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Binding of kidney bean (Phaseolus vulgaris) isolectins
to differentiated human colon carcinoma Caco-2 cells
and their effect on cellular metabolism

H G C JM Hendriks, M J L Kik, J F J G Koninkx, T S G AM van den Ingh, JM VM Mouwen

Abstract
The binding of Phaseolus vulgaris (PHA)
isolectins L4 and E4 to the brush border
membrane of differentiated Caco-2 cells was
studied and the impact on cellular metabolism
and microvilli was assessed. Computer
analysis of the data based on binding experi-
ments with peroxidase conjugated isolectins
gave mean (SD) values for maximal binding of
2540 (151).10-9 M for PHA-L4 and 2104
(140).10-9 M for PHA-E4 per mg of brush
border membrane protein. The dissociation
constants for L4 and E4 binding were 4*3
(1.4).10'6M and 1.1 (0.8).106 M, respectively.
Incubation of differentiated Caco-2 cells for 30
minutes with ferritin conjugated PHA isolec-
tins showed that, as indicated by the number of
ferritin particles, PHA-E4 bound to the micro-
villi to a greater extent than PHA-L4. Ferritin
particles were also localised intracellularly
over endocytotic invaginations and vesicles.
After incubation for 48 hours with PHA-L4
or PHA-E4, the relative incorporation of
precursors for DNA, RNA, and (glyco)protein
synthesis into the trichloroacetic acid insoluble
fraction of the Caco-2 cells was determined.
Both isolectins stimulated the incorporation of
thymidine and glucosamine, but neither
PHA-L4 nor PHA-E4 were able to influence the
incorporation of uridine. With respect to
fucose, methionine, and N-acetyl mannosa-
mine, the stimulatory effect remained confined
to PHA-E4. Since PHA-L4 and PHA-E4 were
tested at the same concentrations, PHA-E4 is
more effective than PHA-L4. The changes in
the uptake of radioactive precursors were lost
after heat inactivation of PHA-E4. Compared
with control and PHA-L4 incubated Caco-2
cells, the microvilli of PHA-E4 incubated cells
were shortened significantly (p<0-01).
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Lectins of plant origin, mostly present in food
elements, sometimes induce severe damage to
the intestinal tract unless their activity is
destroyed by heating.' In addition, lectins are
known to interfere with cellular processes in
different types of cells.6 Essentially all metabolic
processes examined in Phaseolus vulgaris (PHA)
treated lymphocytes are stimulated, though to
varying degrees and at different times after
exposure to the mitogen .7 There are relatively few
studies on lectins in relation to the cellular
metabolism in enterocytes.8 '3 After binding of
the dietary lectins through their sugar reactive
sites to the enterocytes or the subsequent endo-
cytosis of the lectin receptor complex, or

both,'4 disruption of the structure of the brush

border takes place in vivo4 '1 as well as in vitro.'5
We have recently shown that because of the

similarity between the lectin induced lesions in
vivo and in vitro, the human colon carcinoma cell
line Caco-2 may represent a suitable model for
investigation of the multifold aspects of lectins in
differentiated enterocytes.'5

In the experiments presented in this study we
have used differentiated Caco-2 cells, which
display both structural (microvilli, tight junc-
tions) and functional (brush border enzymes)
characteristics of small intestinal enterocytes,'6
to investigate the binding of PHA isolectins L4
and E4 to these cells and the subsequent lectin
induced effects on the microvilli and the cellular
metabolism. In particular, we have examined the
effects of both isolectins on the DNA, RNA, and
(glyco)protein synthesis using several specific
radioactive precursors.

