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ABSTRACT

Recombinant interleukin-2 (IL-2) was strongly and almost completely adsorbed onto

small and hydrophobic liposomes by simple mixing under optimal conditions

(liposome: DSPC-DSPG; molar ratio, 10:1; 30–50 nm in size, ratio of IL-2 to liposome:

4.0 JRU/nmol lipid). This liposomal IL-2 displayed better distribution after intravenous

administration in mice and improved therapeutic effect against experimental M5076

metastases, as reported previously.[1] In this study, the elimination of IL-2 from the

dosing area was investigated when the liposomal IL-2 was administered to mice

subcutaneously. The results suggest that the release of IL-2 from this liposome was

continuous and almost complete. The mean residence time (MRT) of IL-2 in the

dosing area was 11.0� 1.65 hr. This resulted in the 8-fold times enhancement of

MRT in the systemic circulation by the presence of liposomes, and IL-2 was detected

in the serum for 2 days. Using this liposomal IL-2 is expected to have the potential to

decrease the number of injections and enhance the efficacy of IL-2 in immunotherapies

and therapies against tumor.
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1. INTRODUCTION

Liposomes can incorporate hydrophobic or
hydrophilic compounds in lipid bilayers and are often
used as drug carriers because they are non-toxic and
biodegradable materials.[2–5] By using mice, we
showed the efficacy of liposomal IL-2, a simple
mixture of recombinant interleukin-2 (IL-2) and
liposomes. This preparation could enhance the
duration time in the systemic circulation and the
delivery of IL-2 to the liver and spleen after
intravenous administration, thus resulting in
improvement of the therapeutic effect against
experimental metastases of M5076.[1,6,7] Interleukin-2
is one of cooperative and not cyto-cidal cytokines,
but it has been used in treatments for many kinds of
cancer and in immunotherapies.[8–14] Treatment using
subcutaneous administration of IL-2 is now
performed in clinical studies.[16–18] The efficacy of its
direct injection into tumor (melanoma) has also
been reported.[15] In this study, liposomal IL-2 was
administered subcutaneously to mice, and the release
of IL-2 into the systemic circulation and its
elimination from the dosing area were investigated.
Interleukin-2 was released to the systemic circulation
from under the skin, continuously.

2. MATERIALS AND METHODS

Materials

The commercial formulation (Imunace�35,
350,000 JRU/vial) of IL-2 was a product of Shionogi
& Co., Ltd. (Osaka, Japan). Distearoyl-L-�-phospha-
tidylcholine (DSPC) and distearoyl-L-�-phosphatidyl-
glycerol (DSPG) were obtained fromNichiyu Liposome
Co., Ltd. (Tokyo, Japan). Tertiary butyl alcohol and
maltose were purchased from Kanto Chemical Co.,
Inc. (Tokyo, Japan). NaCl, maltose, NaH2PO4, and
Na2HPO4�H2O were purchased from Nacalai Tesque
Inc. (Kyoto, Japan). These reagents were all of analy-
tical grade. Dulbecco’s phosphate-buffered saline
(PBS, Caþ2 and Mgþ2 free) was purchased from Nissui
Pharmaceutical Co., Ltd. (Tokyo, Japan). Triton-
X100 was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). The H2O used was
of injectable grade and obtained from Otsuka
Pharmaceutical Co., Ltd. (Tokyo, Japan).

Methods

Liposomes (30–50 nm) were prepared by using a
Nanomizer (Sayama Trading, Tokyo, Japan) as

reported previously.[19] The liposome size was
determined by a quasi-elastic light-scattering method
using a submicron particle analyzer (Model N4,
Coulter Co., Ltd., FL, USA).

Liposomal IL-2 was prepared as a simple mixture
of DSPC-DSPG liposome suspension (molar ratio,
10:1; 30 mmol/mL liposome) and Imunace� (IL-2
lyophilized). The mixture ratio selected was about
6 JRU/nmol lipid, which was the ratio for high
association % between DSPC-DSPG liposomes and
IL-2, as reported previously.[7]

Five-week-old male mice (BDF1) were obtained
from Japan, SLC Inc. IL-2 (1.5� 106 JRU/kg) or
liposomal IL-2 (1.75� 106 JRU/kg, 300 mmol
lipid/kg) was administered subcutaneously into
the back of the each mouse anesthetized with
diethyl ether. Whole blood was taken from the
heart of an anesthetized mouse at each sampling
time (1, 3, 6, 12, 24, 48, and 72 hr). The serum was
obtained by centrifugation (3000 rev/min, 10min)
and diluted with PBS solution [containing Triton-
X100 (2% w/v)] used for IL-2 immunoassay. The
tissue of the dosing area (about 2 cm� 2 cm) under
the back skin of the mouse was cut off and prepared
as 10% homogenates with PBS solution (containing
Triton-X100 (2% w/v)] for IL-2 assay. The percent
recovery was calculated by using the amount
recovered immediately after the subcutaneous
administration of the same dose.

The concentration of IL-2 was determined by the
immunoassayusing theELISAsystem (BIOTRAKTM,
human IL-2) obtained from Amersham Int. Plc.
(Buckinghamshire, England). The concentration of
phosphatidylcholine was determined by an enzyme
method using a PL assay kit obtained from Nippon
Shoji Co., Ltd. (Osaka, Japan).

3. RESULTS AND DISCUSSION

Figure 1a shows the time course of percent
recovery of IL-2 from the dosing area after subcuta-
neous administration of liposomal IL-2 to mice. The
serum concentration profiles were shown as a
reference at the same time comparing with that
of free IL-2 (Fig. 1b).[7] Table 1 summarizes the
pharmacokinetic parameters after the subcutaneous
administration of liposomal IL-2 and free IL-2 to
the mice.

