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1. Introduction

Liposomes have been expected as a potential
candidate of drug carriers to deliver drugs into
specific tissue or organ after intravenous injection.
However, it may be actuality that satisfactory re-
sults have not been obtained because of their up-
take by the mononuclear phagocyte system (MPS),
instability in the blood and other obstacles for
clinical use. I will present a possibility of liposo-
mes as 3 potential drug carrier in this meeting.

It has been well known that liposomes are pha-
gocytosed after intravenous injection by macro-
phages and monocytes which form the MPS, and
that activated these cells show nenspecific cytoto-
xicity against tumor ceils.? Recently, much atten-
tion has been paid to an attempt to activate these
cells with liposomes incorporating activating age-
nts such as v-interferon, muramyl .dipeptide
(MDP) and other hiological response modifier
(BRM) for eradication of tumor metastasis.¥ Rece-
ptor recognizing the terminal mannose residues
was known on the surface of the liver macropha-
ges (Kupffer cells),” therefore it is expected that
surface modification of liposomes with monnose
improve the effect of activation of the macropha-
ges® We investigated biological disposition of li-
posome modified with cetylmannoside” after int-
ravenous injection in rats and interaction of the
liposomes with human peripheral monocytes.

2. Characteristics of Liposomes

Liposomes used in this study are multilamellar
vesicales (MLV) sized by extrusion technique®
with polycarbonate membrane (0.8 ym) and smail
unilamellar vesicles (SUV) prepared by ultrasoni-
cation. Liposomal size was determined by a laser
light scattering instrument (LPA-3000, Otsuka
Electronics, Osaka). Lipid composition of the lipo-
somes is cetylmannoside (Man), hydrogenated egg
phosphatidylcholine - (PC), dicetylphosphate (DCP)
and cholesterol (CH) in a molar ratioof 3:2:1:
4 (Man-MLV and Man-SUV). Control liposomes
are composed with PC/DCP/CH in a molar ratio
of 5: 1 4 (PC-MLV and PC-SUV). Characteristics
of the lioposomes are shown in Table 1. Size of
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Table I— Characteristics of Liposomes

Lipid compositions” Mean diamet- Encapsulation ratio

(PC:Man:DCP:CH) ers’(nm) of [PHlinulin(%)
PC-MLV(5:0:1:4) 793+ 31 203+ 1.2
Man-MLV(2:3:1:4) 828+ 53 271+ 097
PC-SUV(5:0:1:4) 73+ 4 23+03
Man-SUV(2:3:1:4) 68+ 4 1.9+ 03

“Molar ratio. ¥ Liposome size was determined by dyna-
mic laser light scattering instrument. “Significant diffe-
rence from PC-MLV at p<0.01. Each value represents
the meant S.E. of three experiments.
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Figure 1—Time courses of blood concentrations of
[*H]inulin as an aqueous marker of lipo-
somes after intravenous administration to
rats. Liposomes were injected at a dose
of 125 umol/kg. Each value represents the
meant SE. of three rats. Symbols; PC-
MLV (closed circle), Man-MLV (open cir-
cle), PC-MLV (closed square), Man-SUV
(open square).

liposomes was considered to affect their biological
disposition? The characteristics of both types of
liposomes are very similar between modified and
control liposomes as shown in this table.

3. Disposition of Liposomes?

Elimination of [®*Hlinulin as an aqueous mar-
ker of liposomes from blood and urinary excretion
after iv injection are shown in Fig.1 and Fig 2,
respectively. The elimination indicates tissue dis-
tribution and degradation in the blood, and the
urinary excretion indicates instability of liposomes
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Figure 2—Time courses of cumulative urinary excre-
tions of [*Hlinulin as an aqueous marker
of liposome after intravenous administra-
tion to rats. Liposomes were injected at
a dose of 125 pymol/kg. Each value repre-
sents the mean+t SE. of three rats. Sym-

