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Effects of Chlorogenic Acid on Proliferation and Apoptosis of Laryngeal Cancer Hep-2 Cells
Through Bax/Bcl-2/Caspase-3 Signaling Pathway*

ZHANG Likun', SHAO Dongfeng®, WANG Donghai', LI Yang' (1. Dept. of Otolaryngology Head and
Neck Surgery, Tangshan Union Medical College Hospital, Hebei Tangshan 063000, China; 2. Dept. of
Respiratory and Critical Care Medicine, Affiliated Hospital of North China University of Technology,
Hebei Tangshan 063000, China)

ABSTRACT OBJECTIVE: To probe into the effects of chlorogenic acid (CGA) on proliferation and apoptosis of
laryngeal cancer Hep-2 cells through Bcl-2-associated X protein ( Bax )/B cell lymphoma-2 ( Bcl-2)/cysteinyl
aspartate specific proteinase-3 ( Caspase-3). METHODS: Laryngeal cancer Hep-2 cells were treated with CGA culture
medium of 0, 250, 500, 750 and 1 000 pmol/L for 24 and 48 h respectively to find out the most suitable
concentration and treatment time of CGA. Laryngeal cancer Hep-2 cells were divided into the control group ( normally
cultured laryngeal cancer Hep-2 cells), CGA low concentration group (750 pmol/L CGA medium), CGA high
concentration group (1 000 pmol/L. CGA medium ), and CGA high concentration + pathway inhibitor group
(1000 pmol/L. CGA medium+50 pmol/L Bax/Bcl-2/Caspase-3 pathway inhibitor Bax inhibitor peptide V5). Cell
counting kit-8 ( CCK-8) method was used to determine the proliferation inhibition rate of laryngeal cancer Hep-2 cells
in each group, flow cytometry was used to detect the apoptosis rate of laryngeal cancer Hep-2 cells in each group,
Western blotting was used to determine the expression of proliferation related protein (ki-67) , apoptosis related protein
(pS3) and Bax/Bcl-2/Caspase-3 signaling pathway related proteins in laryngeal cancer Hep-2 cells. RESULTS:
Compared with the control group, the proliferation inhibition rate, apoptosis rate, p53, Bax and Caspase-3 protein

expression levels of laryngeal cancer Hep-2 cells in CGA low and high concentration group were significantly higher,
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and the ki-67 and Bcl-2 protein expression levels were significantly lower, with statistically significant differences ( P<
0.05) ; and the proliferation inhibition rate, apoptosis rate, p53, Bax and Caspase-3 protein expression levels of
laryngeal cancer Hep-2 cells in CGA high concentration group were higher than those in CGA low concentration group,
the of ki-67 and Bcl-2 protein expression levels were lower than those in CGA low concentration group, with
statistically significant differences ( P<0.05). Compared with the CGA high concentration group, the proliferation
inhibition rate, apoptosis rate, p53, Bax and Caspase-3 protein expression levels of laryngeal cancer Hep-2 cells in the
CGA high concentration+pathway inhibitor group were significantly lower, and the ki-67 and Becl-2 protein expression
levels were significantly higher, with statistically significant differences (P <0.05). CONCLUSIONS: CGA can
significantly inhibit the proliferation of laryngeal cancer Hep-2 cells and promote the apoptosis, which may be related to
the activation of Bax/Bcl-2/Caspase-3 signaling pathway.

KEYWORDS Chlorogenic acid; Laryngeal cancer Hep-2 cells; Bel-2-associated X protein; B cell lymphoma-2;