Methods

CACO-2 CELL CULTURE
The Caco-2 cells were grown in Dulbecco's
modified Eagle medium (DMEM) (Flow
Laboratories, Amstelstad BV, Amsterdam, The
Netherlands) supplemented with 1% (v/v) non-
essential amino acids (Flow), 50 [ig of
gentamicin/ml (Flow), 10 mM sodium bicarbo-
nate (Flow), 25 mM Hepes (Flow), and 20%
(v/v) fetal calf serum (FCS) (Sanbio BV, Uden,
The Netherlands) and cultured at 37°C in a
humidified atmosphere of 5% CO2 in air. The
cells were seeded at 4. 104 cells/cm2 using tissue
culture 24 flat bottom well plates (2 cm2/well)
(Gibco Europe BV, Hoofddorp, The Nether-
lands) or 75 cm2 tissue culture flasks (Costar
Europe Ltd, Badhoevedorp, The Netherlands)
containing 1 or 15 ml of culture medium respect-
ively. The culture medium was changed three
times a week. This study encompassed 32
passages of the cell line ranging from the 69th to
the 101st.

Since incubation of the differentiated Caco-2
cells with PHA isolectins should be carried out in
medium lacking any carbohydrate sources, the
percentage of FCS was gradually reduced, and at
the same time the amount ofthe serum substitute
Ultroser G (Reactifs IBF, LKB-Products BV,
Zoetermeer, The Netherlands) was increased.
On day 14 after cell seeding the culture medium
containing 20% (v/v) FCS was replaced by 1 ml
ofculture medium containing 10% (v/v) FCS and
1% (v/v) Ultroser G, on day 16 it was replaced by
1 ml of culture medium containing 1% (v/v) FCS
and 2% (v/v) Ultroser G and on day 19 by 0 5 ml
ofDMEM.
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INCUBATION OF DIFFERENTIATED CACO-2 CELLS BY

PHA ISOLECTINS L4 AND E4
Incubation of the cells was performed in
quadruplicate in 0 5 ml ofDMEM containing 0,
40, 80, 120, 160, and 200 [tg of PHA-L4Iml or

PHA-E4/ml (E-Y Laboratories Inc, San Mateo,
California, USA). For concentrations lower than
500 [tg/ml, PHA-L4 shows no agglutination with
human erythrocytes whereas PHA-E4, at a con-

centration of less than 20 ,tg/ml, agglutinates 3%
human erythrocytes (product information).

After incubation for 44 hours, 100 1d of
DMEM containing '4C-thymidine* (0-02 1iCi)
and 3H-glucosamine* (0.8 [tCi), '4C-uridine*
(0.02 GCi) and 3H-fucose* (2 ,uCi) or 35S-
methionine* (0.1 ,tCi) and N-acetyl 3H-

mannosamine** (3 [tCi) were added to the
monolayer and double labelling incubation was

continued for four hours (*Amersham Neder-
land BV, Houten, The Netherlands; **New
England Nuclear, Du Pont de Nemours BV,
's-Hertogenbosch, The Netherlands). The selec-
tion of the radioactive monosaccharides was
made on the basis of their entry point in the
metabolic pathway and the metabolic conversion
to other monosaccharides.'7 The incorporation
was stopped by adding 1 ml of 10% trichloro-
acetic acid (0°C) to the monolayer. Subse-
quently, the monolayer was washed twice with
1 ml of 0-01 M PBS (0-01 M Na2HPO4, 0-01 M
NaH2PO4, 0 9% NaCl), pH 7*3, fixed with
1 ml ofmethanol for 10 minutes, and dissolved in
0 5 ml of 0.1 N NaOH. The incorporated
radioactivity present in 0.2 ml of 0-1 N NaOH
was determined by liquid scintillation counting
in 2 ml of Dynagel (J T Baker Chemical BV,
Deventer, The Netherlands) as scintillant and
performed with a Beckman LS 1701 (Beckman
Instruments BV, Mijdrecht, The Netherlands).
The incorporated radioactivity was calculated

as disintegrations per minute/tg of DNA'8 and
expressed as the relative incorporation (factor by
which the incorporation was increased or

decreased when compared with cell cultures that
were not incubated with lectins).
The effect of the lectin concentrations on

cell viability was determined by trypan blue
exclusion.

