variant has also been reported to cause a reduction in
immunogenicity and allergenicity (21].

Domains I, II, and Il contain one, three, and one N-
glycosylation sites, respectively [7). The possible relation
between the carbohydrate chain in domain II and allerge-
nicity is interesting. One report suggested that this carbo-
hydrate chain may play an important role in allergenic
determinants against human IgE antibody [13], and
another report suggested that the carbohydrate chains of
OVM may protect against peptic hydrolysis (22]. How-
ever, the carbohydrate moieties have been shown to have
only a minor effect on allergenicity [23]. As shown in fig-
ure 2, intact OVM, FR 1, and FR 2 fragments were
detected using PAS staining, suggesting the presence of
carbohydrate chains, but FR 4 was not stained with the
PAS reagent, despite being clearly detected with CBB.
Therefore, FR 4 might contain little or no carbohydrate
chains. Since FR 4 seems to maintain its allergenic poten-
tial, as described above, the absence of the carbohydrate
chains in FR 4 suggests that they are not necessary for
OVM allergenicity. Since the minimum peptide size capa-
ble of eliciting significant clinical symptoms of allergic
reactions is thought to be 3.1 kDa [24], FR 4 may be able
to trigger mast cell activation and elicit clinical symp-
toms.

In this report, the SGF-digestion kinetic pattern of
OVM was investigated in detail, and the partial sequences
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Although adenovirus vectors (Ad) which possesses high transduction efficiency are widely used for gene
therapy in animal models, clinical use is very limited. One of the main reason is that nearly 80% of human be-
ings possess anti-Ad antibodies. In this study, we tried to modify Ad with methoxypolyethylene glycol (MPEG)
activated by succinimidyl propionate, and, the neutralizing antibody evasion ability of PEGylated Ad was evalu-
ated. The results demonstrated that PEG-Ad showed stronger protection ability against anti-Ad neutralizing an-
tibody compared to that with unmodified-Ad. Considering there are many people carrying neutralizing antibody
against Ad and readministration of Ad was necessary for treating chronic diseases, this strategy, which was also
applicable to other vectors, can be used for developing improved vectors.

Key words  adenovirus vector; polycthylenc glycol; antibody; gene therapy

Although, the gene therapy for cancer or an incurable dis-
ease has attracted considerable attention, clinical use is very
limited by the problem of vectors for transgenics. Vectors
based on human adenoviruses have been developed as effi-
cient vehicles for therapeutic transgenes in a wide variety of
animal models.'™ Gene manipulated adenovirus vectors
(Ad) have commanded considerable attention as gene deliv-
ery carriers since high-titer replication-deficient recombinant
viral preparations can be easily generated, the viruses can be
engineered to accommodate large DNA inserts, and they can
show high gene expression in a wide variety of dividing and
nondividing cells.** However, first-generation adenoviruses
possess a fundamental problem that both cellular and hu-
moral immune responses prohibit gene transfer on readmin-
istration of Ad due to neutralization of viral particles by anti-
bodies produced against capsid proteins.*” Furthermore,
many people carry immunity to Ad and a large amount of Ad
administration causes side effects. Therefore, clinical appli-
cation of Ad was very limited.*—'® PEGylation, the covalent
attachment of activated polyethylene glycol (PEG) to free ly-
sine groups on Ad surface, is a2 promising strategy for over-
coming these limitations. PEG-modification is a well-estab-
lished technigue for the modification of therapeutic peptides
and proteins, and the validity of PEGylation has been re-
ported by us and some other groups.'"'? This method en-
abled transgenics in the presence of neutralizing antibodies
of Ad without the necessity of recombining a gene in a
vector like a gutless vector.'*'¥ In this study, we used
monomethoxypolyethylene glycol (MPEG) activated by suc-
cinimidyl propionate, which reacts preferentially with the
€-amino terminal of lysine residues, to covalently attached to
the surface of Ad. And, we assessed the effects of biochemi-
cal modification of viral capsids with functionalized PEG on
the neutralizing antibody against first-generation Ad.

» To whom corrcspondence should be addressed:  ¢-mail: nakagawa@ phs.osaka-u.ac.jp

MATERIALS AND METHODS

Cells and Animals HEK 293 cells, A549 human lung
carcinoma cells were cultured with Dulbecco’s Modified Ea-
gle’s Medium (DMEM) supplemented with 10% fetal calf
serum (FCS). Female ICR mice were purchased from Nippon
SLC (Kyoto, Japan) and used at 6 weeks-old stage.

Adenovirus ad expressing firefly Luciferase under the
control of cytomegalovirus (CMV) promoters were amplified
in 293 cells, using a modification of established methods and
purified from cell lysates by banding twice on CsCl gradi-
ents, dialyzed and stored at —80°C. The Ad used in this
study were constructed by an improved in vitro ligation
method as described previously.'” Viral particle titer was
spectrophotometrically determined by the established
method.'®

PEGylation of Ad Activated methoxypolyethylene gly-
col succinimidyl propionate (MPEG-SPA, MW 5000, Shear-
water Corporation) was used in this study (Fig. 1). Ad was
reacted with 100 molar excess of mPEG-SPA for viral lysine
residue at 37°C for 45 min with gentle stirring (300 rpm).
The particle size of PEG-Ad was measured by ZETASIZER
3000HS (Malvern, UK.).

Sodium Dodecyl Sulfate-Polyacrylamide Gel Elee-
trophoresis (SDS-PAGE) Analysis SDS-PAGE analysis
was conducted for detecting the PEGylated viral proteins. In
short, the unmodified-Ad or PEG-Ad suspensions were
mixed with the same volume of 2XSDS protein gel loading
solution (Quality Biological, Inc. U.S.A)) and 5% (v/v) 2-

cu,mcn,cn,o;,cn,cu,coo-ufj

(o]

Fig. 1. mPEG-SPA Mcthoxypolycthylene Glycol Succinimidyl Propi-
onatc MW 5000.
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_mercaptothanol was added to the finai solution. After heating
at 95°C for Smin, the mixture was added to 4—20% of
polyacrylamide gel (PAG Mini 4/20) and electrophoresis was
carried out using SDS-PAGE buffer. Full range Rainbow™
molecular weight marker (Amersham Life Science, U.S.A.)
was used as the marker in this study. The gel was stained for
viral hexon using Coomassie blue. The bioconjugation ratio
of PEGylated Ad was calculated by the colority of the hexon
band and the PEGylated hexon using NIH Image software.

