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We have compared drug transfer into target cells in vitro from liposomes of different sizes. Liposomes of  
mean diameter 800 ~,, 2000 A or 4000 ~,, containing the folate analogue, methotrexate, and the fluorophore, 
carboxyfluorescein, were covalently coupled to Staphylococcus aureus protein A. Cells of the murine k 
haplotype were preincubated with an anti-H-2K k monocional antibody. Excess antibody was removed and 
then cells were incubated with liposomes. The number of cell-bound liposomes was determined by fluorime- 
try. The drug effect was assayed by the methotrexate-mediated inhibition of radiolabeled deoxyuridine 
uptake. The drug effect was more important in the case of the 800 A vesicles than for the larger liposomes, 
despite the fact that the quantity of drug bound to cells was several-fold greater for large liposomes than for 
small ones. Since fusion is excluded by the non-proportionality of drug binding and drug effect, the 
predominant manner of liposome entry seems to be endocytosis. At least for these in vitro studies, the 
endocytosis by target cells of small liposomes seems to be more efficient than that of large liposomes. 

Introduction 

Liposomes are able to carry relatively large 
amounts of encapsulated materials such as drugs 
in their aqueous spaces (for recent reviews, see 
Refs. 1-3), and they have been used in some areas 
of chemotherapy and cellular biology. Liposomes 
have been used as passive or slow release capsules 
[4] or, in other models, specific ligands have been 
attached to liposome surfaces with the aim of 
promoting drug effects on given cell populations 
[5-7]. 
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Abbreviations: SUV, small unilamellar liposome; DMPC, di- 
myristoyiphosphatidylcholine; DPPS, dipalmitoylphosphati- 
dylserine; DPPE, dipalmitoylphosphatidylethanolamine; SPDP, 
N-hydroxysuccinimyi 3-(2-pyridyldithio)propionate; DPPE- 
DTP, DPPE modified by SPDP; REV, reverse-phase evapora- 
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Different techniques are available for the pre- 
paration of suitable liposomes [8,9] and as large 
unilamellar liposomes have a greater encapsulating 
efficiency than small liposomes, the former type 
has been used preferentially by some groups. In 
addition, certain macromolecules which cannot be 
encapsulated in small liposomes, such as DNA, 
are easily encapsulated in large liposomes [10]. 
With smaller molecules such as drugs, large and 
small liposomes can be employed. 

Given the higher encapsulation efficiency of 
large liposomes, we wondered whether they are 
also more efficient for specific delivery of their 
contents to target cells in vitro. In order to answer 
this question, we used the fluorophore, carboxy- 
fluorescein, and the folic acid analogue, 
methotrexate, encapsulated in large or small un- 
ilamellar vesicles [5,6] to which we covalently cou- 
pled protein A from Staphylococcus aureus [7]. 
Protein A has an affinity for several classes of 
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mouse antibodies and will specifically bind to cells 
preincubated with antibodies directed at determi- 
nants present on the cell surface [11]. This tech- 
nique has enabled us to compare large and small 
liposomes bound to identical determinants on 
various cell types. 

In this paper, we show that small liposomes are 
superior for in vitro delivery of these drugs, pre- 
sumably because cells are better able to ingest 
small liposomes by endocytosis. 

