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Freshly isolated human peripheral blood monocytes 
from healthy volunteers are not cytotoxic to alloge- 
neic A375 melanoma cells, but they were rendered 
turnoricidal by incubation in vitro with either lipo- 
somes containing 5 pglpmol phospholipid of muramyl 
tripeptide phosphatidylethanolamine (liposome-MTP- 
PE; optimal dose, 500 nmollml) or recombinant hu- 
man interferon gamma (rlFN-y; optimal dose, 100 UI 
ml). A combination of sub-threshold concentrations of 
liposome-MTP-PE (50 nmol/ml) and rlFN-y (I or 10 UI 
ml) also induced significant tumor-cell killing, indicat- 
ing that the effects of rlFN-y and liposome-MTP-PE in 
monocyte activation are synergistic. In contrast to 
rlFN-y, recombinant INF-a and IFN-fl had additive 
effects with liposome-MTP-PE in human monocyte 
activation. Since recombinant human IFN--y has a syn- 
ergistic effect with liposome-MTP-PE in monocyte ac- 
tivation, unlike IFN-a or IFN-0. and liposome-MTP-PE 
as well as rlFN-y is available at standardized concen- 
trations, this combination could be of clinical value in 
the treatment of disseminated malignant disease. 

The important role of cells of the monocyte-macro- 
phage series in host defense against cancer is now well 
recognized. Human monocytes and macrophages can 
be activated in vitro by various agents such as lympho- 
kines, designated as MAF (Mantovani et al.,  1980; 
Kleinerman et al . ,  1983), or bacterial preparations 
such as LPS (Sone et a l . ,  1982), and MDP (Sone et 
al . ,  1982, 1984, 1985a). Interferon alpha (IFN-a) and 
interferon beta (IFN-P) have also been shown to in- 
duce human monocyte-mediated cytotoxicity (Jett et 
a l . ,  1980; Sone et al., 1985b). Recently, much atten- 
tion has been focused on the immunoregulating effect 
of IFN-y in modulation of NK cell activity (Herber- 
man et a l . ,  1980) and macrophage functions, such as 
expression of HLA-DR antigen (Basham and Merigan, 
1983), increased expression of Fc receptor (Guyre et 
al.,  1983), activation of oxidative metabolism and anti- 
microbial activity (Nathan et al., 1983), and potentia- 
tion of monocyte-mediated tumor cytotoxicity (Le et 
al . ,  1983; Dean and Virelizier, 1983; Kleinerman and 
Herberman, 1984). 

The activation of macrophages for tumor cytotoxic- 
ity is thought to require at least two activation stimuli 
with a defined sequence of stimulations. For example, 
lymphokines such as MAF or IFN-y, and bacterial 
preparations such as LPS or MDP have been shown to 
have synergistic effects in rendering rodent alveolar 
and peritoneal macrophages tumoricidal in vitro (Ruco 
and Meltzer, 1978; Sone and Fidler, 1980; Pace et a l . ,  
1983; Saiki and Fidler, 1985). Recently, we also re- 
ported the synergistic effects of IFN--y and MDP or its 
analogue in activating human monocytes to the tumor- 
icidal state (Saiki et al . ,  1985; Utsugi and Sone, 1986). 

Liposomes are now used as carriers to deliver more 
than a single agent to macrophages (Fidler, 1985). 
Indeed, when encapsulated in the same liposomes, 
MDP and MAF have been shown to cause synergistic 
activation of rat and mouse macrophages in vitro and 
in vivo, leading to the destruction of established dis- 
seminated metastases (Sone and Fidler, 1980; Fidler 
and Schroit, 1984). We also showed that when intact 
IFN-y and MDP were encapsulated within the same 
preparation of MLV liposomes, they had synergistic 
effects in human monocyte activation (Saiki et al., 
1985). Nevertheless, the entrapment of soluble agents 
in the aqueous space of MLV liposomes poses prob- 
lems in terms of efficient incorporation and subsequent 
retention of the agents (Schroit and Fidler, 1982). 
Recently, we demonstrated that a dried preparation of 
liposomes containing a lipophilic analogue of MDP 
(MTP-PE), which can be standardized, has a repro- 
ducible effect, like conventionally prepared liposome- 
MTP-PE, in activation of human monocytes to the 
tumoricidal state (Sone et a l . ,  1986). In the present 
study, since recombinant IFN-y and synthetic lipo- 
some-MTP-PE can now be obtained in large quan- 
tities, we examined whether human rIFN-y acted 
synergistically with liposome-encapsulated MTP-PE 
in activating human monocytes to the tumoricidal state; 
we also examined the effects of other IFNs (IFN-a and 
IFN-0) in combination with liposome-MTP-PE on ac- 
tivation of human monocytes. 

