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Abstract

We describe here the development and characterization of the physicochemical and

pharmacokinetic properties of a novel liposomal formulation for FTY720 delivery, LP-FTY720.

The mean diameter of LP-FTY720 was ~157 nm, and the FTY720 entrapment efficiency was

~85%. The liposomal formulation protected FTY720 from degradation in aqueous buffer and

showed toxicity in CLL patient B cells comparable to that of free FTY720. Following intravenous

injection in ICR mice, LP-FTY720 had an increased elimination phase half-life (~28 vs. ~19 hr)

and decreased clearance (235 vs. 778 mL/h/kg) compared to the free drug. Antibodies against

CD19, CD20 and CD37 were incorporated into LP-FTY720, which provided targeted delivery to

CLL patient B cells and thus achieved higher killing efficacy. The novel liposomal carrier of

FTY720 demonstrated improved pharmacokinetic properties, comparable activity, and a potential

platform for targeted delivery to CLL by overcoming the limited application of free FTY720 to B

malignancy treatment.
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FTY720 (Fingolimod) is a synthetic compound based on modification of the natural

immunosuppressant, myriocin (ISP-1).1,2 It was approved by the U.S. Food and Drug

Administration in 2010 as the first orally bioavailable drug for patients with multiple

sclerosis (MS) to reduce relapse and delay disease progression to disability.3

In addition to MS, FTY720 showed promising in vitro and in vivo preclinical activity in

leukemia and lymphoma disease models, including chronic lymphocytic leukemia (CLL),

chronic myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), NK-cell

leukemia, and mantle cell lymphoma (MCL).4–8 FTY720 has also been tested in phase III

clinical trials as an immunosuppressant for kidney transplantation,9,10 and is a candidate

drug for therapy of heart failure and arrhythmias due to its cardio-protective effects.11,12

Mechanistic studies have shown that FTY720 functions as an immune-modulator by

affecting lymphocyte production, trafficking, infiltration and apoptosis.13 Several studies

have provided evidence that FTY720 induces T cell apoptosis both in vitro and in

vivo,8,14–17 which is unfavorable for treatment of B-cell malignancies. Previous in vitro

studies indicated that FTY720 induces down-modulation of Mcl-1 but not Bcl-2 in CLL

cells, and its toxicity in CLL cells is dependent on activation of PP2a but not S1P receptor.

This alternative mechanism of FTY720-induced apoptosis in CLL differs from the

mechanism of FTY720 in MS.18

FTY720 is sparingly soluble in aqueous buffer. Maximum solubility of 0.2 mg/ml in 1:1

ethanol/PBS (pH 7.2) is achieved by dissolving the drug first in ethanol and then diluting

with aqueous buffer. Notably, free FTY720 is not stable in aqueous buffer/solution and

requires daily fresh preparation.16 The current available capsule formulation has high oral

bioavailability of ~90%19 and enables daily administration with dose proportional

pharmacokinetics to achieve active steady-state levels in MS patients at 0.5 mg daily.

However, to be clinically effective in B-cell malignancies, higher steady-state levels will

need to be achieved as effective lymphophenia is achieved in humans at 2.5 mg/day.20,21

Furthermore, alternative formulations that enable targeting of tumor cells with reduced

impact on T lymphocytes and other non-target tissues will be necessary.22,23

Liposomes are nanoparticles formed by self-assembly of phospholipid molecules in water

with a hydrophilic core and a lipid-bilayer membrane. This structure has proven to be an

ideal delivery vehicle for several drugs.24 The modification at the surface of conventional

liposomes with polymers, such as polyethylene glycol (PEG), reduces interaction between

liposomes and serum proteins, prolongs circulation in blood, and lowers immunogenicity.

This strategy therefore provides a biologically inert and safe platform for the design of drug

delivery systems.25–27

In this study we developed a liposomal carrier of FTY720 (LP-FTY720) and characterized

its physicochemical, morphological and pharmacokinetic properties. Compared to free

FTY720, LP-FTY720 showed improved aqueous stability and prolonged circulation time in

mice. We also explored the effects of incorporating antibodies (anti-CD19, anti-CD20 and

anti-CD37) into the formulation (ILP-FTY720) for targeting tumor specific cell surface

receptors, which demonstrated enhanced delivery and killing efficiency in primary CLL
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cells ex vivo. These results demonstrate that immunoliposome formulation strategy for

FTY720 is a viable approach for effective targeting in B cell malignancies.

