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Preliminary Research on the Inhibitory Effect of Grape Seed Proanthocyani-
dins on Colon Cancer Cells

Shi Huanhuan, Lii Chengcheng, Zhu Yunfeng*
(College of Life Sciences and Bio-engineering, Beijing Jiao-tong University, Beijing 100044, China)

Abstract Objective grape seed proanthocyanidins (GSPs) are a kind of polyphenols commonly found
in nature which are natural antioxidants. Recently, the relationship between antioxidants and cancer has attracted
great attention. In this paper, colon cancer cell lines SW480 and SW620 were used as models to explore the ef-
fect of GSPs on the biological characteristics of colon cancer cells and the molecular mechanisms by which was
investigated further. Methods MTT assay and flow cytometry were used to detect the effects of GSPs on cell
proliferation, cell cycle and apoptosis. The genes related to GSPs regulation were screened by next-generation
sequencing and the expression changes of target molecules were verified by real-time quantitative PCR and
Western blotting. Results Both SW480 and SW620 cells were treated by GSPs, the biological characteristics
were changed significantly, e.g.: cell morphological changed, the cell proliferation ability decreased, the cell
cycle changed, and the apoptosis rate increased. The mechanism by which the Akt signaling pathway as well as
antioxidant signaling pathway represented by FoxM1 plays an important role in this process. Conclusion GSPs
can significantly affect the biological characteristics of colon cancer cells with which Akt signaling pathway and
FoxM1 play important roles.

Keywords  grape seed proanthocyanidins; colon cancer cells; apoptosis; Akt; FoxM1

Wk H #A: 2018-10-10 H3%2 H I 2019-04-30

I R AR F R R 118635 F (Bt itk 5 - 2011AA02A110) 7% By i

*EIEH . Tel: 010-51684352, E-mail: yfzhu@bjtu.edu.cn

Received: October 10, 2018 Accepted: April 30,2019

This work was supported by the National High Technology Research and Development Program (863 Program) (Grant No.2011AA02A110)
*Corresponding author. Tel: 86-10-51684352, E-mail: yfzhu@bjtu.edu.cn

[ 28 HA i) []: 2019-09-12 12:15:05 URL: http:/kns.cnki.net/kems/detail/31.2035.Q.20190912.1214.008.html



1524

- BRI SC

2 798 (colorectal cancer, CRC)TE 4= tH: 735 [l N
S ONE LS 2 — U, BFFE IR, IR G
AT SR 98 S PR, TR AH OC 28 RE T e id i 0 1)
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A (1) 507 R T 4 5 e 48 M e ) R AR RN O B St R
DRI, MR 5 7 T R R TR AR T 45 W e iR 245400,
CL AR TR B AR

1T A SR A0 AR A ) O AE MR B PR AR 9T R
FEE ORI E ZEH . Elango5“ I HF 5T R B,
TETBCT BA TR 7800 1) T e 3 M BT AR S B3
AR . BN S R IR T ST ALY FISOD. CAT.
Y R CHIYE A ZREZKF B BRI v Wt 4y
J I M R X RE TR IT A AR o IR IE R,
2 W W) 5 U v T I R FE R VR T A A R
. Y2 BA MK MdlEA
Wl YE . (R TSR AL

Hil %] ¥F ) A€ 7 % (grape seed proanthocyanidins,
GSPs)& M ] %5 A7 H 42 B HS SR 1) — P BT I 25 22 I 4L
), FERHILER. BILER. SJLEREER
ILE R TE R AR, IRAMEH =Rk, DY RAREE,
BAPUEM. BB A BRED RO MmES, sri
FIVE L, [RIB T FCUE S, GSPSTER RS . FLIRE . T
T SR ERE TR, RE A RS e 4 R A 72 = 28 e 0,
WEFE o, ) R RN Bh -1 52 XU e % AE A43 140 i
HEE S SRR, O AR TR TR
AR, [F) I Vaid SR R A E s B T 2 R
TR, JRAETH 3 0% 1T PR K B-catenin R 7K P 111 ]
N BB 0 3598 A i 3R A3 7S FITHS294¢ 1) 18 i - {12 12 4
MBI T 0T 45 Wi X — VH A TE MR SR U, AF N
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PRIk, AT 7 LA 45 1 96 4 i SW 480 RIS W 6204
N SN B, W EXGSPsXT 45 i A FE 245 . 34
T S 20 PR S AR AT R B2, R AR A DG Y
YEFMLE .

