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Scavenger receptors have a broad ligand specificity, ranging from ntodificd low-density lipopn~tcins ~o -t varicly of high-molecu- 
lar-weight poly-anions. A recent report by Nishikawa ctal .  (J. Biol. Chem. (1991)) 265, 5226-5231) suggested Iili|1 this rcc,:ptol is 
also involved in the bindhtg and endocytosis of liposomes containing negatively charged pho~;pholipids. 'I'nc ntecha~fism by wlfich 
liposomes arc taken up by cells is of interest because liposomes are promising versatile carriers fi~r macromolccules and drugs 
both in vitro and in vivo. In this report, we re-examine the role of the scavenger receptor in the uptake of liposomcs using both 
Chinese hamster ~wary cells transfccted with the type I or type il bovine scavc~lgcr receptor, and smooth muscle cells induced to 
increase scavenger receptor expression by phorbol ester treatment. Expression of both types of scavenger receptors by Chinese 
hamster ovary cells induced an increase in the uptake of chemically modified low-density lipoprolcins, but not the uptake of 
negatively charged liposomcs. In smooth muscle cells treated with phorbol ester, scavenger receptor expression was upregulatcd 
and the uptake of chemically modified low-density lipoprotcins was enhanced dramatically, but there was no cffcct on the uptake 
of negatively charged liposomes. We conclude lhat the existing evidence does not support the suggestion that the scavenger 
receptor is involved in the uptake of  anionic liposomcs by cells. 

Introduction 

It is well established that macrophages in vitro avidly 
internalize liposomes and accumulate them in low pH 
compartments [1]. Similarly, macrophages in the reticu- 
Ioendothelial system take up more than 90c/~ .'ff imra- 
venously administered negatively charged liposomes 
within 1 h of injection [2] This has been utiqzed to 
naturally target liposomes to the mononuclear phago- 
cytic system, but has been an obstacle in targeting 
liposomes to other cells. Recent advances in the mouse 
model, however, show that intravenously injected lipo- 
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somes of certain lipid compositions have a drastically 
reduced uptake by the reticuloendothelial system [3,4] 
and a consequent increase in uptake by tumors [4,5]. 
Understanding the mechanism by which cells bind and 
internalize liposomes will greatly facilitate the design 
of liposome carriers, which can deliver drugs preferen- 
tially to specific tissues such as tumors rather than to 
macrophages. 

Although it is known that some cells take up lipo- 
somes through coated pit-mediated endocytosis [6], the 
exact mechanism by which iiposomes bind to cells is 
not clear. We and others have shown that the uptake 
of liposomes by macrophages in vitro can be dramati- 
cally enhanced by including certain anionic phospho- 
lipids, such as phosphatidylscrine (PSi, phosphatidyl- 
glycerol, or phosphatidic acid [7,8]. The enhanced up- 
take of negatively charged liposomes compared with 
neutral liposomes suggests the existence of cell surface 
binding sites (i.e., receptors) that mediate the specific 
recognition of the negatively charged phospholipids 
and the avid internalization of the liposomes contain° 
ing these lipids. A cell surface receptor that recognizes 
specific phospholipids, especially the negatively charged 
phospholipids that are not normally present on the 
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outer leaflet of cell membranes, would have important 
implications in cell biology. Increased expression of PS 
on senescent erythrocytes [9,16] and on tumor cells [11] 
has been proposed to be the signal for removal by 
macrophages, and therefore tt:ese ceils are potential 
candidates for clearance via the scavenger receptor. 
Additionally, such a receptor would be of great interest 
to investigators using iiposomes as model membranes 
[12] and as vehicles to deliver drugs or macromolecules 
to cells both in vitro and in vivo [13]. 

The nature of the receptor for negatively charged 
liposomes is not yet known. However, it has been 
recently suggested by Nishikawa et al, that the uptake 
of negatively charged liposomes is mediated via the 
scavenger receptor [7]. The scavenger receptor, or 
acetyl low-density lipoprotein (LDL) receptor, was 
originally described by Goldstein et al. on macrophages 
[14], and has subsequently been shown to be expressed 
by certain smooth muscle cells (SMC) and fibroblasts 
[15]. This receptor binds LDL that has been modified 
by acetylation (Ac), acctoacetylation (AcAc), or oxida- 
tion [14,16,17], all of which lead to an enhancement of 
the negative charge of the LDL. The uptake of oxi- 
dized forms of LDL by this receptor in vivo has been 
postulated to play an important role in atherogenesis 
[16,18]. The receptor has broad iigand specificity, bind- 
ing modified LDL, maleylated albumin, and certain 
high-molecular-weight macromolecules such as poly- 
inosinic acid, dextran sulfate, and fucoidan [14,16]. 
More recently, the scavenger receptor has been also 
reported to be involved in the uptake of lipopolysat- 
charide (LPS) [191. Two forms of the bovine, human, 
and mouse scavenger receptor eDNA have now been 
cloned and the amino acid sequences deduced [20-23]. 
In all species the type ! and the type 11 scavenger 
receptor differ only in their carboxy terminus. 

