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The cytostatic activity of TNF entrapped in novel immunoliposomes with a specific antibody against target cells is described. A 
two step conjugation method was used for the preparation of these targeted immunoliposomes. In the first step, liposomes 
containing N-4-(p-maleimidophenyl)butyryl phosphatidylethanolamine (MPB-PE) were conjugated with a goat anti-mouse IgG 
Fab' fragment which recognizes the Fc portion of a mouse antibody against the target cell markers. In the second step, the 
mouse antibody against human tumor cells was conjugated to the liposomes. Using these targeted immunoliposomes, we 
demonstrated that cells usually insensitive to TNF such as Daudi cells, MT-2 cells and T-24 cells could become sensitive to TNF 
in vitro. The cytostatic activity of these immunoliposomes was blocked by the addition of a lysosomotropic agent such as NH4CI 
or chloroquine. Significant uptake of 125I-TNF into T-24 cells was observed when these immunoliposomes were used, and this 
uptake of TNF was inhibited by cytochalasin B or chloroquine. Free 125I-TNF was not taken up by these cells. 

Introduction 

Tumor  necrosis factor (TNF) [1] is a macrophage /  
monocyte-derived monokine which has many biological 
functions such as cytotoxic activity on tumor cells [2], 
immune modulating activities [3-5], and various other 
activities [6-8]. 

Immunoliposomes are known as specific drug carri- 
ers to target cells in vitro and in vivo [9-12]. Many 
methods of immunoliposome preparation have been 
reported [13-16]. For instance, Hashimoto et al. and 
Sunamoto et al. took advantage of the presence of the 
SH-bearing subunit in IgM [10,13] and Papahadjopou- 
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los et al. and N~issander et al. prepared immunolipo- 
somes using the Fab '  fragment of IgG conjugated with 
N-4-(p-maleimidophenyl)butyryl phosphatidylethanol- 
amine (MPB-PE) molecules [11,14]. Huang's group 
used palmitoyl IgG [15] while Leserman's group used 
IgG modified with N-hydroxysuccinimidyl 3-(2-pyri- 
dyldithio)propionate molecules [16]. Herein, we pre- 
pared immunoliposomes with two antibodies; the sec- 
ond one being anti-tumor-cell antibody. We report  that 
by trapping TNF in our immunoliposomes, TNF be- 
came an effective cytostatic agent against cells other- 
wise insensitive to TNF. These findings suggest that 
the clinical effectiveness of TNF can be improved by 
entrapping TNF in these immunoliposomes. These 
findings have been reported preliminarily elsewhere 
[17]. 

Materials and Methods 

Materials 
Egg phosphatidylcholine (PC) was purchased from 

Nichiyu Liposome (Tokyo, Japan). Cholesterol (Chol), 
dithiothreitol (DTT) and Ficoll 400 were purchased 
from Wako Pure Chemicals (Osaka, Japan). N-4-(p-  
Maleimidophenyl)butyryl phosphat idylethanolamine 
(MPB-PE) was prepared by the method of Martin [14]. 
Egg phosphatidylethanolamine (PE) was purchased 
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from Avanti Polar Lipids (Alabaster, AL, USA) and 
succinimidyl 4-(p-maleiminidophenyl)butyrate (SMPB) 
was from Pierce (Rockford, IL, USA). Bolton and 
Hunter reagent and 125I-labelled recombinant human 
TNF-a (125I-TNF, 23 TBq/mmol) which was prepared 
from recombinant human TNF-a by an oxidation 
method using Na125I were obtained from Amersham 
(Buckinghamshire, UK). TNF is stable to the iodina- 
tion process [18]. Recombinant human TNF-tr (TNF, 
1.3.108 units of TNF/mg protein) was prepared in 
our laboratory [19], and cytotoxic activity of TNF was 
determined by measuring actinomycin-D treated 
murine L929 cellular metabolic activity with the MTY 
assay using an automatic micro ELISA reader [20,21]. 

