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Abstract

Recent experiments by a number of workers have suggested that it may be possible to use various targeting
molecules, which bind to the intestinal epithelium, to promote the uptake and transport of nanoparticles from the
intestine to the circulation. We have used commercial nanoparticles to examine the effect of size, density and
inhibitors on uptake of lectin-coated nanoparticles by epithelial cells. The degree of uptake was most influenced by
the density of lectin on the particle, with size and type of lectin being less important. Uptake could be inhibited by
the presence of specific sugars or free lectin. These studies should provide a good basis for the design of targetable
biodegradable drug-loadable particles suitable for oral delivery. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Oral administration of peptides and proteins,
while being arguably the most desirable route of
administration of these pharmaceuticals, suffers
from the disadvantage that these molecules are
rapidly degraded by proteolytic enzymes in the
gut. Furthermore, only a small quantity (less than
1 percent) of molecules that survive degradation
are able to cross the epithelial cell layer and enter
the circulation. In an attempt to protect peptides

and proteins from proteolysis many workers have
tried to incorporate these molecules into nano- or
microparticles. They have then tried to use the
non-specific antigen-sampling activity of the intes-
tinal M cells to promote uptake of these
drugladen particles from the intestine (O’Hagan,
1990; Smith et al., 1995; Lomotan et al., 1997).
While this strategy is reported to protect these
molecules from proteolysis, the quantity of mate-
rial taken up from the intestine is still low, result-
ing in less than one percent of the administered
dose entering the circulation. There are several
reasons for the low level of uptake of the parti-
cles. Firstly, the majority of intestinal M cells are
located at the base of villi, and as such are located
in a restricted site of the intestinal wall. Secondly,
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as the work of Desai et al. (1996) and Frey et al.
(1996) suggests, the intestinal epithelial cell glyco-
calyx acts to limit access of larger (400 nm to 1
mm) nanoparticles to the M cells. Thirdly, apart
from the M cells, which are present in only low
numbers (less than one percent of all enterocytes),
most enterocytes do not take up particles non-
specifically.

Recent studies by Russell-Jones and others (De
Aizpurua and Russell-Jones, 1987; Pusztai, 1989;
Russell-Jones, 1996; Russell-Jones et al., 1997;
Gabor and Wirth, 1997) have suggested that
molecules such as lectins, pili, haemagglutinins,
toxins and invasins, which bind to intestinal ep-
ithelial cells, can be used as targeting molecules to
initiate binding to these cells. This in turn delays
the transit of antigens and proteins through the
gut. In some cases these molecules can even ini-
tiate uptake of the targeting molecules, as well as
proteins linked to them, into and across the intes-
tinal epithelial cells (De Aizpurua and Russell-
Jones, 1987; Russell-Jones, 1996; Russell-Jones et
al., 1997; Gabor and Wirth, 1997). In an exten-
sion to these findings, it has also been demon-
strated that it may be possible to coat the surface
of nanoparticles, with the above targeting agents,
and thereby cause these molecules to bind to
intestinal epithelial cells. In some cases, such bind-
ing may be sufficient to stimulate the enterocytes
to endocytose the ‘coated nanoparticles’ and
transport the particles across the cell and into the
circulation (Russell-Jones and Westwood, 1992;
Naisbett et al., 1993; Florence et al., 1995; Irache
et al., 1996; Gabor and Wirth, 1997; Hussain et
al., 1997; Russell-Jones et al., 1997, 1992, 1998).

To better understand the requirements for
lectin-mediated uptake of nanoparticles by epithe-
lial cells, this study was performed using an in
vitro cell culture model of intestinal epithelial
cells. Various parameters were examined includ-
ing; variability in uptake with different lectins, the
effect of lectin density, inhibition with soluble
inhibitors and the effect of size on uptake. Three
different molecules with different binding specific-
ities were used in the study. Wheat germ agglu-
tinin (WGA), a dimeric protein composed of two
identical subunits that contain identical binding
sites for Nacetylglucosamine (NAcGlu), ConA,

which binds to a-D-mannose and LTB, the bind-
ing subunit of E. coli heat labile toxin, LT, which
binds to GM-1 ganglioside and galactose.

2. Materials and methods

2.1. Materials

ConA, WGA, GM-1 ganglioside, a-D-mannose
and NAcGlu were from Sigma. LTB was purified
from the culture supernatant of E. coli expressing
recombinant LTB using methods described previ-
ously (Russell-Jones and de Aizpurua, 1987).

