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Fig. 4. Localization of Dual-PEG-Lip in the tumor. Colon26 NL-17-bearing mice were intravenously injected with PEG-Lip (a-c), PRP-PEG-Lip (d-f), NGR-
PEG-Lip (g~i) or Dual-PEG-Lip (j-I) labeled with DilCyg at day 10 after tumor implantation. At 3 h after injection, the tumors were dissected, and then
frozen-sections (10 pm) were prepared. Immunofluorescence staining for CD31 was performed to visualize endothelial cells. Green images indicate CD31-
positive regions (a, d, g and j), and red images show liposomal distribution (c, f, i and 1). Panels b, e, h and k represent the merged images of them. Yellow
portions indicate the localization of liposomes at the site of vascular endothelial cells. Scale bars represent 20 um.

of liposomes to tumor tissue, However, intratumoral distri- did not. Moreover, Dual-PEG-Lip showed further enhanced
bution of Dual-PEG-Lip in Colon26 NL-17-bearing mice targeting activity to angiogenic vessels in comparison to
was obviously different. The results showed that targeting PRP-PEG-Lip or NGR-PEG-Lip along with the result from
liposomes bound to angiogenic vessels whereas PEG-Lip the in vitro association experiment. Thus, the association
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Fig. 5. Therapeutic effect of Dual-PEG-DOX in tumor-bearing mice.
Colon26 NL-17-bearing mice (n=5) were intravenously injected with
PBS (closed circles), PEG-DOX (open circles), PRP-PEG-DOX (closed
triangles), NGR-PEG-DOX (open triangles) or Dual-PEG-DOX (closed
squares) at days 8, 11, 14 and 17 after tumor implantation. Injected dose
of liposomal DOX were 3 mg/kg as DOX in each administration. Tumor
volume and body weight (data not shown) of tumor-bearing mice were
monitored. Data represent the mean tumor volume and SD, where the SD
bars are shown only for the last points {day 24). Arrows show the days of
injection. Asterisks show the significant differences: 'P<0.05 and
'P<0.001.

with angiogenic vessels in vivo was also improved effec-
tively by use of dual-targeting liposomes. In our previous
studies, we demonstrated that DOX encapsulated in angio-
genic vessel-targeted liposomes was localized exclusively
to angiogenic endothelial cells and damaged them [25]. Fi-
nally the therapeutic effect of Dual-PEG-DOX against the
solid tumor was examined. Our data showed that Dual-
PEG-DOX strongly suppressed the tumor growth compared
with other formulations due to their potent targeting abil-
ity to angiogenic vessels. The therapeutic effects of Dual-
PEG-DOX might be further enhanced by adjusting the
amount of DOX in the liposomes. These findings give en-
ough evidences for usefulness of dual-targeting liposomes
in ANET.

From the result obtained in this study, it would be ex-
pected that “dual-targeting” is a useful targeting strategy
for ANET. For example, combination of peptides used here
and RGD would be promising approach. In addition, the
investigation about the rate of peptides on dual-targeting
liposomal surface would be interesting since we modified
an equal amount of APRPG and GNGRG as a tentative rate.
The most notable finding presented here is the fact that the
targeting ability of liposomes was enhanced by dual-tar-
geting. Dual-targeting would be available for a number of
targeting therapies because most of target organs express
multiple address molecules.
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