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The biodistribution and i

Drug delivery

ility of li

d primarily of di "

(D¥ %) or dioleoylphosphatidylcholine (DOPC) in mice injected via the tail vein were examined and compared.
'l'Iv -aglioside Gy, (7 mol%) prolonged the circulation of DOPC but not DOPE liposortss, Gangliosides G, and

. (7 mol%) also increased the amount of DOPC lij

.0 @t 15 min post injection. However, these liposomes were cleared from the ci i

in ci ion, and to a similar extent as
by 25 b,

anulmdy 34A, which specifically binds to a surtace glycopmmn (g 112) of the puimonary endothelial cell surfoce,

was coupled with N-gl

‘These 34A-i

4 into

by a dialysis pi dh

of DOPE and Gy, (7 mol%), bhut not the antibody-free lipesomes,
accumulated :chnntly (= 24% of the injected dose) in the Iungs. fuclusion of

(31 mol%® the

lung accumulation of both DOPE /Gy, immunollposomes and DOV / G“, mmumhms to 33% and 51% of

the injected dose, i The

in DOPC li

3y Gy, and Gy, was

binding, where 44% and 43% of the injected dose of BOPL /Chol /

sufficient to enk porC
Gpiy and DOPC /Chol /Gy § i
general, ch DOPC i were more

in lung at 15 min after injection, respectively. In

ble than DOPE liposomes, and the degree to

which these liposomes avoid RES uptake infiuences their targetability. The results presented here are relevant to the

design of targetable drug delivery vehicles.

Intreduction

The use of liposomes for drug delivery is a topic of
intense investigation. We have recently described a
system using ) ibodies to target ljj

have incorporated mcneclonal antibody 34A to gpl12,
a pulmonary endothelial cell aniigen located abun-
dantly on the lumenal surface of the puimonary capil-
lary vessel wall 15,6]. Several physical parameters of the

to murine lung in vivo {1-4]. These immunoliposomes

* Present address: Department of Pharmacology, University of Pitts-
burgh School of Medicine, Pittsburgh, PA ISZhl USA.
i Chol, ch DOFPC,

34A-i have bee¢n investigated to de-
termine their effects on targel binding. These parame-
ters have ded dy/ lipid ratio, i
some size, injection dose, and lipid composition [3,4).
Under optimal conditions, approx. 70% of thc injected
dose accumulated in jang [31.

All i work was done with hiposomes com-

chotine: DOPE, dioleoylphaspiiatidylethanclamine; DTPA-SA, di- posed primarily of EPC. The present studies described
Hepes, N2 acid stearylamide; EPC, egg phosp here investigate the ing of $1A

acid: Mes, 24 o i Ifonic acid hemisodium salt; composed primatily of DOPE. DOPE is a major func-

NGPE, N. i ine: PBS, tional 3f pH and target

buffered saline; PC, i inc; PE. pH PR de-

amine: RES, reticulocndothelial system (also named us mononuclear

phagacyte system).

C L. Huang. D, of Ph: logy, Univer-
sity of Pittsburgh School of Medicine, Pittsburgh, PA 15261, USA.

liver entrapped .m-(cnn to the cytop\asm of the target
celis [7-12]. Target es become
destabilized and release entrapped contenss upon biud-
ing to the target ce!l surface {13,14]. Whiic deliverv of
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antitumor [9] and antiviral [14] drugs, toxin [11], and
DNA (12] has been weli documented in vitro, very few
studies have been done in vivo [10,15].