Is are the same as those in Fig. 1.
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Figure 3—Organ distribution of [*HJinulin encapsu-
" lated in Man-MLV and SUV 2h after int-
ravenous administration to rats. Liposomes
were injected at a dose of 125 umol/kg.
Each value represents the meant S.E. of
three rats. Significant differences from PC-
MLYV; *, p<0.05, **, p<0.01. Symbols; PC
liposomes (closed column), Man liposomes
(open column).

in the body.? Tissue distribution 2hr after injec-
tion are shown in Fig. 3. These results demonst-
rate that Man-MLV accumulate in the liver more
than PC-MLYV, nevertheléss they are‘less stable
in the body. Uptake clearances of liposomes by
the organs are shown in Table II. About 4-fold
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Table II—Pharmacokinetic Parameters of PC-MLV
and Man-MLV

Parameters PC-MLV Man-MLV
AUC,- 2 (%dose * 218.34 +23.49 83.69+ 4.849
min/mJ)
AUGC -, (%dose * 23991 + 3048 90.32+ 4.62¢
min/ml)
MRT  (min) 4358 + 4.31 34.24+ 265
Vdgs (ml) 1830 + 0.68 38.22x 4.21¢
CLiz (ml/min) 0429+ 0005 1.113%0.057%
CLnepatic {(ml/min) 0.135t 0.008  0.619% 0.030¢
CLspteen  (md/min) 0068+ 0010 0.068% 0.007
CLiena  (m!/min) 0.104= 0.002 0367+ 0.053%
CLoher {(m!/min) 0.123+ 0.042  0.059+ 0.082

“Significant difference from PC-MLV at p<0.01. Each
value represents the meant SE. of three rats.

higher affinity to the liver of Man-MLV was obse-
rved comparing with PC-MLYV, however the modi-
fication did not increase the affinity to the spleen.
The effect of mannose modification was not obser-
ved on the disposition of SUV, and it seems to
be limitted in the phagocytosis by macrophages.

4. Intercellular Distribution of Liposomes
in the Liver"

The liver is composed with cells of mainly three
types, those are parenchymal cells, Kupffer cells
and endothelial cells, and latter two types-are cal-
led as non-parenchymal cells. To investigate accu-
rate cellular distribution, complete separation and
high recovery of these cells are needed, however,
it may be difficult to satisfy these requirements
with present technique. In this study, the cellular
distribution was estimated by the radioactivity in
the four fractions separated by differential centri-
fugation 2hr after injection of the MLV. Distribu-
tions of the cells in the four fractions are shown

‘in Fig. 4 and Fig. 5 shows liposomal uptakein each

fraction. The highest radioactivity was found in
the Kupffer cell rich fraction. Since the large lipo-
somes can not go through the liver sinusoidal fe-
nestrations, and endothelial cells’ are not able to
phagocytose large particles, the radioactivity ’f&qu
in these fractions seems to be due to-the uptake
of the liposomes by the Kupffer cells.
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Figure 4—Cell population of four subfractions by dif-
ferential centrifugation of liver cells. Each
value represents the meanst SE. of six
rats. Symbols; hepatocytes (open column).
Kupffer cells (hatched column), endothelial
cells (closed column).
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Figure 5—Effect of Man-modification on cellular dis-
tribution in the liver of MLV 2h after int-
ravenous administration to rats. Liposomes
were injected at a dose of 125pmol/kg.
Fraction 1 (Fr. 1), fraction 2 (Fr. 2), frac-
tion 3 (Fr. 3) and fraction 4 (Fr. 4) were
centrifuged at 40Xg, 70Xg, 140Xg and
850X g, respectively. Liposomes were inje-
cted at a dose of 125 pmol/kg. Each value
represents the meant SE.. of three rats.
Significant difference from PC-MLV; *, p<
0.05, **, p<0.01. Symbols; are the same
as those in Fig3.

