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ABSTRACT

We examined whether the macrophages in the liver, Kupffer cells,
could be activated to a tumoricidal state in a similar way as has been
described for other macrophage types. Kupffer cells were isolated by
centrifugal elutriation of pronase-treated rat livers. Incubation with highly
purified recombinant rat 7-interferon in combination with small amounts
of lipopolysaccharide or muramyldipeptide resulted in highly cytotoxic
macrophages, as measured against P815 tumor cells in a 18 h 5lCr-

release assay. Incubation of Kupffer cells with the stimulators entrapped
within liposomes, caused phagocytosis of the liposomes and subsequent
activation to tumor cytotoxicity, provided that both rat 7-interferon and
subthreshold doses of either lipopolysaccharide or muramyldipeptide
were encapsulated. The minimum amount of liposomal rat 7-interferon
that induced optimal activation was 0.5 I '/ml, while 6 ng/ml of liposomal

lipopolysaccharide or muramyldipeptide was required. Cytotoxicity of
Kupffer cells activated in this way, persisted for at least 48 h. Since
liposomes in circulation are readily cleared by the liver macrophages,
these findings may have therapeutic implications.

INTRODUCTION

Macrophages, when appropriately stimulated, can lyse neo-
plastic cells, while leaving normal cells unharmed (1-3). Stim
ulators can be bacteria or their products such as LPS3 (4, 5) or
MDP (6-8). Alternatively, macrophages are activated by prod
ucts secreted by lymphocytes such as MAP (9, 10) and 7-
interferon (IFN-7) (11-13) which is now accepted to be the
most important MAP (14-18). For optimal macrophage acti
vation, however, the synergism of two signals is required: MAP
or IFN-7 primes the macrophage so that it can be triggered to
a cytolytic response by subthreshold doses of a second signal,
such as LPS (10-21, 23), MDP (7, 22), or polyinosinic-poly-

cytidylic acid (24).
Encapsulation of activators in liposomes greatly enhances

their efficiency of macrophage activation (8, 13, 22, 24-26)
and, provided that the two types of activators are entrapped
within the same liposome preparation, synergism occurs too
(22, 24, 26). Systemic administration of liposomes containing
various immunomodulators can lead to tumoricidal macro
phages in situ, as has been demonstrated for alveolar macro
phages (25, 27). Repeated i.v. injection of those liposomes
induces regression of established mÃ©tastases(25, 27-29), indi
cating that activated macrophages may play an important role
in therapy of mÃ©tastases.
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Relatively large liposomes injected i.V., are predominantly
taken up by the resident macrophages in the liver (Kupffer cells)
(30, 31), which are present within the blood capillaries. There
fore, in analogy with other tissue macrophages, activator-con
taining liposomes might be able to activate the liver macro
phages to tumor cytotoxicity, if they are susceptible. If so,
cytotoxic Kupffer cells might influence the development of
mÃ©tastasesin the liver, a primary target organ for metastasis
formation by many tumor cell types (32). For these reasons, we
examined whether isolated rat Kupffer cells could be activated
to a cytolytic response by incubation with macrophage-activat
ing agents, entrapped within liposomes. In this paper, we dem
onstrate that Kupffer cells can be made tumoricidal by R-rIFN-
7 supplemented with small amounts of LPS or MDP, encap
sulated in the same liposomes. The findings suggest that acti
vation of Kupffer cells in situ is possible.

MATERIALS AND METHODS

Animals. Female WagRij rats (10-12 weeks old) were bred by TNO,
Rijswijk, The Netherlands and kept under specified pathogen-free
conditions; C57BL/6 mice were bred in our animal facility.

Agents Used for Macrophage Activation. LPS from Escherichia coli
0127:B8 was purchased from Sigma Chemical Co., St. Louis, MO.
MDP was from Calbiochem-Behring Corp., La Jolla, CA. Purified R-
rIFN-7 (33) was kindly provided by Drs. Schellekens and Van der
Meide, TNO, Rijswijk, The Netherlands. Supernatant containing MAF
activity was prepared by culture of rat spleen cells (5 x 106/ml) in
serum-free medium (described in Ref. 34), supplemented with 2 Mg/ml
Con A (type IV, Sigma) for 48 h at 37Â°C.The supernatant was harvested
by centrifugation for 20 min at 12,000 g at 4Â°C,filter sterilized,
aliquoted, and stored at -20Â°C.