MATERIAL AND METHODS 

Cell cultures 
A375 cells, derived from a human melanoma, were 

adapted to growth in culture (Sone and Tsubura, 1982; 
Sone et a l . ,  1984). All cultures were maintained on 
plastic in RPMI 1640 supplemented with 10% heat- 
inactivated FBS and gentamicin, designated CRPMI 
1640, at 37°C in a humidified atmosphere of 5% C 0 2  
in air. Cytotoxicity assays were performed when the 
cultured target cells were in the exponential growth 
phase. 

Abbreviubons: FBS, fetal bovine serum; MAF, macrophage- 
activating factor; MDP, rnurarnyl dipeptide; MLV, multilamellar 
vesicles; MTP-PE, rnuramyl tripeptide phosphatidylethanol- 
amine; norMDP, des-methyl-N-acetyl-muramyl-L-alanyl-D-iso- 
glutamine; liposome-N-Rh-PE, liposomes containing N-(lissa- 
mine rhodamine-8-sulfonyl)dioleoylphosphatidylethanolamine; 
LPS, lipopolysaccharide; rIFN, recombinant interferon; NK, 
natural killer. 
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Reagents 
FBS was purchased from M.A. Bioproducts, Walk- 

ersville, MD. Hydrophilic norMDP (des-methyl-N- 
acetyl-muramyl-L-alanyl-D-isoglutamine) was a gift 
from Ciba-Geigy, Basel, Switzerland. LPS (Esche- 
richia coli 055:BS) was obtained from Difco, Detroit, 
MI. rIFN-y (lot G408062; specific activity, 5.36 X 
lo6 U/mg protein) and human hybrid recombinant in- 
terferon alpha, referred to as rIFN-aA/D (lot NR- 
ADB-01, 1.5 x lo8 U/mg protein) were kindly sup- 
plied by Nippon Roche, Tokyo, Japan. rIFN-6 (lot 
0623; 1.2 X lo8 U/mg protein) was a gift from Toray, 
Tokyo, Japan. All reagents were free of endotoxins as 
determined by the Limutus amebocyte lysate assay 
(sensitivity limit, 0.1 ng/ml). 

IFN (antiviral activity) assay 
The antiviral activity of IFN was determined by 

measuring reduction of the cytopathic effect of Sindbis 
virus on FL cells (for rIFN-P and rIFN-y), or of 
vesicular stomatitis virus on bovine MDBK cells (for 
rIFN-aA/D). 

Dried preparation of MLV liposomes containing 
MTP-PE 

Dried MLV liposome-MTP-PE (CGP19835A) were 
prepared by Ciba-Geigy, Basel, Switzerland, and sent 
by air to this laboratory. The dried liposomes contain- 
ing MTP-PE (5 pg/pmol phospholipid) were prepared 
by lyophilizing 250 mg of synthetic PC and PS; (molar 
ratio, 7:3) with 1 mg of MTP-PE in a 15-ml serum 
vial, and were stored at -20°C until use. A liposome 
suspension was prepared by shaking the dried lipo- 
some preparations with 2.5 ml of PBS-buffer. The 
average diameter of the constituted liposomes varied 
between 2.0 and 3.5 pm, and at least 80% of the 
liposomes were larger than 1.5 pm (Sone et al . ,  1986). 