Preparation of Ad Aatiserum Ad antiserum was ob-
tained from ICR mouse according to the approach described
previously.™® In brief, female ICR mouse (6 weeks old)
was administered hypodermically with a dose of 10'° viral
particles of conventional Ad with Freund’s complete adjuvant
in 100 ul of PBS. Another 10'° viral particles of conventional
Ad were hypodermically administered with Freund’s incom-
plete adjuvant after 2 and 4 weeks. Then serum of the mouse
was collected after | week and filtered, and stored at —20°C.

Transduction Efficiency of PEG-Ad and Unmodified-
Ad into A549 Cells in the Presence or Absence of Ad An-

tiserum A549 cells (1X10%cells) were secded into a 48-
well plate with 500 u#l medium. On the following day, the
celis were transduced with 1000 particles/cell of unmodified-
Ad or PEG-Ad respectively in a final volume of 500 gl in the
presence of 0, 42, 125 ng protein/well of Ad antiserum. After
24h cultivation, luciferase activity was measured using Lu-
ciferase Assay System (Promega, U.S.A.) and Microlumat
Plus LB 96 (Perkin Elmer, U.S.A.) after cells were lysed with
Luciferase Cell Culture Lysis Reagent (Promega, U.S.A.) ac-
cording to the manufacturer’s instruction.

RESULTS AND DISCUSSION

In this study, we tried to modify Ad with MPEG activated
by succinimidy! propionate which was safety and widely
used.'” A simple and practicable method for constructing of
PEG-Ad was employed. After reaction, the sizes of PEG-Ad
and unmodified-Ad were measured. The results showed that
the particle size of Ad was increased with PEGylation. The
average viral particle size of PEG-Ad was about 10 nm big-
ger than that observed in the unmodified-Ad (Table 1). And
SDS-PAGE analysis showed the presence of a new band of

' PEGylated viral capsid protein, hexon (Fig. 2). We also
demonstrated that all Ad were conjugated by activated PEG,
and there was no unmodified Ad mixed with the PEGylated
ones {data not shown).

For evaluating the protection ability of PEG-Ad against
the neutralizing antibodies, PEG-Ad and unmodified-Ad
were added to A549 cells in the presence or absence of neu-
tralizing antibodies against adenovirus capsid proteins, and
the transduction levels were compared. Transduction effi-
ciency of the unmodified-Ad was significantly reduced by the
neutralizing antibodies (Fig. 3). In the presence of neutratiz-
ing antiserum of 42 ng, the Juciferase gene expression of un-
modified-Ad was less than half of that without antiserum,
whereas PEG-Ad remained about 80% of its gene expres-
sion. In the presence of antibodies of 125 ng, the gene ex-
pression of unmodified-Ad was only 2.5% compared to that
in the absence of antibodies, however, PEG-Ad showed more
than 10-fold of antibody cvasion ability compared to unmod-
ified-Ad. As anticipated, the absolute level of gene expres-
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Table 1. Viral Particle Sizcs of PEGylatcd Ad and Unmedified-Ad
Ratio Vector size
(Ad: PEG)y? (nm)
1 : 0 (unmodificd) 113.3x0.76
1:100 (PEG-Ad) 123.8+0.98

a) Amount of PEG to lysinc residuc of adenovirus vector capsid protein (mol : mot).

(KD)

250

180§ PEGylated
: - hexon

105 ¥ Gl <+ Hexon

M 1 2

Fig. 2. SDS-PAGE Amalysis of PEGylated Hexon
Lanc M, protein marker; lane U, unmodified-Ad; lanc 2, PEG-Ad. Further details are

described in Materials and Methods.
Bunmodhied-Ad
BPEQ-Ad

§
T

Lucifersse activuty (% of comtroD
8 &8 8 8

(-]

- 42 128
Ad antisenim cone. (ng protein/well)
Fig. 3. Transduction Efficicncy of Unmodificd-Ad ard PEG-Ad in the
Presence or Absence of Ad Antiscrum

AS49 cells {1X10*celis) were transduced with 1000 particles/cel] of unmodified-Ad
and PEG-Ad in the presence or absence of Ad antiscrum respectively. Luciferase ex-
pression was measured after 24 h. Each point was represented as mean=S.D, (n=3).

sion of PEG-Ad was decreased to about 1/300 compared to
that of unmodificd-Ad in the absencc of antibodies due to the
effect that PEG chains prevented the interaction between Ad
and coxsackic-adenovirus receptor (CAR). For developing
novel Ad which possess a targeting ability, it is indispensable
to block the route of Ad infection through CAR because of
its broad expression in many tissues. So as the next step, we
are trying to construct Ad which was conjugated by PEG
with targeting molecule on the tip of the PEG. And we ex-
pect that this novel Ad will enhance the transduction effi-
ciency of PEG-Ad at the same time keep the evading ability
from the neutralizing antibodies.

One of the goals of Ad PEGylation is to provide a means
to overcome the major limitation of Ad gene therapy, namely,
antibody neutralization. The results presented here demon-
strate that PEGylation can notably improve the ability of Ad
to escape antibody neutralization in vifro by the steric hin-
drance of PEG chains. This antibody evasion ability is essen-
tial for clinical applications, because nearly 80% of human
beings possess anti-Ad antibodies and readministration is in-
dispensable in some cases like treating chronic diseases, such
as cystic fibrosis and hemophilia. Furthermore, antibody eva-
sion ability cnabled decrease of the amount of medical re-
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quired to antibody carriers, and result in a reduction of side
effects.

As next step, we are trying to evaluate its antibody evasion
ability in vivo aiming for clinical use. Especially considering
that the PEG-Ad used in this study was with low modifica-
tion rate (34%, confirmed by SDS-PAGE, Fig. 2), we antici-
pated that highly modified PEG-Ad would protect it from
neutralizing antibody more efficiently via stronger steric hin-
drance of PEG chains. Including of the other merits pos-
sessed by PEG-Ad, such as the extension of blood retention
half-time and reduction of antigenicity. These approaches
which are applicable to other vectors and other high com-
pounds will promote development of the novel intelligent
virus vectors.
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In this study, fiber-mutant adenovirus vectors encoding
chemokines, Ad-RGD-mCCL17, Ad-RGD-mCCL2% and
Ad-RGD-mCCL22 were constructed. The insertion of
Integrin-targeting RGD sequence into fiber knob of ade-
novirus vectors notably enhanced the infection efficien-
cy Into tumor cells. Among three chemokine-encoding
vectors evaluated, Ad-RGD-mCCL22 showed signifi-

cant tumor-suppressive activity via transduction into
OV-HM cells.

