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aps.unmc.edu/AP/main.php ) 57 15 H NI 470 88 470 B4 1K, B LL-37 A1 e 47 4 ffd 5 48 25 - 1 Chuman neutrophil peptide 1, HNP-1), 4
HEIE B 2E AT o BT R U UK R B, e 2 A i T B LL-37 24 A Ik s SR CCK-8 VA4 0~70 umol/L 137 54 LL-37 44 & ik xot
MCF-7 40 JB A0 T FLIR4H I MCF10A 38 58 (14 5% , SOt 26 34 58 4 B OB WL 48 23 B 8T B2 LL-37 2 45 JOk L5 T e 41 G 1) 53
775 AN AR I 357 B LL-37 2% & K R caspase 310181716 MCF-7 40 B 3 TR RO I 28 R 00 i3 9 A LL-37 2%
B KA K BB T S5 ) BH B 22 0K, AT 3888 [ e b 410 1) L e MCF-7 41 B (19 38 8 (P<0.05) , H 1C, i 9 58.34 umol /L, T 1E %% L i
MCF10A 4t A J6 B 2 A4 A s B2 LL-37 42 & K5 MCF-7 40 B B A e i (2 A 7, BT 5| 4 A o R i T S B A 35 388 hn 4
FLHATE T2 (P<0.01) s (HLE NI caspase FI il 715 » 41 P J&) ST BEL A 8 1215 0 W SR 22 A (P<0.01) o 48 B 8L LL-37 24 A5 A LR
Jr: MCF-7 41 i B A5 i s v , 7T G638 3 caspase 1< #5117 5308 4% L T 4T Bt ) BRI 375 S 4mMa J T°
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Anti-tumor effect of new LL-37 hybrid antimicrobial peptide on breast cancer
MCF-7 cells

CHEN Xiangjun', LI Li*, HE Shumei', ZHANG Min'(l. School of Basic Medcine, Xizang Minzu University, Xianyang 712082,
Shaanxi, China; 2. Xianyang Hospital, Yanan University, Xianyang 712000, Shaanxi, China)

[Abstract] Objective: To investigate the anti-tumor effect and mechanism of new LL-37 hybrid peptide on breast cancer MCF-7 cells.
Methods: Human antimicrobial peptide LL-37 and human neutrophil peptide 1(HNP-1) were screened by using of Antimicrobial
Peptides Database (http:// aps.unmc.edu/AP/main.php). The new LL-37 hybrid peptide was synthesized by integrating the active frag-
ments, which were selected by bioinformatics analysis. The breast cancer MCF-7 cells and human normal breast MCF10A cells were
treated with the new LL-37 hybrid peptides (0~70 pmol/L). Cell viability was monitored by CCK-8 assay and the affinity of the new
LL-37 hybrid peptide with MCF-7 cells was observed using confocal laser scanning microscope (CLSM). The effects of LL-37 and
caspase inhibitor on apoptosis and cell cycle of MCF-7 cells were measured by FCM (flow cytometry). Results: The new LL-37 hybrid
peptide, as an amphiphilic cationic polypeptide, could selectively inhibit the proliferation of breast cancer MCF-7 cells (P<0.05) with an
IC,, of 58.34 umol/L, but exerted no significant effect on normal breast MCF10A cells. LL-37 peptide had high affinity with MCF-7
cells, which could cause S-stage stagnation and significantly increased early apoptosis (P<0.01); however, the cell cycle block and apop-
tosis were significantly attenuated after the treatment of caspase inhibitor (P<0.01). Conclusion: The new LL-37 hybrid peptide has
anti-tumor activity on breast cancer MCF-7 cells, and could induce MCF-7 cells apoptosis possibly by arresting cell cycle via the cas-
pase-dependent signaling pathway.
[Key words] new LL-37 hybrid peptide; breast cancer; MCF-7 cell; anti-tumor activity; cell cycle; apoptosis
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$T B4 Bk (antimicrobial peptides, AMPs) X #% Nt
TEEPIRIE , A& ) I AP AE T A AR P, el B R 2H 4w 0 7
AR ELAT T R T P AT PR R A — AR /N
Iy F 2K, & A R IR G s AR G 1) B B G
LL-37 F1 HNP-1 #7 B& Jik 73 1) K U5 T A A% cathelicidin
FIEPRIBT A 2R (defense) TR, E A IVE AR IR Bt iR
VI, S5 R B 22 K, 5 5 325 T 98 4 B, 400 o) e 989
o8Ny E = AN = SN = i = SV NN/ € S U
A G FRRIER R AR Z M