5. Uptake Mechanism of Man-MLV by
Non-Parenchymal Cells

To investigate the uptake mechanism of Man-
MLV, suspended non-parenchymal cells were
used. Fig.6 shows the effects of pre-treatments
of plasma on the uptake. Man-MLV showed about
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Figure 6—Involvement of complement on uptake of
PC-MLV and Man-MLV by non-parenchy-
mal cells. Non-Parenchymal cells (2X10¢
cells/vial) were incubated for 2h in me-
dium with PC-MLV (0.5 ymol/mJ, closed
column) or Man-MLV (0.5 pmol/m/. open
column) containing [*HJinulin in the pre-
sence or absence of 5% fresh plasma. 5%
pre-heated plasma or 5% C3 minus serum.
Each value represents the mean* SE. of
three separate experiments.

2 times higher uptake than PC-MLV in fresh pla-
sma. These results suggest that plasma compone-
nts are indispensable for the uptake of both types
of MLV in vivo. C3 deficient plasma and plasma
pre-heated at 56C for 30 min were unable to inc-
rease the uptake. Some contributions of comple-
ment system on the uptake in vivo were suspected
from these results. Uptake of liposomes pre-incu-
bated with plasma (opsonized liposomes) was
inhibited by addition of EDTA as shown in Fig. 7.
The Kupffer cells have two complement receptors
for C3b, i.e. CR1 and CR3, the latter demand Ca?*
and former does not for phagocytosis.'® It is sug-
gested, Therefore, that liposomes used in this ex-
periment were opsonized with €3 and then taken
up by the Kupffer celis via CR3 (not mannose
receptor) in vivo. Although liposomes containing
Man-MLV were expected to deliver BRM to de—
ffer cells via mannose receptor as othér mannose
modified liposomes,5!Y at the first stage of this
work. It has become apparent in this study that
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Figure 7—Effect of EDTA or EGTA/MgCl,, treat-
ment on uptake of pre-opsonized PC-MLV
and Man-MLV by non-parenchymal cell.
Liposornes were opsonized by incubating
with fresh rat plasma 37C for 30 min.
Non-Parenchymal cells (2X10° cells/vial)
were incubated for 2h in medium with
pre-opsonized PC-MLV (0.5 umol/m!, clo-
sed column) or Man-MLV (0.5 umol/m/,
open column) containing [*HJinulin in the
presence or absence of 3m/ EDTA or
EGTA/MgCl. Each value represents the
meant S.E. of three separate experiments.

the liposomes are opsonized with complement co-
mponent (C3) and then phagocytosed by Kupffer
cells via complement receptor (CR3). It has been
reported that predominant receptors for phagocy-
tosis of Kupffer cells are complement receptor and
those of spleen macrophages are Fc receptor.'?
This is considered as the reason for that Man-
MLV showed the higher affinity to the liver and
not to the spleen. On the other hand, contribution
of other mannose specific plasma protein (e.g. ma-
nnose binding protein, MBP), which has property
to activate alternative complement pathway,'® are
also considered, because of the higher uptake of
Man-MLV than PC-MLV.

6. Cytotoxicity of Monocytes Treated with
Man-MLV Containing MDP?

Although the ultimate purpose of this study is
the activation of the Kupffer cells, it is difficult

Modified with Cetylmannoside to Mononuclear Phagocyte System
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Figure 8—Enhancement of monocyte-mediated cyto-
toxicity by norMDP encapsulated in Man-
MLV. norMDP (20 pg/m/) diluted with
RPMI 1649 medium was entrapped in PC-
MLV or Man-MLV. Free ncrMDP (open
square). PC-MLV (closed cirele) or Man-
MLV (open circle) encapsulated norMDP
at various concentration of lipids was in-
cubated with 1X10° monocytes for 24h.
Then the cells were washed and their cy-
totoxicity against labeled A375 melanoma
cells was assayed at and E/T ratio of 10:
1. Incubations were terminated 72h later.
Cytotoxicity on tumor cells was determi-
ned as a percentage of that of untreated
monocytes.