Methods

Materials

FTY720 was synthesized at The Ohio State University Comprehensive Cancer Center

Medicinal Chemistry Core Facility.28 Egg phosphatidylcholine (Egg PC) and

methoxypolyethylene glycol (MW ~2,000 Da)-distearoylphosphatidy-lethanolamine (PEG-

DSPE) were obtained from Lipoid (Newark, NJ). Cholesterol (Chol), Maleimide 1,2-

distearoyl-sn-glycero-3-phosphoethanolamine-N-[maleimide(polyethylene glycol)-2000]

(Mal-PEG-DSPE) and Sphingosine C17 (Sph-17) were purchased from Avanti Polar Lipids

(Alabaster, AL). 2-Iminothiolane (Traut’s reagent) and other chemicals were purchased

from Sigma Chemical Co. (St. Louis, MO).

Experimental animals

ICR mice with weight ranging from 25 g to 30 g (age 6 weeks) were purchased from Charles

River Lab (Vilmington, MA). All work performed on animals was approved by the IACUC

at The Ohio State University.

Liposomal FTY720 preparation

LP-FTY720 was prepared by ethanol injection method. FTY720 was dissolved in absolute

ethanol at 10 μM. Lipids with composition of Chol: Egg-PC: PEG-DSPE (molar ratio =

33.5: 65: 1.5) was dissolved in ethanol at 40 mg/ml. Fully mixed lipids and FTY720 at a

weight ratio of 20:1 were rapidly injected into phosphate buffered saline (PBS, pH 7.4) with

9 times more volume to form LP-FTY720. Empty liposomes were prepared with equal

volume of ethanol as substitute for FTY720. The liposomes were then dialyzed against

HEPES-buffered saline (HBS, 145 mM NaCl, 20 mM HEPES pH 7.4) overnight using a

DispoDialyzer (Spectrum Labs, Rancho Dominguez, CA) with a molecular weight cut-off of

10,000 Da to remove non-encapsulated FTY720. Before and after dialysis, the volume and

concentration of FTY720 in dialysis bag were measured. The entrapment efficacy was

determined by the ratio of total amount of FTY720 after and before dialysis. For fluorescent

liposomes, 6-fluorescein modified Bcl-2 antisense oligodeoxynucleotide G3139 (FAM-

G3139) (Alpha DNA, Inc., Montreal, Canada) dissolved in PBS was mixed with lipids and

FTY720 in ethanol at G3139: lipids (weight ratio) = 1: 12.5 followed by dialysis against

PBS to remove free G3139 and FTY720. Immunoliposomes (ILPs) with monoclonal

antibodies (anti-CD19, anti-CD20 or anti-CD37) (anti-CD19 and anti-CD37 from BD

Biosciences Pharmingen, San Jose, CA; anti-CD20 used was Rituximab) and IgG (negative

control) immobilized onto the surface of LP-FTY720 were prepared as described previously

with a post-insertion method.29 Briefly, antibody (Ab) was reacted with 10× Traut’s reagent

(2 h, room temperature) to yield Ab-SH at pH 8.0. Ab-SH was then reacted to form micelles

of Mal-PEG-DSPE at a molar ratio of 1:10 at pH 6.8, and then incubated with LP-FTY720

for 1 h at 37 °C. ILP-FTY720 with antibody to FTY720 weight ratio of 1:4500 was thus

prepared. The ILPs were further purified on a Sepharose CL-4B size exclusion column to

remove free antibody.
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Characterization of LP-FTY720

The size distribution of LP-FTY720 was determined by dynamic light scattering (DLS)

(Brookhaven Instruments Corporation BI200SM, Holtsville, NY) using the laser wavelength

of 632.8 nm at 90° detection angle. Three batches of LP-FTY720 were measured

independently and the mean diameter by volume ± standard deviation was reported. The

zeta-potential of LP-FTY720 was evaluated by a ZetaPALS zeta-potential analyzer

(Brookhaven Instruments Corporation, Holtsville, NY). Liposomes were diluted in 1× PBS

buffer and measured independently with 10 runs each at room temperature. The

Smoluchowski model30 was used to calculate the zeta-potential and the mean ± standard

deviation was reported.

Morphology study of LP-FTY720

The morphology of LP-FTY720 was observed with a cryogenic transmission electron

microscope (Cryo-TEM). Briefly, the LP-FTY720 was applied to a glow-discharged holey

carbon/formvar film coated grid in a controlled environment vitrification system at constant

humidity and temperature of 25 °C. Samples were immediately plunged into a bath of liquid

ethane for vitrification after gently blotting. Maintained at −172 °C, the prepared grid was

transferred to Gatan cryo-holder and imaged in low-dose mode with FEI Tecnai G2 Spirit

TEM equipped with bioTWIN optics operating at 120 kV. Images were recorded using a

Gatan CCD camera.