DCPE has a propensity to form the nonbilayer
irexagonal (H;;) phasc under conditions of physio-
iogical wemperature and pH [16). The dynamic shape
concept developed by Cullis and De Kruijff {16}, and
expanded by Israelachvili et al. [17), proposes that the
dynamic molecular shape of the lipid determines the
equilibrivm  configuration upon lipid aggregation.
DOPE, a cone-shaped molecule, can be I d
with an inveried cone-shaped molecule to form a stable
bilayer structure [16-18). Acidic amphiphiles and acy-
iated antibody are such DOPE bllayer smblhzers for
pH. itive and target. re-
spectively. The ganglmsmes Gy, [191 and Gy, {20)
have also proven to be potent DOPE bilayer stabiliz-
ers. Inclusion of Gy, Gpy),. OF Gy, in EPC or EPC/
cholesterol (Chol) liposomes greatly reduced lysis and
content leakzge upon incubation in human piasma [21).
RES uptake of liposomes has been 2 barrier for target-
ing liposomes to tumors or organs other than liver aud
spieen. ]nclusion of Gy, in a wide vanc!y of Ilposome

Juding pH.

{24}, prolongs liposome circulation half-lives in mice by
reducing RES uptake. The effect of reducing RES
uptake on targetability was revealed when 34A-im-
somes composed of EPC/ Chol/ Gy, showed
higher levels of lung binding and retention than im-
munoliposomes composed of EPC/ Chol/ phospha-
tidyleerine (P'S) [3], where it is well established that PS
elevates liposome uptake by the RES [25]. Therefore,
Gyyy appeared to retzin the ability of ing RES

with glutaric anhydride and triethylamine in CHCI; at
a molar ratio of 1:3:1 (DOPE/ glutaric anhydride/
triethylamine). The mixture was incubated at 20°C for
approximately 4 h. After this time, the reaction mixture
no longer stained pmmve'y with nmhydnn Thc mix-
ture was then subjected to water d
sequentiaily by dialysis agzinst 0.01 M sodium borate
buffer, pH 8.5, and ddH,0 to remove tricthylamine
and byproduct glutaric acid. Phospholipid and NGPE
pumy was checked by thin-layer ch , US-
ing CHCl,/CH;OH/ddH,0 (55:45:10, v/v) as the
solvent system, followed by I, vapor detection, Phos-
pholipid and NGPE i were d
assay [27]. Diethyl i i

acisi stearylamide (DTPA-SA) was symhemzcd as de-
scribed [28]. '"'In-iabeled DTPA-SA ('i'In-DTPA-SA)
was prepared as described [3). This lipophilic radiola-
bel is not transferred to serum components from lipo-
somes (unpublished data), and is not rapidly metabo-
lized in vivo [2].

Antibody preparation and conjugation

Rat monoclonal antibody 34A (IgG,,) was purificd
from nu/nu mouse ascites fluid as dsscribed [29). 34A
was radiolabeled with '*1 using lodogen (Pierce
Chemical Co., Rockford, IL), and purified using a
Bio-Gel P-4 (Bio-Rad, Richmond, CA) spin columa.
Conjugation of 34A with NGPE was performed as
described [3). Bricfly, NGPE dissolved in CHCl, was
dried with N, gas, vacuum desiccated for approxi-
mately 0.5 h, and resuspended in Mes buffer (5 mM
Mcs, 150 mM NaCl (pH 5.0)) containing 0.15 M octyl

uptake in targeted PC immunoliposomes, and was thus
chosen as the smbmzer for the largctcd DOPE im-
ibed here. The b of

ide (OG) (MGPE to GG molar ratio
116). 025 M 1-ethyl-3-(3-dimethylamin-
opropyl)carbodiimide {EDC) and .10 M N-hydroxy-

antibody-free fiposomes of this composition was alss
investigated. A compazison with GDld and G,-staby-

lized DOPE i and i as well
as with liosid ining NDOPC i and

is also i. The role of Chol
in Iij biodistribution and tability was also
examined.

