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Effect of Ailanthus altissima Water Extract on Cell Cycle Control
Genes in Jurkat T Lymphocytes

Sang-Gu Hwang, Hyung Chul Lee, Chun Kwan Kim, Dae Geun Kim,
Gi Oug Lee*, Young Gab Yun* and Byung Hun Jeon”
Department of Pathology, and *Department of Oriental Prescription, College of Oriental Midicine,
Wonkwang University, Iksan, Chonbuk 570-749, Korea

Abstract — Ailanthus altissima has been used to settle an upset stomach, to alleviate a fever, and as a1 insecticide. We
reported that the water extract of A. altissima induced apoptotic cell death in Jurkat T-acute lymphoblast ¢ leukemia cells.
Here, we showed the dose-dependent inhibitions of cell viability by the extract, as measured by cell morphology. The cell
cycle control genes are considered to play important roles in tumorigenesis. The purpose of the presen: study is also to
investigate the effect of A. altissima on cell cycle progression and its molecular mechanism in the cells. The level of p21
protein was increased after treatment of the extract, whereas both Bcl-2 and Bax protein levels were not changed. These
results suggest that A. altissima induces apoptotic cell death via p21-dependent signaling pathway in Jurkat cells which
delete wild type p53. G1 checkpoint related gene products tested (cyclin D3, cyclin dependent kinase 4, retinoblastoma,
E2F1) were decreased in their protein levels in a dose-dependent manner after treatment of the extract. Taken together,
these results indicate that the increase of apoptotic cell death by A. altissima may be due to the inhibition of cell cycle in

Jurkat cells.

Keywords [ Adlanthus altissima, water extract, apoptosis, cell cycle, G1 checkpoint, Jurkat T-ALL cells

AU AT (Simaroubaceae)oll £3R= g wEQ]
THEURE2 15T, Ailanthus altissima Swingle) R B4
o] ZANES 5 AAS e} 29E AXF AozA P
OE ooz 3hy, Ftxg EEleth S3dato g 99
vt ool A= k9] S 100~400 m A EHR-2oj
A1 Qe ASNZEH W28 BN o)W ez, A
A, TED, BAE WA e AR, 434 5 BHow
AR A2s)e] Aol it 43, B3, Qo2
merosin, ailanthone, amarolide, quassin, ailantholide, chapar -
rinone, shinjuglycoside $°)] £2], R uEr}t? o)& AJRe] 4
YAl A ATEE tar?) F7 2L glaucarubinone 7

2 =Eo] B3 A& AxlAz
(33}) 063-850-6835 (T*) 063-850-6843
(E-mail) omdjbh@wonkwang.ac.kr

18

ailanthone 59| Folru}atg 9 etz go} 289 vjgreS2
E9 215l B3 RAE0] glou} gk W 1 Al A
e A= ofA7ER] B ulb glrt

T dap= dgukge) 714 53t & TP, ol
7159 932 lymphokines® ¢ 3 g5IAEe] Halof ¢
M F2 FAE o] 2k 3 A= HEake] S4AS
A=ete] A AsHG AAE G AT, ol 53] &
Uil DNAZE BA1=e] G2M71E€ AF M2 G712 Hol
Eo] thg H AEREI S 93 AFE 7|t A PokD o)
MEEEE Yo AEHD cascade= H 238 1000 71e) S-4=+
HEE Fale] GI7] 8448 AEshe oz <4aA Qv 1
Z 7V F4lo] HE A A G 2700 Axdxpt
ras®| ¥ &S whol D-type cyclins ) 1@ o] F7}5 0] cyclin
dependent kinase4(CDK4)$} CDK6E &4431A)7]= A 2ot}
)& cyclin D¢} CDKs®] g 53jc] o]fox|n], BA435ld

he
e
O



Jurkat AIFZ2] AZS710] et A2wule] &3} 19

cyclin D/CDK4 =& CDK6 534+ retinoblastoma(RB) ¢l
Ag QAAZITE? RBE AHA1Q] Qlaksle] whal Ak
Q1 E2F family9le] AEE 53l E2F AAFES &8 3=
FaAAQAloIct, el Aol 5P QAET} o] FoR]X]
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vl A3 289 The American Type Culture Collection
(ATCC, Rockville, MD, USA)Z3-E] £ o}, A A o)A
37°C} 5% CO, ¥ ZU& 245 SanyoS|A} vieF7|ellA] wljeF
Stk 94 AIEQ Jurkate] wjekele L-glutamineo] 3¢
RPMI 1640 i=ef] 56°C F=z0llA] 303F 7123t B8
7! fetal bovine serum(FBS)S 10% X881, 1% FAYAN(100
units/m! penicillin, 100 pg/m! streptomycin)¢} #x] 1 L2
NaHCO, 2 g& d7}slod R|zshac.