Culture Medium. In all experiments, RPMI 1640 supplemented with
25 mM HEPES (GIBCO, Breda, The Netherlands), 10% heat-inacti
vated fetal calf serum (GIBCO), penicillin (100 lU/ml), and strepto
mycin (100 Mg/ml) was used.

Isolation of Kupffer Cells. Isolation was performed by a modification
of the method described by Knook et al. (35). The whole procedure
took place under sterile conditions. Rat livers were preperfused in situ
through the portal vein with Gey's balanced salt solution supplemented

with 25 mm HEPES (GBS-HEPES), followed by a perfusion with
GBS-HEPES containing 0.2% Pronase E (Serva, Heidelberg, Ger
many). The perfused liver was removed, cut into small pieces, and
incubated with GBS-HEPES supplemented with 0.2% Pronase E and
1 Mg/ml DNase (Sigma) on a magnetic stirrer for l h at 37Â°C.The

suspension was filtered through nylon gauze and the filtrate was cen-
trifuged and washed (300 g, 10 min) with GBS-HEPES containing
0.1% BSA. The cells were suspended in 17.5% (w/v) metrizamide
(Nyegaard and Co., Oslo, Norway) and centrifuged at 1500 x g for 15
min. The top layer, containing the nonparenchymal cells, was washed
and resuspended in 10 ml GBS-HEPES containing 0.1% BSA and 1
Mg/ml DNase. This cell suspension was subjected to centrifugal elutria
tion at 4Â°Cin a Beckman JE-6B rotor with a constant flow of 20 ml/

min and a stepwise decrease of rotational speed from 3000 to 1500
rpm, as described earlier (36, 37). This procedure resulted in a 80 to
90% pure Kupffer cell suspension as determined by endogenous per-
oxidase staining. The Kupffer cell suspension was plated at a density
of 3 x 10s cells/well of a flat-bottomed microtiterplate (Costar, Cam-
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bridge, MA) and incubated for 24 h at 37Â°Cin a humidified atmosphere

with 5% CO2 in air, after which nonadhering cells were removed.
Preparation of Liposomes. Liposomes were prepared essentially as

described by Kirsh and Poste (38). Phosphatidylcholine (Sigma) and
phosphatidylserine (Pharmacia, Uppsala, Sweden, or Supelco., Inc.,
Bellefonte, PA) dissolved in chloroform/methanol were mixed in a
ratio of 7:3. The mixture was dried thoroughly to a film under nitrogen,
dissolved in a minimal volume of cyclohexane, and lyophilized. The
dried lipid was then hydrated with phosphate-buffered saline containing
the compound to be entrapped, vigorously vortexed by shaking at room
temperature for 30 s, and allowed to stand for 30 s; the procedure was
repeated 10 times. The nonencapsulated material was removed by three
centrifugations at 100,000 x g for 15 min. Liposomes were used within
24 h after preparation. The amount of phospholipid in the final lipo
some suspension was determined by incorporation of trace amounts of
cholesteryl[14C]oleate (Amersham, UK) in the lipid bilayer. The volume
of the liposomes was determined by encapsulation of 'H-inulin (Amer
sham) and/or '"1-BSA and was 2.5 n\/pmo\ lipid.

