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Effect of betulinic acid on proliferation, apoptosis, and cell cycle
of human lymphoma cell line Raji
CHEN Zi, WU Qiu-ling, CHEN Yan, HE Jing

(Institute of Hematology, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan 430022, China)

Abstract: Objective To investigate the anticancer effects and molecular mechanism of betulinic acid
(BA) on Raiji cells in vitro. Methods The effects of BA on the growth of Raji cells were studied by MTT
assay. Apoptosis was assessed by Annexin-V/PI double-labeled cytometry. The influence on cell cycle
was studied by flow cytometer. The cyclin D3 mRNA expression was checked by Western blotting and
RT-PCR techniques. Results BA showed obvious inhibition on proliferation, as well as induction potency
of apoptosis on Raji cells in vitro in a time- and dose-dependent manner by Annexin-V/PI double-labeled
method. With the IC;, value for 24 h being (39. 44+0. 65) pg/mlL, Raji cells treated with BA showed ac-
cumulation in G,/G, phase and reduction in the percentage of cells in S phase. The cyclin D3 mRNA ex-
pression and protein were sharply decreased in Raji cells treated with BA. Conclusion BA could inhibit
the proliferation of Raji cells by regulating the cell cycle that arrests cells at G,/G, phase and induces apop-
tosis of Raji cells. The antitumor effects of BA may be related to down-regulation of the expression of cy-
clin D3.
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ERIFL=HREEVHAMRAREFTERDH
e, ABFFTLL Raji AIRHBIRNSR, RAAOK
JERESMESRA T, FRMA AP AR HXER
DRAREABMEE (cyclin D3) £ mRNA f1IEH
FiBKFEME, LT AR MR ER NS
FHLH

1 MH5HE

1.1 4081 A Burkitt JERHME Raji éﬂ]ﬂgﬁe
HEFHERERFESRE TR E R4,

1.2 #ZAYRFERN-BHEBER FREH-E>
98%), M B Alexis A8, BB T _REEM (DM-
SO) &, KM 5 mg/mL FRI¥EEH.4 C %
. MTT.DMSO. Bt W& (PD.EHBEM®M A
(RNase A) ¥y Sigma 22 &)™ f. Annexin-V/PI
R &M B EY & EEDH &2 F . RPMI-1640 3
FEM A Invitrogen A ;4 M & (FBS) WEK
M UZEHF A RNA #1321 F & Trizol B Gibceo
A BN BB . EKZEIE™ e, RT—
PCR i/ &M A Toyobo A d], 3 ¥ H Invitrogen
NEIEB. cyclin D3 BRI AL TES &, BT
/Y™ (HRP) HricEH PRI HWEEE
Santa Cruz 22 7] . AL R ) (ECL) XA &M A %
[E Piers 4Y#],

1.3 MTT 8BB4 KM Raji 40588 B
BEX 1X10°/mL,#EH#MTF 96 FLIR, SFLIMAKE K
200 pL, AR R B E M B #EAER 10.15,20,30,
40,60,80.100 pg/mL ZbEE4IfE. BRHAYRBHE
B 6 477, et DMSO x4, & 37 C.
5% CO MBIk 24.48.72h, RIEFAn
A MTT %# (5 mg/mL) 20 pL.,37 C. k% B E
4 h, & k33, FRE.CHLE.L (1 000 r/min, 5
min) , Ff. A L#F. BFL WA 150 pl. DMSO, & %
10 min , {# 45 S ¥ 755> B #& . B Al Bio-Rad M450 K

- B (K 570 nm, XK 620 nm) RER G E

(A) {8, ¥ 55 40 J 38 8 40 o 3% [ 40 B 6 50 30 i) R =
A—3XBH AE/XHEHA AHX100%],

1.4  Annexin-V/P1 XUFr 8 it X 40 B R 4 3 48 i
AT AAFRBEEM IR (0,20,40.60
pg/mL) 4b38 Raji 4188, BTF 37 C.5% CO. 3
LI 24 b #E Annxin-V/Pl 7 & 35600 B T8
fE . R FRAE S, ARFMARAKE N
1X10°/mL, B 4 C # PBS ¥t 1 K. F L, H 100
pL BRI E A MK, M Annxin-V-FITC 10 gL
MPIS5 L, FEWBHF 15 min, MEEE W 300 pl,

