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Mechanism of the anthocyanin single component cyanidin-3-O-glucoside inhibiting

proliferation and migration of B16-F10 cells

WANG Li", CHENG Peng, QU Chen-Fei, LI Xiu-Yan
Department of Medicine, Qingdao Binhai University, Qingdao 266555, China

Abstract: To study the effects of the anthocyanin single component cyanidin-3-O-glucoside (Cy-3-glu) on the proliferation and
migration of mouse melanoma cells and to elucidate the underlying mechanisms, B16-F10 cells were treated with different concentra-
tions of Cy-3-glu. Cell viability was analyzed by a CCK-8 method. Cell migration was determined by the callus scratching technique.
Cell cycle was measured by the flow cytometry. The expression levels of genes involved in cell cycle regulation were detected by
real-time PCR. Protein expression levels of p-AKT, E-cadherin, N-cadherin and vimentin were analyzed by Western blot. The growth
and migration of B16-F10 cells in C57BL/6J mice were monitored by the cryogenically cooled IVIS-imaging system. The results
showed that Cy-3-glu significantly inhibited the growth (P < 0.001) and migration (P < 0.01) of B16-F10 cells, and arrested the cell
cycle in the S phase. After Cy-3-glu treatment, the expression levels of p-AKT (P < 0.05), N-cadherin and vimentin (P < 0.001) were
decreased significantly, and the expression level of E-cadherin was dramatically increased (P < 0.05). The size and weight of tumors
and tumor metastasis in mice fed with a diet containing Cy-3-glu were significantly reduced (P < 0.05). In conclusion, Cy-3-glu inhibits

proliferation and migration of B16-F10 cells by inhibiting the PI3K/AKT signaling pathway, cell adhesion and migration signals.
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3-glu) RRFEH R SEEREE TR/ N gy FHEY,
HAEmmE 1R, REE L. IS FEENET R
frAy, fegit 82% KRSz # AT LIk R .
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2 i 1= 18] 78 J5 40 B 3% 4% (epithelial to mesenchymal
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PAFE FE AR AL, HH SRR I
S B ] EMT i A2, 184 55 200 e JE % ek A0 &4 i 1)
FHEICER, A0 40 M A 5 % . A Skl 1
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1.3 FEHPMSIAF Cy-3-glu (Polyphenols 2
al, #EE ), DMEM 1598 F8 5. ML Y g (PT).
lightCycler® 480 SYBR Green I Master. L-DOPA
(Sigma A7), E£H ). KELLZ4 (Sigma A7, %
). 4+ 1% (fetal bovine serum, FBS)., 75 % % .
WER R, BRE M (GibcoBRL 2w, KH ), Trizol
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RED /] ), B-actin Pk (Santa Cruz A F], EH ),
p-AKT. t-AKT. E-cadherin. N-cadherin 1 vimentin
P4 (Cell Signaling A 7], £[H ), ECL & 4 R4t

Fig. 1. Anthocyanin-rich fruit and molecular structure of cyanidin-3-O-glucoside (Cy-3-glu).
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14 FEFEFE  CO,#H7M (Sanyo AF], HA),
20H1 (Eppendorf A ], £ [F] ), 18] & i f4%5% (Olympus
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1.5 B16-F10 ZHB3%5F  BI16-F10 4fifi UL DMEM
ERERR IR T 37 °C, 5% CO, HFffih i3, 4
i A 538 5% 77 LA 90% LA _E B THI AR IsE, FH 0.25%
[ JR 2 1 g (PBS O ) WHAGGE IR, o5 e DN &
5 R TR AR ATIR )G, (B A iR HE AN [ 2%
FEAEAR, AT N —2PsLe.