Cell lines and antibodies 
Daudi cells (human Burkit lymphoma) and T-24 

cells (human bladder carcinoma) were obtained from 
American Type Culture Collection (Rockville, MD, 
USA). MT-2 cells (human T cell leukemia) were kindly 
provided by Prof. Y. Hinuma of Kyoto University 
(Sakyo-ku, Kyoto, Japan). Daudi cells and MT-2 cells 
were grown in RPMI 1640 medium (Gibco, Grand 
Island, NY, USA) supplemented with 10% heat-in- 
activated fetal calf serum (FCS, v/v), 100 units/ml 
penicillin and 100 /~g/ml streptomycin (Gibco). T-24 
cells were grown in Eagle Minimum Essential Medium 
(MEM, Gibco) containing the same concentration of 
FCS, penicillin and streptomycin as mentioned above. 
All cell lines were cultured at 37°C in 5% CO 2. 

Monoclonal mouse antibody (OKT-4, IgG) was ob- 
tained from Ortho Diagnostic Systems (Raritan, N J, 
USA). This antibody recognizes the CD-4 protein ex- 
pressed on the MT-2 cell surface. Purified polyclonal 
goat F(ab') 2 anti-mouse IgG antibody which recognizes 
the Fc portion of IgG and purified polyclonal mouse 
anti-human IgG(H + L) which recognizes the cell sur- 
face IgG of Daudi cells [22] were purchased from 
Jackson Immunoresearch Lab. (Avondale, PA, USA). 
Monoclonal mouse anti T-24 cell antibody (IgG) [23] 
was a generous gift from Prof. Y. Hashimoto of To- 
hoku University (Sendai, Japan). 

Preparation of MPB-PE liposomes 
Liposomes containing MPB-PE molecules, which are 

binding sites for antibodies were prepared by the re- 
verse-phase evaporation method of Szoka and Papa- 
hadjopoulos with minor modification [24]. This lipo- 
some is called MPB-PE liposome here. In brief, a lipid 
mixture (PC/Chol/MPB-PE (10: 10: 1, molar ratio)) 
containing 10 /.tmol of PC was dissolved in 1 ml of 
diethyl ether followed by the addition of 100 /xl of 
PBS(-) solution (140 mM NaC1, 2.7 mM KCI, 8.1 mM 
Na2HPO 4 • 12H20, 1.5 mM KHEPO4, pH 7.2) contain- 
ing 2.8-106 units of TNF and a trace amount of 
12SI-TNF (3.2 kBq). The mixture was vortexed for 1 

min at room temperature and sonicated for 15 s at 4°C 
under argon gas. Immediately after sonication, diethyl 
ether was evaporated at 23°C by a rotary evaporator. 
The exposure of TNF to diethyl ether under these 
conditions did not inactivate TNF at all. The influence 
of diethyl ether treatment on cytotoxic activity of TNF 
was studied. The TNF solution (200/zl, 6.7.107 unit of 
TNF/ml) was added to 2 ml of diethyl ether in a test 
tube. The mixture was vortexed for 1 min at room 
temperature and sonicated for 15 s at 4°C. Immediately 
after sonication, diethyl ether was evaporated at 23°C 
by a rotary evaporator and then PBS(-) was added to 
the TNF solution to a final volume of 200 ~1. The 
cytotoxic activity of the thus treated TNF was 6.6. 107 
unit/ml measured as described above. This indicates 
that TNF activity was not influenced by diethyl ether 
treatment. The residual TNF which was not encapsu- 
lated was separated from the liposomes by the Ficoll 
flotation method [25]. Briefly, 100 /zl of the above 
mixture containing 10/zmol of PC was suspended in 1 
ml of 20% Ficoll solution in PBS(-) and centrifuged for 
5 min at 10000 x g at room temperature. The lower 
layer containing free TNF and Ficoll was sucked up 
and the liposomes in the top layer were saved. The 
liposomes were mixed with 200 ml of PBS(-) and sus- 
pended well, and then 1 ml of 20% Ficoll was added 
again followed by centrifugation. These steps were 
repeated three times, and the MPB-PE liposomes con- 
taining TNF thus obtained were dispersed in 250/zl of 
PBS(-). 

The entrapping efficiency of TNF into MPB-PE 
liposome was determined by counting the radioactivity 
of the 125I-TNF which behaves identically to the native 
TNF [26]. Radio activities of the unentrapped TNF 
fraction and liposomal TNF fraction which were sepa- 
rated by the Ficoll flotation method were measured by 
a y-counter (Beckman, Irvine, CA, USA). The entrap- 
ping efficiency of TNF into the liposomes thus found 
was 63.7% (S.D. = 2.5, n = 4). 