Materials and Methods 

Preparation of liposomes. Small unilamellar lipo- 
somes (SUV) of lipid composition of 54 mol% 
dimyristoylphosphatidylcholine (DMPC) (Sigma); 
10 mol% dipalmitoylphosphatidylserine (DPPS) 
(available from Avanti Polar Lipids, Birmingham, 
AL, U.S.A.); 35 mol% cholesterol (Applied Scien- 
ces Laboratories) and 1 mol% dipalmitoyl- 
phosphatidylethanolamine (DPPE) (Calbiochem) 
modified with N-hydroxysuccinimidyl 3-(2-pyri- 
dyldithio)propionate (SPDP) (Pharmacia) (DPPE- 
DTP) were made by probe sonication at 40°C for 
30 min [7,12,13]. The total lipid concentration was 
40.4 ~mol. Liposomcs contained 20 mM 
methotrexate (Division of Cancer Treatment, Na- 
tional Cancer Institute) and 40 mM recrystallized 
and Sephadex LH-20-purified [14]  carbo- 
xyfluorescein (Eastman) in 100 mM NaHCO 3 (pH 
7.5). Large unilamellar vesicles of the same lipid 
composition were made according to a modifica- 
tion of the reverse phase evaporation technique of 
Szoka and Papahadjopoulos [8]. Lipid was dis- 
solved in 1 ml chloroform/2 ml diisopropyl ether 
(Merck). The aqueous (1 ml containing 40 mM 
carboxyfluorescein and 20 mM methotrexate) and 
organic phases were placed in separate gas-tight 
glass syringes fitted with Luer Locks. The syringes 
were joined by a metal three-way stopcock. The 
aqueous phase was injected into the organic phase, 
then the mixture was passed rapidly 10-20-times 
from syringe to syringe [15]. The lipid-aqueous 
emulsion was transferred to a 15 ml Rotovap tube 
and warmed to 45°C, and the organic phase was 
removed at 360 mmHg pressure. Reverse-phase 
evaporation vesicles (REV) were then selected on 
the basis of size by filtration through 0.4 or 0.4 
and 0.2 /~m Unipore polycarbonate filters (Bio- 
Rad) [16]. 

Dosage of vesicle phospholipids. The concentra- 
tion of phospholipid in liposomes was made by 
colorimetric determination with ammonium ferro- 
thiocyanate [17]. The calibration curve was made 
with different concentrations of DMPC (5 /~g to 
80 /~g/ml). Aliquots of liposomes were dissolved 
in 2 ml chloroform, mixed for 1 min with 2 ml 
ammonium ferrothiocyanate and centrifuged at 
700 × g. The absorption of the organic phase was 
then measured at 488 nm. Carboxyfluorescein, 
which absorbs at the same wavelength, partitions 
into the aqueous (upper) layer and does not inter- 
fere. 

Coupling reaction between liposomes and S. 
aureus protein A. SUV and REV were incubated 
with protein A (Pharmacia), iodinated by the chlo- 
ramine T method [18] and modified by 10 mol 
SPDP/mol protein A (final protein concentration, 
200 btg/ml) [7,15,19]. The final concentration of 
lipids was 5 mM. The coupling reaction was per- 
formed in buffer A (145 mM NaC1/10 mM Hepes 
(pH 8)) for 20 h. 

Size distribution of liposomes. The size of lipo- 
somes was measured by using a 1 x 34 cm Sep- 
hacryl S-1000 superfine column (Pharmacia) [20]. 
The column was presaturated with 20/~mol lipid 
(54 mol% DMPC, 10 mol% DPPS, 35 mol% 
cholesterol, 1 mol% DPPE-DTP) in 1 ml buffer A 
(pH 7.45) and with 1 ml fetal calf serum to avoid 
nonspecific adsorption during chromatography. 
REV, containing carboxyfluorescein, filtered 
through 0.4 /~m Unipore filters, and free carbo- 
xyfluorescein were used to calibrate the column 
(void volume (V0), 11.5 ml; total volume (Vt), 29.5 
ml; flow rate, 7.4 ml/h). Liposomes were moni- 
tored by fluorescence and by measurement of 
~25I-radiolabeled protein A covalently coupled to 
liposomes. 

Cell cultures. Spleen cells from CBA/J  
(CSEAL-CNRS, Orl6ans, France) mice were 
treated with 0.83% NH4C1 in order to lyse red 
blood cells. 30. 10 6 cells were incubated at 37°C 
in 7% CO 2 in tissue culture flasks with 20 ml 
RPMI 1640 medium (Gibco) supplemented with 
5% fetal calf serum (Gibco), 2 mM glutamine, 
5 - 1 0 - S M  2-mercaptoethanol, penicillin and 
streptomycin. For mitogen-induced proliferation, 
cells were incubated with 2 mg/l  concanavalin A 
(Miles) as previously described [ 19,21]. L cells (gift 



of F. Lemonnier, Centre d 'Immunologie) and 
RDM4 tumor cells were cultured in RPMI medium 
supplemented with 7% fetal calf serum. 

