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In tt~s rcpor* a model to study the fate of target cells in the ~ circulation alter/ajection of appropriate 
immmml|posmnes is dllseass~ The effect of intravenous adminiseratlon of antimouse RBC ~-a'a.'--'-'~ipo- 
somes, F(ab')2 or  IgG on the [ate of iatraveneeslv inieeted taCt-labelled mouse RBC (Cr-mRBC) in the 
aleese an& i~rtioalarly, in the rat was studied. The intmuonlilmsome was of the Fab'-MIqIPE-REV type 
(Fab'ofragmeats covalently linked to reverse phase evaporafioa vesleles by maleimido-4-(p- 
phonylhetyrate)ld~eptmk|ytemamlamiae). In the rat medel a ~ h  blvod level (~8%) af fae injected ~ s e  
target cells, C r - ~ ,  was mainlaiaed for several hon~. The elimination by Yab'dipesonu~ F(ab')z or lgG 
of Cr-mRBC, and s u ~  uptake into liver and spleen was dose dependent. Adaninistratiml of Fab'-Iipo- 
snares or F(ab')2 resuRed in a la'dereetlal uptake into time spleen (above a certain dose also, bat much lower, 
uptake into the liver was observed), while after IgG edmlaistratton SICr-labol was mainly recovered in the 
liver. At equal la~tein doses (4-130 ~tg) Fab'-lltammaes induced a faster elimiaafion of the Cr-mRBC and a 
higher uptake into the spleen than F(alf): .  Time potential advantage d file ase of drug-loaded immmm~ipo- 
sends  to elimiaate target ¢elb from the blood stream and to kmince a certain pharmacological offect in the 
target cells, in eomparlson with the t~.e antibody administration of F(ab')2 or lgG is discussed. 

Introduction 

The last decade immunoliposomes (liposomes 
coated with antibodies) have been studied exten- 
sively as potential, drug or enzyme carricra for 
site-specific delivery m the biophase [1-3]. In vitro 
studies have been performed on the interaction of 
these immuaofiposomes with their target cells 
[4-13], Only a few reports discussed the l x ~ b i l -  
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ity to direct these :~amunoliposomes to specific 
cells, particularly c~ac, er cells, or tissues in vivo 
[14,15]. Because immunoliposomes larger than 0.2 
~m can not pass cell barriers, active targeting with 
immunoliposomes in vivo can normally oniy be 
successful to cells or molecules located in the 
blood stream, the lymphatic system or in some 
cavities such as the peritoneal cavity, the bladder 
or uterus [1,9,16-181. 

Recently some reports appeared on targeting of 
immunoliposomes [17] or antibody-coated micro- 
particles [16] to specific cells in the bloodstream. 
Target cells were injected prior to the adh~inistra- 
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lion of the antibody coated particulate system. A,'~ 
pointed out by the authors [16,17] the half-life of 
the i.v. injected target cells was too sho~ (even 
withom injecting the specific in-hmuneliposo,m, es~ 
and consequently the background values of th,:: 
raaioaetivity in the organs of the mononuclear 
phagocyte system (due to the initial spontancou~ 
elimination of the target cells) were so high tha~. 
there was no significant difference when immuno- 
liposomes were injected. Thus no definite conclu- 
sions on the possible consequences and/or mocha. 
nisms of targeting of immunoliposomes [17] oT 
micropartides 116] to specific target cells in the 
blood stream could be drawn. 

Tb~s ~tudy d~h ,~ .¢  a simpl~ in vivo model tc 
study the immunospecific elimination of ~Cr- 
labelled mouse red blood cells (Cr-mRBC) from 
the blood stream and uptake in spleen and liver 
after Lv. injection into rats. The effect of subse- 
quent Lv. odministration of anti-mRBC-immuno- 
llposome.~ on the dJspos;A[on of the Cr-mRBC was 
studied and these results were compared with the 
results obtained after iN. administration of free 
antibody (lgG) or antibody fragments (F(ab')2). 
To our knowledge this is the first in vivo model 
where high levels of i.v. injected target cells ( > 80~g 
of the injected dose) were maintained in the blood 
stream during at least 4 h. As immunoliposomes, 
Fab'-MPBPE-REV [5] were used throughout this 
study. 

Materials and Methods 

Chemicals. Phosphatidyleholine (PC), phos- 
phatidylserine (PS), cholesterol, pepsin and di- 
thiothrcitol (DTT) were purchased from Sigma 
Chemicals (St Louis, Me,  U.S.A.). Phosphatidy= 
lethenolamine was obtained from Lipid Products 
(Nutfield, U.IC). 

