J Mater Sci: Mater Med (2010) 21:551-556
DOI 10.1007/s10856-009-3925-8

Preparation of EGFR monoclonal antibody conjugated
nanoparticles and targeting to hepatocellular carcinoma

Peifeng Liu + Zonghai Li - Mingjie Zhu - Ying Sun -
Yaogang Li - Hongzhi Wang - Yourong Duan

Received: 1 March 2009/ Accepted: 26 October 2009/ Published online: 17 November 2009

© Springer Science+Business Media, LLC 2009

Abstract This study aims to determine the sensitivity,
specificity and accuracy of epidermal growth factor receptor
monoclonal antibody (EGFRmAb) modified poly(lactic
acid-co-L-lysine) nanoparticles (PLA-PLL-EGFRmADb) NPs
delivery system to EGFR positive cancer cells. In the study, a
new PLA-PLL-EGFRmADb NPs was prepared. The cellular
cytotoxicity, cellular uptake, and the targeted effect for
hepatocellular carcinoma of PLA-PLL-EGFRmAb NPs
were investigated. In vitro, the findings of Flow cytometry
and Confocal Laser scanning Biological Microscopy showed
that PLA-PLL-EGFRmAb NPs can bind to hepatocellular
carcinoma cells and were uptaken effectively. In vivo in the
SMMC-7721 xenograft mouse model, PLA-PLL-EG-
FRmAb NPs could target to the tumor effectively, which
demonstrated a better targeting. These results showed that
the PLA-PLL-EGFRmADb NPs have the potential to be used
as a target delivery carrier for tumor therapies.
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1 Introduction

Various nanoparicle systems are currently being exploded
for cancer therapeutics such as dendrimers [1], liposomes
[2], micelles [3], etc., owing to the improvement of the
therapeutic efficacy of anticancer drugs and reduce drug’s
systemic toxicity [4].

Nanoparticles (NPs) can be delivered to tumor tissues by
the enhanced permeability and retention (EPR) effect [5],
which is known as a passive targeting. Moreover, their
body biodistribution and permeability in tissues can be
controlled by size and surface properties [6]. To further
obtain higher selectivity and to enhance the uptake of
tumor cells for NPs, NPs are often functionalized with
ligands such as antibody fragments or peptide. By com-
bining the tumor targeting properties of ligands with NPs,
NPs offer the promise of specific and efficient target
delivery to tumor cells [7-10].

The epidermal growth factor receptor (EGFR) is a
receptor tyrosine kinase overexpressed in a number of
solid tumors [11-14]. The upregulation of EGFR has
been found to be strongly correlated with many tumor
progressions [15—-17], which provides a basis for
designing the receptor-targeted approaches for tumor.
The difference in the level of EGFR expression between
normal cells and tumor cells, suggested that EGFR
can be used as a mediator for the targeted delivery
[18, 19].

In this study, we prepared PLA-PLL-EGFRmAb NPs,
and examined the target efficency of NPs for SMMC-7721
hepatocellular carcinoma cells and tumor bearing mice. The
main purpose is to evaluate the targeted efficency of PLA-
PLL-EGFRmADb NPs and its potential applications as a
target delivery carrier.
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2 Experimental
2.1 Materials

N°-(Carbonylbenzoxy)-L-lysine and D-alanine were pur-
chased from GL biochem (Shanghai, China), L,L-lactide
was purchased from GLACO (Jinan, China). N,N-Diiso-
propylethylamine was purchased from J & K chemical.
EDC (1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide) and
N-hydroxylsuccinimide (NHS) were purchase from Acros
(New Jersey, USA). Rhodamine B (RB) and the other
reagents (analytical grade) were purchased from Sigma
(St. Louis, MO, USA). EGFR monoclonal antibody
(EGFRmAD) was a gift from Dr. Li Z.H. (National Labora-
tory for Oncogenes and Related Genes, Cancer Institute
of Shanghai Jiaotong University). The EGFRmADb was pre-
pared according to the paper [20].

The copolymers PLA-PLL (poly(lactic acid-co-L-lysine))
were synthesized in three steps according to our previous
literature [21]. Briefly, I to prepare the monomer of
3-(N*-benzoxycarbonyl-L-lysine)-6-L-methyl-2,5-morpholine-
dione; II to prepare diblock copolymer poly(lactic acid-co-(Z)-
L-lysine) (PLA-PLL(Z)) by ring-opening polymerization of
monomer and L,L-lactide with stannous octoate as initiator;
IIT to prepare diblock copolymer PLA-PLL by deprotected
the copolymer PLA-PLL(Z) in HBr/HoAc solution.