The conclusion of Nishikawa et al. [7] that liposomes 
containing anionic phospholipids are taken up by the 
scavenger receptor was based on cross-competition be- 
tween iiposomes and Ac or oxidized LDL. However, 
the extreme conditions used in their competition exper- 
iments raise some doubts about whether the scavenger 
receptor indeed binds these liposomes. First, a high 
concentration of liposomes (a miUimolar range of phos- 
pholipid concentration) was used to compete with mod- 
ified LDL, The non-reciprocity observed between mod- 
ified LDL and liposome particles was also much more 
pronounced than the non-reciprocal competition previ- 
ously observed between oxidized LDL and Ac LDL 
[24]; modified LDL particles competed poorly with 
negatively charged liposomes, whereas iiposomes com- 
peted with modified LDL significantly better. In addi- 
tion, we have previously demonstrated that the uptake 
of liposomes by certain cells cannot be inhibited by a 
high concentration of ligands for the scavenger recep- 
tor, suggesting that scavenger receptor-mediated endo- 

cytosis is not the primary uptake mechanism in those 
cells [8]. For example, an African green monkey kidney 
cell lime (CVI) internalizes PS-containing iiposomes at 
a much higher rate than phosphatidylcholine (PC) lipo- 
somes, This interaction is not affected by poly(inosinic 
acid) or dextran sulfate, known competitors for binding 
of chemically modified LDL to the scavenger receptor. 
On the other hand, the uptake of PS-containing iipo- 
sprees by a murine macrophage-like cell line 0774) 
could be competed by poly(inosinic acid) but not by 
poly(cytidylic acid), just as would be expected for a 
scavenger receptor ligand. In addition, it is established 
that Ca 2+ is required for iiposome uptake by 
macrophages [25] but is not required for the binding of 
Ac LDL to the scavenger receptor [26]. For these 
reasons, we have further assessed the role of the scav- 
enger receptor in liposome uptake more directly both 
in Chinese hamster ovary cells (CHO) transfected ~o 
express the bovine scavenger receptor and in SMC in 
which scavenger receptor expression is up-regulated by 
phorbol esters. 

Materials and Methods 

The type [ and type II bovine scavenger receptor 
expression vectors pXSR7 and pXSR3, respectively 
[20,21], were cc-transfected with a neomycin resistance 
gent into CHu  cells using a calcium phosphate precip- 
itation method. Colonies r~sistant to the neomycin 
analogue G418 (0.4 mg/m!) were selected for high 
expression of the receptor by fluorescence-activated 
cell sorting (FACS) based on their uptake of AcAc 
LDL labeled with the fluorescent dye 1,1'-dioctadecyl- 
3,3,3',Y-tetramethylindocarbocyanine percblorate (DiD 
[27]. The cells were maintained in Dulbecco's Modified 
E tgle's Medium/Ham's FI2 medium (medium A) con- 
t ~ining G418 and 10% fetal bovine serum, Control and 
tcansfected cells were plated at sub-confluent level 1 
day before the experiment. Rabbit SMC were main- 
tained in RPMI 1640 (medium B) containing 5% fetal 
bovine serum, and acetyi LDL receptor expression was 
up-regulated by pre-incubation for 2 days with 50 
ng/ml phorbol 12-myristate 13-acetate (PMA) as pre- 
viously described [15]. Small unilamellar liposomes (ap- 
prox. 85-100 nm in diameter) composed of PS/  
PC/cholesterol (1:1:1, mole ratio) were made by ex- 
trusion through polycarbonate membranes of 0.05 ~m 
final pore size as described [28]. The liposomes were 
labeled either with Dil (0.2 mole% of phospholipids) 
by drying the Dil mixed with lipids in chloroform 
before hydration, or with the aqueous content fluores- 
cent marker pyranine (1-hydroxypyrene 3,6,8-tri- 
sulfonate; HPTS) as described [1,8]. Unless otherwise 
noted, AcAc LDL (5/zg/ml, abo~t 5.10 I' particles/ 
ml) or liposomes (50 nmol of pho:;pholipids/ml, about 
2.1011 particles/ml)were incubated with cells for the 



TABLE ! 