Cytokine or chemokine encoded by a viral vector is cur-
rently regarded as a promising way of cancer gene immu-
notherapy. Chemokines consist of a superfamily of small
secreted proteins that attract their target cells by interact-
ing with G protein-coupled receptors expressed on these
cells. Researchers have paid attention to chemotactic activ-
ity of chemokines for immune cells, and have expected
that they may be sble to play a pivotal role in cancer treat-
ment, because the basis and premise of immunotherapy is
the accumulation of immune cells in tumor tissues, More
than 40 chemokines have been identified so far (Yoshie
etal. 2001), but only a few have been demonstrated as
candidates for cancer therapy by using as sole agents or
with adjuvant (Gao et al. 2003; Maric and Liu 1999).

In the present report, three CC family chemokines, thy-
mus and activation-regulated chemokine/CCL17, second-
ary lymphoid-tissue chemokine/CCL21 and macrophage-
derived chemokine/CCL22 have been studied. CCL17 and
CCL22 are chemotactic for memory CD4 + T cells via
CCR4 while CCL21 induces migration of T cells, B cells,
dendritic cells and NX cells via CCR7 (Campbell etal.
1999, Nagira ct al. 1997). CCL22 was also shown to have
a chemoattractant activity for dendritic cells, NK cells and
T cells (Godiska et al 1997). We hypothesized that if tu-
mor cells could be genetically modified in vitro to produce
chemokines in vivo, the chemokines would accumulate
immune cells in the tumor. The facilitated interaction of
immune cells with the tumor cells in vivo might induce
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Table: EGFP expression in OV-HM cells infected with Ad-

EGFP and Ad-RGD-EGFP
250 PT 300 PT
% gaied % gated
Non-infection 0.94% 0.94%
Ad-EGFP 47.1% 76.3%
Ad-RGD-EGFP 98.7% 99.6%

OV-HM cells were infecied with 250 o S00 pasticles/eell of Ad-EGFP or AGRGD-
EGFP for 48 b and EGFP expressicn was d by ic analysi

2

anti-tumor activity. To test this hypothesis, we developed
a recombinant adenovirus vector with a fiber mutation
containing the integrin-targeting Arg-Gly-Asp (RGD)
sequence in the fiber knob (Mizuguchi etal. 2001b). As
shown in the Table, This vector has been demonstrated to
possess higher transduction efficacy to OV-HM cells, a
mouse ovary carcinoma line (Hashimoto et al. 1989), com-
pared to that of conventional adenovirus vector.

In this study, we infected OV-HM with fiber-mutant ade-
novirus vectors encoding mCCL17, mCCL21 or mCCL22
and examined their expression by RT-PCR. The migration
assay of chemokine-encoding vectors was also conducted
in vitro. The results demonstrated that the efficient pro-
duction of biologically active mCCL17, mCCL21 and
mCCL22 could be detected in the culture supernatants of
cells infected with these vectors, and the vectors could
efficiently migrate the specific receptor-expressing cells
(data not shown). Then OV-BM cells infected with Ad-
RGD-mCCL17, Ad-RGD-mCCL21, Ad-RGD-mCCL22 or
Ad-RGD-NULL (the control vector only) were intrader-
mally inoculated into B6C3F1 mice to evaluate their ef-
fects on tumor growth in vivo. As shown in the Fig., OV-
HM infected with Ad-RGD-mCCL22 showed significant
suppression in tumor growth. On the other hand, OV-HM
infected with either Ad-RGD-mCCL17 or Ad-RGD-
mCCL21 did not show any difference in mmor growth
from that infected with Ad-RGD-NULL. In rechallenge
experiment, mice that had complete regression were intra-
dermally injected with OV-HM or B16/BL6 cells 90 days
after the initial challenge. Results demonstrated that 100%
of mice rechallenged with OV-HM remained tumor-free.
In contrast, all of the mice rechallenged with B16/BL6
developed palpable tumors within 2 weeks (data not
shown). These results indicated the generation of specific
immunity against OV-HM in mice that rejected OV-HM
expressing mCCL22. To exclude the possibility that the
growth suppression of the tumor cells by Ad-RGD-
mCCL22 was due to the cytotoxicity of adenovirus or
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chemokine, OV-HM cells transfected with Ad-RGD-
mCCL17, Ad-RGD-mCCL21, Ad-RGD-mCCL22 or Ad-
RGD-NULL were cultured for 48 h, and the cell viability
was measured by the MTT assay. The in vitro growth of
the cells infected with these vectors was essentially identi-
cal to that of control cells (data not shown).

In summary, our study suggests that CCL22, a CC family
chemokine, may be a good candidate for cancer gene im-
munotherapy.

Experimental
1. Cell lines and antmals

OV-HM ovarian carcinoma cells were kindly provided by Dr. Hiromi Puji-
wana (School of Medicine, Osaka University, Japan) and were maintained
in RPMI 1640 supplemented with 10% heat-insctivated FBS, Human em-
bryonic kidney (HEK) 293 cells were cultured in DMEM supplemented
with 10% FBS. All the cell lines were cultured at 37 °C in a humidified
mmms%oo;mmmt’lmﬁ%ﬂofm)m
purchased from SLC Inc. (Hamamatsu, Japan). All of the

procedures were in sccordance with the Osaka University guidelines for
the welfare of animals in experimental neoplasia.