F A IR A2 B A P ER 22 e A O ) 40 S 2 R IR
HEZH R, B AT R A% B mI T I R R B
KB AL s AN T REH RS AR LL-37 1)
Iy T8 Ui REE BRGNS A e 1, 22
5 DA A o AT 0% LL-37 FTHNP-1 3G HEAE
FI R B, AT R e | AR 7 H M 3S V) APE et
B RBOHT R LL-37 2% & Ik, 56 0 %2 FE0F L IR g MCF-7
YL IR S M B SRS 7 (5, B S e I A
JH A A WU 3 Y LL-37 Z% & kot MCF-7 48 it J& 39 )
T2, IR FAE AL, Bk AT 205 & # E
FE/NRIBLR B 2GR R S

1 #MR5RE

1.1 #FA LL-37 240K e i 7 A= 2 F9X 5]

B LL-37 7% & KA 52 S bk i C-FITC) | 37 4
LL-37 245 KR FH 1 AH 10 2% 6 ivZs » Bl 4 DR L R 2E 4
AN R (4l 299% , —20 °CR-AE 4« ddH,0
TERPLRIRIERD « AN FLEE 41 = MCF-7. N IE#
FLIRZH AL MCF10A ¥ H 74 2 8 AR ARG IR A
Al BEEWAMERYIEEMBIE R EARAA,
PRMI 1640, i &5 H B % % 35 (0.25%) 2% ' 21 7K PBS
A1 FEE K DMSO #48 H 25 [ Hyclone A 7], i 4
3 B AL U235 A9 A B A &) $2 4t , CCK-8 Al
caspase i1l 71 (Z-VAD-FMK) i H 5§ 5t L 3E A Y%l
F R A TR 22 7], Annexin V-FITC/PT X 4k 41 ff 74 -
IR 70 & ik B LI Best Bio YA R A .

1.2 #ALL-37 Ak a8t 54 &

I3 e K EE i APD (http://aps.unmc.edu/AP/
main.php) £ 1 HT # Ik LL-37 .HNP-1 [ & I R 7 51
i 3 DNASTAR A4 43 BT B I 149 235 7K P R0 g v 12k
ST SRS A Y B T, B S DA AR T LL-37
WE A, B3t A B LL-37 A1 HNP-1 [ %% P 48 F A B,
KEKIGKEF F1RIPACIA , & “-H &R (Gly, G) H& R
(Gly, G)-"H B Pf 82, Wit & BB B4 LL-37 2+ A ik .
J£18 1T ProtParam . DNASTAR F1 Antheprot {443 4T
B LL-37 24 A BRI B 55 /A P K A A R
SENEEREAR SO — R L5

1.3 mmpnisik

B N FL IR 8 40 i & MCF-7. A\ IE % 3L R 40 i
MCF10A & T 10% it 4 i3 (1) PRMI 1640 15 77 ¥
B, T 37 °CL 5% CO, M FNYE & (5% 7840 B % , 41
A KA FEIE 80%~90% I, U AR 4T B kAT f5 8251250
AbFE
1.4 CCK-8 F A& M| 7- B ik B #7 A LL-37 2= & Ik &k 32
xt JUAR /& MCF-7 4m .38 78 5% /7 69 %) v