HZAHE |5

NZEL plastic culture disholld] M=, 4X10° cells/ml
ALl N 5 717 ek ui|ol] Aouly] 28-S A3t
Aok &, Jurkat AESS o38] FE(20, 40, 60, 80, 100 pg/mil)
9] FEEE 2407 B A EH oA, Ay FIe 4°C)
BRI ARG Ao ot FEF A)F3lo] AREsIiTh
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Polyclonal anti-CDK4, polyclonal anti-RB, polyclonal anti-
Bcl-2, monoclonal anti-Bax, monoclonal anti-E2F1, monoclonal
anti-cyclin D3 ZAE-2 Santa Cruz Bictechnology(Santa Cruz,
CA, USA)sIAtZ 58] 7351%ich. Monoclonal anti-p21 FA&=
PharMingen SAIERE FU315 3L, ]z} &A@l Peroxidase-
labeled sheep anti-mouse immunoglobulin 2} peroxidase-labeled
donkey anti-rabbit immunoglobulin2 Amersham Life Sciences
(Cleveland, OH, USA) ZAIEHE FUsI5H.

M= gJEjEla{o] Hs)

A F2ef gt AZ2ua)e] gg Yol $51o] 6-well
plateell 2 well 3 5X 10718 2] AEES W1 24417 A3}
Auln)e] 2558 20, 60, W 100 ug/ml FEEE sl
2473 F wiFstAth 1 3 A4t @v) 7 (Diaphot 300,
Nikon, Japan)& ©]-8-3lo] 100uf-&3lolA dizya} A8 3
Bt WstE BT

Western Blot Analysis

Aol o] 8 MEE 15 ml tubeo] B ¥, ¥ 23
© phosphate-buffered saline(PBS)2 2~3¥ A1l 2000 rpmei]
Al AAFEEIT AT AE Yl T cell pelletel] EBC lysis
buffer(60 mM Tris-HCI, pH 8.0, 120 mM sodium chloride,
0.5% Nonidet P-40)E Y1 2087t 45 $ofl FolFHA 58
with wak 313tk Lysatest= 13,000 rpmoild 15% St Q4%
3, AN AP E At thE tubeell HRTH @A
551> Bradford 7% (Bio-Rad)el] &J3kd &331¥ o0, B85
AR bovin serum albumin(BSA)E ©|-g&tich 2} HEF
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k81Tt MembranesS TNT buffer® UHA| 4|38t 3 enhanced
chemiluminescence reagent(Amersham)2- ©}-&3}e] 2871 ¥+-8-
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Fig. 1 - Morphology of control and extract-treated Jurkat cells by
inverted microscope. Cells were incubated for 24 h at 37°C
with the 20, 60, and 100 pg/m/ of the extract.
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Fig. 2 — Expression levels of p21, Bcl-2, and Bax proteins during
apoptosis induced by the extract f-om A. altissima in Jurkat
cells. Cells were incubated for 24 h at 37°C with the 20, 40,
60, 80, and 100 pg/ml/ of the extract. Whole cell lysates
were prepared using EBC lysis huffer. The samples were
resclved on 12.5% SDS-PAGE gel, transferred to a
nitrocellulose membrane, and tke blots were probed for
p21, Bcl-2, or Bax.
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3}7] $151o] Western blot analysist 2 A&+ 43}, g F%7}
FOW TR O HEATEe] F7RT 100 pg/ml FEo
Mz 1 7ROl FolE7] AlFRIITHEig. 2). Bel-2e TRkt
Ao 72 FEE AZAPEE AAAT = 22 484 9l
T, Baxi= IL-3 9&A MEo||A] cytokine AFol 28] %
o} AZAPES EXA)F|NE Bel2 7 dxbgdss AREE]i= o8
& I o]y AT 7R AEAPEo] & EE A E o)
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21o7] of Bcl-2 ¥ Bax2 @Al UvAE Yopurt &t
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Fig. 3 —Decreases of cyclin D3 and CDK4 protein levels during
apoptosis induced by the extract from A. altissima in Jurkat
T cells. Cells were incubated for 24 h at 37°C with the 20,
40, 60, 80, and 100 ug/m! of the extract. Whole cell lysates
were prepared using EBC lysis buffer. The samples were
resolved on a 11% SDS-PAGE gel, transferred to a
nitrocellulose membrane, and the blots were probed for
cyclin D3 or CDK4.

