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Abstract
Encapsulation of cisplatin (CDDP) into nanoparticles (NPs) with high drug loading and
encapsulation efficiency has been difficult due to the poor solubility of CDDP. However, this
barrier has been overcome with a reverse microemulsion method appropriating CDDP’s poor
solubility to our advantage promoting the synthesis of a pure cisplatin nanoparticle with a high
drug loading capacity (approximately 80.8wt%). Actively targeted CDDP NPs exhibited
significant accumulation in human A375M melanoma tumor cells in vivo. In addition, CDDP NPs
achieved potent anti-tumor efficacy through the neighboring effect at a dose of 1 mg/kg when
injected weekly via IV without inducing nephrotoxicity. The neighboring effect regards an
observation made in vivo when the tumor cells that took up CDDP NPs released active drug
following apoptosis. Via diffusion, surrounding cells that were previously unaffected showed
intake of the released drug and their apoptosis soon followed. This observation was also made in
vitro when A375M melanoma tumor cells incubated with CDDP NPs exhibited release of active
drug and induced apoptosis on untreated neighboring cells. However, the neighboring effect was
unique to rapidly proliferating tumor cells. Liver functional parameters and H&E staining of liver
tissue in vivo failed to detect any difference between CDDP NP treated and control groups in
terms of tissue health. By simultaneously promoting an increase in cytotoxicity and a lesser degree
of side effects over free CDDP, CDDP NPs show great therapeutic potential with lower doses of
drug while enhancing anti-cancer effectiveness.
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The use of cisplatin (CDDP) as a cytotoxic drug was pioneered by Rosenberg while
studying the effects of electrical fields on the growth of bacteria.1 Investigating the
properties of platinum compounds, Rosenberg discovered that DNA damage induced by the
crosslinking of CDDP and DNA initiates DNA repair mechanisms and triggers cell
apoptosis when repair proves unsuccessful. Utilizing this interaction, CDDP has become a
first-line therapy against a wide spectrum of solid neoplasms, including bladder, ovarian,
colorectal and melanoma cancers.2, 3 However, drug resistance and related systemic
toxicities (e.g. nephro- and neuro- toxicities) limit the clinical use of CDDP.4, 5
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Formulating small molecule drugs into nanoparticles (NPs), such as liposomal or polymeric
formulations allows for a significant reduction of adverse side effects while maintaining
anti-tumor efficacy. Therefore, this class of nanomedicine is currently established as the
cutting edge method in treating a variety of cancers.6, 7 With modification, NPs are able to
avoid undesired uptake by the reticuloendothelial system (RES) and improve circulation of
their encapsulated drugs in the blood compared to free drug.8 Thus, drug efficacy can be
greatly increased without a subsequent increase in collateral damage to healthy tissues.

Similarly, uptake of NPs by tumor cells can be mediated by tumor targeting ligands, such as
aptamer,9 RGD peptide and anisamide (AA).10–12 The accumulation of nano-sized
formulations in tumors is also highly dependent on the enhanced permeability and retention
(EPR) effect due to the disorganized and tortuous tumor endothelium.13 Nonetheless, the
accessibility of NPs into tumor cells primarily depends on the properties of the NPs,
especially size. NPs with a diameter less than 50 nm can penetrate deeper into poorly
permeable, hypo-vascular tumors with greater efficiency than larger NPs.14, 15

However, the poor solubility of inorganic CDDP in both water and oil significantly limits
the development of NPs with high drug loading and encapsulation efficacy. In our previous
study, lipid-coated CDDP (LPC) NPs composed entirely of CDDP and outer leaflet lipids
were successfully synthesized and characterized with high drug loading capacity. Compared
to other lipid-based cisplatin nanocapsules,16–18 LPC NPs were much smaller and more
homogeneous in size.