Cysteinyl aspartate specific proteinase-3

WA S EL A S AR L 0 2 R R e A 2 R P %) T P I g
SERRIRFRA TN 2.32/10 T W O R 28 B
FIJCREE T TG IR A Y WA a Y], SRR
fi2 ( chlorogenic acid, CGA ) J& ELA & A [ 5211 LA )
A6 KL KDoA 2R 2 A TR SR R, BT,
CGA MHTMs iR BB BT AL 5 7 R 2 A i
WO PSSR A B, COA X FLARIE S MR 0 167 A B Y
S RIMT, 26F CGA Xof M Ja 240 it 5% i (1) AFF 5% 3 A 0L 4%
. BIKELANAERT 2(Bel-2) 76 ik L 40 L i & B, 24 Bel-2
1 FERIE BEAT SO 40 M R S MR SE T P T L T
FHF Bel-2 M56 X & 1 (Bax) 5 Bel-2 HAT 2 5L % [ I 1
TEMR N Bax 5 Bel-2 AIJE R A 3R | 13 23K 11 Bax BEA 5K
3 Bel-2 f9GPE) . Bax 5 Bel-2 2 40 T 8 G T 54y
T ARG Al T B mE AR ERE N
i ( Caspase ) F i =2 5230 8 SR (4 B BUT 32 (438 B 02 2F 20
MRS, Caspase-3 S AR IA T B R ) S48 K 1, B SR A AR
ANV EIVEFH , 0% Caspase-3 4K 5 AT AL HEAR I =0,
ARWFFER A B e B CGA K Bax/Bcl-2/Caspase-3 {5538 %
7R 2L PRI Hep-2 4R, R FE CGA XIS Hep-2 2 /il &%
Bax/Bcl-2/ Caspase-3 {5 538 I 1 Z A, SR I PRI Y7 5 Ji 18 1L 3
Wk
1 #REFE
1.1 ##

111 SEEGZRM . WBIRE Hep-2 4HMI (LS N CCL-23) 1 [ 11§
RIS R BRA ]

112 %3 :BPH-9162 BUAHNMIE: F 46 ( il —fH B2
FRZS 7)) ; Celldiscoverer 7 HUE] B 0 358 (/R A g & FA
PR D) 5 A49891 AR as ( 56 R F R R /R BHE AT BR 2
) ; SAF-680T BUEHR AL ( [ LIRS A R A W) ) 5 EX-1026
R A X (EL-3047 R I BER AR AL (ML BB E Y
BHCARATD)

L 1.3 25kl 53G0] . CGA (JEURH25, 4l 98.5% , 4t 5
S30617-3) W4 FH P4 22 K ) IR AL Wy B H0A BR 2 A Bax/Bel-2/
Caspase-3 il 2% 410 ] ] Bax inhibitor peptide V5 ( it = M
A15337) 1 9 A 5% H S A MRHCR BRZA W) DMEM B 37
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(#1t5 P-CA-307) A iHH00 &-8( CCK-8, Jit- 5y P-CA-
402) #1410 A 98 1 W 4 3K 77 & (Annexin V-FITC/PL, #it 5 24
P-CA-201) W [ BRI A B A B &) 5 28 1 U7
B (SN ab113476) 4 [ S [E Abcam /3] ; BCA & ¥k &£ il
S & (5  GK10009) W4 B 32 E GlpBio 23 w5 FLUE Bax
(524 5¢-7480) Bel-2 (L5 4 sc-7382) | Caspase-3 (H#L5H
sc-7272) JATAHICHE 1 (p53, #1L5h sc-23900) | 34 4 AH 56 3
1 (ki-67 ,#tt5 K sc-1269) .GAPDH HUIR (L5 sc-47724)
PN B (TR s¢-51993) W [ LT3 AR Y R TR
AN,

1.2 7k

1201 ZHMuBESR B f 25 55 3R W il 4% . BUE 9 Hep-2 4L, T
96 FL3% FE M P, B 909% DMEM % 3% 3£ 1 10% J5 2F 1035 , 76
37 C 5% S0k 5 95% 25 SR 4t eSS 3240 h iE A7 1%
3%, AU A ) 80% LA FaFATIEA 5 3 d BT 1 IRIEFRW 5
18] 0 fo WL 48 S A MR 35 SR 0. B CCGA ¥ % T DMEM
WiFRw o, BH R & A 0,.250,500,750 F1 1 000 wmol/L
CGA B5 3370, I T Ia 8 g™