Measurement of cell-associated carboxy- 
fluorescein. After 40 h incubation, stimulated 
lymphoblasts were resuspended in supplemented 
medium without mitogen at 8 .  10 6 cells/ml. 
RDM4 cells were resuspended at the same con- 
centration. L cells were detached with 1.5 mM 
EDTA for 5 min at 37°C, washed and resus- 
pended as the other cells. 50 /~1 aliquots were 
placed in conical wells of 96-well microtiter plates 
(Greiner). Cells were incubated with protein A- 
bearing liposomes after preincubation of the cells 
with H100-30/33, an IgG2b, kappa, anti-H-2K k 
monoclonal antibody [22] at 4 0 / t g / m l  for 30 min 
at 4°C and one wash with 100 /~1 buffer A (pH 
7.45) followed by centrifugation. Cells were in- 
cubated with liposomes at 37°C for 2 -3  h and 
washed four times in buffer A, then centrifuged. 
The  f luorescence of cell-associated carbo-  
xyfluorescein was measured as described previ- 
ously [12,13]. For fluorescence microscopy, cells 
were placed on glass slides and sealed under 
coverslips and examined with a Zeiss universal 
microscope. 

Methotrexate-mediated inhibition of d[3H]Urd 
incorporation. To fiat-bottomed wells of microtiter 
plates containing 105 cells was added anti-H-2K k 
antibody (H100-30/33) at a final concentration of 
20 /~g/ml. After 30 min at 4°C, the cells were 
washed once in 100/11 RPMI medium followed by 
centrifugation and then resuspended in supple- 
mented medium. Dilutions of free methotrexate or 
sterilized (on 0.45 ~tm Millipore filters) protein 
A-bearing liposomes containing 20 mM metho- 
trexate were added to the cultures. After 3 h in- 
cubation at 37°C, 0.5 #Ci radiolabeled deoxyuri- 
dine (d[3H]Urd) was added to the cultures. After 
an additional 16 h at 37°C, the cells were collected 
and the concentration of incorporated d[3H]Urd 
in DNA was measured [5,6,12,19,21]. 

Results 

Characterization of vesicles 
Lipid of the same composition was sonicated to 

obtain small unilamellar vesicles (SUV) or treated 
by reverse-phase evaporation to obtain large un- 
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ilamellar vesicles (REV). Liposomes were made of 
54 mol% DMPC, 10 mol% DPPS, 35 mol% 
cholesterol and 1 mol% DPPE-DTP. This change 
from our standard lipid composition of 64 mol% 
dipalmitoylphosphatidylcholine (DPPC), 35 mol% 
cholesterol and 1 mol% DPPE-DTP [7,19,21] was 
made necessary by our inability to make con- 
sistently good REV in the absence of phosphati- 
dylserine. The REV can pass through poly- 
carbonate membranes to size the vesicles. Fig. 1 
shows the elution profile on a Sephacryl S-1000 
superfine column of three different preparations 
of liposomes: SUV, REV filtered through 0.4 ~tm 
membranes and sequential passage through 0.4 
/~m and 0.2 # m  membranes, visualized by the 
dequenched fluorescence after lysis of liposomes 
by the detergent Triton X-100. The sonicated SUV 
made with 10 mol% DPPS had a larger diameter 
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Fig. 1. Chromatography of liposomes on a Sephacryl S-1000 
column. Aliquots of liposomes preparations were passed over a 
Sephacryl S-1000 column. Sample size was 0.7 ml in buffer A 
(pH 7.45). Aliquots of the effluents were measured for fluores- 
cence after addition of 0.2% Triton X-100 on an Aminco SPF 
spectrofluorimeter (excitation 488 nm, emission 520 nm), and 
counted in a gamma counter. The column was calibrated 
according to Nozaki et al. [20]. (e) 125I protein A coupled to 
liposomes. (zx) SUV; (v) REV after filtration through 0.4 #m 
Unipore membranes; (O) REV after sequential passage through 
0.4 #m and 0.2 #m Unipore filters. Column markers: PA = 
protein A; V t = total volume; V 0 = void volume. 
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(800 .~ as compared to 500-600 A) than sonicated 
liposomes lacking this charged phospholipid (data 
not shown). REV filtered through 0.4/~m and 0.2 
/~m membranes had an homogeneous size of about 
2000 A in diameter and nominally 4000 A (void 
volume) for those passed through 0.4 #m mem- 
branes. When the liposomes were coupled to ra- 
diolabeled protein A, the position of radioactivity 
was the same as for carboxyfluorescein encapsu- 
lated in liposomes. 

