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EpCAM 7T FHiF 48 & LRI IEFILEE

RFEY ZHE BAR BN BF B HKE FB IHEX BHET
(BETOIME K S A dr Rk 22 B, 7542 710119)

et

WE L E/A RS T(EpCAM)A R T @ (CSC) T2 R @mirichaT. AR EEFK
J 7 PR B BEAT F A0 0K IR E SR & 478 i (Biopanning), 22354604 16, ARG — 369 IR AR SR E o [
MHEATA FL 938, B ITELISA T 50 # 2 304 Fa b B AR LI 5F AT 7, B 2 47 )6 kAT
SANEA 55 R, MG B MR R e R IE A R T LCSClem s 45 ok, %46
T, # RSB M FL 5 H) EpCAMEE &4 S Fo BB M iR A2, 5 3 % IR 4% AHESP1. ZEpCAM
¥o.6) ARESP1 R R B AL ST ¥e @) i £ B M AR K 77 & B A B AL R A8, ST M AT 48 % W 5 4%
CSC, # Mg 597 2L, BV 4.

KR bR/ AR BE g T ET AN A B R 22 I e T A B R ) AT 259

The Selection and Characterization of the Peptide Binding to EpCAM

JIA Chenshuang*, LI Xinyao, CHEN Lirong, YUAN Yue, GAO Qian, LU Zheng, XU lJie,
SHU Zhan, WANG Yiwen, HOU Yingchun*
(College of Life Sciences, Shaanxi Normal University, Xi'an 710119, China)

Abstract EpCAM (epithelial/endothelial cell adhesion molecule) is an important surface marker of CSC
(cancer stem cell). After 5 rounds of biopanning, 47 clones were randomly selected from the last round of phage
eluted library for amplification. Thirty positive phage clones were preliminarily identified by ELISA method, and
sequentially sequenced. After sequence analysis, 5 consensus sequence groups were concluded. Subsequently, sev-
eral cultured cancer cells were tested and identified by immunofluorescence assay to evaluate its affinity to CSC.
Based on the molecular and cellular test results, R8 clone presents the best specificity and sensitivity for EpCAM
binding, and its peptide sequence was named as ESP1. ESP1 is of important potential to be used for the develop-
ment of cancer targeted chemotherapy delivery in future, and such delivery will have CSCs killed as more as pos-
sible that improves the therapy efficacy and reduces recurrence.

Keywords epithelial/endothelial cell adhesion molecules; cancer stem cells; targeting peptides; targeting

chemotherapy of cancer stem cells
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HRe 5mriRae. BRI R UK ™ G %)
KAEMP B 2R AU E T PAEpCAMY 4L
R 22 b IR AT BT 29 R R 22 R e, AL L& T
A (aptamen){F 93 [ o A5, HAE, Z KAL)
TE/N LEE. REEMEAR 5 & BN SR R 1 5
PL3s, BN T4 /4 208 1) S ) o i) i B
RS, iR 2 T i (Biopanning ) 5 R 3R 45 731
BN e R S PR G 22 IR B AR R IR R,

I P 44 JE2 718 BK FE (phage displayed peptide library)
) ¥4 7 (Biopanning) i A /& — i PRH 1 AF ). H AT
T H FH B 4 L B - ) 22 K ) 0 8 70, EH 3R [
NEB(New England Biolabs, Boston, MT) ! i 13X 28 ik
PEths2 H TS A nT i) s i 2 IR EER >
DA 8 7 925 0 e 1 e A 1) 22 IR AE D BE 1) 43 1 e A,
W F TR R T RAAR AL . SRR gk AR
YA LR [ B e 24 47 36 38 S E 2671

1 MRER*®
1.1 EEXEMR

(1) Wk TR R s JURC P2 Wk B AR BT — B R S
J#(Ph.D-12TM phage display peptide library kit)Ji H
F[ENEB-.