WCER T 5 AR K 1) FL MR s 48 L 5 MCF-7 FHIE
FLHRAH I MCF10A , LLAREFL 5% 10° AN 40 i 25 J5 2 1
96 FLAR H, 37 cCHE IR 4, IR E 8 0.10.20.30.
40.50.60.70 pmol/L FJ#7  LL-37 2% & JIK AL # 24 h
CREBRZED , LA IR ZH A B HE S 10 pmol/L 4842 1
ENBRMEXT R R S AN E AL ¥ e 7% B,
FEFLHINN 10 ul CCK-8 ¥ T 37 °C #1597 4 ho
I8 B AR ORI 540 nm % AL 6% FE (DA, 1H &
YT B AT 5 28 B B0 250 1 20 R 1C,. 20 a3
FHFR=[(WHADE - FHHADE)/GTRADE -
T HAHDED]*x100%.
1.5 AP FRERE D MR LL-37 &4
5 MCF-7 sty A= 7

H4 FL g MCF-7 48 A LR FL 1x10° 4™ 40 o %% 52
M T A BB 6 L, T-37 °C.5% CO, fH iR 5
FEF R, N — B W BE FITC % 6 b i 1 37 2
LL-37 24 & IKBE G AL FE 24 he 3829500, L I# PBS %
Yk 33, T 5 4% % 58 P RS S IR B A2 20 min, 05 ul
PR KA E L BT ORI RER M T
(x200) 34T M EE AR 4T
1.6 X mia R A& 2a fe B = F= J& 21

WAL % B A K T MCF-=7 4 i, LA 1x10%>/L 48
it 5 P P T 6 FLAR P 5 TR R, BN — 8 R FE
Y LL-37 %A K Chn Bk 45D T caspase Jii 4171 1] 751 C B 470
HIZHD) AL BE 24 h, RINZGH QM 0 B, 37 B,
PBS ¥k 2 X, 4% Annexin V-FITC/PT T il 771 &
PR AE U0 B AL B A {5 A U =X 4 AR S W A e R
T (A, SR T4 1) 70% K E BB 2 2 h, &
B 0 3 25 B PBS W% 2 WK, B S AR 3 4
Jit D SR ARG I 4K 7 b T G, 8 P I A AR DU
11 it 1
1.7 %itsa

K SPSS 17.0 #AF & GraphPad Prism 5.0 [H
GraphPad B 2 &) X B8 34T it 40 #r, BT SE e
R E R 3K 2 IEA A 1T i PR DL ats
Fow , P 2L TR) B SR BN ¢ A 56 5 22 4H 38 e L
AT 2 SR R B J5 B AT 7 2 4 #r, LA P<0.05
B P<0.01 R ZERA G R L

P
=
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2.1 RIS RFA LL-37 44k

ZAEPE B EREERGR D ER, B8
LL-37 Z & W2 i 17 AN LR R A R, 4 T 70 A
1817.18, %5 i 9 9.20. 5 Hu 1 Ik LL-37 A1 HNP-1
FHEE , ELA /N 0 1 8 R 5 1 B 5 (2
0 [ 8.9~10.3) s A& 5E 415 L (instability index) /T
40, GRAVY /NT 0, I i 45 20 = 22 80.59 , 5136 B

MLL-37 A M FaetE Rir H R G KRR E .
JE X e R T S R R (T 1D B, BT 8 LL-37 2%
A B IR 5 7K i 1E HE 7 2 43, B K R SR KR R 22 B
HELCE 1A s R E L o i3 ie B4 3 (E 1B),
HAT TR R R A BEE E  = A TR 45
P 000 2 225 B 3 71 1) 5 T) 3 A v B T (B 1O 5 BR
hé BB B LL-37 2 & Ik B A ke e 4y 3
FEPES

