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Abstract

Background: This study aimed to analyze cultures of mononuclear (MN) cells
with Giardia lamblia to determine the levels of the cytokines IFN-y and TGF-§ and
the functional activity of MN cells after incubation with cytokines.

Methods: This study was conducted in 2018 in Barra do Gargas, Mato Grosso
State, Brazil. Blood samples were collected from 60 healthy volunteer donors to
obtain leukocytes. The levels of IFN-y and TGF-8 were quantified in trophozoite
cell culture supernatants. Superoxide release, phagocytosis, microbicidal activity,
apoptosis and intracellular calcium release were analyzed.

Results: The cytokines evaluated were detected in the culture supernatant of MN
cells and G. lamblia. Regardless of the type of cytokine, MN cells increased super-
oxide release in the presence of G. lamblia. Phagocytosis, microbicidal activity and
apoptosis were higher when MN phagocytes were treated with cytokines. The
highest microbicidal activity and apoptosis rates were observed in MN cells cul-
tured with TGF-B. IFN-y increased the release of intracellular calcium by MN
phagocytes.

Conclusion: Cytokines play a beneficial role in the host by activating MN cells
against G. lamblia. In addition, phagocytosis causes G. lamblia death and that the
modulation of the functional activity of blood MN phagocytes by cytokines is an
alternative mechanism for eliminating G. lamblia.
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Introduction

he high prevalence of protozoan in-

fections remains a public health prob-

lem given the adverse effects on hu-

man health (1). G. lamblia, a flagellate

protozoan that inhabits the upper small intes-

tine of the host, is one of the most common
intestinal parasites in humans (2,3).

Giardiasis affects thousands of people
worldwide, and poor sanitation contributes to
the high infection rate (4). Although asymp-
tomatic infections appear to be very common,
giardiasis may also persist for several months
as a chronic infection. Symptoms such as
acute or chronic diarrhea, abdominal cramps,
nausea, distension, weight loss, intestinal mal-
absorption, and reduction in brush-border
disaccharidases (3,5,6) have been documented
in G. lamblia infections, but the underlying cel-
lular and molecular mechanisms that lead to
disease are poorly understood.

The immunological response to G. lamblia
involves a number of processes, including
non-specific mechanisms such as phagocytic
cell activity. Monocytes and macrophages,
immune cells involved in phagocytosis, are
primary agents of microorganism destruction
(7-10). Macrophages are recruited in G. lamblia
infections, suggesting that these cells play an
important role in the control of the parasite.
These cells also produce free radicals and are
known to be the first line of host defense
against various infections, including protozoa
(7,8,10). However, how phagocytic cells re-
spond to cytokine modulation during infec-
tion has yet to be elucidated.

Activation of the adaptive immune response
involves the participation of T lymphocytes
and B lymphocytes (7). In giardiasis, CD4" T
lymphocytes participate in the control of the
infection, likely through increased cytokine
secretion (12,13). The presence of cytokines
with inflammatory characteristics can cause
damage to the parasite, accelerate intestinal
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peristalsis and facilitate eradication of the par-
asite by the production of mucus in the intes-
tine, which is indispensable for parasite eradi-
cation (14).

Thus, the role of cytokines is directly related
to the immunity profile, and depending on the
stimulus, cytokines can determine differentiat-
ed immune responses against the parasite.
TGF-$ acts in the production of regulatory
cells (15) and plays a beneficial role in the host
by activating mononuclear cells against proto-
zoa (16), whereas IFN-y has been linked to an
increase in the production of active metabo-
lites of oxygen by macrophages in Giardia spp.
Studies suggest that high IFN-y production by
phagocytes may contribute to the control and
elimination of G. lamblia infection (17).

In a previous study, IFN-y and TGF- play
beneficial roles in the host by activating MN
cells against E. histolytica (16). However, the
effector mechanisms of these cytokines in cel-
lular activation as well as the functions of
these signaling pathways in these cells during
interactions with G. Jamblia remain unclear.
Although phagocytic cells play an important
role in giardiasis, the immunomodulatory ef-
fects of cytokines on phagocytes in protozoan
infections are only partially understood. The
present study analyzed the supernatants of
cultures of MN cells with G. lamblia to deter-
mine the levels of the cytokines IFN-y and
TGF- and the functional activity of MN cells
after incubation with cytokines.