2.2. Cell culture studies

Lectin-mediated uptake and transcellular trans-
port were studied in two cell lines, the intestinally
derived human colon carcinoma cell line, Caco-2,
and the opossum kidney carcinoma cell line (OK
cell line) (Ramanujam et al., 1991; Russell-Jones,
1996). Both of these cell-lines exhibit polarized
transport when cultured on semi-permeable mem-
branes in two-chambered tissue culture wells. The
intestinal cell line differs from the kidney cell line
in that it is more heterogeneous and is microvili-
ated, whereas the kidney line is more homoge-
neous, does not possess micovili and shows little
variation from passage to passage.

The Caco-2 and OK cell lines were obtained
from the American Type Culture Collection. Cells
were grown in Dulbecco’s modified Eagle’s
medium (DMEM) containing 4.5 g l−1 glucose,
25 IU penicillin and streptomycin, 1 mM L-glu-
tamine, and 10% foetal bovine serum (DME+
FCS) at 37°C in an atmosphere of 5% CO2. For
transport experiments cells were grown in T75
flasks until 80–100% confluent. Following wash-
ing with PBS, adherent cells were removed by
treatment with 10 mg ml−1 trypsin 10 mM EDTA
for 5 min. Cells were immediately diluted 1.5-fold
into fresh culture medium and used to seed cul-
tures at 3.4×105 cells/well in 12 well/plate Costar
transwells. Cells were grown for further 12–24
days prior to testing. Costar transwells had a
membrane insert size of 12 mm and a pore size of
3 mM, with an apical chamber volume of 0.4 ml
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and a basal chamber volume of 1 ml. Cells gener-
ally reached confluence within 10 days. Transep-
ithelial resistance (TEER) measurements were
made of monolayers and only cultures with a
TEER greater than 250 ohms cm−2 were used for
experimentation.

2.3. Preparation of FITC-labeled proteins

LTB, WGA and bovine serum albumin (BSA)
were modified with fluorescein isothiocyanate
(FITC) by reacting a FITC solution (40 mg ml−1

in EtOH) with a 10 mg ml−1 solution of protein
in 0.1 M carbonate buffer pH 9.5, at a ratio of
1:25 FITC: protein (w/w). The reaction was al-
lowed to proceed for 2 h at room temperature,
before removal of unreacted FITC by extensive
dialysis against distilled water.

2.4. Conjugation of lectins to Polysciences
nanoparticles

Fluorescent YG nanoparticles (50, 100, 200 and
500 nm in size) were obtained from Polysciences.
These nanoparticles contain a fluorescein-like
fluorophore and have surface carboxylic acids
groups suitable for chemical modification. Parti-
cles were activated by the addition of EDAC/
NHS for 10 min after which LTB, ConA or WGA
(dissolved in fresh 2% bicarbonate) was added to
the particles and allowed to react for 2 h. Acti-
vated carboxyl groups on the particles were
blocked with glycine overnight. The particles were
then centrifuged, washed three times with 0.1 M
pH 9.5 carbonate, resuspended in distilled water
and dialysed extensively against distilled water.
Following dialysis the nanoparticles were soni-
cated extensively to generate a uniform suspen-
sion of individual particles.

2.5. Preparation of particles modified with 6arious
lectin densities

Particles were prepared with increasing surface
densities of LTB, WGA or ConA, by incubating
EDAC/NHS-activated nanoparticles (12.5 mg
ml−1) with lectins at 2.5, 5, 10 and 20 mg ml−1.
Unbound lectins were removed by precipitation in

0.1 M carbonate buffer pH 9.5, followed by three
washes in the precipitating buffer. Finally the
nanoparticles were resuspended by sonication into
distilled water and extensive dialysis against dis-
tilled water.

