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Synthesis and identification of RGD-modified tumstatin peptide 19 and its inhibitory
effect on proliferation, migration, and invasion of liver cancer SK-Hep-1 cells
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[Abstract] Objective: To analyze the effects of arginine-glycine-aspartic acid (RGD) modification on anti-hepatocarcinoma activity of
tumstatin peptide 19 (T-19) and to comparatively analyze the effects of tumor suppressor peptide 19 (T-19) and RGD modified-T-19
(RGD-T-19) on the proliferation, invasion, migration of on liver cancer SK-Hep-1 cells. Methods: T-19 and RGD-T-19 were
synthesized by Fmoc solid-phase method and separated and identified using high-performance liquid chromatography and mass
spectrometry. SK-Hep-1 cells were routinely cultured and treated with 0, 50, 100, 150, 200, and 250 pg/mL of T-19 and RGD-T-19,
respectively. The cells were divided into control group (0 pg/mL), 50 pg/mL group, 100 pug/mL group, 150 pg/mL group, 200 pg/mL
group, and 250 pg/mL group. CCK-8 assay and clone formation test were used to detect the effects of T-19 and RGD-T-19 on the
viability and proliferation of SK-hep-1 cells. The invasion and migration of SK-Hep-1 cells were observed by scratch and Transwell
test. The mRNA expression of cellular matrix metalloproteinases MMP-2 and MMP-9 was detected by qPCR. The protein expression of
COX-2, MMP-2, MMP-9, TIMP-1, and TIMP-2 was detected by Western blot. Results: The synthesized T-19 and RGD-T-19 were
identified to be of high purity by mass spectroscopy. Both T-19 and RGD-T-19 significantly inhibited the proliferation, migration, and
invasion abilities of SK-Hep-1 cells, suppressed the protein expression of COX-2 and both the mRNA and protein expression of MMP-2,
and MMP-9, but promoted the protein expression of TIMP-1 and TIMP-2 (P < 0.05, P < 0.01, P < 0.001). Notably, the inhibitory or
promoting effects of RGD-T-19 were significantly stronger than those of T-19 (P < 0.05). Conclusion: T-19 and RGD-T-19 synthesized
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by Fmoc solid-phase method were highly pure and eligible. Both T-19 and RGD-T-19 can inhibit the proliferation, invasion, and
migration of SK-Hep-1 cells, with better effects of RGD-T-19 than T-19.
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Fmoc-AAD T B 7 /R AW CEIEDHE R A ] , Rink amide
MBHA # l5 1l F R i3 g 6 BORHE A BR 2 7, N)N-—
FH 32 P gt i (N, N-dimethylformamide, DMF) i (5 K
RBEFG A i G R AR, 1-532 528 9F =k (1-
hydroxybenzotriazole , HOBT) . O-7K F = 2 M- U H It
JIX 75 % % B2 B (O-benzotriazole-tetramethyluronium
hexafluorophosphate, HBTU) 314 H _ifgFif 47 T A7 A
PR F], N,N-" 7 A 2 1% (N,N-diisopropylethylamine,
DIEAD W [ _F i 22 5o AR A A B IR A AT BR A 7], 215
ML RE RIE « — 57 P4 2E AT (triisopropylsilane, TIS) 31
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T-19 (Ac-A-S-P-F-L-E-C-H-G-R-G-T-C-N-Y-Y-S-N-S-
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AT A FREL5.0 g i =, I\ 100 mL 67K T8 15 v i il
far i 71 B FREX 100.0 g 2K, I 25 mL Fo/K L BEIE B T 70 °CoK B4R s R
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I OB €% (X R Hypersil C8 A 347 4li4k , It
A A NZEIEK (5 0.1% TFA) s H B A ACN(H
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B IR LI, VR TR AT P A
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RGD-T-19 %} %@ . 38 74 4% /) 69 %5 v

