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JH L IE R AJBEIE b Bz M AR R PC3M 4B L AT SMMC-7721 4 L Be A %5 9% HCT116 4 R as e . 4
K 3 5 2200 VK W AR SR R ALK AR T 25 A%, BIERIA 76% o FEARTE 10 N5 B T, DNA JLA ¥ SISS-
LTH .MARYMSA \TVRTSAD. BIU-87 A5 /N TF 286354 FITC-SISSLTH U454 % H( 80.06 +8.78 )% , .3 5 T FITC-MA-
RYMSA (#J( 52.93 +7.28 )% . FITC-TVRTSAD [1J( 38.04 +7.47% ) .FITC-EDRKETA f#J( 1.91 + 1. 37 )% #1 FITC #9( 9. 85 +
2.9)%( ¥ P <0.01 ), FITC-SISSLTH 5 BIU-87 4l 45 &2 2 15 T 5 155 A BRBE b K 41 A HT % i PC3M 4 A
S SMMC-7721 40 ANEE i HCT116 40 i A 454 20 (80.06 £8.78 )% vs (13.89 +1.97 )%, (8.13 £2.85 )%, (27.00 =
2.87)%,(2.3321.75)% ; ¥ P<0.01 ], % & RIARERI-LIKEES 3 5 IRSM 22 08 i e 015 B 3 454 BIU-87 41 ji (1 5
MK SISSLTH, BA RIF 25 & 7k
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Screening and identifying of homing peptides to bladder cancer BIU-87 cells in
Chinese

Wang Wei', Yang Xiaofengz, Fan Zhenwei', Zhang Fan', Xu Lei'( 1. Graduate School, Shanxi Medical University,
Taiyuan 030001, Shanxi, China; 2. Department of Urological Surgery, First Hospital Affiliated to Shanxi Medical Univer-
sity, Taiyuan 030001, Shanxi, China; 3. Immunity Research Center, Shanxi Medical University, Taiyuan 030001,
Shanxi, China )

[ Abstract ] Objective: To screen a peptide strongly binding to the bladder cancer BIU-87 cells from phage 7-mer cyclic
peptide library in vitro in Chinese, and identify its specificity. Methods: 3 rounds subtraction screening was performed on
a phage 7-mer cyclic peptide library, with the BIU-87 cells as the target cells and normal human bladder epithelial cells as
the absorber cells. Phage clones which can positively bind to BIU-87 cells were identified by ELISA, and those coding
DNA were sequenced to analyze the homology. Strongly positive peptide was chemically synthetized to prepare fluorescent
probe by taging fluorescein isothiocyanate ( FITC ). The affinity between the fluorescent probes and BIU- 87 bladder canc-
er cells, human normal bladder epithelial cells, human prostate carcinoma PC3M cells, human hepatocellular carcinoma
SMMC-7721 cells and human colon cancer HCT116 cells were identified by flow cytometry and fluorescence microscopy.
Results: The c¢7c phage-display peptides library was enriched for 25 times through 3 rounds of subtraction screening and

the positive rate was 76% . 10 strongly positive clones were obtained. For the 10 strongly positive clones, the amino acid
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sequences of SISSLTH, MARYMSA and TVRTSAD were consensus sequence. The binding rate of small molecular fluores-
cent probe FITC-SISSLATH binding to the BIU- 87 bladder cancer cells ( 80.06 +8.78 )% was obviouly higher than of
FITC-MARYMSA( 52.93 +7.28 )% , FITC-TVRTSAD( 38.04 +7.47 )% , FITC -EDRKETA( 1.91 +1.37 )% and FITC
(9.85+2.9)% (all P<0.01). The binding rate of the BIU- 87 bladder cancer cells binding to FITC-SISSLATH( 80. 06
+8.78 )% was higher than that of the normal human bladder epithelial cells ( 13.89 +1.97 )% , human prostate carcino-
ma PC3M cells( 8. 13 +2.85 )% , human hepatocellular carcinoma SMMC-7721 cells ( 27 +2.87 )% and human colon
cancer HCT116 cells( 2.33 +1.75 )%( all P <0.01 ). Conclusion: A targeting peptide SISSLTH binding to BIU-87 cells
with high specificity and efficiency was obtained from the phage 7-mer cyclic peptide library through 3 rounds of subtrac-

