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ABSTRACT

Giardiasis is a widespread intestinal disease that is
caused by the flagellate protozoan Giardia lamblia.
For a successful pathogenicity, the parasites need
to attach to the intestinal cells and evade the
host’s defence mechanisms. Previous studies have
shown that adhesion molecules localized on the
parasite surface and secretory/excretory products,
play a crucial role in establishing parasitism.
The intestinal junctional complex and the actin
microfilaments, which sustain the junctional
backbone and the brush borders, are also important
during the interaction of G. lamblia with epithelial
cells. In order to improve our knowledge in this
area, it is important to carry out interaction studies
using 3-dimensional epithelial cultures as well as
animal models.
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1. INTRODUCTION

Giardia lamblia (syn. duodenalis or intestinalis),
the most common gastrointestinal  parasite
worldwide, is a widespread, non-invasive, eukaryotic
microorganism that causes the waterborne disease
known as giardiasis. The disease caused by
G. lamblia is characterized by malabsorption, chronic
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diarrhoea, dehydration, abdominal discomfort, and
weight loss [1], and affects about 300 million
people every year [2]. Some infected hosts may
also be merely carriers of the disease, as giardiasis
may be asymptomatic and undiagnosed. Giardiasis is
also widespread, and approximately 2% of adults
and 6-8% of children in developed countries are
infected by G. lamblia. It is estimated that 33% of
the population in developed countries has already
been infected. In USA, for example, giardiasis is
the most common human intestinal parasitic disease
(Centers for Disease Control and Prevention,
CDC). The development of diarrhoeal symptoms
in giardiasis appears to vary according to
geography, and the infection might produce less
severe disease in hyperendemic regions of the
world via mechanisms that remain obscure [3].
Furthermore, it is known that environments such
as kindergartens, schools, and other surroundings
with large groups of people are ideal for the
spread of infection, since the transmission of the
parasite is through both oral-fecal and person-
person routes. Usually in these places, inadequate
hygienic conditions are favorable to propagate the
disease.

Giardia lamblia presents a simple life cycle with
two developmental stages: trophozoite and cyst.
The animal infection starts with the ingestion of
cysts present in contaminated water and vegetables.
With rupture and or digestion of the cyst wall, a
process known as excystation, trophozoites are
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released and the replication process starts. Under
certain stimuli, some trophozoites detach from
the epithelial cell surface and start a process of
transformation into cysts, which are then released
with the faeces.

The trophozoite is the proliferative form of the
parasite which colonizes the intestine of the
respective host. For this reason, trophozoites
require structures for mobility. They present four
pairs of flagella, which are derived from basal
bodies. To attach on the intestinal epithelium, the
trophozoites have a ventral and adhesive disk with
a suction function. The ventral disk is supported
by the cytoskeleton and is arranged in spirals.

As in all cell-to-cell interaction processes, there
are at least three distinct phases. First is the
attachment of the parasite to the epithelial cell
surface, a process that involves cell recognition of
surface-exposed components of both interacting
cells. Second, cell signalling processes may trigger
changes (morphological, biochemical, physiological,
etc.) in both interacting cells. Third, functional
alteration of the host cell occurs, which may vary
from slight or reversible changes to cell death.

This short review will focus on the available
information on the process of interaction of
trophozoites with epithelial cells in vitro and
in vivo. Some points, such as parasite structures,
adhesion molecules, and models for the study of
host-parasite interactions will be shortly addressed.

2. Experimental models in vitro

The ability to propagate pathogens in vitro, to
study their biology and interaction with their host,
is a prerequisite for understanding infectious
diseases. Although there are several available
experimental models to study the parasite-host
relationship, an appropriate replica that reproduces
strict human-host or assemblage specificities remains
elusive. This limitation is not restricted to G. lamblia
interaction studies, but is extended to those of a
wide range of parasites.