Succinimidy|m aleimldo-4-(p-phenylbutyrate) 
(SMPB) wa~ obtained from ~ic~ec Ch=olcal Co,a- 
pany (Rockford~ U.S.A,). Sephadex gels and Pro- 
tein A-Sepharose CL-4B were purchased from 
Pharmaeia Fine Chemicals (Oppsala, Sweden). 
Silicagel (70-325 mesh) was obtained from Merck 
(Darmstadt, F.R.G.) attd SE-23 from Servacell 
(Heidelberg, F.R.G.). Caxboxyfluorescein was 
purchased from Eastman Kodak Company 
(Rochester, N.Y, U.S.A.) end was purified by the 

method described by Ralston et at, [19]. Na25]CrOa 
was obtained from Amersham, U.K, 

Animals and mRBC Closed colony bred mate 
Swiss mice (15-18 g) and male Wistar rats 
(140-170 gO were obtained from colonies of the 
animal facility of the University of Nijmegen. 
mRBC (from male Swiss mice) were purified by 
applying the heparinized whole blood Ohm a col- 
urrm containing three volumes of Suphadex (3-150 
Superfine and one volume of SE-23 to remove 
white blood cells [20]. 

Phagocytosi~ assay. Peritoneal e~udate cells from 
normal male Swiss mice were harvested by peri- 
toneal lavage as described by Conrad [21]. Peri- 
toneal cells were washed once in RPMI 1640 
containing heparin (5 units/nil) and 10~ fetal calf 
serum (FCS). Samples of 1 ml (about 5 ,10  ~ 
ce..lls/ml) were pipetted into tigsue culture clusters 
(24 wells, Costa0 containing 15 mm round 
cOverslips (Thermanox 5414, Miles Laboratories) 
with a bent edge to facilitate manipulation. The 
cells were allowed to adh~'e to the eoverslips for 
at least 2 h at 37°C. After incubation non adher- 
ent cells were washed by gently moving the 
coverslips in warm saline solution (370C). 
Quantitative analysis revealed that approx. 2. l0 s 
macrophages adhered onto each coverslip. Washed 
covers[tips were placed into wells containing 1 ml 
mRBC (107/ml per weB) which were either prein- 
cubated with liposomes or Fab'.lip0somes. Sus- 
pensions were incubated for 90 rain at 37"C. 
Non-pha$ocytozed cells were removed by gm-Jt|y 
washing the ¢overslips in warm saline solution 
[22]. 

Preparation of maleimido-4.(p-phenylbu(vrate) 
phosphatMylethanolamine bearing reverse phase 
evaporation vesicles. Maleimide-4-(p-phenylbutyr- 
at¢)phosphatidylethenolarnine (MPBPE) was pre- 
pared as described earlier [5]. MPBPE bearin 8 
reverse phase evaporation vesicles were prepared 
by the method of Szoka and Papahadjopoulos [231 
with minor modifications [13] and a lipid com- 
position of: choles terol /PC/PS/MPBPE 10 : 
10 : 1 : 0.5. The vesicle dispersion (in a buffer con- 
taining 100 mM sodium acetate and 88 mM 
sodium chloride., pH 7.4) was extruded through 
0.4 #m and subsequently through 0.2 l~m polycar- 
lionate membranes (Nueleopore Corp, Pieasanton, 
U.S.A.). In cases where carboxyfluorescein was 



entrapped in the MPBPE beanng reverse phase 
evaporation vesicles, 100 mM earboxyfIuorescein 
in III mM Tris buffer (pH 7.4) we~ us."d ;.n~o~e~,q of 
buffer alone. After egtruslon, free oarbo- 
xyfluoreseein was separated from liposom~ 
carboxyfluorescein by gel filtration chromatogra- 
phy on a Sephadex G-50 fine colunm (0.8 x 20 
cm), pre-equifibrared with buffer. 

Preparation of antibody and its fragments. Anti- 
mRBC antibodies were raised in New Zealand 
white albino rabbits. They received i.e. injections 
of 109 mRBC repeatedly until high haemagg- 
lutination (HA) titers in serum were obtained: 216 
in a serial twofold dilution test [24]. IgG was 
isolated by Protein A-Sepbarose CL-4B affinity 
chromatography [25]. Rabbit anti-mR.BC F(ab')z 
and Fab' were prepared and purified as described 
earlier [4], except that nitrogen instead of argon 
was used and the buffer used for PD-10 
8elchromato$raphy, to remove DTT from the 
Fab'-fragments, had a pH 6.5. The HA titers of 
the isolated lgG and F(al~)2 were 215 and 212, 
respectivefy, at a protein concentration of 9 
mg/ml. 

