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Attachment of antibody to biotinylated red blood
cells: immuno-red blood cells display high affinity to
immobilized antigen and normal biodistribution in

rats
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Streptavidin-mediated attachment of biotinylated
antibodies (b-Ab) to biotinylated red blood cells
(b-RBC) is useful for preparation of immuno-red
blood cells, a prospective vehicle for drug targeting.
However, streptavidin (SA) induces lysis of exten-
sively biotinylated RBC by complement due to
cross-linking and inactivation of RBC complement
regulators. To reduce cross-linking of RBC membrane
proteins, we utilized mild biotinylation of RBC with
20 uM biotin ester (by-RBC). SA effectively binds to
rat bag-RBC (10° SA molecules/cell) and provides for
following attachment of 5x 10* molecules of b-lgG/
SA per b.,-RBC. By in vitro assay, b-Ab/SA/b.,-RBC
were stable in fresh rat serum. Serum-stable
immuno-red blood cells (b-Ab/SA/b;,-RBC) specific-
ally bound to antigen-coated surfaces, but not to
BSA-coated surfaces. Biodistribution of *'Cr-labelled
b-Ab/SA/b1g-RBC in rats was similar to that of
control RBC, with no indication of lysis in vivo, These
results suggest b-Ab/5A/b-RBC may be explored as
a vehicle for drug targeting.

Introduction

Red blood cells (RBC?) are a non-immunogenic, avallable
and physiological vehicle useful for the prolengation of the
iifetime of drug clrculation in the bloodstream [1,2], drug
targeting [3] and selective clearance of circulating patha-
gens from the bloodstream [4]. Antibedy may be attached
to RBC, to provide targeting or selective binding of patho-
gens. Such Immuno-RBC (‘immuncerythrocytes’) must be
stable in vivo and clreulate in the bloedstream for a pro-
longed time. Since streptavidin (SA) possesses four
biotin-binding sites [5], we utilized SA-mediated attach-
ment of biotinylated antibodies (b-Ab) to biotinylated RBC
(b-RBC) [6). However, binding of SA to RBC madified with
| mM hydroxysuccinimide biotin ester leads to b-RBC lysis
by autologous complement [7]. The lysis is the result of

cross-linking of membrane regulators of complement by SA
[8]. We hypothesized that reduction of the surface density
of biotin residues on b-RBC membrane may serve as an
approach to minimize cross-linking of the b-RBC mem-
brane by SA and obtain serum-stable immunc-RBC. In the
present work we studied rat RBC biotinylated over a wide
range of biotin ester concentrations. YWe have found that
rat RBC biotinylated at 20 uM biotin (bye-RBC) remain
stable In serum in vitro, despite SA binding. We further
characterize b-Ab/SA/b.-RBC in terms of (i) stability in
autologous serum, (i} binding to immobilized antigen in
vitre, and (i) blodistribution in rats In wivo,

Materials and methods

SA, &-blotiylaminchexancic acid MN-hydroxysuccinimide
ester (long-arm biotin ester, BxNHS) and pelyclonal goat
antibady against mouse 1gG wers purchased from Cal-
biochem (San Diego, CA, US.A). lodogen was obtained
from Pierce (Rockford, IL, U.S.A.). Both *'CrCl and Na'**|
were from Amersham (Arlington Heights, IL, U.SA).
Normal mouse 1gG, BSA and dimethylfermamide (DMF)
were from Sigma (St. Louis, MO, UL.5.A), Proteins were
radiclabelled with '*| by the ladegen methad according to
the manufacturer’s recommendations. Goat antibody
against mouse IgG, as well as non-immune mouse IgG,
were biatinylated with BxMHS by a standard methed [5].