2. Procedures

2.). Infection of chemokines into OV-MM cells using fiber-mutant adeno-
virus vectors
Replication-deficiemt adenovirus vectors used in this study were based on
the adenovirus serotype S backbone with deletions of El and E3 and the
expression cassette in the Bl region (Mizuguchi etal. 2001a). The inte-
grin-targeting RGD sequence was inserted mto the HI loop of the fiber
knob using a two-step method (Mi i et al. 2001b). Fiber-mutant ade-
novirus vectors, Ad-RGD-mCCL17, Ad-RGD-mCCL21 and AJ-RGD-
mCCL22 carrying the murine chemokine ¢cDNA under the control of the
cytomegalovirus promoter, were constructed by an improved in vitro liga-
tion method as described (Mizuguchi and Kay 1998). The A-RGD-NULL
vector, serving as a negative control, is ideatical to the Ad-RGD-chemo-
kine vectors without the chemokine gene in the expression cassette, The
adenovirus vectors were propagated in HEK 293 cells and purified by
cesium chloride gradient ultracentrifugation, and their titer was determined
by plaque-forming assay,

2.2, Tumor rejection in mice and subsequent rechallenge by nwmor reino-
culation

1 x 10° OV-HM cells that had beea infected with Ad-RGD-mCCL17, Ad-
RGD-mCCL21 or Ad-RGD-mCCL22 at a MOI (Multiplicity of Infection)
of 10 for 24 h were inoculated intradermally imto the flank of mice. The
Jength and width of the tumor were measured twice 8 week. Animals were
miudwhmmeofmetwommemmmwmmm 15 mm.
Three months after complete regression of tumors, mice were
rechallenged with freshly isolated OV-HM tumor cells or B16/BL6 mela-
noma cells by intradermal injection of 1 x 109 cells into the flank.
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Abstract

We reported that the co-polymer composed of vinylpyrrolidone and maleic acid selectively distributed into the kidneys after i.v.
injection. To further optimize the renal drug delivery system, we assessed the renal targeting capability of anionized
polyvinylpyrrolidone (PVP) derivatives after intravenous administration in micc. The elimination of anionized PVP derivatives
from the blood decreased with increasing anionic groups, and the clearance of carboxylated PVP and sulfonated PVP from the
blood was almost similar. But carboxylated PVP efficiently accumulated in the kidney, whereas sulfonated PVP was rapidly excreted
in the urine. The renal levels of carboxylated PVP werc about five-fold higher than sulfonated PVP. Additionally, carboxylated PVP
was effectively taken up by the renal proximal tubular epithelial cells in vivo after i.v. injection. These anionized PVP derivatives did
not show any cytotoxicity against renal tubular cells and endothefial cells in vitro. Thus, these carboxylated and sulfonated PVPs

may be useful polymeric carriers for drug delivery to the kidney and bladder, respectively.

© 2003 Elsevier Ltd. All rights reserved.

Keywords: Polyvinylpyrrolidone (PVP); Renal targeting; Drug carrier; Bioconjugation

1. Introduction

Renal disease is a serious health problem which is on
the increase in the world {1,2]. They face a future on
dialysis and may require a kidney transplant. While
dialysis and renal transplantation are life-saving, they
are expensive and do not restore normal health. There-
fore, new therapeutic strategies must be developed for
treating patients with renal disease. Drugs such as
steroids have been used to prevent the progression of
renal disease, but they produced toxicity because of their
wide distribution in the body. The development of a
renal delivery system that selectively carries drugs to the
kidneys is a promising approach for limiting tissue
distribution and controlling toxicity. While many drug
carriers are available for the liver and tumor, few
effective carriers are available for the kidneys.

*Corresponding author. Tel.: +81-66879-8178; fax: +81-66879-
8178.
E-mail address: isutsumi@phs.osaka-v.ac.jp (Y. Tsutsumi).
!These authors contributed equally to the work.
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doi:10.]1016/j.biomaterials.2003.10.097

Recently, we synthesized polyvinylpyrrolidone-co-
dimethyl maleic anhydride [poly(VP-co-DMMAn)] as
a novel polymeric drug carrier for a renal drug delivery
system [3]. Our results showed that when poly(VP-co-
DMMAn) was conjugated with amino groups of drugs,
these conjugates showed much higher accumulation and
retention in the kidneys without any adverse toxicity,
Additionally, poly(VP-co-DMMAn) was specifically
taken up by the renal proximal tubular epithelial cells
in vivo, and poly(VP-co-DMMAn)-modified anti-in-
flammatory proteins accelerated recovery from acute
renal failure. These results strongly indicated that
anionized polyvinylpyrrolidone (PVP) derivatives may
be powerful candidates as renal targeting carriers.

In this study, we have focused on the assessment of
the in vivo behavior of anionized PVP derivatives for
optimizing the renal drug delivery system. To evaluate
the relationship between pharmacokinetics and their
anionic functional groups, copolymers of carboxylated
PVP [poly(vinylpyrrolidone-co-acrylic acid)] and sulfo-
nated PVP  [poly(vinylpyrrolidone-co-vinylsulfonic
acid)] were synthesized by radical polymerization. This
study may provide useful information, which will
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facilitate the optimal molecular design of polymeric
drug carriers applicable to the therapeutic use of the
drug delivery system for the urinary organ.

2. Materials and methods
2.1. Materials

Chemicals were purchased from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). TSKgel G4000PW and
TSK gel alpha-3000 columns were obtained from Tosoh
Corporation (Tokyo, Japan). Na'?’I (3.7 GBq/ml) solu-
tion was obtained from NEN Research Products
(Boston, MA, USA).

2.2, Animals and cells

All the experimental protocols for the animal studies
were in accordance with the “Guide for laboratory
Animal Facilities and Care”” (NIH publication 85-23,
revised 1985). These protocols have been approved by
the committee in Pharmaceutical School, Osaka Uni-
versity. Male ddY mice were obtained from SLC
(Hamamatsu, Japan). Sarcoma-180 cells (S-180, Cancer
Cell Repository Institute of Development, Aging and
Cancer, Tohoku University) were maintained intraper-
itoneally by serial passages in ddY mice. Normal human
aortic endothelial cells and mouse renal tubular (LLC-
MK?2) cells were cultured in HuMedia-EG2 or MEM
supplemented with 10% fetal bovine serum, respectively.

2.3. Synthesis of PVP and its anionized derivatives

PVP was synthesized by the radical polymerization
method using 4,4’-azobis-4-cyanovaleric acid (ACVA)
and B-mercaptopropionic acid (8-MP) as the radical
initiator and chain transfer agent, respectively. The
anionized PVP derivatives of both carboxylated PVP
[poly(vinylpyrrolidone-co-acrylic acid)] and sulfonated
PVP [poly(vinylpyrrolidone-co-vinylsulfonic acid)] were
prepared by radical co-polymerization of VP and
anionic co-monomers (acrylic acid or vinylsulfonic acid)
in DMF with the aid of ACVA and MPA. The molar
ratio of VP and anionic co-monomers was 19:1 for
5%-anionized PVP (5%-carboxylated PVP and
S$%-sulfonated PVP) or 4:1 for 20%-anionized PVP
(20%-carboxylated PVP and 20%-sulfonated PVP).
These polymers were separated into several fractions
by GFC to obtain polymers with a narrow molecular
weight distribution. The number-average molecular
weight of PVP and both the anionized PVP derivatives
was about 10kDa (polydispersity (M, /M,]<1.39; PEG
standards). The co-monomer content determined by 'H-
NMR was in good agreement with the feed molar ratio
of anionic co-monomer relative to VP monomer,

