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Study on the Caspase 3/Bax/Bcl-2 Signal Pathway Mechanism of Induction Apoptosis Effect of Piperine
in Human Pancreatic Cancer PANC-1 Cell

ZHONG Dacang', CHEN Chao', LI Tong?, MA Ning’, ZHAO Lifang*, XU Wanling*, LI Jian'"(1.Chengde
Nursing Vocational College, Chengde 067000, China; 2.Department of Orthopedics, the Fourth Medical Center of PLA General
Hospital, Beijing 100048, China; 3.Department of Gastrointestinal Oncology, Beijing Cancer Hospital, Beijing 100142, China;
4.Luohe Medical College, Luohe 462002, China)

ABSTRACT: OBJECTIVE To observe the effect of piperine on proliferation and apoptosis of human pancreatic cancer
PANC-1 cell, and to explore its mechanism of Caspase 3/Bax/Bcl-2 signaling pathway. METHODS The human pancreatic
cancer PANC-1 cells were divided into negative control group and 40, 20 and 10 umol-L~! piperine groups. MTT assay, Trypan
blue staining counting method and plate colony formation assays were used to test the effects of piperine on proliferation, growth
curve of cells and colony formation. Hoechst 33258 staining was used to detect the effects of piperine on apoptosis of PANC-1
cells. Reverse transcription polymerase chain reaction(RT-PCR) and Western blotting were used to detect the effects of piperine
on the expression levels of Caspase 3, cleaved-Caspase 3, Bax and Bcl-2 mRNA and protein in PANC-1 cells. RESULTS MTT,
Trypan blue staining and plate colony formation assays showed that 40 and 20 umol-L™! piperine could inhibit the proliferation,
growth curve of cells and colony formation of PANC-1 cells. Hoechst 33258 staining showed that piperine 40, 20, 10 pmol-L™!
could induce the apoptosis of PANC-1 cells. The results of RT-PCR and Western blotting showed that piperine 40, 10 pmol-L~!
could up-regulate the expression of Caspase 3, Bax mRNA, up-regulate the expression of cleaved-Caspase 3 and Bax protein,
and down-regulate the expression of Bcl-2 mRNA and protein in PANC-1 cells. CONCLUSION Piperine can inhibit the
growth, proliferation and induce apoptosis in human pancreatic cancer PANC-1 cells, and its mechanism may be related to the
regulation of the Caspase 3/Bax/Bcl-2 signaling pathway.

KEYWORDS: piperine; human pancreatic cancer; PANC-1 cell; apoptosis; Caspase 3/Bax/Bcl-2
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UL R WS S UM O, IRl REAE R i 1) & 2B R
AR, T E aN s A D]
AR A — b DA e 245 8 AU AL SR S rh 4 B
ST ERE R R AE Wk, Bk e, BA
b, RPDAE. PrEf . SRR RIEEEL . 4t
OB UG . ST . M ORI e
L9 200 0 S P 0 R e 2 B Y B A 2 B 1O, AR
F5E B FE LSS MU A B PANC-1 4 it
B TS AYSZ I, TR) ARG IS ARG PANC-1 21 A
Caspase 3/Bax/Bcl-2 {5 538 B 52 , HR907 Hik S
IR A A4 L ) R T ML
1 MRS
1.1 500
EARUR (BRI IE AL BB A BR A F] , 4l =
98%, CAS No.: 94-62-2), F —H Vi (DMSO)
VS AifE ol P BT D 4 5% 35 R AC T S A 9 B
RHAGA- M BT U, HE5 . 180526);
B R R AL . 2018050052) . 0.25%)i%
B (LS . 20180609) . DMSO E K (L5
20180429) . DMEM & #f ¥ 1A 8% % 3 (it 5 -
20180523) . 3% 57 4 i G & H 8BGO R (5
20180615), RIPA A (M5 . 20180314).
BCA WA &d S 20180219),
o 19 YL bR HE 5 1 Maker($it 5 20171215) |
SDS-PAGE #Ee il & iRl & (k5 20180426) ., it
i ECL fb2= &M It : 20180512) . PVDF F%E
JEEES . AR0136-02) MTT i (L 5 : 20180524)
K PBS 2% i (#tt 5 : 20180428) 45 phy il i+ 1A=
Y TARA PR w4 AL i A cleaved-Caspase 3(4it
5 : 20180912), Bax(#it*5: 20180815). Bel-2({it
51 20180920) K B-actin({lt 5+ 20180725)FifAk i 3¢
£ Affinity Biosciences(33F)/A Al #24k; TRNzol
Universal & RNA BG5S : DP180424).
FastKing —#7% RT-PCR i&F| & (L5 : KR180123)
J% Caspase 3. Bax. Bcl-2, B-actin mRNA 5 [#) 1) i%
TSGR, BRI AL A BR A R,
CKX53 {3 W o [k 3 (b B A BR 2
F]]; Thermo BB15 CO» 4fififd 1% 7748 (32 [E Thermo
Scientific); FA2204B HL T #7 K- (i kG % Rl
AT BRA ) H2050R 5 2 /8 A VAR B O WL
B DAL A PR A F]) s e KA . AKF LUk
T SRR S BRI SR R e, o SR AR