Isolation and culture of human peripheral blood 
monocytes 

Leukocyte concentrates were collected from periph- 
eral blood (200 ml) in a Kubota KR-400 centrifuge 
with a RS-6600 rotor, and mononuclear cells were 
separated from the leukocyte concentrates in lympho- 
cyte separation medium (LSM, Litton Bionetics, Ken- 
sington, MD). Then monocytes were isolated from the 
mononuclear cell samples by centrifugal elutriation 
with a Hitachi SRR6Y elutriation rotor (Utsugi and 
Sone, 1986). A fraction containing more than 90% of 
the total monocyte population was obtained at a speed 
of 2,000 rpm and flow rate of 20 ml/min. More than 
95% of these cells were monocytes as determined by 
non-specific esterase staining and morphological ex- 
amination, and more than 97 % were viable, as judged 
by the Trypan-blue dye exclusion test. This fraction 
was washed twice with BSS, and resuspended in 
CRPMI 1640 supplemented with 5% FBS, at a concen- 
tration of 5 X lo5 monocytes per ml. These cells were 
then plated for 2 hr in 96-well Microtest 111 plates 
(Falcon, Oxnard, CA). Then the non-adherent cells 
were removed by washing with medium. At this point 
the purity of the monocytes was > 99 % as judged by 
their morphology and non-specific esterase staining. 
In vitro activation of monocytes 

Monocytes were incubated at 37°C in medium with 
or without various amounts of IFN and/or liposomes 

containing MTP-PE (5 pglpmol phospholipid) sus- 
pended in CRPMI 1640. After 24 hr, the monocytes 
were washed thoroughly with medium and added to 
tumor target cells. 

Monocyte-mediated cytotoxicity 
Cytotoxicity was assayed by measuring release of 

radioactivity as described in detail previously (Sone et 
al . ,  1984; Utsugi and Sone, 1986). Target cells in the 
exponential growth phase were incubated for 24 hr in 
CRPMI 1640 with 0.4 pCi/ml (1251) iododeoxyuridine 
(specific activity 5 Ci/mg; Amersham International, 
Little Chalfont, UK). Then lo4 target cells were plated 
in wells containing monocytes, and 16 hr later they 
were washed to remove non-adherent and dead cells 
and re-fed with fresh CRPMI 1640. After further in- 
cubation for 56 hr, the monocyte/target-cell cultures 
were washed twice with PBS; adherent, presumably 
viable, cells were lysed with 0.1 ml of 0.1 N NaOH, 
and their radioactivity was measured in a gamma 
counter. 

The percentage cytotoxicity mediated by activated 
human monocytes was calculated as follows: 

Percentage specific cytotoxicity 

mediated by activated monocytes = 100 x - 
A-B 

A 

where A represents cpm in cultures of untreated mono- 
cytes and target cells, and B represents cpm in cultures 
of test monocytes and target cells. The statistical sig- 
nificance of differences between test groups was ana- 
lyzed by Student’s t-test (two-tailed). 

Quantitative analysis of liposome uptake by human 
monocytes 

For this experiment, MLV liposomes containing 3 
mol % of N-(lissamine rhodamine-B-sulfonyl) diol- 
eoylphosphatidylethanolamine (N-Rh-PE, Avanti Po- 
lar-lipids, Birmingham, AL) were prepared from a 
mixture of PC and PS in a molar ratio of 7:3 (Avanti 
Polar-lipids) by mechanical agitation in a vortex mixer 
as described previously (Sone et a l . ,  1982, 1984). 
Human monocytes ( lo5 cells/well) were plated for 
60 min in wells of LAB-TEK tissue culture chamber 
slides in 1 ml of CRPMI 1640. Chamber cultures of 
human monocytes were incubated for 10 hr in 1 ml of 
medium with liposome-N-Rh-PE (250 nmol/ml) with 
or without rIFN-y (10 U/ml). Then the chamber slides 
were washed twice with pre-warmed RPMI 1640, kept 
at 4°C for 30 min in buffered formalin, washed twice, 
dried and mounted in glycerine. Microfluorometry with 
a photon counter was used to quantitate the fluores- 
cence intensity in single cells (Sone et at., 1984). 
Excitation light at 535-550 nm was supplied by a high- 
pressure mercury lamp with compound filters, light at 
under 580 nm being cut off with a barrier filter. To 
measure the fluorescence intensity of the whole area 
of a single monocyte, a metal mask with a pinhole of 
30-pm diameter was placed over the imaged field in 
the microfluorometer. 
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RESULTS 