The size of the liposomes was determined by the 
Coulter Counter model ZM (Coulter, Luton, Beds, 
UK). 30/xl of MPB-PE liposomes solution (10/xmol of 
PC/ml) were added to 30 ml of saline and distribution 
of liposome size was measured. The saline was filtered 
through 0.22 /xm pore size filter three times prior to 
use. The average diameter of the liposomes was 450 
nm. Fig. 1 shows the size distribution of the liposome 
prepared. Whether or not Fab' coupling influences the 
particle size is unknown. There was no apparent aggre- 
gation (detected microscopic observation) during stor- 
age of the immunoliposome. 

Preparation of immunoliposomes 
The Fab' fragment of anti mouse IgG F(ab')2, which 

recognizes the Fc portion of a mouse antibody against 
target cell markers, was prepared by the method of 
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Martin et al. with slight modifications [14] (Fig. 2). In 
brief, 3.1 mg of 125I-labelled goat F(ab')2 anti-mouse 
IgG (8.5 kBq/mg of protein) prepared by the method 
of Bolton and Hunter [27] were dissolved in 125/zl of 
PBS(°) containing 20 mM DTT (Martin et al.) was 
performed at pH 5.5. The solution was incubated for 
reduction of F(ab')2 for 2h at 25°C and the mixture 
was subjected to Sephadex G-50 column chromatog- 
raphy with citric acid buffer (20 mM citric acid, 35 mM 
disodium phosphate, 108 mM NaCI, 1 mM EDTA (pH 
5.0)) to separate Fab' fragment from DTT. 

TNF entrapped MPB-PE liposomes containing 6 
/zmol of PC in 150/zl of PBS(-) were mixed with 210/zl 
of the citric acid buffer containing 1.0 mg of Fab' 
fragment of the goat anti-mouse IgG as prepared above. 
The pH was adjusted to 6.5 with 1 M N a O H a n d  the 
reaction mixture was stirred under argon gas for 18 h 
at room temperature. Immunoliposomes conjugated 
with the first antibody thus obtained were separated 
from the unconjugated antibody fragments by the Fi- 
coil flotation method. The radioactivities of the Fab' 
liposome and Ficoll layer were 4278 Bq and 2667 Bq, 
respectively, indicating that 61.6% of 125I-Fab' were 
incorporated into MPB-PE liposome (103 Izg F a b ' /  
/zmol PC). The amount of phosphatidylcholine was 
determined by using [3H]dipalmitoylphosphatidyl- 
choline as tracer. Since 2.4" 1011 vesicles of liposomes 
(450 nm diameter) can be obtained from 1 /xmol of 
phospholipid [17], approx. 5200 molecules of Fab' frag- 
ment were conjugated per vesicle of MPB-PE liposome 
when the diameter of liposome is 450 nm. The number 
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Fig. 1. Size distribution of MPB-PE liposome. The number of parti- 
cles was counted for 5 s in a Coulter Counter. Each bar shows the 

average of quadruplicate assays (mean + S.D.). 

of Fab' fragments conjugated to the liposome surface 
depended on the particle size of liposome. 

For preparation of immunoliposomes conjugated 
with the second antibody, 48/~1 of the PBS(-) solution 
containing the first antibody conjugated immunolipo- 
somes (1.6 Izmol of PC, 1141 Bq) as prepared above 
were mixed with 132 /zl of PBS(-) solution containing 
purified 0.6 mg of 125I-mouse anti-human IgG-(H + L) 
(18.6 kBq, for Daudi cells) or 0.6 mg of mouse mono- 
clonal anti T-24 (for T-24 cells) or 0.05 mg of mouse 
monoclonal anti-human CD4 (OKT-4, for MT°2 cells) 
as secondary antibodies. After incubation of the mix- 
ture for 3 h at 4°C, an unconjugated antibody was 
separated from the liposome-antibody complex by the 
Ficoll flotation method. The radioactivity of the im- 
munoliposomes thus obtained was 8350 Bq and the 
Ficoll layer representing the unreacted antibody was 
8724 Bq. Since the radioactivity of the Daudi immuno- 
liposome is the sum of the radioactivity of the first and 
the second antibodies, the radioactivity of the second 
antibody in the immunoliposome was calculated to be 
7363 Bq, indicating that approx. 46% of the added 
second antibody was conjugated with the liposome 
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containing the first antibody. This indicates that 163 
~g of the second antibody was conjugated to the Fab' 
liposome with 1/~mol of PC. Therefore, 2717 molecules 
of the second antibody were calculated to be present 
per vesicle. Fig. 2 shows the scheme for preparation of 
these immunoliposomes. In the final preparation of 
liposomes, 176 units of TNF were encapsulated per 
nmol of PC. 