AT
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1.2 4R

NJBEMRIEE PANC-1 diifdbk, a8 m R Eis)E
WA B A R R 2L
2 HEk
2.1 4N M Ab B

¥ PANC-1 4Hff}5 557 DMEM 558 (&
10%J16 45 1375 &% 100 U-mL-13%5 %5 2 -100 ug mL~ 4
BRI, WEEFRMIRE N 37 C. COWEN
5%, B 2~3 d BEHREEIRW 1K, RN AR R
TR 80%~90%F A TIHALALAR, #EAXI B K
W) AT ARG5S
2.2 MTT A I 4 A 1 1

B8R K3 PANC-1 40 04270 T 96 fLR
Y E A 2x10* -mL~!, AfL 100 uL, £F 24 h 4
MG RE 5, SEHRA A I A LM E N 10, 20,
40 pmol- Ly EABRUGR, BRI XT B4 fin A S5 R 85
FRW, BRABE S ANESL, BRI PRSI IR T2 h
Ja B R R R R 5T, BLIA 100 puL 0.5% MTT
W, REEREFE 4h JFWFELNIBR, REK
100 uL DMSO MAREFRAL, #EIF TR (45
ISR, FHEERRLT 570 nm KR I E AL
WIEEEE(OD), FLLT 253 40 M b 2 1 o %2
£ it 5 B A 1) (o) =(BAPE XS HRATF- Y oD {H-3K
Y4114 OD {H)/FAMEXT FRZHSF-34 OD {ix100,
2.3 PANC-1 #iffdA: + i 2& il

PR R 1x10*mL'fY) PANC-1 Ziffuzfbh+
24 fLAH, £F 24 h QUENGEES , SCRA S mA
AHeE S 10, 20, 40 pmol LA, BIHEXT
MRAA A SRS R, R 21 MEAL, T
2y AR 3 FLANMIIEA T A I IR (T T4
S 7 d, 2 PANC-1 40k K2,
2.4 Hoechst 33258 Yy e A5 I 4 i i T ik

BOoHE 4 K3 PANC-1 408, DL 2x10* mL!
R 6 FLbR Y, 1 24 h ZHBEIGRESS , SCUb4H 4y
BIIMALIAE S 10, 20, 40 pmol- L HyHAHHR,,
B R A SRR IR, Bl S AN E AL,
URLLFE 48 h, RJEWFIEFRM, H PBS S Pl
BRIRMhYE 3~5 WK, T 4 CTH 4%Z R W&
60 min, PBS 2 Mk e 3~5 Ik, FIREOGAIE T
i 300 uL Hoechst 33258 Y (@ it AL, 20 min
J5 D R N AN A TR A 2R AR .
2.5 PRI A

HOWHAE K30 PANC-1 20 i, Jit I 1k 4T

rhE RS 252 2020 4E 7 A 45 37 545 14 )



BRI, AL 500 MR T 6 £L
Wi, £F 24 h 0 RE A RAFRT, SCae
Iy BIINALHRE N 10, 20, 40 umol- Ly HA G,
BRI B A A SRR IR, i 5 AN &AL,
2 BRI IR AT WA TR RS, A& aREEFR, SR B,
PBS 2 WY 2~3 i, FH 4%2 5 VA TR 1 o
20 min, FEMFEEW, A5 H Giemsa YA
15 min, FPEAHK, =R FET, FRAEE THIRE
TR (LA E>50 A 2R AR AL ATl 1 A5k,
IFH AR A A TR R . SRR 3 (%)=L
B E/ 2 Al e %< 100
2.6 RT-PCR %Kil Caspase 3. Bax & Bcl-2
mRNA #ik