% G1 checkpoint WAlOIA V]2 Holx=t] F Q3 AL 5
22 ol whid WS TS Yol Y3l FEES] Bt
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Aslo] 2407t B2 HIEE wiekslict. Western blot analysis
o] A cyclin D38 WHFEL- 2N X ol &
slo] AR Follim @S 2o Tl 20 pug/ml FLEE A
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AAgE 2ol B AtK(Fig. 3). CDK4i= D-type cyclinza} %
TG BAste] MEFNS G B AL S 217
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& A MEFY1E A o) M7] MlEFT] 23
TR GG sk AR sk ARy flste] A
W) F2E0] BN 20, 40, 60, 80 ¥ 100 pg/miE F7HA7
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Fig. 4 — Decreases of RB and E2F1 protein levels during apoptosis
induced by the extract from A. altissima in Jurkat T cells.
Cells were incubated for 24 h at 37°C with the 20, 40, 60,
80, and 100 pg/m! of the extract. Whole cell lysates were
prepared using EBC lysis buffer. The samples were
resolved on a 7.5% SDS-PAGE gel, transferred to a
nitrocellulose membrane, and the blots were probed for RB

or E2F1.
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S Hix] ol B F= Qi ol e Ak AT FEE
o) 2= FAJAJEo] Jurkat T lymphocytes®] A & A3}
AEEARE oA AZAFES fEdhs 37t 2 B

M Rl

)

Apoptosis7t AEEE= AT FEUL 4573 A2E T3t
o] A DNAY &40 o2 S, 48 F gl 3=
Apo] Woj Jojut MEE= AEZAPHoRR: &A1& HAA Er

v

o} W3 BA" FAHAR & g2iA e ol p2l, Bel-2
2 Bax 5¢] Ut} LAAGHAR] p53e] GutAR] 7158 AlE
7} 42 glod Gl &= G2 checkpointolld AIEF71E =
A7l o]RAL p532) EFo] o3t p21 ©ElAe] FHE Ak
gro 24 o]t 7|52 I p21& NEFVIY GV| B
G271°14 RB @S E8438117)7] Y8te] CDKY 7152
AN 7= FHE-S Tt} o3 cell cycle arrest$} 23 #A
o] 9]+ p212 p53-dependent pathway =+ p53-independent
pathway Z7Hx] A2 28E 52 F Qlth & A7 AL
Wgje] He F p21 @A dHo] RO gEHoR HH F
Tkehe @S B FUHEFR. 2). & AHe] 139 Jurkat
AEE= ojd AlT71Ae) AR o8 p2lo] $7kske] CDKel 2
3oz AEFTIE FAESZ JYAFIA Ed7] wiEel
A= AZAPES 2] HR0T, Jurkat AlEE ps3t A
o] gle =g p21¢] Z7R= p53-independent pathwayell 2§+ 2
& o = AT PA AFEIRC] p53 Aol Bel-29] T
wz) wEeRs A A7l Baxe] @A HESE FUMIL
2] apoptosisel] M0 2 GFL v Roe FHALY
a2y B Ao e A2wsle] =28 Jurkato] AETAR}
FgPedol| = B3840 Bel-2 ¥ Bax ©lAES] wEEo] tizrl
HlaiA A3 xpo)7t YUTHFg. 2). o] AR Wy ATl
Jurkato] wt p537F AP E o] Q7] W] A2 A F
apoptosis”t A== Ftol| £ Bcl-29} BaxE AHH o= 24

8k« B3k oz Almgh = A oE A %7]He] o]
A Bcl-29 Bax @A ofujst ojekiz #x] = 70w U
ebkth A= A 2sof o3 Zals = Jurkat AZS] A2]H
APEE p53¢} F-38t ThE A157]79) A2E Falo] dodE
oulskal p21 #AAo] e Bel29k Baxte #EAol Sle
< & & ASsIth

A EZA 221249 mitogenEd HE £FH F9 vt
cyclin DolH cyclin EE #38 208 HQITHED MitogenSol]
2J3) cyclin DE] E¥o] ExiEo] X Fe] o]=W cyclin D=
CDK4 £-& CDK6%} 2381, CDK zctivating kinase’ CDK
9] threonined AUAFEIAAA CDK7} 4& =A €rt. CDK
£ RBE QIsAIAA BEAIsE A2t} Cyclin E-CDK2 5%
A7F GAdshE o2 cyclin Dol 2% RBY QIAHEHE % 7F
£3A717 Hi 252 RBell s o= | E2F], Eif-1,
c-abl 29 transcription factors<e] #4'L ZAEe] SUIE 0|3
A g o)A g MEF/ e 2 g o]FE =8 Gl
checkpoint Hd FHAE2] W HT': Western blot analysis
g Falod dungith 1 A [wi] XMy & BE AL
A cyclin D3, CDK4, RB, E2F19] gz wlgo] Fo]lEith
(Figs. 3, 4). H]% CDK49] 739+ dv2 dd4-Eyt opat
kinase activity® ZAME 3l 1 e HAREAE ATHo}
oF & Zo|X|7t #HH FHRFES 7]%0] dAS] Holjxe= HO
2 ul3o] ¥ o] GI checkpointd} #HE 7150] SulEA 3
gx] E3lo] AZF7)7L AREHE R & Uk F A2y
of) 1:=-%% Jurkat MXE= Ho|x AE27]2] G1 checkpoint &
& FAxte] Wale] st MEFV|e] YA R As| A5 APES
A== 7138 BAFEch 4 22 u]) 34 AES A Al
329 S AR 7)o HT 106 B¢ vl A s B
HA 3 ek B AEF7|9} ATE G 2, YL A
3}, RNAS @] B, 2HIxE2] &8sl gd B4
Sof tigjrs o7s] B2 A7t Resofof Firt, ool of
& 2 2g3 gore] Bhe 32 AW oldstn X|g3t