Herein, we evaluated the anticancer efficacy of LPC NPs on A375M melanoma xenograft
tumors. Furthermore, the in vitro release profile of LPC NPs in cells incubated in a medium
with 50% fetal bovine serum evaluated. Also, the diffusion and distance dependent
neighboring effect of LPC NPs was additionally examined both in vitro and in vivo. Finally,
the biodistribution and safety profile of LPC NPs was determined.

RESULTS AND DISCUSSIONS
Physiochemical characterizations of LPC NPs

While the major side effects of CDDP can be minimized through the usage of NPs for drug
delivery, the poor solubility of CDDP has hampered the development of a successful
nanoparticulate formulation. In the present study, we have successfully synthesized lipid-
coated, platinum-filled drug formulations (LPC NPs) characterized with a core of CDDP and
80wt% of drug loading. LPC NPs were negatively stained with uranyl acetate for
transmission electron microscopy (TEM). The images revealed the core/membrane
nanostructure of NPs with a size of approximately 20 nm in diameter (Figure 1a). DLS
results (Figure 1b) further indicated that the hydrodynamic diameter of NPs was
approximately 30 nm, slightly larger than the diameter observed in TEM images. The drug
loading capacity of LPC NPs determined using inductively coupled plasma mass
spectrometry (ICP-MS) was 80.8wt%. Other liposomal formulations of CDDP based drugs,
such as SPI-77 (6.7wt%) and Lipoplatin (10wt%), which are either in phase II clinical trials
or clinically approved respectively, cannot achieve such high drug loading.19

LPC NPs delivered CDDP efficiently into A375M cells and show significant efficacy
To test the anticancer efficacy of LPC NPs, we first evaluated the cytotoxicity of LPC NPs
in A375M melanoma cancer cells. As shown in Figure 2a, the LPC NPs showed a nearly
ten-fold lower IC50 than free drug (1.2 v.s. 10.2 μM) regarding the growth inhibition in
A375M cells. As a control, empty liposome vesicles did not induce any cytotoxicity (data
not shown). Figure 2b and c quantitatively presented cellular uptake of NPs measured using
ICP-MS. As indicated, LPC NPs delivered CDDP efficiently into A375M cells with a 6.5
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fold increase in internalized drug over free CDDP. In vitro studies illustrated that LPC NPs
efficiently transported CDDP into cells and resulted in a significantly lower IC50 over free
CDDP.

LPC NPs showed high accumulation of CDDP in A375M xenograft bearing mice and
significant anti-tumor efficacy at a low dose

The biodistribution of free CDDP and LPC NPs in tumor-bearing mice was compared.
Twenty-four hours post-IV injection, 10.5% of the injected dose per gram of LPC NPs
accumulated in the tumors, which was significantly higher than the 1.2% of the injected
dose per gram of free CDDP (Figure 3a). To determine the efficacy of LPC NPs in treating
A375M tumors, the drugs were administered weekly by IV injection at a dose of 1.0 mg/kg
Pt. LPC NPs inhibited the growth of A375M tumors significantly without reducing the body
weight of the treated animals (Figure 3 b and c). However, free CDDP at the same dose and
dosing schedule was ineffective, possibly due to a low tumor accumulation.

In vivo, the small size of LPC NPs facilitated the accumulation of LPC NPs in tumor cells
through the EPR effect. Therefore, LPC NPs achieved an accumulation of 10.5% injected
dose (ID)/g in A375M tumor cells and exhibited significant anticancer therapeutic effect at a
low dose and generous dosing schedule while free CDDP was ineffective at the same dose.
LPC NPs are therefore capable of inducing considerable anti-tumor efficacy at a
significantly lower dose than free CDDP and can be applied to treat a wide range of cancers.