F1 MEBKAE AR R

Tab.1 Basic physical properties of antimicrobial peptides

Antimicrobial peptide LL-37 HNP-1 h}li)er\ihé I}fé{)?i?ie

Sequence of amino acids N'-LGDFFRKSKEKIGKEFKR N'-ACYCRIPACIAGERRY N'-KEKIGKEF
IVQRIKDFLRNLVPRTES-C' GTCIYQGRLWAFCC-C' GGRIPACIA-C'
Quantity of amino acids 37 30 17
Molecular mass 449332 3 448.09 1817.18
Theoretical isoelectric point 10.61 8.68 9.20
GRAVY -0.724 0.300 -0.212
Instability index 23.34 55.71 39.26
Lipid solubility 89.46 65.33 80.59
a NH+
nut NHt nut EN
H

A : The chemical formula of the new LL-37 hybrid peptide; B: The linear space fill of the new LL-37 hybrid peptide;

C: Three-dimensional spatial simulation of the new LL-37 hybrid peptide
E1 R LL-37 2 & R — RS TN E
Fig.1 The predicted chart of secondary structure of the new LL-37 hybrid peptide
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2.2 #HALL-37 224K £ F 34 SLAL /& MCF-7 40 /i
893558

CCK-8 iEA M 45 B (P 2) &7~ , MCF-7 41 il £ 0.
10.20.30.40.50.60-70 umol/L %Y LL-37 7% & Jik &k
P24 h J5 , 40 1G58 2 53 0 0 (98.14£0.6)%  (84.9+
3.5)%  (79.1£1.2)% « (71.1£1.4)% « (66.0+£3.4)% .
(53.7£2.8)% - (46.9£2.7)% - (44.7£1.90% , 5 KN ik
YHAH L, B2 LL-37 24 & KA 10 pmol/L (1) 7E F R
FF4f3 BRI ] BE 2 40 1] MCF-7 40 i () 384 5 (P<0.05 5§
P<0.01) , } IC,, y 58.34 pumol/L, 1fij X} 1E & . iR
MCF10A 4l i TEAM I /EH « £ 10.30.50.70 umol/L
(R TR LL-37 2% & B AT 10 umol/L 1) 5842 B 43 1) Ab 72
MCF-7 411 24 h J5 , 50,70 pumol/L I # LL-37 24 &
JUEF MCF-7 24 g 11 38 %8 400 1) 78 F i 10 pmol/L
S B [(46.3£2.8)% + (55.4+3.0)% vs (31.58+3.1)% ,
¥)P<0.01, B3] DL EZERE, A LL-37 R A ik
TEAR AN RS 5 2 H01 I MCF-7 20 Mo 1 38 5, 1 X 1E %5
FLI MCF10A 40 i Jo 4l /5 F B A LL-37 2% & ikont
IR 240 A P 1 4 FH B — o AR [ 2k
2.3 #ALL-37 247k 5 MCF-7 e B F & 5% 69 %
Forfit 71

B R A BB (4 AT L, — B E FITC
FEHRICIHT AL LL-37 2+ A IKALEE MCF-7 41124 h )5
Yl il FRIE S0 (B 4B), HThidk X MCF-7 41 i 1)
2T SR 400 A% H TR 4C) T AS IR K P B e et R 4L
MCE-7 411}l DNA 45 & 4,6- — ok 3-2- 2K FL05] 5 (DAPD
KIBHE BRI AA) . LI ZE FRR B LL-37 2
A RS FLAME MCF-7 4H i B A R sR 7).

