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ARTICLE INFO ABSTRACT

Keywords: Primary central nervous system lymphoma (PCNSL) is a form of extranodal non-Hodgkin’s B-cell lymphoma
Lymphoma limited to the CNS. The treatment of PCNSL is ineffective partly due to the blood-brain barrier (BBB) restriction
CNS of delivery of many drugs including anti-CD20 (Rituximab; RTX) which is a standard treatment for systemic B-
lciijs%me cell lymphomas. In this study, liposome with tween-80 surface modification was fabricated and conjugated with
rituximab RTX for enhancing BBB penetration to target lymphoma cells in the CNS. Physicochemical characterizations of

Lip/RTX were performed and spherical shape liposomes with narrow size distribution were demonstrated by
TEM. An average diameter of Lip/RTX was 168.57 + 1.57 nm with the percentage of RTX conjugation at 90.94.
Cell internalization monitored by flow cytometry confirmed that conjugation of RTX promoted liposome entry
into Raji cells expressing CD20. Antitumor activity of Lip/RTX was comparable to free RTX indicating that RTX
moieties on liposome remained their therapeutic function. In addition, Lip/RTX inhibited tumor aggressiveness
by limiting cell migration and invasion. Systemic administration of Lip/RTX significantly prolonged survival of
mice harboring intracranial lymphoma xenografts. Taken together, Lip/RTX presents a new potential treatment
for patients with PCNSL.

nanoparticle

1. Introduction

Primary central nervous system lymphoma (PCNSL) is an aggressive
lymphoma of the central nervous system (CNS) which is known as an
extranodal non-Hodgkin lymphoma. PCNSL is commonly restricted to
brain, eyes, spinal cord, leptomeninges and cerebrospinal fluid (CSF),
with an absence of systemic spread [15,21,23]. PCNSL is a rare tumor
since it accounts for only 3 — 6% of all brain tumors [23]. However, the
incidence has recently increased, particularly in immunocompromised
patients, whom are at higher risk of developing PCNSL than immuno-
competent patients [21]. Moreover, the incidence of PCNSL has risen in
elderly population with a rate of 0.5 per 100,000 per year [7,15]. In
addition, PCNSL also affects transplant patients who received immu-
nosuppressive therapy [32,39].

* Corresponding author.

Intravenous high dose methotrexate (HD-MTX)-based regimen is the
primary treatment for most patients with PCNSL. Other chemotherapies
such as cytarabine, ifosfamide, procarbazine, vincristine and temozo-
lomide have been combined with HD-MTX [6,24,33]. However, many of
these agents hardly reach PCNSL since they scarcely pass through the
blood-brain barrier (BBB) [25]. BBB is recognized as a highly selective
biological barrier that is formed by a unique tight junction of capillary
endothelial cells, pericytes and astrocytes [1,20]. One of the BBB func-
tions is to limit the entrance of potential toxic substances including
drugs and large molecules to the CNS [11,27,35]. Therefore, the
development of delivery system that facilitates drug penetration across
the BBB is a promising strategy to improve therapeutic outcome of CNS
cancers including PCNSL.

Among several pharmaceutical delivery systems, nanotechnology
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has been exploited to improve the transportation of drugs across the
BBB. Nano-drug delivery systems improve the specific binding of drug to
target cells and prolong the drug’s bioavailability [8,28]. Liposome is a
synthetic phospholipid bilayer vesicle which facilitates the combination
loading of hydrophilic and hydrophobic drugs. The hydrophilic drugs
are entrapped within the core of liposome while hydrophobic drugs are
loaded in a bilayer membrane. Liposomal drug delivery system has been
employed for brain tumor treatments, for example, the multifunctional
liposome constructed with cyclic RGD (RGD: arginine-glycine-aspartic)
and p-hydroxybenzoic acid (pHA) targeting glioma. The cyclic RGD was
loaded at the surface of liposome to promote the binding of liposome to
integrin, which is highly expressed on glioma cells, whereas pHA binds
to dopamine receptor of the BBB [3].