Liquid chromatography-tandem mass spectrometry analysis

A rapid and robust high-performance liquid chromatography-tandem mass spectrometry

(HPLC-MS/MS) method was developed for the quantification of FTY720 in mouse plasma

on a Shimudzu LC system (comprising two LC-20AD pumps, a SIL-20AC autosampler,

DGU-20A5 degasser and a CBM-20A system controller) coupled to a TSQ Quantum Ultra

mass spectrometer with electrospray ionization source. HPLC separation was performed on

a ZORBAX Extend C18 column (50 × 2.1 mm I.D, 3.5 μm particle size) at room

temperature with a total run time of 6 min for each sample. A linear gradient elution was

used with water/0.1% formic acid as mobile phase A and methanol/0.1%formic acid as

mobile phase B at a flow rate of 200 μL/min. The gradient was as follows: 0.0 min (30% A

and 70% B), 1.0 min (30% A and 70% B), 3.0 mi6n (100% B), 4.5 min (100% B), 4.6 min

(30% A and 70% B) and 6.0 min (30% A and 70% B). MS monitoring was carried out in

positive ion mode with selected reaction monitoring. The monitored ion transition channels

were m/z 308.00 → 255.00 for FTY720 and 286.00 → 238.00 for Sph-17 with 30 ms scan

times. MS parameters were optimized by a direct infusion of 10 μg/mL FTY720 and internal

standard Sph-17 at a flow rate of 10 μL/ min via a syringe pump. The ion spray voltage,

skimmer offset and tube lens offset were set to 5000, 10 and 100 V, respectively. Argon

collision gas pressure was 1.5 mTorr, and nitrogen sheath and auxiliary gas were set to 30

and 15 (arbitrary unit), respectively. Collision energy was 15% for FTY720 and 16% for

Sph-17. The ion transfer tube was maintained at 325 °C. This quantification method has

been fully validated and all inter-day and intra-day accuracy of FTY720 samples ranged

narrowly from 98% to 112% while the relative standard deviations of both intra-day and

inter-day were below 10% (data not shown).

Mao et al. Page 4

Nanomedicine. Author manuscript; available in PMC 2014 August 16.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



In vitro release of FTY720 from the liposomes

Rates of drug release from liposomes were studied by measuring retention of FTY720 in the

liposome fraction. LP-FTY720 was dialyzed against PBS (pH 7.4) or 10% fetal bovine

serum (FBS) in RPMI 1640 media at 37 °C. Samples were collected at different time points

(0, 30 min, 1, 2, 4, 8, 12 and 24 h), and liposomes were lysed with methanol. Concentration

of FTY720 was measured by HPLC-MS/MS as described above. The percentage of drug

remaining in the liposome fractions was calculated by comparing to the original total drug

amount.

Apoptosis assay

Primary B-cells from CLL patients were separated and incubated as previously described.5

Apoptosis activity was determined in primary CLL cells after 24-h incubation with indicated

agents by annexin V/PI staining. The degree of apoptosis induction is displayed as the total

percentage of annexin V and PI double negative cells normalized to untreated condition.

Binding efficiency study

CLL B-cells were incubated with 1 μM FAM G3139 encapsulated ILPs at 37 °C for 1 h and

washed twice with cold PBS. Cells then were analyzed by flow cytometry using a FL1 filter

(Beckman coulter cytomics FC 500, air-cooled Argon ion laser, 488 nm). IgG-ILPs were

used as negative control.

Immunoblot analyses

Whole cell lysates were prepared using lysis buffer (10 mM Tris pH 7.4, 150 mM NaCl, 1%

Triton X-100, 1% deoxycholic acid, 0.1% SDS, 5 mM EDTA) containing protease and

phosphatase inhibitors. Proteins were analyzed by immunoblot following standard

procedures18 using anti-Mcl-1 antibody (S-19) from Santa Cruz Biotech (Santa Cruz, CA).

Digital quantification was completed using a ChemiDocstation (Bio-rad, Hercules, CA).