2.6. Transport studies

Prior to transport studies, the apical culture
medium was removed from transwell cultures and
the apical surface of the Caco-2 and OK cells
washed once with buffer (PBS). The basolateral
wells were then re-fed with 1 ml of complete
medium. Dilutions of FITC-labeled lectin solu-
tions and fluorescent Polysciences nanoparticles,
+/− lectin coating (0.25 ml in DMEM +FCS)
were added to the chamber of triplicate wells and
the cultures incubated at 37°C overnight. Apical
and basal media were then removed from the
wells and the cells washed with PBS (3X), fol-
lowed by one wash with 5 mM EDTA, pH 5.0 for
30 min. The apical and basal chambers were
assayed for the presence of nanoparticles by mea-
surement of the entrapped fluorochrome as fol-
lows. Bound and internalized fluorescence was
measured in the lysate of cells incubated with a
solution of 2% SDS, 50 mM EDTA pH 8.0 for 30
min at room temperature. The membrane inserts
were excised from the transwell and the fluores-
cence associated with the filter assessed by lysis of
the nanoparticles with 50% acetone to release the
entrapped fluorochrome from the nanoparticles.
Particles that had been transported to the basal
chamber were assayed by measurement of basal
media. All samples were adjusted to pH 8.0 with
1 M Tris–HCl pH 9.0 prior to fluorescence mea-
surement. Fluorescence was measured on a Bio-
Tek Instruments Microplate Fluorescence Reader
(FL500) at Ex485 nm and Em530 nm Data is ex-
pressed as the percentage of the total fluorescence
added to the wells, which was found in each
fraction. For all measurements care was taken to
ensure that fluorescence was measured on a con-
stant volume of sample placed in a square bottom
ELISA plate (Nunc). A linear relationship was
observed between fluorescence intensity and
nanoparticle concentration over the ranges tested
(data not shown). In separate studies using radio-
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labelled ligands, we have also found a direct
correlation between the quantity of surface bound
ligand and the amount of measurable fluorescence
(data not shown).

2.7. Uptake and transport of FITC-labeled lectins
by Caco-2 cells

Caco-2 cells were incubated with 200 mg FITC-
labeled LTB (LTB-FITC), 200 mg FITC-labeled
LTB pre-incubated with 2 mg of GM1-ganglioside
(LTB−FITC+GM1), 200 mg FITC-labeled LTB
plus 2 mg LTB (LTB−FITC+LTB), or 200 mg
FITC-labeled BSA (BSA−FITC). In separate ex-
periments, Caco-2 cells were incubated with 200
mg FITC-labeled WGA (WGA-FITC), 200 mg
FITC-labeled WGA pre-incubated with 2 mg of
NAcetylGlucosamine (WGA-FITC+NAcGlu),
200 mg FITC-labeled WGA plus 2 mg WGA
(WGA−FITC+WGA), 200 mg FITC-labeled
WGA plus 2 mg BSA (WGA−FITC+BSA), or
200 mg FITC-labeled BSA (BSA−FITC). After
18 h, the cells were treated as described in the
‘Transport studies’ section of the Materials and
methods. Data is expressed as the percentage of
FITC which could be found within the cells
(Cells) or within the filter inserts (Inserts), or as
the total of Cells+Inserts.

2.8. Effect of exogenous free lectin on the uptake
and transport of WGA, LTB or ConA-coated 50
nm Polysciences particles by Caco-2 and OK
cells

Caco-2 and OK cells were incubated with 500
mg plain or WGA. LTB or ConA coated 50 nm
Polysciences YG nanoparticles. Particles were pre-
incubated with 2mg of cold lectin for 20 min prior
to addition to cell cultures. After 18 h, the cells
were treated as described previously.

3. Results

3.1. Uptake and transport of FITC-labelled WGA
and LTB

Previous studies have revealed that LTB is able

Fig. 1. Uptake and transport of FITC-labeled LTB by Caco-2
cells. The cells were treated as described in the Materials and
Methods. Data is expressed as the percentage of FITC which
could be found within the cells (Cells) or within the filter
inserts (Inserts), or as the total of Cells+Inserts.

to bind to, and be internalized by, the intestinal
epithelial cells of mice, as well as Caco-2 cell
monolayers (Lazorova et al., 1993). A comparison
of uptake and transport of WGA and LTB
modified with FITC revealed that levels of LTB–
FITC uptake were very similar to those of the
control, FITC–BSA (BSA, 5%, Fig. 1). In con-
trast, FITC–WGA (30% of the added dose) was
found to be endocytosed by the cell, although
little fluorescence was transported to the cell and
into the basal chamber (Fig. 2).