1.6 NREREBERARSERIEFR  KBHAES3
TN B fi R BT A= 8 CSTBL/6T /) B3 T 3 3 b A S
VUL, #BEEBEERIS, TN PBS Hse 4%, I
TE 75% ks HHIRIfL 2 s, 2 J51E PBS H HHRBL BT AN
AR BT B k2 T ) I B 1 46 4k 2R 2 B T4
TN 0.25% Dispase 11 fiff 4 °C JHAb I . K3 2 1
BRI BT, FHIRFBT R BT, I 0.25% i
EABET 37 °C 4L 10 min 5N AR L 1 ERZ4& R
HALTER, F 200 HEMISSE. USCEEIER, 1 000 1/
min 4 °C .0 10 min j5 3 7%, A DMEM ¥ 5%
FEE ML BN 37 °C, 5% CO, Ki 3%
R

857
L7 MRERFRERMME L-DOPA FEZE /i

AR BE R A M 2 BRER R IR IS, 76 PBS HRI R IX,
TEE E W (I - 54 R = 6:3:1) H1[EH 7 20 min,
F PBS ¥ ¥ 3 ¥k, %A J5 £ 37 °C T A 10 mmol/L
L-DOPA fERIEHEE 18 h , WHG, FHZAMEK
Ve RN, WiAKIREF . Wi B W R
BRAM.

1.8 MREXREERAM Cy-3-glu B 54
ffi L DMEM = #5577 3 T 37 °C. 5% CO, £ 3+ 44
R FE, o B AN TR R B Cy-3-glu (50 umol/L Al
100 pmol/L) Zb34 24 h, LI i A= K175 0. o

1.9 CCK-8 FHMMFRIBIE 14 Bl6-F10 4 ffufk
IR R 96 FLIR, FrAiMKBET%E, AR
& Cy-3-glu &b 2 24 h, HFLANA 10 uL CCK-8 ¥ s
37 °C, 5% CO, i & 2 h, HIFEFRUTE 450 nm K
W E RO -

1.10 Real-time qPCR M B16-F10 4f g $2& B &
RNA, & RNA [ #55%i cDNA, %18 lightCycler”
480 SYBR Green I Master i 7 & 16 P F5, real-time
PCR 1% 17 PCR R .. BAFEME 3 ANES,
LG 3 k. Real-time PCR 591551 L3 1.
1.11 Western blot T8 & 200 V, SDS- & 1A H ik
Je Bk Bk, 4% 2 x SDS - REGE i A A L R Ah
RIS SR L%, it e B, HHPIR OIS .
a4 R B 4R, E4E, K 0¥ 2 PVDF i,
H 150 mA 3 h ; PVDF fi5fili oK H EEE4L 1 min,

%.1. Real-time PCR 3|4 5 71| &

Table 1. Primer sequence for real-time PCR

Gene name Sequence of primer (5’-3") Amplified product (bp)

GAPDH F: TGTGTCCGTCGTGGATCTGA 149
R: TTGCTGTTGAAGTCGCAGGAG

Cyclin D2 F: AAGCCTGCCAGGAGCAAA 77
R: ATCCGGCGTTATGCTGCTCT

Cyclin B1 F: TGGCCTCACAAAGCACATGA 77
R: GCTGTGCCAGCGTGCTAATC

Cyclin E2 F: TGCTGCCGCCTTATGTCATT 78
R: TCCGAGATGTCATCCCATTCC

CDK2 F: CTGCCATTCTCACCGTGTCC 79
R: AGCTTGATGGACCCCTCTGC

CDK4 F: GGCCTTTGAACATCCCAAT 78
R: TCAGTTCGGGAAGTAGCACAG

CDK6 F: TGCGAGTGCAGACCAGTGG 150

R: AGGTCTCCAGGTGCCTCAGC

F: forward; R: reverse; GAPDH: glyceraldehyde 3-phosphate dehydrogenase; CDK2: cyclin-dependent kinase 2; CDK4: cyclin-

dependent kinase 4; CDK6: cyclin-dependent kinase 6.
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FARBE T 10 min, FEEIL 30s ; TBS-T (pH 7.6 &
0.1% Tween-20) %% 5 min ; FFFHi4E 1:1 000 7 ke
JEHAT A, ZRASHI N 5% it g @k LA P41
keSS ; TBS-T Yk 1 7K 15 min, A5
e 3k, RFIR 5 min s BRI A AR FRIC B
PUAAE 20~45 min, FASH T E 5% a9k s TBS-T
P 15 min, SR JEIEVE S K, AR5 min; F| A
ECL % {4 R G347 & t0 5 Xeray 2 (Kodak) i¢ 3%
BgER,