LPC NPs induced discernible apoptosis in A375M tumors
After confirming that LPC NPs showed significant antitumor efficacy, an additional
experiment was used to evaluate their efficacy in treating large tumors. Mice bearing
A375M melanoma tumors of approximately 600 mm3 were dosed with IV administrations
of LPC NPs at a dose of 3.0 mg/kg Pt once a week, for a period of two weeks. One week
after the final injection, the mice were sacrificed and the tumors were assayed using
TUNEL, a marker of apoptosis. As shown in Figure 4, about 90% of tumor cells were
apoptotic, resulting in a 60% reduction in tumor volume (data not shown). Since it is highly
unlikely that NPs can reach 90% of tumor cells, additional mechanisms must be contributing
to the tumor reduction. The majority of apoptosis may actually be induced by the small
fraction of cells that took up the NPs in a pattern known as the neighboring effect. This
phenomenon is characterized as the uptake of NPs by tumor cells that become in situ drug
depots and release active drugs to induce apoptosis in surrounding cells. Therefore, the
neighboring effect is a distance and diffusion dependent effect.

Neighboring effect contributed to significant in vivo apoptosis
In support of our hypothesis in vivo, we investigated the intracellular distribution of LPC
NPs in tumors and tested the apoptosis of tumor cells using TUNEL and CDDP-DNA
adduct antibody. To determine the mechanism of the neighboring effect, we used a
lipophilic dye, 1,1′-Dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine perchlorate (DiI) to
label LPC NPs. DiI was entrapped in an asymmetric bilayer. Results indicated that only
5.3% of the tumor cells took up the NPs and yet, 26.7% of cells underwent apoptosis (Figure
5a). It is possible that the amount of NPs in some TUNEL positive cells was too low to be
detected because of the detection limitations of the technique. Therefore, we used a “nearest
neighbor” analysis to eliminate this possibility. The number of apoptotic cells was measured
as a function of the distance to the nearest DiI positive cells. In groups treated with LPC
NPs, the large number of green cells (TUNEL positive) close to red cells (DiI positive)
gradually decayed to a small number of green cells far from red cells (Figure 5c). The data
therefore indicated that the neighboring effect is indeed facilitated by diffusion and varies
with distance from the depot cell.
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In addition, an antibody specific to the Pt-DNA adduct was used in an assay for a nearest
neighbor analysis to determine if Pt-DNA adduct was the cause of cell death.20 As shown in
Figure 5b, the formation of CDDP-DNA adducts was confirmed. It was consistently
observed that a relatively small number of DiI-positive cells were able to induce the
formation of the CDDP-DNA adduct in a large number of surrounding cells (Figure 5c and
d). Therefore, formation of CDDP-DNA adduct is directly attributed to the release of CDDP
in vivo. This data further provides strong evidence for the neighboring effect by suggesting
that active Pt drugs released from dead or dying depot cells were diffused into previously
unaffected cells.

In Vitro and intracellular release of drugs from NPs and cytotoxicity assays
To test the neighboring effect in vitro, intracellular release of CDDP from LPC NP was
investigated. The kinetics regarding the release of platinum-based drugs from LPC NPs was
evaluated in 50% FBS medium at 37°C. As shown in Figure 7a, LPC NPs exhibited a
sustained release of Pt over time with a half-life of 3.0 h.

We also labeled the NPs using fluorescent NBD-PE lipid and incubated them with cells.
Some of the nanoparticles were co-localized with lysosomes as indicated by yellow spots
(Figure S1). However, a large number of the NPs taken into the tumor cells did not co-
localize with lysosomes.

We further tested the neighboring effect in vitro using the procedure shown in Figure 6. By
culturing untreated cells with medium from LPC NPs treated cells, the activity of released
CDDP was tested. Cells were first incubated with LPC NPs for 2, 4 or 16 h and
subsequently washed and cultured. At different time points, the released, NPs and free drugs
in the medium were separated by centrifugation at 16,000g for 20 min. After centrifugation,
we observed that the LPC NPs exhibited cellular release and that free drugs composed a
major fraction of the medium (Figure 7b). To test the activity of drugs released from cells
which previously entrapped NPs, the medium collected at different time points was
transferred and incubated with untreated cells. After 48 h, the viability of the tumor cells
was assayed using MTS. As shown in Figure 7c, the medium containing more drugs was
more toxic.