1.2.2  CCK-8 MLl AN [R] e B CCA XJ Mg d Hep-2 21 iy 3 5
T 2R 06 5w . UG B A 1 A MR S Hep-2 400 A, 9 % 0 O
Hep-2 Z0MEHR JE K 2x10° A/FL, BT 24 FLIEEFRAR, 4 HIH
7 0.250.500,750 F1 1 000 mol/L B CGA ¥55% W b IG5
Hep-2 4iiJifd 24 48 h, ] CCK-8 46 M 9 Hep-2 41 g 11 58 R
J1, 8 LI A CCK-8 ¥ #i 10 pL, #5355 1 h J5, T bR 1Y
(450 nm) HE £ FLIROGEE (OD 5 ) 18, HRAE 20 23550 40 i 1
SEAMT 3 A0 B AE EAMR 3R (%) = (1525020 0D, fH/ XS 1
21 0D, 1B) x100% , HiH 5255 21 S 45 MR BE CGA 537, % I
2074 0 wmol/L [ CGA R, LA F-4% H 5 i 'H CGA By
JEFALFRIIR] . SEYGE AL 6 IR,

1.2.3 2RS4 T Ab 38 . UG BUAE K098 Hep-2 408, 53
S BEH (TEH B SR8 Hep-2 ZHML) (CGA KM EEA (CGA 15
FEW 750 pmol/L) \CGA TRk 4L (CGA K557 1 000 wmol/L) |
CGA 7= ¥ B + 38 M 1 ) 4 (CGA F5 3R 1 000 wmol/L+
Bax/Bcl-2/Caspase-3 il % 41 i 7 Bax inhibitor peptide V5
50 wmol/L,Bax inhibitor peptide V5 F& ¥ J& 4 #1128 57) &0 156 B 5
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PEATBLE ) | 25 LW Hep-2 40 i #2 MR B3 U5 5 45 24 Bk 47
B,
1.2.4  CCK-8 BEMGIN 2% 2H W68 Hep-2 20 44 5L 40 ] 4% . 4%
20X B A K AR I Hep-2 A0AR, W5 J7 ik Rl 1. 2. 27, 43 B 7
RiFR & 48 h e FAALANMIAE 450 nm &k OD,,, H, 315
Wi Hep-2 AHMIIGFEIM G A, SLIHEE 6 IR,
1.2.5  JR A e fSOR I 45 41 Mk Hep-2 408 T 4% 50 . I
UGN b 45 4L Hep-2 A0, 28 1k 8 Ak J5 AR 4 1l 35 15
FRELHATRE 3%, AR AN R 2% 10° A/mL, F PBS 3
2 ¥%,3 300 v/min &0 (LR 15 cm) 5 min EBR LE
T, A 500 L 8 (4 IR 26 1 V4545 2 Vi o B A L, T
HTA Annexin V-FITC 5 wL #1 P15 wL e, 2896 (25 °C) #66
I 20 min J5F 502 404K 0 40 B R T E O, SR AR
61K,
1.2.6 8 [ 0 EGI 5 K I 45 410988 Hep-2 40 M3 58 JA T~ An
Bax/Bel-2/ Caspase-3 {5 5 il [} A 56 85 1 2 1k . B4 41 ik o
Hep-2 ZHJif0, JRHE 40 i e S5 ol 5% 10° A~/mL 370 T 24 LA,
Fi AR (AR BOR T SRR VR AR A LR Hep-2 ARG 2R
H,8 500 r/min &0 (BLAAEHR 15 em) 5 min B, MR PG
BCA 25 FIVR B 1050 G A A DU e HL v 2 A o o o,
FHEERC YK 1.5 h, B SR BB, 5B 2R MM SR -,
T E A WCE 1 h, 30 U p53(1:300) (ki-67(1:300) Bax
(1:500) \Bel-2(1:500) ,Caspase-3(1:1 000) .GAPDH(1:500)
—PUFE 4 CE B, RINEPIAN B (1:2 000) 5 = I E
2 h, SR HIER PRI AR AN AR 5 2R /KP4 28 B AT
SEEE 6K,
1.3 SHitEFE

SR HH SPSS 25. 0 HCf%oF 55 50 B0 A 47 4347, i 9 R LA
xs T, AN AT R O 2007, A 2 R W — 2
Wit SNK-q K5 36 AT PG L 88, P<0.05 N £ 7 A 4 it 2
2 H#R
2.1 AERE CGA 3THzEE Hep-2 LB ILIAHNHI ZE BT

