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A novel anti-VEGF165 monoclonal antibody-
conjugated liposomal nanocarrier system:
Physical characterization and cellular uptake
evaluation In vitro and in vivo
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PEGylated liposome containing S100PC, CHOL, and mPEG2000-
DSPE in a molar ratio of 90:10:5 was prepared using the thin film
hydration method, as described previously |18]. Briefly, phospho-
lipids (S100PC and mPEG2000-DSPE), CHOL, and coumarin-6 (as a
fluorescence label) were solubilized in chloroform in a 250 ml
round bottomed flask and dried under vacuum to form a thin lipid
film [19]. Then, the lipid film was hydrated with phosphate
buffered saline (PBS, pH 7.4) for 1h. Afterwards, the resultant
multilamellar dispersions were sonicated and then serially passed
through 0.45- and 0.22-pm pore size filters to reduce the size of
the liposome. Un-entrapped coumarin-6 was removed through
dialysis using PBS (pH 7.4). As a linker lipid, Mal-PEG2000-DSPE
was added into the liposome suspension with the molar ratio of
S100PC: CHOL: mPEG2000-DSPE: Mal-PEG2000-DSPE = 90:10:4:1
|14]. The final PEGylated liposome particles were stored in dark
containers at 4 °C.

As a control, paclitaxel encapsulated liposome was prepared
following the same procedures mentioned above. Un-entrapped
paclitaxel was removed from the liposome suspension by
centrifugation.

For confocal microscopy, 0.5 mol% of Rh-PE relative to total
lipids (ie., S100PC and mPEG2000-DSPE) was added to the
liposome formulation.




onjugation o : - >d PEGylated liposome
was based on —SH groups of antibody molecule and Mal-PEG2000-
DSPE in the liposome. Briefly, mAb165 was thiolated with
2-iminothiolane in PBS (pH 7.4) at a molar ratio of 2-iminothio-
lane: mAb165 of 50:1 for 1 h at room temperature (RT). Unreacted
2-iminothiolane was removed by a Sephadex G-25 gel column
with PBS. Then, the thiolated mAb was immediately incubated
with the PEGylated liposome at 4 °C for 12 h for preparation of
mAb-lips. The solution was then subjected to a Sepharose CL-4B

column and eluted with PBS (pH 7.4) to remove the unbound
thiolated mAb165. Non-reducing SDS-PAGE (8%) was performed to
examine the covalent coupling between mAb165 and the liposome
as well as the integrity of mAb165 in mAb-lips [20].




Fig. 1. TEM images. A. PECylated liposome. B. mAb-liposomes. Each bar represents 100 nm.
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Table 1

Sizeand polydispersity index (PN ) of lips and mAb-lips. And mAb amount, phospholi pids amount and coupling efficiency of mAb-lips. Data are shown as means and standard
deviation (n=3).

Formulation Particle size (nm) PO mADb amount (pg/ml) PL amount (pmol/ml) Coupling efficiency (g mAb/pwmaol PL)

Lips 979108 0.259 + 0,007 0 10 0
mAb-lips 108.0+1.1 0.238 + 0,007 6978 +54 10 69.8 £ 05|
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The amount of mAb165 conjugated to the PEGylated liposome
was quantified as previously described using a bicinchoninic acid
(BCA) protein assay [21,22]. In brief, 0.3 ml liposome suspension
was added to 0.4 ml methanol, 0.2 ml chloroform, and 0.1 ml
water. Then, the mixture was vortexed and centrifuged at 9000 = g
for 3 min. After the upper phase was carefully removed and
discarded, 0.3 ml methanol was added to the interphase between
chloroform and the precipitated protein, and then vortexed and
centrifuged again at 9000 = g for 3 min. The supematant was
removed and the protein pellet was dried under a stream of air, The
pellet was then dissolved in 0.2 ml PBS (pH 7.4) containing 2% SDS.
The concentration of protein was determined with a BCA protein
assay kit (KeyGEN BioTECH, China) using pure mAb165 as a protein
standard reference. The coupling efficiency was calculated as g
mAb/mol phospholipids (PL).
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Fig. 2. Non-reducing SDS-PAGE analysis of the integrfty of mAb165 in mAb-lips.
Lane 1-6: mAb-lips, PECylated liposome without mAb165, mAb 165 (0.25 mg/ml),
mADb165 (0.5 mg/ml), mAb165 (1 mg/ml), protein marker.