Study of the neighboring effect in vitro
In addition, we further investigated the neighboring effect using a common protocol.
A375M-GFP cells that stably expressed green-fluorescence protein (green) were treated
with 50 μM of LPC NPs for 4 h, washed, and mixed with untreated A375M cells at a 1:10
ratio. Cells were incubated for an additional 24 or 48 h. Then, cell apoptosis was examined
with Alexa Fluor 568-labeled Annexin V (red), an apoptosis marker.

In Figure 8a and b, many cells that were near the green, NP-treated cells were undergoing
apoptosis. Groups treated with LPC NPs exhibited a pronounced effect while cells treated
with CDDP showed only minimal signs of the neighboring effect. The apoptosis results
were further quantified using flow cytometry. Cells were analyzed at 24 (upper panels) or 48
(lower panels) h (Figure 8a). Untreated cells served as the control; after 24 or 48 h, A375M-
GFP cells survived, while cells treated with CDDP died and disappeared at both time points.
Furthermore, at 24 or 48 h the CDDP-treated cells did not induce significant apoptosis in the
unlabeled and untreated cells. At 48 h, less than 6% of untreated cells were apoptotic. In
contrast, cells treated with LPC NPs induced a higher percent of apoptotic cells, which were
not directly exposed to CDDP. At 48 h, few green cells were left in both cases, but 70%
apoptotic cells appeared in the untreated cell population for LPC NPs. It demonstrated that
CDDP released from dead or dying cells was able to induce apoptosis on untreated tumor
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cells. These results confirm that the neighboring effect as characterized by the release of
active drug from dead or dying cells after NP internalization and subsequent apoptosis in
previously unaffected cells was validated both in vivo and in vitro. The cells transfected with
NPs do in fact, serve as drug depots and affect the untreated cells in a manner dependent on
distance and diffusion. Though the detailed mechanism behind the transport of the drugs
from the depot cells to other cells is still unknown, we will continue to investigate the
mechanism of the neighboring effect.

Safety evaluations LPC NPs are safe and no neighboring effect is observed in major
organs

Although the neighboring effect displayed profound effects against rapidly proliferating
tumor cells, its potential toxicity toward normal organs is of concern. Therefore, mechanism
of the neighboring effect in normal tissues was studied. Since the liver was characterized as
the major organ affecting clearance of NPs, the functional parameters aspartate transaminase
(AST) and aspartate aminotransferase (ALT) of liver cells treated with free CDDP or LPC
NPs were studied. The data indicated that the AST and ALT functional parameters from
mice treated with CDDP and LPC NPs fell within the normal range (Figure S2).
Furthermore, the comparison between H&E stained liver cells treated with LPC NPs and
PBS displayed negligible differences in morphology (Figure 9). Therefore, LPC NPs only
posed a minimal threat to normal liver function, which was probably due to the strong repair
ability of cisplatin-induced DNA damage in the liver.21–23

In addition, it was shown that Kupffer cells were responsible for harmlessly removing most
of the NPs in the liver (Figure 10) while hepatocytes showed minimal LPC NPs uptake.
Therefore, while the formation of the CDDP-DNA adduct was observed in some liver cells
(Figure 11), subsequent apoptosis was not noted (Figure 12). This observation could be due
to the successful repair of CDDP-DNA adducts which is has been reported in previous
works.21–23 This pattern was also found in other critical organs such as the kidney, spleen,
heart, and lung.

Because the spleen was responsible for significant NP uptake (Figure 3a), histological
analysis of the spleen was also performed to exclude any spleen toxicity induced by the NPs
(Figure 9). Although LPC NPs accumulated 6-fold higher in the spleen than in cisplatin-
treated mice as shown in Figure 3a, the data in Figure 12 indicated that LPC NPs did not
induce significant apoptosis spleen cells, which was consistent with other formulations.24, 25

It is believed that uptake was performed primarily by macrophages which can successfully
internalize the NP to prevent cell apoptosis (Figure 12). Therefore, the repair of CDDP-
DNA adduct was also observed in spleen.

