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Effect of Recombinant Peptide rLj-RGD4 on the Activity of
Murine Melanoma B16 Cells

Wang Yidi, Shi Chunfeng, Gou Meng, Ning Shuxiang, Wang Jihong*
(School of Life Sciences, Liaoning Normal University, Dalian 116029, China)

Abstract In the present study, we cloned to obtain the rLj-RGD4 peptide, based on the privous work on rLj-
RGD3 peptide. We used mouse melanoma as tumor cell model to study whether rLj-RGD4 inhibits B16 cell proliferation,
migration, invasion and apoptosis. The results showed that rLLj-RGD4 could inhibit the proliferation of B16 cells by
MTT assay with an ICs, of 9.6 umol/L. The results from Transwell method and cell scratch test confirmed that rLj-RGD4
on B16 cell migration and invasion were inhibited in a dose-dependent manner. B16 cells by phalloidin-FITC staining
showed that rLj-RGD4 peptide on B16 cytoskeleton damage. The results of Hoechst 33258 and TUNEL-FITC showed
that r[j-RGD4 peptide could induce apoptosis of B16 cells; The results showed that the level of cleaved-caspase-8 and
cleaved-caspase-3 were significantly increased and the level of Bcl-2 was significantly decreased with the increase of rLj-
RGD4 peptide concentration. Thus, rLj-RGD4 peptide has a significant role in promoting apoptosis of B16 cells, with its
anti-proliferation and invasion function, may become a candidate of drugs anti-tumor.

Keywords  rLj-RGD4; anti-tumor; B16

ik H J8: 2017-01-03 $252 1 #1: 2017-03-13

I % AR ST R v (863 TR (HEHE 2 2014AA093502) i[5 5% [ 98} 56 4000 H (k52 30770297) 5 B ) R

HEREH . Tel: 010-85827097, E-mail: y.y.200@163.com

Received: January 3, 2017 Accepted: March 13,2017

This work was supported by National High Technology Research and Development “863” Program (Grant No.2014AA093502) and National Nature Science Foundation
of China (Grant No0.30770297)

*Corresponding author. Tel: +86-10-85827097, E-mail: y.y.200@163.com

W 245 tH RIS T 2017-04-18 14:16:14 URL: http:/kns.cnki.net/kems/detail/31.2035.Q.20170418.1416.008.html



i %E: 5 A RrLj-RGDAXT /N B B8 8 228 B 1641 M vt M 1 52 1 589

PR FR R LB R, H IR R R
R U, R 2R304, 4Bk R AR R
£ EFHES, 2015545 K E A 73 8704 Hrik w12 1,
FHH9 940 NFE T R 3, BEFREHE HILE
R R R A, TR 28R I @l FARYIBR
AT, — B, STEAEAE RN 6%, PRI, TRTH%
FEIRIT BERBRI S, T EFRE A, BB
IR LA AR R B A A R H38%, EER
RS ARG R IASEIRS 5] bR 40 f iR 28 A
T T D A 2 R A4 L 5 FL 4 i 7 5 I R R B
AR AR 7> T FIEEE R R — G EA,
520 F A/ o B 1 A2 TR A A R B 2
2R H & R K & &R (Arg-Gly-Asp, RGD)F {4
(motif), [KItG, 7E itRg 240 fo 5 20 i &1 5 5 DA% e 4
ffa2 18] B B HHRGDAE T 48 ¢ E 2R AL

RGDJ VZAFTE T AWk 1, FE o 40 i 4 2 5
(extracellular matrix, ECM)A Iy 7 (125 B 28 & A
P WL S RGDF A i . RGDAZ —Fh3))
VIEE 2 B 1, JE I AR R R S W T P,
A PUAMAR FOHT R P K S A P T, LR B
145 SR R A M ST SR I, rLj-RGD3JIK BE 411
il 7k &b 85 7% [ HelaZH i AN B S Hep G241 it 4 5,
B REET. HHTHESFERK, F£4
Wi 24 N FH Hh AT BEAFCE S SR M VB A KU . R U,
AU ZH DArLj-RGD3 T A= B G5l 2k 5875 4k /)N ik g S5
ZERAEHANRGDFH . 43T 21U N6.27 kDaff 5
FAAK, FIFRLj-RGD4. A SCHE 5T T rLj-RGD4AXS
Bl6A (. ITFe . RIESTHTI/ER, o b fh
HHIN LA BREE R i 3R IA R GD K (1 B e e