Uptake of Liposomes by Kupffer Cells. Kupffer cells (3 x IO5)were

incubated in flat-bottomed microtiterplates with 200, 100, or 50 nmol
MC-labeled liposomes in 0.2 ml culture medium. After different time
periods, the wells were washed three times with phosphate-buffered
saline, the remaining cells were lysed with 0.5 N NaOH. and radioac
tivity was determined in a liquid scintillation counter. The amount of
liposomes taken up was calculated from the amount of radioactivity
initially added. To visualize uptake, Kupffer cell cultures, incubated
under the same conditions as described above, were fixed with 2%
glutaraldehyde in 0.067 M cacodylate buffer, pH 7.2, containing 1%
sucrose. These fixed cultures were prepared for transmission electron
microscopy as described earlier (39). Briefly, cultures were postfixed
with 1% OsO4, dehydrated, and gently scraped off the dish when in
propylene oxide. The cells were pelleted and embedded in Epon. Ultra-
thin sections were made and observed with a Philips EM 301 electron
microscope.

Macrophage Activation in Vitro. Kupffer cells (3 x IO5) were incu

bated in wells of a microtiter plate in 200 ÃŸlculture medium (control
cultures), medium containing different macrophage-activating agents,
or medium containing varying concentrations of liposomes. In some
experiments, peritoneal exÃºdate cells (3 x 105)/well), obtained from

C57BL/6 mice given i.p. injections of 2 ml thioglycollate (Difco Lab
oratories, Detroit, MI) 5 days previously were used as control macro
phages. These cells were allowed to adhere for l h at 37Â°C,after which

the wells were washed three times. Subsequently, they were treated as
described above. After incubation for 24 h at 37Â°C,the plates were
washed twice and P815 mouse mastocytoma cells [1 x IO4;previously
labeled for l h with 150 nCi Na2["Cr]O4 (Amersham, UK; specific
activity, 1 mCi/ng "Cr) and washed three times], were added to the
wells in 200 ^1 of culture medium. The microtiter plates were centri-
fuged at 700 x g for 3 min and incubated for 18 h at 37Â°C.Subsequently,
"Cr release was determined in 100 Â¿ilsupernatant and the percentage

of specific cytotoxicity was calculated with the formula:

x 100% (A)

where e is the experimental "Cr release in wells containing macro
phages and activators, s is the spontaneous "Cr release in wells con
taining control macrophages, and m is the maximal "Cr release in the
presence of 2% Triton X-100. Spontaneous release never exceeded 40%
of maximal release.

Measurement of Endotoxin Contamination. All reagents and media
were tested for endotoxin contamination in the Limulus amebocyte
assay (Coatest; KabiVitrum, Stockholm, Sweden) and were only used
when they were endotoxin negative (less than 0.1 ng/ml).

RESULTS

Activation of Kupffer Cells by Different Agents (Either Free
or Liposome Encapsulated). To examine whether rat Kupffer
cells could be activated to tumor cytotoxicity, various macro-
phage-activating agents were added to Kupffer cells in culture.

After 24 h, the cells were tested for cytotoxicity against P815
cells, a mouse mastocytoma cell known to be sensitive to
activated macrophages. Table 1 shows a representative experi
ment in which supernatant of Con A-stimulated rat lympho
cytes (containing MAP activity), supplemented with trace
amounts of LPS or MDP and highly purified R-rIFN-7 supple
mented with LPS, were tested. All combinations resulted in
activated liver macrophages, whereas LPS or MDP alone, in
the same concentrations as above had no effect. When these
combinations of factors were encapsulated in liposomes and
added to the culture medium, the Kupffer cells were activated
also. Table 1 shows the results obtained in the same represent
ative experiment.

To rule out the possibility that cytotoxicity was due to con
taminating NK cells, activity against the NK-sensitive YAC-1
cell was tested in a 4-h 5'Cr-release assay. Under the conditions
shown in Table 1, no activity against YAC-1 cells could be
detected (data not shown). As a routine, thioglycollate-elicited
peritoneal mouse macrophages were always included in the
experiments. Spontaneous MCr release of P815 cells after 18 h

incubation in the presence of nonstimulated Kupffer cells was
comparable to the spontaneous release in the presence of non-
stimulated peritoneal macrophages, indicating that isolated
Kupffer cells are not cytotoxic, when not stimulated (data not
shown).