HOWECAE K PANC-1 410, #e B84 4L 2x10°
AR T 6 FLEE SRR, FF 24 h 200G RE
i, SEERAINALIRE R 40 pmol- L1 EH ARG, ,
[ A BB B XS BRA, dk2idt o 48 h, UAE4NAE,
Fl TRNzol Universal i RNA #HBUAF]IE1T RNA
¥, #%ME FastKing —# 15 RT-PCR 357 & #4E
TR BEAT RT-PCR X450 ¥ PCR 43471 T 2%5x
REVEBERCHEATHIDK, DA B-actin FEPH RTINS,
K Caspase 3. Bax M Bel-2 &K G FTAKF 5L
B IE S W 1,

#*1 RT-PCR ARG 477
Tab.1 Primer sequences for RT-PCR

A 5195 J B 5 bp

Caspase 3 5°-GGAACCATCATACATGGAAGCG-3’ 317
5’-TCACCATGGCTCAGAAGCAC-3’

Bax 5’-TCGGGAGATGCTCATTGGAC-3’ 496
5’-GACTCAGATGCCGAAGTGTG-3’

Bcl-2 5’-AACATCGCCCTGTGGATGAC-3’ 211
5’-GACTTCACTTGTGGCCCAGAT-3’

p-actin 5’-CTTCGCGGGCGACGAT-3’ 104
5’-CCACATAGGAATCCTTCTGACC-3’

2.7 Western blotting %45l cleaved-Caspase 3.
Bax & Bcl-2 A #EA

HOWHE K3 PANC-1 i i, ##ME44L 2x10°
MM T 6 FLEEFRAR Y, FF 24 h A RE
o, SEBHMAZREE S 40 pmol - L YA,
[RIAF A8 B B T B A, 4k 2057 48 h, WAE AN,
A RIPA 24T 0K AT AL 24% 30 min 542
BUEE, eSS FEA SR R EE R — 3, A
mmSEE FREZE W 1 1 IRAIZE M 5 min fEH
A, SRIGHCIRIEAT SDS-PAGE BERCHLTK . F5ED .
HUREM . — PR PiEE . ECL A KB K
AT 308, UL B-actin 25 4571 K NN

o E AR 22 2020 4F 7 A4S 37 55 14 1]

%, Kol cleaved-Caspase 3. Bax M Becl-2 5 4
XFRIEA
2.8 Gk

SCIREER UL X 5 Fon, NA SPSS 18.0 it
AT, 24 A B 2 SR
2RIy 2o ik i AT b, DL P<0.05 Rgit=#Lt

BE 5 BA WEN,

3 #R

3.0 WIS AR PANC-1 20 3 5 i 52
MTT JER AR s, S RAPEXS IR LR,

40, 20, 10 pmol-LUAHIAZH PANC-1 4ifif OD {H
IR AR (P<0.05 B, P<0.01), %] PANC-1 4 it}
BN ZE 0 50H 60.26%, 34.95%, 17.89%., 4%
W3 2,

FT2 AW PANC-1 M A TR (X £s, n=5)

Tab. 2 Effect of piperine on proliferation in PANC-1 cell
(xxs,n=5)

2157 e BE /umol-L! OD 1l OB ) 2 /%
BT 2 - 0.633+0.043 -
(L 40 0.25240.0372 60.26

20 0.412+0.042% 34.95
10 0.520+0.044" 17.89

HE: SPAEXT R4 g, DP<0.05, 2P<0.01,
Note: Compared with negative control group, P<0.05, 2P<0.01.

3.2 AR A BRI PANC-1 4 oA K il £k 1)
Al

SRR IR L, 5 2 RE TR 40,
20 pmol L'/ PANC-1 4HffIH450 B &b 4
3~7 R45F 40,20, 10 pmol- L HUHSZH ) PANC-1
2 B T 25 B 1 R R B I 9D (P<0.05 B P<
0.01), Z5FRIKE 1,

77 e pitRHEa

6 = WIHER 10 pmol L™
- BB 20 pmol-L!
- BHHH 40 pmol L

(%]
1

2/ x10* mL!
(V%)

t/d
B 1 WM PANC-1 A EKEENEHE(Xts, n=4)
E XTI LEEE, DP<0.05, 2P<0.01,
Fig. 1 Effect of piperine on growth curve in PANC-1
cell(x £ s, n=4)
Compared with negative control group, VP<0.05, 2P<0.01.
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3.3 AR A BRI PANC-1 4 T- IS/
Al

Hoechst 33258 YLt 2h R R, BAMEXT IR
PANC-1 4 —5k, gt ay—, K
DL 8 9 e AR OGP 5 45T 40,20, 10 pmol - L
TR , AT UL PANC-1 A AT %, KN
2ot AN (R B 1 A A A ARl [ 4, e 22 R
R FERIOCERTR), HALL 40 pmol L5
HUHCONE, S5 2.