MAWRAHM (BD 25 KM BT HK
(Annexin-V-FITC ¥ PI BHtk) B4,

1.5 DNA fikor b3 40 88 . AR &R
EHMEHIER (0.20.40.60 pg/mL) 4B Raji 44
M. BT 37 C.5% COSEFMESF 24 h FWMEA
M, HEERMARMGKESN 1X10°/ml., A PBS
Wl1W,mA 75% Z B 500 ul. 4 C B E T K.
1 000 r/min B.{> 5 min KR8 PBS % 1 &,
A 20 pL. RNase A (1 mg/mL) 37 C K& 30
min, fii 300 pL PI (50 pg/mL),4 C @t 30 min
G2 ARKXMEEN (BD 28], A Cell Modifit
R raeEm. '

1.6 RT-PCR %88 cyclin D3 mRNA gk
1.6.1 3|4 .3|%i8 it Primer Premier 5.0 {4 8
TR 2 LBERAF M. cyclin D3 519 F 5
Hk E#EI1 .5 -AGCGCCTTTCCCAACTCTA-3',
TFT#3 8.5 -CCAGGGTTACCACCACTTGT-3,
P 3™ 481 bp, B-actin 51T R L #5145 -
CTGTCCCTGTATGCCTCTG-3', F ¥ 3| #9: 5'-
ATGTCACGCACGATTTCC-3', #" i#§ ™= ¥ 218
bp,

1.6.2 06 RNA 2. 8 Trizol R &% H
BIELBTHIT. WHE Raji A (HRKEN 2Xx10%/
L, G HERE R 0.20,40.60 pg/mL 4 24 h),1 000
r/min B.0» 5 min,PBS 3 1 K. AR 5 A
1.5 mL EP B, HE WA 1 mL Trizol ,i85], UK
30 min, HIA 200 pL ® {5, BIZIM% . KIB 5 min,
4 'C,12 000 r/min B.{» 20 min, B FBEAME,. A
525ERHRAMESRS K 5 min, 4 C.
12 000 r/min B.{> 10 min, % L%, Fi3EY FH DEPC
AEEM 5% B 1 K, ZES P TR 10 min, A 20
nL DEPC K¥5 % . ¥ B718 RNA RN JEHBE Y
W EME (Ayo/An>>1.8),i1H RNA &,

1.6.3 Wi¥ERR N 3% RT A & 58 B #1778
¥6,RT Rk %R} 20.0 uL,RT K K 4 & : DE-
PC /K 5.0 puL,5 X B sh ¥k 4.0 pul,dNTP 20 pl.,
Rnase %I # 1.0 ul, oligo (dT) 1. 0 pL,RNA
6.0 puL,Rever Tra Ace 1.0 pl., KR &4 :30 C 10
min, 42 C 20 min,99 C 5 min,4 C 5 min,
1.6.4 PCR ¥ . RM{ER 20 pL, PCR R4
10X Bk 2.0 ul., MgCl, 1.0 uL, dNTP (10
mmol/L) 1.0 uL., Taq 8 1.0 uL,cDNA 1.0 uL,
ddH,0 13.0 zL,5|# 1 (10 pmol/L) 0.5 ul., 3|4
2 (10 pmol/L) 0.5 pL; IR G . R B L. AT
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PCR B . cyclin D3 PCR ¥ ¥ &% 94 C.5
min, 94 C 2 # 30s,60 C B 1 min, #4710
A1%¥,94 C.30s,53 C H# 305,72 C FEfi 30
s, #1725 NMEXLB|JE 72 C EH 10 min,4 C
RTF. PCR =¥y ik 5347 : ] PCR ¥ 6 pL F
1.8% BiAgsEgE ik (DYY—H12) Lk, FE
100 V Bk 20 min, B 8B R 1S1000 F R,
Al Gelpro3 ¥k T KR .

