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U se of Erythrocyte Ghosts for Therapy 

M. Furusawa and T. lino 

When a mixture of erythrocytes (RBCs) and 
a foreign substance is dialysed against a hypo
tonic saline, the hemoglobin is replaced with 
the substance (Furusawa et al. 1976). The 
resultant ghosts containing foreign substances 
could be used for various therapeutic pur
poses. 

A. Intracellular Microinjections or 
"Fusion Injections" 

Fusion between cells and RBC ghosts contai
ning foreign substances results in the intro duc
tion of the substances into the cells (Furusawa 
et al. 1974). With this technique any substance 
smaller than 6 X 107 dalton can be injected into 
the cytoplasm. An accurate quantitative injec
tion can be performed using a combination of 
this method together with a cell sorter (Yamai
zumi et al. 1978). It is significant that there is 
no limitation in the number of target cells 
subjected to microinjection. This fusion injec
tion technique could be used for alleviating or 
repairing defective cells. That is, drugs, nucleic 
acids, or enzymes of normal counterparts can 
be introduced into these cells, then injected 
back to the patient. Because the cells and 
RBCs used can be obtained from the individu
al to be injected, there would be no risk of 
rejection (Furusawa 1980). In spite of such 
advantages it has an inevitable weak point in 
that intranuclear injections are impossible. 
Recently we developed a new instrument, 
namely an "injectoscope", by which one can 
easily perform intranuc1ear microinjections 
without employing a conventional micromani
pulator (Furusawa et al. 1980; Yamamoto and 
Furusawa 1978). 

B. Drug Administrations 

RBC ghosts loaded with drugs may serve as 
a good tool for the treatment of some diseases, 
especially hepatic diseases. When mouse RBC 
ghosts loaded with proteins were injected into 
avein, they disappeared from the circulation 
blood within 30 min and accumulated exclusi
vely in the liver and spleen. The transfused 
ghosts may be trapped by Kupffer's cells or 
macrophages where the loaded substance 
might be liberated. In c1inical therapy a specific 
drug for a given disease can be loaded in the 
RBCs of the patient. Then, the drug-Ioaded 
ghost cells could be injected intravenously to 
the same patient. Thus a concentrated amount 
of the drug could be administered to the liver. 
Accordingly, it can be expected to diminish 
subsidiary ill effects of the drug. The fate of the 
drug thus introduced remains to be examined. 

c. Immunization 

In humans two important requirements for 
a successful immunization are (1) a high 
antibody producing efficiency and (2) minimi
zed side effects. Our preliminary study demon
strated that the intraperitoneal injection of 
RBC ghosts loaded with dinitrophenol-conju
gated ovalbumin (DNP-OA) gave rise to 
a significant increase of anti-DNP antibody 
production without artificial adjuvant. 

The introduction of DNP-OA into the 
ghosts was carried out as folIows: A mixt ure of 
1 volume of packed RBCs from ICR mice and 
9 volumes of PBS containing 10 mg/mi of 
DNP-OA was dialysed to ten fold diluted PBS 
until hemolysis had been accompIished and 
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followed by dialysis against isotonic PBS. In 
addition, a sampie containing 1 mg/mI of 
DNP-OA entrapped in 2 X 109 ghosts was 
prepared. For sensitization the ghosts loaded 
with DNP-OA were intraperitoneally injected 
into additional mice of the same strain. For 
controls, free DNP-OA, a mixture of vacant 
ghosts and DNP-OA, vacant ghosts, and an 
emulsion with Freund's complete adjuvant 
were injected. The antisera were collected on 
the 11th day. The second sensitization was 
performed on the 11th day after the first 
injection, and the sera obtained after an 
additional 11 days. A passive hemagglutina
tion (PHA) test was used for the titration of 
serum antibody (anti-DNP). The result is 
summarized in Table 1. Compared with free 
DNP-OA, ghosts loaded with DNP-OA resul
ted in a significant increase of anti-DNP 
production, even in the primary response. In 
the secondary response higher titers were 
obtained when the ghosts loaded with 
DNP-OA were used, although the titers were 
lower than those with the emulsion. The most 
striking difference is seen between the sensiti
zation with free DNP-OA and the ghosts 
loaded with DNP-OA of 25 Ilg in the secon-

dary response: no detectable antibody was 
obtained in the former while 24 to 29 in the titer 
were observed in the latter. 

The present experiment c1early shows that 
sensitization with antigens entrapped in the 
RBC ghosts produces a significant amount of 
antibodies without adjuvant when intraperito
neally introduced. An in vitro study suggests 
that antigen-loaded ghosts are positively en
gulfed by abdominal macrophages. If so, the 
leakage of antigens from the ghosts is minimi
zed. This would raise the antibody forming 
efficiency and diminish subsidiary ill effects 
involved. As neither adjuvants nor artficial 
carriers such as liposomes (Poste et al. 1976) 
are used in the present method, their possible 
harmful effects can be avoided. 
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Table 1. Anti-DNP antibody production in mice receiving intraperitoneal injections of RBC ghosts loaded 
with DNP-OA as compared to the positive and negative controls (lino & Furusawa, unpublished)a 

Meansof Doseof PHA titer (log2) 
DNP-OA admi- DNP-OA 
nistration in asingle Primary response Secondary response 

injection 
(f.lg) Average (Range) No.of Average (Range) NO.of 

animals animals 

Dissolved 0 0.4 (0- 2) 8 
in 25 0.0 4 0.0 4 
PBS 100 1.6 (1- 2) 7 3.8 (2- 5) 4 

400 2.1 (1- 4) 7 5.8 (5- 7) 4 

Entrapped 0 1.0 (0- 4) 7 1.0 (0- 3) 6 
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400 6.0 (5- 7) 7 8.8 (8-12) 6 

DNP-OAI 25 0.3 (0- 1) 4 0.8 (0- 3) 5 
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a DNP = dinitrophenol; DNP-OA = dinitrophenol-conjugated ovalbumin 
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