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Caesalpinia sappan L. Induces G2/M Phase
Cell Cycle Arrest in Human Lymphoma U937 Cells

Byung Jae Jeon', Sung Min Ju', Hyun Mo Yang', Bo Hyun Kim®, Won Sin Kim®, Byung Hun Jeon'"*

1: Department of Pathology, College of Oriental Medicine, 2 Research Center of Korean Traditional Medicine,
3: Division of Natural Science, College of Natural Sciences, Wonkwang Unviersity

Caesalpinia sappan L. (C. sappan) has long been used in traditional medicine as an emmenagogue, hemostatic
and anti-inflammatory agent. The present study investigated the effects of water extract of C. sappan in human
lymphoma U937 cells. The proliferation of U937 cells was decreased by C. sappan in a dose-dependently manner.
Anti-proliferative effect of C. sappan on U937 cells was associated with G2/M phase arrest, which was mediated by
regulating the expression of p21 protein. Moreover, phosphorylation of JNK and p38 was increased by C. sappan.
Blockade of JNK and p38 was significantly inhibited C. sappan-induced G2/M phase arrest. Taken together, these
results suggest that Anti-proliferative effect of C. sappan on U937 is assocated with G2/M phase cell cycle arrest by
expression of p21 protein and, JNK and p38 activation.
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T Gl ofrlokA Gl EEEH, 1 Eo|7t 5-10 mell 23, A F2 AR ZE flavonoid X2 ZHe T U4
Z7)9+= FL A7 Qa1 FLerA e FEMoly Y8 & 29l brazilin®] FAEo|Y brazilin& F7] o] A3l o]
2% A4dwo]l Atk A 7HAdE &L Foee "ol glon brasileino] B}, o]} #HAF ATEE Moon” 50| ik F
e 23] AE Hooln e v253 Bl P ol d&35td 42 braziling ©]-83t n&gte] a7} S-S s,
Mo 1 & rlsa BREge "ol glon Wojx R Hwang” 5 brazilino] @40 M ZH5es 2483LS B
3 Zx 4577 S0 Atk AEvlE 5-69eH AAVE ardom, Kim'"52 Aol A brazilin®] FA3; 242 B

B

9-109 o]}, gtk & Lee' %52 brazilin®] 18-S (tanning agent) & &7

7 Qe BasAh

ZE o8 FHY ATl g FaAE, 7% EVY Jeu Aol A WEW AEol vXe P B A

73 AAAE, Earsa 22 A8 0 A48 5ol < ¢ =& Holth, wgtx] & AT A= thFd FeAE
WE, o4 28 dRdsta foHost Westal S YeiE fiKk EFFES AFESH AA "HxF AEF

- E-mail : omdjph@wku.ackr, - Tel : 063-850-6843 U937 A EZ2 el HX= o

- A4 1 2010/01/11 - $%4 - 2010702701 - AE : 2010/02/12 R 3l vlolt

o ofy

42

=

>

)

=2,

rr

gz-\;

>F

o

12

Ak

2

oo

o

fru

>

olgt

=

e

Sl

o

NooN
B L]
o> e

- 55 -



AA - FAN - FEE - QRE - 09N - AWE
AE L e U937 M EE 35-mm HiSF Ao 4x10° cells/dish® 2338t
T, A EFESES 24 A7 AYsAth AEE cytosping At
1 #K BEFEE Az &35t Eghol= Yol FHeT 2" AZ= DAPLH TS
K 100 g S5 1 LS AHE3sLe] 100TCoA 3 A1zt 5 (1 ng/ml)& Aol A=, DAPILHES 402 37T 15
Atk FEES 2,000 rpmoll A 15 F A4 E et HlFE&A4 B AAE 9aE e Hed2 AdEa gFdvFe
s AAAG FEde 732 Lﬂ@tﬂﬂ $1ell ¢tET No. 4 = ARk
AAAE Foto] AFetdtt AH=2 12 A7 20T B F,
A ANzxIAT FEEY FEW/ W) oF 364%9TH T2 6. A EF7])E4
Az" FZEL PBS(pH 74)9 10 mg/ml ¥ &33te] 2 U937 M E& 25 ng/mle A EFEES 6, 12, 24 A7