1 #RER*E
L1 8 k&

BI62 i A7 T--EaRESHI 7T .0y, 4 1--Hoechst
Gutriaii &, TUNELZH L 3 T 175 50 DY 3 2
BREMTT)INE T 38 2 RAEH ARG R A F]; RER
JIKk I F- 3% [E Sigma /A 7 ; Transwell4H fiI £5 7248 . 964L
PR 249LAR . 2 M 5% 7 06 55 35 0 T 3% [ RR T A
HREVOLEMEE. Carl Zeizz. #HiF G ik 3#
F6 150 F Thermo Scientifc/A #); Fluor ChemQJl %1% «
Protein Sample. {3 EL 56T H ANikon A 7]
1.2 REUARZRIL-RGD4RAAIFREL

Lj-RGD43E [H ¥ it LALj-RGD3 M JE Y, 77 {4 Bd

JE A 3ANRGDA A (1) Sk il 1, 38 i 3 [R] d5fe 2k 5 A8
KA 5 P 50 ER:, TR T 4 MRGDIIRIE T 5. Xt
BT JG W R 7 21 47 4 7 B R & B R A9
TREOKE)VA R AR 5EMK]. £ N L& IMILI-RGD4
B A E ¥t 51 ATPCR, TE T A5 51 N
Nde TEEVIAL &5, 1677 51355 5] N & 15 %6t - F Hind
A V1AL 53, 208 G TI75K _EIRPCR™ W) i #2 31
pET23b#iAk . 28 % 5e ik 1 14 # 2H - pET23b-
RGD4(Tag-) 7 ¥ A4 NE. coli DH50 5% [ . %] 5540
W HEAT37 °CHE 7%, &K N1 mmol/L IPTG T &5
FUR A K, BRI 2R 1 1) 75 .32 rLj-RG D4,
B oE A E T AE 44k . 383 Tricine-SDS PAGE
%5 rLj-RGDAR F IR AF I
1.3 MTT:E#MrLj-RGD4%TB162R A& 5E Y 22k
Y B16Z AT T-96FLAR H, K5 7724 h, $%Hh 1%

IR JZ N TLj-RGD4/E F24 h, T\ 40 f 55 77 AR FR
10%FIMTT R, dhE255 754 h, I B 7R, IMASE
& [DMSO, ZREIRILH ZE 10 min, 7£492 nmill
FeAE . FI =2 (A I A I )/ 2 (4
{Ex100%.
1.4 Bl16ZHAEXIIR LI

K FHRIIR 925646 M rLj-RGDAXT B 1621 il 3T 4 11
oM. BLOFLAR, BEALINIANZI5x10°40 e, Ho s Dhd
RCEIONEE, B H B E T 0kl 2
500 um B <15 IR, FIPBSTE We 40 a3 vk, hn A\ 6 I
T B IR VR B R [R) K B2 HIrLj-RGD4, g — Bt ]
UL 5% 5 00 248 i 1) RS (17 L IR R
1.5 Bl16ZHAARYIT R IHSLLE

X FlCorning Costar/ ] [ Transwell4H ffl £5 77
OS2 FE g T =L at iz, s
I3 IR FE R %5 rLj-RGD4 5 B1640 il 2, LA
PBS XS |, bFGF AL, 7EOlympust 2 &1 5%
TSI IR, DS RS 4 AN B

K 3% EBDZA A& A 7= i N TR I L i
(Matrigel) J Transwell 5 17 14 A B4 53 0L %< 41 i 4= Vi)
& 71, [FIFETEOlympusA 22 B s M IR g, i
SR IEAN AN
1.6 B164A il HHoechst 33258 F1TUNELZ: & #&
SMZAAEA T, FITC-phalloidnft 460 40 A& 42

B16ZH f #2h T- 8 A € F 1 40 ff 85 77 4R 85 9%,
TONAS [EJHC FE (RIrLj-RGD4/E F 24 h, W& 40 i e, 4
o, B, LR AETOL BB N g IR .