Rituximab (RTX) is an anti-CD20 monoclonal antibody, which has
been approved for treatment of B-cell lymphomas [6,26,29]. Although
RTX is an effective therapeutic antibody against systemic lymphoma, the
efficacy in PCNSL is limited because of the delivery restriction by the
BBB [2]. Hence, the strategy to improve the transport of RTX across the
BBB is needed. Our previous study demonstrated that RTX conjugated
with liposomal-SPION permeated through the in vitro model of BBB
better than unconjugated RTX [30]. In order to advance therapeutic
agent into clinical trial evaluation, we here simplified the formulation of
liposomal RTX without SPION loading. In the present study, we aimed to
evaluate the therapeutic efficacy of RTX-conjugated liposome without
SPION in both in vitro experiments and in vivo surviva ml study
following systemic administration in mice bearing intracranial lym-
phoma xenografts.

2. Materials and methods
2.1. Materials

Soybean lecithin (Soya phosphatidylcholine; PC) was purchased
from American Lecithin Co, Danbury, CT. 1,2-Distearoylsn-glycero-
phosphoethanolamine-N-[amino(polythyleneglycol 2000)] (DSPEG-
PE) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-[4-(p
maleimidophenyl)butyramide] (MPB-PE; linker) were purchased from
Avanti Polar Lipids, Inc (Alabama, USA). Polysorbate80 (Tween 80) was
obtained from Sigma-Aldrich (Saint Louis, MO, USA). Phosphate buff-
ered saline (pH 7.4) (PBS; containing 137 mM NaCl, 2.7 mM KCl, 10 mM
NayHPOy4; 2 mM KHoPO4) was from Gibco (Paiseley, UK). TritonX-100
was obtained from Merck (Merck Millipore, Darmstadt, Germany).
Anti-CD20 (RTX) was purchased from Roche (Basel, Switzerland).
Media (Roswell Park Memorial Institute Medium; RPMI 1640, Dulbec-
co’s Modified Eagle Medium; DMEM) and supplements (Fetal bovine
serum; FBS, 0.25% Trypsin EDTA, penicillin G sodium, streptomycin)
were purchased from GIBCO Invitrogen (New York, USA). MTT [3-(4,5-
Dimethylthiazol-2-yl)— 2,5-diphenyltetrazolium bromide] was pur-
chased from Merck (Darmstadt, Germany). Distilled water was gener-
ated using an ELGA system (PureLab Ultra, Illinois, USA). Matrigel was
acquired from Corning (Massachusetts, USA). For gelatin zymography,
gelatin, tris, sodium azide (NaN3s), glycine and Triton X-100 were or-
dered from Sigma (Missouri, USA). Sodium dodecyl sulphate (SDS), zinc
chloride (ZnCly) and calcium chloride (CaCly) were from Merck
(Darmstadt, Germany). 30%crylamide-0.8%bis acrylamide, TEMED,
Coomassie blue G250 and ammonium persulfate were from BioRad
(California, USA). Ethanol, hydrochloric acid (HCl) and acetic acid were
obtained from RCI labscan (Bangkok, Thailand).

2.2. Methods

2.2.1. Liposome formulation and characterization

Liposome formulation was based on thin-film hydration method. In
brief, PC, Tween 80, DSPEG-PE and MPB-PE (linker) (10: 1.25: 0.1:0.01
wt ratio, respectively) were prepared and dissolved in diethyl ether.
Then, solvent was removed by rotary evaporator. Lipid film was
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hydrated with PBS buffer (pH 7.4), reduced the vesicles size by using
200 nm pore size of polypropylene membrane (Millipore GmbH,
Eschborn, Germany) through extruder with 15-20 cycles. Thiolated RTX
was prepared by mixing RTX with 2-iminothiolane at room temperature
for 1 h, subsequently added to liposome and stirred continuously at 4 °C
overnight in order to obtain the conjugated liposome (Lip/RTX). The
excess residues were removed by ultra-centrifugal at 80000 rpm for 1-2
h. The investigation of size and zeta potential of liposome was performed
using dynamic light scattering (DLS Ultra, Malvern Instruments, Mal-
vern, UK) and morphology of liposome was observed under transmission
electron microscopy (TEM) (JEM 2100 plus, JEOL, USA).