50 pmol/L CGA A1, 250,500,750 F1 1 000 pmol/L
CGA XJU#dE Hep-2 A0 EIG AT 101 R B 575, ZF WA FIH
2E X (P<0.05) , HZ2 Ik B b 750 .1 000 pmol/L
B CGA XSz Hep-2 I i 3% 56 310 il 340 X 45 v, BRI ok, e %%
7501 000 wmol/L ) CGA HIFJR LMKy ; 5 24 h #H 1,250
500,750 F1 1 000 wmol/L (1) CGA XitMfEsE Hep-2 ANiEALBE 48 h
JE WSS HI R W E T E, 25 HAH S E L (P<0.05),
BIL, J5 225230 X MR Hep-2 ANHIALIE 48 h, L3R 1,
2.2 [UZEMESE Hep-2 ZHARIEFEIME R IL R

XS IRAIAHEL , CGA K | =k B 4 M Hep-2 40 i 38 4 410
Tl 2R E TR CGA TR M B MRS Hep-2 41 I 33 58 1 1) 2R 725
T CCARMREEA ;5 CCA Sk EEZAAA LY, CCA 1 vk JEE +3 1%
IR Hep-2 200 0 15 58 410 1 5 100 25 IR, Lk 22 7 3y
HYHE X (P<0.05) , L% 2,
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F1 FEKRE CGA XMz Hep-2 HAILHM S Z K
M (xxs,n=6)

Tab 1 Effects of different concentrations of CGA on

proliferation inhibition rate of laryngeal cancer Hep-2

cells (x+s, n=6)

4 =
COA MR/ (L) . T ANR  % -
0 0.00:0. 00 0.00:0. 00
250 15.010. 82° 21.01£1. 19%
500 18.90+1. 04° 28.90£1. 83
750 22.57+1.26° 32.57£2. 26
1000 34.1842.01° 44, 18+3. 41

5 0 wmol/LHIEL, *P<0. 05,45 24 h Al "P<0. 05

Notevs. 0 pmol/L, “P<0.05; vs. 24 h, bP<0. 05

%2 [UZAMEEE Hep-2 4HAAIGTEAN FI R LR (x£5,n=6)
Tab 2 Comparison of proliferation inhibition rate of

laryngeal cancer Hep-2 cells among four groups (x+s, n=6)

415 AR/ %
XIRAL 0.000. 00
COA kv Al 32.39+2.23"
COA Rl 4.1243.35%

CGA iR+l BRI 25.06+2. 67*

T M IRALHEE, “P<0.05; 5 COA IRHRBEALALL, "P<0.05; 5 CCA ik EALAFLE,
“P<0.05

Note:vs. the control group, “P<0.05; 1s. the CGA low concentration group, "P<0. 05 vs.

the CGA high concentration group, “P<0. 05
2.3 [UZEMRYE Hep-2 AR T-FR LR

X RRLAAR L, COA IR | i vk B 2H Wi Hep-2 4R 0 T2
S FETFEG ; COA B 20 s Hep-2 4RI TR 5 T CGA 1%
WA ;5 CCA Rk IR L, CCA =k i+ 38 [ 41D i 70 241 e
I Hep-2 AR T3 WA RAK, Bk 22 A4 L (P<
0.05), W% 3 KAl 1,

x3 [UZEMEE Hep-2 BRI TE LR (x£5,n=6, %)
Tab 3 Comparison of apoptosis rate of laryngeal cancer

Hep-2 cells among four groups (X+s, n=6, %)

415 JiM T
IR 10.97+1. 83
COA fiRvk 4l 18. 16£2. 15°
COA kAl 26.81+4. 27
CGA FR I+ BRI 4 18.06+2. 49*

T SRTIRALIL, “P<0.05; 55 COA IR BEALIIL, "P<0.05; 5 CGA FokEE4LALL,
“P<0.05

Note:s. the control group, “P<0.05; vs. the CGA low concentration group, "P<0.05; vs.
the CGA high concentration group, “P<0. 05