1 MRFEE

1.1 ¥
1.1.1  mpe N G W 2H e SW4S0 RIS W 620 H iR

TR i 15 e P8 v o S 6 2 R
112 EZMHAERA GSPs(=95%)IH [ K
T SRUER AR = LT KA A 5 M 0

GibcoA ; RPMI-1640%5 77 25 1 H Hyclone 22 7 ; il
W2 R H LA R TR A R, TR
(dimethyl sulfoxide, DMSO). MTTJ4 H Sigma/A & ;
Annexin V-FITCHH g 1 T2 A& 08 577 & 08 B w5t L%
VRN R A BRA ;40 AR &
J S TP 2L AR V) 1 YL 5388 11 38 2 R A B R LT
BCAZE 13 £ 0 & ik 751 & 8 B 2% E Thermo A #;
Trizoly H 3£ H Invitrogen 2y 7]; RNA Jx % 5% 1 771 &
It H Promega /s ; PUiAB-actinly) H Easy Biok} A
PR A F]; Cyclin D1, CDK4. Bax. Bcl-2. FoxM13J
Ty R A ) TR R 4 75 BadlW H Abcam
RAOGARAF.

1.2 5%

12,1 @R ARiL® NG ESW480
MISW620743 7l B T 10%)6 4 i FIRPMI-1640%%
FREEH, 37 °C. 5% COJEFRM PR 7%. dfEAR
o BT R IR I A G R 5256 20 I\ GSPs i H 2¢
WRPEEIEF100 pg/mL, XFHEZHHNIN0.1 % DMSO, 4k 4k
Br7748 hG /{5 B B s TSRS .

122 @mieR & MaEs B B K 4 i
SWA4B0FISW 620425 Fift T~ 85 F= ML, S48 2H I A GSPs
i H 2R FE IR F1100 pg/mL, i 4110 N0.1% DMSO,
ARSEREIEA8 hJG E B B B N MR

123 MTT#HAR @R BOHE KA 4
Jil SW480F1 SW620LL 2x10Y/FL T 96 LK , 546
L3 BN AR B2 9 GSPs(20 pg/mL 40 pg/mL.
60 ug/mL. 80 pg/mL. 100 pg/mL), &K & %64
H 5L, MHEZLMA0.1% DMSO. 43724 h. 48 h.
72 hjE IEAAMTT 20 pL, 7E 85 7% 46 4k 22 55 774 he
FEPEFL AN ES IR, IIN150 uL DMSO, I EEFR i &
490 nmAL DA .

124 AX@pesen a4 B
A=K 20 L SW4S0FISW 620 LA2x10%/FLEE A T-6 4L
B, SEIGZH N N GSPs i H 243K 35 1100 pg/mL,
B3N AL, I AN0.1% DMSO. 435124 h.
48 hy 72 hJE AR, 44 HER T & Ul W 10 IR A,
FA it =4 S AT R

1.2.5 Q-PCRA&M 4m it 5] HiFe B =48 % 2L ) 49 R A
B B0 K T I SW4SOFISW 62041 ifa, S2 56 2H 73 1)
TN A100 pg/mLIKIGSPs, % F8 4L i AE 4] 4k
B, 559748 hg, H TrizoliAFEHUERNA, FIF 5%
R A HieDNA, FFQ-PCRIAF £ #17Q-PCR X
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o SEBGH BT (151 03 i Ab s =18 A F AR,
WRIFTR.

1.2.6 Western blot#-in] 2m il J8) 21 A= B T- 48 X & & 9
Rk BRI FE 100 pg/mLIIGSPskb#48 h) (14
F, FH 41 B S IPZL A v 24 5 R 3L 4H (1 40 i, BCAZR
A B 5 R A A R . BREHEN30 pgidh AT
SDS-PAGEHLVK, P & 468 BN 4 R K |,
S%MLIE Wk L A1 h, — P4 °CHF & R, 5 DABAR
AR IC ) PUEIRIF B 1 h, ECLAL2: RO
T R, BT IO B, ARk

127 mezLEHELRLEMmBEmE B K
) 41 BESWASOFISW6204% Fft F- 45 7= ML vh, SIZ46 4H
TN 22 T 25 LK FEIA 21 pmol/L 2 pmol/L+
4 pmol/L, X HEZ1HNN0.01% DMSO, %7524 hja 735
JEEIRNA. & M, F| FHQPCRMIWestern blot /7 i2: 4
MFoxM1 )23k .