2.2.2. Cell culture and cell viability assay

Raji cell line was cultured in RPMI1640 supplemented with 10% FBS,
1% L-Glutamine (100 g/ml L-glutamine) plus 1% antibiotics (100 g/ml
streptomycin and 100 U/ml penicillin). Cells were cultivated at 37 °C
under humidified atmosphere containing 5% of CO5 until reaching
70-80% cell confluence. To evaluate cell viability following exposure
with conjugated liposome, Raji cell at a density of 5 x 10* cells were
seeded in 96 well-plate and incubated for 24 h. Each well was exposed to
liposome according to phospholipid concentration starting at 200 pg/ml
as a final concentration followed by 10-fold dilution with PBS buffer for
7 subsequent dilutions. Treated cells were further cultivated for 24 h and
then treated with MTT solution (5 mg/ml) for 4 h. The solution of 0.04 N
hydrochloric in isopropanol v/v was used in order to dissolve crystal
formazan followed by absorbance measurement at 570 nm using
microplate reader (SpectroMAX, California, US).

2.2.3. Cellular internalization

Raji cells were cultured as previously described, seeded into 24 well-
plate (1 x 10° cells), and incubated overnight. Liposome and conjugated
liposome stained with dil dye at a ratio of 1:1000 v/v were subsequently
added to cells in triplicate, at the concentration of IC80 acquired from
cell viability assay. Cells were collected at 0, 0.5 and 1 h after incuba-
tion. Prior to measurement, unbound particles were removed from cells
with PBS buffer for three times. Internalization signal intensities in each
exposure time were analyzed using flow cytometer (BD FACS Cal-
iburTM, BD biosciences, CA, USA) with excitation and emission wave-
lengths of 488 nm and 600 nm, respectively.

2.2.4. Cell invasion and migration

In order to evaluate cell invasion, the 6.5 mm transwell together with
8.0 uM pore size polycarbonate membrane insert was coated with
Matrigel at concentration of 0.4 mg/ml prior to cell seeding. For cell
migration assay, cells can be seeded directly to the transwell. Raji cells at
a density of 1 x 10° cells were suspended in serum-free medium and
seeded into transwell. Lip/RTX was added with IC20 concentration of
RTX at 80 pg/ml. Cells were then incubated for 5 and 6 h to assess cell
migration and cell invasion, respectively. The upper chambers were
removed and cells that escaped from the upper compartment were
stained with Hoechst and observed under optical fluorescence
microscope.

2.2.5. Gelatin zymography

Raji cells at a density of 1 x 10° cells were seeded into 48 well-plate
and cultured for 24 h. The cells were treated with liposome nano-
particles at RTX 80 ug/ml, then, incubated overnight in previously
described conditions. Cells were collected, centrifuged, re-suspended in
serum-free medium, and incubated for 24 h. Then, the supernatants
were collected to undergo gelatin zymography that was performed on
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
in which the co-polymerization of acrylamide and gelatin were
employed for gel setting. The separating SDS gel consisted of 0.1% (w/v)
gelatin solution, 375 mM Tris-HCl pH8.8, 10% (w/v) of acrylamide:bis-
acrylamide (37.5: 1), 0.4% (v/v) glycerol, 0.1% (w/v) SDS, 0.05% (v/v)
TEMED and 0.1% (w/v) ammonium persulphate (APS). Stacking gel
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contained 4% (w/v) acrylamide:bis-acrylamide (37.5: 1), 0.12 M Tris-
HCI pH6.8, 0.1% (w/v) SDS, 0.23% (v/v) TEMED and 0.08% (w/v)
APS. Running buffer during the separation consisted of 0.1% SDS and
Tris-glycine buffer (25 mM Tris and 192 mM glycine). The running
condition was under constant voltage of 100-110 V for stacking phase
and 150-200 V for running phase. Staining procedure was performed by
immersing the gel in denaturing buffer (2.5% Triton X-100 in 50 mM
Tris-HCI pH7.4, 5 mM CaCly, 1 uM ZnCl; and 0.01% NaN3), then, gently
shaken for 1 h, replaced with developing buffer (50 mM Tris-HCl pH7.4,
5 mM CaCly, 1 uM ZnCl; and 0.01% NaNs3) and finally incubated over-
night at 37°C. Gel was subsequently stained in 0.5% Coomassie blue
G250 in 30% ethanol and 10% acetic acid for 30 min. Gel was washed
and backgrounded with de-staining solution (30% ethanol and 10%
acetic acid) until the clear band could be observed. The washing process
was stopped by adding 0.2% acetic acid solution.