2.2 Preparation of antibody conjugated NPs
2.2.1 Preparation of NPs

Rhodamine B loaded PLA-PLL NPs (RB-PLA-PLL) were
prepared as described previously [22]. Briefly, 20 pl of a
10 mg/ml RB solution were emulsified with 200 pl mixture
of methylene dichloride and acetone (3:2, v/v) containing
5 mg of polymers (PLA-PLL) with an ultrasonic processor
(400 W, 10x2 s) (JY92-II ultrasonic processor, Ningbo
Scientz Biotechnology Co., Ltd., China). Then, the emul-
sion was poured into 2 ml aqueous solution of Pluronic F-68
(1%, w/v). And the mixture was sonicated for 1 min
(400 W, 10x2 s), subsequently stirred at room temperature
for 4 h to evaporate the organic phase. The resultant NPs
were purified and obtained by centrifugation at 14,000 rpm
for 30 min. The PLA-PLL NPs were prepared according to
the above mentioned method except omitting the RB.

Size and z potential of NPs were measured by laser light
scattering using a Nicomp 380/ZLS zeta potential analyzer
(Particle Sizing System, USA).

2.2.2 Conjugation of EGFRmAbD to NPs

EGFRmADb conjugation were developed using the coupling
strategy between EGFRmAb and RB-PLA-PLL or PLA-
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PLL NPs with EDC and NHS as the coupling agent. Briefly,
1 ml of RB-PLA-PLL or PLA-PLL NPs suspension (5 mg/ml,
Ph 7.1) was incubated with 50 pl of 50 mg/ml EDC and
50 pl of 50 mg/ml NHS for 4 h at room temperature with
gentle stirring. After that, the EGFRmAb was added into the
NPs suspension and incubated for 4 h. After the conjugation
reaction, the EGFRmADb modified RB-PLA-PLL (RB-PLA-
PLL-EGFRmAD) or PLA-PLL NPs (PLA-PLL-EGFRmAD)
were purified by centrifugation (L-100XP, Beckman, USA)
at 14,000 rpm x 30 min twice and redispersed in phos-
phate buffer solution (PBS). Finally, RB-PLA-PLL-EG-
FRmAD or PLA-PLL-EGFRmAb NPs were washed with
PBS several times and kept at 4°C in PBS.

2.2.3 Cell culture

SMMC-7721 hepatocellular carcinoma cells were obtained
as a kind gift from Dr. Li Z.H. (National Laboratory for
Oncogenes and Related Genes, Cancer Institute of Shanghai
Jiaotong University) and grown in RPMI1640 medium
(Gibco BRL, Paisley, UK) containing 10% fetal bovine
serum (FBS) at 37°C in humidified environment of 5% CO,.

2.2.4 In vitro cellular cytotoxicity assays

The cytotoxicity of NPs was evaluated by MTT assay on
SMMC-7721 cells. Briefly, SMMC-7721 cells were seeded
in 96 well plates at a density of 2 x 10%well and incubated
(37°C, 5% CO,) for 24 h in RPMI1640. The cells were
incubated for 4 h with different concentrations of PLA-PLL
or PLA-PLL-EGFRmAb NPs (5-40 pg/ml), then washed
3 times with PBS and further cultured in medium for 24 h.
Subsequently, 100 pl MTT reagent (3-(4,5-Dimethylthia-
zol-2-yl)-2,5-diphenyltetra-zolium bromide, 5 mg/ml) was
added to the culture medium, and cells were incubated for
4 h. After that, 150 pl of DMSO was added to dissolve the
crystal. Absorbance was measured at 570 nm using a
microplate reader.

2.2.5 Cellular uptake of NPs

Rhodamine B (RB) was encapsulated in NPs as a probe for
the uptake study. SMMC-7721 cells were seeded in 6-well
plates and incubated for 24 h. After the cell culture reached
about 80% confluence, RB-PLA-PLL and RB-PLA-PLL-
EGFRmAb NPs were added at equivalent RB per well and
incubated with cells for 2 h at 37°C, and then washed three
times with PBS, followed by fixation with 4% p-formalde-
hyde (PFA) for 20 min.

In the competitive binding experiments, 50-fold moles
excess of free EGFRmAb were added into the medium 2 h
before the addition of targeted NPs. After 2 h incubation at
37°C, the cells were washed three times with PBS to remove
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unbound NPs. The bound fluorescent NPs were visualized
by Confocal Laser Scanning Biological Microscope
(FV1000, Olympus, Japan).

2.2.6 Cellular binding of NPs

To investigate the binding ability of NPs, 1 x 10° SMMC-
7721 cells were cultured in 6 well plates the day before
the experiments, Subsequently, the cells were treated with
RB-PLA-PLL, RB-PLA-PLL-EGFRmADb and 50-fold moles
of free EGFRmADb + RB-PLA-PLL-EGFRmAD NPs for 2 h
at 37°C, and washed twice with PBS, then trypsinized and
harvested, washed and resuspended in PBS. The fluores-
cence was measured by FAC Scan flow cytometry (Becton-
Dickinson, USA).