The composition of our liposomes described here 
was obtained after many trial experiments (data not 
shown). The change in the lipid composition reported 
here has so far resulted in poorer liposomes, which are 
toxic or unstable. For example, positively charged lipo- 
somes were more toxic than the neutrally charged 
liposomes used in this study. Similarly Oku et al. [28], 
reported that their negatively charged liposomes leaked 
entrapped TNF materials. Our liposome has the ad- 
vantage in that it can be prepared at room tempera- 
ture, and the diethyl ether used for preparation can be 
easily removed from the liposome suspension. 

Determination of cytotoxic effect of immunoliposomes in 
vitro 

Daudi cells (5" 103 cells/well), MT-2 cells (9.103 
cells/well) and T-24 cells (1 • 104 cells per well) were 
seeded into 96-wells tissue culture plates (100/xl/well) 
on day 0. All cell lines were cultured at 37°C. Liposo- 
mal TNF or free TNF was added to these cell cultures 
3 h after the cell seeding, and the cells were cultured 
for 72 h. Cytotoxic activity was assayed by counting the 
number of cells by the Trypan blue dye exclusion 
method [29] on day 3. Since T-24 cells attached to the 
well, the number of viable cells for this strain was 
determined after treatment with 0.25% trypsin in 
PBS(-). 

Measurement of 125I-TNF uptake by T-24 cells 
24/zl of PBS(-) buffer containing immunoliposomes 

(280 nmol of PC) with 125I-TNF (1.3 kBq/374 ng of 
TNF) was added to T-24 cells (1.5 • 106 cells/ml per 
well). As a control, 24 /zl of PBS(-) containing non- 
targeted immunoliposomes (the same as above except 
that anti-Daudi antibodies were used instead of anti 
T-24 antibodies), or 1.8/zl of PBS(-) solution contain- 
ing free 125I-TNF (1.4 kBq/385 ng of TNF) were used. 
In some cases chloroquine or cytochalasin B was added 
as described in each experiment. For measuring the 
uptake of 125I-TNF, the media were removed and the 
wells were washed with 1 ml of ice-cold PBS(-) three 
times. Cells were then suspended in 1 ml of ice-cold 
PBS(-), and were centrifuged for 5 min at 700 x g. The 
pelleted cells were further washed three times with 1 
ml of ice-cold PBS(-) and were disrupted in 70 ~1 of 
PBS(-) containing 0.6% SDS. The suspension was 
placed on Whatman 3MM paper with 2.4 cm in diame- 

ter. To collect the residual cell extract, an additional 70 
/zl of PBS(-) was added to the tube, and the wash was 
placed on the same Whatman 3MM paper. The ra- 
dioactivity insoluble in 5% trichloroacetic acid (TCA) 
at 4°C was measured. 

Assay of TNF activity within liposomes 
MPB-PE liposomes containing TNF (4.5 • 105 units 

of TNF/5 tzmol of PC) were prepared by the method 
described above. 500/zl of PBS(-) solution containing 
the MPB-PE liposomes with TNF (5/zmol of PC) were 
mixed with an equal volume of 0.5% of trypsin (Gibco) 
in PBS(-) and incubated for 20 min at 37°C to elimi- 
nate the TNF on the liposome surface. Trypsin was 
removed by the Ficoll flotation method, and the lipo- 
some solution was adjusted to 500/zl with PBS(-). The 
liposome solution (50/~1) was then mixed with 4/~1 of 
5% Triton X-100 and 46/zl of PBS(-), and then stood 
for 30 min at room temperature. The TNF activity of 
the resulting solution was measured by the MTT assay 
which is a rapid colorimetric assay for cellular growth 
and survival as described above [22,23]. Triton X-100 
and Ficoll did not interfere with the MTT assay under 
this experimental condition. The cytotoxic activity of 
the liposome fraction treated by trypsin was 3.5.105 
units and represented 122% recovery of the TNF activ- 
ity, and the entrapping efficiency of TNF into the 
liposome was 64%. The entrapping efficiency thus ob- 
tained was the same value as that calculated from the 
entrapped radioactive 125I-TNF. These findings show 
that the biological activity of TNF was not reduced by 
entrapment into liposomes, and also suggested that 
TNF was not present on the outer surface of the 
liposome membrane, but inside of the liposome vesicle. 