Coupling of Fob' fragment~ to the MPBPE 
bearing rever~e phase ¢vaporatiou vesicles. Freshly 
prepared MPBPE bearing reverse phase evapora- 
tion vesicles (fmal concentration 3.5/.tmole phos- 
pholipid/ml in deoxygenated buffer were mixed 
wit freshly prepared Fab' fragments (final con- 
centration 0.3 mg/rnl). The coupling reaction was 
carried out in a nitrogen atmosphere under sUr- 
ring at room temperature for 90 rain. Fab'-MPBPE 
bearing reverse phase evaporation vesicles (Fab'- 
liposomes) were separated from unconjugated 
Fab'-fragments by nttracentrlfugal sedimentation 
of the Fab'-liposomes at 80000 × g during 45 rain 
in a Beckma~ TY-65 rotor [13], 

In vitro cell binding assay for Fab'-lipogomes. A 
2.5% suspension of purified, washed mRBC was 
mixed with an equal volume of earbo~yfluorescein 
containing Fab'-Iiposomes, which had been prein- 
eubated with 6.5 mM DTT (to avoid non-specific 
interactions of unoccupied MPBPE molecules on 
the liposome) for 30 rain at room temperature, 
and the amount of specifically bound Fab'-lipo- 
seines was determined as described earlier [13]. 
Briefly, the mixture was incubated at 37°C for 30 
rain. The mRBC were washed twice with ice-cold 
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buffer and after centrifugation (600 × 5, 5 rain), to 
separate mRBC bound Fab'-Iiposomes from un- 
bound Fab'-liposomes. the resulting pellet was 
resuspended in ] ml buffer ¢ontainin~ 0.5~ Triton 
X-10O (v/v) to lyse the Fab'-liposomes bound to 
the mRBC, thereby releasing the entrapped 
carboxyfluorescein. The suspension was heated for 
20 mm at 80 ° C to denature hemoglobin and other 
proteins. After centrifugal.ion at 1500 × g (10 rain) 
the supernatant was analysed for caxboxy- 
fluorescein. 

In pivo experimentx mRBC (10~/ml buffer) 
were labelled with Na251Cr04 (about I0 ftCi/5- 
10 B mRBC) during 60 min at 37°C, washed twice, 
resuspended in buffer and used immediately. In 
the eaperlments performed in mice the Cr-mRBC 
were incubated with Fab'-liposomes as described 
in the previous section and the s~Cr-labelled 
mRBC with adhering Fab'-Iiposomes (F-lip-Cr- 
mRBC) (1 .5 .10 '  per mouse) were injected i.e. 
into the tail vein of mice. In additional experi- 
ments either 5 p.mole Fab'AIiposome (21.5 pg 
Fab ' /#mole phospholipid) or buffer were injected 
i.e. 45 rain after the injection of Cr-mRBC. Doses 
of about 300000 cpm were given per mouse; the 
total volume injected into the mice was alway8 0.2 
ml. In the rat experiments Cr-mRBC (1.5-109 
equivalent to about 450000 epm per raO were 
injected i.e. in the tail vein of the rat, followed by 
the indicated amount of Fab'-Iiposomes, lipo- 
somes, IgG, F(ab')2 or 0.5 ml buffer 30 to 45 rain 
later, At time intervals, blood samples were taken 
(20 or 50 ~1 for mouse or rat, respectively) from 
the tad vain into hepariaized glass capillaries and 
the blood was transferred to scintillation vials and 
counted for qCr radioactivity. Total injected ra- 
dioactivity (-- 100~g) was determined hy counting 
a sample of the injected material and the propor- 
tion of radioactivity in the circulation at the indi- 
cated time points was calculated assuming a total 
blood volume of 6~$ with respect to the body 
weight [26]. At the indicated time points the 
animals were killed and radioactivity in fiver, 
spleen and lungs was determined. The sum of 
radioactivity in blood, spleen, liver and lungs re- 
fers to total recovery in the results section. Each 
data point is the mean -4- S.D. from three animals, 
unless otherwise stated. 

Other methods used Protein was dctermlned by 
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the method of Pcterson [27]. Lipid phosphate was 
estimated by the calorimetric method of Fisk¢ and 
Subbagow [28~. The quality of the phospholipid~ 
and synthesized MPBPE waS tested by a TLC 
method [29]. 

Carboryfluorescein fluorescence was measured 
at 516 nm in a Kontron ~in,;tntrnents spectrofluo- 
rimeter, model SFM 25 (Zurich, Switgerland) at 
an excitation wavelength of 489 rim. 

Particle size analysis was performed by dy- 
namic light scattering with a Malvcm PCS 100 
SM (Malvem Ltd. Worce~tersh/re, U.K.) equipped 
with a particle analyzer processor (model 7027) 
and a 27 mWatt helium/neon laser (NEC Carp, 
Tokyo, Japan). 