Materials and Methods

Ethics statement

This study was conducted in 2018 in Barra
do Garcas, Mato Grosso State, Brazil and was
approved by the Institutional Research Ethics
Committee of Araguaia University Center un-
der protocol n°684.338, and all subjects gave
written informed consent before participation.
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Blood sampling and MN cell separation

Blood samples (8 mL) were collected from
60 volunteer donors in tubes with the antico-
agulant EDTA. The samples were centrifuged
at 160Xg for 15 min to separate the plasma
from the cells. The cells were separated over a
Ficoll-Paque gradient (Pharmacia, Uppsala,
Sweden) and analyzed by light microscopy.
MN cells were resuspended independently in
serum-free medium 199 at a final concentra-
tion of 2X10° cells/ml. (18). MN cells were
used immediately for superoxide release,
phagocytosis, microbicidal activity, intracellu-
lar calcium release and apoptosis assays.

Parasites

G. lamblia trophozoites, Portland 1 [P1,
ATCC 30.888], were used in all experiments.
The parasites were cultivated axenically in
TYI-S-33 modified medium (19). The para-
sites were cultivated for 2 to 5 days. Before
the experiments, the culture tubes were centri-
fuged at 250Xg for 5 min at 4 °C. The troph-
ozoites were washed out and resuspended in
serum-free medium 199.

Viability of the parasites in serum-free
medium 199

As described by Hill and Pearson (20), the
capacity of the parasites for survival in serum-
free medium 199 was determined by incubat-
ing 1/10° trophozoites/ml with 10 ml of se-
rum-free medium 199 or TYI-S-33 medium at
37 °C. After 2 h of incubation, trophozoite
movement and flagellum mobility were as-
sessed to determine the viability of the para-
site. These experiments were performed in
triplicate.

Incubation of MN cells with cytokines

To assess the functional activity of mononu-
clear phagocytes, MN cells (2x10° cells/mL)
were incubated with IFN-y or TGF-8 at a
concentration of 100 ng/mL (Sigma ST Louis,

USA) (21) for 1 h at 37 °C. The MN cells
were then washed once with serum-free medi-
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um 199 at 4 °C and immediately used in the
assays. A control was performed with only
serum-free medium 199.

Cultures of MN cells and G. lamblia

MN cells were centrifuged and resuspended
in RPMI culture medium supplemented with
10%  fetal bovine serum. The cells
(2X10°cells/mL) treated or not treated with
cytokines were incubated with G. /Jamblia
(1x10° parasites/mL) for 2 h at 37 °C with
5% CO,. After this period, the cultures were
centrifuged for 10 min at 160Xg. The cells
were used for superoxide release, phagocytosis
and microbicidal assays, apoptosis and intra-
cellular calcium release assays, and the supet-
natant was reserved for cytokine quantifica-
tion.

Cytokine detection by ELISA (enzyme-
linked immunosorbent assay) and flow
cytometty

The IFN-y concentrations in the superna-
tant of cultures of MN cells with G. Jamblia
were determined by flow cytometry using a
cytometric bead array kit (CBA, BD Biosci-
ences, USA) according to the manufacturer's
procedures. A flow cytometer was used for
these analyses [FACSCalibur, BD Biosciences,
USA]. The data were analyzed using FCAP
Array 1.0 [CBA, BD Biosciences, USA]. TGF-
B concentrations were analyzed using an ELI-
SA kit from Enzo® Life Sciences (United
Kingdom) according to the manufacturer's
procedures. The reaction rates were measured
by absorbance in a spectrophotometer with a
450 nm filter. The results were calculated by
reference to a standard curve and presented as

pg/mL.

Release of superoxide anion

Superoxide was determined by cytochrome
C reduction (19,22). Suspensions of MN cells
(2x10°cells/mL) were mixed with G. lamblia
trophozoites (1X10° parasites/mL), followed
by incubation with shaking for 2 h at 37 °C.
The suspension was resuspended in 0.5 mL of
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ferricytochrome C (Sigma, St. Louis USA) at a
concentration of 2 mg/ml. A control con-
taining only cells was performed to verify the
spontaneous release of superoxide anion by
MN cells. MN cells were also incubated with
cytokines in the absence of G. lamblia. The
suspensions (100 uL) were incubated for 60
min at 37 °C on culture plates. The absorb-
ance of the reaction was measured in a spec-
trophotometer at 550 nm. The concentration
of the superoxide anion was calculated from
the following relation: concentration Oy
(nmol)=0D/6.3x100. All experiments were
performed in duplicate.