20 pm 20 pm

-8~ MCF-7 - MCF10A

Cell proliferation rate (%)

10 20 30 40 30 60 70 80
Peptide [p,/(umol-L")]
"P<0.05 vs control group (0 umol/L peptide)
2 B LL-37 2+ & BAXT MCF-7 1 MCF10A 4RAEIETE A #2000

Fig.2 Effect of the new LL-37 hybrid peptide on
the proliferation of MCF-7 and MCF10A cells
801
60F
401

20t

Inhibition rate (%)

10 30 50 70 10 [py/(umol L]
Peptide Paclitaxel

“P<0.01 vs paclitaxel group
3 B LL-37 & RAFNEAZER A0 MCF-7 4R 858
Fig.3 The new LL-37 hybrid peptide and paclitaxel
inhibited proliferation of MCF-7 cells

20 pm

A: Control group; B: Expressing of the new LL-37 hybrid peptide(-FITC) in MCF-7 cells;
C: Co-localization of FITC (green) and DAPI (blue) in MCF-7 cells
4 HAHLBRERHBENEME LL-37 24 Bk S5 MCF-7 4RI FEF5E 11 (x200)
Fig.4 The affinity between the new LL-37 hybrid peptide and MCF-7 cells was observed by laser confocal microscopy(*200)

2.4  FHALL-37 4 A Ak A FLARSE MCF-7 4@ g 4 8
TERIFWES

T g AR R I &5 2R (5D R, T A LL-37 2%
A WK AR FE 41 MCF-7 28 i 1) B A8 T2 22 00 8 v T B 4k
X R 2[(9.30+2.07)% vs (0.50+0.29)% , P<0.01]; 11

A caspase B 1l 71 5 , 55 Ik 4k 2R ZH AR LG, il 400 1) 25
MCF-7 48 i 5 31 8 12 2 B {2 F£ 1K [(1.00£0.43)% vs
(9.30+2.07)% , P<0.01)]. sS4 &5 FR 81, B Y LL-37
=& BKA T BE 52 FL R MCF-7 41 g caspase K i
(R T2 A 5 0 B, A 4 B 1 - SR TR 3

are
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Control Peptide treated Enzyme inhibited
= = S
= s =
S ]2 2
E oz E
= g =
= 05%| > 93% o 1.0%
- =TT — T T 1T 7T TTTmeT T Timme = T TTIW T T T (T T T T
10! 10 10° 10* 10° 10° 107 10t 10* 10° 10* 10° 10° 107 10! 10* 10° 10* 10° 10° 107

2.5 AR LL-37 22 &K & 32 Ak 1% SLA% /& MCF-7 48 2

MLk T S H

Annexin V

5 MR R = HFLBRFE MCF-7 AREHVETIER
Fig.5 Apoptosis of MCF-7 cells in each group was observed by Flow cytometry

FRAH (PO L, GO/GL 3 Al G2/M 31 48 ff B & T v
(P<0.01 8% P<0.05) , S H34H Ay B &2 93k /> (P<0.01) . LA

it 24 A A W 45 R (B 6) R, Bk b EA
(peptide treated/P)GO/G1 HiAI G2/M HAZH 1 & (K T
Xif 2 (P<0.01 5% P<0.05) , S 11410 A i3 2 v T 0o BE 41
(P<0.01) ; T I caspase B #11 il 77 (E) 5 , 5 Ik Ak

g GR A, B LL-37 24 A BKA W RE 2 AL AR
MCF-7 41l i caspase 4 i 1 AH S A5 538 2% , A1 7L e
MCEF-7 41 J5 HIRH i 5 S 341

Control (C) Peptide treated (P) Enzyme inhibited (E)
Debm Debris Dbl 80
2000 LR 1600 g g -
Dip$S W Dip G2 2 400 E:]plscl = 60
8 1500 astot 1200 Dips =
JED 1 800 g 40
Z 1000 800 1200 3
\ : 5 20
500 400 \ 600 &
0 ‘ oM o S 0
40 80 120 160 20 40 6080 100 120 30 60 90 120 150 CPE CPE CPE
DNA content DNA content DNA content
"P<0.05, "P<0.01, vs Control group; “P<0.05, “*P<0.01, vs Peptide treated group
6 AR MFIE LL-37 2+ & AT FLBR 2 MCF-7 4R A HAR 5200
Fig.6 Effect of new LL-37 hybrid peptide on cell cycle of MCF-7 cells was detected by Flow cytometry
3 W@ 17 S & 5B E N BERR , 5 HNP-1 [ 2805 Tk B b