590

BRI -

1.7 Western blot#&:M 20 At #H = & B Bk F

B iR e sLAR h, A K24 hig, IIAAS K
FEIrLj-RGD4(0+ 4.8, 9.6. 14.4 umol/L)EH24 h,
PRGN, F S PMSFHIRIPAZ i i 24 /%, B I
TERAT R A E &, SR 5 FH12%KSDS 5 14 4 Bt i
HEI HL VK (SDA-PAGE )R Ff it 43 1, HL%% Z2PVDFIR,
FATBSTHC & 5% i i 95k B 112 h, IIA1:1 000F
FEMIBcl-2. Bt 4 I -3 (caspase-3) Al it 4¢ K -8 9T
&, 4 °CHF B 1%, B PVDFE, FIPBST & L ¥E3K,
K10 min, JIN ZPLEEM E2 h, PeBE3K, FiX
10 min; 7ERE = B U1 LLBNE & R ICIEMA . B,
B RN 22 556 A A /A7 B 9 FH Quantity
One 3 T At EUG IR 34T 53 #T
1.8 ZitFEoH

iz FAASPSS 16.03H 78R G it, Fit &Rk

TN 5 VE 3B B 1 22 (Reks), K P oo 36 T 2H ) 32) 5
AT, P<0.05FK /N4 10 % 7 5.3, P<0.01FE /R
Hia =T EE

2 %R
2.1 rLj-RGD4ERAM AT AR

A4y LU R AW TRECKE)E R A A 5%
B, AT 505 B4R B — 2, I 2 S an BT
Ne
2.2 rLj-RGD4RYZE{LEE

WER2ATR, ZHRIE LR ENT 4k, R8T
P£rLj-RGD4. Z:SDS-PAGE%: 5, 1E37 °C. IPTGif
2 hAEFAFLEE N95%[HIrLj-RGD4, rLj-RGD4%) 1
HON6.27 kDa. R ALILj-RGD4, N — 4
Vs PER T B T kA

4B cce188-5_T7terminator  #1

#1

4E)cce188-5 T7terminator  #51

#51

48 cce188-5_T7terminator #101

#101

4B cce188-5 T7terminator #151

#151

43 cce188-5_T7terminator $201

#201

4B cce188-5 T7terminator #251

#251

483 cce188-5_T7terminator $#301

1B cceiss

#301

>#1>

1EaCCG188—57T7terminator #351

4B cee1ss

#351

#25

4E5JccG188-5_T7terminator $#401

4 ccciss

#401

#75

1EaCCG188—57T7terminator #451

4B cceiss

#451

#125

1E§CCG188—57T7terminator #501

#501

4E3cce188-5_T7terminator #551

#551

AGGGTAGCCA GCAGCATCCT GCGATGCAGA TCCGGAACAT AATGGTGCAG

AGGGTAGCCA GCAGCATCCT GCGATGCAGA TCCGGAACAT AATGGTGCAG

GGCGCTGACT TCCGCGTTTC CAGACTTTAC GAARACACGGA AACCGAAGAC

GGCGCTGACT TCCGCGTTTC CAGACTTTAC GARACACGGA AACCGAAGAC

CATTCATGTT GTTGCTCAGG TCGCAGACGT TTTGCAGCAG CAGTCGCTTC

CATTCATGTT GTTGCTCAGG TCGCAGACGT TTTGCAGCAG CAGTCGCTTC

ACGTTCGCTC GCGTATCGGT GATTCATTCT GCTAACCAGT AAGGCAACCC

ACGTTCGCTC GCGTATCGGT GATTCATTCT GCTAACCAGT AAGGCAACCC

CGCCAGCCTA GCCGGGTCCT CAACGACAGG AGCACGATCA TGCGCACCCG

CGCCAGCCTA GCCGGGTCCT CAACGACAGG AGCACGATCA TGCGCACCCG

TGGCCAGGAC CCAACGCTGC CCGAGATCTC GATCCCGCGA AATTAATACG

TGGCCAGGAC CCAACGCTGC CCGAGATCTC GATCCCGCGA AATTAATACG

ACTCACTATA GGGAGACCAC AACGGTTTCC CTCTAGAAAT AATTTTGITT

ACTCACTATA GGGAGACCAC AACGGTTTCC CTCTAGAAAT AATTTTGITT

GCCA TTTGTCATAA GCAGAATTAT

AACTTTAAGA AGGAGATATA CATATGGCCA TTTGTCATAA GCAGAATTAT

AACTTTAAGA AGGAGATATA CATATGGCCA TTTGTCATAA GCAGAATTAT

CCCATGGGTA CGGAGACACA GGGAGACACA CGTGGAGACA CACGGGGAG:

CCCATGGGTA CGGAGACACA GGGAGACACA CGTGGAGACA CACGGGGAG:

CCCATGGGTA CGGAGACACA GGGAGACACA CGTGGAGACA CACGGGGAG

CACACGTGGA GACACACGGG GGGCCCGCGG AGACGCACGG AGACACGGAC

CACACGTGGA GACACACGGG GGGCCCGCGG AGACGCACGG AGACACGGAC

CACACGTGGA GACACACGGG GGGCCCGCGG AGACGCACGG AGACACGGAC

ACAACARACA TTTACACAGA ATGAGTGCAG CGGTGAGTGA ATGTGTIT

ACAACAAACA TTTACACAGA ATGAGTGCAG CGGTGAGTGA ATGTGTTAAG

ACAACAAACA TTTACACAGA ATGAGTGCAG CGGTGAGTGA ATGTGTTAAG

CTTGCGGCCG CACTCGAGCA CCA

CTTGCGGCCG CACTCGAGCA CCA

Ell Lj-RGD4&REFEMFLER
Fig.1 The DNA sequence of Lj-RGD4 synthetic gene
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2.3 ELARArLj-RGD4XTB164H AEIEE Y HNH4%E B

MTTER I 2 7R, 4 IKrLj-RGD441 il B164H
Judf 5. FEB1640 M A K IFIL A £280%~90%KT, Jin
N[ 76 20 IR rLj-RGD4 RS 3524 h, 01 1] 2 ffa 43
B 191 FH il 2 rLj-RG DA 5 138 iy 38 5, S0
PEARAE, B1641IICsN9.6 wmol/L, i 5 k6 &%

kDa Marker rLj-RGD4
260 [N

17.0 N—

10.0 s

4.6

&2 BidSDS-PAGER K& ErLj-RGD4
Fig.2 Identify of rLj-RGD4 by SDS-PAGE
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Fig.3 The inhibitory effect of rLj-RGD4 on the
proliferation of B16 cells by MTT
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Concentration of rLi-RGD4 (umol/L)
A~D: 0. 4.8, 9.6. 14.4 umol/L rLj-RGD4/E FIB164H 10 h; E~H: 0. 4.8. 9.6. 14.4 umol/L rLj-RGD4{F JIIB164H 312 h; I~L: 0. 4.8, 9.6,

14.4 pmol/L rLj-RGD4{EFIB1641 124 h; M: 4 4t it; **P<0.01, 50 h. 0 pmol/L rLj-RGD44H Lh#% .
A-D: B16 cells were exposed to rLj-RGD4 (0, 4.8, 9.6, 14.4 umol/L) for 0 h; E-H: B16 cells were exposed to rLj-RGD4 (0, 4.8, 9.6, 14.4 umol/L) for
12 h; I-L: B16 cells were exposed to rLj-RGD4 (0, 4.8, 9.6, 14.4 pmol/L) for 24 h; M: data statistics; **P<0.01 compared with 0 h, 0 umol/L rLj-RGD4

group.

El4 4HBEXITR SN rLj-RGD4XT B164RAIT 75 B9 2200
Fig.4 Cell wound scratch assays of rLj-RGD4 effects on B16 cell migration