Results 

Sensitivity of various tumor cells to TNF entrapped in 
immunoliposomes 

Fig. 3 shows the time course of T-24 cell growth in 
the presence of 732 units of liposomal TNF containing 
4.2 nmol of PC or 840 units of free TNF. Clearly, TNF 
was effective only when it was entrapped in the im- 
munoliposomes. The rate of cell growth and the final 
level of the cell growth were reduced by the TNF 
entrapped in the immunoliposomes. All other controls 
including free TNF and empty immunoliposomes had 
practically no effect. The antibody attached to the 
immunoliposomes must be an antibody specifically 
against the target cells. Thus, TNF entrapped in the 
immunoliposomes against Daudi cells was not effective 
against T-24 cells. Since there was no apparent de- 
crease in the number of cells due to the addition of the 
TNF liposomes, we concluded that TNF exhibited only 
a cytostatic effect [30] rather than a cytocidal effect [31] 
under the present experimental conditions. 



The specific nature of the cytostatic effect of the 
immunoliposomes containing TNF was further demon- 
strated using other  cell lines such as Daudi cells and 
MT-2 cells. Fig. 4 shows that the cytostatic effect was 
observed only with TNF entrapped in appropriate lipo- 
somes with the correct antibody against each cell. 
Approx. 90% inhibition of cell growth was observed 
when the immunoliposomes containing 300 units of 
TNF were added. The reason why 100% inhibition was 
not observed could be due to the existence of a resis- 
tant cell population a n d / o r  to the limited amount of 
TNF uptake through the immunoliposome mechanism. 
These findings showed that TNF in the immunolipo- 
somes was very effective while TNF in conventional 
liposomes was completely inactive. AS shown in Fig. 
4C, TNF entrapped in immunoliposomes which recog- 
nize the surface marker of Daudi cells but not that of 
T-24 cells did not have a cytostatic effect on T-24 cells 
further indicating the specific nature of the immunoli- 
posome action. 

Association of 125I-TNF in immunoliposomes with the 
target cells 

Table I shows the association of 125I-TNF with T-24 
cells upon treatment with anti T-24 liposome contain- 
ing 125I-TNF. The maximum association of TNF with 
T-24 cells was observed with the anti T-24 immunolipo- 
somes containing t25I-TNF. When TNF was entrapped 
in the immunoliposomes, as much as 86% of the total 
liposomal TNF added to the culture medium was asso- 
ciated with T-24 cells. This represents an approx. 400- 
fold higher efficiency level compared to the association 
of free TNF. The association was relatively rapid, and 
at 40 min after the incubation, the association was 
already at the plateau. Endocytosis is probably in- 
volved in this association since the association of 125I- 
TNF was significantly inhibited by cytochalasin B (an 
endocytosis inhibitor) [32] and chloroquine (an uptake 
inhibitor) [33]. The specificity of the immunoliposomes 
was further confirmed by the observation that the 
association of TNF in the nontargeted immunolipo- 
somes was the same level as the association of TNF in 
the conventional liposomes. 

Effect of endocytosis inhibitors on cytostatic activity of 
TNF entrapped in the immunoliposomes 