Materiaiy snd Methods

Matenals

DOPE, DOPC, and EPC were outained from Avanti
Polar Lipids, Inc. (Birmingham, AL) and Chol was
purchased from Sigma Chemical Co. (St. Louis, MO).
Gangliosides Gy, Gp,),, and Gy, were purchased
from Matreya, Inc. {Picusant Gap, PA). !"'In and 1%
were from New England Nuctezr. All other chemicals
were of reagent grade. N-Glutarylphosphatidyl-
ethanolamine (NGPE) was synthesized as dcscnbed
{26} with madifications. Briefly, DOPE was

ide (S-NHS) in ddH ,0 were then added
to a molar vatio of 1:55:22 (NGPE/EDC/S-NHS)
and incubated at room for 10 min. The
pH of the mixture was then adjusted to pH 7.8 with 0.1
M Hepes tuffer (pH 7.8) and 1 M NaOH. 34A and a
trace amount of '1-labeled 34A were then added to a
molar ratio of 1:0.05 (NGPE/ antibody) and incubated
at 4°C for 8 h with gentle stirring.

immunoliposnnu Fpreparation

NGPE j d
34A were prepared by a detergent dialysis melhod as
described {2]. Antibody-free liposomes were preparcd
by the samc method without the addition of derivitized
antibody. Briefly, lipid mixtures containing trace
amounts of ""'In-DTPA-SA were dried from organic
solvent with N, gas and vacuum desiccawed for 2 h.
The dried lipid films weve solubilized upon addition of
0.15M OG in PBS pH 7.5 (lipid/ OG molar ratlo=
l 9) and the ion mixture

d 34A. The Iting solution (lipid / antibod



weight ratio =3:1) was vortexed vigorously and dia-
lyzed agamst PBS (pH 7.5) for 36 h at 4°C. The

were ded three times through a
stack of two 0.6 ur pore size Nuclepore membranes
and oD‘ times through a slack of two 0.2 pm pore size

tog with a diam-
eter of iess !han 200 nm. The average size of the
was d using a Coulter N4SD

submicron particle size analyzer (Hialeah, FL). Unin-
corporated antibody was separated from the immunoli-
posomes using a Bio-Gel AI5M (Bio-Rad) column.
The iinal weight ratio of mcorporatcd antibody to lipid

was ined from !he sadioactivities of '**1 and
g, i were diluted to
120 g Iipid/200 ul PBS (pH 7.5).
Bicdistribution studies

Li or 34A-i (120 pg of

lipid) were injected into male Balb/c mice (6-8 weeks
old) via the tail vein. At the desired time interval, the
mice were lightly anesthetized, weighed, and bled by
retro-orbital puncture. The mice were killed by cervical
dislocation and di d. In addition to blood, organs
were collecied, weighed, and analyzed for '"In ra-
dioactivity in a Beckman 5500B gamma co'nter. The
results are presented as percent of the total injected
dose for cach organ. The tota! radiwactivity in blood
was determined by assuming that the total blood vol-
ume was 7.3% of the body weight [30). Blood correc-
tion factors for each organ were determined using
3Cr-labeled red blood cells. Briefly, red blood cells
were isolated from male Balb/c mice of tlie same ap>
and weight, washed with sterile isotonic saline solutic 1
nc., Marietta, GA), and labeled
with *'Cr at 37°C. Mice were injected with jabeled cells
(8- 10 red blood cells in 200 gl saline sviution) and
killed 3¢ min post injecuosi. Lung, liver, and splesn
contained approx. 7%, 9%, and 1% of the totai blood,
respectively.

Resuits

studies of gangliosi ing anti-
bvtly-ﬁte liposome:

d of DOPC
(DOF(‘-based) and DOPE (DOPE-based), with or
without Chol, and containing 7 mol% ganglioside Gy,
Gp)ys O Gy, Were injected by 1.:eans of the tail vein.
The biodistribution of the injected !"* In-DTPA-SA la-
beled liposomes among various major organs was mea-
sured at different time periods. For all lipid composi-
tions examined, greater than 90% of the recovered
Iy radioactivity was distributed among the blood
(Fig. 1), liver (Fig. 2), and splcen (Fig. 3) for each time
point. Liposomes composid of DOPC/Chol (07 33
molar ratio) showed rapid cl from ci