TEFR I, LA AL R L R 2 B TR B
BB RBRE —, CROVEF LS ORI E R AL
PAEREN,  HETCAA R IR T, FE R
SR H G P2 AR VR 97 ROCRANME , I R B T8
BRI A2 00 PRt B S0 TF A7 280 BIAE /N
Ul 259 & O AT R R T I AL B s . Bt
BRI A AR D R AR G e B AR () B 240 4y, T ERRIE
430 R K L A 00 ) e e 4 e 9 B ) R AR R
W B A B O — R B B R 25

LL-37 7 FH AR A=A 1) 2 R A A = 977 400 2080 A
T o WU MR R, LL-37 25 8~ 19 BLZ 10~
25 P E R G A RIS VR X 3k . HNP-1 2 A
PR A0 L B A 2, B T RS BSR4
FHM ., AR HT  LL-37 24 & K LA LL-37 H 5 10~

AR, 5 LL-37 AH BB A 0 ) IR Ao 1 B
BT, VBT R R e AR, T B A ) s
DAY S B iR I F Ol 2 W9 . A T A0 4R
18, LL-37 fi7 £ Bk 17BIPHE2 & W% 310 1) T F 40 74 K 4
B 2 BR R (MASRO 14 [R] B, 328 R w5 25040 1) N il i
FE M AS49 I HE . AR A BT EATE AR, 2
Tl B PTIRE 2 A5 IR BB 1% [ 1 M4 1) &5 i s - Mz
MR A AT B A B A . SR L B R LL-37 24 A Rkt
L e 200 PR RO FE R L) 20 A i

AHF R I B LL-37 24 & IR RE A% 15 35 M 7L
JiR e MCF-7 2 Jif 14 164 5, [R] s 6f 1E 85 7L It MCF10A
M (3G 58 L JE R o B AR, B A LL-37 A2
JUR SR 27 s F ) A B A — o R ) 4, R AR A —
T AE AL I T S Bh 25 . R, I 7S R B, bR
ST B T e S Rk 1 I 8 R 4 1 8 4

are



614

rh R AE IR T 2R &, 2020, 27(6)

JEL T A7 AT, 22 Ff B B 0 B IR DA AL R B ) 45 A
5 o8 4 B R S R A A, BRI 17 1 R AL
T, AR A5 T A 2R, 50 R 00 7 e TG R e e g A
FHU2Y, AR SEEG S5 AR B A LL-37 28 A Ik rT il
ZF 375 A0 WIS, 2 LA 2 RO AN 4 R A R A e R A
o BHHEFEERE, LL-37 fg s A2 - F Bax.
U Bel-2 [ 2 8 1 2F P 440 0 T, AT 0 48
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I caspase {8t 1) 18 7215 5 & 42 {2 {8 MCF-7 28 i
T2 36 0] 3 o 5200 caspase 1 #5120 B B I AH 515 5
T B A 41 i DNA A BR, BE IR 40 Bk N A 225> 243,
59 T B SRR 5T 2 B 50 IR LL-37 FH i 5 e
T24EJ 20 i J& J 12T S i A #E o s /8 F ) 45
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JE SH BEL & A2 42 GO/G L3, BAARBT AL LL-37 % & ik FH
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JURAK SR S 7 v 0P 00 ) e 23 4 L 4 5 P FH o

ZE FATR , AR AR TR LL-37 22 & kAT LA
S 25 A1) MCF-7 20 it ) 398 A ) 09 33E J 541 £ L 0
Too MR, 8 LL-37 2% & K AT B8 2 S caspase &
S0 4D 200 L ) A AR TR DG AE 5 a8 %, gk T O v L R
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