Coll Haetsla, Aol AHEst7] Aol 2l 4sta} ARE-stainh

2. Aok B @A

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
bromide(MTT), 4,6-diamidino-2-phenylindole(DAPI), Dimethyl
sulfoxide(DMSO), propidium iodine(PI), Ribonuclease A(RNase
A), protease inhibitor cocktail>Sigma-Aldrich Chemical(St.
Louis, MO, USA)ZHH T<istdth SB203580, SP6001252
Calbiochem(La Jolla, CA, USA)ZHE Y43ttt Anti-p21,
anti-p27 FAHE-2Santa Cruz Biotechnology, INC.(Santa Cruz,
CA, USA)ZHH T34k Anti-ERK, anti-phospho-ERK,
anti-p38, anti-phospho-p38, anti-JNK, anti-phospho-]NK & &
2 Cell Signaling Technology INC.(Beverly, MA, USA)Z%-E
A

tetrazolium

3. MEu e

U937 MEE American Type Culture Collection(ATCC,
Rockville, MD, USA)ZHH &% w93, 10% fetal bovine
serum(FBS, Invitrogen, Burlington, ON, Canada), 100 U/ml
penicillin, 100 pg/ml streptomycin®] XZ-¥ RPMI1640 H] X
(Invitrogen, Burlington, ON, Canada)E AF&-3t4 37C9} 5%
CO, el A w st

3

Al Z A

4 AZZAAN

A=

=
T

=3tk MIT A
Ao 93] MTT7} formazan

st ok U937 AEE 2x10°

[e]
=T

o)
A

MTTﬁoﬂ 100 ula Zyzt o] weuoﬂ 747}0}M4~,
o Hl4849 MTT-formazan AZEL 5 H9] solubilization
%%‘(10% SDS/0.01 N HCl)& % 7tste] &3l A7 AL, 5% CO, <
37C zxZstAAM 12 A WA Formazan®]  Fe
SpectraMAX 250
Devices, Sunnyvale, CA)E ©]&

/‘ﬂ—L"@zo

P i et

microplate  spectrophotometer(Molecular
kel 570 nmel A FAakgleh
W72 [(mean OD of treated cells/mean OD of

control cells) x 100]2.Z A AFst4ih.
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AP &, X R5E2 58519 PBS(pH 7.4)= A= 34t
A AzE B9 70% A2 4TAAM 1 A7 248 S
th. 249 A EE PBS(pH 7.4)Z thA A Hak 1 ml9] PI(10

ug/ml)/RNase A (100 pg/ml)&HoZ 2| FHA]AH 37T A
FAEAORE 1 AR W gst A DNA %2 FACS-Calibur(BD
Biosciences, CA, USA)E AH&3te] S48 Atk AXF7184

24 F, 9T ALZEE DNA F2 93l 243

< 1
ATt
7. Western blot analysis

AEZE €5 W4E PBS(pH 74)Z M #H3taL 1% protease
inhibitor &g o] X3d 5 IF &3] &5ABG0 mM
Tris-HCl, pH74, 150 mM NaCl, 1% NP-40, 0.5% sodium

deoxycholate, 0.1% SDS, 1 mM sodium vanadate) > = s

A

73 AL YoM 308 LAt AT LHAS LS 4TAA
14000 rpme2 20% ¥ 33, dd Txe
Bradford BAPY & o83t ZQsHATh % 30 ngel w4l
Z$S SDSPAGE A=z  Z3Pa  40VelA 3 A7

nitrocellulose ¥ 912 @ AS oA th Tl Zo] Hold
w2 5% BSA7} EHTris-buffered salinetTween-20(20 mM
Tris-HCI, pH7.6, 150 mM NaCl, 0.05% Tween-20)2.2 2}TA|

2 %, 13 FAS 2FNAD. W B4L peroxidaser}t £0]
= anti-rabbit EE anti-mouse 2z FAEZ A&

SuperSignal West Pico Chemiluminescent(Pierce, Rockford, IL,
UsA)Il I8} skt

SAAE
BE folEle] AE nfo]aRATE 0 3 oI A(EXCEL)
2003 ZRIPS Bt FAAE
deviation(SD)Z 7]&3}4t}.

3] meantstandard

2 3
1 A EFEE NEEA g ax

U937 A X9 #R 2FEE0 W Ax54e 5948 AL
7] Y3 #k BFEES5, 10, 15 20, 25 ng/ml FEE 24 A]
F A3 AT A ZAEES MIT assayZ SA A #hA &
FEES TR JEHoE UBT7 AT BEES FRAAY
(Fig. 1).
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Fig. 1. Effects of C. sappan on cell viability in U937 cells. The cells
were incubated with 5, 10, 15, 20 and 25 pg/ml C. sappan for 24 h. Cell viability
was measured by MTT assay.Value are means = SD, N = 3.