Male Sprague-Dawley rats (Charles River Breeding
Laboratories, Kingston, MY, U.5.A) weighing 200-300 g,
were anaesthetized with intraperitoneal injfection of sodium
pentobarbital (50 mglkg). To obtain serum, non-hepari-
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nized blood was collected from the peritonezl cavity after
dissection of the descending aorta. After a 2 h incubation
of 4 °C, serum was separated by centrifugation. To obtain
RBC, blood from the peritoneal cavity was collected in
heparin-treated tubes. Fresh rat RBC in heparinized blood
were washed four times with PBS before biotinylation,
BxMHS in DMF was added to 109 suspensions of rat REC
at alkaline pH {pH 9.0}, and after 30 min incubation at
room temperature the RBC were washed four times by
centrifugation with BSA/PBS (PBS containing 2 mg/ml BSA),
Then SA was added to a2 10% suspension of b-RBC and,
after 30 min incubation at room temperature, non-bound
SA was removed by centrifugation. In a separate experi-
ment, radiolabellad 54 was added to b-RBC to estimate 54
binding.

Lysis of rat RBC, b-RBC, SA/b-RBC and b-Ab-coated
SAb-RBC by fresh rat serum was studied in 96-well
microtest plates by estimation of the light transmission of
the RBC suspension as described previously [7]. Standard
gelatin/Veromal buffer containing Ca®* and Mg** (GVB,
pH 7.4) was used as a diluent for serum and RBC, Diluted
sarum was incubated with a |9 suspension of RBC
preparations for [ h at 37 °C, and the lysis was estimated
by reading the Agsn In an ELISA reader. To calculate
degree of lysis, water-containing wells were used 25 a
standard for 100% lysis, while serum-free GVB-containing
wells were used as a standard for zera lysis.

Immuno-RBC were prepared as described previously
[6]. Biotinylated goat antibody against mouse |gG (b-anti-
1gG) was attached to SA/b-RBC by incubatlon of indicated
armaounts of b-anti-1gG with a 10% suspension of 5A/b-RBC
for | h at room temperature, Mon-bound b-anti-lgG was
eliminated by centrifugation with BSA/PES. To estimate
binding of biotinylated immunoglobulins to SA/b-RBC,
radiclabelled bictinylated mouse IgG (b-1gG) was used as a
tracer in a separate experiment.

To study binding of immuno-RBC to the target, mouse
lgG was immobilized in the plastic wells of 24-well culture
plates as described previously [6]. Indicated amounts of
mouse IgG, used as an antigen, were added to wells in 0.5
ml of PBS. After overnight incubation at 4 °C, non-bound
antigen was eliminated by washing and sites of non-specific
binding in wells were blocked by a | h incubation with
ESA/FBS, Indicated amounts of immuno-RBC (b-anti-lgG/
SA/b-RBC) were added to wells in 0.5 ml of BSA/PES.
After incubatien for 2 h at reom temperature, non-bound
REC were eliminated by washing with BSA/PBS. To estl-
mate RBC targeting, bound RBC were lysed by addition of
I ml of water to each well. The amount of bound RBC in
wells was determined spectrophotometrically according to
haemeglebin absorbance In lysates at 405 nm.

To trace immuno-RBC after in vive administration,
5!Cr isotope was added to SA/byo-RBC suspension simulta-
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necusly with b-Ab and incubated for | h at room
temperature. Excess isotope was eliminated by centrifuga-
tion. Effectiveness of RBC radiolabelling was 35-509%,
Animal experiments were designed as described previously
[9]. Briefly, *'Cr-labelled b-Ab/SA/b;o-RBC were injected
through the tail vein in anaesthetized rats. At indicated
time after injection, anesthetized rats were killed by exsan-
guination. Blood and Internal organs were collected, the
latter were also rinsed with saline untl free of blocd,
Radicactivity of *'Cr in blood, serum and internal ergans
was measurad in a y-radiation counter,