As expected from Table I, chloroquine (lysosomo- 
tropic agent) would be an inhibitory agent to the cyto- 
static effect of TNF encapsulated in the immunolipo- 
somes. This can be seen from Fig. 5 which indicates the 
dose response effect of TNF on the growth of T-24 
cells. AS much as a 40% decrease of the effect of TNF 
was observed with chloroquine at various doses of 
immunoliposomal TNF. In addition, this figure shows 
that NH4CI , which is known to raise the pH of the 
lysosomes [34], had a marked inhibitory effect (almost 
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70% decrease of its inhibitory effect) on the cytostatic 
activity of TNF entrapped in the immunoliposomes. 
Since the efficacy of TNF entrapped immunoliposomes 
was dependent  on the specific antibody against the 
target cells, one expects the effect of this TNF in the 
immunoliposomes to be decreased by the presence of 
the same antibody against these cells in the culture. 
The antibody would compete for the cellular binding 
site with the immunoliposomes. As can be seen from 
this figure, an excess amount of the free antibody in 
the culture significantly inhibited the cytostatic effect 
of TNF entrapped in the immunoliposomes (almost 
70% decrease). These findings strengthen the notion 
that the cytostatic effect of TNF entrapped in the 
immunoliposomes involves lysosomes as well as the 
specific attachment of these liposomes on the cell 
surface. 

The antibody against the target cells has to be conjugated 
for the immunoliposome to be effective 

The experiment described in Fig. 6, shows that the 
antibody against the target cell marker must be conju- 
gated to the liposomes. As noted in Fig. 6, the free 
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Fig. 3. Growth inhibition of T-24 cells by immunoliposomes contain- 
ing TNF. T-24 1.10 4 ceils/100 ~l/well were seeded and incubated 
for 3 h. Samples were added at this point and the increase in number 
of cells was followed. The amount of liposomal phosphatidylcholine 
added was 4.2 nmol/well, o o, control cells without TNF or 
liposomes; • •, 1.3 /~1 of PBS(-) containing MPB-PE lipo- 
somes (4.2 nmol PC equivalent) with 732 units of entrapped TNF; 

~, 1.3 /~1 of PBS(-) containing empty immunoliposomes 
(4.2 nmol PC equivalent); • ~ • ,  1.3 /~l of PBS(-) containing 
immunoliposomes (4.2 nmol PC equivalent) with 732 units of en- 
trapped TNF; [] ...... D, 1.3 /~l of PBS(-) containing non-targeted 
immunoliposomes (4.2 nmol PC equivalent, mouse anti-human IgG 
as secondary antibody) with 732 units of entrapped TNF; [] D, 
0.6 pl of PBS(-) containing 840 units of free TNF. Each point is the 

average of quadruplicate assays (mean + S.D.). 
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antibody against target cells together with TNF in the 
MPB-PE liposomes did not have any cytostatic or the 
cytotoxic activity against Daudi cells, MT-2 cells or 
T-24 cells (Figs. 6A-6C). In addition, in a similar 
fashion to the experiment described in Fig. 5, the 
cytostatic activity of the immunoliposomal TNF was 
blocked by the addition of a 35-fold excess of free 
antibody against T-24. 

Since TNF molecules are known to be sticky, a 

portion of TNF can be suggested to exist on the outer 
surface of the liposomes as well as inside. However, 
this possibility was ruled out by the observation that a 
mixture of empty immunoliposomes and free TNF had 
no effect against target cells (Figs. 6A-6C). In a sepa- 
rate experiment, the liposomal TNF activity remained 
after trypsin treatment of the surface as described 
above. From these observations, we concluded that 
TNF molecules outside the liposomes are ineffective 
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have anti-human IgG(H + L) as secondary antibody. 



0 
o 6 

"o 

4 4g 
. 0  

E 
e- 

m 2 
o 

0 

TNF added (units/well) 

Fig. 5. Effect of lysosomotropic agents and free T-24 antibody on 
cytostatic activity of immunoliposomes containing TNF against T-24 
cells. T-24 cells (1-104/100/zl  per well) were seeded and incubated 
for 3 h. Samples were added at this point to each well and the 
cultures were further incubated for 72 h at 37°C, and the number of 
cells per well was plotted against the amount of TNF added. Number 
of cells in the control culture without liposomes or TNF was 8.1" 104 
cells/well after 72 h incubation, zx zx, empty immunolipo- 
some (3.2 nmol of P C / # I  of liposome stock solution); • A, 
immunoliposomes containing TNF (563 unit of TNF/3.2 nmol of 
P C / # I  of liposome stock solution); • • ,  NH4CI (final con- 
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against these cells and TNF must be entrapped in the 
immunoliposomes to be effective against these cells. 
Fig. 6D shows the strong cytotoxic effect of the TNF 
used in this experiment on L929 cells, as a control. 