Most of the present knowledge on this issue
comes from experiments carried out in vitro using
epithelial cell lines. IEC-6, a small intestine rat
cultured cell line (ATCC® CRL-1592™), is an
example of a common in vitro model. However,
this cell line does not reproduce the main

characteristics of an epithelium, such as polarity.
In contrast, cell lines such as Caco-2 (ATCC®
HTB-37") and MDCK (ATCC® CCL-34")
reproduce the polarity of the epithelium well [4],
with a clear identification of apical and basolateral
regions, as well as the establishment of desmosomes
and tight, adherens, and gap junctions. These cell
lines have been widely used as an experimental
model to study the interaction of pathogenic
protozoa with intestinal epithelial cells. The
disadvantages of these models are that Caco-2 is a
human colorectal adenocarcinoma, and MDCK is
a canine kidney lineage. The acclaimed human
small intestine epithelial cell line, SCBN, which
has been used in several Giardia-host interaction
studies in vitro [5] was recently re-classified as
a canine, or canine-like, epithelial cell line of
unknown origin [6]. The human Int-407 cell line
has also been used to investigate pathogenic
enterobacterium and Giardia interaction processes
[7], though these cells are derived from the
jejunum and ileum of a 2 month-old human
embryo. As a consequence of the varying cell
lineages, there has been a wide divergence of
results obtained during these studies. In addition,
due to the limitations of the systems utilized, a
number of factors were not considered during the
experiments.

Recently, the use of induced pluripotent stem
cell (iPSC)-derived culture systems, including
organoids, has been proposed as a strategy to
address many of these experimental bottlenecks
[8]. Intestinal organoids lack cells of the immune
system, but offer the possibility of studying the
early events during infection as well as the direct
interaction of the parasites with well-differentiated
intestinal epithelial tissue [8, 9, 10].

During studies of parasite-host adhesion, quantifying
the adherent trophozoites on the surface of
epithelial cells is often necessary. In most cases, it
is difficult to perform reproducible quantitative
analyses or to identify the parasites attached to
epithelial cells by means of conventional staining
techniques used for light microscopy observations.
We showed that environmental scanning electron
microscopy (ESEM), which allows the examination
of specimens at normal atmospheric pressure or
in a very low vacuum without any previous
treatment, can be used effectively in quantitative
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studies of the parasite-host relationship (Figure 1)
[11].

2.1. Major molecules involved in cell
recognition and interaction

Certainly, the structural organization of the
trophozoite stage of G. lamblia plays a pivotal
role on its interaction with the epithelial cells.
Indeed, it is well known that the adhesive disc,
localized ventrally, enables the parasite to attach
to a variety of substrates tested recently [12]. A
number of parasitic surface molecules are engaged
in this tight interaction, including giardins
(specifically alpha, beta, delta, and gamma
giardins). It has been shown that alpha giardins, a
family of proteins related to annexins, are
involved in the process of attachment of the
protozoan to the intestinal mucosa [3, 13, 14, 15].
These proteins are also highly expressed by
trophozoites. Besides, lectin-mediated attachment
has been shown to be involved in the specific
recognition of host cells [16, 17]. Also, there is
evidence that a glucose-mannose-specific lectin
and a mannose-6-phosphate-binding lectin may
play a role in attachment [18, 19]. Further, a 200 kDa
surface protein seems to be involved in the
attachment process, since low expression of this
protein significantly reduced the ability of the
parasites to colonize the intestine of gerbils [20].

It is important to point out that, following
attachment to the epithelium, the protozoan may,
directly or indirectly, induce alterations on the
epithelium via secretion of proteases [21]. This
causes malabsorption and diarrhoea, as will be
discussed later on. Transcriptional profiling of
Giardia-host interactions demonstrated that a total
of 200 Giardia transcripts were significantly changed.
Some genes were up-regulated, including those
identified as important during parasite adhesion to
intestinal cells, such as arginine deaminase (ADI),
ornithine carbamoyl transferase (OCT), enolase
and cysteine proteinases [6, 22, 23]. Trophozoites
use ADI and OCT to actively metabolize arginine
for energy, thus depleting arginine from the
growth medium. Arginine is a key metabolite
required for the production of epithelial nitric
oxide (NO) [22, 24], and its depletion is known to
reduce proliferation of intestinal epithelial cells
[25] and to induce apoptosis in human cell lines
[26]. It is important to mention that human
giardiasis patients show an increased rate of
apoptosis of intestinal epithelial cells [22, 27].

