Targeting of Liposomes to Liver

vesicles (SUVs) do go to the liver, there is a higher
proportion entering the hepatocytes rather than
Kupffer cells. Our previous study demonstrated that
the splenic (RES-rich organ) uptake of liposomes
was decreased by reducing the vesicle size to < 0.25
um.'” The low concentrations of liposomal *H and
"C in rat spleen in this study suggest that the vesicle
size of the injected liposomes is below the threshold
for RES uptake.

The very low distribution of liposomal inulin in
tissues except the liver implies little extravasation of
liposomes from circulation except in liver. The
fenestrated property of sinusoidal endothelial cells in
the liver allows free diffusion of a large spectrum of
substances between Disse’s spaces and the sinu
soids.'® The vesicle diameter of liposomes in the pres-
ent study was around 170 nm. A portion of liposomes
in circulation could pass through the fenestrae into
Disse’s spaces, and thus facilitate the access to
hepatocytes. Free inulin is not subject to degradation
in circulation and is rapidly removed from circulation
following i.v. administration. Free inulin does not dif-
fuse through cell membrane into cells.'® Therefore, the
*H present in the liver can be ascribed to the *H-inulin
molecules delivered by liposome encapsulation,' but
not the degradation part of *H-inulin, or the free inulin
leaked from liposomes.

The higher *H and '“C values with AFLP than
with plain liposomes in the liver allow assessment
of the targeting property of AFLP. This result is in
agreement with the result of an in vitro study,'
which determined that the enhanced uptake of
AFLP resulted from receptor-mediated transfer via
ASGP-R.

In conclusion, grafting liposomes with AF en-
hances liver uptake. The preferential liver distribution
of AFLP suggests a useful hepatocyte-targeting ap-
proach for drug delivery and gene transfection.

ACKNOWLEDGMENTS

This study was supported by the National Science
Council of the R.O.C. through grant NSC86-2314-
B002-059.

REFERENCES

1. New, R.R.C., Black, C.D.V., Parker, R.J, Puri, A.,
Scherphof, G.L. “Liposomes in biological systems”. in
Liposomes, Apractical Approach, New R.R.C., Ed.; Ox-
ford University Press: Oxford. 1990; pp 221-252.

2. Lasic, D.D. Liposomes: from physics to applications. 1*
ed.; Elsevier: Amsterdam. 1993; pp 365-398.

3. Leserman, L., Machy, P. “Ligand targeting of lipo-
somes”. in Liposomes; Ostro, M.J., Ed.; M Dekker: New
York. 1987; pp 157-189.

4. Wang-Peng, J., Chao, Y. Clinical trials of HCC in Tai-
wan. Hepatogastroenterology 1998; 45: 1937-1943.

5. Ashwell, G., Morell, A. Rule of surface carbohydrates
in the hepatic recognition and transport of circulating
glycoproteins. Adv. Enzymol. 1974; 41: 99-128.

6. Wall, D., Wilson, G., Hubbard, A. The galactose-
specific recognition system of mammalian liver: the
route of ligand internalization in rat hepatocytes. Cel/
1990; 21: 79-83.

7. Baenziger, J.U., Maynard, Y. Human hepatic lectin:
physiological properties and specificity. J. Biol. Chem.
1980; 255: 4607-4613.

8. Harford, J., Bridges, K., Ashwell, G., Klausner, R.D.
Intracellular dissociation of receptor-bond asialogly-
coproteins in cultured hepatocytes. J. Biol. Chem. 1983;
258:3191-3197.

9. Meijer, D.K.F., Molema, G.J.E. Targeting of drugs to
the liver. Semin. Liver Dis. 1995; 15: 202-256.

10. Yu, H.Y., Lin, J.H. Intracellular delivery of mem-
brane-impermeable hydrophilic molecules to a
hepatoblastoma cell line by asialoglycoprotein-labeled
liposomes. J. Formas. Med. Assoc. 2000; 99: 936-941.

11. Yu, H.Y., Lin, C.Y. Uptake of charged liposomes by the
rat liver. J. Formos. Med. Assoc. 1997; 96: 409-413.

12. New, R.R.C. “Preparation of liposomes”. in Liposomes,
Apractical Approach. New R.R.C., Ed.; Oxford Univer-
sity Press: Oxford. 1990; pp 33-104.

13. Ishihara, H., Hara, T., Hosoi, K., Tsuchiya, S., Aramaki,
Y. Preparation of asialofetuin-labeled liposomes with
encapsulated human interferon-y and their uptake by
isolated rat hepatocytes. Pharm. Res. 1990; 7: 542-546.

14. Straubingeer, R.M., Papahadjopoulos, D. Liposomes as
carriers for intracellular delivery of nucleic acids.
Methods Enzymol. 1983; 101: 512-527.

105