2.4. In vivo behavior of polymers

125 radiolabeled polymers were prepared by the
chloramine-T method, and purified by GFC. The
specific activities of '*’I-labeled polymers were about
4.44 uCi/mg polymer. S-180 cells were implanted in-
tradermally (5 x 10° cells/200 pi/site) in mice that were
injected i.v. with '>’Ilabeled polymer (1 x 10°cpm/
200 pul) seven days later when the diameter of the tumors
exceeded 7mm. Blood was collected from the tail vein at
intervals and the radioactivity was measured. GFC
analysis confirmed that more than 95% of the radio-
activity in circulating blood 3h after i.v. injection was
derived from intact '?*I-labeled polymers. Mice were
housed in metabolic cages for urine collection and
were killed 3h after the treatment to evaluate tissue
distribution.

2.5. Histological analysis of renal tissues

Mice were i.v. injected with amino-aceto-finorescein
(AAF)-labeled polymers, and the kidneys were collected
3h later. Under ether anesthesia, the kidneys were
excised and immersed in liquid nitrogen. Histological
sections were prepared by microtome, mounted on
silane-coated glass slides, and observed under fluores-
cent microscopy.

2.6. In vitro cytotoxicity of polymers

The cytotoxicity of PVP and anionized PVP deriva-
tives were measured in LLC-MK2 and HAEC cells. The
cells were seeded in 96-well plates at a concentration of
4.0 x 10%cells/100 pl per well. After a [2h incubation,
each polymer was added in a volume of 100 pl at three-
fold dilution. The plates were incubated for 19h at
37°C, and the viability of the cells was determined by
MTT assay. All polymer dilutions were tested in
triplicate.

3. Results

.3.1. Plasma clearance

The anionized PVP derivatives were separated and
purified by GFC to adjust the molecular size (10kDa)
and the polydispersity of PVP. The plasma clearance of
PVP and anionized PVP derivatives were compared in
mice bearing S-180 solid tumors (Fig. 1). Both the
carboxylated' and sulfonated PVP were cleared more
quickly from the blood than PVP after i.v. injection. The
clearance of carboxylated PVP from blood was similar
to sulfonated PVP. The elimination of anionized PVPs
decreased as the number of anionic groups increased.
The mean residence times (MRT) of PVP 5%-,
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Fig. 1. Plasma clearance of PVP and anionized PVP derivatives after i.v. injection in mice. Mice were intravenousty injected with '2I-labeled PVPs.
After administration, blood was collected from the tail at indicated times and the radioactivity was measured by a y-counter. Mice were used in
groups of five. Each value is the mean$ S.D. (A) PVP (O), 5%-carboxylated PVP (8), 20%-carboxylated PVP ((J). B: PVP (O), 5%-sulfonated

PVP (M), 20%-sulfonated PVP (D).
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Fig. 2. Tissve distribution of PVP and anionized PVP derivatives at 3 h afier i.v. injection in mice. Mice were intravenously injected with '?*I-labeled
polymers. After i.v. injection, mice were killed and the organs were collected. The radioactivity was measured by a y~counter. Mice were used in
groups of five, Each value is the mean$ 8.D. (A) PVP (0), 5%-carboxylated PVP (@), 20%-carboxylated PVP (8) (B) PVP (O), 5%-sulfonated

PVP (2}, 20%-sulfonated PVP (W).

20%-carboxylated PVP, 5%-, 20%-sulfonated PVP
were 30244625 and 196.7458.9min, 174.3+56.3,
200.1+34.7, and 176.0+61.3 min, respectively.

3.2. Tissue distribution

The tissue distributions of PVP and anionized PVP
derivatives that had the same molecular size were
measured 3 h after i.v, injection (Fig. 2). No significant
radioactivity was observed in the thyroid gland for any
of the polymers. Since free '2*I molecules rapidly
accumulate in the thyroid gland, this indicates that
negligible free '’ was released from the labeled
polymers during the study, and shows that '?’I-labeled
polymers were stable in the body during the distribution
experiment. In fact, gel filtration chromatography
analysis confirmed that the almost all of the radio-
activity in circulating blood 3 h after i.v. injection were
derived from intact '*I-labeled polymers. PVP showed
little tissue-specific localization. The anionized PVP

derivatives, on the other hand, effectively accumulated
in the kidney, as compared with other tissues. Espe-
cially, the carboxylated PVPs showed higher renal
accumulation than the sulfonated PVPs, and about
30% of the administered dose of 20%-carboxylated PVP
was observed in the kidney. An increase in the content
of carboxyl groups in the PVP increased the renal
radioactivity. But, polyacrylic acid (PAA; 100%-car-
oboxylated homopolymer) showed little accumulation
in the kidney (data not shown). These results suggested
that carboxylated PVP with optimal anionic groups may
produce the highest renal levels. Mice were i.v. injected
with fluorescent labeled-polymers {(PVP and 20%-
carboxylated PVP, 20%-sulfonated PVP) and their
kidneys were collected after 3h. The sections were
prepared and evaluated by fluorescent microscopy
(Fig. 3). Most of the 20%-carboxylated PVP accumu-
lated in the renal tubules, especially the proximal
tubular epithelial cells, but not in glomeruli, whereas
PVP did not accumulate in the renal tubules. In
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Fig. 3. Histological sections of renal tissues in mice receiving injection of fluorescein-labeled anionized PVPs. BALB/c mice were injected
intravenously with (A); aminoacetofluorescein (AAF)-conjugated PVP, (B); AAF, (C); AAF-conjugated carboxylated PVP, (D); mixture between
AAF and carboxylated PVP (no conjugation), (E); AAF-conjugated sulfonated PVP, (F); mixture between AAF and sulfonatated PVP (no
conjugation).
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Fig. 4. Blood retention and kidney accumulation of PVP and anionized PVP derivatives after i.v. injection in mice. Mice were intravenously injected
with '*[-labeled polymers. At the indicated times afler i.v. injection of PVP and anionized PVP derivatives, mice were sacrificed, and blood (A) and
kidneys (B) were collected. The radioactivity was measured using a y-counter. Mice were used in groups of five. Each value is the mean +S.D. were
used in groups of five. Each value is the mean+8.D. (O0): 1 h, (M) 3h, ™): 6h, (M): 24 h after i.v. injection.

contrast, 20%-sulfonated PVP slightly existed in the
kidneys. Neither AAF nor the mixture between polymer
and AAF were detected in the renal tubules.