Free IL-2 was eliminated from the systemic
circulation very quickly after intravenous and
subcutaneous administration, and the mean residence
time (MRT) was calculated as 0.2 hr and 1.7 hr using
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with non-compartmental method, respectively.[7]

On the other hand, liposomal IL-2 could control
the release of IL-2, and the MRT of IL-2 was
enhanced to 12.8� 6.33 hr. The MRT of IL-2

remaining in the dosing area was calculated to be
11.0� 1.65 hr after administration of liposomal IL-2.
The MRT of free IL-2 was not evaluated, but it is
clear from the results of the serum concentration that
the MRT was enhanced by the presence of liposomes.
The MRT of liposomal IL-2 in the dosing area was
almost equal to that of the serum concentration. This
suggests that the mean absorption time (MAT) of
IL-2 from under the skin to the systemic circulation
would be very fast. The enhancement of the deposit
time of IL-2 in the dosing area is considered to be
about 8-fold longer from the results of the serum
concentration.

The bioavailability of IL-2 after subcutaneous
administration of free IL-2 and liposomal IL-2 was
94% and 80%, respectively, which was determined
as percent from the AUC (area under the serum
concentration) after subcutaneous administration,
with reference to the similar data after intravenous
administration of free IL-2 reported previously.[7]

The bioavailability after subcutaneous adminis-
tration of liposomal IL-2 was very high.

The AUCs of the two formulations were almost
equal. However, the maximum serum concentration
of IL-2 was decreased to 1/7 with this liposomal IL-2.
The maximum serum concentration of IL-2 after
subcutaneous administration of liposomal IL-2 was
much lower than that after intravenous administra-
tion. The side effects of IL-2 at a high dose and their
alleviation by the incorporation in liposomes were
reported for the intravenous administration.[2,20]

Treatments by low-dose subcutaneous administration
and continuous infusion of IL-2 have been done in
clinical studies.[18,21] Suitable enhancement of the
duration time and a decrease of the maximum
serum concentration are often meaningful in the
point of decrease of toxicity.

Table 1. Pharmacokinetic parameters of IL-2 in serum and the dosing area after subcutaneous administration to mice.

Sample N

Serum Dosing

area

Cmax AUC0–48 hr MRT Bioavailabilitya MRT

(%dose/mL) (%dose hr/mL) (hr) (%) (hr)

Free IL-2 2 1.88 2.71 1.71 94 NE.b

Liposomal IL-2 3 0.27� 0.06 2.29� 1.32 12.8� 6.33 80 11.0� 1.65

Pharmacokinetic parameters of IL-2 in serum and remaining in the dosing area were calculated by using with non-

compartmental method after subcutaneous administration of free IL-2 and liposomal IL-2. Dose of free IL-2: 1.5�
106 JRU/kg, (N¼ 2), dose of liposomal IL-2: 1.75� 106 JRU/kg, 300 mmol lipid/kg, liposome: DSPC-DSPG, 10:1, (N¼ 3).
aBioavailability was calculated by the data of intravenous administration of free IL-2 reported previously.[6] Dose of IL-2:

5� 105 JRU/kg, AUC(0�1) in blood: 2.87% dose hr/mL.
bNE: not evaluated.
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Figure 1. (a) Time course of percentage of IL-2 remaining

in the dosing area after subcutaneous administration of

liposomal IL-2 to mice. Dose of liposomal IL-2:

1.75� 106 JRU/kg, 300mmol lipid/kg, liposome: DSPC-

DSPG, 10:1, (N¼ 3). The recovery at time 0 represents

100%. (b) Time courses of serum concentration of IL-2

after subcutaneous administration of free IL-2 and liposo-

mal IL-2 to mice. Dose of free IL-2: 1.5� 106 JRU/kg,

(N¼ 2), dose of liposomal IL-2: 1.75� 106 JRU/kg,

300 mmol lipid/kg, liposome: DSPC-DSPG, 10:1, (N¼ 3).
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Usually, liposome is used as a carrier, with drug
inside or between its lipid bilayers. However,
continuous and complete release of drug from
liposomes is thought to be difficult. Sometimes, a
part of the incorporated in liposomes is remaining
after the end of a continuous release. Our liposomal
IL-2 is a simple mixture of lyophilized IL-2 and lipo-
some suspension which were prepared separately.
Thus, IL-2 is not incorporated into the liposomes
but adsorbed on the surface of them. Our results
suggest also that IL-2 is stable on the surface of the
liposomes and under the skin. That results in the
continuous and almost complete release and a signif-
icant enhancement of the duration time of IL-2 in the
dosing area. We have preliminary results about the
antitumor effect in mice bearing M5076 after the
multiple administrations of free IL-2 subcutaneously
(data not shown). This effect is supposed to cause
by the continuous release of IL-2 to the systemic
circulation.

On the other hand, direct injection of IL-2 into a
tumor (melanoma) has also been reported.[15,22] It is
easy to prospect that the elimination of IL-2 from the
tumor would be very fast. So, using this liposomal
IL-2 is expected to improve the therapeutic effects or
decrease the number of injections, because liposomal
IL-2 can enhance the duration time in the dosing area.

4. CONCLUSION

Liposomal IL-2 (mixture of Imunace�, 350,000
JRU, and 2 mL of liposome suspension), prepared
separately [DSPC-DSPG (10:1), 30–50 nm in size,
30 mmol/mL] improved the duration time in the
systemic circulation of IL-2, when administered to
mice subcutaneously. The MRT of this liposomal
IL-2 was enhanced to about 8 times that of free
IL-2. This enhancement of the duration time of
liposomal IL-2 in the dosing area is the potential to
improve the therapeutic effect of IL-2 in the local
therapies against tumor.
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