12.8 @R EM mabm £ SEIGH4NA N
YU FE N2 nmol/LIHR B 22 1 2=, X HEZH i X0.01%
DMSO$5 7724 h, JFRREEH AL ARG 51 5% 1% 20 B B,
PA8OOAN/FL 1A 55 % B 4 Fp -6 L AR H, JAN37 °C.
5% COHIR L T4 B 3E R 2~3 . 7% BIEWH,
0.1%%% i 5 Y 820 min/e 47, FIPBSZZ 18 ¥k & e to
W, AT G, BRI

129 %itx 7k KRHSPSS 190805 £ i3t
ITGE 2500, BT A SB35 LA B hm o 22 (ets)
TR, XA SIS S5 R R T ek B . PAP<0.05 4 2

g

R E M-
2 HFHR
2.1 GSPst{ZZHARI LS

GSPs/) 7] 4b FESW480FISW6204H 148 h), 7E
{5 B WA T WS B Al I i TR AR 4k, 25 R
Fin. GSPshbERJE, A4 40 fR SW480FISW620
TEAYIR AW BECE, iR AK, 2 2RE, A
SRS
2.2 GSPs#]H|ZHARAYILE

AN 7] 9 FE BIGSPsAb B 25 )17 J 41 i SW480 A
SW620 24 h. 48 hFl172 hJg, % WP 4 4 i 1) 5 0
WER2FT7R. 45 RERW, 7524 Wi, %94 IGSPsXT
SW4B0FISW 620 1) 4H A 14 5 A ¥ 35 (2 b4 ;78
48 hitf, I FE [ GSPs X SW4S0ZH Jfd 48 5 5 i 7 7
AN, Uk Bk )60 pg/mLIE, GSPsXSW6201
FE AT S 3 AR 7272 hi, 9K B IR GSPs Xt
SWAS0HT Y Fr 18 FEL A7 WA S A 30kl V6 P, & M A7 35 =R
3 FEAIR, BR20 png/mLIF R EE 24 LA, 25K FE IGSPs
XTSW6204H i (1) 38 5l A7 BH 2 i A FH
2.3 GSPs{Ri#ZmpET

NER T GSPsAbHEL J5 X 40 M8 T s, 4 i 4
Annexin V/PUW G J5 H it =gl o AR . 40 9 1
FLHH, 2 S A FR % T T 22 % R (phosphatidylserine,
PS) EH i M5 A 383 7] S0, Annexin VI8 I 40 B 2
T 5 101 i 1k 22 0 IR 5 090 T L ST A e 1 B P 5

®1 5|97
Table 1 Primers sequence

CIRVEZR S Gkl
Name Sequence
Cyclin D1 F: 5'-CAA TGA CCC CGC ACG ATT TC-3"

R: 5-AAG TTG TTG GGG CTC CTC AG-3'
CDK4 F: 5-TGC CAATTG CAT CGT TCA CC-3'

R: 5-AGC CAA CAC TCC ACATGT CC-3’
Bad F: 5-AGA TCC GGA GTC GCC ACA-3’

R: 5-GAG TCC ACAAAC TCG TCA CTC A-3'
Bax F: 5-GGA CGA ACT GGA CAG TAA CAT GG-3'

R: 5-GCA AAG TAG AAAAGG GCG ACAAC-3'
Bcel-2 F: 5-GAT AAC GGA GGC TGG GAT GC-3'

R: 5-TCA CTT GTG GCC CAG ATA GG-3'
FoxM1 F: 5-CTG AAA GCT CCG GTG CCA GAC-3'

R: 5-GGG TCC CCG GCG GTG CG-3'
GAPDH F: 5-CCATGG AGA AGG CTG GG-3'

R:5'-CGC CACAGT TTC CCG GA-3'
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(A)