3.3. Renal levels after iv. injection

The blood levels of all polymers decreased rapidly
24 h after i.v. injection (Fig. 4). PVP did not accumulate
in the kidneys, while anionized PVP derivatives accu-
mulated in the kidneys over the period studied. The
maximal renal levels occurred 3 h after treatment and
slowly declined over time. Especially, 20%-carboxylated

PVP was thirty-two times higher than PVP 24 h after i.v.
injection. These results suggested that carboxylated PVP
rapidly distributed into the kidney and was gradually
excreted into the urine, whereas sulfonated PVPs were
quickly excreted into the urine. In contrast, PVP was
effectively retained in the blood and gradually excreted
into the urine without concentrating in the kidneys.

3.4. Cytotoxicity

The biocompatibility of PVP and anionized PVP
derivatives were compared to polybrene, a cytotoxic
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Fig. 5. Cytotoxicity of various polymers 1o HAEC and LLC-MK2 evaluated by MTT assay. The cells of HAEC and LLC-MK2 were incubated for
24h with PVP, anionized PVP derivatives and polybrene (positive control) at five different concentrations in each medium. The cell viabitities were
determined using a microplate reader afier dying with formazan. Each value is the mean £ S.D. for triplicate experiments. PVP (O), 5%-sulfonated
PVP (A), 20%-sulfonated PVP (A), 5%-carboxylated PVP (O), 20%-carboxylated PVP (), polyacrylic acid (#), polybrene ().

polymer. Polybrene was cytotoxic to LLC-MK2 cells
and HAEC ceils (Fig. S5). In contrast, PVP and
anionized PVP derivatives showed very little cytotoxi-
city. For example, cells treated with 10mg/ml of
anionized PVP derivatives were viable, while lower
levels of polybrene (0.1 mg/ml for LLC-MK2 and 1 mg/
ml for HAEC) killed more than 50% of the cells: These
results indicated that anionized PVPs were extremely
safe.

4. Discussion

There is no cure for renal disease, which is a serious
problem which is on the increase in the world, and few
strategies are available for prevention. To create a renal
targeting carrier for renal drug delivery system, this
study was conducted to clarify the influence of anionic
groups on the pharmacokinetics of polymeric drug
carriers. Our results will facilitate the design of renal
targeting carriers for therapeutic application. In this
study, we used tumor-bearing mice for assessment of
in vivo behavior of anionized PVP derivatives, because
our research goal is to create polymeric targeting
carriers to various tissues, such as kidneys, tumors,
and brain. Of course, we have already confirmed that
the pharmacokinetics of '*’I-labeled polymers were
similar in both intact mice as well as mice bearing solid
tumors (data not shown). This fundamental approach
enabled us to construct a rational strategy for bioconju-
gation of cytokines and various drugs such as peptides
and antineoplastic agents.

Due to the recent advances in structural genomics and
pharmacoproteomics, the functions of numerous pro-
teins will be clarified. The therapeutic application of
bioactive proteins, such as newly identified proteins and
cytokines, has also been highly expected. Since these

proteins are generally quite unstable in vivo, their
clinical application requires frequent administration at
high dosages. This often results in impaired homeostasis
in vivo and may cause severe adverse effects. Since
cytokines such as TNF-a have diverse actions on various
tissues, it is not easy to selectively obtain a favorable
function to such proteins (therapeutic effects) among
their diverse functions in order to minimize their. side
effects. To overcome these problems, we attempted to
conjugate bioactive proteins with nonionic polymeric
carriers such as polyethylene glycol (PEG) [4-7). The
bioconjugation of proteins with PEG increases their
molecular size and enhances steric hindrance, both of
which are dependent on PEG attached to the protein.
This results in the improvement of the plasma half-lives
of proteins and stability against proteolytic cleavage, as
well as a decrease in its immunogenicity. It was also
reported that PEGylation of proteins such as TNF-qa,
interleukin-6 (1IL-6) and immunotoxin could enhance
therapeutic potency and could reduce undesirable
effects.

The fate and distribution of conjugates between
polymeric carriers and drugs can be influenced by its
physicochemical properties, such as electric charge and
hydrophilic-lipophilic balance (8). Therefore, to control
the in vivo behavior of bioconjugated drugs with
polymeric carriers, it is necessary to assess the pharma-
cokinetic characteristics of the polymeric carriers
themselves. We have already assessed the biopharma-
ceutical properties of various nonionic polymeric drug
carriers. As a result, we found that PVP is the most
suitable polymeric modifier for prolonging the circula-
tion lifetime of a drug and localizing the conjugated
drug in blood. By contrast, polyvinylpyrrolidone-co-
dimethyl maleic anhydride [poly(VP-co-DMMAR)],
which is one of the anionized PVP derivatives, was
found to be a useful candidate as a targeting carrier fora
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renal drug delivery system (3]. In this study, to optimize
the renal drug delivery system, we assessed the renal
targeting capability of anionized PVP derivatives.

The in vivo behavior of anionized PVP derivatives
changed by the type and content (molar ratio) of anionic
groups. The anionized PVP derivatives in the circulation
decreased as the number of anionic groups in the PVP
increased (Fig. 1). Anionized PVPs were cleared more
quickly from the blood than PVP, and the clearance of
carboxylated PVP was similar to sulfonated PVP with
the same content of anionic groups. It is well known that
endothelial cells and the glomerular capillary wall of the
kidneys are coated with highly polyanionic sialoprotein
[9). Therefore, anionic charged polymers, such as
anionized dextran, are generally considered to be cleared
more slowly from the circulation than nonionic and
cationic polymers despite having the same molecular
weight [10]. The reason for this discrepancy is not clear,
but it is partially due to the difference in the structure of
anionized polymers. Polysaccharides, such as dextran,
have often been used to characterize pharmacokinetics
of polymeric modifiers with various characteristics [11].
Nonionic and cationic polysaccharides were rapidly
captured by the RES mainly in the liver after their i.v.
injection, but anionized polysaccharides were hardly
uptaken to RES because of the electrostatic repulsion
between the negative charge of the polymer and the
vascular wall [10]. As a result, the plasma half-lives of
anionized polysaccharides are longer than those of
nonionic and cationic polysaccharides, even if anionized
polysaccharides distributed in the kidney. By contrast,
PVP did not show any specific tissue distribution (Fig. 2)
and mainly remained in blood. Thus, we believed that
the anionized PVPs are suitable for assessing the effects
of anionic groups on pharmacokinetic characteristics.