The homogeneous distribution of each liposome 
preparation excludes the aggregation or fusion of 
liposomes as a consequence of the coupling reac- 
tion. When incubated with 10% fetal calf serum we 
have observed that these charged vesicles leak 
from 0.3 to 4% of their contents during dialysis 
overnight, as measured by fluorescence. This 
leakage is not increased as compared with 
non-charged liposomes made by sonication. Fol- 
lowing this dialysis the liposomes contents remain 
stably Encapsulated for many weeks after their 
sterilization by filtration through 0.45 /~m Milli- 
pore filters. 

The encapsulated volume of such vesicles, 
calculated from fluorescence dequenching after ly- 
sis of liposomes and phospholipid dosage (see 
Methods) was 1.5 + 0.2 1/mol; 6.2 + 0.5 1/mol, 
and 9.4 + 0.2 l /mol of vesicle phospholipids for 
the SUV, 2000 ,~ and 4000 A diameter REV, 
respectively. These values are in good agreement 
with published values for a population of predomi- 
nantly unilamellar liposomes [8,23]. 

Protein coupling to small and large liposomes 
As seen in Fig. 2, the number of protein A 

molecules bound per liposome was proportional to 
the size of liposomes. The calculation was based 
on the percentage of protein A which became 
bound to liposomes after filtration on a Sepharose 
4B column [13]. Accepting published figures [10] 
of 4.5 • 10 n 4000 .~ vesicles made with cholesterol 
per #mol of phospholipid, we have obtained 11-13, 
33-37 and 96-100 protein A molecules per 800 A, 
2000 .~, and 4000 .~, diameter liposome, respec- 
tively, corresponding to about 560, 290 and 200 
molecules per/xm 2 of liposome surface. We have 
observed that small liposomes made without the 
negatively charged phospholipid DPPS bound 
about twice as many protein A molecules as those 
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Fig. 2. Number  of protein A molecules bound per 800 ~,, 2000 
and 4000 A sized liposome. The calculation of the number  of 

protein A molecules bound per liposome preparation was made 
after filtration of liposomes on a Sepharose 4B column to 
determine the percentage of liposome-associated protein A [13]. 
Results are mean + S.D. of three experiments. 

containing DPPS. Theoretically, one would expect 
the same percentage of protein A fixation on SUV 
and REV made with the same lipid concentration 
because the lipid area is identical. In the incuba- 
tion, performed here the expected number would 
be 80 and 320 protein A molecules per 2000 ~, and 
4000 .~, diameter liposome. 

Liposome binding studies 
In order to evaluate the fixation of liposomes to 

cells, we have incubated RDM4 tumor cells, L 
cells and stimulated lymphoblasts with an IgG2b 
anti-H-2K k monoclonal antibody prior to incuba- 
tion with protein A-bearing liposomes. As seen in 
Table I, the binding of carboxyfluorescein en- 
capsulated in large liposomes was greater than in 
small liposomes. The values for cell-associated flu- 
orescence were approximately 4.7-, 2- and 2.7-times 
greater with 2000 A diameter liposomes as com- 
pared to SUV on RDM4 cells, L cells and 
lymphoblasts, respectively. With 4000 .~ diameter 
liposomes, the values were not increased as com- 
pared with 2000 .~ REV. Nonspecific binding of 
liposomes was not observed when incubated with 
cells without antibody or with an irrelevant anti- 
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TABLE I 