©

A: SWASOZH 4t B4 ; B: SW4S04H i AIGSPs(100 pg/mL)4H; C: SW6204 iy xt HR 41; D: SW6204 il ) GSPs(100 pg/mL)4
A: SW480 cell control; B: SW480 cell was treated by GSPs with 100 pg/mL; C: SW620 cell control; D: SW620 cell was treated by GSPs with 100 pg/mL.
E1 GSPsEZESW4AS0FISW6204A AL AS
Fig.1 GSPs significantly changes the cell phenotype

107 o = 24h

@ 48h

100 0D 72h

SW480
Relative survival of cell (%)

w
<

0-

NEEOEN NN

GSPs concentration (pg/mL)

(B)

_~
[N TN
23

SW620
Relative survival of cell (%)
N =)
°PeP

(=)
T

Q '\9 N N

Q Q
NN
GSPs concentration (pg/mL)

A: FIRFERIGSPs 73 i AL BESWAR0AH 24 hy 48 hy 72 hi4HMIAFTE2E; B: SIRFERIGSPs /7 Al AL FISW6204H fiI24 h. 48 hy 72 hify4HHIf7iE 2.

*P<0.05, **P<0.01, 5xR4LELEL -

A: the cell viability of SW480 cells treated with various concentrations of GSPs for 24 h, 48 h, and 72 h, respectively; B: cell viability of SW620 cells
treated with various concentrations of GSPs for 24 h, 48 h, and 72 h. *P<0.05, **P<0.01 vs control group.

B2 GSPsHIHISWAS0FISW62040f15E
Fig.2 GSPs inhibits the proliferation of SW480 and SW620 cell

LAk I E (propidium iodide, PI)J&—Fi %R Yekl, ftiE
T T e G SR 24 Y P 4 S T A A AR 4. AR A
Wit 2 B 5 GSPs(100 pg/mL){FE 24 h. 48 hill
72 b/ S T A S R R oA A B, 2R
N, TE = ANAS A A AR BRI 1) 55, 5 ) B A L,
GSPsHLH T- A E 2, 7 7 B 35 (++P<0.01), I
H.7£48 hitf, GSPsXF SW480F1SW620H] 4H fitd 7 - {2

BV R B2, T dR s, 29 il 22 (46.27+2.53) %
(51.23+2.22)%(KEI3A~EI3C).
2.4 GSPs5| &40 E HARIPR

PR FLGSPs b L 5 X 41 i B 3 () 52, 3RAT
53 SR A ol A B 3 AT O A SRS I . 7 e AR
H1, GSPs(100 png/mL){E H48 hja, 40 il £ P14t
Jei BEAT I 2G4 M, I K F Western blot4) il i
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SW480 SW620
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60 = @8 Control = @8 Control
S o S ks O GSPs
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2 2404 =
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2207 2201
o =]
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A: GSPs(100 pg/mL)%F SW4S0FISW62043 7/ F24 h. 48 hfi172 it =45 R, B C: SW48041iE . SW6204H i 7E24 h. 48 hA172 hifi 4l fd 1%,

**P<0.01.

A: flow cytometry results of SW480 and SW620 treated by GSPs (100 pg/mL) for 24 h, 48 h, and 72 h; B,C: the apoptotic rates of SW480 and SW620

cells treated by GSPs for 24 h, 48 h, and 72 h; **P<0.01.

B3 GSPs{EFISWA4S0FISW 62040 At 5 HARUAT- 157
Fig.3 Apoptosis of colon cancer cells after being treated with GSPs

W7 A M AR G oy Tl AT b SRR, 5
o HEZHAH L, 78 8 B 40 A b, GSPsE A 40 g 1)
H I T Go/G I B (Bl 4A~E4B); 185 K |,
GSPsff CDK4 flcyclinD1 [ % 1A & & & B K
4C).
2.5 GSPsiEEEFERTFiE

R 55 GSPs T SW4S0 M SW6201H 4% HIAL 4],
FiTllumina HiSeqill 7>~ & Xt SW480F1SW 62041 i %
SKHBATIT 434, 25 R IR, SW48041 L & H %
FEFRIRFE LS 0941, SW6204H it 5 2 S ik
319 2001~ (El5). 4GOS B FIKEGG pathway
IADE B b, b B 2 r R E R 2
1 JLAME 5 8B o R @4 . PIBK/Akt. JaE
AR HTLV-UZ G i it A 1 4% 5 0 45 5 08 %
(F2AF3), AKTELH B AFTE A O A S AR, R