*% INJECTED DOSE

% INJECTED DOSE

% INJECTED DOSE

2 3 4

TIME (Hours)
Fig. 1. Circulation of DOPE and DOPC liposomes, with or without
Chol, and containing ganglioside Gy, Gpi,r oF Gy The molar
ratio of liposomes without Chol was 93:7 (phospholipid / ganglioside)
and with Chol was 62:31:7 (phospholipid /Chol /ganglioside). Lipo-
somes (120 ug of fipid) labeled with '1'14-DTPA-SA wese injected
in. Percent injected dose ia blood was measured at the indicated
time intervals, Bars represent S.D. (n = 3). (A) DOPC/Gyy, 92 nm
(D) DOPC/Chol/Gyyy, 189 nr (0). DOPE /Gy, 168 nm (@), and
DOPE/Chol/Gy;. 178 nm (#). (B} DOPC/Gpy,. 97 nmi (D)
DOPY:/Chol/Gpy,. 165 am {0k DOFE/Gy,,. 135 nm (mE
DOPE /Chol/Gp,,, 155 nm (#), ané DOPC/Chol, 200 nm (a). (C)
DOPC/Grpyy, 80 nm (0% DOPC/Chol /G 3y, 156 nm (O); DOPE/

Gy, 164 1m (@), and DOPE/Chol/G yyy, 135 nim (@),

oy the RES, predominantly by liver (Figs. 1B, 2B, and
3B). Addition of Gy, to DOPC/Cho liposomes
(DOPC/Chol/ Gy, 62:31:7) greatly prolonged the
liposome residence in circulation (Fig. 1A). Inclusion
of Cho! %as be=n skown to increase liposomai nail-lives

in the blood [31,32] possibly by making the lipo-
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Fig. 2. Liver uptake of DOPE and DOPC liposomes, with or without
Chot, 2nd containing ganglioside Gy, Gpyye OF Gy, Liposomes
(120 pg of lipid) labeled with "*'In-DTPA-SA were injected iv.
Percent injected dose in iiver was measured at the indicated time
intervals. Bars represent S.D. (2 = 3). The symbols in A, B. and C
are as indicated in Fig. |

some less susceptible to destruction by various sarum
comy.onents (for rcvicw, see Ref. 33) and/or by de-
creasing phagocytic uptake by hepatic Kupflzr cells
[34-36]. In agreement with these findings, the presence
of Thol in the liposome comgosition enhanced ihc
circulation ha'f-life in comparison with DOPC/G,,
€93:7) liposomes (Fig. 1A). it has previously becr
deinonstrated that the liver accumulates Chcl-poor li-
posomes more than Choi-rich liposomes, whereas
spleen uptake of Chol-rick liposomes is greater than
that of C'w.-puor Inposomcs [14,35] ln the present
studies of the

liver showed a greater affinity for the Chol-free
DOPC/Gy, liposomes (Fig. 2A) while the spleen
demonstrated greater uptake of the DOPC/ Chol /Gy,
liposomes {Fig. 3A). This differentiation was especially
evident by 2.5 h. The gangliosides Gp,, and Gy,
enhanced the amount of DOPC-based liposomes in the
blood, regardless of the presence of Chol, at 15 min
post injectirn (Fig. 1B and 1C) in comparison with the
DOPC /Chol liposomes. The effect of Gy, and Gy,
present at 7 mol%, on liposcme circulation at 15 min
was slightly less than that of G4, and these liposomes
were cleared from blood by 2.5 h. The spleen contin-

A,

% INJECTED DOSE

% INJECTED DOSE

% INJECTED DOSE

2 3 4

TIME (Hours)
Fig. 3. Spleci uptake of DOPE and DOFC liposumes, with or
without Chol, and containing gangioside Gy, Gpy,. OF Gyyp. Lipo-
sames (120 g of lipid) labeled with "' n. DTPA-SA were injected
iv. Percent injected dose in epleen was mcasured at the indicated
time intervals. Bars represent $.D. (n = 3). The symbols in A, B, and

C arc as indicated in Fig. .