to use resident macrophages for in vitro experme-
nts, because of their spontaneous activation during
isolation processes. Human peripheral monocytes
purified by elutriation technique'® were used for
the investigation of the biological responses sti-
mulated by the liposomes. Cytotoxicity of the mo-
nocytes activated with liposomes containing des-
methyl-muramyl dipeptide (norMDP) against hu-
man melanoma cells (A375) was shown in Fig. 8.
The monocytes were rendered tumoricidal activity
by in vitro treatment with much lower concentra-
tion of norMDP in Man-MLV than of free nor-
MDP. PC-MLV containing norMDP also activated
the monocytes to the tumoricidal state, but were
less effective than Man-MLV containing that. This
result presents a possibility to activate the cells
of MPS to tumoricidal state by treatment with
Man-MLV containing BRM.
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Figure 9—Prolongation of monocyte survival by M-
CSF encapsulated in Man-MLV. Monocy-
tes (1X10° cells/well) were incubated for
the indicated periods in medium with free
M-CSF (5000 U/m/) or M-SCF (10 U/mi)
encapsulated in Man-MLV, and then the
monocyte survival was measured with
MTT assay. Each value represents the
meant S.E. of triplicate cultures. Data are
representative of three separate experi-
ments.

7. Longevity of Monocytes Treated with
Man-MLV Containing M-CSF?

Macrophage-colony stimulating factor (M-CSF)
has been known as a cytokine mediating the diffe-
rentiation of monocytes to macrophages.!® Effects
of Man-MLV encapsulating M-CSF on the monoc-
ytes was investigated in this study. As shown in
Fig. 9, free M-CSF showed growth of monocytes
at 5000 U/m/ and disappearance of the effect was
observed by washing out. On the other hand, M-
CSF encapsulated in Man-MLV showed survival
of the monocytes at 10 U/m/, and the effect was
maintained by the treatment for 4 days. Optical
micrographic observation revealed a morphological
difference of these cells. The cells treated with
free M-CSF showed cylindrical shape and ones
with liposomal M-CSF showed spherical shape as
shown in Fig 10. Monocyte-derived-macrophage
also showed the longevity by the treatment with
M-CSF in Man-MLV, and PC-MLV were less effe-
ctive. It is suggested that the prolongation of sur-
vival of monocytes by M-CSF in Man-MLYV is due
to the delivery of M-CSF to the cytoplasm of mo-
nocytes, allowing its interaction with intracellular
sites, and that intracellular disposition of Man-
MLV is different from that of PC-MLV. Growth

M-SCF (10 U/mi)
in PC-MLV

Free M-CSF M-SCF (10 U/ml)
(500 U/mJ) in Man-MLV
Figure 10— Differential effect of free M-SCF and M-
CSF encapsulated in Man-MLV against
monocytes. Monocytes were incubated

for 7 days in medium with free M-CSF,
PC-MLV or Man-MLV containing M-CSF.

" of monocytes is considered to be mediated by sig-

nals from cell surface receptors at high concentra-
tion of free M-CSF. Results obtained in this expe-
riment presented a possibility to control the cell
functions with liposomal BRM, which is different
from the functions mediated by free form.

8. Conclusions

In this work, we found that modification of
multilamellar liposomes with cetylmannoside
(Man-MLV) increases their uptake by the rat Ku-
pffer cells after intravenous injection, and reveals
the mechanism that the liposomes were opsonized
with plasma complement component (C3) and then
phagocytosed by the cells via complement receptor
(CR3). The effects were not observed for SUV
and it was suggested that liposomal size is impor-
tant factor for the uptake.

It became apparent that norMDP encapsulated
in Man-MLV were able to activate more effecti-
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vely human monocytes to tumoricidal state than
in PC-MLV or free form, and M-CSF in Man-MLV
were able to induce different function of the cells
from that by free form at lower concentration in
vitro.

These findings indicate, the potential values of
Man-MLV as carrier vehicles of BRMs for in vivo
activation of hurman monocytes and macrophages
to enhance the host’s defence system against infe-
ctions and cancer.
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