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Abstract: Objective
proliferation and apoptosis of human glioma cell line U251. Methods

To investigate the effects and mechanism of chlorogenic acid (CGA) on the
Human glioma U251 cells were
treated with different concentrations of chlorogenic acid for 48h, then CCK-8 was used to detect the inhibitory
rate of cell growth. Annexin V-FITC/PI staining assay was used to detect the apoptosis. RT-PCR and Western
blot were used to measure the mRNA and protein levels of p53, Livin, Bcl-2 and Bax, and the protein level of
Caspase-3 was detected by Western blot. Results Different concentrations of chlorogenic acid significantly
inhibited the proliferation of U251 cells and promoted the apoptosis. Chlorogenic acid could up-regulate
the expression of p53, Bax and down-regulate the expression of Livin, Bcl-2 at mRNA and protein levels,
and increase the protein level of Caspase-3. Conclusion CGA could inhibit the proliferation and induce
the apoptosis of U251 cells via up-regulating p53 and Bax expression, down-regulating Livin and Bcl-2
expression, and activating Caspase-3 protein.
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#1 RT-PCR3|#FIE
Tablel List of Real-time PCR primer

Genes Primer(5'-3")

B-actin Forward: CATGTACGTTGCTATCCAGGC
Reverse: CTCCTTAATGTCACGCACGAT
Livin Forward: GCTCTGAGGAGTTGCGTCTG
Reverse: CACACTGTGGACAAAGTCTCTT
p53 Forward: GAGGTTGGCTCTGACTGTACC
Reverse: TCCGTCCCAGTAGATTACCAC
Bax Forward: CCCGAGAGGTCTTTTTCCGAG
Reverse: CCAGCCCATGATGGTTCTGAT
Bel-2 Forward: GGTGGGGTCATGTGTGTGG

Reverse: CGGTTCAGGTACTCAGTCATCC

B S, BCARGH G I 8 I FEAS TR B
50 png b B2 IS, iF17SDS-PAGERE
HUK . VIS el BIAE, InA—$t, 4°Cad i
A, TBSTPEME3IK, FHK10 min, IIAZHIIFEF]L h,
TBSTHEAE3K, HIR10 min, 45447 THEECLL
SRV (ARCBE=1:1) H13 min, =T
TR ERESE, DIGAPDHAE N2,
1.3 Gtk

K HSPSS25. 04 T4k kA 740 Hr . PR g s
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MARIR], /INAS—, 240 ] e P A0 AR 29
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2.2 GEJFERNTLOL BV Al Y 20 it 25
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Control

FREFTL

Figurel Morphology changes of U251 cells intervened
with 80 pg/ml chlorogenic acid (CGA) for 48h observed
under light microscope
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Concentration of CGA (pg/ml)

B2 FREIRECGAFHLO,. BV.Zp48hiIZHaE 4
Figure2 Cytotoxicity of LO, and BV, cells intervened with
different concentration of CGA for 48h

2.3 SRJEERXTU2S 1A 345 A4 4

A ESEGER (0, 20, 40, 80, 160 pg/ml)
THU25140 1824 . 48F172 hj5, U25140 47T %
Biti 245 1) 1 PR B2 10 T v S A T ) 7 42 4 T B
A (24 h: 15=2.3457, P<0.05, t4=6.7037, P<0.01,
ts=15.0227, P<0.01, t,,=22.9172, P<0.01; 48 h:
t20=7.1296, P<0.01, t;=16.7032, P<0.01, tsx,x=28.7043,
P<0.01, t,6=26.7849, P<0.01; 72 h: t,,»=14.3316,
P<0.01, t4,4=26.8094, P<0.01, t5=32.5768, P<0.01,
t160=48.2500, P<0.01) , HEZRJFERXT I R U25141
JYL 3 B P 0 A P 2 300 A A R AR SRGR : ARTE [] 44K
PE, W2, MR GEIREENTE24 . 48F172 hifICsodr
WIh41.67. 32.97H126.94 ng/ml,
2.4 R[FEMEEESRIFRRAEHEU25 L 4L JH 1

Bl 2R R AR MR BE ) Ty, S x0T REZH (Con-
trol ) AL, U25140 A A LI 0H T o] . me i o
B FLEE TR 8 (Q2: t0=16.1942, P<0.01,
ts=15.8495, P<0.01, t,0=36.1062, P<0.01; Q3:
t4=1.2948, P>0.05, ts=61.6755, P<0.01, t,6=40.5892,
P<0.01; Q4: t,,=87.8441, P<0.01, t,=52.4510, P<0.01,
t160=64.4245, P<0.01; Q2+Q3: £,0=8.6292, P<0.01,
15=31.9058, P<0.01, £,=60.8099, P<0.01) , L33,
K13, Hoechst 3334244 (53R 1. Flisk )i fa vk 1 ()3
hn, U2514 - 3 2 . ControlZH 4 il &2
FOM B EE , R A AI55); 251 2 20 A% [
a5 R, TR —, JEiE s, AU
JHT/IMA, TLE4,
2.5 LRJFEFRAEMRNAZK - FiflpS3fIBax iy ik,
FRELivinfIBcl-21%) 3535