1.7 Western blotting B8 ¥ cyclin D3 BHH E
BB EAERKPEERBKE QIR (0,.20,40,
60 pg/mL) A 24 h |58 Raji 498 4 X10"/mL,
PA PBS ¥ 1 &K, 7% L2 60 min, 13 000 r/min %
£ 15 min RRVLE . ME LHRPHES. BRK
EINE B 50 pg, FAT+ = ke 5 0 B 0 3R 7945 Bk
Bk (SDS-PAGE), #¥#BEZMMALREL.
5% BTk 37 C M 1 h,5—4# cyclin D3
(KREHR 1:50004 C BEL®. A TBST %3 K,
¥ 15 min, R/ 5 HRP IR R 1gG (1 -
5000,37 CEBHE 1h. HHMRAEREETHE
FLRH B, A BE AL R A . R A BioRad
RAMERKRIFN AH,

1.8 Stit%¥ k.M A SPSS 11.0 %k #fr 43t
P BB ot BRLCARBKERA : BE.

2 &R

2.1 BHIEMXT Raji ARMBEAHE . GHIRR
LA B Raji 400087 , 3 H 2 ot &) F0 75 B 4K
BE(E D AFRRBRKRECQHISRERT , 4K
HMBHEYHEBRET Raji MEX B4 . ERBF
(P<0.05), #E/ 24.48.72 h Bt IC, 42 5K
(39.44 4-0.65), (26.26 + 2. 39), (15. 35+ 1. 83)

pg/mL (n=3,P<0.05),
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HRA NI /%

M1 B&KRM Raji SMMMANNMER (x5, n=3)
Fig. 1 Inhibition of BA on proliferation of Raji

cells (x+s, n=3)

2.2 H¥IEMX Raji ARBTHOR®W. LE 1.

Annxin-V/PI JUbR#: 5 4R M B, B F B
PElem BN M, Raj AR EEEMRE . B

RS BHBE.
®1 B¥EKBRY Raji ARMTHER (xxs, n=3)
Table 1 Effect of BA on apoptosis of Raji cells

(xts, n=3)
RREE/(g-mL-DBRPRATR/Y RPFATE/K  SHLTE/Y%
(%} ) 5.08+0. 37 1.1940. 28 6.2810.64
20 10.06+£1.07°° 1.98+0.19°° 12.02+1.27**
40 18.20%+2.35* "  9.49+1.62* " 27.681+3.96" "
60 53.54+1.43"° 21.06+2.04" " 74.61+3.38" "

Sxf AL ** P<0.01
* * P<<0. 01 vs control group

2.3 BEHIEMX Raji ARARKE®E . RL2. &
[l B B ¥k B2 I MERE MR 1 A Raji 4800 24 h 5. 41/
AMEERE AT REEAREABEEE G/GH,
Go/G 343 40 3 LY 71 B 11 8 RS IR ) R 300 OKC T 2 8 380 G
(KA1 40 pg/mL BHABIEE) X G,/M HAKR
ERAHE.

2 A¥WERYM Raji ARBMOER (xts, n=3)
Table 2 Effect of BA on cell cycle of Raji cells

(xxs, n=3)
R/ MBI/ %

(ug *mL™1) Go/Gy S G,/M
11658 8] 44.51%+1.12 43.33%2.07 12.16+1.78
20 52.94+2.64"* 39.85+£1.98"° 7.2142.32""
40 58.64+1.57"" 28.59+1.25" " 12.78%+2.11**
60 55.714+3.69*" 31.71+2.37"" 8.58%+1.53""

54 s: - P<0.01
* * P<0. 01 vs control group

2.4 BEHEIEEXT Raji 4l cyclin D3 mRNA %X
R . WE 2, 20,40.60 pg/mL EHIRM AL A
cyclin D3/B-actin {43 %% 0. 68110.015.0. 265+
0.016, 0.008 + 0.001, B EM FET AN B4
(1. 0274+0. 020) (n=3,P<C0.01),