ued to show a greater uptake of Chol-containing lipo-
somes (Figs. 3B and 3C) while the liver uptake of such
liposomes was similar regardless of the presence of
Chol (Figs. 2B and 2C).-indeed, when Gy, was substi-
tuted with Gp,, or C,, the uptake by liver was so
cnhanced by 2.5 h that any differentiation for Cho! was
no longer observed. Thus Gy, may have suﬁic'ﬂtly
suppressed Jiver uptzke for the Chot differentiati
be revealed. Alternatively, the process by which Chol
decreases liver uptake of DOPC liposomes may have
been preserved upon the addition of Gy,;, but not of
Gpy, OF Grype
The biodistribution of DOPE-based hposomes dit-
fered greatly from the uorrespondmg DOPC-based li-
The of | d of
DOPE /Gy, (93:7) and DOPE/ Chol/G, (62:31:7)
in blood were significantly higher than DOPC/Chol
liposomes yet greatly reduced from their DOPC-bascd
counterparts a! 15 min (Fig. tA). By 2.5 h both llpo-
some were from the ci
Thus the acnvny of Gy, may be influenced by the
surrounding lipid matrix or environment. Substitution
of G, or Gy, for Gy, in ooth liposome composi-
tions produced similar results {Figs. 1B and 1C). Lipo-
some prepnraticms containing DOPE/Chol (67:3%)
showed massive aggregatm following dialysis, likely

dicating the pred of DOPE in the
noubllayer H,, uhase
Chol reduced the of DOPE-

hased iiposomes in blood at 15 min (Figs. 1A, 1B, and
1C). Fusthermore, by iS5 min after injection, the liver
showed greater uptake of DOPE/Chol/Gy, lipo-
somes than the Chol-free DOPC/Gy;; liposomes (Fig.
2A), while the spleen demonstrated greater uptake of
the Chol-free DOPE/Gy, liposomes (Fig. 3A). Liver
uptake of Gp,, or G-,-,,,-stabxhz:d DOPE-based Ilpo-
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and Chonl-free liposomes (Figs. 2B and 2C). Spleen
uptake of DOPE-hased liposomes, though greater in
all cases compared to the DOPC-based liposomes, was
similar for thc DOPE/ Chol/ Gp,, or DOPE/Chol/
Gy, liposomes and the Choi-frcc DOPE/C,, o
DOPE /Gy, liposomes (Figs. 3B and 3C). This may
suggest that Gy, influznces the DOPE-based liposome
uptake and Choi discrimination by liver and spleen
differcntly than Gy, of Gy

Thus, all three gangliosides increased the amount of
antibody-free, DOPC-based liposomes femaining in
circulation at 15 min post injcction. Substitution of
DOPT for DOPE significantly reduced the amounts of
liposomes in the circulaticr. at this time interval, and
enhanced spleen uptake.

Limg ing of Gy ing 34A-i lij

The lung accumuldtlun of DOPE baﬂcd and

DOPC-based, G, 34A
at 15 min post irjection was examined and the results
are presented in Table 1. It has been well establisiied
tha! the equilibriuin phase of unsaturated PE, such as
DOPE, at physiological temperature and pH is the
nonbnlayer Hy, phase {16). A inouse monoclonal lgG,,

has p ) been ivitized with p

acid and the itoyl-1gG,, conj (pl;G‘
alone stabilized the bllayer phase of DOPE at a mini-
mal plgl to DOPE molar ratio of 25-10~% [37)
However, ihis stabilization cctivily by derivitized anti-
body alone has so far only been observed with this

1gG,,. Dioleoyiph idic acid was later’
d in this i i lation for im-
proved stability (Pinnaduwage and Huang, persoual
communication). The DOPE-based 34A-immunolipo-
somes in the present investigations included the gan-
gliosides Gyyyo Gpyyar and Gy, 35 stabilizers. DOPE/

somes was Chol Gy (93: 7 us well as DOPC/ Gy, 193: 7) antibody-free
TABLL. 1
E”t’l‘l (I]' i i ition on bivdis ion *
Lipid composition Antibody/lipid Diameter Percent injecicd dose ©