592

WL -

rLj-RGD4X B1641 LT F AT I e (0 /E H .«
2.5 EABKrLj-RGD4HHIB164HBEHIE B AR ZE
Transwellfz 28 /)N = S0, DA 1 41 24 41 i 2E
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o T PR(EIS). 45 R R, rLj-RGD4 W] B .
0 I B164H M 13T 7%, ) FH A T 5 K i Matrigel #1
TranswellF5 /7 7 P ¥4 58 F 5 240 M 10332 31 4T M, rLj-
RGDA4% 1436 hxfB1e4H it i) /E FH, fig W1 2 4 i BA
bFGF 9 447 (1B 164 i %7 1% Matrigel [ 92 1 AT 1
(K6), Sit &t TR B, rLj-RGD4R] B Z 1HIB 1641
R
2.6 rLj-RGD4xIB16ZMAUAT-RIIES
%M 7T 43 5l 5K I Hoechst 3325875 AITUNEL{%
KriliB16Z0 M 9 1. Hoechst 33258 A% 40 g 5 11

bFGF(—)+
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3500
@3 000 -
52500 A

(S}

(=3
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(=}
1
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10n ¢
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s,k
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500 d/.
0

Migrat

0 umol/L rLj-RGD4
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9.6 pmol/L rLj-RGD4

Wt Yk, SDNAMA-THS &, HTFRETH
411 Hf A% B4 B 352 R AR, BT LSO A T AT L
TG [ 5 H 5 R € 1) B0 ORI HUIR %6 6. TUNEL
PR TAWF SEF MG NITE, X5
LI AR T A A R T N AT R A e, R
A T b sz Pt 208 O O o Y ) AR A S R R S R
fiE.

Hoechst 332587 SE 46 & 7, BifirLj-RGD4K %
Hahn, EROL SR R T, eI S5 B
PboBE, 4 A% 5% O Bk B 1 A, R T A0 A A R
I 7] 2 184 v 1, AT WL T MR (B 7). SR
TUNELE M % 3, 6 HE LA A 2> B 15 R 11 4 £ 5%
J6, T I TLj-RGD4 € 40 i th B0 1 52 77 & 40t

g (KI8).
2.7 rLj-RGD4XB16ZHi & 22 r AR 1E F
P ZE 35 K (phalloidin) tH R i R ZE RS B &, & —

bFGF(+)+

g

100 um

bFGF(+)+
14.4 pmol/L rLj-RGD4

bFGF - +
rLj-RGD4 (umol/L) 0 0

+
4.8

ek
| *k
+ +
9.6

14.4

A: AL B AH AT R AR DUARR A5 I B: S AL B A PRI H G 1T, **P<0.01, 5% HRZH [bFGF(+)+0 pmol/L rLj-RGD4] L #L .

A: the representative results of migrated cells from each experimental group; B: the migration numbers of each experimental group, **P<0.01 vs

control [bFGF(+)+0 pmol/L rLj-RGD4] group.

&5 FLABArLj-RGD4XTB164A AT A S0
Fig.5 Effect of the recombinant peptide rLj-RGD4 on the migration of B16 cells
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bFGF(-)+ bFGF(+)+
0 umol/L rLj-RGD4

0 umol/L rLj-RGD4

100 pm

bFGF(-)+ bFGF(+)+ bEGF(+)+
4.8 pmol/L rLj-RGD4 9.6 umol/L rLj-RGD4 14.4 pmol/L rLj-RGD4

1000
900
800 -
700

ok
600 -
500
400 -
300 -
200 4
04 Y
3k
0 —i
+ + + +

bFGF —
rLj-RGD4 (umol/L) 0 0 4.8 9.6 14.4

A b BEZH A RS DR R LS IR B & A BRZH A AT B B G it *+#P<0.01, 5% B 2H [bFGF(+)+0 pmol/L rLj-RGD4]LL 2
A: the representative results of infiltrating cells from each experimental group; B: the migration numbers of each experimental group, **P<0.01 vs
control [bFGF(+)+0 pmol/L rLj-RGD4] group.

Invasion cells number

El6 =4ARArLj-RGD4XIB164ARZ RIS
Fig.6 Effect of the recombinant peptide rLj-RGD4 on the invasion of B16 cells