In clinics, the use of CDDP is mainly limited by nephrotoxicity. To this end, the
nephrotoxicity of free CDDP and LPC NPs was studied. It was observed that LPC NPs
induced significantly less nephrotoxicity over free CDDP at the same dose. As shown in
Figure 9, the morphology of kidneys treated with LPC NPs was similar to that treated with
PBS. Therefore, no signs of nephrotoxicity were observed in kidneys from mice treated with
LPC NPs while some nephrotoxicity was observed in mice treated with free CDDP.
Glomeruloscelorsis, tubular cell atrophy, and cystic dilatation of renal tubes were observed
in cells treated with free CDDP and indicated by rings, arrows, and squares, respectively.
CDDP also induced significantly more apoptotic cells in kidney than LPC NPs (Figure 12).
In addition, there were no toxicities in heart and lung for both CDDP and LPC NPs.
Pathologic examination of other major organs (lung and heart) in mice that received long-
term treatments (Figure S3) indicated that mice treated with LPC NPs suffered no organ
damage.
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These results indicated that while the neighboring effect was capable of inducing high levels
of apoptosis in cancerous cells, its effects on healthy cells were nearly unobservable. A
similar pattern was also observed in heart and lung cells in mice treated with LPC NPs. A
key mechanism behind this observation is the formation of Pt-DNA adducts in both
cancerous and healthy cells alike. However, the Pt-DNA adducts could be successfully
repaired in healthy cells while they induced observable apoptosis in cancerous cells. The
specificity of these NPs therefore allows a significant anti-tumor effect to be achieved at a
low dose and generous dosing schedule.

CONCLUSIONS
The antitumor efficacy of LPC NPs was tested in vitro and in vivo. When administered into
mice at a low weekly dose, LPC NPs effectively inhibited the growth of melanoma tumors
while free CDDP proved ineffective at the same dose and dosing schedule. In addition, LPC
NPs also exhibited the neighboring effect both in vivo and in vitro. The successful uptake of
LPC NPs by the tumor cells and the release of active drug following apoptosis therefore
furthers the effectiveness of the encapsulated drug. However, the neighboring effect was not
induced in organ tissues due to their strong repair ability of the CDDP-DNA adduct. Thus,
the tumor specific effect allows a magnification of anti-tumor efficacy at a low dose without
pronounced side effects. Subsequently, both the therapeutic potential of CDDP and its safety
toward normal tissues in vivo can be greatly optimized. Our studies have therefore
distinguished the Pt drug delivery platform as an efficient and relatively safe candidate in
the treatment of human melanoma tumors and a promising method for further explorations.

MATERIALS AND METHODS
Materials

All lipids were purchased from Avanti Polar Lipids (Alabaster, AL). DSPE-PEG-AA was
synthesized in our lab as previously reported.10 CDDP, AgNO3 and other chemicals were
obtained from Sigma-Aldrich (St Louis, MO) without further purification.

Cell lines
The human melanoma, A375M cell line was obtained from the American Type Culture
Collection (ATCC, Manassas, VA). A375M-GFP was constructed by transfecting an
A375M cell line with pEGFP-N1 plasmid. The episomal expression of the plasmid in the
transfected cells was maintained by cultivating the cells in the media containing Neomycin.
All cells were cultured in DMEM medium supplemented with 10% heat-inactivated, fetal
bovine serum (FBS), 20 mM of L-glutamine, 100 U/ml of penicillin G sodium, and 100 mg/
ml of streptomycin at 37 °C in an atmosphere of 5% CO2 and 95% air.