2.2.6. In vivo survival study

Nude mice (NOD) were obtained from the Central Institute of
Experimental Animal; CIEA Japan. Mice were housed and monitored in
the Laboratory Animal Research and Case Center, Siriraj hospital
(Mahidol University, Thailand) according to institutional guidelines. All
experimental procedures and protocols were performed by S.S. and C.T.
The study was approved by the Laboratory Animal Research and Case
Center, Siriraj hospital, Mahidol University, Thailand under animal care
with protocol no. 001/2558.

To induce xenograft of PCNSL in mice, female nude mice (4-6 weeks)
were intracranially injected with Raji cells at a cell density of 5 x 10*
cells in volume of 20 pL in RPMI medium [30]. Seven days after im-
plantation, the mice were divided into three groups (N = 4 each group)
to investigate the therapeutic effect of free RTX, Lip/RTX and PBS. The
mice were intravenously injected with 50-100 pL of free RTX, Lip/RTX
or PBS via tail injection once weekly for 3 months. Food and water were
provided ad libitum. The survival study was investigated under guide-
lines of humane endpoints in animal study procedure including lethargy,
loss of locomotor activity and weight loss (up to 25%). The survival time
of the mice was calculated from the day of lymphoma cells inoculation
to the day of euthanasia or death. The median survival time of mice was
calculated and Log-rank test was used to compared survival among
groups (GraphPad Prism 8, USA).

3. Results and discussion
3.1. Physiochemical characterization of liposome

The average size, polydispersity index (PDI), and zeta potential of the
liposomes were measured by dynamic light scattering (DLS) using
Zetasizer. The average diameters of formulated liposomes, Lip/- (un-
conjugated liposome) and Lip/RTX, were 163.93 & 2.59 nm and 168.57
+ 1.57 nm, respectively (Table 1). This result indicated that conjugation
of RTX with liposome did not significantly induce diameter change. The
zeta potential of Lip/- was — 1.11 + 0.24 mV, which was in line with our
previous data [30]. Our liposome formulation possessed slightly lower
negative charge on the surface. For the conjugated liposome, Lip/RTX,

Table 1
Size, zeta potential, polydispersity index (PDI) and RTX conjugation percentage
of Lip/- and Lip/RTX.

Sample  Size Zeta PDI %Conjugation Phospholipid
(nm) potential of RTX (mg/ml)
(mv)
Lip/- 163.93 111 + 0.09 - 12.12
+2.59 0.24 +
0.01
Lip/ 168.57 -0.11 + 0.10 90.94 13.51
RTX +1.57 0.19 +
0.00
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the zeta potential was — 0.11 + 0.19 mV, which was slightly more
positive when compared with Lip/-. The fluctuation of liposomal surface
charge was likely related to the charge of conjugated RTX as similarly
occurred in other studies [19,22]. The monodispersed characteristics of
the liposomes were confirmed from the PDI value of Lip/- and Lip/RTX
of 0.09 + 0.01 and 0.10 + 0.00, respectively [10].

The morphological characteristics of Lip/- and Lip/RTX were
observed under TEM. TEM images confirmed the spherical vesicles of
nanoparticles as shown in Fig. 1. The morphologies of the liposomes,
including shape and size, are important in terms of function and drug
release properties. The spherical shape and uniformed size exhibit the
resemblance of drug release patterns and prolonged shelf-life stability
[5,8]. As suggested by several studies, the optimal nanoparticle size
range between 70 and 200 nm since larger nanoparticles are rapidly
cleared by opsonization [13]. Taken together, our fabricated liposomes
satisfied the nanoparticle criteria to be used as a drug delivery system.