Synergism between rlFN-y and liposome-MTP-PE in 
human monocyte activation 

Human blood monocytes isolated by centrifugal elu- 
triation were plated for 1 hr and washed with RPMI- 
1640 medium to obtain monocyte monolayers. These 
monocytes were then treated for 24 hr with mixtures 
of rIFN-y and liposome-MTP-PE at the indicated con- 
centrations before addition of labelled A375 melanoma 
cells ( lo4). Untreated monocytes were not cytotoxic to 
A375 melanoma cells. Two types of experiment were 
performed as shown in Figures 1 and 2. In the first set 
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FIGURE 1 - In  vifru tumoricidal activity of monocytes 
treated with different amounts of rIFN-y (0) alone or in 
combination with 50 nmol/ml of empty liposomes (V), or 50 
nmol/ml (0 )  or 125 nmol/ml (A) of liposome-MTP-PE for 
24 hr. Cytotoxicity is shown as a percentage of that of control 
(untreated) monocytes at the same ratio as to A375 target 
cells. Results are mean values from triplicate cultures in 4 in- 
dependent experiments. SDs in each experiment were consis- 
tently less than 10%. 

of experiments, monocytes were incubated in medium 
containing rIFN-y at concentrations of 0.001 to 1,000 
U/ml with 50 or 125 nmol/ml of liposome-MTP-PE. 
The monocytes were incubated for 24 hr and then 
washed thoroughly before addition of labelled target 
A375 melanoma cells. Monocytes treated with more 
than 10 U/ml of rIFN-y alone were significantly cyto- 
toxic (33%, p<O.Ol).  The addition of 50 nmol/ml of 
liposome-MTP-PE to the rIFN-y greatly enhanced 
monocyte cytotoxicity. Even at a concentration of 1 
U/ml of rIFN-7, the addition of liposome-MTP-PE 
(50 nmolhl )  increased the monocyte cytotoxicity. The 
other set of parallel experiments (Fig. 2) also demon- 
strated the synergistic effects of rIFN-y and liposome- 
MTP-PE in monocyte activation. In these experi- 
ments, liposome-MTP-PE at concentrations ranging 
from 5 to 500 nmol/ml was diluted in medium with 1 
or 10 Ulml of rIFN-y and added to monocyte cultures 
24 hr before the addition of target cells. As shown in 
Figure 2, in the absence of rIFN-y, at least 50 nmol/ 
ml of liposome-MTP-PE was required to activate hu- 
man monocytes to the anti-tumor state, but in the 
presence of either 1 or 10 U/ml of rIFN-y, even 5 
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FIGURE 2 - In virro cytotoxicity mediated by human mono- 
cytes after 24 hr incubation with different concentrations of 
li some-MTP-PE (0) alone or in combination with 1 U/ml (6 or 10 U/ml (A) of rIFN-y. Data are means for 4 inde- 
pendent experiments. Experimental details are the same as for 
Figure 1. 

nmol/ml of liposome-MTP-PE were sufficient to ren- 
der monocytes tumoricidal. These two sets of experi- 
ments clearly demonstrate the synergistic effects of 
rIFN-y and liposome-MTP-PE in activation of human 
monocytes to become cytotoxic to A375 melanoma 
cells. Moreover, human monocytes treated with rIFN- 
y (100 U/ml), norMDP (50 ug/ml), liposome-MTP- 
PE (500 nmol/ml) or a mixture of rIFN-y and norMDP 
or liposome-MTP-PE at sub-optimal concentrations 
were cytotoxic to A375 melanoma cells but not to 
normal fibroblast (Flow-7000) cells (data not shown). 