(w/w) (nm) ong blood Tver spleen
EPC/Chol (75:25) 1:64 160 3390 15.2(1.5) 23309 40007
DOPC/Gyy (93:7) 1:80 138 111 3.9 44.0(5.17 150028 1.2(0.3)
DOPC/Gyy, (93:7) 0 8 0.0 (0.0 731 (8.1) 139(.1) 2.4(03)
DOPE/Gyy, (96:4) 1:69 157 168 (0.8) 28720 29.1 (09 4503)
DOPE/Gyy (93:7) 175 153 24.0(1.5) 208@3.7) 27250 60(0.7)
DOPE,/Gyy (90.10) 1:78 147 25.1(3.8) 16303.7) 278 3.0} 45(09)
DOPE/Gm, (93: ) n 126 0002 26.6(8.6) 47.06.0) 1133.6)
DOPC /Chol /Gy, (62:31: 7} 1 122 415005 19.6(0.6) 20101.2) 2306}
DOPE/Chal/G;, (62:31:7) 183 33.2123) 2702 544000 4.7 (0.6}

“ Immupoliposomes (120 kg of lipid) of the indicated lipid composition, size, and antibody vontent, and ludeicd with 1 n.DTPA-SA were

injecied i3,

" ¥mmunoliposomes of diamster < 200 nm were generated by extrusion following dialysis.
¢ Percent injected dose +8.D, (1 = 3) per organ was measured 15 min after injection.
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liposomes showed no accumulation in lung. However,
DOPE/Gy,, 34A-immuncliposomes, with the amount
of ganglioside varying from 4 to 10 mol%, significantly
accumulated m lung. Varylng lhc amount of Gy, in
the il led a satura-
tion effect at 7 mol%, whcre 24% of the injected dose
was present in lung. The half-life of retention of these
immunoliposomes ini lung was approx. 3 h (data not
shown?.

The effect of Chol on liposome targetability was also
examined (Table 1). DOPC/GM, (93:7) and DOPE/
Gy (93:7D i led lung 4 -
tions of 11% and 24% cf the injected dnse, respec-
tively. Inclusion of Chol in the lipid compositions in-
creased lung binding to 42% and 33% of the injected
dose for DOPC/ Chol/ Gy, (62 31:7) and DOPE/
Chel/ Gy, (62:31: D i

enhanced targeting of both DOPC-based and DOPE-
based immuncliposomes, with a more dramatic en-
hancement observed for the former.

Lung targeting of Gp,, or Gp-containing 34A-im-
munoliposomes
= The effect of subslllutmg Gy wnh Gpy, or Gpy,, in
the 34A-i on lung target-
ing was examined, and the resulls are presented in Fig.
4. DOPC/ Chol/ Gy, (62:3i:7) immunoliposomes
ble lung ior. tc DOPC/
Chol/ Gy, (62:31:7) immunoliposomics {Fig. 4B). 44%
and 51% of the injected dose, respectively, were pre-
sent in lung at 15 min post injection. Thc prcscnce of
either lioside in the lipid i d
'ung bmdmg in comparison with DOPC/ Chol (67:33)

Therefore, the results reveal that 7 mol% Gy, is
sufficicnt for optimal DOPE-based 34A-immunolipo-
scme fung targeting. Furthermore, the addition of Chol

80

where 29% of the injected dose
accumulated ‘in lung. Furthermore, Chol-free DOPC/
Gy, (93:7) and DOPC/ Gy, (93 :7) immunoliposorcs
showed comparable lung binding with 18% and 13% of

601

% INJECTED DOSE
]

DOPC  DOPC:GMY

DOPE:GM1 DOPE:GT1b

% INJECTED DOSE

bl

1

DOPC:Chol DOPC CM’ m OMI DOPC:Chol: DOPE:Shol: DOPE CMI WFE Cllol

aTie (L)

Fig. 4. Biodistribution of DOFC and DOPE 34A- xmmnwnhpnmnm wnlumll (A) ur wlh (B) Chol '.md cunlnmmg ganglioside GmI Gnh or
62:31:7.