I AT R 30 AT 12004 22 S5 R R U e B AktiE %,
SWAS0ZH fif h 2= 5 3L [K 2861, 5 At % A4H 6 11 22
FEFER H3.85%(32), SW6204 Jif b 22 7 K2 (K302,
b5 Akt 2 AH O I 22 S R ] 193.58%(3K3) . [Rlith, &
AT B T R 5 1 22 5 22 DR LS T 350 40 2 R Al
BB I IAIE (£ 4)
2.6 GSPsXTAKt(E S8 X EERIFIE
NG AE I g5 3R, AT A FH Q-PCR AT Western
blottingyZ: 7 7 & M GSPs Ak HE /i J& #8 2E K [y mRNA
MEARIEKTF. LKL HE EIR, EmRNAKT
F, PR GSPsA Bel-255. 3 N, Bax % I
W, Bad{ESW480H & % i fESW620HH &A% 1k (K
6ARIEI6B); £ /KT I, Bel- 2 E AR IA & T %
T, Bad. Bax i3 L I(KI6C); P FH4H 1) GSPs
“H Akt p-AktHE H/K-FRIE T (K 5D); [FH p-
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SW480 SW620
@) ®) .
ok ok

o ** = G,/G, 50

s\,GO =1 S : G,/G,
% o G/M g 40 =,
= 8 b
§ 40 5 30

2 320

= 20 =

0 A S N
~ S Q N
o & o &
(C) SW480 SW620
GSPs — + . +
Cyclin D1
CDK4
B-actin
(D) SW480 (E) SW620

£ £

2 215

2 @8 Control g, = Control

5 08 oGses 3 © GSPs

= 1.0

.g 0.6 &

5 04 0.5

£ 0 50

3

& ) ~ \\ QQ%

0\\ Cﬁ

%)
A+ B: GSPs# A% SW480 SW6204H )1 i WA/ A1 [R50, C: GSPsXTSWA480 SW6204H I WK% 43 T IR IA B, Dy E: KIS
FLAB-actin Y S AT bRUEILALEE . **+P<0.01.
A,B: GSPs alters the phases of cell cycle of SW480 and SW620; C: GSPs regulates the expression of cell cycle-related genes in SW480 and SW620. D,E:
grayscale scan results normalized with reference to B-actin. **P<0.01.
[El4 GSPsxTSW480F1SW62040 A E HAK9 SN
Fig.4 GSPs alters cell cycle of SW480 and SW620 cells

8 000 1 7283

8 @B Up-rcgulated
g 6215
& 6 000 3 Down-regulated
2
Z
5 40004
2
: 1879 1917
£ 20004
) _. .

0- T .

,65?%‘ ,0%?%
\’qs \N%
© R
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>
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SW480 Control-vs-GSPsHl SW620 Control-vs-GSPs43 75 SW480 41 SW620(1] GSPs4L 5 %} {8 244 bb %2 57 R IA L K], Fold change=2.000,
FDR<0.001.

SW480 Control-vs-GSPs and SW620 Control-vs-GSPs refers the differential expression of genes in the GSPs group that compared with the control
group, Fold change=2.000, FDR<:0.001.

ES5 ZERFTIEEE
Fig.5 Differentially expressed gene
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w2 SW4B0LMAIAER E &
Table 2 The results of pathway enrichment in SW480