tion screening in vitro.
[ Key words ]
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S ALFEWE A B R B IR, E25 2.0 x 107 pfu/
ml ) 15 £ 3 E. coli ER2738 LA K #5149 5'-CCCT-
CATAGTTAGCGTAACG-3" ¥J¥) [ 36 [E NEB /A #,
M13 W5 B A B BE DR 2 DNA s #2 BGR 7) & 8 1
Jea S A YR A FRA W HRP-M13 I B HT ik
W 2 E GE AT,
1.2 WERARiE AN E

HUWEER R 10 pl, JH LB % 37 3 UE 47 45 Lo B
( BRIFESCRY B VA e MM B 1 x 107 ~ 1 x 10°
s 9 I B AR IR EIE RS 1 x 10° ~ 1 x 10"
5 ), BUS FR B EE R T AR 10wl 5 200 wl X8k KR
IRy ER2738 BIRIRA], iR 5 min, JILAZ] 3ml
FlAEIY LB TUZBUR( 42 °C ~47 C ), IRA] 5 s i
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37 CHEAE 1 ho (3)ME FIEW, SRS A W A
A, F TBSTC0.05% )ik 5 ¥R( 5 2 4 %8 3 48 TBST
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B (4)UTTEY EET TBS H, Bl AT
W EDE T4 C L 5 min [HFRAAMTIRE. (5)
i 1/6 R FR Y PEG/NaCl FEULTE, VK FIEHE 1
ho (6)4 °C.7 000 x g B.0> 10 min, 57 &, FEE
Bl AR B WA W kA B (7)UIEY &
BT 200 wl TBS( % 0.02% NaN, )H1,3 500 x g &5
O 1 min, EVERIVERL NS RAP =91, 20 C
WAE, T e AR — 58 ik . (8 )ME b i 1T
JE I s AR T 4R — 4R ik
1.5 ELISA %52 ARk L%

W BIU-87 4HifL . iF# A e [ Bz 4hi 4% 1 x 10
A/ FLINE BE R T 96 FLAR P, 37 CHEFE, RR4I i
W RE iR KRS JE M YE AL 1 h, 0.25% I%
TREREAE N 3% H,0,( 100 wl/ AL )JEE 37 CHE
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50 wl HRP-antiM13 $if&( 1:5 000 ),37 CHEHE 1 h,
0.05% PBS-T iR 3 K, A 100 wl TMB %
B BRI 450 nm AEEDEEEE( DOE. Hi%

TESE—5e IR eI R 454 BIU-87 40 1E % At |
2 230 e A R AR R ke B 152 PBS ALAE R 2S X
M, SLEER 3 K.

T TR A RE 5 Pk 45 & & %k = ( DSI-DPL )/
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) D {H;DP1 A BIU-87 4 + 55 —Fe ikt R 45 &
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VEBAPEWE R AR FLAY D fH; DP2 S iE s A I K 240
L+ 55— 4RI BE R R A5 A ALY D . £ 3
WL EFEE S N REE G RERE KT 2 ER
TR ST REAE PRI A0 M b A 25 56, s R s b
1.6 "EERTAMEEE DNA B 5 & 547

TRV TR AR ELISA &5 5 Ay FH % 1 10 781 4 5 e
RGO , ¥ M13 Wi TR A P £ B ) & 10  5 454
PRIV TR 5% DNA, I th A= T AR TREC i )ik
By BR2S w1, W F 514 8. 5'-CCCTCATAGT-
TAGCGTAACG-3'. K 3 25 K Bl IR i 2 B 1R 17 91
TE NCBL/BLAST W3 X 4% 19 2 518 17 91 22 6] S B
115 B0 R A R SE R 5 51 004 7 TR TR A
1.7 AXf@RARE T IHTF % IRFAGHE T2