Resul~ 

The interaction of mRBC preJncubated with lJpo. 
samos or Fab'-Iiposomes with macrophages 

In a pilot experiment the binding of FaW-l|po- 
samos to mRBC was measured. Fab'-liposomes 
(0.06 pmole phospholipid, ratio 22,6 ttg Fab ' /  
pmole phospholipid and diameter 0.32 pm) con- 
raining 100 mM carboxyfluorescein were in- 
cabated with 10 T mRBC for 30 rain at 37°C. 
Under these ¢ircumslanoes 7% of the or i~al ly  
added amo~mt of Fab'-liposomes was hound to 
the rnRBC (Fig. 1), this is equivalent to about 600 
Fab'dip0somcs per mPdgC (the procedure for 
calculation was described previously: Peeters etal, 
[13]). Under comparable conditions only 0.2% of 
the liposomes bound to mlU3C. In a six hour 
experiment the binding between Fab'-liposomes 
and mRBC appeared to be stable (results not 
shown). Subsequently it was estab~hed whether 
mRBC with bound Fab'-Iiposomes were re- 
cognized by macr0phages. Adherent mouse peri- 
toneal cells (2. l0 s) on coverslips were incubated 
with mRBC (107) which had been preincubated 
either with liposomes (0.06 ~mole phospholipid 
and diameter 0.29 #m) or Fab'-liposomes (0.06 
#mole phospholipid, 22.6 pg Fab'/pmole phos- 
pholipid; diameter of 0.32 pro) at 3"1°C for 30 
rain. The results showed that mRBC preineubated 
with iiposom~ were not bound to the macro- 
phases (Fig. 2A) but mRBC with adher~:nt Fab'- 
liposomes were avidly bound to the maerophages 
(Fig, 2B). 

Distribution of 51Cr-labelled mRBC with adhering 
Fab'-Iiposomes, and targeting of Fab'-liposomes to 
mRBC in mice 

The above described in vitro results show a 
high 1eve] of interaction between immunolipo- 
some-opsonized mRBC and mouse maerophages. 
Next the distribution of F-lip-mRBC in viva was 
studied in mice. Cr-raRBC were incubated with 
Fab%liposomes as described in the previous sec- 
tion, and the complex was injected intravenously. 
Cr-mRBC preincubated wilh liposomes (without 
Fab'-fragments) served as controls. Blood dear- 
ance was monitored dircetly after injection (Fig. 3) 
and the organ distribution was determined 3 h 
after injection (Table 1). Clearance from the 
bloodstream is rapid and radioactivity localized 
predominantly in liver and spleen. 

When the Cr-mRBC were injected first and the 
Fab'.liposomes 30 rain later the elimination pro. 
cess was tess efficient (Fig. 3) and so was the 
uptake in liver and spleen (Table I). Obviously the 
Fab'-liposomes injected a~ea" the Cr-mRBC are 
targeted to all mRBC and the number of Fab'- 
liposomes per mRBC in viva is therefore substan- 
tially reduced, compared to the experiment where 
the mRBC were preincubated with Fab'-liposomes 
in vitro. 

On the one hand the clearance and organ up- 
take of F-lip-Cr-mR~eC could be in fine with the 
in vitro observations: the opsonlzed mRBC are 
recognized and taken up by the mononuclear 
phagocyte system of the liver and spleen. On the 
other hand the aim is to target to a specific 
population of cells in the bloodstream and fat that 
reason the model was adapted. 

Distribution of 51Cr-labelled mRBC m rats after 
targeting of Fab'-Iiposomes to mRBC 

A common problem in studying the interaction 
of immunolipos0mes with their target cells in the 
blood compartment is that usually these, some- 
times modified, target cells are very rapidly 
eliminated from the blood after Lv. administration 
[16,17]. Therefore, there is a need for an in viva 
model in which a large fraction of the target cells 
(80-90% of the injected dose) will circulate ovvt a 
period of several hours. 

To restrict the binding of FabCliposomes 1o 
previously injected Cr-mRBC, the experiments 
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Fig. L Fluorescent microphotographs (magnification: 2070)<) of the binding o! lilmsgmam (A) and Flb'-Iipososaes (B) to mRBC. 
Whole hcparinized mouse blood (0.25 n'~ ecluivalcnt to 2,)09 mRBC) was iacubaled with 0.7..5 ml liposome (4 pmol phosphoSpid 
and diam~er 0,2~ pm) or l~tbJ-]iposeme ~spension (4 ttmole Ipl~osphotipid, 22.6 pg Fab'/;zmole phospholipid and ddarrmter 0.32 
~m), which wcrc pt~incubated with ~ for 30 rain at 37°C. mRBC were isolated and smears were examined by a l]uorescen~ 

microscope, Lipo~0mes and Fab%liposomes used in this experiment contained I0 mM carbox'yfluc~e~ein. 