SPECIFIC BINDING OF PROTEIN A-BEARING SUV OR REV TO CELLS PREINCUBATED WITH ANTI-H-2K k MONO- 
CLONAL ANTIBODY H100-30/33 

Results are shown as mean ± S.E. of four experiments for RDM4 cells and L cells and two experiments for lymphoblasts. 4. i05 cells 
were incubated with protein A-bearing liposomes containing a total of 212 pmol of carboxyfiuorescein. Cells were preincubated with 
40 mg/i final of antibody and washed before addition of protein A-bearing liposomes. In the case of 'free protein', before addition of 
liposomes cells were incubated for 5 minutes with 80 rag/1 final protein A. The concentration of liposomes was 82.5 ltM for SUV; 
23.7/~M for 2000 A diameter REV, and 15.4 ~tM for 4000 A diameter REV expressed as total lipid. 

Antibody Free 

protein 
A 

cell-associated carboxyfluorescein (pmol) 

SUV of mean REV of mean REV of mean 
diameter diameter diameter 
800 A 2000 A 4000 A 

RDM4cdls + - 8.0±1.5 37.6±2.0 35.0±1.5 
+ + 0.2±0.03 0.3±0.1 0.3±1.5 
- - 0.8±0.2 1.0±0.5 1.2±0.05 

Lcells + - 16.0±2.0 32.0±1.5 26.7±1.2 
+ + 0.5±0.05 0.4±0.1 0.5±0.05 
- - 0.8±0.4 0.8±0.6 1.3±0.5 

Lymphoblasts + - 10.5±1.4 28.9±0.7 20.4±2.0 
+ + 0.3±0.05 0.3±0.07 0.5±0.02 
- - 0.7±0.3 0.8±0.2 1.1±0.3 

body (data not shown). The binding of protein 
A-bearing liposomes was totally inhibited by free 
protein A in solution at the time of incubation. 
Considering the mean diameter of a cell to be 
about 10/~m and assuming cells and liposomes to 
be spheres, it is theoretically possible to bind to 
cells 1.56.10 4, 2.5 • 103 and 623 liposomes of 800 
A, 2000 A and 4000 A diameter, respectively. The 
volumes of 2000 ,~ and 4000 ~, liposomes are, 
respectively, 15.6- and 125-times greater than 800 

vesicles. Thus the total carboxyfluorescein in 
2000 A liposomes bound per cell would be ex- 
pected to be 2.5-times greater, and for 4000 A 
liposomes 5-times greater, than SUV. Our results 
show that while the fixation of 2000 A liposomes 
was increased as expected, there was no additional 
increase for 4000 ,~ REV. 

Drug transfer from liposomes to cells 
The quantity of liposome contents w]aich be- 

came cell-bound was greater for REV than SUV, 
but the quantity of liposome contents transferred 
into the cells was greater with SUV than REV 
(Fig. 3). The inhibition of incorporation of radio- 

labeled deoxyuridine by the methotrexate en- 
capsulated in liposomes was more important with 
SUV than REV for all cells tested. Only the more 
phagocytic L cells were appreciably affected when 
incubated with REV, but this drug effect was less 
important than that obtained with SUV. In con- 
trol experiments (not shown) we have confirmed 
that methotrexate encapsulated by the reverse- 
phase evaporation technique was not destroyed by 
exposure to organic solvent during liposome for- 
mation. The data have also been confirmed for 
antibodies directed at other cell determinants (not 
shown). 