Anionized PVPs accumulated in the kidneys, as
compared to other tissues such as the liver, spleen and
leng 3 h after their i.v. injection (Fig. 2). The renal levels
of carboxylated PVPs were about five-fold higher than
sulfonated PVPs. Especially, the renal levels of 20%-
carboxylated PYP were about 30% of the administered
dose. Additionally, carboxylated PVPs did not show any
cytotoxicity in vitro (Fig. 4). PAA (100%-carboxylated)
and PVP (0%-carboxylated), in contrast, showed little
accumulation in the kidney. These results suggest that
carboxylated PVPs that contain an optimal content of
carboxyl groups might exhibit the highest accumulation
in the kidney. On the other hand, sulfonated PVPs
showed little accumulation and were mostly detected in
the urine at 24 h after administration (Fig. 4). There are
few reports on the effects of carboxyl and sulfonic
groups in the polymer on the pharmacokinetic char-
acteristics of drug conjugates. We assessed the accumu-
lation sites of anionized PVP derivatives in the kidney
by tissue-section analysis, and found that carboxylated
PVPs effectively localized and were retained in the renal

proximal tubular epithelial cells (Fig. 3). The mechanism
of the uptake of carboxylated PVP in the proximal
tubular epithelial cells in vivo is currently under
investigation.

Several renal drug delivery systems have been
previously described. One approach involves pro-drugs
that are cleaved by kidney-associated enzymes to release
the drugs in the kidney [12]. However, these pro-drugs
generally do not accumulate in the kidneys as a result of
plasma protein binding and limited transport to the
kidney. Low-molecular-weight proteins, such as lyso-
zyme, have been used as carriers because they are
reabsorbed by the kidneys [13]. Unfortunately, they also
produced strong renal toxicity and cardiovascular side
effects. Streptavidin carriers bind to biotin in the kidney,
but they are immunogenic and have limited renal
accumulation due to their large molecular size [14]. It
is important to develop an effective renal drug delivery
system that not only targets the kidney but also has
excellent safety. Anionized PVP derivatives produced no
harmful effects, and the safety of both carboxylated
PVP and sulfonated PVP appear to be similar to PEG
and PVP which are used clinically (Fig. 5). Thus,
anionized PVP derivatives appears to be an extremely
safe polymeric carrier with a much higher targeting
capacity to the urinary organ. We believe that these
carboxylated and sulfonated PVPs may be useful
polymeric carriers for drug delivery to the kidney and
bladder, respectively.

5. Conclusion

Carboxylated PVPs showed higher renal accumula-
tion than sulfonated PVPs, and about 30% of the
administered dose of 20%-carboxylated PVPs was
observed in the kidney. Most of 20%-carboxylated
PVP accumulated in renal tubules, especially the
proximal tubular epithelial cells. This study will provide
useful information for the design of novel renal
targeting carrier.
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Anti-tumor activity of chemokine is affected by both kinds of tumors
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Abstract

In this study, we screened the anti-tumor activity of murine chemokines including CCL17, CCL19, CCL20, CCL21, CCL22,
CCL27, XCL1, and CX3CLI1 by inoculating murine B16BL6, CT26, or OV-HM tumor cells, all of which were transfected with
chemokine-expressing fiber-mutant adenovirus vector, into immunocompetent mice. A tumor-suppressive effect was observed in
mice inoculated with CCL19/B16BL6 and XCL1/B16BL6, and CCL22/OV-HM showed considerable retardation in tumor growth.,
In the cured mice inoculated with CCL22/0OV-HM, a long-term speciﬁc immune protection against parental tumor was developed.
However, we were unable to identify the chemokine that had a suppressive activity common to all thre¢ tumor models. Furthermore,
an experiment using chemokine-transfected B16BL6 cells was also performed on mice sensitized with melanoma-associated antigen.
A drastic enhancement of the frequency of complete rejection was observed in mice inoculated with CCL17-, CCL19-, CCL22-, and
CCL27-transfected B16BL6. Altogether, our results suggest that the tumor-suppressive activity of chemokine-gene immunotherapy
is greatly influenced by the kind of tumor and the activation state of the host’s immune system.
© 2004 Elsevier Inc. All rights reserved.
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Chemokine consists of a superfamily of small (8-
14kDa), secreted basic proteins that regulate relevant
leukocyte-migration and -invasion into tissue by inter-
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superfamily of seven-transmembrane domain G-pro-
tein-coupled receptors [1,2]. The function of chemokine,
which is capable of attracting specific immune cells, is
demonstrated in inflammatory disease sites as well as
normal lymphoid tissues [2). Because of these properties,
chemokine is considered as the intriguing molecule for
cancer immunotherapy, which is based on the premise of
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the eradication of tumor cells as a consequence of in-
teraction with immune cells that have migrated and
accumulated in tumor tissues [3). To date, more than 40
chemokines have been identified, and several chemo-
kines have been demonstrated as candidates for cancer
treatment for use either as sole agents or with an adju-
vant [4-8].

We hypothesized that efficient in vitro transfection of
chemokine gene into tumor cells could render the tumor
sufficient chemokine expression in vivo for screening
anti-tumor activity. The chemokine, secreted from in-
oculated tumor cells, would induce the accumulation of
immune cells in the tumor tissue. Consequently, the in-
teraction between the immune cells and the tumor cells
should initiate and/or demonstrate the anti-tumor im-
mune response. Among the various methods of gene
transduction, recombinant adenovirus vector (Ad) can
provide high-level transduction efficacy to a variety of
cell types [9,10). However, some tumor cells exhibit a
resistance to Ad-mediated gene transduction due to a
decline in the expression of a coxsackic-adenovirus re-
ceptor, a primary Ad-receptor, on their surface. We
previously demonstrated that, compared with conven-
tional Ad, the fiber-mutant Ad harboring the RGD se-
quence in the HI loop of the fiber knob (AdRGD) could
more efficiently transduce foreign genes into several
kinds of tumor cells due to their directivity to av-inte-
grin positive in the majority of tumors [11-13]. There-
fore, chemokine-expressing AJRGD would be useful
not only for screening the anti-tumor activity of che-
mokines by in vitro transfection, but also for developing
in vivo cancer gene immunotherapy.