(2) itk ANME'E HEK293 40 Motk . i 9
HepG24H itk FLARME MCE-740 itk , 251 A 525
EhtAF. HE10%64 1% (fetal bovine serum, FBS)
I DMEM% 923, | 137 °C. 5% CO,FIVRIE & 1%
RN KT

(3) DMEM#% 723 GibcoA H] (New York, NY).

(4) 76 X1 : E. coli ER2738J% H New England
Biolabs, 3¢ [ . L& 50%H i i B 455 324 7 e
17180 °CUKH

() Pt FPIMI3Z e BEH AL H Abcam(ab24229),
YL ; PR ALY EE(HRPYFFIC 1L 2E 3T R 2 e i
I8 H Abcam(ab6789)A ] ; PU H FEEX K [i% (TMB)-
DAPIZH MR Ge i B T 22 IROR R AEDFEAR A IR A
Al
1.2 EEXWHE
1.2.1  BREWRE &£ 44 05 (Biopanning)  E 7
5 £ ER27381AT A B 15 7%, 4% 71 & Ph.D-12
W BA P52 AL 1) S8 20 R 52 PhuD-123C %, 4R )5 DA
EpCAM NHE 5T, $%2 A SZLG % 24 K [ Biopanning F£
JP0 S EpCAMAZEALE F1(100 pg/mL) LA K pHS.41]

BRI AN, PLEEFL100 LA T-964LHR, T4 °C
EE IR . FEEME RS R E 5%, 1755
Biopanning 3 B LBk 7 Wk B 7K 5e %, 75 LELISA
33— 25 1 39 B A e T AR o B
1.2.2 B&FL % 9% ¥ (enzyme-linked immunosorbent
assay, ELISA) i FH & #l96fLARIZ%, F ELX8004:
H BB S 2 A A% (BIO-TEK, Los Angeles, CA)i
AT, $E EpCAMIY) DIEC N P, BSAII DEIC NN,
PLP/NIF) A450 LA = 2. LR FEPE S e bnife, HHIE<1.5
FhE NI
123 SEMAREENF  HELISAVETF % FEE 72
B 32 T3 M S ME R AE MR A R A = AT I T, 3k A
e B KT @ I o AT 3R 13 A P 81 (con-
sensus sequence).
1.2.4 EpCAM& R %547 RiE— DAL
FI) {49 BE A 05 B A 5 % 5 EpC AMULE 41 i 7K T F4 4 1)
P4, 38 L CCLE### % (https://portals.broadinstitute.
org/)%} EpCAMYTE £ Fifig i o 1) ik 15 DL AT 0 #T
N 3464585 36 (1 40 M 58 3247 400 R J2 T PR 380
1.2.5 @ik a R ik

(1) gHHRI€ fr . BRI B A 9 5 mm>5 mm
6 3% F, B E T 30 mmAgEs R mrp | Bk T-45%
W HARGIR S B AR 48 HEK 293 . FL I
Y IMCF-7 UL S 9 20 B Hep G2 AT AR AR T 15, K
5x10°N/mL A HR 2 #2230 mm P3R5 IR,
/N2 mL RPMI-164058 435573, T-5% CO,. 37 °C
() e B 7R AR T 55 9724 he

(2) BH AR B 1 5o B 0 48 g 22 [ EpCAMIP) 55 Al
J1504 . # MCF741l. HEK29341 fi Al Hep G241 g
FEAh 2230 mmH s IR L, K35 52 5 FPBSYEL3
R, 4%% 5 [ 52 30 min, FRRPES3 VUG ML mL
1% BSA, 137 °CI1EiR 3% 7746 31 1130 mino 7735 A1,
3 IO BE I I A 7 (1102 pf), BN 50 B 1L,
F37 CCIEIRIEF AW E 2 he VG MARITIMI3Z
TR (AR 1:1 000), T4 °CHHEREE. &
H LA PBS ¥4k 3905 i I FITCARC I L PR 2 70
BEHUAR CCAEREE 1:500), 37 °CHEE%H F 30 min. PBS
VeV 3G I\ DAPLHE, 37 °CHEEHFE 15 min.
PBSH- IR PR S5 F90% 1 H i 3 v, 5] B 25 B4l
DR =S S LG
1.2.6 2 £ %555 EpCAME) 5 F 2F 4% (dock-
ing)  JHIISWISS-PDB viewer(v4. 1) A4 T % £
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SLRE KT 25 A 4544, S8 J5 MPDB T R4 EpCAM
FIPDBAR AR SC A4, B¢ i F ] AutoDock Vina##(v4.2)
M EpCAM 5 £ v FE IR 14647 43 F docking, M 73
T2 B R BUAE D, K docking B 8% £ 0 M i% & ik
51 5 EpCAM ) T HIHE [ SRR