were performed in rats. Clearance of  Cr-mRBC in 
rats  is slow (Fig. 4). After  3 h 80~ of  the injected 
amoun t  of Cr-mRBC is still clrculatin~. Clearance 
can be enhanced considerably when  Fab ' -Spo-  

somes are ]njectecl. Inoreasing ~he dose of  Fab'-  
l iposome from 5.3 to 21.3 ;zmole phospholipid 
enhanced the blood clearance of  mRBC in a dose 
dependent  way (Fig. 4). Again liver and spleen are 
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Fig. 2. Phase pholomiotog~aphs (magrdfieadoa: 1530 x ) of the ialeraction between mouse periioneal macrophag~ (2.30 s) ~nd 
mRBC which were Other ptelncub~t~d with llposamcs (A) ar Fab'-llposom~s ~B). Liposomeg (0.06 #male phosphollpid) and 
Fab'-tipocomes t0.O6 p mole phospholipid) w ~  preincubate~d with 6.5 ram DTT during 30 rain at room temperature before they wcrc 
incubated with m]R.BC (tD "~) at 37 o C during 3D mJ.n. Non-L~leractiag liposomrs and Fab'-lJposomes were removed by ocntrLCugatlo[ 
(600 × ~', 5 nda) and the resulting mKllC ~aspcnsion (107) wer= incubated wi th  adherent m o u s e  peritoneal macrophages for 90 mia at 
3 7 ° c  in a total volumr of I mL Non-bound cells were removed by gc~..lly washia8 the covcrslips in warm saline so|ulion. 

$7~:cifications of lipoaora~ and Fab'-iiposomcs ar~ the same as descrlh~d in !~e legends of FiB. 1. 

impoc ta r ,  t o r g a n s  for  t he  ~ p t a k c  o f  C r - m R B C -  
F a b ' - l l p o s o m e  c o m p l e x e s  ( T a b l e  I I ) .  A r e d u c t i o n  
o f  to ta l  r e c o v c ~  is o b s e r v e d  w h e n  t he  h ighes t  dose  

( 2 1 . 3 / ~ m o l c  F a b ' - I i p o s o m c s )  is in jec ted  ( T a b l e  11). 
L i p o s o m e s  a l o n e  d o  no t  a f fec t  tI~¢ c l e a r a n c e  o f  
m R B C  (F ig .  4). 
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Fig, 3, Blood level of Cr-mRBC (1.5.10 s) in mice after i.v, 
administration of buffer (~} or  5/~mote Fab'-liposmnes ( ~ )  30 
rain after injection of Cr-mRI?~ (arrow). s~Cr-lcvel at T - 0 is 
taken as 100g; (1)  refers io mice injected with F-IiI>-Cr-mRBC 
(1.S-lO s and about 600 Fab*-lipos4m'am per RBC') at T = 0 ,  
The Fab'-liI~som,-...s mind had a ratio of 21.5 Mx Fab' /pmole 
phospholipid and a diameter of 0.3g ~.m. The total volume 
injcmted was 0.2 ml in MI ease~ Eack. dam point repre, sents the 

mean +S.D. o f ~  mice. Small S.D. values ate not shown. 
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Fig. 4. Blood level of Cr, mRBC (1.5. I0 ~) in rats after i.v. 
administration of butler (ra), lipommes (2t,1 /~mole phos-, 
phollpld per rat, (4p.), or Fab'-li~osomes at tbsee doses: 5.3 (,~L 
10.7 ( 0 )  ,q~d 21.3 {D) p .'2~..le ph_espholipid per rat, 5f; rain after 
in ie¢tion of Ct-lnRBC (mow).  Fab'-Iiposomes had a ratio of 
30.6 ~S FabJ/V rrmle phospholipid and a diameter of 0.38 pith 
while liposomes had a diameter of 0.28 pro. in all case~ a total 
volume of 0..5 nil was injected. Each data point represents the 

mean 5= S.D. of thr~e rats. Small S.D. values are not shown, 

la  an additional experiment Fab'-Iiposomes 
were used, however, with a a-ford lower ooncentra- 
lion of Fab' per ,amole phospholipid. Again a 
dose dependent clearance and organ uptake of 
Cr-mRBC was found (results not shown). In ad- 
dition, the effect on clearance and organ uptake of 
comparable doses of Fab'-Iiposomes was the same. 

Distribution of  JICr-labelled mRBC in razs after 
targetin$ of  F(ab')2 or l e g  to mRBC 

The same experimental model (circulating Cr- 
mRBC in rats) was used to study the effect of 
F(ab')2 (the clearance and organ uptake is Fe-in- 
dependent as with Fab'-liposomes) or IgG. The 

dose of F(ab')a varied from 60 to 360 pC. The 
clearance of mRBC was enhanced by increasing 
doses of F(ab')2 (Fig. 5). The clearance ,ate is 
c o m p a r a b l e  t o  t h a t  o f  F a b ' - I i p o s o m e s  (F ig .  4). A t  

