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Abstract

 High metastasis is responsible for the failure in the treatment of melanoma.  

 Given that the indoleamine-2,3 dioxygenase (IDO) overexpressed in the 

microenvironment of tumor leads to the immune escape, the combination of 

chemotherapeutic drug and IDO inhibitor might be a promising 

chemoimmunotherapy. 

 Besides, the metastasis mediated by platelets was supposed to be blocked by the 

heparin (HP). 
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 Therefore, a drug delivery system with all these elements involved might be a 

potential treatment for melanoma. Here, developed a pH-sensitive liposomal 

dual-delivery system for doxorubicin (DOX) and epacadostat (EPA) with HP 

coated (HP/LDE).

 It was confirmed to enhance cytotoxicity and apoptosis, reverse the platelets-

activated epithelial mesenchymal transformation (EMT) and prevent the invasion 

and migration.
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Melanoma Cancer

 Melanoma is a malignant tumor originating from the normal melanocytes in the 

epidermis or the original nevus. 

 It develops rapidly in clinical cases and is liable to metastasize in the early stage. Most of 

the metastases occurred in the lungs and brain.

 Currently, the prognosis of patients with metastatic melanoma is not satisfactory, which 

shows a 5-year survival rate less than 20%.
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Chemoimmunotherapy

 Chemoimmunotherapy has received considerable attention in the treatment of 

tumors, which involved two steps: 

1. Chemical damage on the tumor cells 

2. Induction of immune responses

 The specific chemotherapy agents (anthracyclines, taxanes and oxaliplatin, 

etc) contribute to the induction of immunogenic cell death (ICD) at the tumor 

region. stimulate dendritic cells (DCs) maturation and improve its capability 

to present tumor-associate antigens to naive T cells. 
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 Indoleamine-2,3 dioxygenase (IDO) is widely expressed in tumor cells, DCs, 

endothelial cells and fibroblasts. 

 Accumulating evidence has revealed that expression of IDO can inhibit DCs 

maturation and the activity of T cells, reduce the antigen-presenting efficacy 

and assist tumor cells to evade the immune surveillance, leading to the tumor 

growth and metastasis.
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 IDO catalyzes the metabolism of tryptophan (Trp) into kynurenine (Kyn) 

leading to Trp deficiency, which inhibits energy synthesis and protein 

translation. 

 The metabolite Kyn further promotes the differentiation of regulatory T cells 

with high expression of transcription factor Foxp3 and thus interferes the 

activation of cytotoxic T lymphocytes (CTLs) by aromatic hydrocarbon 

receptors.
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Doxorubicin (DOX)

 For the chemotherapy, doxorubicin (DOX), a common anthracyclines 

antibiotic, has been widely used to treat a variety of malignancies mainly 

through induction of tumor cell apoptosis. 

 There is growing evidence that DOX-induced immunogenic apoptosis is 

considered as a type of ICD, which stimulated the engulfment of apoptotic 

bodies by DCs and induced CTLs.
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Epacadostat (EPA)

 Epacadostat (EPA) as an effective IDO inhibitor has been confirmed by the 

clinical studies to successfully suppress the IDO function and reverse the 

immune escape of tumor cells.

 Thus, a drug combination containing DOX and EPA was adopted as the 

chemoimmunotherapy to activate immune response and inhibit proliferation 

and metastasis of melanoma.

15



Heparin (HP)

 At the early stage of metastasis, melanoma cells are reported to overexpress 

heparanase and heparinase to degrade the extracellular matrix (ECM), release 

cytokines into the microenvironment and induce the expression of selectins

on platelets. 

 Binding of selectins on platelets with mucin on tumor cells leads to chemical 

signals release including TGF-β, adhesion molecules and growth factors, 

which promotes epithelial mesenchymal transformation (EMT) of tumor cells 

in situ that is the prerequisite of metastasis.
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 During this process, tumor cells gradually lose the adhesive ability and 

exhibit high invasiveness and mobility. 

 Eventually, melanoma cells degrade the ECM proteins and form the 

metastatic lesion at remote organs.

 Heparin (HP) as an anticoagulant gets more and more attention because of its 

inhibitory effect on the tumor metastasis via suppressing the association 

between venous thrombosis and tumor cells.
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 HP competitively inhibits the P-selectin mediated adhesion between platelets 

and tumor cells, resulting in the blockage of metastasis.

 Therefore, HP has the potential to interfere metastasis process, which is a good 

supplement to the DOX + EPA combination for inhibition of melanoma 

metastasis.
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Materials & methods
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 Drug loading capacity (LC) and loading rate (LR)

 Liposomal particle size, zeta potential and morphology
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 Detection of E-cadherin and N-cadherin 
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Preparation of the DOX and EPA loaded liposomes

 Liposomes are self-assembling closed colloidal structures composed of lipid 

bilayers and have a spherical shape in which an outer lipid bilayer surrounds a 

central aqueous space. 