2 H#R
2.1 %31 5% Biopanning, EpCAMEE[E) =[£I &
EEY1E

W B A JOK J2E 7 8 O 45 SR M 1.6 10" pfu/mL, B
RN 10 pLWEE A /AL, 83 S Wbt — P it — &
ik, B A RBEBMIKE , ttEERN RS
BN, S8R G TME D ER T BRI EpCAMAE [
TR UNIOMER
22 RETEBHESHAMERE A

Xof 55 550 0 42 114 3 Mot JIK 2 3E 4T LB/IPTG/X gal i

PR, FEBEMLPkIE T 474 s B kAT I g 4l fk,
FELISA 7 V2, $4 {6 BH 14 v e 5 € b 1L 3R1S 1730
ANFEVETERE, e ATEE— D FIELISARA I 45 R &2
B o

SR HIA 130 B FE S EpCAMIM 25 & 77,
RS T LS A AL 1B . X304 BH M v e B X} iR
T REHEAT IR, 45 R R BT 234 B AL R S
AN ILH P AR 22BN .
2.3 [AMRERRERMEINEEEpCAMERH
R RE ST

2.3.1 ML 5K ILEpCAMAE & JLIE 40 JiiL /48 47
RIEKFRAREF CCLE%#5 J 4 #1 &

EpCAMZE H I (942 A h it : EpCAME 7L ik
i 5 4 L e A e, T AE
R TR R SR A
3).

F1 MEE{AERVEEEBiopanning = &£ 45 R
Table 1 Enrichment of phage library by targeting Biopanning

[priRv€ PN B 4 /pfu-mL! Ve R 14/ pfu-mL! Vel SHALL
Round of Biopanning Input phage /pfu-mL™" Output phag /pfu-mL™* Output/input rate
1* round 1.50x10" 2.00x10° 1.25x107

2" round 5.80x10" 1.57x10° 2.70x1077

3" round 1.56x10" 8.60x10° 5.51x10°

4" round 1.13x10" 1.58x10’ 1.40x107°

®)

1000

Enrichment of multiple

100 -
- I I
) .
0.1 . T T T T
2nd 3rd 4|h S‘h

Number of screening

A SEE IR T R 45 R B: TURC TG0 34 v R ) s SR A 3

A titration results of 5 rounds of secondary reservoir; B: enrichment multiples of dominant clones were screened in 5 rounds.
1 EpCAM#E[5)% Ak HIBiopanning3{ &
Fig.1 The Biopanning efficacy of EpCAM specifically binding peptides
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2.0
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1.0
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0

NY D XH LA D 9PN VDA O P DA A AP AR ALAD AN AL aD 80 aP
Clones

R

E2 PAMIEE A RESEpCAMFEMNEE
Fig.2 The affinity identification of positive phage clones and EpCAM

=2 PAMRRERNZRREFFS

Table 2 The consensus peptide sequence of positive clones

AP R

Wt I 7 e ZKFSI
Consensus sequence names Phage clones Peptide sequence
ESP1 R2,3,6,8,9,10, 18, 21, 26 NTHNRPTSASQS
ESP2 R1,5,7,11,12,17 SHLARPESESLP
ESP3 R16, 20, 36 GNAHRPNSESKG
ESP4 R15,23,35 DSVPRPASESDT
ESP5 R25,31 VGDTRQVSADEF