AEHREE (40, 80, 160 ug/ml) CGAT i
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K2 TEIRECGAEAAREREXTU251 BRI SRR (1=5)
Table2 Effects of different concentration of CGA on
proliferation of U251 cells (n=5)

Survival rate of U251 cells(%)

Concentration of

CGA(ug/ml) 24h 48h 72h

Control 100.00+3.65  100.00=2.12_ 100.00+1.65 _
20 94.54+439"  88.51+3.33" 78.57+3.27"
40 86.57+3.28"  77.7042.49" 67.58+2.46
80 70.68+3.09”  60.14+2.66" 57.69+2.72"
160 45.28+4.58"  43.52+4.71" 36.49+2.77

Notes: CGA: chlorogenic acid; *: P<0.05, **: P<0.01, compared with
Control group

2R3 FREIRECGATFHU2514E48h [ AT
Table3 Apoptosis of U251 cells treated with different
concentration of CGA for 48h

CGA

(ng/ml) Q1 Q2 Q3 Q4 Q2+Q3
Control 036+0.08 071+032 056021 9840+0.16 127+0.53
40 0574010 842+0.76" 120+083 79.80+033" 9.62+159"
80 050+003 885+0.83" 17.60+043" 73104082 26.45+126 "
160 288+0.52" 17.90+0.76" 15.90+0.62" 6330093 " 3380+0.76"

Note: **: P<0.01, compared with Control group

Control 40pg/ml 80ug/ml 160pg/ml
10°4 at Q2 10°4 10°4 Qa2
< 107 < 103 < 103
2 10 2 104 2 104
m m m
100 1004 00y
() 304 a3 OiIO 0 304 03 ’ Q3
0 102 10° 10* 10° 0 10* 10° 10* 10° 0 10> 10° 10* 10° 0 10> 10® 10* 10°
FITC-A FITC-A FITC-A FITC-A
B3 RRXAAARNCCATHU2514 fE48h /5 B 248 AL =
Figure3 Apoptosis of U251 cells intervened with CGA for 48h detected by flow cytometry
9 sk
Control 40pg/ml 3 - Py »
< Il Control T
Z =1 40pg/ml
% [ 80pg/ml
S 2 ] 160pg/ml
sk
g *
x100 x100 £}
160ug/ml 2 1
= %
5} sk
&~ ek iy sk
0- T T
Livin p53 Bax Bcel-2

%200 %200

El4 Hoechst 33342 &M CGATF U251 4 f48h /5 Y
MAAT
Figure4 Apoptosis of U251 cells intervened with CGA
detected by Hoechst 33342 staining assay
U25141/148 hJ5, RT-PCRZEHEN], SControl
AR, BEECGAMERISE M, LivinfBcel-25%
BT, ps3FiBaxik A, (Livin: t4=2.7998,
P>0.05, t5=5.6715, P<0.01, t,,0=7.8133, P<0.01; p53:
t4=0.1232, P>0.05, t5=3.5666, P<0.05, t;5=17.7536,
P<0.01; Bax: t4=2.8826, P<0.05, t3=6.7625, P<0.01,
t160=13.7818, P<0.01; Bel-2: t4=3.4279, P<0.05,
tg=24.3339, P<0.01, t;5=12.8588, P<0.01 ) , ULIK5.
2.6 ZRJRRTEE H /K FiEp53. BaxfilCaspase-3
ek, FIMLivinfiBel-2f0235

40, 80, 160 ug/ml CGATHIU2514i/{g48 h
J5, SControl 4L AHLL, BEH CCAMEZ 4N,
LivinfiBcl-233A T ( Livin: t4=6.4160, P<0.01,

*: P<0.05, **: P<0.01, compared with Control group

BE5 CGATFIU25148fE48h /51X E EmRNAKIA KT H)
B

Figure5 Related genes mRNA expression in U251 cells
treated with CGA for 48h

tgo=11.3185, P<0.01, t,4=23.0744, P<0.01; Bcl-2:
t40=5.9407, P<0.01, t=7.7944, P<0.01, t,=12.2478,
P<0.01) ; p53FIBaxFikB R I (p53: t,=8.2217,
P<0.01, tg=11.2683, P<0.01, t,:=17.7536, P<0.01; Bax:
t40=3.3779, P<0.05, t5,=9.0943, P<0.01, t,;=24.5234,
P<0.01) , JF H3RIEAKF 2 RN 80,
160 pg/ml CGAT-#il)5 Caspase-3 (% 3¢ ik B .48
(Caspase-3: t,=1.3042, P>0.05, t,=4.7828, P<0.01,
t,00=8.5720, P<0.01) , WLKE 6,

