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Oligosaccharides play essential roles in various cellular activi-
ties as antigens, growth signals, targets of bacterial/viral infection,
and glues in cell adhesion and cancer transfahere the
saccharide-receptor interactions are usually specific and multi-
valent? This specificity suggests a potential utility of synthetic,
mostly polymeric, multiantennary saccharide derivatives as car-
riers in directed drug delivefyand as blockers or inhibitors of
undesired saccharide-receptor associatidtswever, saccharide-
receptor interactions are by no means the sole access routes to
the cells. The cells, especially tumor cells, show nonspecific
affinities to hydrophobic molecules. This is the basis of photo-
dynamic therapy of tumors by the use of porphyrin and related
sensitizers.For the saccharide-directed cell recognition, however,
this is a problem to be overcome. We thought a key solution
would be to mask the hydrophobicity upon increase in saccharide
multivalency. The present work is concerned with the use of
highly saccharide-functionalized porphyramd calix[4]resorcarefie
derivatives for the capture of and molecular delivery to hepato- here that these saccharide-coated macrocycles with masked
cytes (liver cells), which are well-known to have receptors for hydrophobicity exhibit a remarkable saccharide (galactoside/
the terminal galactose residues of asialoglycoprof&ifge report glucoside) specificity.
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27 Figure 2. Electronic spectra for a series of solutions of gueegt.45 x

Figure 1. Microphotographs (bottom) and their fluorescence images (top) 10 2 MM) and varying amounts of hog& (0—5.69 x 10°* mM) in water
of rat hepatoma RLC-16 cells{g) or mouse spleen LT4Tr cells (kand ~ (PH 7.3 with PBS) at 25C. Inset: change in absorbance at 540 nm with
) after incubation with an aqueous solution (pH 7.3 with PBS) ofl¢a) increasing host concentrations.
(0.25 mM), (b)1b (0.25 mM), ()4 (0.25 mM), (d)Sb (0.25 mM), (€) binder (note thaK,4(6) = K.,(6)) as well as a specific oligosac-
2a (25 mM) +.6 (1 mM), (f) 2b (25 mM) + 6 (1 mM), (g)G (1 mM), charide cell binder.
(M) 7.(5 mM), (i) 2a (15 mM) + 7 (5 mM), () 2b (15 mM) + 7 (5 mM), The significance of hostguest coadsorption or delivery of
(k) 6 (1 mM), (I) 2a(2.5 mM)+ 6 (1 mM) at 37°C, followed by washing .
twice with the PBS buffer. The incubation time was 30 min-@, 1 |nc|uded guejst molecules becomes clearer when a less hydro-
min (e—g, k, and I), or 3 min (kj), depending on the fluorophores. The phobic g_ues_t is used. Calceir) (s a pentacarboxyle_lte fluorescent
cells were obtained from RIKEN Cell Bank and cultivated according to dY€» Which is also bound to the present hosts in a 1:1 manner
literature methods. with good spectral behaviors; the binding affinitieskof(7) =
8.2 x 1* M~ andKy,(7) = 1.6 x 10° M~ are much lower than
those for gues6 in the order of 18 M~1. When alone, guest
shows little affinity to the hepatoma cells (Figure 1h). However,
it can bedeliveredto the cells by the galactose clusg (Figure
1i) as a transporter under condition84] = 15 mM and [/] =
5 mM) where 90% of the guest would otherwise be bound to the
host in solution. This is not the case with the glucose analogue
2b (Figure 1j). The2a-mediated guest delivery is also cell-

pecific. When mouse spleen LT4Tr célllacking in character-
stic galactoside receptors are used in place of hepatoma cells,
the galactose clusté&ta inhibits the otherwise ready adsorption

the glucose clustelb must therefore be a result of hydrophobicity
masking or steric inaccessibility to the porphyrin ring, both sides
of which are in fact protected by the clustering saccharide moieties
as shown in Chart ¥ In this context, there is little doubt that
the adsorption of galactose clusieron the cells isolelydue to
specific interaction of the galactose residueslia and the
galactoside receptor sites on the cell membranes.

We then moved to the calix[4]resorcarene-based octa(galactose
and octa(glucose) clusteza and 2b. While they are highly
hydrophilic, they form 1:1 complexes with a variety of hydro- ; :
phobic dyed:*® We used here a fluorescent dye phloxine@ ( (F|gu_re 1k) of gues6 on the ceIIs_(Flgure 1. -
Chart 1). The isosbestic spectral change with a saturation behavior 1S work demonstrates the importance of hydrophobicity

(Figure 2 for2a), coupled with continuous-variation Job analysis Masking for the saccharide-directed cell recognition. The mac-
(not shown), indicates a 1:1 hesguest complexation Withos rocyclic saccharide clustedsand2 are electrically neutral and

(6) = 2.1 x 10°F Mt andKy(6) = 2.0 x 10° M1 (pH 7.3 with highly hydrophilic, where neither the hydrophobic nor the

PBS at 25°C) being evaluated from least-squares curve fitting electrostatic force for nonspecific incorporation into the cells
Fluorescence microscopy now can be used to monitor tHe works effectively. Under these circumstances, the identity of the

adsorption of fluorescent guest on the hepatoma cells, as Saccharide moieties plays a crucial role; the right one (galactoside)

controlled by nonfluorescent saccharide cluster hosts. undergoes speuﬂc_sacchande receptor interactions with the right
Here is again a marked contrast between galactose clater (h_epatlc) cells, while the wrong one (glucoside) is completely

and glucose clustetb, which, respectively, lead to guest-on and rejected by the cells. The included guest molecules are thereby

guest-off (Figure 1e and 1f). In the absence of any host, giiest either delivered to the target cells or protected in solution away
is, not surprisingly, bound to the cells (Figure 1g) in a manner rom the cells. Since the saccharide-receptor interactions are

similar to that of reference porphyrirg-5. This spontaneous ubiquitous, well-defined/well-designed synthetic saccharide clus-

guest adsorption is almost completely suppressed by glucoseters of the present type may serve as a new tool in glycoscience

cluster2b (Figure 1f) at Pb] = 2.5 mM ([6] = 1.0 mM), where and glycotechnology of cell communication.
~100% (judging fromKz,(6)) of the guest is bound to the host

Ivr:/.?r?lt%tlon; lthe; resultlnlg Cgmplfb@.mlf;ﬂ be Igirt to t:]he Ce”S't research (No. 08CE2005) from the Japanese Government and also by
: € galactose analogdaunder similar conaitions, the gues CREST of Japan Science and Technology Corporation (JST). We are

finds itself on the cells (Figure 1e). This is most likely a result of grateful to Dr. Y. Katayama, Kyushu University, for his advice, permission
host-guest-cell ternary complexation mediated by the dual roles to use a microscope, and technical assistance.

of the galactose cluster hoga acting as a hydrophobic guest
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(14) The CPK model in Chart 1 is only schematic. Octa(saccharide) clusters
1 and2 in water are actually highly aggregated to give extendheNMR (15) Koyasu, S.; Yodoi, J.; Nikaido, T.; Tagaya, Y.; Taniguchi, Y.; Honjo,
line broadening. Details will be reported shortly. T.; Yahara, 1.J. Immunol.1986 136, 984—987.