120 and 180 ~tg doses of F(ab') 2 there was a 
preferential uptake of labd by th~ spleen (Table 
I!1). With higher doses liver uptake caught up 
with spleen uptake; alter injection of 360 v,g 
F(ab') 2 spleen uptake dccxcaw.d to control levels, 
liver uptake was comparable to the situation after 
i n j e c t i o n  e l  240  p g  F ( a b ' ) z  a n d  a m a r k e d  r e d u c -  

t i o n  of the total recovery of label was observed. 
In the same modal, the effeet of IgG (doses 

ranging from 10 ~g to 360/sO IgG) administration 

TABLE I 

DlffFRIBUTION OF Ct-mKBC IN MICE OVER VARIOUS ORt3AN$. BLOOD A N D  TOTAL RECOVERY OF ~Cr-LABEL 
AFTER VARIOUS TREATMENTS 

DJsltibufion of Cc.mgBC in tr/,c¢ over ~plcgn, liver, l~alts, blood and total r¢covgry of ~lCr.label 3 h after i.v. administration of 
Cr-mRBC, follower1 by buffe.r (Comvol gtx~ttp) or 5 pmole Fab'-liposctr~s (in r ive  group) at the indicated tirrm in Fi$. 3 (arrow). or 
F-LIp-Cr-mRBC (in vitro group) at 7"= O. For specifications or FaW-liposomes and further experimental details s¢~ legends of Fig. 3, 

Group Blood SpI~n Liver Lungs Total 

Conlro! 75,8 ± 21.0 1.3 :t:0.2 3.1 ±0.4 1. '/±0.6 81.9± 22,0 
In -~vo 5%1 ± 1 .%7 4.5 ± ] .7 3.1 ± 0,5 1 : ]  -r 0.4 62.4 ± 15.9 
l n v i t ~  16.2:1:1.1 17.5:t:2.8 39.1±7.8 0.6+0.1 73A± 5.0 
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TABLE 11 

DISTR[BUTION OF Cr-mRBC IN RATS OVER VARIOUS ORGANS, BLOOD AND TOTAL RECOVERY OF ~tCr-LABEL 
AF'FF~ i.v. ADMINISTRATION OF VARIOUS E)O.~.ES OF Fab'-LIPOSOMES AND CONTROLS 

Distribution of Cr-mRB(~ in rats over spleen, liver, lungs, blood and total recovery of "SlCr-label 2.5 h after Lv. administration ~t  
buffer, liposomes (21,1 mole phnspholipid per rat) and Fab'-liposomes at three dosage leveh: 5.3, 10.7 and 21.3 pmnle phosphniipid 
per rat. For further details on l[posomes or FaV-lip0somes: see Icgcads of Fig. 4. 

Treatment Blood Spleen Liver Lungs Total 

Buffer ?4.9--3.9 8.2:::0.2 lI ,5 ±0.3 4.4±0.6 99.0± 2.0 
I_./posom~ 76.0::2.0 a.1 --- 1.I 9.9±1.0 2.0=[:02 91.9± 2.3 
~..3 .a mole Fab'-lip 33.52:5.5 39.1"+2.0 16.4_5.4 2.1 .+ 0.2 90.9"+ 1.7 
]0.? pmole Fob'dip g.04-4.0 53.44- 8.4 20.5 :i- 9.6 1.4 .+ 0.3 93.44-13..8 
21.3pmole Fab'-Sp 1.0±0.2 53r0±7.0 31.5+9.8 1.2±0.2 86.1± 2.0 

TABLE Ill 

DISTR]BUT[ON OF Cr-mRBC IN RATS OVER VARIOUS ORGANS, BLOOD AND TOTAL RECOVERY OF StCr-LABEL 
AFTER i,v. ADMINISTRATION OF F(ab')~ 

Distrlbation of Cr-mRBC in rats over spleen, liver, lungs, blood and total recovery of ~lCr-labd 1.5 h after i.v. administration of the 
indicated F(abP)z doses per rat in a total volume of 0.5 ml. Each data point represents the mcan.-V S.D. of three rats. 

F(ab')2 Blood Spleen Liver Lungs Total 
(Fg) 

60 86.2+4.3 12.7:L9.~ 12,4+ 5.3 5.3.1;0.6 103 + 5,3 
120 3=;.7±7.1 36.4±4.8 14.0-k 2.3 2.~:±0.5 86.3,L 0.8 
In0 25,7 :L 4.1 45.5 ± 3.2 10.1 ± 0.5 3.1 ± 0.2 84.4 :L 0.6 
240 12.~,i L7 37.5+9.1 30.2±12.5 2.2±2.2 82.7± 6.2 
360 6.8+0.5 4.8±2,I 35.8 ~ 12.5 0 .7±03  48,0fl: 14.3 

120-. 

1 ~ - I ~  

i° 
~ 4~. 