Fluorescence microscopy observations 
We have previously suggested that lysosomo- 

tropic compounds such as ammonium chloride can 
inhibit the drug transfer from SUV to the cell via 
an acidic compartment such as lysosomes [12,21]. 
This point, together with the differential drug ef- 
fects seen when liposomes are bound to different 
determinants, has suggested that liposomes were 
endocytosed together with the target cell surface 
molecule. In this way, the absence of effect or 
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Fig. 3. MTX-mediated inhibition of d[3H]Urd incorporation. Cells (105) were preincubated with H100o30/33 monoclonal antibody 
before addition of SUV or REV coupled to protein A. ©, free methotrexate; I ,  methotrexate in protein A-bearing SUV; -, 
methotrexate in protein A-bearing REV of 2000 ,~ in diameter; O, methotrexate in protein A-bearing REV of 4000 ~, in diameter; [], 
protein A-bearing SUV without methotrexate; A, methotrexate in protein A-bearing REV of 2000 ,~ in diameter without 
preincubation of the cells with the monoelonal antibody or with preincubation with an irrelevant monoclonal antibody; v, 
methotrexate in protein A°bearing SUV without preincubation of the cells with H100-30/33 antibody or with preincubation with an 
irrelevant antibody. The effect of methotrexate encapsulated in liposomes was totally inhibited by preincubation of the cells with free 
protein A (50 rag/l) for 5 min before addition of liposomes (data not shown), a. RDM4 tumor cell line: control d[3H]Urd 
incorporation: 152000 _+ 2000 cpm. b. L cells: control d[3H]Urd incorporation: 260000_+ 10000 cpm. c. Lymphoblasts (T cells origin): 
control d[3H]Urd incorporation: 90000 + 3000 cpm. Each point plotted corresponds to the average of four experiments for RDM4 
cells and L cells and two experiments for lymphoblasts. 

r educed  effects of  the drug  encapsu la ted  in specifi-  
ca l ly  b o u n d  R E V  suggested the non-endocy tos i s  of  
these large l iposomes  by  the cells. In o rder  to 
conf i rm this hypothesis ,  we have observed cells by  
f luorescence mic roscopy  af ter  a 2 - 3  h incuba t ion  
of  the cells with specif ical ly b o u n d  l iposomes  at  
37°C. L cells and  R D M 4  cells showed diffuse 
cy top lasmic  f luorescence when incuba ted  with 
SUV, ind ica t ing  in te rna l iza t ion  of l iposomal  con- 
tents.  In  contras t ,  when cells were incuba ted  with 
R E V  no such f luorescence was seen. W e  observe,  
ra ther ,  pa tches  on the cell surface, ind ica t ing  clus- 
ter ing of  large l iposomes.  We have observed  that  
when cells were first  incuba ted  with a m m o n i u m  
chlor ide  before  incuba t ion  with SUV, that  the 

cy top lasmic  f luorescence is much reduced  and that  
mos t  ca rboxyf luoresce in  seems to be conf ined  to 
the per inuc lear  region,  p re sumab ly  in lysosomes 

(not  shown). 

Discussion 

Liposomes  can now be made  in a variety of 
sizes and bear ing  a number  of  l igands  on their  
surfaces. If  the purpose  of  the l igand is to media te  
the b ind ing  of  l iposomes  to a specific target  tissue, 
so that  the l iposome contents  can be in t roduced  
in to  that  tissue, then it is appa ren t  that  the l ipo- 
somes must  first be  of a size capab le  of having 
access to the target  cells, and  secondly,  be able  to 



be taken up by the cells. However, the complexity 
of behavior of liposomes in vivo makes studies of 
the mechanisms of liposome uptake difficult to 
interpret. 

We have previously shown that, in vitro, small 
unilamellar liposomes (mean diameter 600 A), 
composed of DPPC, cholesterol and DPPE-DTP 
covalently coupled to antibodies or protein A, are 
able to transfer their contents into cells to an 
extent which depends on both the cell and the 
target molecule. Thus, the cell surface molecule 
H-2K k is an excellent target on murine T cell 
blasts, RDM4 tumor cells and L cells, but not on 
B cells, even though all these cells express large 
amounts of this molecule, bind comparable num- 
bers of liposomes, and B cells are sensitive to 
methotrexate in liposomes bound to other cell- 
surface determinants [ 12,19,21 ]. 