In addition to antigenic variation and evasion
from host humoral immune responses, variant
surface proteins (VSPs) are also involved in
Giardia surface attachment [3, 28]. Some VSP
genes have been identified as up-regulated after
interaction with intestinal cells, which may also

Figure 1. Samples observed using an environmental scanning electron microscopy (ESEM) (A), where a large
number of adherent trophozoites are observed (arrowheads). Conventional SEM (B) showed fewer parasites
(2 cells), which are indicated by arrowheads. The preparation of samples for SEM resulted in an increased retraction
of cellular contacts during dehydration, in addition to the detachment of parasites. Main bars: 20 um; inset bars:
5 um. Reprinted from Maia-Brigagdo, C. and de Souza, W. 2012, Micron, 43, 494, with permission from Elsevier.
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account for the variation in symptoms during
giardiasis [23]. Giardia ADI also appears to
contribute to antigenic variability via its role in
modifying VSP proteins [29].

2.2. Giardia and junctional complex
disturbance

The junctional complex of the intestinal epithelium
is responsible for the maintenance of the epithelium
organization and the integrity of the cell-cell
contacts. This complex consists of three main
structures: tight junctions, adherens junctions, and
desmosomes. The tight junction is the most apical
structure, and is responsible for sealing and
regulating the transiting of molecules among the
cells through the cell-cell contacts. Adherens
junctions, also at the apical complex, are associated
with actin microfilaments, while desmosomes are
linked to intermediary filaments, which confer
greater resistance to the epithelium [30, 31, 32].

Disturbances at the cell-cell contacts may be
evaluated through the integrity of tight junctions,
since this effect is one of the first evidences of
epithelium injury. Some pathogenic organisms,
including some viruses, bacteria, and protozoa,
have the ability to damage the intestinal barrier
function by disrupting the tight junctions. They
have developed an extensive and complex array of
strategies to alter this region and succeed in
establishing parasitism. One of the main consequences
resulting from the interaction between parasites
and host cells is the reduction of the transepithelial
electric resistance (TER), leading to an increase in
the paracellular flux.

Studies involving Giardia and intestinal cells
demonstrated that this parasite is also able to raise
the permeability of the epithelium [27, 33, 34, 35,
36, 37, 38], though the results differ when a
kidney cell line (MDCK) was used [39]. It is
important to point out that some contradictory
results found in the literature may result from the
use of different experimental systems. The various
research groups perform the experiments using
different Giardia strains (including some that do
not infect humans), diverse times of interaction,
varied parasite-host cell proportions during the
assays, and different mammalian cell lines.
Because of the dissemblance of parameters, it is
sometimes difficult to achieve a conclusive answer

for some questions about Giardia interaction. But
it is generally a consensus that this parasite increases
the intestinal permeability.

Our group proposed that Giardia attachment
reduces the transepithelial resistance of intestinal
monolayers in vitro after interaction, but the
disturbance is not only restricted to the apical
junctional complex. We observed that the parasite
also disrupts the monolayers at the adherens junction
and at desmosomal levels [34]. We reported a
kind of ramification of the ZO-1 protein in Caco-2
cells after interaction of G. duodenalis, tending to
migrate into the cytoplasm, as shown by 3-
dimensional (3D) reconstruction of confocal images
(Figure 2). Different patterns of distribution of
junctional proteins were still observed in other
works, where immunostaining for ZO-1 in epithelial
monolayers exposed to Giardia (trophozoites or
sonicates) exhibited focal disruptions of the protein,
in addition to punctuated distribution and cytoplasmic
accumulation [33, 35, 37, 40, 41].

In contrast to other groups, we did not observe
alterations in expression of any protein analyzed
during the experiments (claudin-1, ZO-1, E-cadherin,
B-catenin and desmocollin-2/3), although their
intracellular distributions were modified. This
argument is supported by a study reporting changes
in expression of a large range of epithelial genes
during Giardia infection [42]. In this work, the
authors did not find any relevant differences in the
levels of expression of junctional proteins in
intestinal cells after interaction with the parasite.
Yet, reduction of claudin-1 expression during
chronic giardiasis has been reported [27].

The perijunctional actin belt is also a critical
factor for apical cellular junction formation [43,
44, 45] for the proper regulation of paracellular
permeability [46, 47]. Some studies showed that
Giardia adherence on the surface of the
epithelium may induce the disarrangement of the
actin microfilaments, which may be related to
disorganization of the microvilli [27, 34, 35, 37,
38, 40]. The tight and/or adherens junctional
proteins affected during parasite interaction, as
well as the Giardia-mediated increment of
intestinal permeability, may result from the disorder
of actin filaments.
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Figure 2. The distribution of tight junction protein ZO-1 was affected after 24 h of interaction with the parasites,
changing to a branch-like pattern. This may be seen more clearly in the colour coded reconstructions of total slices
of ZO-1 labeling, and with a rotation angle of 7°, which corresponds to control and interaction images, respectively.
Bars: 10 um. Reprinted from Maia-Brigagdo, C., Morgado-Diaz, J. A. and de Souza, W. 2012, Parasitol. Int., 61,

280, with permission from Elsevier.