Uptake of liposomes by Kupffer cells under the conditions as
described in Table 1 was determined by incubation with MC-

labeled liposomes. Fig. 1 shows uptake after different time
intervals. Depending on the lipid concentration used, 6-14%
of the liposomes added were taken up by the Kupffer cells
within 24 h. Uptake of liposomes by Kupffer cells was also
demonstrated with the use of electron microscopy: Fig. 2 shows
a detail of a Kupffer cell with liposomes inside a phagosome.

Activation of Kupffer Cells by 7-Interferon. Although not only
R-rIFN-7, but also the supernatant with MAF activity was able
to activate Kupffer cells, most experiments were done with the
highly purified R-rIFN-7, because IFN-7 is a more defined
lymphokine than the heterogeneous MAF preparations. Fig. 3
shows a representative experiment in which Kupffer cells were
incubated with 10-fold dilutions of R-rIFN-7 and the effect of
the addition of trace amounts (20 ng/ml) of LPS was tested. R-
rIFN-7 alone activated Kupffer cells and a maximum effect was
reached at 50 units/ml. In combination with LPS, synergism
was observed, which resulted in a higher cytotoxicity as com
pared to the effect of either of the two stimulators alone (LPS
by itself did not activate, not shown) and a higher maximum

Table I Activation of Kupffer cells by free and liposome-encapsulated factors

Liposome-encapsulated*

ActivatorsMAF
-1-LPSMAF
-1-MDPR-rIFN->

+LPSLPSMDPNoneFree-37

Â±5'62
Â±454

Â±61
Â±317Â±
10Â±0200

nmolNT*45

Â±866
Â±3NTNT2Â±2100

nmolNT30

Â±261
Â±6NTNT0Â±0

" Macrophage activators were added to the culture medium in the following

concentrations: Con A supernatant (MAF) 50%; LPS 20 ng/ml; MDP 10/jg/ml;
R-rIFN--y 250 U/ml.

* 100% MAF + 10 tig/mi MDP or 4000 U/ml R-rIFN--x + 10 Â»ig/mlLPS
were encapsulated in liposomes as described in "Materials and Methods." lipo-
somal concentrations: 25 ng/(imol MDP. 10 U/jimo! R-rlFN->. 25 ng/(imol
LPS. Kupffer cells (3 x 10*) were incubated with liposome doses as indicated.

'Percentage of specific cytotoxicity against P8I5 cells Â±SD of triplicate
cultures in an 18-h "Cr-release assay. This is one representative experimcm of
three.

' NT. not tested.
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Fig. I. Uptake of liposomes by KupfTer cells. l4C-labcled liposomes (50, â€¢;
100. Â»:200 nmol. A) were incubated with Kupffer cells (3 x lO'/culture) for the
time periods indicated. Uptake was calculated from the radioactivity measured in
the cultures after washing. A representative experiment of three is shown.

cytotoxicity. The same effect was found for the combination of
IFN-7 and 100 ng/ml MDP (representative experiment, see
Fig. 4). The synergistic effect was even more striking when the
factors were encapsulated within liposomes, as demonstrated
in a representative experiment in Table 2. Addition of lipo
somes containing either IFN-7 (5 U/j/mol) or MDP (25 ng/
ÃÃinol)or LPS (25 ng/Vmol) to Kupffer cells resulted in a
relatively low cytotoxicity, whereas incubation with liposomes
containing IFN-7 supplemented with either LPS or MDP re
sulted in highly cytotoxic Kupffer cells.

To determine the minimum amount of liposome-encapsu-
lated R-rIFN-7 required for optimal activation of liver macro
phages, 10-fold dilutions of IFN-7 were encapsulated within
liposomes together with a constant amount of a second stimu
lator (MDP or LPS) and added to 3 x IO5 Kupffer cells in

liposome doses ranging from 50 to 200 nmol. Fig. 5 shows a
representative experiment in which MDP (25 ng//umol lipid)
was used as the second agent. Under those conditions at least
200-nmol liposomes added in a volume of 0.2 ml and containing
0.5 U R-IFN-7/Mmol/pÃmoI lipid (liposomal IFN-7 concentra
tion, 0.5 U/ml) was needed for optimal activation. All three
liposome doses of the 10-fold-higher liposomal IFN-7 concen
tration (5 U/Vmol) resulted in optimal activation. Thus, a
minimum amount of 0.5 U/ml liposome-encapsulated R-rIFN-
7 was needed for efficient activation. The same was done with
the second agent as shown for MDP in a representative exper
iment in Fig. 6. Again, 10-fold dilutions of MDP were combined