Fig. 2. Uptake and transport of FITC-labeled WGA by Caco-
2 cells. The cells were treated as described in the Materials and
Methods. Data is expressed as the percentage of FITC which
could be found within the cells (Cells) or within the filter
inserts (Inserts), or as the total of Cells+Inserts.
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3.2. Inhibition of uptake of FITC-modified lectins
by excess unlabeled lectin

The uptake of FITC–WGA was found to be
specific, as the addition of excess WGA signifi-
cantly reduced the uptake of WGA–FITC (from
30 to 8%, Fig. 2). Uptake was also reduced by the
presence of NAcGlu, but was not affected by the
addition of BSA. In contrast to the results with
FITC–WGA, the uptake of LTB–FITC was en-
hanced in the presence of excess LTB (from 4.8 to
7.8%, Fig. 1), or by the addition of excess GM1-
ganglioside. These somewhat paradoxical results
can possibly be explained by a low density of the
GM-1 ganglioside on Caco-2 cells. Thus, addition
of extra LTB or the GM-1 ganglioside may in-
crease the frequency of interaction of LTB with
the cell, thereby increasing the rate of endocytosis
of the FITC-labeled LTB. These findings suggest
that there is some requirement for multipoint
binding of the LTB to the surface of the cell in
order to elicit the formation of endocytic pits and
subsequent internalisation of the LTB. Similar
enhancement of uptake of an endogenous protein,
CT (cholera toxin) was found by Moss and others
(Moss et al., 1976; Joseph et al., 1979), who
demonstrated greater killing of target cells by CT
upon addition of increasing levels of GM-1 gan-
glioside. The differences in uptake of FITC–
WGA and FITC–LTB may be a result of the
different types of ligands to which each binds.
Thus, it is known that LTB binds to the glycol-
ipid, GM-1 ganglioside, while WGA binds to
NAcGlu-modified proteins.

3.3. Uptake and transport of lectin-modified
nanoparticles

Having found that lectins could bind to and be
internalized by Caco-2 cells the possibility that
lectin-coated nanoparticles could be endocytosed
by these cells was investigated. Levels of uptake
and transport of nanoparticles modified with
lectins were generally equal to or greater than
those seen with FITC–lectins, which is perhaps
surprising considering the large size of the lectin-
modified nanoparticles (Fig. 3).

Fig. 3. Uptake and transport of WGA, LTB or ConA-coated
50 mg Polysciences particles by Caco-2 cells.Caco-2 cells were
incubated with 500 mg plain or WGA, LTB or ConA-coated
50 nm Polysciences YG nanoparticles. After 18 h, the cells
were treated as described in the Materials and Methods. Data
is expressed as the percentage of added particles (as deter-
mined from fluorescence) which could be found within the
cells (Cells) or within the filter inserts (Inserts), or as the total
of Cells+Inserts.

Greatest uptake was observed with ConA-
coated nanoparticles with many of the particles
being transported across the cells and into the
filter inserts. Lower levels of uptake were ob-
served with WGA and LTB-coated nanoparticles,
with both particles being transported through the
cells and into the insert. The difference in the level
between the three molecules may reflect a slight
difference in the degree of modification of the
particles by these molecules (see later). With both
the LTB and WGA coated nanoparticles, there
was greater transport of the particles to the insert,
than the transport observed with the FITC–
lectins. It is therefore possible that the intracellu-
lar trafficking route undertaken by the particles
differs from that of the soluble lectin. The differ-
ence in trafficking may be due either to particles
binding to different ligands than the soluble
lectin, or possibly due to enhanced receptor clus-
tering that would be expected with the high level
of multi-point binding expected from the high
density of lectin coating the nanoparticles.

3.4. Effect of size on uptake and transport of
lectin-modified nanoparticles

Similar levels of uptake of WGA-coated
nanoparticles were observed for particles ranging
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Fig. 4. Effect of size on the uptake and transport of WGA,
LTB or ConA coated Polysciences particles by Caco-2 cells.
Caco-2 cells were incubated with 500 mg plain or WGA, LTB
or ConA-coated Polysciences YG nanoparticles of 50, 100, 200
or 500 nm in size. After 18 h, the cells were treated as
described in the Materials and Methods. Data is expressed as
the percentage of added particles (as determined from fluores-
cence) which could be found both within the cells and within
the filter inserts.

Fig. 6. Effect of lectin substitution on the uptake and trans-
port of WGA and LTB-coated 50 nm Polysciences particles by
Caco-2 and OK cells. Caco-2 and OK cells were incubated
with 500 mg plain or WGA or LTB-coated 50 nm Polysciences
YG nanoparticles. Particles had been prepared with the lectins
at either 2.5 mg ml−1 (1X) or 20 mg ml−1 (8X). After 18 h,
the cells were treated as described in the Materials and Meth-
ods. Data is expressed as the percentage of added particles (as
determined from fluorescence) which could be found both
within the cells and within the filter inserts.

smaller 50 and 100 nm particles (�40–50%),
although it is possible that there were slight differ-
ences in the amount of lectin bound to the various
particle preparations. In this regard all particles
were checked for binding to appropriately glyco-
sylated agarose beads, however, no observable
difference in binding was noted (results not
shown).