D i s c u s s i o n  

TNF is a protein which caused hemorrhagic necrosis 
of murine tumors [1]. Using recombinant human TNF, 
many phase 1 and 2 clinical tests have been performed 
on cancer patients. During these tests, various side 
effects such as hypotension, fever, nausea, headache, 
and tachycardia were observed with the systemic ad- 
ministration of TNF [35-38]. On the other hand, when 
TNF was administered locally to superficial tumors, 
complete regression or partial regression were ob- 
served with very few side effects except for fever and 
rigors [39]. Therefore, it appears possible to eliminate 
the side effects by targeting TNF specifically to the 
tumor tissues. It is for this reason that we applied TNF 
specifically to tumors using targeted immunoliposomes 
[11,12]. The second reason that TNF was not as effec- 
tive as expected is that some tumor cells are not 
sensitive to TNF [40,41]. One possible reason for TNF 
resistance of certain tumor cells is the lack of TNF 
receptors on the cell surface. Such insensitive cells may 
be converted to sensitive cells by delivering TNF by 
means not depending on the TNF receptors. The im- 
munoliposomes appeared to serve this purpose well 
because they are guided to the targeted cells through a 
specific antigen-antibody reaction on the surface rather 
than TNF receptors. In our in vitro experiment, 2-step 

TABLE I 

Association of T-24 cells and zeSI-TNF in liposome 

Additions Incubation time Cell associated % uptake 
(rain) counts 5: S.D. (clam) 

Free TNF 40 153 5: 2 0.2 
160 1475: 11 0.2 
40 4609+ 215 5.9 

160 50295 :337  6.4 
40 65 539 + 1269 83.7 

160 67540 5:1829 86.2 
40 28571 5:1816 36.5 

160 369085:626 47.1 
40 15123 5: 22 19.3 

160 230665:132 29.5 
40 32235 :220  4.1 

160 38475 :107  4.9 

MPB-PE liposomes containing TNF 

Targeted immunoliposomes 
containing TNF 

Chloroquine and targeted immuno- 
liposomes containing TNF 

Cytochalasin B and targeted 
immunoloposomes containing TNF 

Nontargeted immunoliposomes 
containing TNF * 

Amounts of added z~I-TNF to the system were 83006 clam (flee TNF) and 78309 clam (TNF entrapped into the liposomes (280 nmol of PC)). 
Each experiment was carded out in duplicate. The final concentrations of chloroquine and cytochalasin B were 50 #,M and 50 /~g/well 
respectively. 
* Nontargeted immunoliposomes have anti-human IgG(H + L) as secondary antibody on the surface of liposomes. 
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conjugated immunoliposomes were effective cytostatic 
agents when used with TNF, and these immunolipo- 
somes could convert TNF into efficient cytostatic agents 
against cells which were otherwise insensitive to TNF. 
These observations suggest that such immunolipo- 
somes can be used clinically to improve the efficiency 
of TNF activity. Indeed, in our preliminary experi- 
ments, our immunoliposomes exhibited marked antitu- 
mor activity in nude mice bearing TNF insensitive 
human tumor cells (will be reported elsewhere). 

One obvious advantage of our immunoliposome is 
its ease of preparation. If the purified first antibody is 
available, one does not have to purify the second 
antibody which is targeted against the tumor ceils. In 
addition, the fact that our immunoliposomes "use a 
divalent rather than a monovalent antibody appears to 
be an advantage. This is because the affinity of the 
divalent antibody to target cells is higher than that of 
the monovalent antibody [42,43]. However, whether or 
not the unreacted first antibody on the liposome modi- 
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Fig. 6. The antibody against the target cells has to be bound to the lip•some to be effective. Daudi cells (5" 103/well) (A), MT-2 cells 
(9.10a/well) (13) and T-24 cells (1.104/well) (C) were seeded and incubated for 3 h. Samples were added at this point and the cultures were 
further incubated for 72 h at 37°C, and number of viable cells per well was counted. The free second antibodies (191 ng of IgG per 1 nmoi of PC 
(A,C) or 31 ng of IgG per 1 nmol of PC (B)) were added. Each point is the average of quadruplicate assays (mean+S.D.). A ~ A, 
immunoliposomes containing TNF (data taken from Fig. 3, 176 unit of TNF/nmol  of PC); • e, MPB-PE liposomes containing TNF and 
free antibody (A, mouse anti-human lgG (H + L); B, mouse anti-human CD-4 antibody; C, mouse anti T-24 antibody); zx t,, free TNF 
and empty immunoliposomes (219 unit of TNF/nmol  of PC). (D) Cytotoxic activity of free TNF on L929 cells. Viable cells were measured with 

the MTT assay method and plotted against the amount of TNF added. The optical density (540 nm) of the blank well was 0.113. 