oo A2 A PE AB 2 2o,
INERNS

B AT 20014S BARAT & PA 271 EATARAN]
(PJ9-PGL-01CO04-0002)% FZteid 17 ARES A 2)
Agehshi ookt AT AIE (MRRO) A7 gulel 2fsie] %
asgom ole] ArEGUich,

Mo
e

D (REfh @ o KESESAESICES)BIAE, A& (1984).

J. Pharm. Soc. Korea



Jurkat 2] AZF710) oigt AT He] &3} 23

2) {LERFTE A CHE) « R ABHE, Al 1 ¥, TH, AaiFEes
BAL, R (1979).

3) Tang, W, and Eisenbrand, G. : Chinese drugs of plant origin.
Springer-Verlag, New York (1992).

4 F3ht, =95, AT - AT Tard] FER8el BT I
A F =4 12, 57 (1984).

5) A F, AFY, A7, g, o). - ATy R A
GG A AT O: WS FEEFH SE2XF £
Epoxide &l Alof v[X& d & oFets]A] 25, 47 (1994).

6) Hunter, T. : Braking the cycle. Cell 75, 839 (1993).

7) Sherr, C. J. : Mammalian G1 cyclins and cell cycle progression.
Proc. Assoc. Am. Physicians 107, 181 (1995).

8) Magnaghi-Jaulin, L., Groisman, R., Naguibneva, 1., Robin, B,
Lorain, S., Le Villain, J. B, Troalen, E, Trouche, D., and Harel-
Bellan, A. : Retinoblastoma protein represses transcription by
recruiting a histone deacetylase. Nature 391, 601 (1998).

9) Zhang, H. S., Gavin, M., Dahiya, A., Postigo, A. A,, Ma, D,
Luo, R. X., Harbour, J. W, and Dean, D. C. : Exit from G1 and
S phase of the cell cycle is regulated by repressor complexes
containing HDAC-Bb-hSWI/SNF and Rb-hSWI/SNE Cell 101,
79 (2000).

10) Marx, J. : How cells cycle toward cancer Science 263, 319
(1994).

11) Verma, I. M., and Vogt, E K. : Oncogene : 20 years later. Geses
Dev. 9, 1289 (1995).

12) Shery, C. J. : Cancer cell cycles. Science 274, 1672 (1996).

Vol. 46. No. 1. 2002

13) Grana, X, and Reddy, E. P. : Cell cycle control in mammalian
cells: role of cyclins, cyclin dependent kinases (CDKs), growth
suppressor genes and cyclin-dependent kinase inhibitors
(CKIs). Oncogene 11, 211 (1995).

14) Oltvai, Z. N., Milliman, C. L., and Korsmeyer, S. J. : Bcl-2
heterodimerizes in vivo with a conserved homolog, Bax, that
accelerates programmed cell death. Cell 74, 609 (1993).

15) Agarwal, M. L., Taylor, W. R., Chernov, M. V, Chernova, O. B,,
and Stark, G. R. : The p53 network. J. Biol. Chem. 273, 1
(1998).

16) Serrano, M., Hannon, G. J., and Beach, D. : A new regulatory
motif in cell-cycle control causing specific inhibition of cyclin
D/CDKA4. Nature 366, 704 (1993).

17) EI8tHE . « SEERGEE . ARMMKR, E6 (1984).

18) Ashall, E, Bramwell, M. E.,, and Harris, H. : A new marker
for human cancer cells. Lancet 2, 1 (1982).

19) Suffness, M., and Dourocs, J. : Current status of the NCI
plant and animal product program. J. Nat Prod. 45, 1
(1982).

20) ek - AgFquige. Aa Ay eEwAE, A (1986).

21) Ohtsubo, M., Theodoras, A. M., Schumacher, J., Roberts, J. M.,
and Pagano, M. : Human cyclin E, a nuclear protein essential
for the G1-to-S phase transition. Mol. Cell Biol. 15, 2612
(1995).

22) Wang, J. Y., Knudsen, E. S., and Welch, P J. : The retinoblastoma
tumor suppressor protein. Adv. Cancer Res. 64, 25 (1994).



