CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Mar. 2001, p. 258-265

1071-412X/01/$04.00+0 DOI: 10.1128/CDLI.8.2.258-265.2001

Vol. 8, No. 2

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Adherence of Giardia lamblia Trophozoites to Int-407
Human Intestinal Cells

M. CEU SOUSA,'* C. A. GONCALVES,? V. A. BAIROS,? AND J. POIARES-DA-SILVA'

Laboratory of Microbiology and Parasitology and Center of Pharmaceutical Studies, Faculty of Pharmacy," and
Department of Histology and Embryology, Faculty of Medicine,” University of Coimbra, 3030 Coimbra, Portugal

Received 11 May 2000/Returned for modification 25 September 2000/Accepted 22 November 2000

Attachment of Giardia lamblia trophozoites to enterocytes is essential for colonization of the small intestine
and is considered a prerequisite for parasite-induced enterocyte dysfunction and clinical disease. In this work,
coincubation of Giardia with Int-407 cells, was used as an in vitro model to study the role of cytoskeleton and
surface lectins involved in the attachment of the parasite. This interaction was also studied by scanning and
transmission electron microscopy. Adherence was dependent on temperature and was maximal at 37°C. It was
reduced by 2.5 mM colchicine (57%), mebendazole (10 pg/ml) (59%), 100 mM glucose (26%), 100 mM mannose
(22%), 40 mM mannose-6-phosphate (18%), and concanavalin A (100 pg/ml) (21%). No significant modifica-
tion was observed when Giardia was pretreated with cytochalasins B and D and with EDTA. Giardia attachment
was also diminished by preincubating Int-407 cells with cytochalasin B and D (5 pg/ml) (16%) and by
glutaraldehyde fixation of intestinal cells and of G. lamblia trophozoites (72 and 100%, respectively). Ultra-
structural studies showed that Giardia attaches to the Int-407 monolayer predominantly by its ventral surface.
Int-407 cells contact trophozoites with elongated microvilli, and both trophozoite imprints and interactions of
Giardia flagella with intestinal cells were also observed. Transmission electron microscopy showed that Giardia
lateral crest and ventrolateral flange were important structures in the adherence process. Our results suggest
a combination of mechanical and hydrodynamic forces in trophozoite attachment; surface lectins also seem to

mediate binding and may be involved in specific recognition of host cells.

Giardia lamblia, a parasitic flagellated protozoan, is the most
common causative agent of diarrheal illness worldwide. In
spite of significant recent advances in the knowledge on the
biochemistry and molecular biology of G. lamblia, little is known
about the pathogenesis of symptomatic infections in humans
and the factors that determine the variability of the clinical
outcome. A combination of parasitic factors and host re-
sponses seems to be involved, but damage of the intestinal
epithelium by adherent trophozoites of G. lamblia has been
proposed as one important mechanism in the pathogenesis of
the infection (21). The structural modifications produced by
G. lamblia trophozoites on epithelial cells are the result of close
attachment of a contractile region of the ventral disk (30).

The mechanism of attachment of trophozoites to intestinal
cells has not been established definitively. Evidence supports
roles for the ventral disk, which is considered a specific attach-
ment organelle (19), trophozoite contractile elements (12),
hydrodynamic and mechanical forces (20), and lectin-mediated
binding (8, 26). However, experimental verification has been
hindered by the lack of a suitable model. Previous studies of
adherence have used a variety of model systems, including
synthetic surfaces such as plastic and glass, nonhuman cells
such as isolated rat enterocytes and cultured rat enterocyte cell
lines, and human cells (8, 15, 21, 22, 27). These models differ
in their biological appropriateness for attachment studies and
the diversity of findings from them offers no uniformity regard-
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ing the importance of microtubules, contractile filaments, or
Giardia lectin in the adherence process.