Preparations of LPC NPs
LPC NPs were synthesized according to our previous work.26 Briefly, 200 mM cis-
[Pt(NH3)2(H2O)2](NO3)2 and 800 mM KCl in water were separately dispersed in a solution
composed of Cyclohexane/Igepal CO-520 (71:29, V:V) and Cyclohexane/Triton-X100/
Hexanol (75:15:10, V:V:V) (3:1) to form a well-dispersed, water-in-oil reverse micro-
emulsion. One hundred μL DOPA (20 mM) was added to the CDDP precursor phase and the
mixture was stirred. Then, the two emulsions were mixed for another 30 min while the
reaction proceeded. After that, ethanol was added to the micro-emulsion and the particles
were collected by centrifugation at 12,000 g. After being extensively washed with ethanol
2–3 times, the pellets were re-dispersed in 3.0 ml of chloroform and stored in a glass vial for
further modification. Finally, 1.0 mL of LPC NPs core, 50 μL of 20 mM DOTAP, 50 μL of
20 mM Cholesterol and 50 μL of 10 mM DSPE–PEG-2000 or DSPE–PEG–AA were
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combined. After evaporating the chloroform, the residual lipids were dispersed in 1.0 mL of
d-H2O. The particle size of LPC NPs was determined using a Malvern ZetaSizer Nano series
(Westborough, MA). TEM images of LPC NPs were acquired using a JEOL 100CX II TEM
(JEOL, Japan). The LPC NPs were negatively stained with 2% uranyl acetate.

Biodistribution
The mice were administered a single dose of 1.0 mg/kg Pt CDDP and LPC NPs. Each group
contained five mice, which were sacrificed four hours following injection. Tissue samples
were digested by concentrated nitric acid overnight at room temperature and processed
according to the procedure reported previously the literature.27, 28 The concentration of Pt
was measured using ICP-MS.

In vivo anticancer efficacy
Animals were maintained in the Center for Experimental Animals (an AAALAC accredited
experimental animal facility) at the University of North Carolina. All procedures involving
experimental animals were performed in accordance with the protocols approved by the
University of North Carolina Institutional Animal Care and Use committee and conformed
to the Guide for the Care and Use of Laboratory Animals (NIH publication No. 86–23,
revised 1985). Female athymic nude mice, 5–6 weeks old and weighing 18–22 g were
supplied by the University of North Carolina animal facility. 5×106 A375M cells were
injected subcutaneously into the mice. After 10 days, the mice were randomly divided into
four groups (4–6 mice per group). The mice were treated with weekly IV injections of
CDDP and LPC NPs and saline as a control. A dose of 1.0 mg/kg Pt was administered.
Thereafter, tumor growth and body weight were monitored. Tumor volume was calculated

using the following formula: , with W being smaller than L. Finally, mice
were sacrificed using a CO2 inhalation method. After the therapeutic experiment was done,
blood samples were collected and allowed to clot for 2 h at room temperature. Serum was
obtained through centrifugation for 20 min at 2,000 g. For liver and renal function
experiments, the levels of aspartate aminotransferase, alanine aminotransferase, and blood
urea nitrogen in the serum were measured. Major organs were collected after treatment and
were formalin fixed and processed for routine H&E staining using standard methods. Images
were collected using a Nikon light microscope (Nikon).

After the A375M tumor reached 600 mm3, the mice were treated with two weekly IV
injections of LPC NPs at a dose of 3.0 mg/kg Pt. Seven days post the last injection, the mice
were sacrificed and the tumors were assayed with TUNEL.

TUNEL assay
The tumors were fixed in 4.0% paraformaldehyde (PFA), paraffin-embedded, and sectioned
at the UNC Lineberger Comprehensive Cancer Center Animal Histopathology Facility. To
detect apoptotic cells in tumor tissues, a TUNEL assay, using a DeadEndTM Fluorometric
TUNEL System (Promega, Madison, WI), was performed following the manufacturer’s
protocols. Cell nuclei that were fluorescently stained with green were defined as TUNEL-
positive nuclei. TUNEL-positive nuclei were monitored by using a fluorescence microscope
(Nikon, Tokyo, Japan). The cell nuclei were stained with 4, 6-diaminidino-2-phenyl-indole
(DAPI) Vectashield (Vector Laboratories, Inc., Burlingame, CA). TUNEL-positive cells in
three slides of images taken at 40× magnification were counted to quantify apoptosis.