P %o R 2 ffﬂﬁ)ﬁ 10 pmol L™ ffﬂw& 20 pmol L~ ffﬂw& 40 pmol L

B 2 #HMHE A PANC-1 40 8 T A o9 & 75 (Hoechst
33258, 200x)

Fig. 2 Effect of piperine on apoptosis morphology in
PANC-1 cell (Hoechst 33258, 200x)

3.4 AR AJHE IR PANC-1 4 it 5o A B
A

SFAMEXT IR e EE, 40, 20 pmol-L-MEHHHK
4 PANC-1 4 ift e B T2 i B0 A f 31 (P<0.05 B P<
0.01), FEREIE BRI 35.40%F1 56.07%. 45
WE 3. £3,

BT R AR 10 pmol L™ EARIR 20 pumol L™ #HHK 40 pumol-L!

3 HAMAAT PANC-1 % JfL 52 1€ T #8979 (100%)
Fig. 3 Effect of piperine on colony formation in PANC-1
cell(100x%)

&3 WMHEA PANC-1 4 M ST & BT PR (X £ 5, n=5)
Tab. 3 Effect of piperine on proliferation in PANC-1 cell
(xts,n=5)

215 W /umol L™t SUREIEAREUAS  REIE /%
A X e 2 - 354.33+55.90 70.87
B AL 40 177.00+43.092 35.40
20 280.33+25.321 56.07
10 321.33+39.11 64.27

e HEPEXT IR iR, DP<0.05, 2P<0.01,
Note: Compared with negative control group, VP<0.05, 2P<0.01.

3.5 WM A AR PANC-1 4] Caspase 3.
Bax % Bcl-2 mRNA k7K 150
ST A Hhd, SRR 40, 20 umol-L!
2 PANC-1 4flfiff Caspase 3. Bax mRNA kK
A2 9, Bel-2 mRNA A /K- 3 R 8(P<0.05
5 P<0.01); #HUHE 10 pumol-L-'4H PANC-1 Zfifl
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Bax mRNA Zik/K -0 B FJE(P<0.05), 255 ILIK

4, £ 4.
N — — — —
Caspase 3 = 317 bp

Sy 30 20 10

papiiskacl AR/ umol - L'
& 4 WM EY PANC-1 4088 Caspase 3. Bax X Bcl-2
mRNA 5 1A K F i 2
Fig. 4 Effect of piperine on expression levels of Caspase 3,
Bax and Bcl-2 mRNA in PANC-1 cell

F 4 VAWBA PANC-1 488 Caspase 3. Bax & Bcl-2
mRNA & A AKFH (X s, n=5)

Tab. 4 Effect of piperine on expression levels of Caspase 3,
Bax and Bcl-2 mRNA in PANC-1 cell( x £ 5, n=5)

e B/ Caspase 3/

2151 Bcl-2/B-actin - Bax /B-actin

pmol-L~! B-actin
AP X R 2 - 0.283+0.033 0.478+0.048  0.257+0.046
AR AL 40 0.567£0.0362  0.216+0.0322 0.6310.0612

20 0.430+£0.047Y  0.303+0.041Y 0.479+0.055%
10 0.331+0.029 0.422+0.049  0.375+0.044"

e SRR E, DP<0.05, 2P<0.01,
Note: Compared with negative control group, "P<0.05, 2P<0.01.