3.2. Quantification of RTX conjugation onto liposome

The percentage of RTX conjugated onto liposome was calculated via
an indirect approach. Unbound RTX was determined using Micro BCA™
Protein assay kit (Thermo Scientific, Rockford, USA). The result was
then subtracted by the amount of loaded RTX. As a result, approximately
90% of loaded RTX was successfully conjugated onto liposome (Table 1).
Phospholipid concentration was analyzed to evaluate the lipid content
using Lab assay phospholipid C Kit (Fujifilm, Osaka, Japan). The lipid
contents of Lip/- and Lip/RTX were 12.12 and 13.51 mg/ml, respec-
tively (Table 1). The obtained data were employed to quantify liposome
for investigating cytotoxicity and cellular uptake.

3.3. Cellular internalization

The therapeutic efficacy of targeted liposome depended on the
internalization ability into the target cell. In this study, RTX acted as not
only a therapeutic antibody, but also a moiety to bind to CD20 receptor.
Since CD20 receptors are located on the surface of mature B-cells and
most B-cell lymphomas including PCNSL [26,29,37], we evaluated
cellular uptake of our liposomes in CD20 expressed Raji cells that are
commonly exploited in preclinical studies of PCNSL. Raji cells were
incubated with FITC encapsulated Lip/- and Lip/RTX at IC20 concen-
tration. All samples were incubated at 0, 0.5 and 1 h. The signal in-
tensities were quantified by flow cytometry and analyzed by FlowJo
software 10.5.3. As shown in Figs. 2a and 2b, Lip/RTX was able to enter
Raji cells faster than LIP/-, which indicated that RTX conjugation
facilitated liposome internalization. The signal intensities were quanti-
fied and calculated to display statistically significant difference
(P < 0.001) between Lip/- and Lip/RTX (Fig. 2¢). Since the successful
entry of liposome depended on its physicochemical property, the
internalization could not be elevated without RTX even after excessive
incubation time. Based on the presence of CD20 receptors on Raji cell
surface, it is irrefutable that incorporation of RTX ligand successfully
enhanced cell internalization.

3.4. Therapeutic effect of Lip/RTX on lymphoma cells

Therapeutic effect of Lip/RTX was assessed by MTT assay with Raji
suspension cells. Two approaches were examined to evaluate Lip/RTX
effect on Raji cells. First, two-folds dilution samples with varied con-
centration of RTX from 0 to 400 pg/ml were incubated with Raji cells for
24 h to investigate the function of RTX attached on liposome compared
with free RTX. The result shown in Fig. 3a indicated that free RTX and
Lip/RTX exhibited the comparable activity meaning that the function of
conjugated RTX remained equivalent to free RTX. The attachment of
RTX on liposomes did not promote the RTX function via cellular uptake.
This may be due to the binding mechanism of RTX in killing cancer cells.
RTX binds to the FcyRlIlla receptor indulging the antibody-dependent
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Fig. 1. TEM image of Lip/- (a) and Lip/RTX (b). The images were monitored by TEM at 120 kV and 80000x magnification level. The100 nm scale bar was indicated

at the bottom right of each image.
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Fig. 2. Lip/RTX internalization in Raji cell comparing with Lip/-. The signal intensity was quantified by flow cytometry. Liposome samples were stained by dil dye
and incubated in Raji cell for 0.0, 0.5, 1.0 and 2.0 h. a.) & b.) Histograms indicated the mean fluorescence intensity of liposome samples uptake by Raji cells at 0.5 h
(a.) and 1 h (b.). c.) Quantitative ratio of cellular uptake calculated from mean intensity at * **p < 0.001.