Pharmacokinetic studies

Plasma pharmacokinetics of free FTY720 and LP-FTY720 were evaluated in ICR mice

(Charles River Lab, Vilmington, MA). In groups of five, mice were intravenously injected

with FTY720 at a dosage of 5 mg/kg body weight through tail vein. Blood samples were

collected in EDTA-containing tubes at various time points, and plasma was immediately

isolated by centrifugation and stored at −80 °C. FTY720 in 50 μL plasma was mixed with 50

μL of blank mouse plasma and internal standard (final concentration 1 μM), extracted with

ethyl acetate, dried and reconstituted in 120 μL of 50% methanol. Samples were analyzed

using LC-MS/MS as described above. WinNonlin Version 5.2 (Pharsight Co., Mountain

View, CA) was used to determine non-compartmental pharmacokinetic parameters of each

data set.

Statistical analysis

Data were analyzed by Student’s t tests using MiniTAB software (Minitab Inc., State

College, PA). P < 0.05 was used as the cutoff for statistically significant differences.
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Results

Characterization of LP-FTY720

The lipids chosen for our study (Chol: Egg-PC: PEG-DSPE; molar ratio = 33.5: 65: 1.5) are

widely used to encapsulate small molecule drugs. Compared to this cholesterol based

formulation, another formulation composed of cholesteryl hemisuccinate: Egg-PC: PEG-

DSPE; molar ratio = 33.5: 65: 1.5 induced more cytotoxicity and had less favorable

properties (data not shown). Characteristics of both empty liposomes and LP-FTY720 are

shown in Table 1. The mean diameter by volume of nanoparticles did not change following

addition of FTY720 into the composition. FTY720 increased the zeta potential of

nanoparticles from −4.10 ± 0.34 to 3.99 ± 1.67 mV. By measuring and calculating the

amount of FTY720 before and after dialysis against PBS with LC-MS/MS, the drug

entrapment efficiency was 85.2 ± 5.72%. Morphological analysis of LP-FTY720 was carried

out by using Cryo-TEM (Figure 1). The empty liposome nanoparticles showed uniform

structures with one lipid-bilayer, while the LP-FTY720 exhibited a bilamellar structure.

FTY720 was presumably incorporated into the lipid-bilayer, which is typical for

hydrophobic small molecules.

In vitro release studies

The in vitro release kinetics of FTY720 from liposomes was determined. As shown in

Figure 2, the formulation was stable in PBS and in serum at 37 °C. The release over a time

period of 12 h was <40%, while at 24 h the liposomes still retained over 50% FTY720 in

both media. The results indicated LP-FTY720 was adequately stable in PBS and in serum.

Cytotoxicity of LP-FTY720

The cytotoxicity of LP-FTY720 was evaluated in 106 B-CLL patient cells. In addition,

equivalent empty liposomes and free FTY720 diluted in PBS were included as controls.

After incubating with different concentrations (0.3, 0.6, 1.25, 2.5, 5, 7.5, 10, 15, 20 μM) of

FTY720 or empty liposomes, cells were stained with Annexin V/PI for flow cytometry

analysis. The sigmoidal dose-response curve (Figure 3) indicates that cells treated with

increasing concentrations of FTY720 or LP-FTY720 showed a dose-dependent decrease in

viability corresponding to a concomitant decreased amount of annexin V-/PI- cells. The

EC50 values of free FTY720 and LP-FTY720 were 9.3 μM and 5.7 μM, respectively. The

obtained EC50 values of LP-FTY720 provided an optimal dose level that we can use for

further evaluation of LP-FTY720 with targeting reagents.

Previous study showed that FTY720 induces down-modulation of Mcl-1 in CLL B cells,18

therefore the expression of Mcl-1 protein was evaluated in CLL patient B cells after the LP-

FTY720 treatment at FTY720 concentration of 5 μM and compared with free FTY720. The

Mcl-1 protein expression was successfully reduced by 40% and 43% by free FTY720 in

DMSO and LP-FTY720, respectively, compared to untreated samples (Figure 4).

Pharmacokinetic study

Pharmacokinetics of LP-FTY720 was determined in ICR mice with free FTY720 as

comparison. As shown in the plasma FTY720 concentration vs. time plot (Figure 5), the
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FTY720 in the liposomes was cleared at a slower rate compared to free FTY720. Plasma

concentration data were evaluated with non-compartment methods, and resulting

pharmacokinetic parameters are displayed in Table 2. The highest observed concentration

(Cmax) of LP-FTY720 was twice that of free drug, suggesting LP-FTY720 was retained in

plasma and did not distribute as extensively to other compartments. LP-FTY720 clearance

was approximately one third that of free drug, and terminal phase half-life was

approximately 50% greater with LP-FTY720. These data are consistent with expectations

that LP-FTY720 has increased plasma exposure compared to free drug.