Gy Linid molar ratio: DOPC/ o1, 67:33;

2 uf Wpia, 27-37 pg of antitody, 150-250 nm diameter) labeled vith "' ln DTPA SA wet

nu-:cled iv. Percent injected dose in lung, (M), Iylood

(@), tives (O, and splecn {£3) were measused 15 min after injection. Bars represem S.D. (1= 3),



the injected dosc, respectively, accumulating in lung
(Fig. 4A). The presence of either ganglioside in the
Chol-free i h: d lung

185

caused by the work of dehydratinn of interacting hy-
drophilic surfaces was measured for -arious bilayer

tion as only 49 of the iniected dose of purely DOPC
immunoliposomes was present in fuag. The substit

and this hyd pulsive force was
found to b2 grcatcr for PC versus PE bilayers [42).
., ion of DOPC with DOPE likely

tion of Gy, with Gy, also did not dramatically affect
lung accumuiation at {5 min. post injection. 43% and
14% of the injected dose of DOFC,/Chol, Gy,
(62:31:7) and DCPC/ Gy, 83.7;

decreased the s'rength of bilayer hydratior, which in
turn may have increased liposome clearance. A greater
hvdranun rep: e force or water barrier of the PC

respectiveily, accumulated in lung.

Substitution of Gy, with G, or Gy, in the
DOPE-bascd immunoliposomes also did not dramati-
cally affect lung accumulation. 33%, 31%, and 28% of
the injected dose of DOPE/Chol/G,,. DOPE/
Chol/ Gp,,, and DOPE/ Chnl/ Gy, (DOPE/ Chol/
ganglioside, 62:31:7) i
were present in lung at 15 min post injcction (Fig. 4B).
24%, 19%, and 16% of the injected dosc of Chol-free
DOPE/ Gy,,, DOPE/Gp,,, and DOPE/ G,
(DOPE/ gangiiosidy 93 7 i respec-
tively, accumulated in lung (Fig. 4A). Massive aggrega-
tion following dialysis of DOPE/ Chol (67:33) with
derivitized 34A {antibody / lipid weight ratio = 1:3) was
observed which again indicated the presence of DOPE
in the H,, phase.

Thus, the substitution of Gy, with GDh or Gy, did
not d ically reduce the bility of DOPC-
based or DOPE-based immunoliposomes. The pres-
ence of Chol ent d the ility of all i
lipcsome preparations. Overall. Chol-containing
DOPC-based immunoliposomes are more targetable
than the DOPE-based immunoliposomes,

Discassion

i d from the ci i amul
in the RES, with liver and spleen as the sites of
greatest uptake. While RES uptake has been shown to
be influenced by vesicie size [38] and charge [119], two
parameters have becn proposed to account overall for

surfice may reduce opsonin association
and/or RES phagocyllc cell interaction. The large
d [43] would be ex-
pected to increase the serface hydiophilicity of rhos-
holipid bilayers. Th the results p d in
which Gy, prolonged DOPC-based |xpﬂ§(\mt‘ circula-
tion agree with the aydi bicity model. Substi
of Gy, with Gy,,, or Gy, would increase the ameunt
of sialic acid cnmcnt and would be expected m further
the ! I surface | philicy. ¥
the reasons for the failure of these gangiiosides
further increase liposome circulation is at present un-
clear.

The y of lip to ization by
plasma proteins and subscquent binding and uptake by
RES cells may be related ‘o bilayer rigidity. ngxd

formulations are more resi io ph
lipid exchange with HDL [44], and display clevated
levels in circulation [45]. Inclusion of Chol in PC lipo-
somes tightens the phospaolipid packing [46] and pre-
vents destabilization caused by insertion of HDL-ssso-
ciated apoligoproteins and subsequent lipid transfer
[47). Iaclusion of Gy, in PC/Chol liposomes further
reduces lipid transfer with HDL [23]. Gangliosides 2lso
decreased plasma-induced content !cakage synergisti-
cally with Chol [21). Our resuits support this model in
that Gy,, enhanced DOFC/ Chol liposome circulation,
and DOPC/ Chol/ Gy, liposomes remained in circula-
tion longer than Chol-free DOPC/ Gy, iiposomes.
Gy, and Gy, may also have reduccd opsonization
and subsequeni RES uptake, yet to a much iesser
extent. A Jing to this moedel, itution of DOPC
with DOPE ‘may render ihe liposemes more suscepti-
ble to as observed by reviuced circulation.