Uptake of ao, toacetylatcd low-density lipoproteins and liposomcs by 
Chinese hamster ocary, CVI and J774 cells 

Relative uptake per cell " 

CHO CV 1 J 774 

AcAc LDL b l (+0.06) 19.8(5: 1.13) t~9 (5:2.36) 
Liposomes ~' 1 (5:0.04) 6.5 (+0.23) 2.3 (5:0.05) 

a The experiments were done in triplicate and the standard devia- 
tions are shown in parentheses. The uptake of AeAc LDL and 
liposomes by CHO cells described in (b) and (c) below was normal- 
ized to the value of ! and the uptake by CVI and J774 cells was 
expressed as a multiple of that value. The concentrations of 
liposomes and Ae LDL were converted into molar concentrations 
of particles as follows: ! #mole of lipid corresponds to about 
4" I1) 12 liposome particles (assuming an average diameter of lipo- 
somes of about 100 nm), and I #g  of Ac LDL protein (M r = 
O(,~)O0(I) corresponds to about I. II) I'~ particles. 

h S cetoacetylated Iow-density-lipoprotcins labeled with Dil (5 
# g / m l )  were incubated al 37°C with CLIO, CVI and J774 cells in 
medium A cont;dning 10% fetal h(wine serum. The CHO cells 
(I .  I(I ~') took up 34 ng of AcAc LDL (about 3.4.10 i" particles) 
daring a 24-h incubation. 

~' For the uptake of Dil-labeled liposomes, I(10 nmolcs of total 
phospholipids (PS/PC/cholesterol.  I : I: i) per milliliter were in- 
cubated with the cells under the same conditions as above. The 
CHO cells (I .  1() ~) took up 2 nmoles of liposomes (about 8.10 'J 
liposome particles) during a 24-h incubation. 

times indicated in the figure legends. Cells were washed 
twice with medium and three times with phosphate- 
buffered saline, and solubilized with 0.2% Triton X-100 
for the analysis by fluorometry. The Dil fluorescence 
associated with I .  10" cells was measured in a Spex 
fluorometer (,~.~ = 550 nm; '~om = 575 nm). For analy- 
sis by FACS, the procedures were the same but the 
washed cells were suspended by trypsinization. 

Results and Discussion 

The wild-type native CHO cells have a relatively low 
level of liposome uptake by comparison with other cell 
lines, such as CV1 and J774 cells. The expression of 
scavenger receptors in wild-type CHO cells is also low. 
The relative uptake of AcAc LDL and PS-containing 
liposomes by CHO, CVI, and J774 cell lines is shown 
in Table !. To measure the uptake of AcAc LDL and 
liposomes, both were labeled with the fluorescent dye 
(DiD and the association of the Dil fluorescence with 
cells was monitored. Dil-labeled AcAc LDL has been 
previously u~gd to identify cells expressing the scav- 
enger receptor both in vitro [27] and in vivo [29]. 
Because Dil is not degraded in the lysosomes, it accu- 
mulates in the ceils, allowing an as~¢~me,t of the total 
amount of uptake by cells [30]. As shown in Table I, 
CVI cells take up approximately three times more 
liposomes than J774 cells, whereas CV1 cells take up 
only one-third as much AcAc LDL as J774 cells. In 

addition, the J774 cells, because of the high expression 
of the scavenger receptor, t ake  up about 70 times as 
much AcAc LDL as CHO cells, while they are only 
2.3-fold more effective in taking up anionic liposomes 
than CHO cells. This comparison shows that the rela- 
tive activity of the scavenger receptor among these cells 
does net correlate with the extent of liposome uptake. 