Results and discussion

In the first series of experiments we have studied the
bistinylation of rat RBC in terms of consequent binding of
5A to b-RBC, as well as binding of b-IgG to SA/b-RBC and
stability of immuno-RBC in serum in vitro. We have bio-
tinylated rat RBC in the range of BxMNHS concentrations In
the reaction mixture equal to 2-700 pM, designated as
ba-bygeRBC. Figure (A} shows that an increase in the
biotin ester concentration upon bictinylation of rat RBC
provides more binding sites for 34 on the RBC membrane.
Maximal SA attachment (5x |10° molecules/b-RBC) was
attained to byge-RBC. Byp-RBC (i.e. RBC biotinylated at 20
#M BxNHS) bind about 10° SA molecules per b-RBC.
Radiclabelled b-1gG effectively attached to b-RBC coated
with SA (SA/b-RBC; Figure [B). Previously we have
described that a high degree of biotinylation of human RBC
leads to reduced b-lgG-binding capacity of 5A/b-REC,
although In the cited work we did not estimate 84 attach-
ment to b-RBC [10]. Confirming this ocbservation,
SA-mediated b-lgG attachment to bygg-RBC was markedly
reduced as compared with RBC biotinylated at 20-230 uM
BxMHS (Figure |B), whereas 5A surface density was
maximal in $A/bye-RBC (Figure [A). This resuit indicates
that the surface density of blotin residues coupled to the
membrane of byy-RBC s so high that bypy-RBC-associated
biotin occupies most of the biotin-binding sites of 54, thus
preventing subsequent attachment of b-lgG. Qur recent
study shows that multivalent binding of 5A to b-RBC Inacti-
vates the blotinylated membrane complement regulators
DAF and CD59 [B]. Flgure 1{C) demonstrates that incuba-
tion with homologous serum leads to lysls of SA-coated rat
RBC biotinylated at 230 and 700 pM BxMNHS, while SA-free
baae-RBC and bya-RBC were stable in the serum. Attach-
ment of SA to rat RBC blotinylated at BxMNHS
concentrations less than [00 4™ did not induce thelr fysis
by homologaus serum in vitro. Attachment of b-IgG did not
affect the stability of SA/by-RBC and SA/byy-RBC in serum
(less than 196 lysis after | h incubation at 37 °C with serum
at final dilution of 1:5),
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Figure 2 shows attachment of radiolabelled b-IgG o
serum-stable SA/b7;-RBC and $A/b,-RBC. Both prepara-
tions demonstrated saturable attachment of b-IgG.
Saturation level of b-lgG attachment was markedly higher
for SA/byo-RBC, presumably due to the higher surface
density of membrane-bound SA (Figure IA). About 409 of
added b-IgG bound to both SA/b-RBC and SA/b,,-RBC.
Maximal b-IgG attachment was 5 x 10* IgG molecules per
SA/b2o-RBC and 9 x 10* IgG molecules per SA/b,,-RBC.

In order to test the ability of serum-stable immuno-
RBC to recognize the target, we utilized a2 model
developed in our previous study, lLe. binding of immune-
REC to antigen immebilized on the bottom of plastic
culture plates [6]. Figure 3 shows that b-Ab/SA/b,,-RBC
bind to the antigen-coated, but not to a BSA-coated plastic
surface, In contrast, b-lgG/SA/bay-RBC do not bind to any
surface. At the antigen surface density attained at overnight
incubation of 3 ug of antizen in the well, about § x 10°
immuno-RBC bind to an antigen-coated well with a bottom
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Figure |
Biotinylation of rat RBC with long-arm biotin hydrosysuecinimide ester, Fresh
m!Fl‘rll?-waw'rth PES were biotimylated with BxMNHS at the indicated final
concenlrations in the reaction mixture. After elimination of non-bound Bad\HS,
strepiavidin (1.2 x 10° molecules RBC) was added. (A) Binding of radiclabeled
SA to b,-RBC, (B) Binding of radiclabellad b-IgG to SAh-RBC (1.25x 10°
molecules of '™Habelled b-lgG per SAM,-REC were added for sttachmant),
{C) Lysis of SAb,-REC (o) and b-RBC (@) by serum in wiro,
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Figura 2

Streptmvidin-madiated attachment of radiolabelled b-igG biotinylated rat RBC,
Inchcated amounts of '“Libeled blgG were incubated for | h with
SA-coated rat RBC biotinylated at 70 pM BeMHS (SAby-REC, o) or with
SA-coated rat RBC biotimiated ot 20 uM BeMHS (S4B, RBC, #). Afer
gimination of nan-bound '*I-belled b-1gG, radicactivity assocated with REC
has been datermined,

area of 2 em”. This indicates that more than B5% of the
well bottom surface is occupied with bound b-Ab/SA/by.-
RBC. Reduction of the surface density of immobilized
antigen leads to marked reduction of b-Ab/SA/by,-REC
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Figura 3