d|ffercnces in the RES upmkc They are b

icity and bility to icn. The
two proncrties may not be mnlually exclu<1ve, as it ha<
becn suggested that

In vitro studies suggest that serum contains organ-
spcuf ic opsonins [48). Liver-specific onsonin enhances

RES uptake prefer 1o associate with hydrophobuc sur-
faces [33]. Inderd, several studies suggesl RES uptake
increases with particle hydrophobi The cl

g is of Chol-poor liposomes by Kupifer cells,
whne splecn-specific opsonin enhances phugocytosis of
Chol-mh Ii by spleen kages [48). Fur-

of ted pol i h frcm the
circulation, and their accumulation in liver and spleen,
decreased with increased particle suiface hydrophilicity
[40,41]. The reason for an apparent relationship be-
tween hydrophobicity and RES uptake, however, re-
mains unclear.

The present studies in general support the hy-
drophobic mode! of particle uptake. A repuisive force

Ty pecific (s) apprarcd to have a

reduced affirsty for rigid hpommr: cux ..posi:icms {491
ing liposome hydroph J spieen
macrophage uptake, possibly as a result of increased
spleen-specific opscnin affinity (49). . ccording to this
model, our results would suggest that Gy, and tc a
lesser extent Gp,, and Gy, may nave reduced liver-
specific in(. afhmty and Kupffer cell

»t DOPC with DOPE may
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have further modified opsonin affinity, and this in-
crease in liposome hydrophobicity may account for the
enhanced spleen uptake. The existence and charac-
terization of organ-specific opsonins in vivo await elu-
cidaticn,
The rapid clearance of liposomes from the circula-
tion by the RES is an obstacle for the targeting of
liposomes to tumors or to organs other than liver and
spleen. Our labornmry has recentiy demonstrated that
34A-i for ions which reduce RES
uptake aflow enhanced lung target binding [3} The
present resuits further examine this relationship be-
tween prolonged liposome circulation and targetability.
DOPC/Chol/Gy,, liposomes circulate longer than
DOPC/Chol or DOPE-based liposomes, and in tnrn
demonstrated greater target binding. Inclusion of Giy,,,
and Gy, also increased the amount of DOPC/ Chol
liposomes in blood at 15 min post injection, with re-
duced liver uptake. Kinclic bindiiig stus using our
model system suggest that target binding is rapid,
reaching steady state within 5 min [3]. Thus the effect
of Gy, and Gy, on liposome circulation was within
this short time pcrlod and ZI“l)ch cnhan"ed largz.l
binding. The il
and target binding is iess clear among ine Chol-free
liposomes, and such targetability may reflect other
influencing factors. Results from our 34A-immuno-
liposome model system may differ from other systems,
for example tumor models with low vascularization,
reduced binding affinity, and/or reduced antigen ex-
pression, where prolonged circulation by G, and
G, may not be sufficicnt for increased target binding.
Immunoliposome stability is also important for tar-
get binding. As noted above, Chof prevents PC lipo-
some destabilization by HDL. At high concentrations,
Chol also siabilizes PE liposomes [50]. Inclusion of
Chol in large DOPE /OA liposomes prepared by Jdialy
sis was shown to reduce content leakage upon incuba-
tion in human plasma [51]. The present studies demon-
strate that 31 mol% Chol enhances the binding of all
DOPC-based and DOPE-based immunoliposome for-
mulations. Chol may prevent interaction with

or near the target cell surface or to the target cell
cytoplasm in vivo.
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