3 3tig
AR, PRGNSR . LA . SUE
A5 7 I AT B 1T RO B A B T R 2
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CGA_ Control 40 80 160 « 15 o 8 w69
(ng/ml) 4 ° oD -
Livin 3 Z_6 23
5510 2 55 5% 41
ps3 NS G ER - Eg4 E3
RS ——L 2&, 282
k| hs &3
Bcl-2 = w— £ 00 2 0 Y
. I Control 40 80 160 Control 40 80 160 Control 40 80 160
Caspase-3 -p = CGA(ug/ml) CGA(ug/ml) CGA(ug/ml)
GAPDH <l <l <up < 5 6 5 8
=y il 2
23 4 s EEN
*: P<0.05, **: P<0.01, compared with Control group 28 22 4 B e
aaal N L ok
E6 CGAFTRUSIAM4ShERXEREARAKEN  Z% £38 5]
= =
M 2 cEEN
. . . . Control 40 80 160 Control 40 80 160
Figure6 Related genes protein expression in U251 cells CGA(ug/ml) CGA(ug/ml)

treated with CGA for 48h
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R TR PRG540 B2 RO 4 1%
ANBAH,  FEOLHUIRE G N AZ R

Bl 2 B AR & e, HETE Uk SE R 2 e
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SRR 226 T, JEREMHIKDR mRNAFIE 113
ko BEAUVLE, AR THOCRES I A TR
U25 14t A 34 78 e oE A T, LA IR S50
#5Bcl-2, BaxFik/K A 3, #ip &gk
B, P s S U225 LA AR e i A o= 5 i
Wnt/B-catenin/p53 (5 5 I AHOG . JAT o 45
W RN, BT HLR SRR AT AR HE U251 40 LA T,
PIHIO251 A4 MEERS , FEELAARBIL M AS B

SRR A — P SRR, X R g
HBEA BUIRVE T . AW 9% & BLER SRR X U25 141
6L ) 348 B A S S P VR L T L Rk R R

AL , 3O Al 00 ] A4 FHAR AT R S o 5 5 4 i
AT RSEB

AP T — R i SRR R L AR A S
FET-FEIPHIBET = AT iR 1R R EEAG FET
ZRN ST AN (SNEMET @A) | kiR
PAT AR (NIRRT T AR ) AP 5 R R S S
AT, S 5T E ISR S B AT 4R B
KEMFCaspasesZK Ik . HHEER AR Bel-25 A
PHT- PR IIAPSH I o 45 PG AR B A IR TR ¢
Z LItk Caspases 8 [ T 5 & J 82 AH G 8 11 F%
FER DRI S N &I, XS i, Caspase-3[1)
LR OERY, SRR T R AR RS .
Bel- 28 A Ol # o A2 PLiM T & AT
(Bel-2, Bel-x., Mcl-15% ) T8 1453+ (Bax,
Bad, Bak, Bid%) , HHBel-24F Jy H 20y i 40 iy
BT fm s+, R ST EALSS SEET

S, ek T AR P T E I Bax
AIBCE SERATI T B DA OC, 15 1bAYBax SEEAL
AT 375 M S A LFF R, b A E 7 M3 5 e 4
BERC (Cyt C) B, A RAMIAT . AWFFTIE
SET SRR LT FiBax ik FMBcl-2K5,
LRI Caspase-3 85 [ MR HEIE g U25 1A IH T

VES B EE RELA], pS37E A% A U T
LTI - FDNAS GBS B2 15 240 B 55 22 o
AW R A BT 2 BERY i pah R i
ARSI, pS3REME HAZ B MRS IR0 MR 13k
ErhBaxfyein . MRIBel-2/ 33k, S s v 5w
AT 4% P Scotin, CDIPAYIA, i FANARIAT,
pS3WRE AL T2 A KR il L Fas-L . TRAILA
EJHHN FCAAR LS ST B T-15 S5 5 2 Ak (death-
inducing signaling complex, DISC ) , J#47& ZMEVE4H
MU T 3 AY, SEIT#E Caspase-8fE 4N TA T,
AR, p33iLRENS BTG Caspase-6175 FAIMEIH T,
RHEAH LS IR, A TR R [ PR A B 5 U225 140
MagE T 553 Rk IH I FRA ¢ (P<0.05) o

Livin ( ML-IAP, KIAP. BIRC7 ) Z20004F %
IATAPSE 51 22—, BRI TR A& it B
il CaspasesSC LY, HATMFF &KL, LivinfyBIRZY,
F4 X X Caspase-3 H AT R HIER], I HidRes%
B Caspase-7, 97 PRI HI AN T-2, A
WA REER, SRR FAU25 141 M8 T Fl B
HLivinfyFiE FAA K (P<0.05) .
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2 I R e A% 1 5 15 AL S TAT 1 JinM 1R [ s 200 i Fr)
b, I STAT6k /M2 Y 5 A i () L7, 30t
JE SR A A A B (20) Uik bR s A i A A
B R PR BB IS I PN B AR R R 3Rk,
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St by 25 G, AMUREW T 254
e, IR RE R AR DM R HTMRVE R

i BPrR, SRR FU25 LA T/ 4+
ML AT RE &l i - pS3FIBax ik . FiFLivin
FIBcl-23Kik, dE5mCaspase-38 G ME, WIS
YRR T o ASSLIG by g S R 175 Mg Jo 7 A4 B ) T
PP SR AL TR e IR 5, SRR
TE R AN RN R AL T BRI, &SRR R
B SO A T P A SR 8 2 gt T IR A A R B e I
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