Targeted delivery and cytotoxicity of Ab-conjugated LP-FTY720

Antibody-targeted ILPs have shown improved drug delivery outcomes in therapy across

multiple cancers.29,31–33 ILPs utilize antibodies for specific targeting of therapeutic

reagents, efficiently and specifically delivering the encapsulated drug to its targeted cell or

tissue. We chose three monoclonal antibodies, anti-CD19, anti-CD20 and anti-CD37, which

are commonly used in CLL characterization or treatment.34–36 FAM-G3139 was

encapsulated in ILPs to evaluate the delivery efficiency in CLL patient cells. Figure 6, A

displays a typical example of improved binding efficiency of targeting ILPs. Compared to

the negative control, ILPs with each of the three antibodies promoted binding efficiency to

CLL cells. To further investigate the efficacy of targeted delivery of ILP-FTY720, CLL cells

were treated with 3 μM FTY720 at a concentration of antibodies of 0.2 μg/mL for 24 h.

These antibody concentrations are known to be only mildly cytotoxic when the antibodies

are administered alone (data not shown). Free FTY720 was also added to the test cultures as

controls to ensure that under suboptimal concentrations only minimal effects were observed

with the individual reagents, while targeted delivery of FTY720 into the cells with antibody

was able to achieve appreciable benefit. As shown in Figure 6, B, CD19-ILP-FTY720,

CD20-ILP-FTY720 and CD37-ILP-FTY720 mediated significantly increased cytotoxicity to

CLL B cells compared to non-targeted LP-FTY720 (n = 5, P < 0.05). Additionally, in

contrast to their corresponding ILPs without payload, all ILPs with FTY720 significantly

increased cytotoxicity (n = 5, P < 0.01).

Discussion

Compared to free drugs, liposomal drugs may provide an advantage by decreasing the

toxicity and increasing the circulation time.37–39 In this study, we loaded FTY720 into a

liposomal carrier and characterized its physicochemical, biological and pharmacokinetic

properties. Additionally, immune-targeted LP-FTY720 for CLL was investigated.

The structure of FTY720 shares the amphiphilic feature of phospholipids and hence the

classic ethanol injection method was employed to synthesize LP-FTY720. Studies related to

size measurement, encapsulation efficiency evaluation and in vitro drug release kinetics

revealed that the composition of lipids and loading method resulted in nanoparticles suitable

for delivery.

The development of LP-FTY720 provides a more favorable efficacy/toxicity profile for this

promising agent. Cytotoxicity studies showed that LP-FTY720 was slightly more potent

than free FTY720 in CLL patient cells. Moreover, empty liposomes were not toxic to cells
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indicating that the observed cytotoxicity with LP-FTY720 was due to the encapsulated

FTY720 and not the liposome formulation components. The modulation of Mcl-1 protein

expression was evaluated as a representative readout for the LP-FTY720 pharmacodynamic

parameter. As expected, LP-FTY720 successfully decreased Mcl-1 protein expression to the

same level as free FTY720. Further studies will ensure if free drug and LP-FTY720 operate

through the same mechanisms.40 Detailed mechanistic studies will reveal the basis of

cellular uptake of LP-FTY720. The detailed characterization of cellular uptake mechanisms

via endocytosis and conventional clathrin-coated pits remains to be tested. The intracellular

trafficking of liposomal nanoparticles has been shown to be affected by each component

involved in the formulation.41 Additionally, ligands such as antibodies modifying the

surface of liposomes may also result in alteration of intracellular trafficking.22,23,42

Pharmacokinetic data demonstrated LP-FTY720 had higher plasma Cmax and overall

exposure (AUC0-∞_obs) of FTY720 compared to free drug. This will be clearly beneficial

for targeting hematologic diseases where the target is located in the blood compartment.

PEG-lipids are widely used to increase the in vivo stability and circulation half-life of

liposomal drug. The in vitro release studies indicated that FTY720 had been well

encapsulated in liposomes with slow release under simulated physiological conditions. This

has ensured that the drug in LP-FTY720 remained longer in circulation and cleared slower

than free drug, thus exhibiting a longer terminal phase half-life. Although we did not

evaluate in vivo pharmacokinetics of ILPs, we anticipate exposures would be similar or

potentially even greater since antibodies will target ILPs to circulating blood cells.