Fig. 2. Detail of a Kupffer cell after 4 h incubation with liposomes under the
same conditions as described for Fig. 1. (Magnification x 13,750).
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Fig. 3. Activation of Kupffer cells by R-rIFN-7, either alone (A) or supple
mented with LPS (20 ng/ml) (*). After 24 h incubation, specific cytotoxicity
against P815 cells was measured in an 18-h "Cr-release assay. Bars, mean Â±SD.
One representative experiment of four is shown.

10 .

0.05 0.5 500 5000

R-IFN-V ( U/ml )
Fig. 4. Activation of Kupffer cells by K rll-'N -,. either alone (A) or supple

mented with MDP (100 ng/ml) (*). After 24 h, specific cytotoxicity against P815
cells was measured in an 18-h "Cr-release assay. Bars, mean Â±SD. One repre

sentative experiment of six is shown.

Table 2 Kupffer cell activation by liposomes containing R-rlFN-y and/or MDP
or LPS

Liposome-encapsulatedagentsR-rIFNV+

+
+MDP

or
LPSCMDP

LPStMDP

LPSgLipid0200

nmol70
Â±ld

78 Â±5
15Â±2
11Â±55Â±7

5Â±2100

nmol66

Â±5
66 Â±4
14Â±2
7Â±3
0Â±0
0Â±0

" Liposomes in a concentration as indicated were added to cultures of 3 x 10s

Kupffer cells and incubation took place for 24 h.
4 5 U encapsulated R-rIFN-i//^mol lipid.
' 25 ng encapsulated MDP or LPS/^mol lipid.
d Percentage of specific cytotoxicity against P815 cells Â±SD of triplicate

cultures in an 18-h "Cr-release assay. This is our representative experiment of

three.
' Phosphate-buffered saline was encapsulated.
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Fig. 5. Effect of varying concentrations of liposome-encapsulated R-rIFN--y
on cytotoxicity by Kupffer cells against P8I5 cells. Liposomes contained per
/imol lipid 25 ng MDP + R-rIFN--y 5 U (â€¢).5 x IO"1 U (D), 5 x 10~2 U (A), 5
x 10"' U (A). One representative experiment of three is shown.
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Fig. 6. Effect of varying concentrations of liposome-encapsulaled MDP on
cytotoxicity of Kupffer cells against P815 cells. Liposomes contained per /imo)
lipid 5U R-rIFN-i + MDP: 25 ng (â€¢).2.5 ng (D). 0.25 ng (A), or no R-rIFN->,
25 ng MDP alone (A). One representative experiment of two is shown.

Table 3 Variation in the requirement for second stimulator MDP, entrapped
within liposomes

Liposome-encapsulated
agentsR-rIFNV

MDP*+

2.5+

252.5teLipidiiiiiiMir200100200100200100200100200100Experiment

number176

Â±6"75
Â±8NTNT24

Â±620
Â±627
Â±412Â±215Â±714

Â±3247

Â±3**9Â±
565
Â±362
Â±6I5Â±515Â±615Â±214

Â±212Â±213Â±2

* 5 U encapsulated R-rIFN-i//Mmol lipid.
* Either 2.5 or 25 ng MDP/pmol lipid was encapsulated.
' Liposomes in a concentration as indicated were added to cultures of 3 x IO5

Kupffcr cells and incubation took place for 24 h.
''Percentage of specific cytotoxicity against P815 cells Â±SD of triplicate

cultures in an 18-h "Cr-release assay.
' Phosphate-buffered saline was encapsulated.