Order of monocyte treatments and kinetics of 
activation by rlFN-y and liposome-MTP-PE 

The above experiments demonstrated the synergistic 
activation of monocytes by rIFN-y and liposome-MTP- 
PE when both agents were added simultaneously. Next 
we examined the kinetics of monocyte activation and 
the order of treatments necessary for synergistic acti- 
vation ( i .  e . ,  rIFN-y then liposome-MTP-PE, or lipo- 
some-MTP-PE then rIFN-y). The results showed that, 
for synergistic activation of the tumoricidal properties 
of monocytes, the cells had to be incubated first with 
rIFN-y (1 U or 10 U/ml) and then with 25, 50 or 75 
nmol/ml of liposome-MTP-PE (Table I). The treat- 
ment of monocytes first with liposome-MTP-PE and 
then with rIFN-y ( 1  U/ml) resulted in little or no 
tumoricidal activity of monocytes. 

Phagocytosis of MLV liposomes by monocytes treated 
with IFN-y 

Next, we examined phagocytosis of MLV liposomes 
containing fluorescent N-Rh-PE by monocytes, either 
untreated or treated with a sub-optimal amount of IFN- 
y. For this, human monocytes were incubated for 10 
hr in medium containing 250 nmol/ml of MLV lipo- 
somes with or without 10 U/ml of rIFN-y. As shown 
in Table 11, treatment of monocytes with IFN-y re- 
sulted in a significant increase (approximately 2- to 3- 
fold) in phagocytosis of MLV liposomes. 



498 SONE E T  AL 

TABLE I ~ EFFECT OF ORDER OF TREATMENTS WITH rlFN-y AND LIPOSOME-MTP-PE IN ACTIVATION OF HUMAN MONOCYTES 

Monncyte- 
mediated 

cytotoxicity 
rlFN-y 
20 hr 

liposome- Monocyte- Liposome- 
then MTP-PE mediated MTP-PE then 

20 hr cytotoxicity ’ 4 hr 
rIFN-y 

4 hr 

Uiml nmol/ml Urn1 nmol/ml 
0 0 l,l88+51* 

25 I ,  161 +25 0 1 1,247+13 0 
0 50 1,111 +2 0 10 1,090 f 37 
0 75 1,1  l9+55 25 0 1,093 f 13 
1 0 1,089+57 25 1 1,250+54 
1 25 913+90 (23)3 25 10 1,020+36 (14) 
1 50 827 +20 (30) 50 0 1,103 +35 
1 75 627 + 69 (47) 50 1 1,180+76 
10 0 991 +76 (17) 50 10 1,007+26 (15) 
10 25 583+4 (51) 75 0 1,028 +21 
10 50 414+80 (65) 75 I I ,  11 1 +85 
10 75 284+25 (76) 75 LO 906+6 (24) 
‘Human monocytes were treated for 4 hr with rlFN-y or liposome-MTP-PE as indicated, then washed thoroughly and incubated in medium with or 

without liposome-MTP-PE or rIFN-y before addition of labelled A375 melanoma cells. The assays were terminated 72 hr later. -*Cpm&SD for 
triplicate cultures. Representative data from 4 separate experiments.-3Cytotoxicity of treated monocytes as a percentage of that of untreated monocytes 
@<O.OSt. 

Comparison of the effects of IFN-a, IFN-p and IFN-y 
with liposome-MTP-PE in monocyte activation 

Finally, we examined whether other types of human 
interferon such as rIFN-a and rIFN-P could act syn- 
ergistically with liposome-MTP-PE to render mono- 
cytes tumoricidal. For this purpose, human monocytes 
were incubated for 24 hr in medium with or without 
mixture of different types of IFN and liposome-MTP- 
PE (125 nmol/ml) and then labelled A375 melanoma 
cells were added. As shown in Figure 3, IFN-aA/D 
and rIFN-P acted additively rather than synergistically 
with liposome-MTP-PE in activation of human mono- 
cytes to the tumoricidal state. 