In the present study, we first confirmed the vector
performance of eight AARGDs encoding each mouse
chemokine, CCL17, CCL19, CCL20, CCL21, CCL?22,
CCL27, XCL1, or CX3CL1. The anti-tumor activity of
these chemokines was investigated in mice by inoculat-
ing three kinds of murine tumor cells, BISBL6 mela-
noma, CT26 colon carcinoma, and OV-HM ovarian
carcinoma cells, transfected with each chemokine-ex-
pressing AARGD. In addition, we examined the growth
and rejection ratio of chemokine gene-transduced
BI6BL6 cells in mice sensitized with melanoma-associ-
ated antigen (gp100).

Materials and methods

Cell lines and animals. Human lung carcinoma A549 cells were
purchased from ATCC (Manassas, VA, USA). Murine melanoma
B16BLS6 cells (H-2°) and human embryonic kidney 293 cells were ob-
tained from JCRB cell bank (Tokyo, Japan). Murine colon carcinoma
CT26 cells (H-2°) were kindly provided by Dr. Nicholas P. Restifo
(National Cancer Institute, Bethesda, MD, USA). Murine ovarian
carcinoma OV-HM cells (H-2%*) were kindly provided by Dr. Hiromi
Fujiwara (School of Medicine, Osaka University, Osaka, Japan). A54%
and 293 cells were maintained in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine serum (FBS) and antibiotics.

B16BL6 cells were cultured in a minimum essential medium supple-
mented with7.5% FBS and antibiotics. CT26 and OV-HM cells were
grown in an RPMI 1640 medium supplemented with 10% FBS and
antibiotics. Murine pre-B lymphoma L1.2 cells and their stable
transfectants of a specific chemokine receptor, L1.2/CCR4, L1.%/
CCR6, LL2ZCCR?, L1.2/CCRI10, L1.2/XCR], and L1.2CX3CR!
cells [14], were maintained in an RPMI 1640 medium supplemented
with 10% FBS, 50 uM of 2-mercaptoethanol, and antibiotics. All the
cell lines were cultured at 37°C in a humidified atmosphere with 5%
C0,. Female C57BL/6 (H-2%), BALB/c (H-2%), and B6C3F1 (H-2°%)
mice, ages 7-8 weeks, were purchased from SLC (Hamamatsu, Japan).
All of the animal experimental procedures were in accordance with the
Osaka University guidelines for the welfare of animals in experimental
neoplasia.

Vectors. Replication-deficient AdRGD was based on the adenovirus
serotype 5 backbone with deletions of EI/E3 region. The RGD se-
quence for av-integrin-targeting was inserted into the HI loop of the
fiber knob using a two-step method as previously described [11]. Mouse
cDNAs of CCL17, CCL19, CCL20, CCL21, CCL22, and XCL1 were
obtained from pExCell-mCCL17, pT7T3D-Pac-mCCL19, pFastBacl-
mCCL20, pT7T3D-Pac-mCCL2], pBluescript SK(+)-mCCL22, and
PExCell-mXCLI, respectively. The expression cassette containing each
mouse chemokine cDNA under the control of the cytomegalovirus
promoter was inserted into El-deletion site for constructing AdRGD-
CCL17,-CCL19, -CCL20, -CCL21, -CCL22, and -XCL1, respectively,
by an improved in vitro ligation method as previously described [15,16].
Mouse CCL27-cxpressing AdRGD (AdRGD-CCL27), mouse
CX3CLI1-expressing AJRGD (AJRGD-CX3CLI), gpl00-expressing
AdRGD (AJRGD-gpl00), p-galactosidase-expressing AARGD (Ad-
RGD-LacZ), luciferase-expressing AJRGD (AdRGD-Luc), and Ad-
RGD-Null, which is identical to the AJRGD vectors without the gene
expression cassette, were previously constructed [11,17-19]). AARGD-
LacZ, -Luc, and -Null were used as negative control vectors in the
present study. All recombinant AJRGDs were propagated in 293 cells,
purified by two rounds of cesium chloride gradient ultracentrifugation,
dialyzed, and stored at ~80°C. Titers (tissue culture infectious dosesy;
TCIDso) of infective AARGD particles were evaluated by the end-point
dilution method using 293 cells.

RT-PCR analysis. A549 cells were transfected with each AARGD
at an MOI (multiplicity of infection; TCIDg/cell) of 50 for 2h, and
then the cells were washed twice with phosphate-buffered saline (PBS)
and cultured for 24 h. The expression of mouse chemokine mRNA in
these A549 cells was confirmed by an RT-PCR analysis as follows:
total RNA was isolated from transduced AS549 cells using Sepasol-
RNA 1 Super (Nacalai Tesque, Kyoto, Japan) according to the man-
ufacturer’s instructions, following which RT proceeded for 60 min at
42°C in a 50-p1 reaction mixture containing 5pg total RNA treated
with DNase I, 10 of 5x RT bufler, SmM MgCl;, | mM dNTP mix,
1uM random hexamers, 1 pM oligo(dT), and 160U ReverTra Ace
(Toyobo, Osaka, Japan). PCR smplification of each mouse chemokine
and human B-actin transcripts was performed in 50put of a reaction
mixture containing 1 pl of RT-material, 5l of 10x PCR buffer, 1.25U
Taq DNA polymerase (Toyobo), 1.5mM MgCl,, 0.2mM dNTP, and
04uM primers. The sequences of the specific primers uvsed for
PCR amplification and the expected PCR product sizes are defined in
Table 1. ARer denaturation for 2min at 95°C, 30 (mouse chemokine)
or 20 (human B-actin) cycles of denaturation for 308 at 95°C, an-
nealing for 30s at 55°C (human B-actin), 60°C (mouse CCLI7,
CCL19, CCL20, CCL22, and CX3CLI), 62°C (mouse CCL2] and
XCL1), or 63°C (mouse CCL27), and extension for 30 s at 72°C were
repeated and followed by completion for 4min at 72°C. The PCR
product was clectrophoresed on a 3% agarose gel, stained with ethi-
dium bromide, and visualized under ultraviolet radiation. EZ Load
(Bio-Rad, Tokyo, Japan) was used as a 100 bp molecular ruler.

In vitro chemotaxis assay. AS49 cells were transfected with each
AdRGD at an MOI of 50 for 2h, and then the cells were washed twice
with PBS and cultured in media containing 10% FBS. After 24h