To i~ddress the question of whether an increase in 
scavenger receptor activity correlates with the level of 
uptake of anionic iiposomes in a given type of cell, we 
used two cell systems, CHO and SMC, in which we can 
regulate and monitor the level of scavenger receptor 
activity. A straightforwi:,.rd examir ~tion was facilitated 
by the recent cloning ot the bovine scavenger receptor, 
type I and II forms [20,21], and the successful expres- 
sion of these receptors in CHO cells [24,31]. The type l 
receptor is identical to type 11 except that it has an 
extended cysteine-rich extracellular carboxy-terminal 
domain [20,21]. Both forms of the receptor bind chemi- 
cally modified and oxidized LDL [24,31]. We trans- 
fected CHO cells with the expression vector pXSR7 
and pXSR3, which contain the eDNA for the type 1 
and type 11 bovine scavenger receptor, respectively, 
and investigated whether the expression of either Wpe 
of scavenger receptor induces an enhanced uptake of 
liposomes i .  parallel to the enhanced uptake of AcAc 
LDL. 

Fig. 1 shows the uptake of AcAc LDL and lipc- 
somes by CHO cells, CHO-SRI (CHO cells transfected 
with type I bovine scavenger receptor), and CHO-SRII 
(CHO cells transfected with type II bovine scaveng,zr 
receptor). The CHO-SRI cells showed a 7-fold increase 
in the uptake of AcAc LDL relative to the wild-type 
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Fig. 1. Scavenger receptor expression by Chinese hamster ovary cell: 
results in enhanced uptake of chemically modified LDL, but not ol 
anionic liposomes. The uptake cf  AcAc LDL and liposomes 
(PS/PC/cholesterol)  by CHO, CttO-SR! and CHO-SRII cells is 
reported. The uptake of Dil-labeled AcAc LDL (ng / I .  I(/' cells) and 
the uptake of Dil-labeled liposomes (nmol / I .  l0 t' cells) by wild-type 
CHO cells (solid bars), by CHO-SRI cells (open bats) and by 
CHO-SRll cells (hatched batsJ are shown. AcAc LDL (5 /.tg/mD 
and iiposomes (50 nmoles of phospholipids/ml) were incubated with 
cells in medium A for 8 h, The Dil fluorescence intensity associated 
with 1.10 t' cells was measured by fluorometry and it was divided by 
the fluorescence intensity per nanogram of Dil-laheled AcAc LDL 
or nanomole of Dil-labeled liposomes to express the uplake in 

nanograms or nanomoles pet" 1" 10" ceils. 



(non-transfected control) CHO cells during an 8-h in- 
cubation at 37°C. A lower level of scavenger receptor 
expression was observed in CHO-SRll, in which the 
uptake of Dil-labeled AcAc LDL was increased by 
2.4-fold over the control CHO cells. By contrast, the 
extent of liposome uptake by the CHO-SR! and CHO- 
SRll cell lines was the same as that by wild-type CHO 
cells. The results were similar in the presence or ab- 
sence of 10% serum in the incubation medium (data 
not shown), if the extent of uptake is expressed as the 
average number of particles taken up per cell, 6.3- I(P 
AcAc LDL particles were taken up by each CHO cell, 
4.4' 10 '~ particles by each CHO-SRI cell, and 1.5. !(} ~ 
particles by each CHO-SRI! cell, respectivebj. How- 
ever, only about 3.10 ~ liposome particles were taken 
up by each control CHO cell or each CHO cell express- 
ing the scavenger receptor. These data suggest that thc 
bovine scav~:ngcr receptor does not bind anionic lipo- 
SOftieS. 

A similar conclusion was suggested when the control 
and the transfected cells wcrc incubated with Dil- 
labeled AcAc LDL or liposomes and analyzed by flow 
cytometry. A typical FACS analysis (Fig. 2) showed 
that CHO-SRI cells contained two populations of cells; 
the major population internalized about 10 times more 
Dii-labeled AeAc LDL than the other (apparently 
non-expressing cells), which had the same uptake of 
Dit-labeled AcAc LDL as the wild-type CHO cells. In 
contrast, both the wild-type CHO and the transfccted 
CHO-SRI cells took tip Dil-labcled liposomes to the 
same extent, with no indication of two populations that 
had different levels of scavenger receptor expression. 
The numerical results after two different incubation 
times are shown it) Table !!. The uptake of liposomes 
was also monitored by FACS using another fluorescent 
dye (HPTS) which was encapsulated within the internal 
aqueous space of the liposomes. This dye has been 
used previously tk~r monitoring liposome uptake foUow- 
ins the accumulation of the aqueous contents via endo- 
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Fig,, 2, Fluorescence-activated cell st)rtcr analysis showing that the 
uptake of chemically modified LDL is enhanced in CIlO-SRI cells 
expressing the D'pc I b~winc scavenger receptor, whereas the uptake 
of liposomes is not, This representative FACS scan sho~,vs the uptake 
of Dil labeled AeAc LDL tpanel A) and l)il-labeled liposomes 
(PS/PC/cholesterol) (panel B) by wild-type ('110 cells (dotted lines) 
and by ('! I()-SRI cells expressing` the type I b~winc scaveng`er recep- 
ttn (solid lines). The incubation condition was the same as in Fig. I, 
The mean background rchttive fluorescence intensity flu' the cot)lml 
cells without incubatiol) wilh either Dil-lubclcd AcAc LI)L or lipo- 