CCK-8 32441l SK-Hep-1 £ fito 384 5 3% 11k « BOG %5
A K AR, R L BE RS 1 < 10*4YmL, #% 100 pL/
FLEERN T 96 FLAR , 5592 24 ho FALH AN T-19 &
RGD-T-19G4&E4371790.50.100. 150,200,250 pg/mL,
AR 3ANEFL), 0 pg/mL R . 2 59 1% 97
24.48 hJ5 3¢ 2 3 Ik EE 7R 28, L0 100 L G L3 1Y
DMEM-H #5773, 10 uL CCK-8 i 7] , 4k 2 55 7% 2 ho
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RFM IS T, i) A K 2RI 5 IC, .
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TAHRL Y 6 FLAR , Fo 5 H MR TR 40 A, 2 J& /5 43l FH
7K FF B [ 52 10 min, B 0.5% 45 & 58 4 f4 8 min; 7 4%
B, e e T iR T4, B Image T3R5 50
B T B E
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(0h). #RJ5 4% 1.3 95 CCK-8 2 /1 i) J7 1AL FR AN i,
IR 24 hiF SR AR . ARl AT = (0 h ik
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1 F 2 H i 200 WL 40 M =23, 78 &= N 600 pL
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B 20% 54 3% B DMEM-H 15 950, 55 9% 24 h J5 3
B IR, AR 21 2 B p 4l A, e, I 200 pL
FHBE [ 2 60 mino 7 FHEE, NN 100 pL 45 & 25 e 4
AL TE 8 min, I3, 5 T iFEOF IR . Ak 2 Al
MR 282 = COof REAH 7 ISR M 25— sIo o6 40 25 R 4 g
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XEORGERE
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HH IR V2 A BRI B, 5557 24 h R ISE I 24 % SK-Hep-1
SR, 2900 10 min Y8 SE B35 W R A I AR B A =L 4%
30 ng/FLiEAT SDS-PAGE , ¥4 5 J5 FH 5% Rt HE2F 9 = iR
$F 112 h, I BT B-actin, COX-2. MMP-2. MMP-9.
TIMP-1 1 TIMP-2 Hi A& M B ($5°5 121 000) , 4 °C
AR FEE A, WEARE NN 125 000 ()RR L AL W B b
CHIEPL R P E AP 3.5 h, ECL BB Y6 IR A 5
Image J BAFHEAT 4347 -
1.7 qPCR ik # M) & 48 SK-Hep-1 @ i # MMP-2,
MMP-9 mRNA # % ik

F TRIzol 771 $2 B %% 41 SK-Hep-1 ZH it 5L RNA,
F Prime Script™ RT Reagent Kit with gDNA Eraser ik
7 & % B 5L R 20 DNA, #E 47 06 %% 5 M, F TB
Green® Premix Ex Taq™ II (Tli RNase H Plus) {7l &
BEAT qPCR K 1l . MMP-2 3 51 %) 9 5'-CCTGCA
AGTTTCCATTCCGC-3', F ¥ 5| ¥ 7 5'-AACAGT

GGACATGGCGGTC-3'; MMP-9 i 51 %) v 5'-CGC
AGACATCGTCATCCAGT-3', T~ i 51 ¥ N 5'-AAC
CGAGTTGAACCACGAC-3'. B-actin L i 51 ¥ N
5'-CCTTCCTTCCTGGGCATGG-3' , N W% 3l ¥ N
5'-GATCTTCATTGTGCTGGGTGC-3'. PCR % ¥ %
f4: 95 °C 10 min, 95 °C 10 5,60 °C 30 5.72°C 30 s, 4t
40 MIEFR . SR 2T H SRR AR
1.8 %itgam

JIT A SEER ¥ ST A 3 IR S A I A4 A
GraphPad Prism8.0 2 {1 34T 73 AT AL 3, 2 IR 4041 1
TFEEHE DL x + s Ron, Z AR TLECR A RIH &R 7 2
30T PRZEL AN LLASCR F R 6. DL P< 0.05 B4 P < 0.01
TR ER BB

2 & R
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T I RO L ) IR AT 2 B AL, T-19
[ 4 FE N 96.94%, Hi W& B 8] 24 8.075 min (& 1A) ;
RGD-T-19 [ 40 & 4 95.06% , H I 5} 18] 9 10.317 min
(K 1B) . & IR 5T i e 45 WL E 1C.D, Z K1)
J5ifif bt (mass to charge ratio,m/z) & 75 & W% 2.
T-19 IFE L 7B N2 106.25, JF il % & J5 0 7 &it
HAE N 210530/ 1C) ; RGD-T-19 [ HE B /> TN
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1D, R ZEAE SRVFTGH N, R G i 2 IG5