232 R8AMERTT RAEW @I EpCAMAF 45
471 EpCAMy& CSCAN MR EZbs E4, 1M
CSCIE 1 & 15 I 41 2138 /2 15 77 1) 98 41 Pt B #4 2 A
AHU, IR P A AT 4 SR N, LR A R
EpCAMZR LKA X 5 (B 3) o AT L, ASHHF 504
EpCAM K 1A /K185 iy (1) 7L i 9 44 B2 MCF-7 . Ep-
CAM, FRIE7K-P AR 1) - 40 i Hep G2 A1 =i 41 i
HEK293HE47 1 24 M 7K ST (10 Wk B 44 ot Bt &85 & e e
VU 1R 75 128 55 -

TEIE T ELISATR % 1SN A 7 51 ve FE R,
HEIG I — N P/N{H f5¢  1) 5E BERS(ESP1) . RS(ESP2).
R16(ESP3). R15(ESP4). R25(ESP5)fi 41 1 % 3% ¢
s, HE— B3 IF H S EpCAMTE 4 il /K P 1 [l &5
G R AU, 45 B OR, R8TV FE(ESPLT 41)
EMCF-741 ig H EpCAM 1A 41 il (CSCAH ) 1) 45 &
B B8 T oA 7 B (BI4A) . K E4ATH R TR
MCF-74H }fd HEpCAME 1A 4H i 11 6 I &5 5 J) 30 i
KWL, 45 R EoR, R87EE 5 EpCAMIFIE [ 4 57k |
U o (B14B) o

L%, #iERSAREIMESPI L K751 N
R AEEpCAMEL [ 751

2.4 ESP1F5I|5EpCAMEAR RIFH S FHRIST
3N

N T R A R A v [ A1 S EpCAMIR 5%
F177, il it Autodock Vina®k 44X 15 & 1) 5% Al 1 34E47
1 Docking AR, 4554 5oR, ESP1/F 4] 5EpCAM
Gy FAE AR B 24 i FE RS AR R B 6 4 2808
(BRI

3 g

AT 2 = B 1) 1 B R MR S B0
AIT RCRAS A H TR AE I PR I8 3 1) 32 B3 ]
282 g T H(CSC) 2 S B E A . 8.
SR E B AR, H AT SR UR AT R AT
e Hh % K CSCI 19, EpCAM&CSCHE MM 5 2 () bR &
PoTF2—, it EENRE. BBETERIT
FEAE )5 &, W] LA NCSCHHE [ Ax & 4015,
ZRyTEAKE. TR/ KEeEEME. 410
fE] o R (0 B E M L B T B I SR L 2
Wl 2 DUEL R A B ) S 1 o R R, ZREAT LS
YPRA L YR 25 AR T T T L 40 /4
) 45 P AT 44T 98 PR 3 ) 326308 YA 7 B350, B )
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< §
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& o T-cell_lymphoma_other
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4 > Glioma
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Copy number: EPCAM

A: EpCAMYE £ FifiiE fPf1 5514 B: EpCAMYE PURMEAE P (K13 1% .

A: expression of EpCAM in a variety of cancers; B: expression of EpCAM in four types of cancer.
E3 % REEEpCAMIRIAKFEEIRE 7
Fig.3 The database assay of EpCAM expression in cancers

ZIRIE T DA 5Ot ER [ 3R S hRic i O R e 1t
REF, FTHRE R R T2 802, R TR R0
BT 7 R SRS LA R P, (HIX SR
BT 5 BURII 2 K BL I3RS

AHH 5T LL EpCAM N Biopanning R #E 43+, M
NEB 125k £ A2 K 1) Biopanning it F2HE4T 1 556 TH
IE SER %, DLELISA T ik MR #6 & 45 P BE AL Bk ik
(R 474 v B 2E5E T 30/ BE M T R (181 2), s il
15T 5434 7% (ESP1. ESP2. ESP3. ESP4.
ESP5)(#%2).