2.3. Ultrastructure and other aspects of the
Giardia and the host cells during interaction

The protozoan touches the epithelial cell surface
through any portion of its cell body, but there is a
preference to use the region where the adhesive
disk is located to establish the permanent contact
with the host cells. Both scanning and transmission
electron microscopies observations have shown
that microvilli retract and even disappear from the
parasite adhesion zone (Figure 3). As long as Giardia
disturbs the cellular junctions, it is also possible to
observe the permeation of the ruthenium red dye
into the host cell-cell contacts (Figure 2).

In the gastrointestinal tract, the induction of
enterocyte apoptosis is a highly regulated process
that contributes to the homeostatic turnover of

epithelial cells [48]. Genes associated with apoptosis
are up-regulated in cells exposed to Giardia
products [42], and it is known that dysregulated
apoptosis may also modulate intestinal epithelial
barrier permeability. This event increases rates
of epithelial apoptosis just after exposure to
trophozoites, both in vitro and in patients with
chronic giardiasis [3, 27, 36, 49, 50]. Adhesion of
G. lamblia to the brush border of enterocyte-like
cells involves the lipid raft membrane microdomains
of the trophozoite, leading to disorganization of
the apical F-actin cytoskeleton that, in turn, results
in a dramatic loss in the distribution of functional
brush border-associated proteins [40].

Research aiming to understand the events of
phosphorylation and dephosphorylation during the
interaction between G. lamblia and epithelial cells
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Figure 3. Changes on the surface of Caco-2 monolayers caused by the interaction with G. lamblia as seen by
scanning electron microscopy. A: Breakdown of cellular contacts caused by the parasite (arrows); B: Retraction of
microvilli at parasite adhesion site (arrows). Using transmission electron microscopy, it is possible to observe that in
normal intestinal cells (C), ruthenium red permeation is blocked (arrow) at the cell-cell contacts (tight junctions).
After interaction (D), the dye flowed through paracellular space, and the microvilli were reduced. M: Microvilli; G:
Giardia; arrows: cell-cell contacts. A, B: bars 2 um; C, D: bars 1 um. Reprinted from Maia-Brigagdo, C., Morgado-
Diaz, J. A. and de Souza, W. 2012, Parasitol. Int., 61, 280, with permission from Elsevier.

still remains scarce, although there are some data
showing changes in phosphorylation processes
during encystment and excystment [51, 52].
Kamda and Singer [53] demonstrated that PI3K
plays an important role in inhibiting immune
responses of dendritic cells during interaction
with G. lamblia, thus helping to control the
infection.

3. Interaction in vivo

Both mice and gerbils have been used to study the
Giardia interaction in vivo, although there are still
very few published studies in this area. The gerbil
model of giardiasis seems to better resemble
human infections than do most mouse models
[54, 55, 56]. Attachment, virulence, and immune
response assays have already been performed
successfully using gerbils as an animal model
[20, 54, 57]. Furthermore, in an elegant study carried

out by Troeger and collaborators [27], tissue was
utilized from human biopsies to extensively analyze
the host-parasite relationships. The authors confirmed
some previous data obtained in vivo and in vitro,
such as epithelial barrier dysfunctions, apoptosis,
and alterations at the level of the tight junctions.

4. PERSPECTIVES

Regarding giardiasis, it is widely accepted that the
clinical symptoms of this disease occur due to a
combination of both host and parasitic factors that
have not been fully elucidated. Studies concerning
host-parasite interactions also require improvements
in the models utilized to mimic the intestinal
environment of the host. For this, 3D tissue
engineering and human organoid production may
be examples of more complex models to perform
the assays, affording the option to work without
using animals. Studies of the adhesion molecules
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involved in the interaction of Giardia with intestinal
cells, as well as products of secretion/excretion
and cell signaling, require further investigation.
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