g KATHREES HRe 2
HRAA BEd AtEEE a2 mnsyel
ol § p27/Kiple] BERMN(Fig. 3). R Baxd] #
EEm (& ArEe ARFRFER- data not
shown)7} %E4HME apoptosisel] YA A #HE
of AFE AlAtET. Bt Er|2¢ AL §Y
&7 CDK inhibitor2 #Ef 3t p2l/Cipl &
p27/Kiplo] HTEHFE S Mkt AT
R HIER o BECl ARIA JeEvE
Zojth ol olntx o] FAEMEFE ] MiE
# FEiol 9o = ohE S St A
zdr).

¥ B AN Y E Gl cyclind] &3l
cyclin A ¢} cyclin ES] 380 £48 #ML7t %2
& HREA Yerdz ol MEHERZE Glol

A S phase2.2] W AT HEgaA REE -

F gt ole B Bl THEs S AL
3 2o 443 HEE S8 welor Hag A
g9

Ao 2, E HEdA BitEEE e
Hdi4S HL-60#ifa o] @R ste] p53e] B

< ZAEH A et ps3e) R BEEME
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