3.5. Effect of lectin density on surface of particles
on uptake

Uptake of WGA, LTB or ConA-modified
nanoparticles was critically dependent upon the
quantity of lectin used in the preparation of the
lectin-modified nanoparticles, presumably reflect-
ing the degree of substitution of the nanoparticles
by these molecules. Thus, particles prepared using
lectins at 2.5 mg ml−1 (1X) were able to elicit
uptake that was only marginally higher than un-
modified nanoparticles. Increasing the quantity of
lectin used for the preparation of the nanoparti-
cles (20 mg ml−1; 8X) resulted in a linear increase
in uptake to levels 5 and 4 times that of un-
modified particles for WGA and LTB, respec-
tively (Fig. 6 data shown for 1 and 8X
concentrations).

size from 50 to 500 nm. In contrast the level of
uptake of LTB or ConA coated particles de-
creased as particle size increased from 50 to 500
nm (Figs. 4 and 5). The level of uptake of WGA,
LTB or ConA modified nanoparticles was similar
for both Caco-2 and OK cells (cf. Figs. 4 and 5).
High levels of uptake were seen for particles
ranging in size from 50 to 500 nm. It is not known
why the level of uptake of the 200 and 500 nm
WGA particles (70%) was higher than for the

Fig. 5. Effect of size on the uptake and transport of WGA,
LTB or ConA-coated Polysciences particles by OK cells. OK
cells were incubated with 500 mg plain or WGA, LTB or
ConA-coated Polysciences YG nanoparticles of 50, 100, 200 or
500 nm in size as described in Figure 4.
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3.6. Inhibition of uptake of lectin-modifed
particles by soluble inhibitors

The specific nature of the uptake of the lectin-
modified nanoparticles was demonstrated by the
finding that co-administration of soluble lectin
was able to inhibit the uptake of WGA and ConA
modified particles (Fig. 7). The uptake of WGA
and ConA modified nanoparticles was also inhib-
ited by excess NAcGlu or D-mannose, respec-
tively. In contrast, the uptake of LTB-modified
nanoparticles was slightly enhanced by the addi-
tion of GM1-ganglioside Fig. 8.

4. Discussion

For many years immunological dogma has
stated that uptake of protein antigens (and indeed
microparticles) from the gut occurs through non-
specific antigen sampling of the gut by the ‘M’
cells present on the dome epithelium of the
Peyer’s Patches. This has biased the thought of
many workers and has led them to concentrate on
using this route (the ‘M’ cell) for the oral delivery
of proteins and microparticles to the circulation
(Hillery et al., 1995a,b; Jani et al., 1995; Smith et

Fig. 8. Effect of specific sugars on the uptake and transport of
WGA, ConA or LTB-coated 50 nm Polysciences particles by
Caco-2 and OK cells. Caco-2 and OK cells were incubated
with 500 mg plain or WGA, ConA or LTB-coated 50 nm
Polysciences YG nanoparticles. Particles were pre-incubated
with 8 mg of NAcGlu or D-Mannose, or 2 mg GM1 gan-
glioside before addition to cell cultures. After 18 h, the cells
were treated as described in the Materials and Methods. Data
is expressed as the percentage of added particles (as deter-
mined from fluorescence) which could be found within the
Cells (Lysed cells), the Inserts (Inserts), the basal chamber
(Transport), or total uptake (lysed+ inserts)(Total uptake).

al., 1995), and even to develop targeting systems
for the ‘M’ cells (Jepson et al., 1996). It has
become apparent, however, through the studies of
Russell-Jones et al. and other workers, that many
proteins are absorbed from the gut through nor-
mal intestinal epithelial cells that are separate
from the dome epithelium (De Aizpurua and Rus-
sell-Jones, 1987; Pusztai, 1989; Lazorova et al.,
1993; Lindner et al., 1994; Russell-Jones, 1994,
1996, 1997; Haltner and Lehr, 1997; McClean et
al., 1998). A common property of the proteins
that use this alternate uptake pathway is that they
are able to bind to the intestinal epithelial cells
and initiate uptake and subsequent transcytosis of
these molecules and of molecules covalently
linked to them (Russell-Jones, 1994, 1996; Rus-
sell-Jones et al., 1997; Russell-Jones, 1998; Rus-
sell-Jones and de Aizpurua, 1987). The binding
properties of these molecules (lectins, toxins, pili,
haemagglutinins, invasins, etc.) has been used to
delay the intestinal transit time of both proteins
and microparticles (Caston et al., 1990; Lehr et
al., 1992; Ponchel et al., 1994a,b; Pusztai, 1995;
Irache et al., 1996).