with a constant amount of R-rIFN--y (5 U///mol). In most

experiments, a liposome dose of 50 nmol containing 25 ng
MDP//xmol lipid appeared to be sufficient for optimal Kupffer
cell activation, as shown in Fig. 6. Thus, the minimum amount
of liposomal MDP was 6 ng/ml. An identical minimum amount
was found for LPS in combination with IFN--y in liposomes

(data not shown). It is to be noted, however, that some variation
occurred between individual Kupffer cell isolates. Sometimes,
a 10-fold lower concentration of the second agent appeared to
be optimal already. An example is shown in Table 3: in exper
iment no. 1 the combination of 5 U IFN--y with 2.5 ng MDP,

encapsulated within liposomes, was sufficient to activate Kupf
fer cells to optimal levels; in experiment no. 2 the same com
bination of IFN-7 and MDP resulted in activation, but not to

Time following
activation
period(h)Â°ActivatorR-rIFN-7

+LPS*Liposomes
(R-rlFN-^ + LPSf053'75242224485 7

" Kupffer cells, 3 x 105/culture were activated for 24 h, washed, and tested

immediately (0 h) or after 24 and 48 h against P815 cells.
* 400 U/ml R-rlFN-i supplemented with 20 ng/ml LPS was added to the

cultures.
' Percentages of specific cytotoxicity against P815 cells Â±SD of triplicate

cultures in an 18-h "Cr-release assay. This is one representative experiment of

four.
''SU R-rIFN-Y + 25 ng LPS//imol lipid was encapsulated; 100 nmol was

added.

maximum levels of cytotoxicity. This level was reached when
25 ng MDP/jumol lipid was combined with IFN--y (Table 3,

experiment 2). In all experiments empty liposomes had no
effect.

Duration of Tumoricidal Activity of Kupffer Cells in Vitro.
Next, it was tested how long Kupffer cells remained in the
tumoricidal state, in the absence of activators, after they had
been activated for 24 h by free or liposome-entrapped R-rIFN-
7 supplemented with a second stimulator. A representative
experiment in which LPS was the second activator is shown in
Table 4. Twenty-four h after removal of the activators, Kupffer
cells were still cytotoxic against P815 tumor cells, although
cytotoxicity was somewhat reduced as compared to the cytolytic
activity that was measured when the cells were tested immedi
ately. After 48 h cytotoxicity was lost (Table 4).

DISCUSSION

This paper describes the activation in vitro of isolated and
purified rat liver macrophages (Kupffer cells) to tumor cytotox
icity. Although numerous reports exist on activation of mac
rophages of both rodents and humans (1-13, 18-27), only a
few deal with activation ofKupffer cells (40-42). This is perhaps
due to the tedious procedures required to isolate these cells.
We chose the extensively described method of Pronase diges
tion of livers (35, 43), which has major advantages over the
frequently used collagenase method (44), such as the easy
removal of the vast excess of hepatocytes, which are selectively
destroyed, and the higher yield of nonparenchymal cells (40).
Moreover, endocytosis of cell debris by Kupffer cells is pre
vented during isolation, apparently because membrane recep
tors involved in endocytosis are lost by Pronase treatment.
They are restored, however, during overnight culture (40). The
centrifugal elutriation step resulted in a high yield of purified
viable Kupffer cells (35, 36). Pronase treatment did not appear
to artificially induce activation in Kupffer cells, as demonstrated
by the fact that in our experiments, the chromium release of
P815 tumor cells in the presence of nonstimulated Kupffer cells
was comparable to the one measured in cultures of nonstimu
lated peritoneal macrophages.

