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Anti-Tumor Effects of Flavonoids on Leukemia

FAN Tengyun, LIU Yachen, LIU Xifu, WANG Meng*
(School of Life Science, Hebei Normal University, Shijiangzhuang 050024, China)

Abstract

It has been widely recognized that flavonoids have a variety of biological activities including an-

ti-inflammation, anti-oxidation and so on. Flavonoids have been demonstrated to be effective in protecting against

several diseases such as cardiovascular and diabetes. As for the anti-tumor effect, flavonoids can inhibit the pro-

liferation of cancer cells by inducing cell apoptosis and cell cycle arrest. Because of the safety and low side effect

rate, flavonoids attract more and more attention on the treatment of cancer. This study systematically summarizes

the effects of flavonoids on leukemia, surrounding the induction of cell apoptosis, cell cycle arrest, antiangiogenesis

and increase of reactive oxygen species.
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Fig.1 Structures of the different flavonoids (modified from the reference [3])
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Table 1 Representative substances of flavonoids and their major food sources

E2S RED YIRIE
Name Respresentative substances Food sources
Flavone Luteolin, apigenin, nobiletin Tea, florence oil, chilli, lettuce

Isoflavone Daidzin, genistein, daidzein
Flavonol Quercetin, kaempferol, fisetin
Flavanone Naringenin, naringin, hesperidin
Flavanol Catechin, epicatechin
Anthocyanidin Pelargonin, petunidin chloride

Soybean, broad bean, pea bean
Apple, peach, grape, tomato, tea
Orange, lemon, grapefruit, lime
Cocoa bean, raspberry, nectarine

Blueberry, strawberry, plum, cherry

S5 1 I 43 18 1 B & L (chronic my-
eloid leukemia, CML)~ & 49k (40 g (9 IfiLJi% (chronic
lymphocytic leukaemia, CLL)%",

H AT A s a7 TR A R . 1k
JYU iRy TR . BORERERS I —PRYT T R,
HE SR AR AR B I HE R SN 7 T JR FR A
A RO T 3 M9 PR a7 473 32 B T AT T 2547
5 I 20 R R T A A RIS BNE TT H B
SR, DA AT 20 B BA ™ S EIE R, B
TN ZEN 2[RI, LR 4 R 24 1k 2
FALST 25T B0 3 T IR, AR T B A &
B IUEEZER. B, BERETIRIT 7%, LA
/> LR VR T AR e A R B E AT, S LR
S A TR s AR TS P AR U N L

VTS AR, B R A S VR SR S B B R A A
VIR 7> 45 FI T RE LA AR S S VR I AU &%
FA R, WIS, RIS LA A
L0 PR 908 R AN g RV — 8 5 i 2R Ak 5 W)kt

T AR RATPURERCR, MUBESAE IR, %
S fZ5M0F S A LR AR 1, 3 T DAAE g ok
Wee I 1 A5 240 L 0T A 9 245 P B T 24 PR T T A
R AR AT E AU ST AR AL .