~ i p i i 
~ a  t 2 0  1 8 0  

Time (rainl 

Fig, 5. BIc, od 1¢v¢1 of Cr-mRBC (1.5,10 G) in rats after i.v. 
administration of cliff=rent F(.ab')z dose~, 50 rain after injec- 
fioa or Cr-mP, BC (arrOw) in a total volume of 0,S nil: 60 (to), 
120 ('0), 180 (z~), 240 (<~) and 360 (Ill Fg F(ab'}z per rat. 
Each dam point gepre:-.ct;ts the meaa.+S.D, of t.hra¢ rats. Small 

$.D. values are not ~hown, 
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Fig. 6. Blood ievel of Cr-inP..BC (1.5-10 ~} in rats after i.v, 
administration of different IgO doses, approx. 50 rain after 
injection of Cr-MILBC (arrow) m a total volume of 0.5 ml: 10 
(o), 30 (O), 90 (a) . = 5 180 (O) and 360 (m) n = 4 pg ]gO 
pet" rat. Each d.~ta point rcpre,sents the mean :E S,D, of three 
rats (unless otherwise indicated). Small S.D. values arc not 

shown. 



TABLE 1V 
DISTRIBUTION OF Cr-mRBC IN RATS OVER VARIOUS ORGANS) BLOOD AND TOTAL RECOVERY OF 5tCr-LABEL 
AFTER i.v. ADMINISTRATION OF IgG 
Distlibutioa of Cr,ralLBC over spleen, liver, lungs, blood and total recovery of ~J Cr-label 1.5 h after i.v. administration of the 
indicated IgG doses per rat in a total volume of 0.S nil. Each data ~oint t~'presems the mean ± S.D. of three rats (u~less othcr,,ase 
indicated). 

IsG Blood Spleen Liver Lungs "fetal 
0'g) 
10 69.9:t:8.5 6.3:1:1.4 7.6+07 1,2±0.1 84.9+ in3 
30 48.2±4.0 27.44-6.2 8.2±9.¢ 0.8-0.6 84.8+ 2,4 
90(n = 5) 1.2+1.4 19.6±6.8 59.5 ±9.o OJ$ :l: 0.7 S1.6± 6.7 

180 u,i 2:u.i 19.2± 3.4 Su.• ± 2.7 t.8 ±0.2 81.S± 6.3 
360(n - 4) 1,5±l.3 13.0±2.5 70.4±6,0 1.2±0.8 86.4± 6.3 

on the Cc-mRBC elimination (Fig. 6) and subse- 
quent uptake into fiver and spleen (Table IV) was 
studied. Again elimination of  Cr-mRBC from the" 
bloodstream, and subsequent spleen and liver up- 
take were dose dependent. At relatively low doses 
(30 lag lgG per rat) mainly spleen uptake occurred 
(Table IV). However, at doses of 90 /~g IgG or 
higher, Cr-mR.BC were preferentially cleared by 
the liver while the relative spleen uptake tendg to 
decrease (Table IV). 

Discussion 

The experiments describe an in vivo model for 
specific taL~ting of Fab'-tiposomes to the corre- 
sponding target cells. Fab'=liposomes avidly bind 
to erythr0oytes in vitro (Fig. 1) as well as in r ive 
(Figs. 3 and 4) and are well recognized by the cells 
of the mononudear  phagocyte system ia vitro 
(Fig. 2) as well as in r ive (Table I and !I). The aim 
of  specific targeting is to eliminate diseased cells 
from the bloodstream (e.g. etythrocytes infected 
by the malaria parasite). In the section: 'Distribu- 
tion of 5|Cr-labe[led mRBC with adhering anti- 
mRBC Fab'-liposomes, and targeting of Fab'-lipo- 
seines to mRBC in mice" the efficiency is re- 
strimed (Fig. 3 and Table I), apparently due to the 
taut that now all mRBC are r~cognized as targets, 
resulting in a considerable reduction of the amount  
of  Fab'-Iiposomes per mRBC. The observation 
that mRBC can survive for a considerable period 
of time in rats (Fig. 4), allowed kinetic studies of 
specific targeting of Fab'-liposomes to Cr-mRBC 
in rats. Fab'-Iiposomes injected into rats up- 

paremly quickly bind to their target ceils, causing 
a rapid removal from the circulation (Fig. 4). 
Fab'- | iposome induced elimination of target cells 
is dose dependent and can be more or less com- 
plete (Fig, 4). This model has a distinct advantage 
over the systems described so far. Until now, 
model systems suffered from a rapid spontaneous 
removal of the target cells from the bloodatream 
[~7] which made it impossible to prove specific 
targeting and subsequent organ uptake [16]. The 
observed rapid clearance of mRBC after inter- 
acting with the appropriate immunoliposomes is 
in comrast  to the data  reported by Singhal and 
(3upta [30]. They did not observe enhanced 
clearance of ratP..BC_~ to which anti-ratRBC 
F(ab')a-liposomes were bound in 'Atro, after in- 
travenous injection in rat~ According to their data 
6~  of the added atnount of F(ab')~-liposomes was 
bound to ratRBC. Assuming that the diameter of  
their immunoliposomes was equal to that of their 
liposomes (45 nm) and assnmin~ a surface area 
per phospholipid head (50~ cholesterol included) 
of 0.96 am 2 [23] about 5400 immunoliposomes per 
rat RBC should be bound during preineubatian. 
In our experiments the binding of 600 immuno- 
liposomes per mRBC was enough for rapid 
clearance in mice. The reason for this discrepancy 
is not  dear.  We have used immnnoliposomes of 
the Fab'-MPBPE-REV type for several reasons 
[133]: 

(a) Fab'-fragments on the liposomes are opti- 
mally orientated for antigen binding [5]. 