cell-mediated cytotoxicity (ADCC) response [4,12]. Therefore, the cell
entry pathway of both Lip/RTX and free RTX operated on RTX as a
targeting ligand which provided the same function as a therapeutic
antibody. Furthermore, the percentage of cell viability was observed to
examine therapeutic effect of Lip/RTX and compared with unconjugated

liposome, Lip/-. The lipid contents of Lip/- and Lip/RTX were varied in
10 folds dilution ranging from 2 x 10™* to 2 x 10? pg/ml to treat Raji
cells for 24 h. The unconjugated liposome did not display cell toxicity
traits in Raji cells as the viability was higher than 80%. In contrast, RTX
conjugated liposome could induce cell toxicity in a dose-dependent
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a MTT assay, Raji
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Fig. 3. a Percentage of Raji cell viability determined by MTT assay post-incubation of free RTX (gray bar) and Lip/RTX (black bar) for 24 h. The assay was done at
the varied RTX concentration ranging from 0 to 400 ng/ml.Fig. 3b. Examination of therapeutic effect of Lip/RTX compared to Lip/-. The data presented cell viability
evaluation from MTT assay. Raji cells were exposed to Lip/- and Lip/RTX at different phospholipid concentrations from 0 to 2 x 10 ug/ml for 24 h. White bars

represent Lip/- while black bars represent Lip/RTX.

manner. The significant differences (***P < 0.001) were evaluated in
the higher concentrations of lipid content (2 x10' to 2 x10% ug/ml,
which were equal to RTX concentration of 72 ug/ml to 720 pg/ml,
respectively), where the cell viability remained less than 80% (Fig. 3b).
This result indicated that Lip/RTX could disturb lymphoma cell survival
rate at the concentration of RTX greater than 72 pg/ml.

3.5. Inhibition of tumor aggressiveness by Lip/RTX

Inhibition of tumor aggressiveness by Lip/RTX was examined and
compared with the free-RTX using cell migration an invasion assay. The
migrated cells in the lower compartment were stained to be observed
under microscope and quantified (Fig. 4). Both free RTX and Lip/RTX
significantly limited migration and invasion of Raji cells from upper to
lower chambers. The activity of RTX against cell migration/invasion was
not affected by the liposome conjugation.

3.6. Determination of gelatinase activity in Raji cells

Gelatinases such as matrix metalloproteinase 2 (MMP-2) and matrix
metalloproteinase 9 (MMP-9) are essential in migration and invasion of
cancer cells in a metastatic pathway. These proteins degrade extracel-
lular matrix as a prerequisite for cancer cell invasion giving rise to
metastases [36,38]. High expression of MMP-9 but not MMP-2 corre-
lated with aggressiveness and poor survival in patients with B-cell
lymphoma [31]. We demonstrated that rituximab (both free and
liposome-conjugated) reduced aggressive phenotypes (migration and
invasion) of lymphoma cells (Fig. 4). We hypothesized that down-
regulation of gelatinases, particularly MMP-9, in lymphoma cells might
represent a mechanism of rituximab-mediated inhibition of cell migra-
tion/invasion as rituximab was also shown to downregulate MMP-9 in
serum and lymphocytes from patients with rheumatoid arthritis [16,34].
Therefore, the gelatinase activity assay was performed. The gelatin
embedded in a polyacrylamide gel exposed the activity of secreted
MMP-9 and MMP-2 gelatinase enzymes as clear bands distinct from the



N. Thumrongsiri et al.

a.)

Control RTX

Control RTX

Biomedicine & Pharmacotherapy 150 (2022) 112979

Cell invasion

ke
2100
3 80
o
T 60
o
T 40
k]
e 20
3
g oL L
. < ctrl RTX  Lip/RTX
Lip/RTX
Cell migration
T
3 300
5 L
o
3 200
o
T
5 100
t
=]
o
E O .
< ctrl RTX  Lip/RTX

Lip/RTX

Fig. 4. Cell invasion and migration analysis. Raji lymphoma cells were treated with RTX and Lip/RTX for 6 h at a RTX concentration of 80 pg/ml. Cells in lower
chamber were stained with Hoechst and observed under optical fluorescence microscope at 40x magnification. The scale bars of 500 pm were indicated. a.) Cell
invasion b.) Cell migration c.) Quantitative signal of cell invasion and d.) Quantitative signal of cell migration.

background after Coomassie blue staining. The degradation signal of
MMP-9 derived from Lip/RTX was lower than those from control and
free RTX. (Fig. 5). The mechanism of reduction of MMP-9 activity in
Lip/RTX more than free RTX was unclear but a plausible explanation
may be that Lip/RTX was associated with greater cell internationaliza-
tion than free RTX rendering higher inhibition of MMP-9 activity.