A B s DetA Ch
7504 DetA Ch1] 4
§ 1000-
500
> >
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4 7925 3131 720 0.079 S 10.158 67368 13661 0.717
3 8075 3823048 579939 96.941 6 10317 8936579 1201473 95.058
7 10.608 38431 5909 0.409
6 8267 31206 7393 0.791 8 11013 5627 <81 0.060
7 8405 16010 2122 0.406 9 11427 6984 395 0074
ERG 3943668 604024 100.000 3 ’ Y
c : - 3t it 9401183 1260402 100.000
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% I8 0 .65
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A ETERIN T-19 19 HIE B B : (%G RGD-T-19 i HUE ] C: T-19 O 3% 14 ; D : RGD-T-19 1) i 1% 14 .
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®2 ZHHRETLER S FE

EZN m/z o TR SR B TR
T-19 1051.65/(+2) 700.80/(+3) 2105.30 2106.25
RGD-T-19 1238.40/(+2) 825.95/(+3) 2474.85 2475.62
55 37 R HLAT

2.2 T-19#4RGD-T-19 ¥ 7T 2 & #p %] SK-Hep-1 2m iz
BYIEIAEM B EER PR

CCK-8 A6 45 J (B 2A) o , 55t IR A L,
AN[EJUC FE ) T-19 F1 RGD-T-19 382 #11 SK-Hep-1
4 B A BA TS 71 (P < 0.05 8k P < 0.01) . [ FH £k 1 [0l
A3 ] SK-Hep- 1 4R K 1C,, T-19 1F
FH 24 F148 h [ 1C,, 73 73°4200.0 pg/mL A1181.3 pg/mL;
RGD-T-19 {F Fi] 24 148 h [¥] IC,, 53 5 A 150.0 pg/mL
H199.1 ug/mL. e & JB i 52 46 Ao il 45 2R (1] 2B) 2
7N 5 XT A LR, T-19 2H A1 RGD-T-19 2H SK-Hep-1
2 Jf TR e e o 535 B 2 ek /b (P < 0.05 B P < 0.01) &
5 T19 40 b , RGD-T-19 4 SK-Hep-1 48 fifl 7 i 5%
B B SR U8 /D (P < 0.05) . S2B s BAHET, T-19 Al
RGD-T-19 1 ¢ 5 3 #1#1] SK-Hep-1 4H i i 14 7 g

A ~=T-1924h -e=T-1948h
e RGD-T-1924 h -~ RGD-T-1948 h

HRIFEE%

50 100 150 200 250
JR R/ (ugmL

RGD &1 1) T-19 IR S 4T
2.3 T-1942RGD-T-19 3 7T £ % 47 #] SK-Hep-1 % i
ey A AT 2 Re 7 G H A R R 5%

RIYR & A s e il 25 3 (B 3A) 8w, 5 xf g
ZHAH e, T-19 F1 RGD-T-19 41 SK-Hep-1 41 At it 3T
BRLHE PP <0058 P<001), H 2K
JE AR HPEP < 0.05) , RGD-T-19 L T-19 fI4E F 15 56
(¥JP<0.05) . Transwell /NESZIGHG 45 (3B
7, GHBZH AL, T- 19 FIRGD-T-1941 SK-Hep- 1 ZHjiifz
BRI FE(P<0.058P<0.018P<0.001), H M
FER (P < 0.05), RGD-T-19 L T-19 ) 15 F 1 58
(B P<0.05) . £ 45 REW, T-19 M1 RGD-T-19
AT 2 2 0 ) SK-Hep-1 41 i ()3T £ F1 AR 28 RE 77,
RGD-T-19 Eb T-19 FI4E F 5 A BH &

150
T-19 RGD-T-19 =~ <
S R 100 .
% 50 4 Xk
&
0
/%S@_«;\Q ,‘,\9

o
S

AB:CCK-8 i (A) FILH 5 2 5 S256: (B 29 SR I T-19 12 RGD-T-19 %t SK-Hep-1 4 JJfd 184 52 375 4 R 40 Ji o [ 2 B B 0 RIS o
XA, P<0.05,"P<0.01; 5 T- 19414, “P < 0.05,42P < 0.01.
E2 T-19 % RGD-T-19 X} SK-Hep-1 &5 A S0

2.4 T-19 % RGD-T-19 3 #% ¥ 2 49 #) SK-Hep-1 42 .
# COX-2.MMP-2 ,MMP-9 4242 3 TIMP-1 #= TIMP-2
FOWEA
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