MNext, we employed enzyme-linked immunosorbent assay
(ELISA) to assess the binding affinity of mAb-lips versus non-
conjugated mAb165 to VEGF in order to determine whether the
conjugation to our PEGylated liposome reduced the antigen-
binding affinity of mAb165. Briefly, 96-well ELISA Maxisorp plates
(Coming Incorporated, NY, USA) were coated with VEGF (1 pg/ml
in 0.05M carbonate buffer, pH 9.6) at 4 °C overnight. Then, the
solution was removed and the wells were blocked with blocking
buffer (0.05% Tween-20 and 3% bovine serum albumin (BSA) in
PBS) at 37 °C for 2 h. Afterwards, all wells were washed five times
with PBS containing 0.05% Tween-20 (PB5T) using an automated
plate washer (ZMX-988B, Tianshitianli, Beijing, China). Then,
mAb165 or mAb-lips were prepared as serial two-fold dilutions
(from 3.0 to 0.094 p.g/ml) in PBST with 1% BSA; and 100 p of the

prepared serial dilution was transferred to the wells and incubated
at 37 “Cfor 2 h. PBST with 1% BSA alone was used as a blank control.

The plate was again washed five times with PBST. Afterwards,
100 pl horseradish peroxidase ( HRP)-labeled goat anti-human IgG
(ZS5GB-BIO, Beijing, China; 1:5000 in PBST with 1% BSA) was added
to each well and incubated at 37 °C for 1 h. After washing, 100 .l
substrate solution (containing 4 mg o-phenylenediamine and 4 pl
30% Hy05in 10 ml pH 5.0 citrate buffer)was added to each well and
allowed to incubate at 37 “C for 15 min. The reaction was then
stopped using 100 pl 2 M H,50,. Optical density (OD) was read at
490 nm using a microplate reader (iMark™, Bio-Rad) [23-26].
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Fig. 3. Binding affinity preservation assay by ELISA Serial two-fold dilutions of
mAb165 or mAb-lips were used to examine the binding affinity of mAb-lips versus
non-conjugated mAb165 to VEGF. 0D values derived from mAb165 or mAb-lips at
each dilution were then measured. Data are represented as the mean = 5D, n= 3,
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Fg. 6. Confocal miaoscopy images of VEGF-expressing tumor cells (HepG-2: A) and normal cells (LO2; B ) after 1 h treatment with unmodibied liposome or mAb-lips. Green
mlor represents fluorescent liposome and blue color represents DAPI staining of nucleus. 18
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Fig. 7. Flow cytometry analysis of SGC-7901, HepG-2, MCF-7, and LO2 cells after 1 h
treatment with coumarin-6 labeled mAb-lips and unmodified liposome. Each bar
represents mean fluorescence intensity +5.D. (n=3); ns denotes statistically non-
significant difference (t-test, P > 0.05).
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MCEF-7 cells (2 x 10°) were implanted into the right flanks of 4-
6 week-old BALB/c nude mice. When tumors reached about
150 mm?, they were isolated and fixed with 4% formaldehyde.
Then, paraffin-embedded 4-pm tissue sections were prepared,
dewaxed with xylene, and washed three times with PBS (pH7.4).
Prior to incubation with primary antibody, normal goat serum was
employed to block the non-specific protein binding sites for
10 min. Then, the mouse anti-VEGF mAb was incubated for
detection of VEGF. After 1 h incubation at 37 °C, the slides were

rinsed with PBS (3 = wash, 2 min each time), and incubated with
biotinylated goat anti-mouse antibody. After 15 min incubation at
37 °C, the slides were washed with PBS (3 = wash, 2 min each
time) and treated with diaminobenzidine (DAB) chromogen for
3-5 min to yield a dark brown color. The sections were counter-
stained with hematoxylin fof microscopic observation (Zeiss,
Germany ).
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