The MMP-2 signals were similar in control, free RTX and Lip/RTX,
which was in line with previous studies [16,34]. Owing to the ability to
cross BBB and the anti-lymphoma activities of Lip/RTX as shown in the
in vitro studies, we then performed an in vivo study to evaluate thera-
peutic efficacy of Lip/RTX in mice bearing intracranial human lym-
phoma xenografts.

3.7. In vivo study using mice bearing intracranial lymphoma xenografts

In vivo study was performed to demonstrate the effect of targeted
liposome, Lip/RTX, on the survival of mice bearing intracranial

M 1 2 3
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~135
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Fig. 5. Gelatinase activity analysis on SDS-PAGE from Raji cell condition media
at 24 h. M = Marker, 1 = Control, 2 = RTX and 3 = Lip/RTX.

lymphoma xenografts. The PCNSL xenograft model was established in
mice (N = 12) via intracranial injection of Raji cells. The survival times
of mice with PCSNL were measured after systemic (tail vein injection)
administration of PBS (N = 4), free RTX (N = 4), or Lip/RTX (N = 4)
injection (Fig. 6). The median survival times were 7, 19 and 61 days for
PBS, free RTX and Lip/RTX, respectively. Treatment with Lip/RTX was
associated with significant survival benefit when compared to PBS or
free RTX (log-rank P < 0.0021). This result confirmed the benefit of Lip/
RTX over free RTX in a mouse model of PCNSL. In this study, tween80-
containing liposome was rendered as a nanocarrier to overcome the
limitation of RTX delivery across BBB. As supported by other studies,
incorporation of tween80 in nanoparticle composites promotes BBB
penetration though the binding of tween80 and receptor on astrocytes
[9,14]. After injection, tween 80 containing liposomes were adsorbed
onto the astrocyte through the binding of apolipoprotein E (apo E) [17]
and interacted with low-density lipoprotein (LDL) receptor which then
resulted in endocytosis of liposome into the cell [18].

In addition, the incorporation of PEG could reduce the mononuclear
phagocyte system (MPS) uptake and decrease liposome and hydropho-
bic interaction in blood. By this approach, bioavailability of drug would
be enhanced ([14]). Taken together, our Lip/RTX formulation success-
fully enhanced blood brain barrier penetration of RTX which intensifies
the therapeutic efficacy allowing the mice bearing PCNSL to survive
longer.

100 Lip/RTX

RTX

Log-rank test
P =0.0021

PBS

Percent survival
(3]
o
(IS T Y )

0 T T T
20 40 60

Survival

L}
80 Days

o

Fig. 6. Survival of mice bearing intracranial lymphoma xenografts after sys-
temic administration of PBS, free RTX and Lip/RTX.
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4. Conclusion

Our study demonstrated that the liposome-conjugated RTX was
associated with greater survival benefit than free RTX in mice bearing
intracranial lymphoma. The ligand-targeted liposome was composed of
the principal component of the lipid bilayer alongside Tween 80 for
steric stabilization and elasticity to cross the BBB. MPB-PE on the surface
of liposome enabled the conjugation of antibodies or peptides and the
liposome. In this case, PE-PEG improved liposome stability in blood
circulation and the anti-CD20, RTX, on the surface led to the enhance-
ment of cell targeting and therapeutic efficacy. This liposomal nano-
delivery system is prospected to improve the drug transportation for
treatment of not only PCNSL but also other neurologic disorders such as
neurodegenerative diseases and autoimmune neurologic disorders.
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