PREPARATION OF PURIFIED BRUSH BORDER
MEMBRANES FROM DIFFERENTIATED CACO-2 CELLS
The cell monolayer was washed three times with
5 ml of 0.01 M PBS, pH 7.3 at 37°C and the cells
were removed from the surface of the culture
flasks after incubation for 45 minutes at 37°C
with 5 ml of transfer medium (8.0 g NaCl, 0.2 g

KH2PO4, and 0.2 g Na2EDTA.2H20/1). The
resulting cell pellet formed by centrifugation (10
minutes at 500 g) at 4°C was washed and pelleted
three times with 10 ml of 0-01 M PBS, pH 7-3
(4°C) and finally stored at -70°C. Highly
purified brush border membranes were prepared
according to a modification of an existing
method.'9 Briefly, the isolation procedure per-
formed at 4°C consists of the following steps:
homogenisation and ultrasonication in 2 mM
Tris-50 mM mannitol buffer, pH 7-1; Ca2+
treatment of the homogenate; centrifugation (10
minutes at 950 g and 30 minutes at 33 500 g); Tris

disruption of brush border fragments; purifica-
tion of the brush border membranes by gradient
ultracentrifugation (15 minutes at 63000 g);
pelleting by centrifugation (60 minutes at
200 000 g) of the membrane fraction formed at
the interface between 37% and 42% glycerol.
The modification applied to the glycerol
gradient. The gradient was composed of two
layers: 1.5 ml 37% glycerol and 5 5 ml 42%
glycerol in a separation medium of 0.05 M
MgCl2.

BINDING OF PEROXIDASE CONJUGATED PHASEOLUS
VULGARIS ISOLECTINS TO THE BRUSH BORDER
MEMBRANES OF DIFFERENTIATED CACO-2 CELLS
Purified brush border membranes (200000 g
pellet)'9 were used to show the binding of the
PHA isolectins L4 and E4. The lectin binding to
the brush border membranes isolated from
differentiated Caco-2 cells has been determined
quantitatively using the enzyme linked lectin
sorbent assay (ELLSA).20
By means of a ligand programme the specific

binding was calculated in saturation experiments
from the untransformed total binding data and
from the specific binding data using corrected
free ligand concentrations. The data were fitted
in a one binding site and a two binding sites
model. The best fit (one binding site model) was
chosen using least squares values that were
statistically compared in an F test.

Inhibition studies were conducted using
excess lectin specific monosaccharide. The non-
specific binding in this assay approximated 30%
of the total binding.

BINDING OF FERRITIN CONJUGATED PHASEOLUS
VULGARIS ISOLECTINS TO DIFFERENTIATED CACO-2
CELLS
Differentiated Caco-2 cells were grown in tissue
culture 24 flat bottom well plates on Thermanox
tissue culture cover slips (Flow). After three
washes with 5 ml of 0-01 M PBS, pH 7.35, the
cell monolayers were incubated at 37°C for 30
minutes with 50 [ig of PHA-L4 ferritin/ml or
PHA-E4 ferritin/ml in 0-01 M PBS, pH 7.35.
The cells were subsequently rinsed three times
with 1 ml of 0.01 M PBS, pH 7.35, and
submitted to electronmicroscopic fixation and
embedding procedures. After prefixation for 120
minutes with 0 5% (v/v) glutaraldehyde in 0-1 M
phosphate buffer, pH 7.35 (4°C), post-fixation
for 30 minutes with 2% (v/v) OS04 in 0-1 M
phosphate-buffer, pH 7.35 (4°C), and dehydra-
tion the cell monolayer was embedded in
Araldite. Fixation and embedding of the cell
monolayers were performed in situ. 16 21

MORPHOLOGICAL CHANGES IN THE MICROVILLI OF
DIFFERENTIATED CACO-2 CELLS AFTER
INCUBATION WITH PHA-ISOLECTINS
Differentiated Caco-2 cells grown in tissue
culture 24 flat bottom well plates on Thermanox
tissue culture cover slips were incubated at
37°C for 48 hours with 50 ptg of PHA-L4/ml
or PHA-E4Iml in 0.5 ml of DMEM. Post-
incubation and subsequent electronmicroscopic
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Figure 1: Specific binding of
peroxidase conjugated
PHA-L4 and PHA-E4 to
purified brush border
membranes ofdifferentiated
Caco-2 cells.

