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Abstract: Epithelial cell adhesion molecule (EpCAM) is a popular target for cancer therapy. In this research,
3 nanobodies with high specificity and endocytosis activity against EpCAM were developed, which provides a
basis for the study of immunotoxin based on EpCAM. In our preliminary experiments, we have immunized a camel
with EpCAM-Fc antigen and constructed a high-quality phage display library. Seventeen nanobodies with different
complementarity determining region (CDR) 3 sequences have been screened after 3 rounds of biopanning by phage
display technology. The animal procedures were approved by the Institutional Animal Care and Use Committee
(IACUC) of Fudan University School of Pharmacy. After purification, 7 nanobodies showed high cell binding
activity by fluorescent activated cell sorting (FACS) identification. Furthermore, 3 nanobodies presented high
endocytosis activity based on FACS and laser confocal microscopy, which also showed high affinity to EpCAM
measured by ForteBio. According to this study, we aimed to provide a novel alternative approach to the EpCAM-

targeted therapy and to provide guidance for the study of nanobody based immunotoxins for other targets.
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N CEE S TR T 2 TR A S S VAR R S sl
PRARERE101, it 5 044 245 W0 R A5 A RO AN Wi B AT
LIS AW R, JCHAS 8 T AR TP R R Wil
B R JE, EpCAM BRI R WA T ik 5K
k. SR, 2& T EpCAM 41 s ¥ 5 5 B HUAR 72 VR 97 3%
R EAUHAS T A RS0 RORU2, i T EpCAM
T I 6 0 P 2 T AR S 1 08, EpCAM 73 ¥ S iR 4 &
JE RS R0 A AR S A R, TR, FR R RE )
EpCAM W1 $itA 53 R 7y 7 #EAT AR K, H Bl A4 398,
NIGTT EpCAM PHYE MR R4 1 —Fiohr i S mg .

H A, B M HUA 259 - 91K Bifk (nanobody, Nb) 7£
JRg Va7 e R Sk A . B B G&SE B BE Bk HCAD
(95 kDa) R AR [X 4 4 1717 K 1 PR 144, YRR VHH Bt
& (variable domain of heavy chain of heavy-chain anti-
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100 mL Z}J& I, #5053 B 1 & TS 40 (peripheral
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e & A FLBE BT FIS 5 K7 71 pelB, 7E VHHs ffi A
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Merck A ), BEFR T 405 nm AL HL A 0518 -

EpCAM S MMKINEEZTIALA L BT
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(polybutylene terephthalate, PBT) B, Bt f& F 5% I AG
A= 137 (35 Invitrogen 2 ) £ 6 1 h, 35 11 58 5 E4T
PUikFRic, B2 L9 2 50N anti-HA (Alexa Fluor 488)
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RE1Th

S ) I L ST iR R S R AR PR
i e 25 G B L, I R0 3 S A T A SR SR A



© 2408 -

25224 Acta Pharmaceutica Sinica 2020, 55(10): 2405 —2413
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(colony forming units), Fifi . #k %k 24 /> 50 B 12F 47 B 7%
PCR %IF 3C VHH A BLIE#R AN %, WiE 2D B, A&

kDa M EpCAM-F¢

100

75 -

60 v p, o
45 .., Camel immunization

35 —

25 -
20 ==
Expression of EpCAM (ECD)

g
E ‘i ﬂ P Infect and grow l-ﬂlj \
’ ii A ‘ =

e

ibrary amplification

SRR AN 100%, iR Tabr R BIAT TRk 1w i &
1) EpCAM Wit B 1 JEE 7R 9 K B4R SC P, L S0P e 25 % A
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Figure 1 Workflow of the identification of anti-EpCAM Nbs. EpCAM: Epithelial cell adhesion molecule; Nb: Nanobody
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Figure 2 Construction of EpCAM specific library. A: The first PCR fragments with an event band of 700 bp; B: The products of second

PCR, which of an evident band of 400 bp; C: The library size was estimated by counting of colony numbers; D: 24 colonies were randomly

picked to determine the insertion rate of the library
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Figure 3 The results of bio-panning for EpCAM-specific library.
A: Enrichment of each round bio-panning shown by plate; B: The
relative enrichment ratio of the total three consecutive rounds of

bio-panning
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EpCAM-Nb3-13 AQYRGEDS-------nmemeeeee WLYRGVL
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Figure 4 Positive colonies of EpCAM were identified by PE-
ELISA with the ratio more than 3
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AT TCREAT TN 25 e 4 L HT29 48 i 15 9 oK oAk 45
G PRI N AR 2 5, HE— P Aliih 1) 17 Bk gk

EpCAM-Nb1-32

Figure 5 The sequences analysis of the screened 17 kinds of Nbs. A: Amino acid sequences for CDR3; B: Phylogenetic tree of the isolated

EpCAM-directed Nbs, based on the neighbor joining method
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Figure 6 Amino acid sequences for CDR3 of the isolated 17
kinds of Nbs
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Figure 7 The identification of binding activity between Nbs and HT29 tumor cells by fluorescent activated cell sorting (FACS)

Nbl1-320h Nb2-100 h Nb3-120h
4 14 4
10t @ 101 ) 10 Qi @
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
10° 10°4 10
o 10 = 10%4 102
9 iy 9)
] a ' ]
10'4 10'4 10'
Jos @ Q4 o los @
Ohowe | sepd  lawe, L ome]  Wha | sse
10° 10 10* 10 10¢ 10° 10! 10? ]01 10¢ 10° 10 10* 10 10*
FL1-H FL1-H FL1-H
Nbl1-322h Nb2-102 h Nb3-122 h
10* 10 10
() @ Tal @ ) @
0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
104 104 10°;
G g 10 2 10
) ) 0
2 4 2
10'4
E| 10 E-|
Q4 Q3 Q4 Q3 Q4 Q3
10°37.00% 72.1% 10° 136,59 . 654 10° 126,45 73.6%
T T T T T T T ren e
10° 10 10* 10° 104 10° 10' 102 10° 10* 10° 10! 10* ]0‘ 104
FL1-H FL1-H FL1-H

Figure 8 The endocytosis activity identification of selected Nbs by FACS
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Figure 9 Internalization and colocalization analysis of candidate Nbs by HT29 cells
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Figure 10 The binding activity of Nb1-32, Nb2-10 and Nb3-12 to EpCAM-Fc was assessed by ForteBio Octet® Red 96 system assay
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