Bindng of serum-stable immuno-RBC (b-8h/S4b.o-RBC) fo immabilized
antigen, Wels of 24-wel cuture pistes were coated with mouse IgG by
overnight incubation with 3 g of IgGAvell, & described in the Materials and
methods section. Immunc-RBC camying biotimdated palydonal paat antlody
agairst mouse |gG (open bars) and control immuno-RBC carrying bictinglated
nonespeciic mouse 125 (dosed bars) were incubated for 2 b in wels coated
with antigen or with BSA. After washing of nen-bound RBC, water was added
to wels and binding of RBC in wells was determined by measurernent of
haemeglobin absorbance in lysates. The data are pressnted as means +5.0.
fn=3).
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Figure 4

Influence of the swiace dergity of immaobilized antigen on binding of serum-
stalile immuna-RBC (h-AbSAb - RBC). Wefls of 24-wall cuture plates were
coated wath antigen by overnight inoubation with indicated amounts of mouss
kG Bindrg of b-AbSAb.PBC (o) and belgG/SAb-REC (@) was
determined 45 desorbed in the legend to Figure 3, The data are pressnted as
means 5.0, (n = 3)

binding to the target surface (Figure 4). This result implies
that: (i) b-Ab/SA/b;,-RBC targeting to immaobilized antigen
is specific, and (i) multivalent interaction of RBC-bound
antibody with immabilized antigen is important for target-
ing. It should be noted, however, that, even at minimal
surface density of immeobilized antigen, b-AbfSA/b.-RBC
binding te antigen-coated wells was dramatically higher
than that of b-lgG/SA/baa-RBC [(3.8 +0.3) x |10° RBC/well
versus (3.4 1.5)x 10" RBC/well}] and than binding of
b-Ab/SA/by-RBC to BSA-coated wells (<2x10° RBCY/
well).

To test biocompatibility of immunc-RBC in a physio-
logical medel, we have studled the biodistribution of
serum-stable immuno-RBC after their intravenous injection
Inte the blocdstream. For this purpose we have injected
*'Crlabelled b-gG/SA/b,-RBC into rats. Previously we
have used this model and demonstrated that injection of
complement-sensitive  avidin-carrying baop-RBC In rats
leads to their fast lysis and eliminaticn by the reticuloende-
thelial system after intravenous injection [9]. Table | shows
the biodistribution of *'Cr-labelled serum-stable b-lgG/
5A/b2p-RBC and control RBC in rat tissues after
intravenous injection. For both preparations, less than 19
of blood radleactivity was detected in plasma, thus indicar-
ing that there was no lysis of b-lgG/5A/byy-RBC or control
RBC in vive. Enhanced uptake of radioactivity has been
detected only In spleen, probably reflecting nen-specific
damage of RBC Induced by multiple centrifugation. Thus
serum-stable b-lgG/5A/b.-RBC circulate in the blood-
stream without marked elimination or lysis.
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Table | Biodistribution of stable Immuna-RBC and control rat RAC in rat
tissues

The Table shows the Bodstribution of *'Cr isotape in rat tisues | h afer
inravenous injection of *' Crelabelled immuna-REC or control rat REC. The
dala are presented a5 percentages of injected radicactivity (I0) per g of tisswe
(means+50., n =3} S

Tissua b-lpGeAL-RBC (%610} RBC (S610)
Blaod 468 +0.11 56314049
Lung .12 +0.49 1153051
Liver 0.35+0.09 035007
Kidney 0.15+0.06 0184006
Spleen 5114023 3441121
Heart 0.7 £0.05 0.3240.03

Medification of RBC with varicus cross-linking agents
is @ new approach for targeting of a drug and prolongation
of its lifespan in the bloodstream [3,11]. SA-biotin cross-
linker is useful for attachment of biotinylated proteins to
REC (e.g antibodies for targeting) [6,12—14]. Results of
the present study document that mild biotinylation of RBC
provides Immuno-RBC which satisfy requirements= of
applicability for drug targeting: b-Ab/SAfb.;-REC bind to
immeobilized antigen and display normal bicdistribution in
vive. Therefore these data open a new avenue for explora-
tlon of drug targeting by Immuno-RBC.
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