These binding curves have
been usedfor calculation of
maximal lectin binding and
dissociation constant.
Binding studies were carried
out as described previously.20
bbm=brush border
membrane; PHA-PO=
peroxidase conjugated
Phaseolus vulgaris
agglutinin.
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fixation and embedding procedures were as
described above.

Statistical significance between the length
of microvilli of control and PHA isolectin
incubated Caco-2 cells was assessed using an
analysis of variance plus comparison of means.
Statistical significance was accepted at the
p<005 level.

Results

BINDING OF PHASEOLUS VULGARIS ISOLECTINS L4
AND E4 TO THE DIFFERENTIATED CACo-2 CELLS AND
THEIR ISOLATED BRUSH BORDER MEMBRANE
FRACTION
The specific binding of PHA-L4 and PHA-E4 to
the brush border membranes of differentiated
Caco-2 cells is shown in Figure 1. Computer
analysis of the individual curves by means of
iterised computer fit analysis of the data gave
values for maximal binding per mg of brush
border membrane protein and dissociation con-
stants for both isolectins (Table I). The brush
border membrane fraction had slightly more
PHA-L4 than PHA-E4 binding sites per mg of
brush border membrane protein. The dissocia-
tion constant of PHA-L4 was four times greater
than that of PHA-E4. These data suggest that
both PHA-L4 and PHA-E4 are able to interact
directly with the microvillous membranes of
differentiated enterocyte like Caco-2 cells.

Extracellular labelling with ferritin con-
jugated Phaseolus vulgaris isolectins L4 and E4, as
indicated by ferritin particles, was evident on the
surface ofthe Caco-2 cells (Fig 2). PHA-E4 binds
to the microvilli of the Caco-2 cells to a greater
extent than PHA-L4. Between the distribution of
the ferritin particles, however, no differences

TABLE I Binding ofperoxidase conjugated PHA-L4 and
PHA-E4 to purified brush border membranes ofdifferentiated
Caco-2 cells

Lectin binding/mg ofbrush
border membrane protein Dissociation constant

PHA isolectin (mean (SD)) (M) (mean (SD)) (M)

L4 2540(151).10 4-3(1-4) 10 6
E4 2104(140).10 9 1-1(0.8).10 6

The number ofPhaseolus vulgaris isolectin binding sites in the
brush border membrane has been established by means of iterised
computer fit analysis of the data.20 The results are expressed as the
mean (SD) maximal binding and the mean (SD) dissociation
constant of two different passages.

could be detected. The ferritin particles are
located almost exclusively over the glycocalyx of
the microvilli and only a few are present over the
cores of the microvilli.

Intracellular labelling was present in endo-
cytotic vesicles over the apical cytoplasm of the
Caco-2 cells (Fig 2).

INCORPORATION OF PRECURSORS FOR DNA, RNA,
AND (GLYCO)PROTEIN SYNTHESIS BY
DIFFERENTIATED CACO-2 CELLS AFTER
INCUBATION WITH PHA-L4 AND PHA-E4
When PHA-L4 was added to the culture medium
and incubation was performed for 48 hours, the
relative incorporation of '4C-thymidine and 3H-
glucosamine seemed to increase with increasing
lectin concentrations, whereas no change in the
relative incorporation of '4C-uridine, 35S-
methionine, 3H-fucose, and N-acetyl 3H-
mannosamine could be observed (Fig 3). In
comparison with PHA-L4, the stimulatory effect
expressed as the relative incorporation of '4C-
thymidine and 3H-glucosamine seemed to be
significantly higher for PHA-E4. Moreover,
PHA-E4 concentrations as low as 40 .tg/ml
already displayed a maximal stimulatory effect
with respect to the relative incorporation of 14C-
thymidine, whereas at the same lectin concentra-
tion the relative incorporation of 3H-glucosamine
ofPHA-E4 incubated cells was 85% greater than
in control cells (Fig 3). As opposed to PHA-L4, a
noticeable increase of the relative incorporation
of both 35S-methionine and 3H-fucose was
observed after incubation with PHA-E4. The
increase in the relative incorporation of N-acetyl
3H-mannosamine was only slight. The relative
incorporation of '4C-uridine did not change
irrespective of the PHA isolectin concentration.
The changes in the relative incorporation of