The human Int-407 cell line, used in pathogenic enterobac-
terium studies, presents a potential alternative model for in-
vestigating the interaction of G. lamblia with intestinal cells.
Originally used for vaccine production (18), Int-407 was de-
rived from nonmalignant jejunum and ileum of a 2-month-old
human embryo, having a complex ultrastructural fimbrial ex-
tracellular matrix. More recently, the attachment of the human
immunodeficiency virus (1), Salmonella enterica serovar Typhi
(31), Escherichia coli (14), and Klebsiella pneumoniae (10) has
been investigated with this cell line.

In this work, we characterized the attachment patterns of
G. lamblia to Int-407 cells. Our first goal was to determine the
experimental conditions required for the maximal adherence
in vitro, including time and temperature of incubation, number
of cells, and the optimal medium for coincubation. We then
examined the implications of cytoskeleton and lectins in this
process, and we studied the interactions between Giardia and
Int-407 cells by both transmission and scanning electron mi-
Croscopy.

MATERIALS AND METHODS

Axenic culture of Giardia trophozoites. Giardia lamblia (WB strain [ATCC
30957] originally from a patient with chronic diarrhea) was obtained from the
American Type Culture Collection, Manassas, Va. Trophozoites were main-
tained in axenic culture, at 37°C, in 10 ml of Diamond’s TYI-S-33 modified by
Keister (23), in screw-cap cell culture vials. Penicillin G (250 pg/ml), streptomy-
cin sulfate (250 wg/ml), gentamicin sulfate (50 pg/ml), and amphotericin B (0.25
wng/ml) were added during routine culture. Trophozoites attached, of cultures in
logarithmic growth phase, were used as inoculum to study G. lamblia adherence
to the intestinal cell line. Trophozoites were used for experiments only when they
were more than 95% viable as assessed by motility and exclusion of trypan blue.
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Epithelial cell line culture. Monolayers of Int-407 cells (ATCC CCL6 [derived
from human embryonic jejunum and ileum]) were cultured at 37°C in 25-cm?
flasks and grown in RPMI 1640 medium (Gibco BRL) supplemented with 5.0
mM L-glutamine, 20 mM p-glucose, 1.0 mM sodium pyruvate, 10% heat-inacti-
vated (30 min for 56°C) calf bovine serum (Sigma), 10,000 U of penicillin per ml,
10 pg of streptomycin per ml, and 0.5 mg of neomycin per ml in an atmosphere
of 5% CO, and 95% air (29). For adhesion experiments Int-407 cells were
trypsinized and then inoculated into wells of a 24-well tissue culture plates
(Nunclon multidishes). For ultrastructural adherence study the cells were grown
on thermanox tissue culture coverslips which were placed at the bottom of six
well tissue culture plates. The cultures were incubated until the monolayers were
confluent (3 to 5 days).

Coincubation and attachment assay. Cultures of Giardia were decanted and
remaining attached trophozoites refed with phosphate-buffered saline (PBS)
(Dulbecco’s formula [pH 7.1]) and chilled on ice until detached. Trophozoites
were then centrifuged at 1,000 X g for 10 min, the supernatant was decanted, and
the pellet was ressuspended in Int-407 growth medium (see cultures), warmed to
37°C. An aliquot was counted using a hemocytometer (Neubaeur cell counter
chamber), and the volume was adjusted to give the desired concentration of
trophozoites per milliliter. Medium was aspirated from Int-407 cultures, and the
monolayer was gently washed with warmed RPMI 1640 growth medium to
remove any cells that had not adhered or debris. Giardia cells were then coin-
cubated with Int-407 cells, and the volume was adjusted to 1 ml per well. Plates
were incubated at 37°C in 5% CO, and 95% air. The time course of attachment
was determined over 24 h, and the effect of varying the number of Giardia cells
was studied over a range of Giardia/Int-407 ratios from 1:10 to 2:1. An investi-
gation of the impact of temperature on adherence was carried out concurrently
at 4 and 37°C. At the end of the incubation periods unattached trophozoites were
recovered by gently rinsing the culture plates three times with RPMI culture
medium warmed to 37°C. Adherent trophozoites were then recovered by incu-
bation at 4°C for 10 min in cold Ca**- and Mg>*-free 0.15 M phosphate buffer
(Dulbecco’s formula [pH 7.1] [Flow Laboratories, United Kingdom]). Adherent
and nonadherent trophozoite suspensions were counted in a hemocytometer,
and the percentage of Giardia attached to Int-407 was estimated by determining
the ratio of attached trophozoites to the total number of Giardia organisms
seeded.