In vivo neighboring effect study
In order to study the neighboring effect, the LPC NPs were labeled with DiI dye (Sigma-
Aldrich, St Louis, MO) and administered to nude mice bearing A375M tumors at a single
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dose of 1.0 mg/kg Pt. Each group contained three mice that were sacrificed 24 h post
injection. The organs and tumor sections were prepared by the procedure described in the
TUNEL assay in supporting information. The distribution of NPs (red) and TUNEL positive
cells (green) were observed using a fluorescence microscope (Nikon, Tokyo, Japan). The
distance between two cells was measured using the NIS-Elements Microscope Imaging
Software (Nikon Corp., Tokyo, Japan).

In order to observe the distribution of LPC NPs in liver, the sections were incubated with a
1:250 dilution of CD68 primary antibody (Abcam, Cambridge, MA) at 4°C overnight
followed by incubation with FITC-labeled secondary antibody (1:200, Santa Cruz, CA) for 1
h at room temperature. The sections were also stained by DAPI and covered with a
coverslip. The sections were observed using a Nikon light microscope (Nikon Corp., Tokyo,
Japan).

The CDDP-DNA adducts were detected using anti-CDDP modified DNA antibodies
[CP9/19] (Abcam, Cambridge, MA). The sections were incubated with a 1:250 dilution of
anti-CDDP modified DNA antibody [CP9/19] at 4°C overnight followed by incubation with
FITC-labeled goat anti-(rat Ig) antibody (1:200, Santa Cruz, CA) for 1 h at room
temperature. The sections were also stained by DAPI and covered with a coverslip. The
sections were observed using a Nikon light microscope (Nikon Corp., Tokyo, Japan).