2.4 [UZBMETEE Hep-2 HARIETE AT HAEBREKPELLE
555t HRZB AR EL , COA fIG | ik BE MR8 Hep-2 4L Ki-67
FEARBKFEBERR, p53 EARBKFERETH;CCA &
e 2 IS Hep-2 4RME R ki-67 25 Rk KR T CGA ik
FE4H ,pS3 B FIA K T COA R EF4; 5 CGA =k E
ZHARLL , CGA ¥R BE + 38 B4 1 59) 28 M Hep-2 4 M ki-67
FEARBAEEE TR, pS3 8 A F kKT i AL, Lk
SEWE G L (P<0.05) , WK 4 K2,
2.5 [ZAMEREE Hep-2 A Af Bax/Bcl-2/ Caspase-3 {5 S i #& 16
EEAREKRFELLE
EXFIRAFHEL , CGA K | =5 vk B 2 W68 Hep-2 0L Bax
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A. control group; B. CGA low concentration group; C. CGA high concentration group; D. CGA high concentration+pathway inhibitor group
1 AN Hep-2 AHATHXE

Fig 1 Flow cytometry of laryngeal cancer Hep-2 cells apoptosis among four groups

F 4 MAEMRE Hep-2 4HRAIGHE B THXEARIE
IKELLE (x2s5,n=6)
Tab 4 Comparison of expression levels of proliferation and
apoptosis related proteins in laryngeal cancer Hep-2 cells

among four groups (X+s, n=6)

*R 5 MHZEMEE Hep-2 40l Bax/Bel-2/ Caspase-3 15 S i %
HEEARIEKFELLE (x25,n=6)

Tab 5 Comparison of expression levels of Bax/Bcl-2/Caspase-3

signal pathway related proteins in laryngeal cancer Hep-2

cells among four groups (x+s, n=6)

45 ki-67/GAPDH p53/GAPDH gkl Bax/GAPDH Bel-2/GAPDH  Caspase-3/GAPDH
KR4 2.03:0. 16 1.96+0. 18 R 0.45:0. 08 0.82:0.15 1.24£0. 16
COA fkve 4l 1. 62+0. 14* 2.55:0.27° COA kel 1.050.19* 0.47:0. 11 1.980. 37
COA Bkl 1.330. 10 3.21£0.35% COA B4l 1.47:0. 30" 0.240. 05" 2.55£0.45%
CGA BRI+ B 4 1. 6120, 13* 2.76£0. 24 CGA BRI+ B 4 0.93£0. 17* 0.51£0. 09" 1. 8210.33%

T SXIRALMIL, *P<0. 05; 5 CCA IRIRREALALL, "P<0. 05,5 CCA B BEALALL, °P< T SXRALMLL, *P<0. 05, 5 CCA IRIRREALALL, "P<0. 05, 5 CCA B BEALMLL, °P<
0.05 0.05

Note;vs. the control group, *P<0.05; us. the CGA low concentration group, "P<0.03; us.
the CGA high concentration group, “P<0. 05

GAPDH M —

A B C D

ki-67

p53

A NFIRZL B, CGA fIRIRBEAL; C. CGA Wk AL ; D. CGA iR +
A AT 1 55 2
A. control group; B. CGA low concentration group; C. CGA high
concentration group; D. CGA high concentration+pathway inhibitor group
B2 PHAKERE Hep-2 41Af p53.ki-67 & 5 G EN ik E
Fig 2 Western blotting of p53 and ki-67 in laryngeal
cancer Hep-2 cells among four groups

Caspase-3 2 H 5K F B E TS, Bel-2 2 H R A K 35 %
iK;CGA T 2 Wk e Hep-2 gl ol Bax , Caspase-3 & HFEik
KV T CGA R FE 2, Bel-2 TR 1R R KPR T CGA fikifk
JEA ;5 CCA R EEAUMI LY, CGA 757 ViR J3E +38 411 1 751 2 05 de
Hep-2 4+ Bax ,Caspase-3 & [ Fik KO B PG, Bel-2 &
HFBAOP BEF S, LR2ZEFIA ST #E L (P<0.05) , 1L
5 .K3,
3 g

e 7 S ST e T 9 R IR SRR S 2 A, MRS TR YT
T B IEMRIA M IO 75 2 2% B R B MR DI BE , RS AT AT 4
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Note;vs. the control group, *P<0.05; us. the CGA low concentration group, "P<0.03; us.
the CGA high concentration group, “P<0. 05