To determine the role of components of the Giardia cytoskeleton in attach-
ment, assays were done in the presence of microtubule inhibitors colchicine (2.5
to 5 mM, dissolved in PBS; Sigma) and mebendazole (1.0 to 100 pg/ml; Sigma),
and after 30 min of preincubation of trophozoites with the microfilament inhib-
itors cytochalasin B and D (5 and 10 pg/ml dissolved in dimethyl sulfoxide
[DMSO] [1%]; Sigma). The divalent cation dependency of the attachment was
determined by incubation of Giardia trophozoites with 10 mM EDTA for 30 min.

To define the possible role of surface lectins in attachment, trophozoites were
preincubated in PBS (pH 7.2) containing p-glucose (100 to 200 mM), b-mannose
(100 to 200 mM), and mannose-6-phosphate (40 mM). Similarly, the role of
mannosyl residues of Int-407 cells was studied by preincubation cell monolayers
for 15 min with concanavalin a (ConA) (10 to 100 pg/ml). Further studies were
done with preincubation, for 1 h at 37°C, of Int-407 with cythocalasin B and D
(2.5 to 5 pg/ml).

In some experiments, Int-407 cell monolayers or trophozoites were fixed with
2.5% glutaraldehyde in 0.15 M NaCl for 15 min and washed with 0.15 M glycine
in water and Hanks balanced salt solution to determine whether living cells were
needed for binding (27).

Electron microscopy. Monolayers of Int-407 incubated with trophozoites for 2
and 24 h on thermanox tissue culture coverslips were fixed with 2.5% glutaral-
dehyde in 0.1 M cacodylate buffer (pH 7.2) for 1 h at 4°C. The specimens were
then washed in cacodylate buffer overnight at 4°C. The coverslips were postfixed
in 1% osmium tetroxide, in the same buffer as primary fixative, for 2 h at 4°C;
dehydrated in acetone; critical point dried using CO,; and sputter coated with
gold. The specimens were then examined in a JEOL T330 scanning electron
microscope at 15 kV (16).

For transmission electron microscopy, the monolayers of Int-407 incubated
with G. lamblia for 2 h at 37°C on thermanox culture coverslips were exposed to
osmium vapor to kill cells prior to immersing them in fixative solutions (5). The
coverslips were inverted over several drops of 2% osmium contained in a smaller
dish for 3 to 5 min. The cells were fixed with glutaraldehyde-osmium (2 and 1%,
respectively) in 0.1 M phosphate buffer solution for 1 h at 4°C and rinsed with
distilled water two or three times over 10 min. The samples were dehydrated in
ethanol and in propylene oxide and embedded in Epon 812 (TAAB) resin. The
coverslips were cut and remounted on epoxy blocks (6, 17). Ultrathin sections
were stained with lead citrate and uranyl acetate and examined with a JEOL
100S transmission electron microscope.
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Controls. For all experiments, the results were compared with an equal num-
ber of control attachment assays. These assays were done at the same time as test
wells under identical conditions but without the alteration of the coculture
parameter on the compound being tested. Further control experiments were
done in medium containing DMSO (1%).

Statistical analysis. Each determination was carried out in duplicate and in at
least three separate experiments. Results were compared with values for controls
that had been run concomitantly and are expressed as mean values *+ standard
deviations (n = 6) unless otherwise noted. Student’s ¢ test was used to assess
differences, with a P of <0.05 being considered significant.