We explored in vitro the potential of three common surface markers, CD19, CD20 and

CD37, of B or CLL cells as targets for selective LP-FTY720 delivery. Though the chosen

antibodies were also used as single killing drugs in pre-clinical or clinical studies,34,36,43

sub-toxic concentrations of antibodies were chosen as targeting reagents in these proof of

principal studies. Compared to non-targeted LP-FTY720, ILPs with each of the antibody

conjugated formulation improved potency and delivery of FTY720 to CLL patient B cells.

Further optimization of FTY720 and antibody concentration and antibody type will be

necessary to optimize activity and in vivo efficacy. Moreover, rationale choice of targets and

antibodies will enable expansion of the LP-FTY720 formulation into other diseases where

FTY720 has been shown to have a therapeutic benefit. Ongoing studies using cell lines and

humanized mouse models will allow detailed characterization of the in vitro release and in

vivo pharmacokinetic studies of ILP-FTY720 for future clinical application.

In conclusion, an efficient liposomal FTY720 formulation has been designed and evaluated.

The formulation exhibits high drug loading ratio, prolonged in vitro release rate and

beneficial pharmacokinetic properties in vivo. It also provides an alternative degradable

vehicle for administration of FTY720 with increased efficacy and decreased potential for

off-target effects. Further preclinical studies are warranted to define the safety, mechanism

and therapeutic efficacy of this novel formulation.
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Figure 1.
Morphological analysis of LP-FTY720 by Cryo-TEM. Empty liposomes were unilamellar

nanoparticles (A) while LP-FTY720 had a unique bilamellar structure (B).
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Figure 2.
In vitro release of FTY720 from liposome nanoparticles. FTY720 entrapped liposome in

PBS was incubated at 37 °C and dialyzed against PBS or 10% serum. At different time

points, the liposomes were collected and disintergrated by methanol. The amount of drug

retained and released from liposomes were measured by HPLC-MS/MS (n = 3).
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Figure 3.
Comparison of EC50 of free FTY720 and liposomal FTY720 in B-CLL patient cells (n = 6).

Purified CD19+ lymphocytes from six patients with CLL were incubated with various

concentrations of empty liposomes, free FTY720 or liposomal FTY720 for 24 h and were

evaluated by flow cytometry with annexin V/PI staining. The data shown represent

percentages of annexin V-/PI- viable cells with SD that are normalized to untreated media

control.
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Figure 4.
LP-FTY720 down-regulates Mcl-1 in CLL patient cells. (A) Representative western blot of

Mcl-1 protein level after treating CLL cells at 106 cell/mL with 5 μM FTY720 for 20 h. (B)
Relative percentage of Mcl-1 down-regulation levels of CLL patient cells (n = 4).
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Figure 5.
Plasma concentration-time curve of FTY720 and LP-FTY720 after i.v. bolus injection in

mice. FTY720 was injected through the tail vein (5 mg/kg) in groups of 5 mice each. At

indicated time points mouse plasma was collected and FTY720 was extracted for analysis by

LC-MS/MS. Error bars stand for standard deviations (n = 5).
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Figure 6.
Enhanced delivery and cytotoxicity of Ab-based ILP-FTY720. (A) Representative binding

efficiency of anti-CD19, anti-CD20 or anti-CD37 based ILPs encapsulating FAM-G3139 to

CLL B cells with IgG-ILPs as negative control. (B) Improved cytotoxicity effect of ILP-

FTY720 with antibodies as targeting reagents to CLL B cells (n = 6).
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Table 1

Characterization of liposomes and LP-FTY720.

Formulation Size (nm) Polydispersity index (PI) Entrapment efficiency (EE) (%) Zeta potential (mV)

Empty Liposome 159.1 ± 5.40 0.186 ± 0.038 N/A −4.10 ± 0.34

LP-FTY720 157.5 ± 2.91 0.193 ± 0.074 85.2 ± 5.72 3.99 ± 1.67

Data represent the mean ± S.D. of three separate experiments (n = 3).
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Table 2

FTY720 and LP-FTY720 non-compartmental PK parameters.

Parameter Units Free FTY720 LP-FTY720

Dose mg/kg 5 5

λz 1/h 0.0357 0.0244

T1/2λz h 19.44 28.36

Cmax mg/L 5.572 12.505

Vd L/kg 21.81 9.60

AUC0-∞_obs h * mg/mL 6.24 20.78

CL mL/h/kg 777.81 234.61

Table values are non-compartmental model parameter estimates. λz Elimination rate constant; T1/2λz Elimination half life; Cmax observed

maximum concentration; Vd apparent volume of distribution; AUC0-∞_obs area under the observed concentration-time curve estimated to

infinity.
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