stmles was (I.32, 

cytosis [I,32]. As with the Dil-htbeled liposomes, the 
uptake of liposomes labeled with HPTS was not en- 
hanced in the transfceted cells. The data for these and 
other FACS analyses are summarized in Table I!. 
Thus, the uptake of liposomes, documented by moni- 
toring markers fi)r both the lipid and aqueous contents, 
was shown not to depeqd on the level of scavenger 
receptor expression in CHO cells. 

The recent observation [151 that rabbit SMC express 
the scavenger receptor, and that receptor expression in 
these cells is readily regulated by phorbol esters, pro- 
vided another system in which to evaluate the role of 
the scavenger receptor in thc uptake of liposomes. The 
uptake of Dil-laheled AcAc LDL was enhanced, as 
expected, by pre-incubation of the SMC with PMA, 
whereas PMA treatment of the SMC had little, if any, 

Ui~ltlkt' Of accl¢~wetyhlt<xl low.density hlu~protcins aml lilH,.~onw.~ by control ('him'.~¢ h,m~lcr ol'an' cells and by ('cll,~ tran.~fc¢tcd !o e.tpre.s.s the type ! 
tuwinc .~('aretL~cr ~'¢'t,l~lor 

After the indicated period of incubation with Dil-labded AcAc LDL (5 p.g/ml) or Dil-labcled liposomes (511 nmol/ml), cells were washed and 
suspended as single cells fl~r FACS an:riyals. The relative fluorescence intensity asseciated with the cells is shown and the n,tio t~f the relative 
fluorescence intensity (CIIO-SRi/CItO) is rept~rted in each case,. The 6-h and 24dl incub:flions are two independent experiments perfi~rmed on 
different days. The 24-h experiment was repeated with essentially similar results (data not shown). The average b;,ckground relative fluorescence 
intcnsity fur control cells (cells without incubatitm x~ith Diblabelcd AcAc LDL or liposomcs) was I).32 (6 h) and 0.24 (24 h). The values shown in 
parcnthc.,,es Ihr lipos~mles represent the amount of uptake monitored using liposonlcs labeled with I IPTS mslead of Di]. 

Uptake (relative fluorescence intensity) 

control transfected ratio 
ct|O CltO-SRI (CttO-SRI/CtlOI 

AeAc LDL f~-h incubation 11.29 1.56 5.4 
24-h incubation 0.95 14.8 15.6 

Lipt~omes 5-h incubation 0.94 (0.86) 0.97 (1).73) 1.03 (0.85) 
24-h incubation 6.6 3.3 0.5 
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Fig. 3. Fluorcscenee-actiwtted cell sorter analysis slzowing that phor- 
bol ester treatment of snloolh muscle cells lead to eslhanced uptake 
of chemically modified I.DL. bul not the uptake of liposomes. This 
representative FACS scan shows the uplake of Dil-laheled AcAc 
LI)L (panel A) and Dil-labeled liposomes (PS/P(' /clloleslcrol) 
(panel B) by control rabbit SM(" (dolled lines) and by rabbit SM(' 
incubaled with ifllon'bol ester Io tzp-x'egulale Ihe scavenger receptor 
(solid linesL The incubation condition was Ihc same as in Fig. I. The 
background relative fhloresccllcc intensity for the cells willmut incu- 

bation with either Dil-labeled AcAc I.I)1. or lipt~somcs was 11.38. 

effect on |he uptake of liposomes (Fig. 3 and Table 
liD. 