RESULTS

Attachment of Giardia to Int-407 cells. Using an inoculum of
10° trophozoites at 37°C and pH 7.1, Giardia attachment to
Int-407 increased with time up to 120 min and then reached a
plateau. Adherence was still evident by 24 h. The range of
attachment over 1 to 4 h was 46% * 6% to 60% = 4% of the
total number added. The time course of attachment is shown in
Fig. 1. The total number of trophozoites attached after 2 h at
pH 7.2 and 37°C increased with the number of Giardia cells
seeded, whereas the percentage attached was similar at all
Giardia/Int-407 cell ratios (not shown). Attachment was tem-
perature dependent, being maximal at 37°C (59% =+ 4%) and
virtually abolished at 4°C. The foregoing experiments estab-
lished the optimal conditions for the attachment assay. Unless
otherwise stated, the following results were derived using a
parasite/Int-407 cell ratio of 1:1 over 2 h at 37°C, pH 7.2, in 5%
CO, and 95% air.

Effects of colchicine, mebendazole, cytochalasins, EDTA,
and glutaraldehyde fixation. The involvement of the cytoskel-
eton and metabolic activity of cells on adherence of trophozo-
ites to the monolayer of intestinal cells is shown in Table 1.

When trophozoites were pretreated with microfilament in-
hibitors, cytochalasins B and D, and EDTA no significant in-
hibition was observed. A control, using medium containing 1%
DMSO (the solvent for cytochalasin), showed no detrimental
effect on attachment. Preincubation of Int-407 monolayers
with cytochalasin B and D for 1 h before the coincubation with
G. lamblia reduced attachment values to 83.9% * 6% of con-
trol values (mean * standard error of mean). No marked
differences were apparent among the results obtained with
different cytochalasins.
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TABLE 1. Participation of cytoskeleton and metabolic activity of
cells in attachment of trophozoites to Int-407 monolayer”

% Attachment after:

Agents and concn Pretreatment of:

Treatment of

G. lamblia Int-407 cocultures
Cytochalasin B (pg/ml)
25 828*8
5 92+9 855
10 9 =3
Cytochalasin D (jg/ml)
25 89.7*6
5 96 + 4 781 +8
10 952+8
EDTA (10 mM) 89.4 + 3
Glutaraldehyde 0 285
DMSO 100 + 3 97 %5
Colchicine (mM)
2.5 421 =11
232 %8
Mebendazole (jg/ml)
1 457 =7
0 322=*4
100 14x2

@ After treatment of the cells, 10° trophozoites were added to Int-407 mono-
layers in 24-well tissue culture plates for 2 h at 37°C, and unattached and
adherent trophozoites suspensions were counted in a hemocytometer. See the
text for different treatments. The results are expressed as a percentage of control
values. Standard errors of mean were calculated from data of three experiments.
P < 0.05 for all differences of treatment versus the control.

Coincubation of Giardia with intestinal cells in the presence
of inhibitors of microtubular function, colchicine or mebenda-
zole, resulted in a concentration-dependent reduction in at-
tachment compared with controls. Colchicine (2.5 and 5 mM)
reduced attachment to values of 42% =+ 10% and 23% = 8%,
respectively. Mebendazole (1, 10, and 100 pg/ml) reduced at-
tachment to values of 45.5% =+ 7%, 32% =+ 4% and 14% =+
2%, respectively

The participation of metabolic activity of cells on the adher-
ence process was studied by glutaraldehyde fixation of Int-407
cells, which significantly diminished attachment to values to
28% * 5% of control values, and of trophozoites, which abol-
ished attachment.

