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Fig. S1 Biodistribution of the dual-ligand LP
Biodistribution in tumor-bearing mice was determined using [3H] labeled formulations. Blood concentration and tissue accumulation at 24 hr after systemic administration of formulations are represented by %ID/ml and %ID/g tissue (the mean ± SD, n=4), respectively. **P<0.01. N.S.: Not significant difference. Unlike the tumor case (Fig. 2A), no significant difference was observed in blood concentration and accumulation in the liver, spleen and lung.
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Fig. S2 Dose study of dual-ligand LPs for tumor suppression

PBS or dual-ligand LPs containing 1.5 or 6.0 mg/kg of DXR were i.v.-injected on day 0, 1 and 2. Tumor volume (the mean ± SD, n=4) was monitored at indicated times. A dual-ligand LP of 1.5 mg/kg DXR showed comparable effect on the tumor growth with that of 6.0 mg/kg DXR. Even though the number of injection was varied from 2 to 3 times, total amount of DXR was decreased in case of 1.5 mg/kg. From the view point of side effect and clinical use, a reduced dosage is naturally desired. Therefore, the comparison of dual-ligand LP with Doxil was performed with a lower dose where 3 injections at a dose of 1.5 mg/kg DXR were used. *P<0.05.
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Fig. S3 Hepatotoxicity of liposomal DXR
PBS or LPs containing 1.5 mg/kg of DXR were intravenously dosed during the first 3 days. At 24 hr after final injection, blood samples were collected and stored overnight at 4°C, followed by centrifugation (10000 rpm, 4 °C, 10 min) to obtain serum. GPT and GOT levels in serum were measured with test kits (Transaminase CII-test WAKO, WAKO, Japan). No abnormal values in both GPT and GOT were observed in any formulation compared to the PBS treatment. These findings suggest that liposomal DXR is not toxic in the liver after systemic administration.
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Fig. S4 Effect of size of dual-ligand LPs on distribution in RCC tumor
Upper images of unfixed tumor tissues that had been intravenously treated with either small dual-ligand LP (100 nm) or large dual-ligand LP (300 nm) labeled with rhodamine (red) (2.0 mol lipid/mouse), respectively. Endothelial cells were labeled with lectin (green). The lower spectra were obtained from the arrow line in the upper images. Bars, 50 m. While small dual-ligand LPs were observed both exterior and interior of blood vessels, large dual-ligand LPs were mainly located along blood vessels, which is well correlated with the result shown in Fig. 1. These results suppose the size dependence of distribution in RCC tumor of dual-ligand LPs, where large diameter prevents dual-ligand LPs from extravasation and allows them to well adhere and associate with tumor blood vessels.
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Fig. S5 Comparison of cellular binding of large and small dual-ligand liposomes.

Dual-ligand LPs (100 nm and 300 nm) were labeled with rhodamine, as a lipid marker. Human umbilical vein endothelial cells (HUVEC) cultured in EBM-2 supplemented with 2% FBS (v/v), penicillin (100 U/ml), streptomycin (100 mg/ml) and bullet kits were used as a CD13 positive cells [1,2]. LPs containing the indicated number of particles were incubated with HUVEC (1×104 cells/well) in at 4 °C for 2 hr, followed by washing and lysis. After centrifugation, fluorescence intensity of rhodamine in supernatant was determined and cellular binding is represented as fluorescence intensity/mg protein. The number of liposomes was calculated based on the previous study [3,4]. Red and blue dots indicate the cellular binding for large dual-ligand LPs and small dual-ligand LPs, respectively. Binding constants (Kd) and fitting curves (dashed lines) were calculated using Sigma-plot 12.0 (Systat Software, San Hose, CA, USA). The binding constant of a large dual-ligand LP was relatively approx. 10 times lower than that of small one. Based on the result, it is reasonable to suppose that a liposome with 300 nm in diameter has an advantage for ligand mediated cellular binding compared to that with 100 nm.
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Fig. S6 Tumor accumulation and tumor suppression of small and large dual-ligand LPs
(A) The tumor accumulation of dual-ligand LPs in tumor-bearing mice was determined using [3H] labeled dual-ligand LPs. Tumor accumulation at 24 hr after systemic administration of dual-ligand LPs are represented by %ID/g tumor (the mean ± SD, n=3-4), respectively. **P<0.01. (B) PBS or dual-ligand LPs containing 1.5 mg/kg of DXR were i.v.-injected on day 0, 1 and 2. Tumor volume (the mean ± SD, n=4) was monitored at indicated times. **P<0.01 (significant difference between small and large dual-ligand LP); ##P<0.01 (PBS treated group versus LP-treated groups).
  While tumor accumulation of a small dual-ligand LP was significantly higher than that of a large dual-ligand LP, the effect of a large dual-ligand LP on tumor suppression was slightly superior to that of small one. Since small dual-ligand LPs were widely distributed in tumor tissue as shown in Fig. S4, it is possible that anti-tumor effect resulted from the disruption of blood vessels as well as killing tumor cells and other kinds of cells such as tumor-associated macrophages. Therefore, it is hardly estimated that the contribution of anti-angiogenesis among the anti-tumor effect. On the other hand, it was expected that the anti-tumor effect of a large dual-ligand LP almost owed disruption of tumor blood vessels.
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