'4C-thymidine, 35S-methionine, 3H-glucosamine,
3H-fucose, and N-acetyl 3H-mannosamine
shown in Figure 3 vanished when the differenti-
ated Caco-2 cells were incubated with 200 jig of
heat inactivated PHA-E4/ml (15 minutes at
100°C) (Table II).

Irrespective of the isolectin and lectin concen-
tration, tested cell viability determined by
trypan blue exclusion was -95%. In addition,
the DNA content per well (mean SD) seemed to
be independent of the isolectin as well as lectin
concentration tested (64'9 (3.9) tig DNA/well
for 0-200 [ig of PHA-E4/ml and 62-2 (4 1) .tg
DNA/well for 0-200 ,ug of PHA-L4/ml).

ULTRASTRUCTURAL CHANGES IN THE MICROVILLI
OF DIFFERENTIATED CACO-2 CELLS AFTER
INCUBATION WITH PHA-L4 AND PHA-E4
Differentiated Caco-2 cells were exposed for 48
hours to 50 [tg of PHA-L4/ml or 50 ig of PHA-
E4/ml. The ultrastructural morphology of the
microvilli of these cells as well as control cells is
shown in Figure 4.

In comparison with control Caco-2 cells and
PHA-L4 incubated cells, the microvilli of PHA-
E4 incubated cells clearly exhibited shortened
microvilli (Fig 4). A morphometric analysis
showed that the length of the microvilli ofPHA-
E4 incubated cells differed significantly (p<0*01)
from control cells (Table III). The length of the
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microvilli ofPHA-L4 incubated cells and control
cells, however, did not differ significantly.
The brush borders of both PHA-L4 and PHA-

E4 incubated Caco-2 cells contained membrane
vesicles associated with the brush border (Fig 4).
The brush borders ofcontrol Caco-2 cells did not
exhibit these membrane vesicles.

Discussion
One of the objectives of this study was to
investigate the binding of the PHA isolectins L4
and E4 to isolated brush border membranes of
Caco-2 cells and intact Caco-2 cells. The quanti-
tative data of the binding of peroxidase conju-
gated isolectins to the brush border membranes
are presented in Table I. Substantial differences
between the dissociation constant of PHA-L4
and PHA-E4 were determined. PHA-E4, the
erythroagglutinating isolectin, recognises
biantennary oligosaccharides, whereas PHA-L4,
the leukoagglutinating isolectin, binds specific-
ally to tri- and tetra-antennary oligosaccharides. 2'2
This variety in oligosaccharide specificity
between PHA-L4 and PHA-E4 seems to be
expressed in the differences of the dissociation
constants. In comparison with PHA-E4, the

dissociation constant of PHA-L4 for isolated
brush border membranes of differentiated Caco-
2 cells is four times greater. Binding studies in
the published reports mention higher values for
the association constants ofthe lectins (reciprocal
value of dissociation constants). Association con-
stants of 12.6.106 M-' for PHA-L4 and 2.5.106
M 'for PHA-E4 are calculated for the binding to
purified rat brush border membranes.23 The
different cell types from which brush border
membranes were isolated might explain these
different values to a great extent.
By electron microscope immunocyto-

chemistry, immunogold localisation of ingested
PHA-L4 and PHA-E4 was shown on the duo-
denal and jejunal microvilli and endocytosed into
the lysosomal pathways of the rat enterocytes.'4
Recently, direct experimental evidence has been
presented showing transepithelial transport and
uptake of dietary PHA into the systemic circula-
tion of the rat.24 In addition, our binding experi-
ments showed that after incubation for 30
minutes with ferritin conjugated isolectins,
ferritin particles were present extracellularly on
the microvilli of Caco-2 cells and intracellularly
over apical invaginations and vesicles (Fig 2).
The short time exposure ofCaco-2 cells to PHA-
L4 or PHA-E4 together with the different
dissociation constants may explain the variety in
binding of the isolectins.