112 RGN frlign A
0.25% JRE LR AL WET 1.5 mL SO0 H,
B FEA 1 % 10° S /mL; F T ) PBS Pk 2 i,
2 500 r/min B5.0 5 min, PREGPIIE 5 AE A A
(K] 70% ZBEWRFTIRE], 4 °C [ e ; 2 500 r/min
20 5 min, YR ; A 1 mL Fiiv4 PBS BEE A
M9 3 R CAEFBRREE I EE s N & F 0.2% Triton
X-100 A1 100 pg/mL RNase ] PBS 500 pL £ 541 i,
FEEIN S pL PLs R i = am i S8 ( - HLET
200 H e ).

1.13 BGRIRZERMTRE KA E 6
FLIR, FraifBE B %A, AR RERILIR
AR — A4k, FEFRINERE LK I 100 pmol/L
Cy-3-glu, HF2H 3 MR AL, X R I SRR 58
SREFEIE, KSR 12h. 24 h 8L 48 h 5 B 405 IR AR
TE B ST M.

1.14 C57BL/6J /)R BfE 458 BY 32 7 1% 5 4 R, 1% SE A
M SJEE CSTBL/6THER 7 A3 4, A4 10 H,
I3 IR A (IR H /N BRI N 200 mg/kg Cy-3-glu
P S AR ) iR A TR (R R TR ) R R
WKL) A1 Cy-3-glu ALBEZL (bR R 7R /)N R 1 M TR
Jin 200 mg/kg Cy-3-glu @ wRL ), AbEE 6 F.,

R AL i ST . R AR E RIA WL R G4 Blo-
F10-luc (2 x 10°) 5 Matrigel i 1:1 ¥4t 100 pL 3
il 7 CSTBL/6J e BRI T B2 T 2024, o e Avfr 45 4
FUR RS FEHRL 5 Matrigel 8 1:1 JR &4,

TR AR SR R« JE B ) PBS (w/o Mg’
Ca™) B #l D- 7% ¢ Z 4 2k T /E W (15 mg/mL), 0.2
um JEBE T ERR B . — B, fRFRUKYA HEDL
TN B EE G R B 1% R LR S24, 2 A TR
WORAS 5 Fo/N RAREREIBVES 10 pL/g 1) 15 mg/mL
w6 Em LAEW, JES AN 5~10 min 5, AT
B

1.15 HI\|ALE Western blot £ PCR SZ6 45 B 58

&M B Imagel S8R, Fiit % H K F SPSS 18.0
Kol o B A (SPSS Inc., K[ ) AT KR TS %=
g3Hr, I LSD kb AT WY B, T 4 1) 25 B b At
KH ¢ K% . HE B mean £ SEM %R, P < 0.05 (*),
P<0.01 (**) F1 P<0.001 (¥**) Nz 5 G,

2 &H#HR

2.1 Cy-3-gluiil&B16-F10£RpaY 4 € F0TH

Wil 24, 2B i, A AWK JE Cy-3-glu (50
umol/L A1 100 umol/L) kb ¥ B16-F10 41 ifd 24 h, 45
IR 100 umol/L Cy-3-glu & #1014 B16-F10 [/
Ko ATH—BRUE, B E 7T/AREARBAE
YHG, I L-DOPA Je iy % 5 /N B 2 6 K 41 e,
AT/ RB AR, A% EREEA,
MK WA R (B 20). BEJE, H AR A
BTN R AR, 45 R BoR Cy-3-
glu 4b2E 24 h e A K E W E 2N (B 2C. 2D).
4, H 100 pmol/L Cy-3-glu 4t B16-F10 41 iy &7
EHIAI LR e s (K 2E, 2F).
2.2 Cy-3-glu#lB16-F1049 40 E HAH T