 Phospholipids and lipids are dissolved in an organic solution. The organic 

solvent is evaporation by a rotary evaporator. 

 An aqueous solvent will replace the organic solvent. 
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 Liposomes containing EPA were prepared by a rotary evaporation method and 

DOX was loaded subsequently by the remote loading method.

 DOX are actively loaded into the liposome using an ammonium sulfate 

gradient was created across the lipid bilayer.

 Liposome is an ideal nanocarrier possessing loading capacity for both 

hydrophobic drug (EPA) and hydrophilic drug (DOX).
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Coating of HP on the drug-loaded liposomes

 HP was dissolved in PBS (0.01 M, pH 7.4) at a final concentration of 1.5 mg/mL.

Eventually, the stock solution of HP was added dropwise to an equal volume of 

liposomes. the HP/LDE were isolated by ultrafiltration to remove the free HP. 

The schematic structure of HP/LDE
23
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Drug loading capacity (LC) and loading rate 

(LR)

 The drug concentrations of DOX and EPA 

in liposomes were determined by HPLC

 In the detection of DOX and EPA, 484 nm 

and 290 nm were used respectively

Liposomal particle size, zeta potential and 

morphology

 The particle size, polydispersity and zeta 

potential of liposomes were measured by 

dynamic laser scattering

 The morphology of LDE and HP/LDE was 

observed by a transmission electron microscope 

(TEM)

Cellular uptake of liposomes

 The cellular uptake of drug-loaded 

liposomes was investigated by 

confocal laser scanning microscope

 Fluorescence images of each 

sample were collected at excitation 

wavelength of 488 nm.
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Cytotoxicity assay

 The optical density (OD) of each sample was 

measured at 450 nm using a microplate reader

 The software GraphPad Prism 5 was used to 

calculate the median inhibitory concentration 

(IC50).

apoptosis analysis

 B16F10 apoptosis were evaluated with the 

Annexin, FITC/ (PI) Apoptosis Detection Kit

 The cell apoptosis was determined by the flow 

cytometry
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Detection of E-cadherin and N-cadherin by 

western blot

 The proteins were collected and separated by 

10% SDS-PAGE prior to transferring to (PVDF) 

membranes. The prepared protein samples were 

incubated with primary antibodies against E-

cadherin and N-cadherin. Then, HRP-labeled

mouse anti-goat secondary antibody was added.

Detection of cytokines

 The pro-inflammatory cytokine levels of serum 

including interferon γ (IFN-γ) and interleukin 

12 were determined by ELISA kits following 

standard protocols.
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 In vitro inhibitory effects on EMT process, invasion and migration
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Drugs encapsulation and characteristics of liposomes
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 Both of LDE and HP/LDE possessed high LR of DOX and EPA and HP-coating with 

binding rate of approximately 90% just slightly decreased the LC and LR of DOX and EPA

(B) The morphology of LDE

(C) A fluffy and fragmentary shell 

without clear boundary was observed 

on the periphery of liposomes 

indicating successful coating of HP



29

 Uniform spherical liposomes showed a diameter ranging from 100 to160 nm for LDE and 

HP/LDE, which was in consistence with the measurements from dynamic light scattering

Diameter (bars) and PDI (dots) of the liposomes

 A low polydispersity 

index (PDI) less than 

0.250 was detected in 

all liposomes
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Zeta potential of the liposomes

 As a result of HP coating, a charge reversal was observed 

on the HP-coated liposomes from 9.8 mV to a slight 

negative charge
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UV spectrum of EPA, HP, LIP, DOX and HP/LDE.

 It was noted that characteristic peaks in UV spectrum of 

DOX, EPA and HP were partly overlapped with that of the 

HP/LDE, while no absorption peak was shown in the 

spectra of blank liposomes.
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In vitro DOX and EPA release profiles from HP/LDE at different pH

 Both of DOX and EPA showed pH-sensitive drug release behavior. Less than 40% cumulative release 

was detected at 24 h in pH 7.4 medium, while more than 50% cumulative release for both drugs was 

detected at the same time point in pH 5.5 medium despite the different loading region of DOX and EPA 

in the liposomes. 

 At pH 6.5, both DOX and EPA exhibited slightly faster release than pH 7.4. In comparison with EPA, 

DOX showed slight faster release due to the remained hydrophobic interactions between EPA and lipids.
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Confocal microscopy images of the intracellular distribution of DOX, DOX + EPA, LDE, HP/LD 

and HP/LDE in B16F10 cells after 6 h incubation. 

In vitro cellular uptake, cytotoxicity and apoptosis of liposomes

 HP-coating slightly reduced the intracellular fluorescence of DOX in both HP/LDE and 

HP/LD samples, while the nuclear accumulation of DOX was still higher than that of the 

free drugs samples.



34

Cytotoxicity on B16F10 cells treated with DOX, DOX + EPA, LDE, HP/LD and HP/LDE

 LDE and HP/LDE exhibited an improved cell inhibition activity when the 

concentration of DOX was higher than 0.1 μg/mL.