In in vivo studies the incorporation of pre-
cursors in enterocytes is dependent on a direct
action of the lectin on enterocyte metabolism as
well as on an indirect effect mediated through the
reduction of food intake.25 In this in vitro study
the direct interference ofPHA isolectins with the
cellular metabolism of differentiated Caco-2 cells
can be investigated. To detect any differences in
their effect upon the cellular metabolism, PHA-
L4 and PHA-E4 were tested separately. Since
incubation was performed with the very same
concentrations, the results clearly show that
PHA-E4 stimulates the incorporation of '4C-
thymidine, 35S-methionine, 3H-glucosamine,
3H-fucose, and N-acetyl 3H-mannosamine to a
greater extent than PHA-L4 (Fig 3; Table II).
After incubation of differentiated Caco-2 cells
with heat inactivated PHA-E4 (15 minutes at
100°C), the stimulatory effect ofPHA-E4, result-
ing in an increased incorporation of radioactive
precursors, disappears (Table II). This finding
indicates that the stimulatory effect was related
to PHA-E4 binding to the specific biantennary
oligosaccharide22 on the cell surface membrane of
differentiated Caco-2 cells.

Prolonged exposure of the rat intestinal cells to
PHA is known to result in stimulation of the
cellular metabolism.9"'-' Also, our incorpora-
tion experiments suggest that exposure for 48
hours to PHA-E4 results in stimulation of DNA
and (glyco)protein synthesis in differentiated
Caco-2 cells. However, in contrast to another
investigation,'3 neither PHA-L4 nor PHA-E4, is
able to enhance the incorporation of `4C-uridine
in Caco-2 cells. The DNA content per well does
not change significantly with increasing lectin
concentration. Moreover, cell viability remains
rather constant (-95%). For that reason DNA
synthesis most probably does not account for the
increased incorporation of '4C-thymidine.

Figure 2: Binding offemtin
conjugated PHA-L4 and
PHA-E4 to the microvilli of
differentiated Caco-2 cells.

In comparison with
PHA-E4 (A) the binding of
PHA-L4 (B) is less evident
(arrows). Veryfew ferritin
particles are present over the
cores ofthe microvilli. Note
the presence offerritin
particles in apical vesicles
(small arrows). (Original
magnification x 63 050.)
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Figure 3: Relative
incorporation of 14C-
thymidine, '4C-uridine,
`'S-methionine, 3H-
glucosamine, 3H-fucose, and
N-acetyl 'H-mannosamine
by differentiated Caco-2
cells after incubation with
PHA-L4 orPHA-E4.
Two different passages

have been used to establish
the effect ofPHA-L4 and
PHA-E4. The results are
expressed as the mean
(SEM) relative
incorporation. The dotted
area represents the mean
(SEM) relative
incorporation ofcell cultures
which are not incubated with
lectins. For each passage of
the cells the relative
incorporation ofall lectin
concentrations was
determined using
quadruplicate cultures.
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Whether the incorporation is due to increased
DNA repair is presently unknown.