2.2.7 The establishment of tumor model

Subcutaneous tumors were establishment in 4- to 6-week-
old BALB/c female athymic nude mice that were purchased
from Cancer Institute of Shanghai Jiaotong university
(Shanghai, China) by injecting 5x10° SMMC-7721 cells
into their dorsal subcutaneous space. With the establishment
of tumor model, the tumor bearing mice were divided into
three groups, (1) RB, (2) RB-PLA-PLL, (3) RB-PLA-PLL-
EGFRmADb. The animal study protocols were approved by
the Animal Study Committee of Cancer Institute of
Shanghai Jiao Tong University.

2.2.8 Targeting study

To verify that the PLA-PLL-EGFRmAb NPs could specif-
ically target to human 7721 xenografts tumor in vivo,
Rhodamine B (RB) was encapsulated in NPs as a probe for
the study of target delivery. RB, RB-PLA-PLL, RB-PLA-
PLL-EGFRmADb NPs were injected into tumor bearing mice
through the tail vein in SMMC-7721 xenograft mice,
respectively. Fluorescence images of tumor bearing mice
were captured at various time points after injection using
Small Animal In vivo Fluorescence Imaging System (LB
983, Berthold Technologies Gmbh & Co KG, Germany).

3 Results and discussion

3.1 Preparation and physicochemical characterization
of NPs

In the present study, RB-PLA-PLL NPs were prepared by
using emulsion-solvent evaporation method. Orthogonal
design was applied to optimize the preparation technology
on the basis of the single factor evaluation. The optimal con-
ditions for preparation of NPs were as follows: 25 mg/ml

Table 1 The particle size and zeta potential of NPs

RB-PLA-PLL RB-PLA-PLL-EGFRmAb
NPs Nps

Particle size (nm) 126 + 20.4 147 £+ 26.2

Zeta potential (mV) 112 £ 4.1 140 £ 72

Data are expressed as the mean + SD (n = 6)

and 10 mg/ml were the concentration of PLA-PLL and RB,
respectively. The methylene dichloride/acetone ratio was
3:2 (v/v), the concentration of Pluronic F-68 was 1% and the
volume ratio of O/W was 1/10 (v/v).

The RB-PLA-PLL, RB-PLA-PLL-EGFRmAb NPs size
distribution and zeta potential were shown in Table 1. The
size of RB-PLA-PLL-EGFRmADb NPs increase 21 nm as
compared with RB-PLA-PLL NPs, presumably owing to
the presence of antibody on the NPs surface. The mean zeta
potential of RB-PLA-PLL NPs was 11.2 4+ 4.1 mV,
whereas the zeta potential of RB-PLA-PLL-EGFRmAb
NPs is 14.0 & 7.2 mV. It further demonstrated that the
increase in zeta potential may be attributed to the presence
of antibody on the NPs surface.

3.2 In vitro cytotoxicity

In vitro cytotoxicity of NPs was evaluated using an MTT
assay in SMMC-7721 cells treated with increasing doses of
PLA-PLL and PLA-PLL-EGFRmADb NPs. The NPs were
found to be non-toxic at each of the tested concentrations.
We did not observe a significant difference in the toxicity of
PLA-PLL and PLA-PLL-EGFRmAb NPs, although there
was a slight reduction in cell viability at higher concentra-
tions. Average cell viability ranged from 80% to 98% of
control viability at the concentrations studied, suggesting

OPLA-PLL NPs
PLA-PLL-EGFRmAb NPs

80

Cell viability (%)

FN
o

20

%
%
/
/
.
_

Nanoparticle concentration (ug/ml)

Fig. 1 Cytotoxicity of PLA-PLL (white bars) and PLA-PLL-EG-
FRmADb NPs (hatched bars) in SMMC-7721 cells. The cells were
incubated using different concentrations NPs in the range from 5 to
40 pg/ml for a time period of 24 h (mean &+ SD; n = 6)
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that PLA-PLL-EGFRmAb NPs may be used as a target
delivery carrier (Fig. 1).

3.3 Binding and internalization of antibody
modified NPs

Flow cytometry (FACS) was used to observe the binding
ability of RB-PLA-PLL and RB-PLA-PLL-EGFRmAb NPs
to tumor SMMC-7721. As shown in Fig. 2A, a little fluo-
rescence was detected in cells incubated with RB-PLA-PLL
NPs, whereas much higher fluorescence intensity was
shown in cells treated with RB-PLA-PLL-EGFRmADbD NPs,
which could be caused by only a little RB-PLA-PLL NPs
that were internalized into the cells by endocytosis or
phagocytosis. While in the case of RB-PLA-PLL-EG-
FRmAD NPs, the ligand-receptor recognition could help to
increase the internalization of NPs.