 The IC50 values for free DOX, DOX + EPA, LDE, HP/LD and HP/LDE are 0.7642, 

0.6117, 0.1489, 0.2916, 0.1656 μg/mL, respectively.
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Flow cytometry quantification of apoptosis rate treated by PBS, DOX, DOX+EPA, LDE, HP/LD 

and HP/LDE using the Annexin V-FITC/PI staining

 DOX + EPA and free DOX induced 24.63% and 23.64% apoptosis of B16F10 cells, respectively.

 A significant increase in apoptosis rate was observed in the LDE, HP/LD and HP/LDE treated 

cells, which was closely associated with the improved intracellular delivery and nuclear 

perforation of DOX under the assistance of liposomes.
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Detection of E-cadherin and N-cadherin in B16F10 cell culture medium by western blot after

incubation with PBS, platelates (PTs), DOX + EPA + PTs, LDE + PTs, HP/LDE + PTs, HP + PTs 

and HP/L + PTs, +PTs stands for incubation with PTs before treatment.

In vitro inhibitory effects on EMT process, invasion and migration

 Given that EMT process was the initiation step of metastasis indicated by E-

cadherin and N-cadherin, we evaluated the expression of the two proteins in vitro. 

 platelets were critical for the activation of EMT process indicated by decreased 

E-cadherin expression and increased N-cadherin expression.
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The protein expression of (B) E-cadherin and (C) N-cadherin in each group

 Reversed EMT process in both free HP and HP-coated groups suggested that HP could

inhibit EMT occurrence by interrupting the interactions between B16F10 cells and  

platelets.

 Interestingly, DOX + EPA and LDE possessed partially inhibitory effects on the EMT 

process, which might be attributed to the cytotoxicity of DOX on the tumor cells.
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Flow cytometry quantification of CD80 and CD86 expression on DCs in vitro

In vitro enhancement of anti-tumor immunity
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The survival rate for B16F10 cells incubated with preparations activated DCs and T cells

 In consistent with the result of DC maturation, mDCs from HP/LDE group 

contributed to the highest cytotoxicity of T cells on B16F10 cells (58.28%).

 Whereas, a higher than 60% of cell survival rate was observed in all the other groups.



40

Quantification of the Trp/Kyn ratios in cell suspensions after treatment for 24 h

 The inhibitory effect of EPA on IDO was evaluated by the transformation rate from 

Trp to Kyn. 

 The presence of EPA showed reduced Kyn/Trp ratio, especially in HP/LDE group, 

although no significant difference was detected.
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The morphology analysis of lungs from mice revealed an overview of melanoma metastasis to the 

lung and the therapeutic effects of preparations

Effective inhibition of lung metastasis of melanoma
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The number of metastatic nodules on the lung tissues from mice in each group

 A significant reduction on the number of lung metastatic nodules was observed 

in the HP/LDE, HP/LD and LDE treated groups
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Flow cytometry quantification (gated on the CD11c+ DC population) of CD80 and CD86 staining samples.

 In agreement with the results of in vitro study, HP/LDE exhibits the highest level 

of DC maturation indicated by CD80 and CD86 (A,B).
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Flow cytometry quantification (gated on the CD11c+ DC population) of CD40 staining samples

 CD40 labeling (C,D). In the absence of nanocarriers, free DOX + EPA achieved 

approximately half of ratio in DC maturation compared with HP/LDE group 

regardless of the markers.



45

(E) Quantification of the Kyn/Trp ratios using HPLC method. Levels of (F) IL-12 and

(G) IFN-γ from mice sera detected by ELISA.

 cytokines including IL-12 and IFN-γ were detected at day 42 by ELISA assay. 

Liposomes exhibited elevated immunological intensity compared to the free drug 

groups (F,G).

 HP/LDE possessed the highest level of cytokines secretion, indicating successful 

induction of immune response, and showed half reduction in the Kyn/Trp ratio 

compared with the PBS group (E).
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Discussion
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Conclusions

 The DOX and EPA co-encapsulated liposomes reversed the immunosuppressive 

tumor microenvironment and enhanced the anti-tumor immunity. 

 HP-coating improved the stability of liposomes, promoted the cellular uptake 

and hampered the interactions of B16F10 cells to platelets and ECM. 

 HP/LDE displayed a diameter around 140 nm with a narrow size distribution, 

pH-sensitive release behavior and enhanced cellular uptake. 
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 Both in vitro and in vivo evaluation of anti-metastasis effect on melanoma 

demonstrated the benefits of the HP-coated dual-delivery liposomes.

 Suppression of invasion, migration process and lung metastatic nodules, and 

induction of anti-metastasis immunity indicating by DC maturation, CD8+ 

T cells activation, CTLs induction and cytokines secretion confirmed the 

promising therapeutic efficacy of HP/LDE.
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