2. A BEFEE] Az st ta a3

fEA “Q ATEAo] e AZFe)Hsts B2a)7)
o] fEK & 5,10, 15, 20, 25 ug/ml S =& 24 A| 7t
At AExFepste FFAv|FoR

=FE

Fig. 2. Effect of C. sappan on cell morphology in U937 cells. The cells
were incubated with 5, 10, 15, 20 and 25 ug/ml C. sappan for 24 h. Cells were
subjected to cytospin, stained with DAPI-MeOH and observed under a fluorescence
microscope.

25 ng/ml ¥ %
A5k xﬂ;fﬂe %ﬂ—ﬁ‘é}%q A BEFEE A
oM GO/G1717} 40.20% 14 38.12% 743+,
2632%1 4 3030% Z7}stdTh 1247t E GO/G1717F
48.02% N A 20.64% 7ZrAFAL, G2/M717F 26.72%0 A 45.58%
Z7}8td ). 2447l M GO/G1717) 40.44% 014 18.53% ZH4
3931, G2/M71+= 28.28% 1A 39.44% %713t EE SubGle Al
rolEHOE 241%, 5.05%, 12482% % Z7F3+3
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U937A 9] A4l &7

Aol F7k57) Alztehe 12

-1 =
NZFM ATz Z7bekAthFig. 4). Lejv p27 Bl o] wg
ode #A EFE=0] obFd dFE vIAA Rk
- C. sappan + C. sappan
SubGl1: 2.15+0.98% SubGl: 2.41+1.03%
g GO/G1:4020+511% ¢ G0/G1:38.12+3.70%
. 8 :31.33+3.54% S 129.1743.75%
6h ¢ G2/M :263212.54% ¢ G2/M :30.30+1.76%
% s
-
™ R s B ™ T
SuhG1: 2.24+1.38% SubGl: 5.05+1.10%
§ GO/G1:48.02£2.21% ¢ G0/G1:20.641+4.10%
. ) 123.02+325% s 128.434+2.38%
i G2/M :26.72+2.51% G2/M :45.8843.65%
12h ¢, 5
E i
| _u____l
SubGl1: 2.03+1.54% i SubGl: 12.4242.22%
£ GO/G1: 40.44£2.16% ¢ G0/G1: 18.531+2.08%
) 1292542.62% | S :129.61+3.54%
24h G2/M :2828+2.68% G2/M :39.441+3.12%

Fig. 3. Effect of C. sappan on cell cycle in U937 cells. The cells were
incubated with or without 25 pg/ml C. sappan for 6, 12 and 24 h. The cells were
fixed and stained with Pl and the DNA content was analyzed by flow cytometry.

C. sappan treatment

p27

- o " o == e | (-actin

Fig. 4. Effect of C. sappan on expression of p21 and p27 protein
in U937 cells. The cells were treated with or with C. sappan (25 pg/ml) for 6,
12 and 24 h. Whole cell lysates were subjected to SDS-PAGE followed by Western
blot analysis with anti-p21 and anti-p27 antibodies.

5. fiK BE32E9 MAPKs @40 o3k az

MAPKs A& HAG71HE& MEF2 0] dojr T8 9T
Festa ok U937 AEo] AMEF A A MAPKsS @& st
ik B52E9 ERK, INK, p389] Z4d) tig azs 2Abs
Atk Bk EFEES AY ANEE IAWERTH v ast
INK$} p38 &4 Z7hetd A%t ¥H 2 ERKEA L 74354
t}(Fig. 5).
6. iR EFEEY G2/M7] AA o Uldt INKe} p38 o)A <
a2y