T.4BLE I1 ~ PHAGOCYTOSIS OF LIPOSOMES BY HUMAN 
MONOCYTES TREATED WITH RECOMBINANT HUMAN IFN-y 

Number of Treatment Uptake of liposomes 
experiment of monocy tes I containing N-Rh-PE 

1 Medium 85,576 + 6,010’ 
rIFN-y 187,739 + 9,167’ 

(2.21~ 
2 Medium 58,194*4,736 

3 Medium 24,092 +2,423 
rIFN-y 101,818 + 5,220’ (1.7) 

rIFN-y 83,386 f6,501’ (3.5) 
‘Monocyte monolayers were incubated in medium containing 250 nmoll 

ml of liposome-PE-rhodamine with or without 10 U/ml of rlFN-y. After 
10 hr, the cultures were washed and their fluorescence intensities were 
determined as described in “Material and Methods”.-*FIuorercence in- 
tensity per rnonocyte mean & SE for 260 mono~ytes.-~Significantl~ differ- 
ent from value for monocytes incubated in medium alone @<0.001). 
-4Values in parentheses show stimulation indices (ratio of uptake by 
treated monocytes to that by untreated monocytes). 

DISCUSSION 

The present study indicates that human blood mono- 
cytes obtained by centrifugal elutriation from healthy 
donors can be rendered tumoricidal by the synergistic 
actions of human rIFN-y and liposome-entrapped 
MTP-PE at sub-optimal concentrations. 

It was recently suggested that small numbers of 
adherent NK cells contaminating monocyte monolay- 
ers respond to stimulation by rIFN-y and are respon- 
sible for the observed cytotoxicity (Freundlich et al., 
1984), and in fact the A375 melanoma cells used as 

target cells in the present study are susceptible to 
cytotoxicity mediated by NK cells (Kleinerman et al., 
1984). However, we previously showed that the cyto- 
toxic effector cells in the cytotoxicity assay used rou- 
tinely were monocytes, not NK cells (Sone et al., 
1985b; Utsugi and Sone, 1986). 
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FIGURE 3 - Additive effects of rIFN-aA/D and rIFN-0 with 
liposome-MTP-PE in human monocyte activation. Human 
monocytes were incubated for 24 hr in medium containing a 
mixture of IFN-aAID (10 U/ml), IFN-0 (10 UIml) or rIFN- 
y (I Ulml) and liposome-MTP-PE before incubation with la- 
belled A375 melanoma cells ( lo4) for 72 hr. Cytotoxicity is 
shown as a percentage of that of untreated monocytes. SDs 
were consistently less than 10%. Data are a summary of those 
in 4 separate experiments. 

The present finding that the synergism between 
rIFN-y and liposome-MTP-PE in monocyte activation 
requires incubation of the cells first with rIFN-y and 
then with liposome-MTP-PE is consistent with our 
previous observations (Utsugi and Sone, 1986) and 
those of others (Pace et al., 1983; Kleinerman et al., 
1984) that IFN-y must prime monocyte-macrophages, 
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and that these effector cells are then triggered by a 
second stimulus such as LPS or MDP or their ana- 
logues. Moreover, we recently reported that IFN-y 
and MDP showed synergism when they were encap- 
sulated in the aqueous space of MLV liposomes, and 
that when these two agents were incorporated into 
liposomes, they were effective at far lower concentra- 
tions than when they were added directly to the me- 
dium (Saiki et al., 1985). Nevertheless, the use of 
these liposomes poses problems, such as leakage of 
encapsulated soluble agents from the liposomes and 
instability of the preparations (Schroit and Fidler, 
1982). We previously reported that these problems can 
be overcome by inserting a lipophilic MTP-PE into the 
membrane bilayers of liposomes (Fidler et al., 1982; 
Sone et al., 1984). In fact, lipophilic MTP-PE in 
liposomes was more effective for macrophage activa- 
tion in vitro and for tumor cytotoxicity in situ than the 
free forms of MDP encapsulated in liposomes (Fidler 
et al., 1982; Key et al., 1982). Moreover, in murine 
systems, encapsulation of lipophilic MDP derivatives 
within MLV liposomes was also effective for eradica- 
tion of pulmonary metastases (Fidler et al., 1985; Key 
et al., 1982; Lopez-Berestein et al., 1984; Phillips et 
al., 1985). Thus, the present finding suggests that a 
combination of free rIFN-y and liposome-MTP-PE is 
more effective for synergistic activation of human 
monocytes than liposomes containing both rIFN-y and 
soluble MDP in the aqueous space. 