CSCTE & A2 11 I 41 238 /2 15 77 1 98 400 il B 40
M, Hobr B YIEpCAMAE £ Fh i 24 /4 23 v
(1) 38 7K 22 S K, 7 7L IR 40 /4 2 3R A
K m (B13), BT AT 9t ik FHEpCAM# ik 7K ~F
v B0 L IR 4 RIMCE-7 811 22 35 7K 1 354K 1 T 92
Y i HepG2 DA & i 41 fRHEK 293, i i 241 A 4 %
PEILIRAT I T SAHLA 7 510k LRI 41 R CSC 4t
JUEpCAM ) 45 4 i 57 P AU, R ILESP1(RS)-

ESP5(R25)FF 51| % EpCAM /& 2 ik 41 i (CSCAH i)

A UL 45 SR T E AT BURE(B14A), 85I
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DAPI FITC DAPI FITC (B)

RS

R15

R16

R25

R8

MCEF-7 HepG2 HEK293

A 75 5 CSCAN EpCAM I HE [ MEAG I, B: SANIEA 541 76 B 5 EpCAM i 2 IA Al I MCF-7 {1 CSCEH it EpC AM PR 4 ] 4 463000 435 SR PR 0K
X)U/J °

A: consensus sequence and EpCAM of CSC cells targeting detection; B: amplification of EpCAM targeting detection results of CSC cells with high
expression of EpCAM MCF-7 and five consensus sequence clones.

4 #REEpCAM & RS 4 52 B2 R 28 i S 2 R A

Fig.4 Immunofluorescence identification of best clone targeting EpCAM

B

A: ESP1 =445 M PDBIH 3, B: EpCAM %125 A1 M AU PDB AR 38; C: ESP 15 EpCAMAN[R] 23 [F] £ 5 0o} #2245
A: ESP1 3D structure PDB mode; B: EpCAM molecular spatial configuration PDB mode; C: EpCAM molecular spatial configuration PDB mode.
El5 ESP15%|5EpCAM%F#docking
Fig.5 ESPI1 docking with EpCAM
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&3 ESP1SEpCAMEAREZ BAEHKRESRE
Table3 The lowest binding energies of ESP1 and EpCAM at different spatial angles

ehs) iy

Models

/kcal'mol™

Lowest binding energy /kcal-mol '

—_

-6.7
6.5
6.2
—6.2
—6.1
—6.1
-6.0
-6.0
-6.0

O 0 9 N W b W N

1) 5 B X MCF-7 14 A6 I &5 SR 100 AT 500K A 348 1y 45 AR
(E14B) 27~ ESP1(R8)F 51 4 14 AR B 2t
TESP5(R25), MM & H 4 AEEpCAMAE [] 121k
¥ 51

DLy 25 (R A AEL ARG 284 1) %6 4% (docking) XF ESP1
L EpCAMIPIHR A A1 33347 14 3 B B, ESPLK T
HI1E EpCAM 73§/ [R] 2% [a] 4 B £ B #0%6 EpCAMAE
H R 255 71(K5).

PLERFFR 4 R Won T 27 5 ESP1I
EpCAM th R CSC¥ I [7) 45 &5 7 M A UE | Jk
SR T 7 ESPLTE A KB AL g B8 ) 4k T 25 A K
75 TH S A P AN, 38 X CSCHIFE [ 5455, A AT
eIk B R IT R BRI R R R B AR

4 i

AL LLEpCAM AyBiopanning# 731, MW B 14
128K ik . % 2 3k 153 T S CSCYI IREpCAM A A5
R4 08 v 4 S PR LB R 1286 5 A1 ESP L, 4 Al /K
ST PRI WU R 3 25 18] A 284 R RS SOL T I S T 1% %
Jik B B CSCAH JEpCAM B A5 R U S8 [l P . & HF
REEFRNR KR AKTE PUE R IH B e #E 1A
ST 2R R ER T — AN B R ) ok
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