FITC #5iC 89 48 4 SISSLTHK-FITC . MARYM-
SAK-FITC . TVRTSADK-FITC DA X FEALIKFY 5] EDR-
KETAK-FITC & KAV B ) RHE AR AR &
Ao B S5 RN 2 90% WBE IS , 435 i 2. 5 x
10° ~/ml % FE 40 I8 B, 2B 2 ml 26T 6
OB B S TN IOEHRER R FITC T8 43 5]
FHICHE K BE B 4 3.6 mol/L BYIAA, 45 B 10 pul
IOAGIMLE . Z R T EDEYL A 60 min, PBS P
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UE3 K,2% PBS-BSA £/ 1 h J5, A 50 wl #R%F
WL, 37 CFHE L. PBS ¥k 6 WK, B T o s &
WG TSR A RO PR TR
H Image-Pro-Plus7. 0 IPP7. O ) k4 347 43 Bt , 16 B
SRR X T region of interest, ROI ), Bt g &
TN T OLIRET A AR



+ 518 -

e ] g A 1697 24,2013 4E 10 A ,2005)

1.9 %tz
THEEHE DL« +5 R, R SPSS(17. 0 )4,
FEMT, LA P<0.058 P<0.01 FRnEFREAS

PES-SE
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Tab.1 Enrichment of the positive phage clones from c¢7c¢ phage display library by subtraction biopanning

Round Tween-20( % ) Washing time Input( pfu ) Output( pfu ) Recovery( % )
1 0.02 5 2.0x10" 8.8 x10 4.4x107*
2 0.10 7 2.0 x 10" 1.4 x10° 7.0x107*
3 0.15 10 2.0 x10" 2.15 x10° 1.1x1072

2.2 FKIFAT LS BIUST ot vE 1K 5 1%

FIIH ELISA 35 X5 3 811k 5 R AL PR IE Y 25
A ERES AT S8  ARHE MR TR A s e 5 BIU-87 4
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FIXTRRZH( PBS)D {2t =2 WFe 44 19 4, &
I1RES BIU-87 41l R B 4F45 A, o BRI se e, BH P
BHT6% . #F— M ELISA %5 H 5 1E % AR
AR S AL, EX 19 A TERE R
2e0) 3 DL L S TR R AR R A R
B0, 210 A DA A S R AE P AN A0 B A 25 S
B IR UGZWE R AR SR FHE SRR 1 1), 25T,
X 10 AW A v R 5 v B D BIU-87 41 i
RIS HELE A WS R R b
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Clone number

El1 ELISA 45 EREEESEESEH
Fig.1 Specific binding ability of
phage identified by ELISA

Total enrichment multiple: 25
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(80.06 + 8.78 )%, fm T FITC-MARYMSA 1
(52.93 + 7. 28 )% . FITC-TVRTSAD 9 ( 38. 04 =
7.47 )% FITC-EDRKETA (1. 91 +1.37 )% LA K&
FITC %( 9.85 +2.9 )% ( ¥ P <0.01 ); BIU-87 4fifd
/N3 FHOUHER FITC-SISSLTH 454 1 45 & %
= R R 5 N S 7 [ 1 O )
(13.89 = 1. 97 )% . A 1ij 51 B J& PC3IM 4f Jfd 1y
(8.13 £ 2. 85 )% . AN JiF 9 SMMC-7721 #fi fg 1y
(27.00 £2.87 )% V4 K N5 R 9 HCT116 4i i /Y
(2.33+1.75)%( ¥ P<0.01 ).
2.5 FITC-SISSLTH 2 5 BIU-87 %m itL 4 & 5 3% 49
o R ARA