This synergistic activation of blood monocytes by 
rIFN-y and liposome-MTP-PE for tumoricidal activity 
has several important implications. First, rIFN-y and 
the dried preparations of liposome-MTP-PE used in 
the present studies are now produced in pure and 
standardized forms. Second, the low levels (1 to 10 U/ 
ml) of rIFN-y necessary for significant synergistic 
activation of monocytes to the tumoricidal state are 
unlikely to be toxic in vivo. In fact, a serum level of 
10 U/ml of rIFN-y can be obtained clinically by 
administration of approximately lo6 U of rIFN-y 
(Kurzrock et al., 1985; van der Burg et al., 1985). 
Moreover, we previously reported that a dried prepa- 
ration of liposomes (composed of synthetic PC and PS) 
containing lipophilic MTP-PE, which allows the prep- 
aration and long-term storage of reproducible lipo- 
some formulations, was a potent inducer of human 
monocyte-mediated cytotoxicity (Sone et al., 1986). 
Thus, use of combinations of rIFN-y and liposomes 
containing MTP-PE has a marked advantage over the 
use of each singly. 

The present finding that recombinant IFN-aA/D and 
IFN-P had additive effects with liposome-MTP-PE in 
activation of human monocytes to the anti-tumor state, 
confirms and extends our previous observations on the 
additive effects of IFN-a and IFN-P respectively with 
soluble norMDP. Similarly, IFN-a and IFN-P have 

recently been shown to have different effects from 
IFN-y on the expression of Ia antigen of monocytes 
(Ling et al., 1985) and the interleukin-1 (IL-1) secre- 
tory potential of human monocytes (Arenzana-Seisde- 
dos et al., 1985), suggesting a quantitative difference 
between IFN-a or IFN-P and IFN-y. 

We (Sone et al., 1984) and others (Schroit and Fid- 
ler, 1982) previously showed that phagocytosis of li- 
posomes by monocyte-macrophages is a pre-requisite 
for induction of tumoricidal activity by liposomes con- 
taining MDP and its lipophilic analogue. The present 
finding that rIFN-y significantly increases the uptake 
of liposomes by monocytes suggests that, although the 
mechanism of the synergistic action of IFN--/ and 
MTP-PE in liposomes may be very complex, one ma- 
jor factor contributing to development of the observed 
synergism in monocyte activation is a significant in- 
crease in phagocytosis of liposomes by rIFN-y-treated 
monocytes. It is not known whether receptor sites for 
MDP and its analogue exist in the cytoplasm, but 
possibly cytoplasmic receptors for a second activator 
(liposome-MTP-PE) may increase on interaction of the 
cells with rIFN-y and, if so, this may be involved in 
the synergism between IFN-y and liposome-incorpo- 
rated MTP-PE. This possibility is supported by the 
following findings: (1) In murine systems, IFN-y was 
found to increase the number and affinity of binding 
sites for LPS on the surface of macrophages and so 
have a synergistic effect with sub-optimal doses of LPS 
in activation of macrophages to the tumoricidal state 
(Akagawa and Tokunaga, 1985); (2) the expression of 
tumoricidal activity in monocyte-macrophages treated 
with liposome-entrapped macrophage activators re- 
quired intracellular interaction between macrophage 
activators and cytoplasmic receptor sites (Fidler et al., 
1981, 1985). Further studies are required to elucidate 
the events occurring in monocytes after phagocytosis 
of liposome-MTP-PE. 

This study clearly indicates synergistic activation of 
the tumoricidal properties of human blood monocytes 
by rIFN-y and liposome-MTP-PE at sub-optimal con- 
centrations. These compounds can both be produced 
on a large scale and in standardized form. For this 
reason, in vivo activation of monocyte-macrophages 
by systemic administration of a combination of these 
agents (rIFN-y and liposome-MTP-PE) should be 
tested in treatment of disseminated disease in humans. 
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