Lectin studies. Preincubation of trophozoites with mannose-
6-phosphate (40 mM) reduced attachment to Int-407 to 81% =
2% of control values. Preincubation of G. lamblia with D-
mannose (100 to 200 mM) inhibited trophozoite attachment to
78% =+ 3% and 75% = 4% of control values, respectively. With
D-glucose (100 to 200 mM) the attachment was reduced to
73% = 2% and 71% * 3% of control values, respectively.
Preincubation of Int-407 cell monolayers with ConA (10 to 100
pg/ml) reduced Giardia attachment to 83% * 2% and 79% *
2% of control values, respectively (means * standard errors of
mean of three experiments).

Electron microscopy. Scanning electron microscopy obser-
vations were performed with Giardia incubated with Int-407
cells for different lengths of time. Numerous trophozoites were
attached to the surfaces of the Int-407 cells, and most tropho-
zoites were observed with their ventral surfaces applied to the
monolayer (Fig. 2a). G. lamblia trophozoites were also seen
with their dorsal surfaces opposed to epithelial cells, appar-
ently bound by means other than ventral sucker disk (Fig. 2b).
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This pattern of adherence is much more evident after 24 h of
coincubation. Others interactions between Giardia trophozo-
ites and Int-407 cells were observed: Int-407 cells seemed to
contact the trophozoites with fimbrial extension extracellular
cell matrix (Fig. 2c), an obvious interaction of posterolateral
and caudal flagella with surfaces of Int-407 cells was observed
(Fig. 2a to c) (arrows), and circular imprints of G. lamblia
trophozoites on Int-407 monolayers were observed (Fig. 2d to
f) (arrows).

Transmission electron microscopy observations showed that
in attached Giardia trophozoites, the lateral crest was in direct
contact with Int-407 cells (Fig. 3A) and the ventral disk as-
sumed an arched position. The ventrolateral flange (VLF) also
interacts with epithelial cells contacting the substrate laterally
or indented between the fimbrial extensions of Int-407 cells
(Fig. 3A to C). There were also interactions of the dorsal
surface of the Giardia trophozoites with epithelial cell exten-
sions of Int-407 cell membranes, grossly elongated, that sur-
rounded the trophozoites (Fig. 3D).

DISCUSSION

These experiments show that cultured Giardia trophozoites
attach firmly to Int-407 cells in vitro and support a role for both
cytoskeletal and lectin-mediated mechanisms. This Int-407 cell
model seems to be an appropriate model of attachment as it
involves a human intestinal cell line and a human isolate of
Giardia.

Previous studies of attachment of Giardia trophozoites used
glass or plastic as the substrate (12, 15, 34), enterocytes iso-
lated from rodents (21, 26), continuously cultured cell lines (3),
and intestinal cell lines (22, 27, 28). Glass or plastic substrates
are convenient but are dissimilar to in vivo substrates. The use
of freshly isolated enterocytes or villi is tedious and labor-
intensive, and these cells may be difficult to manipulate exper-
imentally. Int-407 is a continuously cultured cell line, and like
others, it is convenient, easily manipulated, and may exhibit
phenomena similar to those occurring in vivo. The Int-407 cell
line also seems to be a more physiologic model because these
cells are derived from the human small intestine and are a
noncarcinoma cell line.

The mechanisms of adherence of G. lamblia to intestinal
cells is not fully understood, but combining a range of in vitro
models, each simulating a part of these interactions, could
contribute to the overall understanding of this phenomenon.

