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Development of Anti-tumor Blood Vessel Antibodies by Phage Display Method
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Tumor blood vessels are essential for tumor growth. Therefore, these blood vessels are potential targets for anti-
cancer therapy. The purpose of this study is to develop anti-tumor endothelial cell (TEC) antibodies for delivering anti-
cancer agents or drugs. To achieve this goal, we utilized the phage antibody display library method to create monoclonal
antibodies in vitro. Accordingly, we developed anti-TEC antibodies from an single chain Fv fragment (scFv) phage dis-
play library prepared using the Fv genes amplified from the mRNAs isolated from the TEC-immunized mice. The size of
the phage antibody library prepared from the mRNA of the TEC-immunized mice was approximately 1.3X 107 CFU. To
select and enrich for the phages displaying the anti-TEC antibodies, cell panning was performed first using the TEC fol-
lowed by subtractive panning using the normal endothelial cell. After five cycles of panning, the affinity of bound phage
clones increased approximately 10 000 folds. Subsequently, clones isolated from the post-panning output library were
tested for their antigen-specificity by ELISA and western blotting. One of the scFv phage clones showing antigen-
specificity recognized only TEC in vitro, and when injected into the Colon26 bearing mice, this clone accumulated more
on the tumor tissue than the wild type phage. These results suggest that the isolated an antibody and this clone’s target
molecule could be potentially useful for novel anti-tumor therapies.
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Fig. 1. The scFv Phage Display System
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Fig. 2. Development of the Tumor Endothelial Cell Model

Human umbilical vein endothelial cells (HUVEC) cultured in Colon26
carcinoma-conditioned medium (Colon26 CM-HUVEC) were used as model
TECs.
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L, mRNA Z[E{L /. #WT, Z@ mRNA &7
> 7L —hIZ cDNA Z{E# L, PCRIZKDHIAD
VL, VH fHi D DNA O#igZE{T>7/7. 51T,
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7= (Fig. 3).

33. MERHABLERGKEOR ) —=24
HHEM ) T2 15T D2 DDA T —Z 2 T RD
RENI T 7 =T A AT VA FEORRST, T4
TR ERET S HEE0F—T 7 /0r—&L
THEMAIND., HEGENAFIRRSGAE, E
@iz ON> =2 7) REFFUAHIHEA N LT
c7ED CEERBEERE RN ) —Z 2T Hik
MEBRBERRELTHOYSNTWS, L2L, &
A2V =22 T BRI LT DI, MR
DHWIE h—T%##E, H25VWEEEIELRNWT
KNBETHD, ISITIISREDTESM,
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Fig. 3. Development of the Tumor Endothelial Cell Immune
Antibody Library
The single chain antibody fragment variable (scFv) phage display libra-
ry was prepared by amplifying the Fv genes from the mRNA derived from
the TEC-immunized murine splenocytes.
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Fig. 4. Antibody Selection by Subtraction Cell Panning
Anti-TEC antibodies were selected by cell panning against Colon26 CM-
HUVEC with subtractive panning against normal HUVEC.
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9, Viko14 7510757 —2% HUVEC &%
A3, EFHEMLE ST HHRT 7 — 2%k
KL, EEEL TWBHi{A7 v — % Colon26 CM-
HUVEC &GS FRFREE Y 7 —2 %23k
%%, Colon26 CM-HUVEC #s&¥Hik7 7 — ¥ % [H]
INU, KIBHEICERSE, ML ZOYT RS
DayINCZ T EG S EfTo IRER, N =
THiD7 7 —2HET4 7Y (input 77 —3)
ENZUTITEDERE N T v — (output
Ty —) OHERIE, Sth)N> =2 RTIE, Ist
INGZ TR E LT, K9 10000 £ & WD En L
RKERLIZZ EMD, Colon26 CM-HUVEC H: LAY
BT 2PUR T 7 — D D&Y - EBFEICRH L - &
el x5 (Fig. 5).

I5IT, PR XV RENEHERT S0, &N
ST IUCROTy—=hifkEE ) y0— 2k
#%, 1 > — bk PCR 17\, scFv DNA O HBilg A
HEN=r70—>2DscFv 7 ) —7 T %
RN U7z, ZORER, 2HED scFv 07 2 VT —
LA L e CRABERT —%). BELE
2 FEF D scFv I3 PR OHIFERF#EZRET S £ T
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Fig. 5. Enrichment of Antibodies to Tumor Endothelial Cell
Model by Subtraction Cell Panning
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i 5720, BET 7 —PHEREZENAT T ZA
L, SSiEmRE, EEASEemMEL 2. o
FALREN D 7 7 — 2 titer 23T 5 2 & THEAH
RO R AR EFERE Z 3R L 7=, In vitro I2BT %
Colon26 CM-HUVEC N O iR &2~ L =
Clone 1 7 7 —PHiRZHP AR T ANEE L &
A, AEEEIEGESONRNS> T (p=0.08) N
Clonel 7 7 —PHURIIH AR T 7 — 2 L HARTH



Vol. 130 (2010)

484
a
0.5 +
0.4 -
£
c
o 0.3 A
o
¢
o
<+ 0.2 A+
(a]
(@)
0.1 -
0 T T
Colon26
HUVEC CM-HUVEC Colon26
b
Colon26 CM-
HUYVES HUVEC
50 KDa
40 KDa =— -

Fig. 6. Evaluation of Antibody Binding Activity in Vitro
(a: ELISA, b: Western blot) . The binding specificities of the phage an-
tibodies were assessed in vitro by using ELISA and Western blotting.
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Fig. 7. Evaluation of Antibody Binding Activity in a Pilot
Study in Vivo
The binding specificities of the phage antibodies were assessed in vivo by
analyzing their accumulation on the tumor tissue. n=3, p=0.08.
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