3.6 MBI AP PANC-1 41 cleaved-
Caspase 3. Bax M Becl-2 #1325 /K 5200

S AT R4 b #, 40, 20, 10 pmol-L#
FUHAL PANC-1 4iifd cleaved-Caspase 3. Bax £
FRK IR ER, Bel-2 8 A #AK T 3 T
(P<0.01), Z5RWE 5. &5,

Caspase3 35kD
Bax 21kD
Bcl-2 = — — e —— 26 kD

cleaved-Caspase3 — — e— 17 kD

B-action w— o> ey e 43 kD
9l 40 20 10
pagiEe SRR/ umol - L
5 M B 4 PANC-1 48 i Caspase 3.cleaved-Caspase 3.
Bax & Bel-2 & & & A ACFHF0H
Fig. 5 Effect of piperine on expression levels of Caspase 3,
cleaved-Caspase 3, Bax and Bcl-2 protein in PANC-1 cell

4 g
e 1 A R SR ML o 2 2%, (R Ak
PEIG A AN A TR SR R AR AR, B A e
1 L 145 5 R () B E U T T e 1) EE SR
FEAWEFE R, VB & BUEH AU T 300 o) N e i 98
PANC-1 ZHAI¥GFE AL Bk, gz B, H
Hoechst 33258 YL a5 5 i n Hon[ fiff PANC-1 4
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&S5 WAMB A PANC-1 40} Caspase 3. cleaved-Caspase 3. Bax X Bcl-2 & B ki KT HY

B/
K-

(X ts,n=5)

Tab. 5 Effect of piperine on expression levels of Caspase 3, cleaved-Caspase 3, Bax and Bcl-2 protein in PANC-1 cell (X s, n=5)

20 51 YR /pmol-L! Caspase 3/B-actin cleaved-Caspase 3/B-actin Bcl-2/B-actin Bax/B-actin

[ %of FR 20 - 0.3430.022 0.195+0.047 0.816+0.04 0.358+0.041
BHARIRAL 40 0.338+0.029 0.523+0.045% 0.209+0.027? 0.603+0.028%
20 0.331+0.032 0.481+0.035% 0.366+0.038? 0.584+0.0562
10 0.349+0.034 0.310+0.032" 0.463+0.044? 0.481+0.039"

W SHPEXT B LR, DP<0.05, PP<0.01,

Note: Compared with negative control group, VP<0.05, 2P<0.01.

H1 A [ i 2 R e e o e A A A0 M O T B
%o UL 85 SRR S AURAE (A A1 AT 00 )N g i
PANC-1 4fiffid45s, JHif T HMT.

YR Pk = are - S P <% o8 S S L5
£ 1 (Bax \Bak & Bad %) . $iH T-25 11 (Bcl-2 . Bcl-xL
S Bel-w Z5)FIAT- 45 K 7 (Caspase FK %)t
25 T rdgiiea P e B0, s ~, 4
BB SR BTS2 AR AZ BB AMET AR5 ML, Al
SRR AR C 22K, 5 Caspase 9 M
TR H T 1(Apaf-1) 38 1E U G AR (B T2/
1K), 4kiM7E ATP FIYEFT Caspase 9 FEUIFETS
Caspase 3, {HHHIGIE MR Procaspase-3 fiff %1k
KA TR cleaved-Caspase 3, i SIS EE IR [ v
M PE MR T, Caspase 3 S S AR IE A AT
WP T Hr B bR 12, Bax Fil Bel-2 &[] J& Bel-2
FIRE I, RAEH B U 2 P T-E &
EHIEM T, Bax F1 Bel-2 DUE X4 HBlfEfE, 55
YA A SRR, YAz BN RE TS
Ji, ZAEMEGESULEI R A, 2 Bel-2 FikHE
Z i}, feffi Bax/Bax E&M R, #iM5 Bel-2 45
BB A ) Bel-2/Bax Sl 24K, il
T A AR ; 24 Bax FAWEZHF, B
Bax/Bax [A] —RIRBI B 2, (HL A 50H 7 PE
hn, et C BN 2, % Caspase KIiGHEH,
FEHJE Caspase 3 31, AREFFLER KB, 40,
20 pmol-L-'SHFREE AT |3 PANC-1 4fifif] Caspase 3.
Bax mRNA £ik7K¥-, [ cleaved-Caspase 3 Fll Bax
HEHFIEKF, T Bel-2 mRNA 1 HE A KFE,
R BB 5 5 PANC-1 40 i I 1- 5 Ho# %
Caspase 3/Bax/Bcl-2 8 T-15 518 A %

£k BRI WIS B PANC-1 41 i H.
ARG . F LA TR, HALE SR
Caspase 3/Bax/Bcl-2 8 T-{5 5 A %
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