YA - FAY - FEE - PuE - 994 AEE
AR EFEE9] INK9 p38 B4 717 G2/M7] A A #e B8 weta, AR i T st AsagP
vAlE 895 ZARIAY. U937 AlEe Ak EFEES AT B2 TR el AEY RAAAH B3 5 #3519
371 3417 Aol INK ©}4141(SP60125)S} p38 o A14(SB2035850)  ZAlo] ols) MAHE o el gow, olud ¢ 57
S AYstAth INKS p38 dAA= #hA EFEE AT < ol &8t AT FolF o Agste PHE £3
(44.10%) 7 vlaste] G2/M71E 7zt 38.32% <} 37.13% THAAIA 4ol g FUA ML AFvF B I ok TR
t}(Fig. 6). 3o} 4L ME AWEE BA glon S0 APASyE
E3e Ads g
C. sappan treatment 2 =EoA #R EFEEY] U937 Az vt Ax54d
6 12 24 6 12 24 A g AEFIGA &I ] ERIEHTh A BEFEELS
| —— —— — — ERK U937 AZS) MEZAEES FESEAOR AT, ALY
| | o-BR of 2 W glo] MESE FAAZA. o AREL Gk BFE
Bo] U7 AEe] FA Al axrt dvke AL BoFa itk
= | ik 252E2e) AZSAAE FAZEA g8 G2/M
T T = 7] A BEH o] Yoke AL FAG & YA Gk 2EE
B A 6A 7 A G2/M7I7F Z718H7] A RS 1247 A E
‘— -_— A T — —‘ p38
A 20%4E Z7FEAT. UA AT G2/M7]7 10% 3 =
‘ -— ‘_" p-p38 7}t AR, apoptotic peakl SubGlESH 10% 8% F 713t
‘— — —— — — —‘ B-actin ool AASL MR 2FEZF0] G2/MY] BAE 3ol U937
Fig. 5. Effects of C. sappan on phosphorylation of ERK, JNK and M S4E AAIARL A2 Azbe] Do} A5 apoptosist
p38 in U937 cells. The cells were treated with or with C. sappan (25 ug/ml) fre=se AE B33 o
for 6, 12, and 24 h. Cells were the lysed, and the supernatants were subjected to = g 2= ZA3 B o] = SLO A3
Western blot analysis using anti-ERK, anti-p—-ERK, anti~JNK, anti-p-JNK, anti-p38 k“i_"ﬂ € X] = oe ‘L} 51’0" 01 F&ﬂ- e ng §}
and anti-p-p38 antibodies. th. AJZF7]= cyclin-dependent kinases(CDKs)ell ]3] %73 %
o7 zxgﬂx]uﬂ , CDK#4<4 A8 CDK 9 A A (CKIs) ol
£ fr a1 o 17) 3 x IS R
A SubGl: 2.16+099% | B SubGl: d.42%1.05% o3 $4HozE 2dAn”. A4 EHEEALY CKist 2
i GO/G1:43.8413.55% & GO/G1: 20.421+3.31% 7FA FR/7F Aok shve CIP/KIP side & p21WAF/Cipl,
5 126.3813.36% | S :131.0622.67% . = = o
: 8| 27Kipl, p57 &°© RE CDKEAol| 3 A LS
G| CaM 276242 78% f G2 1 4400+2.51% B o P DA Bl B
§ 3, o7 e EFE INK4 9122 2] pl5INK4B, pl6INK4A,
' pI8INKAC, p19INK4DE CDK4¢} CDK69] 24 x4,
olggt MEF7|2E 7ML AEFHE 2Hte 7]80] Ha,
s B AEESE Baso] AP, 53], p21 Bulde AL ¥
; ; S} wsjo] Balo] it Ao o] ATV, ik B4
¢ SubGl: 3.53+1.06% ' p  SubGlL: 3.31£1.06% Do A F O] =20 A ol & g WAL ZIAA
T GOGL:24244457% 1 GOIGL: 23.45+3.50% &£ U7 A2 SAQAAA p21 @A ke
S :3391+3.36% S :36114329% A, p27 @A Bdel= dFe FA Rtk o dae
¢ G2/M :38.3211.77% ‘f‘ GZM :37.13+£2.92% p21 S Arto] gk EFEE o3¢ U937 AlX G2/M7] 3
k k Ao BAFTHE AL BFT YTk
; 8 ! Mitogen-activated protein kinases(MAPKs)—‘C— AEZF2, &+
) L | 3}, apoptosis®} 22 Ty MENESEY ZHo| TAs=
L] b g -] 0 156 L] 0 A L] -] {[--
ine/threonin kinases©]tF, 72l Zjo]& 7|E o2 &
Fig. 6. Effect of JNK and p38 inhibitors on C. sappan -induced G2/M serine/threonin Kinases 7. Aol & 712 ot

phase arrest in U937 cells. The cells were preincubated with 10 M SP60125
or 10 uM SB203580 for 3 h, and then treated with C. sappan for 12 h. DNA
contents were analyzed by flow cytometry after Pl staining. A; Control, B; C.
Sappan, C; C. sappan+SP60125, D; C. sappan+SB2035850.
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MAPKsE A 7}A2 85 B HERK, ]NK/SAPK, p38 kinase)™
ERK % &&= mitogend} growth factorSel s &g s A
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HZzHoF, INKS p38 A2 318t4 e 344 2Ef 24
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