In the presence of PHA-E4, the relative
incorporation of 35S-methionine, 3H-gluco-
samine, 3H-fucose, and N-acetyl 3H-man-
nosamine (Fig 3; Table II) increases,
reflecting sustained synthesis of (glyco)proteins.
At the same time the relative incorporation of
'4C-uridine does not change compared with con-
trol Caco-2 cells. Therefore, the data presented
here suggest that the increased rate of synthesis
of (glyco)proteins is due to a translational rather
than transcriptional control of (glyco)protein
synthesis. In contrast to Ricinus communis
agglutinin (ricin and abrin), which after endo-
cytosis inactivates the 60S ribosomal units,26
PHA-E4 might speed up (glyco)protein synthesis
by assembling functional polysomes, increasing

TABLE II The effect ofheat inactivated PHA-E4 on the
relative incorporation ofradioactive precursors by
differentiated Caco-2 cells

Relative incorporation

No heat treatment Heat inactivated
Precursor ofPHA-E4 PHA-E4

'C-thymidine 1-71 (0.04) 1-03 (0.06)
4C-uridine 0 95 (0.07) 1-05 (0.07)
35S-methionine 1-45 (0.02) 1-00 (0.03)
3H-glucosamine 1-96 (0.09) 1-02 (0.05)
3H-fucose 1-62 (0.04) 0.99 (0.05)
N-acetyl 3H-mannosamine 1-45 (0-10) 1-01 (006)

Two different passages have been used to establish the effect of
heating. The results are expressed as the mean (SEM) relative
incorporation. For each passage of the cells the relative
incorporation ofPHA-E4 and heat treated PHA-E4 (200 [sg/ml)
was determined using quadruplicate cultures.

0 40 80 120 160 200

jug PHA/mI

the net rate of initiation of protein synthesis or
accelerating the translation rate.
The data presented here (Fig 3) further

indicate that the PHA-L4 induced changes in the
cellular metabolism do not correlate with the
agglutination activity of this isolectin. PHA-L4,
which does not possess any haemagglutinating
activity at concentrations lower than 500 ,ug/ml,
clearly acts upon the incorporation of 14C-
thymidine and 3H-glucosamine by differentiated
Caco-2 cells.
The results of several experiments have shown

that exposure of rat intestinal epithelium to
concanavalin A, wheat germ agglutinin, and
kidney bean (P vulgaris) lectin causes disarrange-
ment of the cytoskeleton of rat enterocytes.3527
Recently, actin cytoskeletal lesions resulting in
shortened microvilli have been found in differen-
tiated Caco-2 cells after exposure to soybean
agglutinin. 5 Shortening of the microvilli seemed
to be accomplished by a shift in the ratio of
globular:filamentous actin. As a result of
exposure of differentiated Caco-2 cells to PHA-
E4 for 48 hours, the lengths of the microvilli of
these cells were shortened significantly (p<0-01)
in comparison with control and PHA-L4
incubated cells (Fig 4 and Table III). It is
therefore tempting to suggest that the PHA-E4
induced shortening of the length ofthe microvilli
has to be attributed to actin cytoskeletal lesions
as well. After exposure of rat intestinal epithe-
lium to intraluminal dietary lectins clusters of
vesicles associated with the brush border can be
found.45 Also, in vitro an increased number of
vesicles nearby the brush borders ofPHA-L4 and
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Figure 4: Microvilli of
differentiated Caco-2 cells
after incubation with PHA-
L4 and PHA-E4.

Microvilli ofcontrol
Caco-2 cells (A). Microvilli
ofCaco-2 cells after
incubation for 48 hours with
50 [tg ofPHA-L4/ml (B) or
50 [tg ofPHA-E4/ml (C).
(Original magnification
x32 500.) I-:

A.. p ~~~~~~~~I
PHA-E4 incubated Caco-2 cells was observed
(Fig 4). The presence of these vesicles may
reflect an increased turnover of the microvillous
membrane.

After binding of the PHA isolectins to the
brush border membrane receptors of differenti-
ated Caco-2 cells and internalisation of bound
lectin, PHA-L4 as well as PHA-E4 induce a
number of cell metabolic changes within the
cells. The precise mechanism responsible for the
stimulation of the cellular metabolism has not
been clarified. Further experiments are neces-
sary to elucidate the nature of the regulatory
mechanisms of these events.
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