A B C D

Bcl-2

GAPDH

A NFIRAL B, CGA fIRIRBEAL ; C. CGA Wk BEAL; D. CGA i JE +
il B
A. control group; B. CGA low concentration group; C. CGA high
concentration group; D. CGA high concentration+pathway inhibitor group
E 3 [MUAMRE Hep-2 A Bax,Bcl-2 1 Caspase-3
BB RENITE
Fig 3 Western blotting of Bax, Bcl-2 and Caspase-3 in

laryngeal cancer Hep-2 cells among four groups

B —Fp S INIARIA 7 ik, - 808 B 17 2, 32 R AR 3R SR AN
BEEFKOE R I RE B A Lo T CGA T LA
AR A E WA E ARt M1 1 M2 B Ak, ] 4 iE
SN IR W AT LA Bh AT LR X FLIR S MCF-7
AH B R AR E R ARBFAE 45 R R, 250,500,750
F11 000 pmol/L By CGA ¥ BA i Wiede Hep-2 41 f 58 iy E
FH, BB WM, Herf 750 .1 000 wmol/L (4 CGA i i
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Hep-2 4l RN HIAE B B2, I, 2645 750 .1 000 pmol/L

(1) CCA T 858, i 750 .1 000 pmol/L CGA /b FHIE

S5 Hep-2 41/ 48 h J5 255 & L, 53 BEALMI L, CGA K

Ve JEE 2 W Hep-2 401 43 AL 400 ) 232 400 O 12 3 1 25 T i

p33 AR BKE B FE T, ki-67 H A FKIKKE B ERRK,

FW] CGA ] LAtk 35 10 i 0k 9 Hep-2 2 Jf0 09 384 4, 4 i 3L

M,

Bax/Bcl-2/ Caspase-3 {553 -5 41 LAY 94 T3k FRAG 5 1 0¢

&, Bax 33 FIRREA SN Bel-2 Fik , FFHEITE Caspase-3, i

1% JG 1) Caspase-3 B0 YL 8 [T 5 SR FNAX R B o3 , iMF— 20 fd

ML T FEA M T AR Caspase-3 R J5 $AT & B 1E

100 Bel-2 33 Rk i BB 33 il Bax F Caspase-3 FI3R 35, i

FAHI AT Bel-2 5 Bax BEUSHR S MELS A K L

TT-VER , Bax Bel-2 1 Caspase-3 BEWE & A= G 15K S5 W e 1/ 20 Bl

P X ERE SRS M F T 45 5 R B, 38 5 B I Bax | Bel-2

1 Caspase-3 £ I ZRIE K-, W] LUAE BEWR I Hep-2 20 8 AY 4

TZo p53 FERUR MR A K g — A, Y 4e 9F pS3 B H ik

i, BEARGHE AN T 5 ki-67 S 40 A% v 8 g BE T B AR

Y, R AR A LA TR BRI B RE 0 AR ST A

RN, CCA K | /5 1R 2H M 9 Hep-2 4Mfl Bax ,Caspase-3 =

FIRIKV 5 TR W, Bel-2 2R 1 3R 3A K SFAIR T X MR 4, =2 B

CGA RIS Hep-2 418 ' Bax , Caspase-3 £& 133k, 3 il

Bel-2 HFAHRIE, ARG RE KN, 5 CCA B EAMIL,

CGA 7 & J32 +381 % 0 1) 79 2L MBS Hep-2 401 JEOA%4 BPLH 1 25 4 i

T, p53 . Bax I Caspase-3 #& F 2k K B 2 B ki-67

Bel-2 FE A FRA K ¥ B E T e, 2 Bax/Bcl-2/ Caspase-3 il %

FMiI57) Bax inhibitor peptide V5 BERSMHE CGA Mk Hep-2

0 I A AN S S R T ROFE T, PR, CGA AT BB A 0T Bax/

Bel-2/Caspase-3 5 53 [ £ AEMIETER

25 B TR, CGA TP 24 i M s Hep-2 40 SR AY K4, If-4iE

PEHP TS, v B85 Bax/Bel-2/Caspase-3 5 5 18 B i 06 A %, [H

NGRS S R TN R 2 55 sy 82 i HoR 2

TR SAIE , AT 2 — 25T

S 3k
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