The studies presented above demonstrate that the 
type ! and type !1 scavenger receptors e~pressed in 
CHO cells do not induce receptor-mediated endocyto- 
sis of liposomes, while they do cause an increase in the 
uptake of a known ligand, AcAc I.DI.. This result is 
most likely duc to the lack of binding of liposomes to 
this receptor. A recent report by Hampton e t a l .  [19] 
suggested the inw~lvement of scavenger receptors in 
LPS uptake by showing a 2-4-fold inci~casc of LPS 
uptake in CHO cells ~ransfcctcd with the bovine scav- 
enger receptors relative to wild-type CHO cells, wilich 

TABI.E I II 

The effect of phorhol ester tn,atmetrt of .~moolh mu.wh, cell; on the 
uptake of uc'toaCclyhttcd hm'-th,nsity lil)nproteins and hposmnes 

The conditions and IIw prcscnlqlions :n'c 1h¢ same its in Table II. 
The n-h and 24-h incubations :u'c two independcnl experimeqls 
perfornled on dill'ercnt days. The average background relative fluo- 
rescence intensity thr conlrol cells (cells without incubation with 
Dil-labcled AcAc l.I)l, or liposome:,) was 0.3F~ (6 h) and 1.3 (24 hL 
The values shown ill pareltlhc.,,es ti)r liposomes t'el"nesent the amount 
of uptake monilored using liposomes labeled with HPTS ins(cad of 
Dil. 

Uptake (relative lluorescence intensity) 

(-)PMA ( + )PMA ratio 
(( + )PMA/(-)PMA} 

AcAc LDL 
6-h ineul~ation 0.43 2.66 6.2 
24-h incubation 3.47 14.8 4.2 

Liposomes 
6-h incubation 0.56 (0.41) 0.58 (0.26) I.II4 (tl.63) 
24-h incubation 6.14 2.39 0.4 

is essentially tile same cell system a:; the one discussed 
in this report. Therefore, an increased expression of 
scavenger receptors in CHO cells leads to an increase 
in the uptake of chemically modified LDL [24,31] and 
LPS [19], but not the uptake ol iiposonles as we have 
demonstrated here. However, we cannot yet elinlinate 
the possibility that even though the scavenger receptors 
bind liposomes, subsequent endocytosis of liposomes 
might require additional machinery in CHO cells that 
is not needed for the uptake of AcAc LDL or LPS. it 
is also conceivable that the density of scavenger recep- 
tors on the cell surface required for successful endocy- 
tosis of liposomes may be higher than that for chemi- 
cally modified LDL, as could be the case if the success- 
ful uptake of a liposome requires clttstcring of more 
than one receptor. Further studies arc needed in order 
to clarify these possibilities. However, wc have also 
demonstrated a lack of correlation between scavenger 
receptor activity and liposome t, ptakc in rabbit SMC 
trealed with phorbol ester, which up-regul.'ltes reccptor 
expression and leads to the enhanced binding and 
degradation of Ac and oxidized LDL [15,31]. Based on 
the results in these two systems, we conclude that the 
existing evidence does not support the suggestion that 
the scavenger receptor is responsible for liposomc up- 
take by cells. Rather, it suggests that the presence of 
the scavenger receptors does not affect liposome tip- 
take, at least by the cells under study. 

Our work does not rule out the possibility that other 
scavenger receptors exist that do bind liposomes, just 
as there may in fact be more than one receptor that 
binds modified forms of LDL. In mouse peritoneal 
macrophages, for example, cro.~s-compctition studies 
with Ac LDL and oxidized LDL ilavc demonstrated 
flint neither ligand can complclcly compete for Ihe 
binding o~ degradation of the other [33,34]. These 
studies have led to the hypothesis that there may be at 
least three different receptors for modified LDL: one 
receptor that binds Ac LDL, one that binds oxidized 
LDL, and one that recognizes both ligands. However, 
this does not appear to be true in all species. In rabbit 
SMC, oxidized LDL and chemically modified LDL 
bind to the same receptor and there is no evidence Ii)r 
an independent receptor for oxidized LDL [31]. This 
also appears to be true for human endothelial cells 
[35]. In addition, it has been demonstrated that both 
oxidized LDL and chemically modified LDL bind to 
the bovine scavenger receptor [24,31]. Although it is 
still not clear how anionic liposomcs and modified 
LDL (or large poly-anions) cross-compete for their 
uptake by cells [7,8], we recommend caution in the 
interpretation of competition studies involving large 
macro-molecular particles in such a complicated pro- 
cess as binding at the cell surface and internalizatknl. 
Additional caution would be also needed to e x t r a p o -  

la te  from in vitro study to the uptake of liposomes by 



cells in vivo where other complicated factors such as 
plasma proteins may play significant roles. 
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