1 =L &Y% B MR R L
1.1 P B M 2ERE A LA

PR, O E & i, HAEE MR
JH 5 P8 KS624H i b B B I A # AR, T
eI L BCR-ABL/STAT 55 5l B FILIE p3 815
TIE B RN A MG, AHEE 2 T, 1K 1 R B
(R 2H 53 75 IR A b 3% R A s ™ #
A R ) S B i 25 (purre total flavonoids from Cit-
rus paradisi Macfad peel, PTFC)AJ I 2 #]Ifil]| Kasumi-1
MM RSN ESE , H PTFCX Kasumi- 1 28 H 3 5 1) 417
HEH 2R EA . A, PTFCHHI I ZCR B
FAT 9k e = b e 3 o PTFCER & =S AL fitixs
Kasumi- 1 20 0 (1) 38 GE 40 ) 4 B b 5l i) PTFC AL 28
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B, R PTECHN =% b — A7 A4 S RE 5 P [ 4111
il Kasumi- 140458 , PTFCHE N T Kasumi-141
N = A A R R B B T RAR TR A,
N LA B BB R A4 3,4- 28 S B B BEXT A
MR AN HL-60 LI 7 40 dt. 3,4- K45
I 1 of 1o 5K p- R £ 1K) K562/ ADRZH i Al id 2%
X Bel-2 (1 U-93 74 i 4 BA 25 () BG4I/ E F, T
X 22 1) A B BE S I N A0 B 40 L (periph-
eral blood mononuclear cell, PBMC)JG & 2 1 41 ffo 25
PEAEF BT, ax ez B EH 50 B A 2R AL S 10T
75 B e A FH s ae a0 ] 1 L 248 P B S B
{RHAE A A BT B I3 1 FH AN B A
1.2 CaspaseF A& SHVHARAT
Caspase EHXIGEAH 14N HEERAREH
il e M R R L, e AR S A R R T R R A
KEER Y, S 590 11 caspase & [l #
3 NS HRAR caspase, U4 caspase-2. caspase-8.
caspase-9fll caspase-10; LA S XU caspase, £l cas-
pase-3. caspase-6fllcaspase-7"", F-LGE PR GV
AT E I JE AL A caspase-3+ caspase-8 1l caspase-9,
FHFEH MR T . GeB R Z AT 5 3 caspase-9 41
caspase-3 [ FRILIK- T+, TE A caspase-31E— 2
DI R Y PARP, BUfli PARP BT U]k Kk /K -F T
e, (Al G 2 W] SR ST T2 8 1 Bel-2 1 Bid
IFRIEBRAK . YRR R TE 30~50 pmol/LiK % T fE i
E15 FHL-6040 I T, H 2R MmN, ek,
MRS ABER 3R (R 0.24 0.4 mg/kg, B2 R7E
S — IR, EEBEE I 28 K ) AT A R /N BB T () e
AR R HEZH RN 98 /0N R 4R B A 35 O A R PR
XYL AR R 2 A T S E H E B R dat BfE
TR AR YU TR A LI, YRR 0
TSR P I A ) S T S A AR . B
B A )3 = 3 T I 41 B HL-60 /1 NB4 A1,
BARBMTER, H LR A8 77 U0 cas-
pase-3F1BY PIATE L H PARP. A1, caspasefi i
M I 58 P AR A T I R IR AR il A, 2k
B T 1 N PRI T2 I8 A% I REAIE 2 20 1k i R A7
(mitochondrial membrane potential, MMP) 1] 2: #i 1k «
4 B 8 2 C SR RE T8 21 41 i 5T LA J caspase-9[1)
WO (B2)0 3 8 1 58T 2 MMP LR 4 40 ] ¢
FCKPRERAC, LMK FRdi ik C
Fl caspase-97/K P& & Ftimr . BbAb, EFEEE FXT cas-

pase-8HIHGEER AR R . S, EFEEHIE
HEANER MRS EE S A IR TR ERiE,
R B VAN E B £ 2 7] HL-60F1 Kasumi-1 4]
HL R oA o B3, B2 A E AR Tk
AT B INLR B FE R, AMEHE &K
HH I 5] D B A T LA () 23 WAL, [R] B A i B 24
TE A A€ 28 C AN 4 R TS0 40 o, IF SR IR
ZE MRS IE R PR T IR AR 51 A I 4 i )
WA T eAb, HRmT S EHL-6040 i HH 2 J8 T8
Bax#®iA L, PriH T8 H Bel-2. Bel-xLAI Mcl-158
KT 0T caspase® A KR, #ME IR L RKIL R
%S HL-6041I il o caspase-9. caspase-3H1PARPf{ 5]
DAL A LR K590 ; 72 NOD/SCID/M EAER N,
B CRBEA T /N FF R CDASIPH MR B2,
VLA AN g 2 Z4E NOD/SCID /)N B i B A i (1 19
. XL RENEY] 1R S Y RE g I
S AL A0 O O T A B e R
1.3 #HI 20 A0 B HA 28 B RO SRIA 5| RS 40 A6 B HARE %
Y I A R R AR K I T . SRE R
DNA$R & 5 V45 DA S e iE S5 ). i) A B Ak
WP (cyclin-dependent kinases, CDKs)A i 1 55
H (Cyclin) &G Y m ok 48 i i JHE AT 4%, BA AR
CDKSs Al Cyclin & &40 47 20 i & 1 1) AS ] () B B ade
A7 (B3)B4, 20 i Jo i B KPR i Ve 7 o
P rp i — /N F2 a4 AR A PR R AT R T
JIF g S P M B, 3 0 ) 4 R A T A
T L A 2 R S LR, BELLE 2 53 2R
LW-2132 —Fpr & i s 2R &4, v 580
CMLZH i J& 3 BEL 75 72 Go/M B, A% Go/ M348 it (1)
EU 51 B J2 52 94 B TS [R) A A e 3 . X T~ K562
K562r4f /e, LW-21318 0] {8 G HH R 4R B L 34 m , 3=
WILW-213 R 5 31X M0 R AE G I RE A o Go/ MUY
HERE 75 BE AL CyclinB/CDK 1 5 &4, S2I6IESE, LW-
213 0] i (4 M7 41 FF CyclinB i 21k R BF. CDKI1f
IR AL T F B CDKI1 2k £3E M, 7£ K56241 fiu F1 K562r
A, LW-213 7] 3 i pCDK 1 I RIE Ko IX gk
REW, 5 'F CyclinB/CDK 1 [ FRIiE K2 LW-213 5%
K562 K562rH il J& 1 BH  7E Go/ MIBA I B BT,
AR WA A AP 325 A T 15 5 40 i B 40 2 FH
i, FOADRE K S 62400 A fr 41 it 8 WBE i 7E Go/Gu i, JF
HEFERBNECT [FFEAE A — PP R AR 1) 15 i 2
A, v 2t ml g A I 41 i 3 L 7F Go/G,
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Fig.2 Mitochondria-mediated endogenous cell apoptosis