B MR/ g mL ")
60 40 20 0 Marker

100 bp

B -actin (218 bp) B e 200 bp

cyclinD3 (481 bp) e S 50 bp

B2 B#%BE% Raji #188 cyclin D3 mRNA iAKW
Fig. 2 Effect of BA on cyclin D3 mRNA expression
in Raji cells
2.5 BB Raji i cyclin D3 BB REN
®wW . LA 3, 20.40.60 pg/mL BHEIRMAEA Raiji
MHE, HeyclinD3EAREHHBHB (P<.
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BEMm/(ug .mL")
0 20 40 60

cyclin D3

B -actin

M3 A¥EE Raji fM cyclin D3 HARZHER
Fig. 3 Effect of BA on cyclin D3 protein expression
in Raji cells
0.05), H 2 fl MK itk .
3 Wig

BHER ZFETEMRTET . AHRME.
VAR R RS A ERIEY T SRR
EHREXBAR P LEHRBETITUESRH
RS, WX EEARERG A, ZLREREK
B, AR MR BB E 1 M ] Raji MG, HETH
FiE 34 78 1 PR A B (B) L 7R BAR A, B cyclin D3
FikRENG, 278 MK

Annxin-V/PI AR ERMARBATLERER,
BHEAR R LA AR 7 X% % Raji AT, A
PERR AR 4L B Raji 408 24 h, 302 30 8 v & F 8% 30
TR RO IR . BUHBTRRNA SRR
PR 7E T 1 PR 65 T 00 40 P 0 42 B 40 O o BT LA
TR A e B RGE B R AT AR
AP, ABRARIBRES Raji ARA T, W]
BB THMEBEMERT &4, B REYLH M AF
3.

EHRERBR, AMIEM EEME Raji HHH
T Go/G .S AL B Z BT A . ERENRRRIE
A F Raji 1K 24 h J5,G./G 33 40 i LA 0] BAK B 49
TR BEWT . FIeE .S 340 LA 2 48 A0 75 S
L RUBHIBRRERY G /S R AHEM . cy-
cinD 2—FHERHN G,/SHEXHRES T, EEM
59 A5 E O KB 8 (CDK4 5 CDK6) 44
BERESY . BERE NP MRBEE SR Lm
M HE pRb I HLE B Rk SIERRLMN
pRb HZ & E2F R B F,.4ME s AR ER
R R EHME GHHA S # . cyclin D 45 3
M H :cyclin D1, cyclin D2 5 cyclin D3, B2 40

e e o T e T T ™ g o P e OO o1 g g D1 g s oA g0 0 g DB g 0 g e O g I g e o e T Lt T T o T e T L T T T

B, iR A RAR . HP cyclin D3 BHE
AEBARAESHEREAREXRBAIFETIN D KM
AMER.FAEHKXEKFS NHL BHEREEW
BIEMET B cyclin D3 §95K V8 X F 1 fn & 4
MORE RREERHEZENENL. ZHRUA
RT-PCR #1 Western blotting ¥ T A [ 5 & ¥#
HE B3 #ERE B AE A Raji 4105 »cyclin D3 % mRNA
MEAKENREEN. SHERLREEE X
fff Raji 400 cyclin D3 #§ mRNA fIEQ#EEMK,
ATEAHEM cyclin D3 R @RI BER FEUERHEMER
RERBROEESFHLH .
BAMEBARSRMKERMEMBEASEME P &L
WEEMON, FHOLTHBTRCRE-EHE,
ENAEEIEAME. ALK LA Burkitt ¥ B8 40 49
B Raji MAHBFTM SR, R AERRAT LUES T
¥ cyclin D3 W33 W T ¥5 5 MRl 40 B & 4 40 B 8
BEMARAT. OERERT Z.ARRAD . B
EXNHERANMHOREARE, AEREENAT

AZ A5 B I6IT S BB .
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