ties the function of immunoliposomes in vivo remains 
unknown. The fact that the Fc region is masked has an 
advantage [13] but liposomes without Fc are still 
trapped by the reticuloendothelial system [44]. Thus, 
no experimental evidence is available that the 2-step 
targeted immunoliposome is more effective in vivo 
than the conventional 1-step immunoliposome at the 
present moment. As described above, our preliminary 
in vivo studies gave encouraging results and the above 
unanswered questions will be dealt with in detail in 
future studies together with the use of sterically stabi- 
lized liposomes [45-47]. 

There are two modes of TNF action. One is to 
influence the cells simply through the TNF receptor 
without internalization [48,49], and the second is to 
influence the cells after internalization by endocytosis 
or receptor mediated mechanism [50,51]. Our experi- 
ments suggest that TNF must be internalized into 
target cells through the endocytosis mechanism. This 
conclusion was derived from the fact that with these 
cells free TNF had no effect and the uptake of TNF 
entrapped in our immunoliposome was inhibited 
markedly by cytochalasin B, an endocytosis inhibitor. 
In addition, the cytostatic activity of immunoliposomal 
TNF was inhibited by chroloquine, another endocytosis 
inhibitor [33]. Our antibody on the immunoliposomes 
did not exert any cytocidal effect by itself indicating 
that these antibodies were not acting through the TNF 
receptor (data not shown). The notion that TNF is the 
actual effector on the cells, rather than the antibody on 
the liposome or liposome itself, was further strength- 
ened by the finding that the following combinations did 
not exert any effects; (1) free TNF, (2) TNF entrapped 
in liposome without antibody plus free second antibody 
against target cells, and (3) empty immunoliposome 
plus free TNF. 

Various mechanisms of TNF action have been pos- 
tulated: activation of phospholipase A 2 [52,53], pro- 
duction of superoxide anion [54,55], fragmentation of 
DNA through possible endonuclease activation [56,57] 
and damage by the lysosomal enzymes [28,58,59]. It is 
not known at the present moment which cytotoxic 
mechanism described above operates with TNF en- 
trapped in our immunoliposomes after internalization. 
However, the fact that lysosomotropic agent such as 
NH4CI inhibited the cytostatic activity of liposomal 
TNF suggests that lysosomes or lysosomal enzymes are 
involved. Moreover, the action of TNF entrapped in 
the immunoliposome was cytostatic rather than cyto- 
toxic. In this connection, it is important to point out 
that TNF introduced through the microinjection tech- 
nique into cells also exerts a cytostatic effect [60]. This 
suggests that a similar mechanism operates when the 
TNF is introduced into the cells through an unnatural 
means. 

The amount of liposomal TNF bound with target 
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cells was far greater than that of TNF when free TNF 
was added to the cells. Since there are approx. 1500 
TNF receptor per T-24 cell [61], the amount of cell 
bound TNF was approx. 10-fold larger than the num- 
ber of receptors even when free TNF was added to 
these cells (Table I). This suggests that the observed 
association of free TNF is mostly by physical attach- 
ment rather than attachment through the receptor. 
The association of TNF via immunoliposomes repre- 
sented approx. 4800-fold more bound TNF than one 
would expect from the uptake through the receptor. 
Therefore, an entirely different mechanism of TNF 
action may take place in our case. Resistant cells often 
contain some cytoplasmic components such as protec- 
tive proteins which prevent cytocidal action of TNF 
[54,55,60,62-64]. We postulate that a massive amount 
of TNF introduced by immunoliposome may overcome 
the effect of these protective proteins. However, such a 
massive amount of TNF may not be necessary for this 
effect because TNF injected through a microinjection 
technique represents only three times more than the 
amount of TNF uptake through the receptor mecha- 
nism [60]. In conclusion, a successful introduction of a 
large amount of TNF into the target cells by immunoli- 
posomes further strengthens the possibility of applying 
this method for clinical use of TNF. 
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