FHARM R AR 20 A 3, 100 pmol/L Cy-3-glu
4bFE B16-F10 411 24 h J5, GO/G1 #itbfil N %, S
WL 39.1% 39N 5] 64.4%, % 4 i 5t 2% BH 7 78
S H (K 34). 4 Cy-3-glu kb B 5, 4 o & A 45
# M cyclin Bl cyclin D2, cyclin E2. CDK2. CDK6
1) mRNA ik /K-8 &5 i, CDK4 A8 (b AN (
3B). LA E4E B E B Cy-3-glu #1141 B16-F10 4 iy
JE SRR, il SLPH W AE S ], DNA & i %2 B,
YA 22 5y R RR IR E, B A B16-F10 41 i
WA
2.3 Cy-3-glujdidPI3K/AKTiAF5E-cadherin,
N-cadherinFflvimentin Y FRIAIK FE

JERT Western blot #6145 & 5 (4 E-cadherin
] 78 J57 40 i A 25 2% 3 N-cadherin F11 vimentin 14,
gt B 7R Cy-3-glu {2 i3k B16-F10 41 Jid E-cadherin H
ik, [FBF ] N-cadherin A1 vimentin ] i% ( K
44, 4B). Cy-3-glu 4t 3 J5 i A= K AT (1) p-AKT
ASE (AHXTF +-AKT FIAHEXHE ) . FIH PI3K
S5 AR LY294002 4L FE B16-F10 4 ffl, W%
| BE-cadherin FlI N-cadherin £& H 14 /K *F 5 Cy-3-glu
AbFR G A — 2 (1 44, 4B). IXUE4E R Cy-3-glu
Hff SZA% 3@ i PIBK/AKT i##%, 434875 E-cadherin
1 N-cadherin, #1404 B16-F10 40T #% .
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Fig. 2. The inhibitory effect of Cy-3-glu on proliferation and migration of B16-F10 cells observed by converted microscope. 4: Inhibi-
tion of growth of B16-F10 cells by different concentrations of Cy-3-glu. B: CCK-8 result of B16-F10 cells. C: The effect of different
concentrations of Cy-3-glu on primary cultured mouse melanocytes identified by L-DOPA staining. D: CCK-8 result of mouse mela-
nocytes. £: 100 pmol/L Cy-3-glu inhibited B16-F10 cell migration. F: Statistical result of E. Scale bar, 100 pm. Means = SEM, n = 8.
“P<0.01, P <0.001 vs Ctrl.
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FL3 Lin 0 T T 0 . 0 . H%I.'L-
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Sy E; - 3 z
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FL3 Lin o u—
0 T o T 0 T
DNA content DMSO  Cy-3-glu DMSO  Cy-3-glu DMSO  Cy-3-glu

3. Cy-3-gluxiB16-F 102 fifd J& 393 () BELAE

Fig. 3. Blocking effect of Cy-3-glu on B16-F10 cell cycle. 4: Flow cytometry analysis showed that Cy-3-glu blocked B16-F10 cell
cycle in the S phase. B: mRNA expression levels of cyclin B1, cyclin D2, cyclin E2, CDK2, CDK4 and CDK6. Means + SEM, n = 8.
"P<0.01, "P<0.001 vs DMSO group.
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A ctr Cy-3-glu LY294002 B
P-AKT |d——
(ser/a73) . &l 9 o
3 O3
o 1.5-
- ko) LY 294002
et | . T T =]
=
ko #
o 1.09 *k
E-cadherin | s s S G G, - o :_:
g o
& 05- .
X - II.I
N-cadherin | S e — e
=
0 1
E-cadherin N-cadherin vimentin
G -
VIMENtin | " =
B-actin T — — — —

K 4. Cy-3-gluff HIB16-F1041 1 JFp-AKT. E-cadherin, N-cadherinfllvimentinZg {4 ] 221 7K °F-

Fig. 4. The relative protein levels of p-AKT, E-cadherin, N-cadherin and vimentin after Cy-3-glu treatment in B16-F10 cells. 4: The
relative protein levels of p-AKT, E-cadherin, N-cadherin and vimentin. B: 4 statistical result. Means + SEM, n = 8. “pP<0.01,7P<
0.001 vs Ctrl group; “P < 0.05, P <0.01, *P < 0.001 vs Ctrl group.
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S Nod (Y g g
3 L
2
8
>
T L)
Tumor Cy-3-glu