Confocal microscopy was used to observe the intracel-
lular distribution of the uptaken NPs. After incubation with
either RB-PLA-PLL or RB-PLA-PLL-EGFRmADb NPs, the
fluorescence was mainly localized in cytoplasm (Fig. 2B).
Fluorescence intensity of cells treated with RB-PLA-PLL-

EGFRmAb NPs was much higher than that of those cells
treated with RB-PLA-PLL NPs, which was consistent with
above result of cellular binding.

In order to demonstrate the specificity of the interaction of
RB-PLA-PLL-EGFRmADb NPs with the cells, a competition
assay was performed by using free EGFRmADb. As shown in
Fig. 2A and B, the binding of RB-PLA-PLL-EGFRmAb
NPs to SMMC-7721 cells was inhibited by EGFRmAD,
which demonstrated the RB-PLA-PLL-EGFRmAb NPs was
internalized by ligand-mediated approaches.

3.4 In vivo ligand-mediated target delivery

Accurate delivery of antitumor drug-loaded target delivery
carriers to tumor is crucial for increasing antitumor efficacy.
Therefore, a distinct capacity to target tumor is important in
tumor therapeautics. In recent years, target delivery carriers
have received considerable attentions, in view of their
ability to target tumor. Various targeted delivery carriers
that were functionalized with different ligand were explored
for further enhance drug or gene delivery. Some target
moieties such as folate or RGD peptide have been developed

Fig. 2 Flow cytometry images AR
(A) and confocal images (B) of by
SMMC-7721 cells after
treatment of RB-PLA-PLL-
EGFRmAb NPs (a), RB-PLA-
PLL NPs (b), Competition of
RB-PLA-PLL-EGFRmAb NPs
to SMMC-7721 cells at 37°C in
the presence of 50 x moles
excess free EGFRmAD (c)

Counts
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Fig. 3 In vivo fluorescence
image of RB, RB-PLA-PLL,
RB-PLA-PLL-EGFRmAb NPs
in tumor-bearing mice. Images
captured were taken at 4, 12, 24
and 48 h after injection

RB-PLL-PLA
-EGFRmAb

o .

to help achieve specific delivery due to their high binding
affinity for the folate receptors or v 33 integrin, respectively
[23-26]. For the experiments presented here, EGFRmAb
was used to target nanoparticles to tumors.

Fluorescence dye RB was encapsulated in NPs so as to
investigate the efficacy of target delivery. As shown in
Fig. 3, with the passing of time, the tumor fluorescence
intensity of mice injected with RB and RB-PLA-PLL NPs
were gradually decreased. In sharp contrast, the tumor
fluorescence intensity of mice treated with RB-PLA-PLL-
EGFRmADb NPs does not decrease significantly with time
post-injection. At 24 h of post-injection, the tumor fluores-
cence intensity of mice treated with RB has decreased sig-
nificantly as compared with mice treated with RB-PLA-PLL
or RB-PLA-PLL-EGFRmADb NPs. At48 h of post-injection,
the differences of tumor fluorescent intensity of mice treated
with RB, RB-PLA-PLL and RB-PLA-PLL-EGFRmAb NPs
were more significant. It was clear that for RB-PLA-PLL-
EGFRmAb NP-treated mice, the fluorescent intensity of
tumor was relatively stronger and could lasted longer, when
compared with the RB or RB-PLA-PLL NPs-treated mice.
The main reason resulting in the difference of fluorescence
intensity between RB-PLA-PLL and RB-PLA-PLL-EG-
FRmADb NPs was the difference in tumor cells uptake to NPs.

RB was quickly showed up in the kidney and bladder
region, and then eliminated. Therefore, the accumulation in
tumor tissue was lower (Fig. 3). As compared with RB, the
RB-PLA-PLL NPs passively target to tumor by enhanced
permeability and retention effect (EPR), and showed more
accumulation in tumor. This was mainly because that the

Low

NPs, generally controlled under 200 nm, can help to leak
preferably through out the tumor vasculature [27]. The
RB-PLA-PLL-EGFRmAb NPs could actively target to
tumor via the ligand-receptor recognition, which helped the
further enhance delivery of NPs.

4 Conclusions

The PLA-PLL-EGFRmAb NPs can efficiently target to
tumor and were specifically internalized in EGFR over-
expressing tumor cells. The PLA-PLL-EGFRmADb NPs also
showed better targeting for tumor as compared with the
PLA-PLL NPs. The better targeting of PLA-PLL-EG-
FRmAb NPs was attributed to more cellular uptake by tumor
cells, which were mediated by ligand-receptor recognition.
These results suggested that the PLA-PLL-EGFRmADb NPs
could be used as an efficient target delivery carrier.
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