E3 4RBaEHAEIZ(IRESE ST 34112250
Fig.3 Cell cycle progression (modified from the reference [34])
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CDC25a. CyclinE. CDK2F1p534% & ik /KT F#K .
X gk AR 5 Gy/G R B 958,
1.4 iBd NEAVEGFRELEIE4 B

M A a8 B L A ) £ R, AR E
AR WRIRR B R DA A v B A P,
I8 AR AR R TR RE R AR R R ) — AN BT A, AR
SRR AR 3 ORI R AR R E AR R

A4 O L (R4 S PR I (I )
ARG At L 8 1 R (LA BE NG AR MR . 2 R
B REIR A, B AT eIk EL R A I TN AR T TR A
HEEEM. M N AEKEF (vascular endothelial
growth factor, VEGF) 2 1 11 22 it P 5z 2 Jf ) e )
FE A 2257 R B R 1, AT BRASE L A 4 g 4 i 1) G
HZEARRE, RN (K] 4), 7RI RS0
VEGF/K T E S HUE A R 2 IEAHM, 7- 5% F
HE-5.4°- T L4 7 9 R (7-difluoromethoxy-5,4-
dimethoxygenistein, DFMG) & 44kl AR 2K 16 AT A4E
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Fig.4 The process of tumor angiogenesis (modified from the reference [40])
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1EH 4 1 ROS /K P Ab T 3l 25 F 7, X 4
MAAE M IER ARG S S EXERE, iTLlf
1R 20 M55 U9, SR, ROSFIHTEAL BT 1l R 4i 2
) R AN P A7 2 5 SIS B 38, DT 51 R o AR 47
ROSIIEH BB WM, IRHKE T, ROSH LUEN
A R iR & A2 R0 S T S S 4 T AR B iR
FEF, ROSHIRE A AE B r4FE U8, 38 i1 ROS
(1 7 A= B AT ) T o A I R A A L, T
Y1 9 T2 R ROS AR 6 1) 41 B AT T2 LA S 47T i 8 11
H 9, SRR B VLA 3 R WA 25 R AR
YR R I ) — SR MY I, AT 3 I ROS ™=
A, RSN APL AN MO 5, S 2 kA 4 4
PP AE T B Gesl A 2 T i R 4 i o 0
T fig JUL M 2 Y R ok T K G0 12 Sy A TR I L Tl
(cytosolic NADP-dependent isocitrate dehydroge-
nase, cICDH)HIZIEE, 340 A\ HL604H g ROSH]
FEA R T HL 6040 M i 35 5 51, b, 3%
i 2tk & R R el i@ E I ROS/KF, T
F 1097 20 B9 U937, THP 1A HLGORI TS, M~
A G B R A 2
1.6 MHEIMEEANRESHRR

W HE E R —FKANLINSS kDalf 3k AL 71,
A3 el B E MBI R, IX T AT R
TR, TS R AR AT D A A Y

BXTT AR, 28, RAYREh%E R
AEEMEHPY, MEEQCHIELREA =M
PG R, PR RIS GO . KEWS S
A7 R AN AK KA Bk 45 5 7 6 5o IO bl 57 2 — 2%
TER T8 B B AR G AL, AT 5] &S D RE =
W T R AEAE BNy A& P B, LI 2 il
RIRTE 2 ) S EUOR BAR R L GTER R TY
ey, B | R G R BB BT A L i 2R AL
BWHRAMEHE T REGEMERENEN, IFH
TEHL A ML A 58 A 2RI T AR R B A 2 s
Aurone Sasg—Fh N T & B EE , C#IE S & —
Pl B B AR, BEE N R 0 Ay X A
Il Aurone 5a'5 il E B A Z (A4 Gk s &5 547
RB T RO &0 M. EEAREGW AR
B, Aurone San] 5 RKANHE 3G 4+ ME I 45 A S &
H, YHEGMEEORE, REA PR L 5]
H49n. Aurone SaftAR A~k vl 1€ H T 851 41 s PC-3
SN R 40 MR 42, 51 PC-341 M T2 25 R AR B B 2
AR FEPE L RN, Aurone Sar] {lifill mycifs S 12
PR TR G0 P 1 I, AN 25 B 5y o 7= A B R 1Y
BRIECY . LA IR HAG S R R B D RE . 2-
A5 A SR -4 — AR R A R A — PR IR 2 A
JRB TR, T S E B R A T
A 22 4y ZLBE , PN S B A% 40 B (I 4 R
MV4-113858 . 1E 7 X M, 2-46 7
A -4- T AR AR AT 5 30 B B AR OK AL B
g A s A, T ES BOKANIR R A 58 G 1% F0 ) A
U9,
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