K 5. Cy-3-gludilifi|B16-F 1020 7 /I B3 AA A (10 2 K AN 7%

Fig. 5. Cy-3-glu inhibits the growth and metastasis of B16-F10 cells in mice. 4: The growth of melanoma cells B16-F10 were moni-
tored in real time after 3 weeks of Cy-3-glu treatment by bioluminescent imaging of luciferase activity in live mice using the cryogen-
ically cooled IVIS-imaging system. B: The control group fed with Cy-3-glu for 3 weeks. C: Tumor growth after 6 weeks of Cy-3-glu
treatment. D: Tumor weight after 6 weeks of Cy-3-glu treatment. £: Tumor metastasis after 6 weeks of Cy-3-glu treatment. F: Statistical
result of E. Means + SEM, n = 8. "P < 0.05 vs Tumor group.
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PR TE Gk /N, PR A K P RS, K RN RO
A E I, WM KA (Kl 5B). Cy-3-glu &b 2
21 6 JE Ji IR /N B B P R R AR 20 ) /0N BRAH B
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BB 8 SR R AR KRN R VB
3 g

KWFFLLE R R, Cy-3-glu it 4] PBK/AKT
TP, T T I U i 3 & T (cyclins) R4
Ji9 8 A B K W M SRS (cyclin-dependent kinases,
CDKs) FI#E 5K, 84 A& B 7E S . Serafino
SERIE Cy-3-glu J# L F 5 cAMP IS S PR B Y 1k
FE T, 20 P R BB ZE S HH, i) 2 (R 4
g P, Jx s g SR AN [ 1 e R 4N i
Cy-3-glu 7] §E I8 ik AN [7] (1) 45 5 34 42 300 1) 400 it 344 5
DAL HEAR T Cy-3-glu Xof Al S €21 25988 40 i 110 400 it 200 21
PAK AR AS 5 il %, TR MR & T —
I TAEE L

BFERY, FEATRIUY@EL Ras/PI3K
I I PR S A O A 5% ) MMP-2 Al MMP-9
B TE P, P B R E KT R P X%
HIAE T R PR U TE R R A K AR T2
B ER . (R, MR T REEY,
L FCTE WP R — O R AR 7 B A AR R A
MIRE AL R, REHERTT I “ R Bk AT,
R AR K 77 ] o

AT 0, PIBK/AKT 155 @ % 2 5 41 il 2
AR, SRS, T, AR 1Y,
PI3K/AKT 5% WS e h &8 KA, ERAR
JR IR R . EORER 2 IR 2R B4 | PIBK/AKT
AT DA 15 24 e ek g i P T 5 20 o st 1 R B 2
W fi 24 ) R 1O, BT LA A PISK/AKT 3 %
s —MRTT BEFIMIIHRS . FERETE EMT I
FErf, AKT [0E CL sl EMT Sz Otz — 1,
I Ah, Bk R ER 2 B UE 8 R B AKT @i EMT 755
YHRIT R b R AR A . BUE AKT (55 18 1%
St EMT ™, MR, 0] AKT {5 538 2 3
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EMT g2 20, @i rEs i EMT B, ‘ef) b
FRERA g E R F, SR I TR AR IR B Y,
Hrr, E-cadherin fEAH L2 (A Fh P S 7 HEMEH, &
BE A% 100 1) 988 400 B (V29 A A2 P, Vimentin #IA00
R MM EE RS . ARG R ERIEE
IR — 5> Cy-3-glu 1] FB 5 398 B16-F10 4/
WEE AR, FEE K E B Cy-3-glu i@ i # | PI3K/
AKT /5. ##] N-cadherin Al vimentin & [ £ ik,
FA it E-cadherin 5 [ 3R1A, 44k +r el — 2
hnos b R 20 B R AR, DR REAE B A P, 3 S A
FRIAIER &, A% B16-F10 40 f %% #2 ML . [
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