Active participation of the mammalian cells during the
adhesion process via their cytoskeletal components has been
demonstrated with diarrheagenic E. coli strains (24, 33), K
pneumoniae (10), and Vibrio parahaemolyticus (7). These rear-
rangements include actin polymerization at sites of bacterial
adhesion to tissue culture cells and concentration of other
cytoskeletal proteins (13). Adherence of G. lamblia to Int-407
cells was inhibited when intestinal cells were pretreated with
cytochalasin D, a potent microfilament inhibitor, indicating
that adherence of G. lamblia to Int-407 cells occurs with some
participation of a microfilament-dependent process. On the
other hand, the adherence was significantly inhibited by glu-
taraldehyde and did not occur at 4°C, indicating that both
mammalian cells and G. lamblia must be metabolically active
for the attachment process to occur.
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FIG. 2. Scanning electron micrographs of G. lamblia attached to Int-407 monolayers. Trophozoites were incubated with Int-407 cells for 2 h
(a, ¢, d, and e) or 24 h (b and f). (a) Most Giardia trophozoites are attached on the Int-407 cell surface, with the ventral disk in contact with the
intestinal cell. Note the close interaction of trophozoite flagella with intestinal cells (arrows). (b) Attachment of G. lamblia trophozoites with the
dorsal surface. The fimbrial extensions of Int-407 contact the VLF (arrow). (c¢) The fimbrial extensions (microvilli) of Int-407 cells contact and
surround the trophozoite, and the caudal and posterolateral flagella also interact with Int-407 cells (arrows). (d to f) Note the circular imprints of
Giardia, after trophozoite detachment, on intestinal cells (arrows).
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FIG. 3. Transmission electron micrographs showing the interactions of G. lamblia trophozoites with Int-407 cells after staining with uranyl and
citrate leads. (A) The lateral crest was applied to the substrate and the VLF contacts laterally with the Int-407 cell surface plasma membrane. (B
and C) In some cases the VLF indented into the fimbrial extension of intestinal cells (arrow). (D) Some extracelular fimbrial extensions of Int-407
cells surrounding the parasite were grossly elongated (arrow). (A to C) Note the arched ventral disk in attached trophozoites. Magnification:
X11,475 (A), x13,140 (B), x12,150 (C), X33,300 (D). Abbreviations. N, nucleus; AD, adhesive disk; LC, lateral crest.

The present study supports a primary role for mechanical
attachment via the ventral disk with a prominent role for the
microtubules. Attachment was inhibited with colchicine and
mebendazole, which affect microtubular function. The adher-
ence was not altered when trophozoites were pretreated with

EDTA and cytochalasins B and D, which suggests that the
Giardia actin-myosin system does not interfere with the attach-
ment process in this in vitro model. Some previous reports’
results have differed from these findings. In view of the differ-
ent models and experimental procedures used to study attach-
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ment, it is not surprising that experimental results have not
always been concordant. Inge et al. (21), Magne et al. (28), and
Kateralis et al. (22) described decreased attachment of Giardia
to cells after microtubular inhibition. However, Feely and Er-
landsen (11) and MacCabe et al. (27) did not find that colchi-
cine inhibited attachment. Inge et al. (21) did not show that
divalent cation depletion or cytochalasin B affected attach-
ment. Gillin and Reiner (15) found little effect of cytochalasins
on adherence of trophozoites to glass. Magne et al. (28), who

FIG. 3—Continued.

used Caco-2 cells as a model for attachment, reported a bi-
phasic increase of attachment to Caco-2 cells after inhibition of
contractile proteins with cytochalasin B.

Earlier studies revealed the presence of two distinct lectins
in Giardia, a glucose-mannose-specific lectin and a mannose-
6-phosphate binding lectin (8, 32). Lectin-mediated attach-
ment was evident in our in vitro model and was inhibitable by
mannose-6-phosphate and ConA, consistent with a mannosyl
target for binding, and by glucose and mannose, consistent
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with a glucose-manose-specific lectin. Evidence suggests that
lectin-mediated binding is not the primary mode of attachment
of Giardia. Firstly, attachment to synthetic surfaces is avid and
is not dependent on receptor-ligand-mediated binding. Sec-
ondly, the magnitude of the reduction in attachment is greater
after inhibition of cytoskeletal function than with competitive
inhibition of lectin-mediated binding. Lastly, although tropho-
zoites are found in various orientations to epithelial cells, most
are observed with the ventral surface down.