Fig. 7. Effect of exogenous free lectin on the uptake and
transport of WGA, LTB or ConA-coated 50 nm Polysciences
particles by Caco-2 and OK cells. Cells were treated with
WGA-, LTB-, or ConA-coated nanoparticles either alone or in
the presence of 2 mg of unconjugated lectin (+XS) as de-
scribed in the Materials and Methods. Data is expressed as the
percentage of added particles (as determined from fluores-
cence) which could be found within the Cells+Inserts.
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In an extension to the above findings several
experimenters have shown that it may be possible
to use the binding activity of lectins, invasins and
other similar molecules to stimulate the uptake
and transport of nanoparticles (Russell-Jones and
Westwood, 1992; Naisbett et al., 1993, 1994;
Jeyanthi et al., 1995; Pusztai, 1995; Hussain et al.,
1997; Russell-Jones, 1997, 1998; Lemoine and
Preat, 1998; Easson et al., 1997).

In the studies reported here, it has been shown
that it is possible to stimulate the in vitro uptake
of nanoparticles using three different lectins, LTB,
WGA and ConA, each of different binding specifi-
cities. The extent of uptake and transcytosis of the
lectin coated nanoparticles was greatly influenced
by the quantity of lectin bound to the surface of
the particles, with highest densities being pre-
ferred. It is interesting to note that a similar
correlation has been observed between the density
of surface binding molecules and the degree of
virulence of many types of pathogenic bacteria
(Russell-Jones and Gotschlich, 1984). The extent
of uptake of the various nanoparticles was similar
for the sizes 50, 100 and 200 nm, while a reduction
in uptake was noted for LTB and ConA coated
500 nm particles. This could possibly reflect a
limitation in the extent of coating of the nanopar-
ticles by these lectins, or a possible size restriction
in the endocytic vesicle responsible for nanoparti-
cle uptake. Uptake of nanoparticles was found to
be highly specific and was readily inhibited by
co-administration of free lectin, or of the specific
sugar or ganglioside to which the lectin was
known to bind.

Although there are few examples of oral deliv-
ery of pharmaceuticals using toxin binding sub-
units, or lectins, it has been shown that oral
administration of these molecules elicits high titres
of serum antibody to both the lectins/toxins and to
haptens and proteins covalently linked to them
(De Aizpurua and Russell-Jones, 1987; Russell-
Jones et al., 1992; Lindner et al., 1994; Russell-
Jones, 1994, 1996, 1997, 1998), suggesting that
these molecules could also be used as vehicles for
oral drug delivery. The repeated usefulness of
these molecules for oral drug delivery, however, is
questionable, as all molecules studied so far are
highly immunogenic and hence would elicit an

antibody response to the carrier. These antibodies
could either block the binding of the lectins/toxins,
or alternatively the antibodies raised could render
some individuals highly allergic to the irnmunizing
food lectins and hence elicit severe systemic ana-
phylaxis as a result of ingesting even small quanti-
ties of the lectins in food. The use of these lectins
as a delivery system would thus be contraindicated
in persons with known food allergies. It is possi-
ble, however, that the immunogenicity of these
targeting molecules could be greatly reduced, ei-
ther by genetically altering or removing the T-cell
epitopes, or alternatively by identifying smaller,
less immunogenic fragments of the lectins that
maintain their binding activities.

5. Conclusions

The oral delivery of peptides and proteins
within lectin-coated nanoparticles appears to be
an ideal method for protecting these molecules
against digestion as well as increasing the uptake
of the pharmaceutical through the targeting action
of the lectins. These studies have demonstrated
that there may be a range of targeting molecules,
including LTB, ConA and WGA, which are suit-
able for delivery of nanoparticles. These molecules
are able to elicit targeting and uptake of nanopar-
ticles in a range of sizes from 50 to 500 nm. The
level of targeting and uptake is directly propor-
tional to the amount of targeting agent attached
the particles. Targeting was also found to be a
specific phenomenon as it was greatly reduced in
the presence of excess free lectin, or specific sugar.
The challenge for the future will be to manufac-
ture drug-loaded nanoparticles, with sufficient sur-
face density of lectins for uptake, and to be able to
subsequently control the rate of release of the drug
from the nanoparticle, once it has crossed the cell
and entered the circulation.
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