M‘ 30 um

30 um 30 um

A: 0 umol/L rLj-RGD4x} ffiZH; B: 4.8 pmol/L rLj-RGD45E404H; C: 9.6 pmol/L rLj-RGD45L 554 ; D: 14.4 umol/L rLj-RGD45E504H .
A: 0 pmol/L rLj-RGD4 group; B: 4.8 umol/L rLj-RGD4 group; C: 9.6 pmol/L rLj-RGD4 group; D: 14.4 umol/L rLj-RGD4 group.
[#]7 Hoechst 332583545 R 46N ELHRArLj-RGD43I B16 4 fU A T KIS0
Fig.7 Hoechst 33258 staining shows the effect of the recombinant peptide rLj-RGD4 on the apoptosis of B16 cells
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P R AR, HOoRIE T —PhEs o 28, 23
JR-L K. Phalloidin R 5 5 & i) 1l 22 (microfilament,
MPF)—£F 48 1R VL3l 25 1 (fibros actin, F-actin)4h &,
N5 WLBh & A RAR o F-ECIR WL 3 2 H (globular
actin, G-actin)45 & .

AW FEA FIFITC S 6 bnid 1) I % ¥4 Ik X B16
AU REEAT G th, PO IR A WANEE N ML Bh T
W BErLj-RGDA A P 11 40 A v 42 1 22 AH % -T-PBSXT
MR . 45 R, B & rLj-RGD4M & 36 11,
B1640 i1 22 38 B IR . AR AR . 40 0 2 v
F(E9).

100 um

100 pm
—

2.8 rLj-RGD4XIB164 i1 )f T 1@ 2% # Bt & BX
B§-3. BtZRKES-8F1Bcl-289520d

e 4% ok il A — LA AE T 400 RS A F 85 A AR A
(V2R (g, JLR RS MR O Cysik i, B Rk
TK i BB ER 11 Aspik 55 1 1 B8 114 Th g, 4k it ] BA
BUE AR AT Hoh, R AR TR AR
SR A K- BEACRRREG-8. MR REEE-9. AR
B-10. Bl ACRTR- 1109, 375 % 40 08 1 A T 3 2 Bk
KRREE-3 R AKEE-6 I A A7, ok A IRTE-8 1
NFT ARG, JAR R AR TR, A K-8 R
TES G B B U1 s, o) E AT

100 um

A: 0 umol/L rLj-RGD45F & 41; B: 4.8 umol/L rLj-RGD452 54 ; C: 9.6 umol/L rLj-RGD45L4541; D: 14.4 umol/L rLj-RGD45L 464 .
A: 0 umol/L rLj-RGD4 group; B: 4.8 umol/L rLj-RGD4 group; C: 9.6 pmol/L rLj-RGD4 group; D: 14.4 pmol/L rLj-RGD4 group.
[El8 TUNELE MR E R E rLj-RGD4%TB164H R T A9 520
Fig.8 TUNEL staining shows the effect of rLj-RGD4 on the apoptosis of B16 cells

30 pm
—

30 um

30 pm

A: 0 pmol/L rLj-RGD4XH fE 41; B: 4.8 umol/L rLj-RGD4 525541 ; C: 9.6 umol/L rLj-RGD45£564H; D: 14.4 pmol/L rLj-RGD45L 5641
A: 0 pmol/L rLj-RGD4 group; B: 4.8 pmol/L rLj-RGD4 group; C: 9.6 pmol/L rLj-RGD4 group; D: 14.4 pmol/L rLj-RGD4 group.

E9 FITCRIFRICH REFLE BN rLj-RGD45TB162AA B 22

gEAlD)

Fig.9 Phalloidin staining shows the effect of rLj-RGD4 on the cytoskeleton of B16 cells
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A)

rLj-RGD4 (pumol/L)

4.8

9.6

Cleaved-caspase-8

Pro-caspase-3

Cleaved-caspase-3 |

GAPDH

®)

and cleaved-caspase-8

Relative gray value of cleaved-caspase-3

4.8

#i#

B Cleaved-caspase-8
m Cleaved-caspase-3

#i#

sk

9.6 14.4

#P<0.001, Yjcleaved-caspase-3 0 umol/L rLj-RGD4# LL#5
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densitometry. ***P<0.001 vs cleaved-caspase-8 0 pumol/L rLj-RGD4 group; ““P<0.001 vs cleaved-caspase-3 0 pmol/L rLj-RGD4 group.
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Fig.10 rLj-RGD4 influced the Caspase-3, Caspase-8 levels and their activation in B16 cells
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Fig.11 rLj-RGD4 influced the Bcl-2 levels in B16 cells
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