It is now generally accepted that the force responsible for
attachment is a negative pressure beneath the ventral chamber
of the disk. The mechanisms by which the sucking force is
generated, however, are not fully understood. Of several hy-
potheses proposed, two deserve consideration: the hydrody-
namic model, stressing the involvement of the ventral flagella,
and the suction cup model, emphasizing involvement of disk-
associated contractile proteins (25). In the first model, the
motility and position of the VLF are important components of
the system. In the attached parasite, the flange is raised in front
of the cell and contacts the substrate laterally. In the suction
cup model, the sucking force is generated by the radial con-
traction of the lateral crest, which may control the diameter of
the ventral disk. A change in the size of the ventral disk would
produce the buckling or arching of the ventral disk which is a
characteristic of attached trophozoites. Chaves and Martinez-
Palomo (2) demonstrated that the plasma membrane at the
lateral crest of G. lamblia has a low cholesterol content thus
providing a greater flexibility and facilitating the contraction of
the outer rim of the ventral disk.

Our ultrastructural study showed that the lateral crest and
VLF have close contact between parasite and Int-407 cells and
seem to be important structures in the adherence process.
Based on these observations and the results that demonstrated
the involvement of the cytoskeleton, we can conclude that the
mechanisms of attachment of G. lamblia to Int-407 cells are
essentially a combination of hydrodynamic and mechanical
forces.

The disease-causing mechanisms in giardiasis are poorly un-
derstood. The pathogenesis of the diarrhea and malabsorption
associated with this infection is multifactorial. There is, how-
ever, a dominant pathophysiologic feature: the impairment of
digestive and absorptive functions of enterocytes due to alter-
ation of their microvillus surface area. In the upper small
intestine of the infected host the villi become shortened and
thickened and may be the cause of diarrhea. The ephitelial
cells in the affected area are vacuolized and compressed, and
some of them are severely damaged (9). Giardia trophozoites
attach to the epithelium and have been shown by electromi-
croscopy to disrupt and distort microvilli at the site where the
ventral disk interfaces with the microvillus membrane. It is
possible therefore that physical factors involved in this cell-cell
interaction might account for microvillus damage at the site of
adherence (9). Our electron microscopy study suggested that
adherent trophozoites of G. lambia induce direct cell damage,
since some Int-407 cells appeared disrupted with trophozoite
imprints at the site of attachment. Furthermore, the tropho-
zoites appeared to indent into the Int-407 cell membrane, and
the microvilli surrounding the attached parasite were grossly
elongated. These morphological alterations induced by G. lam-
blia trophozoites may be involved in pathological processes of
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diarrhea by affecting intestinal cell function. In human giardi-
asis, morphological abnormalities have been associated with
deficiences of disaccharidases and some other brush border
digestive enzymes (lactase, trehalase, sucrase, maltase, and
alkaline phosphatase) in the microvillus membrane (9). Fur-
ther experiments, namely, determination of dissacharidase ac-
tivity, plasma membrane potential, or cell viability, are needed
to clarify the alterations induced by G. lamblia that result from
a close and stable interaction with Int-407 cells.

The importance of adherence for the survival of G. lamblia
in vivo has been emphasized by Crouch et al. (4), who con-
cluded that parasite survival is dependent on the cells’ attach-
ment abilities, without which they would be swept away by
peristaltic waves, and that further, the adherence process may
be a potential target for attack by chemotherapeutic mecha-
nisms. The cellular model used in the present study may be
applied to the evaluation of antigiardial agents that act by
either prevention of attachment or induction of detachment of
organisms.

There was an obviously active interaction between Int-407
and G. lamblia; both cells need to be metabolically active
(alive) for the adherence process to occur. In this study we
demonstrated that Int-407 is a useful cellular model for Giar-
dia adherence studies and could be applied both to study the
action of antigiardial drugs and to study the mechanisms in-
volved in clinical disease.
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