(b) The thioether bond between MPBPE bearing 
reverse phase evaporation vesicles and the 
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Fab'-fragment in stable under reducing cir- 
cumstances, in serum [51 and in plasma (gel. 13; 
Fig. 1, this study). 

(c) The , ,~ of Fab'-fragments instead of whole 
IE, G i~ s,~pposed noi to a¢iivai¢ the F¢-receptor .~f 
macrophages and thus minimizing elimination of 
the Fab'-liposomes by the mononuclear phagocyte 
system [1,171. 

The observations described in Fig. 4 and the 
additional experiment with the 3-fold lower con- 
eentration of Fab' per #mole pbospholipid (re- 
sults not shown) show that, under the experlmen- 
tal conditions, the ratio of Fab" molecules per 
liposome for opsonization mad elimination of 
mRBC is not critical. At nearly equal protein 
concentrations Fab'-li)osomes are more efficient 
in the clearance of m.~LBC than F(ab')2 (Figs. 4 
and 5). The data pres¢..nted in Figs. 5 and 6 show 
that clearance of mRBC is more efficient in the 
ease of IgO than for F(ab')2. Opsonize.tion with 
IgG provides the opportunity of Fe-binding by the 
cells of the mononuciear phagocyte system. The 
preferential uptake of lgG opsonized mRBC by 
the liver (Table IV) supports this [12 t. The poten- 
tial thexapeutie advantages of the accumulation of 
opsonized target eells by the ceBs of the mono- 
nuclear phagocyte system will be discussed later. 

Studies en the distribution of specifically 
opsonized mRBC in vivo showed that spleen and 
liver are the most important clearance organs, 
~i,;d~ is in line with their important role as 
scavenger organs of the elimination of circulating 
RBC on rheological grounds. The rheological 
change, after interaction with liposomes 131,321, 
as well as the subsequent enhanced uptake by the 
spleen [33] have been described before. Fab'-Iipo- 
somes modify mRBC strongly because, despite the 
absence of the Fc-fragment they are avidly bound 
to macrophages (Fig. 2). At low doses of 
F~th'-livosomes, F(ab')2, or IgG opsnnlzed mRBC 
were predominantly taken up by the spleen. In 
particular F(ab')2 efficiently directed mRBC to 
the spleen. This might be caused by a change in 
the rheologieal properties of the cells after binding 
of the specific antibody (fragment). At high noses. 
resulting in an increased number of F(ab')2 per 
mRBC, the chances of an interaction with coils of 
th mononuelear phagocyte ~ystem greatly increase. 
in this rc~peet a reduced blood flow in the liver 

sinusoids combined with a high number of 
phagocytic Kuppfer ceils in the sinusoidal lining 
may explain the substantial uptake of mRBC in 
this organ under these conditions, Op.mnization of 
the target ~ l l  ,~r ~athegen by L~.mu~o~po~omes, 
even maerophage uptake of the. intmunoliposome- 
target cell or pathogen complex might not be 
sufficient to kill the target cell or pathogen. The 
encapsulation of a eytoloxic drug into the im- 
munoliposomes is therefore desirable to achieve 
both successful targeting to and killing of the 
tarot ;  the encapsulated drug will be release.,d from 
the immunoliposomes inside the maerophage after 
lysosomal degradation, eater the target cell and 
exert its therapeutic effect. An alternative ap- 
proach with interesting therapeutic potential is the 
use of F(ab')z or IgG and liposomes separately: 
first eliminate target cells 8¢lectively from the 
bloodstream by F(ab')2 or IgG administration 
and direct them to spleen mad liver. Subsequently 
inject liposomes containing the therapeutic agent. 
These liposomes normally also end up in the mac. 
rophages in spleen and liver [14]. The pimgoey- 
tosed target cells or pathogens will be attacked by 
the released drug from the liposomes taken up by 
the same macrophages. At the moment we are 
studying these two approaches for the inactivation 
of Plasmodium berghei infected mRBC in rats. 
The two approaches described above for drug 
targeting to RBC can have impfications for the 
therapy of a number of diseases localized in the 
blood compartment. By injection of intmunolipo- 
somes or, alternatively, by sequential injection of 
lgG/(Fab')2 and liposomes Ondimt approach), 
the disposition - and fate - of tltrombocytes, 
subset populations of T-lymphocytes or cir- 
culating tumor coils can he drastically changed. 
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