In vitro neighboring effect study
A375M-GFP cells (2 × 105) were seeded in 6-well plates (Corning Inc., Corning, NY) 20 h
before the beginning of the experiments. The cells were first treated with CDDP and LPC
NPs (50 μM Pt) at 37°C for 4 h and then trypsinized. The A375M-GFP cells were mixed
with A375M cells at the ratio of 1:10 (total cell number: 2 × 105) and reseeded into 6-well
plates. After culturing for 48 h, the cells were stained with Hoechst 33342 (Sigma, St Louis,
MO) and Annexin V Alexa Fluor® 568 Conjugate (Invitrogen, Carlsbad, CA). Cells stained
with Alexa Fluor® 568 Conjugate were observed with a fluorescence microscope (Nikon,
Tokyo, Japan) and quantified using flow cytometry (Becton-Dickinson, Heidelberg,
Germany). Results were processed using the Cellquest software (Becton-Dickinson).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. LPC NPs were characterized with a small size and narrow dispersity
(a) Characterization of LPC NPs using TEM. LPC NPs were negatively stained with uranyl
acetate. Scale bar represents 50 nm. (b) Characterization of LPC NPs using dynamic light
scattering (DLS).
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Figure 2. LPC NPs exhibited high toxicity and strong transport ability of CDDP
(a) IC50 of CDDP and LPC NPs in A375M cells. (b) The amount of cell uptake of CDDP
and LPC NPs in A375M cells quantified using ICP-MS. Data is expressed as % uptake. (c)
The amount of the Pt drug associated with cells after incubation with 100 μM CDDP or LPC
NPs in 24 well plates. Each bar represents the mean ± SEM of 3 independent experiments.
The analysis of variance is completed using a one-way ANOVA.
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Figure 3. LPC NPs showed high accumulation in A375M tumor cells and impeded the growth of
tumors at 1.0 mg/kg of Pt
(a) Pt distribution in A375M tumor bearing mice administered with CDDP and LPC NPs.
One mg/kg of Pt was administered weekly via IV injection; (b–c) effects of CDDP and LPC
NPs on tumor growth and body weight respectively of A375M tumor bearing mice. The
arrowheads indicate the time of injection. The results are displayed as mean ± SEM (error
bars) of five animals per group. The analysis of variance is computed using a one-way
ANOVA. ** indicates p < 0.01.
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Figure 4. LPC NPs induced apoptosis in 90% of tumor cells
Effects of LPC NPs on A375M tumor cell apoptosis using TUNEL assay. The tumors were
treated once a week for two weeks with IV injections containing 3.0 mg/kg of Pt.
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Figure 5. Neighboring effect was studied using TUNEL assay and detection of CDDP-DNA
adduct
LPC NPs were labeled with DiI dye (red). The mice were sacrificed twenty-four hours after
receiving a single IV injection of LPC NPs at a dose of 1.0 mg/kg Pt. (a) The distribution of
NPs was tracked by DiI dye, and the apoptotic tumor cells were detected by the TUNEL
assay; (b) the formation of CDDP-DNA in tumor cells detected by CDDP-DNA antibody.
(c) The number of TUNEL positive cells measured as a function of the distance to its nearest
DiI positive cell; (d) the number of CDDP-DNA adduct positive cells measured as a
function of the distance to its nearest DiI positive cell.
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Figure 6.
The procedures used to validate the neighboring effect in vitro.
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Figure 7. LPC NPs showed a controlled release pattern in medium and in cells
(a) In vitro release kinetics of encapsulated platinum in 50% FBS medium at 37°C and the
cellular release of Pt from LPC NPs treated cells. (b) Percentages of Pt in the released
medium that were pelletable (green) and unpelletable (red) are shown. (c) The cytotoxic
activity of released drugs from NP treated cells at different time points. Cells were treated
with 5 μM CDDP for comparison. Each bar represents the mean ± SEM of 3 independent
experiments.
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Figure 8. The neighboring effect demonstrated by co-culturing CDDP transfected A375M-GFP
cells and A375M cells at a 1:10 ratio
A375M-GFP cells were treated with LPC NPs (50 μM) for 4 h. After 24 or 48 h of co-
culturing, the cell nuclei were stained with Hoechst 33342 (blue). (a–b) Apoptotic cells were
stained with Alexa Fluor 568-labeled Annexin V (red) for fluorescence microscopy and flow
cytometry analysis.
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Figure 9. HE staining showed LPC NPs did not induce nephrotoxicity
H&E staining of liver, spleen and kidney tissue from mice that received four doses of
treatment (1 mg/kg each).
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Figure 10. DiI-labeled LPC NPs (red) in liver were mainly taken up by Kupffer cells
Kupffer cells were stained using CD68 antibody (green) and the hepatocyte nuclei were
stained using DAPI (blue). The mice were sacrificed twenty-four hours after receiving a
single IV injection of LPC NPs at a dose of 1.0 mg/kg Pt.
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Figure 11. Although CDDP-DNA adducts were detected in kidney, liver and spleen, no
neighboring effect is observed
The distribution of DiI-labeled LPC NPs (red) and the detection of CDDP-DNA adduct
(green) in kidney, liver and spleen. The mice were sacrificed twenty-four hours after
receiving a single IV injection of LPC NPs at a dose of 1.0 mg/kg Pt.
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Figure 12. No significant apoptosis was detected in organs from LPC NPs treated mice
The detection of apoptotic cells in heart, liver, spleen, lung and kidney using TUNEL assay.
The mice were sacrificed twenty-four hours after receiving a single IV injection of LPC NPs
at a dose of 1.0 mg/kg Pt. Apoptotic cells were detected using TUNEL assay (green) and the
cell nuclei were stained using DAPI (blue).
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