The present study demonstrates that rat Kupffer cells can be
made tumoricidal in vitro and that recombinant rat -y-interferon
is a potent Kupffer cell activator, especially when combined
with trace amounts of LPS or MDP (Table 1 and Figs. 3 and
4). Addition of activators, entrapped within liposomes, resulted
in phagocytosis of the liposomes by the Kupffer cells (Figs. 1
and 2) and subsequently to the induction of tumor cytotoxicity
(Tables 1 and 2). The simultaneous encapsulation of a second
stimulator was required, in our study provided by MDP or LPS
(Table 2 and Fig. 6). Incubation of Kupffer cells with only one
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of the two types of liposome-encapsulated stimulators resulted
in background levels of cytotoxicity (Table 2 and Figs. 5 and
6). Thus, for activation of Kupffer cells the same rules hold as
described for other macrophage types (7, 11, 19-28): for opti
mal activation, synergism of two types of stimulators is needed
(Figs. 3-5,6). The minimum amount of liposome-encapsulated
R-rIFN-7 that resulted in optimal activation of Kupffer cells
was 0.5 U/ml. At least 6 ng/ml of the second stimulator was
required. In some experiments, a 10-fold lower concentration
of the second agent was sufficient to activate the Kupffer cells.
Apparently, Kupffer cells isolated from individual animals are
not equally susceptible to these agents. The reason for this is
unclear. Perhaps these cells had already been exposed in situ to
bacteria and/or endotoxins.

In a previous study Cohen et al. (45) demonstrated the
presence of natural cytotoxicity in the rat liver and suggested
that Kupffer cells were responsible for this activity. In contrast,
in all our experiments Kupffer cells neither were, nor became,
cytotoxic without stimulation by activators. Recently, however,
Malter et al. (46) reported that a large part of this natural
activity could be attributed to nonmacrophage, NK-like effector
cells. NK-like activity was not found in our Kupffer cell cultures.

A recent paper by Xu et al. (41) reports on in vitro activation
of mouse Kupffer cells by LPS or crude lymphokine superna
tant. In the present study, we show that rat Kupffer cells can
be activated by the same agents, added not only in free form,
but also entrapped within liposomes. In addition, we demon
strate that incubation with free or liposome-encapsulated highly
purified R-rIFN-7, supplemented with small amounts of MDP
or LPS, results in highly cytotoxic Kupffer cells.

Because liposomes in circulation are readily cleared by the
macrophages in the liver (Refs. 30, 31; and Footnote 4) and
this study shows that Kupffer cells can be activated by liposome-
encapsulated activators in vitro, such liposomes could in prin
ciple be used to activate liver macrophages in vivo. Indeed, our
preliminary studies indicate that activation of Kupffer cells in
situ occurs after i.v. injection of rats with liposomes containing
R-rIFN-7 and MDP or LPS.5 Moreover, two recent studies

(42, 43) have shown activation of murine Kupffer cells in situ
by injection of the immunomodulators Propionibacterium
acnes, MTP-PE, or Bacillus Calmette-Guerin.

In an earlier publication we have shown that Kupffer cells
can encircle and phagocytize intact tumor cells shortly after
they have been arrested in liver sinusoids. This phenomenon
was found to be exclusive for only a few tumor cell types (47)
and therefore can probably not be exploited for therapy. We
now show, however, that Kupffer cells can be activated to a
tumoricidal state which enables them to kill tumor cells by a
nonphagocytic process, a property more likely to be exploitable
for therapy.

Taken together, the data shown in this study combined with
the preliminary ones indicate that it should be feasible to
activate the macrophages in the liver to tumor cytotoxicity in
situ by means of liposome-encapsulated recombinant rat y-
interferon and to examine whether activated Kupffer cells can
play a role in therapy of liver mÃ©tastases,similar to macro
phages in other organs (25, 27, 28).

While we were preparing this manuscript, a paper appeared,
written by Daemen et al. (48), on the activation of rat Kupffer
cells by free or liposome-encapsulated MDP in relatively high
concentrations in comparison to the concentrations used in our
experiments. The present paper confirms their results in that

' M. J. Stukart. A. Rijnseni. and E. Roos. unpublished observations.
; M. J. Stukart. A. Rijnsent. and E. Roos, unpublished results.

Kupffer cells can be induced to tumor cytotoxicity by liposome-
encapsulated activators. In addition, we have now shown that
activation of these macrophages can also be induced by the
combination of low concentrations of liposome-encapsulated
recombinant rat 7-interferon and the bacterial products LPS or
MDP.
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