In the present paper, we have compared the 
ability of liposomes of various sizes to deliver 
methotrexate via this same determinant. The lipo- 
some-protein coupling reaction originally de- 
scribed for liposomes made without phosphati- 
dylserine [7] was less effective in the presence of 
this charged phospholipid. Similarly, the coupling 
of protein to large liposomes was less efficient 
than to small liposomes. We were unable to couple 
more protein to the large liposomes even when 
they were made with increased DPPE-DTP (2%) 
and incubated with more protein (data not shown). 
The mechanism for the reduced fixation of protein 
on the surface of REV remains to be explained. 
Despite this reduced protein fixation, the quantity 
of carboxyfluorescein in liposomes which bound to 
cells was greater for 2000 .~ liposomes than for 
small (800 A) liposomes to the extent predicted by 
the increase in encapsulated volume. The binding 
of 4000 ,~, liposomes was not increased as com- 
pared to 2000 ,~ liposomes, perhaps because of the 
reduced diffusion of these liposomes. 

Although there was greater binding to cells of 
carboxyfluorescein and methotrexate in large lipo- 
somes, cells were more sensitive to drug delivered 
from small than from large liposomes. These re- 
suits are incompatible with models implying fusion 
of liposomes with the cell membrane, for which, 
lipid composition being identical, the drug effect 
should have been proportional to the amount of 
drug which became cell bound. The inverse rela- 
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tionship between size and drug delivery, our previ- 
ously published results on the inhibition of the 
effect of liposome-encapsulated methotrexate by 
NH4C1 [12,21], and the results from fluorescence 
microscopy presented here all support endocytosis 
as the principal or exclusive mechanism of lipo- 
some entry. 

Even cells not normally thought of as phago- 
cytically active must have the capacity to take up 
relatively large molecules such as low-density lipo- 
protein (250 .~). These particles are taken up in 
coated pits, which have a diameter of about 1500 
.~ [24]. We did not observe differences between 
DPPC/cholesterol/DPPE-DTP (600 ,~) and 
DMPC/DPPS/cholesterol/DPPE-DTP (800 ,~) 
liposomes with respect to drug delivery. However, 
2000 ,~ liposomes were practically incapable of 
mediating drug delivery into RDM4 or T cell 
blasts and the drug effect of large liposomes on L 
cells was less than that predicted for the quantity 
of drug which became cell associated. We do not 
know if the failure of 2000 ~, liposome entry 
reflects the 1500 ~, diameter of coated pits: we 
observed patching of large liposomes on the cell 
surface. This aggregation, which was not seen for 
liposomes in solution, could either be the cause or 
the consequence of the failure of these liposomes 
to enter the cell. 

The other possibility is that the 'zippering' 
mechanism proposed for endocytosis of antibody- 
opsonized particles [25] was defective with large 
liposomes as a consequence of the reduced number 
of protein A molecules bound per #m 2 of liposome 
surface as compared to SUV. This seems unlikely, 
as a density as low as of 25 antibody molecules 
bound per #m 2 was shown to be sufficient for 
internalization of red blood cells by phagocytic 
cells [26] and the density of protein A on even 
large liposomes was several-fold in excess of this 
number. Furthermore, this hypothesis would be 
limited to RDM4 cells and to T blasts, as L cells 
were capable of internalizing large liposomes, al- 
beit to a lesser extent than small liposomes. 

In these studies, protein A-bearing liposomes 
have been shown to become cell-associated via 
interaction with antibody bound to a specific 
surface molecule (H-2Kk). The internalization of 
molecules by L cells shows the same selectivity as 
that shown for T and B cells, that is, not all cell 
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surface determinants mediated drug delivery. Thus, 
in these studies the H-2K molecule was a good 
target for liposome entry, but fibronectin was a 
poor target, even though substantial numbers of 
liposomes could be bound to this determinant by 
anti-fibronectin antibody (data not shown). 

It is of considerable interest that large lipo- 
somes bound to the H-2K molecule were internal- 
ized by L cells, at least to some extent. Are endo- 
cytic vacuoles larger on L cells? Can a given cell 
surface molecule be associated with multiple routes 
of entry into the cell? The association of liposomes 
and techniques such as electron microscopy will be 
necessary to respond to these questions. 
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