{55 5O BB WA 25 R R, /Ny T 0O R
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Fig.2 Binding ability of different small molecule fluorescecent probes with BIU-87 cells by FCM analysis
A: FITC-SISSLTH; B: FITC-MARYMSA; C: FITC-TVRTSAD; D: FITC-EDRKETA; E: FITC

A B C D E
=) 4 a =) 2
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Ig E 3 z 8
= S 2 = s
SU—. .. Sl © Ll . O, ol .
10° 100 10° 10° 10*  10° 10" 10® 10° 10*  10° 10" 10° 10° 10* 10" 10' 10° 10° 10 10° 10" 10° 10° 10°
FL1-Height FL1-Height FL1-Height FL1-Height FL1-Height
B3 HAMAREN FITC-SISSLTH 5 EMEMMIESEEH
Fig.3 Binding ability of FITC-SISSLTH with different tumor cells by FCM analysis
A: BIU-87; B: Normal human bladder epithelial cells; C: PC3M; D: SMMC-7721; E: HCT 116
FITC-SISSLTH FITC-TVRTSAD FITC-MARYMSA
FITC EDRKETA FITC Blank Control

4 INYTFRHIREHS BIU-87T AR AR LA ER( x100 )
Fig.4 Binding condition of small molecule fluorescent probes and BIU-87 cells ( x 100 )
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cGAS B1i1R% HIV R EMFHERFSHER R2EIDAZMK

ARG REBFE R EE( human immunodeficiency virus, HIV )55 5005 SR 85 0] LIS A5 G008 KON, ARG HILAA dnfaf 10050 306 4 5%
FREEAN A Z /D, ¢GAS( cyclic guanosine monophosphate-adenosine monophosphate synthase )& VT3] 8 & Bl —-87 L ) DNA
RASZIK, cGAS BERSZE A LAY DNA , HE1L 7= 42 25 — {5 cGAMP( cyclic guanosine monophosphate-adenosine monophosphate ).
cGAMP 48T 455 35 7% 4L STING( stimulator of interferon genes ), B BIALR E A e B o

TENHFARZ A AR THPL AR b 4135 A B HIV 30620 S i 0 1 59) RE A% BELWTG 575 = A9 1 28 PR3 097 A, 5 400 ) 59

MTC TR, 3= HIV 380 B S SO s T 57742 DNA. /MR R AR AR T, AR sl Ik cGAS HFRIARELS
BELKT BR 1 i 975975 B murineleukemiavirus, MLV ), HIV K A5 G2 SRk 5 simianimmunodeficiencyvirus, SIV WESK T TR
KA R F 0977 A o MEE R BUS A R IESE HIV B BB 15 577 4 cGAMP, 1M X — i AKH T cGAS LA K 5g il
¥ 409 DNA. fE RSl b R R T EIRSCRIF I T — B a5 R B2, cGAS 15—~ 3 g i ) it
ST DNA 132 0K FERLIRHT HIV STV LK MLV Fh A 5088 5 v % 452 8 56 B (7R P

HIV FERYe APRNY CD4* T 4HA, (5[] B8t ml LAARE A I 40 L 0 A S 1R 200 B, )P A 0 0 28 I s 7 A% 1, kol ot
TREX1 Al SAMHD1 2553 BRI 7E DNA (9 SR A5ET7 2, sl [ 47 G e S Nz, 2 1 19 O DA e i PRI HE L J . HIV B CHL A 4%
SR EERENS IS cGAS 557742 cGAMP, cGAMP 1 A 2K S8 ok 33 — MR TN fish A S B2 S L o PRI , 1 %o BR A 1 1 2 T 7
P RGN HIV KA 5 723 B B T, cGAMP B/ AT LU — A R i e 1)

[T e, 213 H . Gao D, WuJ, Wu YT, et al. Science, 2013, 341( 6148 ): 903-906. |