BN TEEEAH OG22 AL IR (7 424)  IEERAHIOCHTAT SER(20 655)  JEBKID K1 K2
Pathway DEGs with pathway annota- ~ All genes with pathway an- Pathway ID Level 1 Level 2
tion (7 424) notation (20 655)
PI3K-Akt signaling 286 (3.85%) 845 (4.09%) ko04151 Environmental Signal transduction
pathway information pro-
cessing
Metabolic pathways 749 (10.09%) 1 990 (9.63%) ko01100 Metabolism Global and overview maps
Pathways in cancer 521 (7.02%) 1232 (5.96%) k005200 Human diseases Cancers: overview
HTLV-I infection 422 (5.68%) 833 (4.03%) ko05166 Human diseases Infectious diseases: viral
R3 SW620MAEIEE R
Table 3 The results of pathway enrichment in SW620
i WPRAR G ZE AL (8 425)  EBRAHICHT A 4 K (20 655) JERFID K K2
Pathway DEGs with pathway annota-  All genes with pathway annota- ~ Pathway ID Level 1 Level 2
tion (8 425) tion (20 655)
PI3K-Akt signaling 302 (3.58%) 845 (4.09%) ko04151 Environmental Signal transduction
pathway information
processing
Metabolic pathways 856 (10.16%) 1990 (9.63%) ko01100 Metabolism Global and overview maps
Pathways in cancer 561 (6.66%) 1232 (5.96%) ko05200 Human diseases ~ Cancers: overview
Transcriptional mis- 466 (5.53%) 1047 (5.07%) ko05202 Human diseases ~ Cancers: overview

regulation in cancer

R4 ERFTIEER
Table 4 Differentially expressed gene

ZRFIEIER SWASOA I 1 (GSPs/%it i) A SW6204H il 7 (GSPs/} ) R T

DEGs RiLExER Up/Down-regulation RikgExR Up/Down-regulation
log-Fold change(GSPs/Control) log>Fold change(GSPs/Control)
in SW480 in SW620

Bcl-2 -2.423 211431 Down —1.884 522 783 Down

Bax 0.586 841 01 Up 0.405 213 275 Up

Bad 2.187 781 057 Up 1.931 491 815 Up

Akt/AktF1Bcl-2/Bax -5 % & 41 AH Eb 96k /)N (Bl 6 F AT P

6G).

2.7 GSPsITEMNIRE P RBEERFE
W 45 b B 7R £GSPsAb HE 5 FoxM 1 A

W(FS), MFoxMIEHT AL 4% B A 21 1EH,

NUEBATHE 20 0 I BE AT IR R

2.7.1 GSPsTFiAFoxM144 3L FH Western blotiZ:

Kl GSPsAb #H f5 B L PR 1) R0k, 45 2R 7R, 2GSPs

Ab PR fEFoxM13IA R, 557 245 1 — 83k

SHET.

2.7.2 FoxMI1#y 4m it & 4 5 o fig S 2. NG

FoxM 1% 41 Jfg A 9 22 R AE IR 52, AT R AS [R) 9 B

FoxM 1F 7 00 ] 751 i % 22 B4 2% (thiostrepton)4h ¥ 4]

i, PLQ-PCRA1Western blotyZ: £ I # 3 [K] i mRNA
AIEE 3R, (A ISR W0 A P 4R R T i RE D 2 1S 2
Bz, &5 5 58, mRNAZKF I 4 Thiostreptonih
MG FoxMI335 ¥ B IR(EI8ARISB); & /K1 E22
Thiostretptonih 2 f5FoxM 13 ik 2 B#1ik, S mRNAZK
P (EI8CHISD).

4 & M Thiostrepton F i FoxM 15 41 g ) & /&
M2 5o, JATIAT T AHBARTE T S ie . 4220,
2 umol/L Thiostreptonkh £ 5 15 7£2~3 ], 45 R W R,
Thiostreptonb 2 J5 41 il v F ¥ Jil W 2. 98 21>, SW480
Y i R R R ZH (11113), S2464H (23+4), P<0.01;
SW6204H iy /& Fh X IR ZH (111£11), SZEZH (27+3),
P<0.01(FE9A).
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Bax Akt
Bad p-Akt
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Pro-caspase 3
Cleaved-caspase 3
Pro-caspase 9
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B-actin
(F) SW480 (G) SW620
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Fig.6 GSPs effect the expression of Akt downstream molecules
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Table 5 Differentially expressed gene

FERFIRIER SWAROA L (GSPs/AT )R R/ R SW6204H i (GSPs/xT )R F I/ i

DEGs LRER Up/Down-regulation EER Up/Down-regulation
log2Fold change(GSPs/Control) log2Fold change(GSPs/Control)
in SW480 in SW620

FoxM1 -3.233 650 599 Down —1.489 384 841 Down
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Fig.7 GSPs inhibit FoxM1 level
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Fig.9 Down-regulation of FoxM1 inhibits cell colony formation
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