Phagocytosis and microbicidal activity

Phagocytosis and microbicidal activity were
evaluated by the acridine orange (Acros Or-
ganics, New Jersey, USA) method (23). Equal
volumes of parasite (1X10° parasites/mL) and
cytokine-treated or untreated MN cells (2x10°
cells/mL) were incubated at 37 °C for 2 h un-
der continuous shaking. Phagocytosis was
stopped by incubation on ice. The suspen-
sions were washed twice (160Xg, 10 min,
4 °C). The suspension was resuspended in se-
rum-free medium 199 and centrifuged. The
supernatant was discarded, and the sediment
was stained with 200 pLL of acridine orange
(Sigma, St. Louis, USA; 14.4 g/L) for 1 min.
The sediment was resuspended in cold serum-
free medium 199 and washed twice. Phagocy-
tosis and the death of parasite and MN cells
were determined by fluorescence microscopy
at 400X and 1000X magnification. One hun-
dred parasites were counted per slide.

The phagocytosis index was calculated by
counting the number of cells that phagocy-
tosed G. lamblia in a total of 100 cells. The mi-
crobicide index was obtained from the cell
count containing parasites. The phagocytosed
parasites with orange staining were counted as
dead, and the parasites phagocytosed by MN
cells but with green coloration were consid-
ered alive (24). All experiments were per-
formed in duplicate.
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Apoptosis assay

Annexin V staining was performed to assess
apoptosis (25). Untreated cells were used as a
negative control, and cells treated with stauro-
sporine [Sigma, St. Louis, USA] to induce
apoptosis were used as a positive control. The
controls and MN cells treated with cytokines
and incubated with G. lamblia were resuspend-
ed in 500 pL. of binding buffer containing 5
ul. of annexin V-FITC (Annexin V-FITC
Apoptosis Detection Kit, Alexis™, San Diego,
USA) and then incubated for 10 min at room
temperature. The fluorescence of the cells was
analyzed by flow cytometry (FACS Calibur
system, BD, San Jose, USA). The resultant
data were analyzed using CellQuest software.

Intracellular Ca2+ release determination

To assess intracellular Ca," release in MN
cells, fluorescence staining was performed on
a FACS Calibur system (BD, San Jose, USA;
16). Cells were loaded with the fluorescent
radiometric  calcium  indicator  Fluo3-
Acetoxymethyl (Fluo3-AM, Sigma, St. Louis,
USA). Cell suspensions were pretreated with
or without 5 pL. of cytokines (Sigma, final
concentration of 100 ng/ml), mixed and in-
cubated at 37 °C for 30 min under continuous
shaking. The suspensions were centrifuged
twice (160Xg, 10 min, 4 °C) and resuspended
in PBS containing BSA (5 mg/mlL). This sus-
pension was incubated with 5 pLL of Fluo-3 (1
wg/mL) for 30 min at 37 °C. After incubation,
the MN cells were washed twice in PBS con-
taining BSA (5 mg/ml; 160Xg, 10 min, 4 °C)
and then analyzed by flow cytometry (FACS
Calibur system, BD, San Jose, USA). The rate
of intracellular Ca," release was expressed as
the geometric mean fluorescence intensity of
Fluo-3.

Statistical analysis

Data are expressed as the mean * standard
deviation (SD). Analysis of variance (ANO-
VA) was used to evaluate statistically signifi-
cant differences in superoxide anion release,
phagocytosis, microbicidal index, apoptosis
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and intracellular Ca," release in the presence
or absence of cytokines. Differences were
considered statistically significant at P-values
less than 0.05.

Results

Cytokine release was observed during the in-
teraction between MN phagocytes and G.
lamblia. Of the cytokines studied, IFN-y exhib-
ited the highest concentration (Table 1).

Table 1: Cytokine (IFN-y, TGF-B) concentrations (pg/mL) in cultures of mononuclear cells and G. lamblia

Cytokines MN and G. lamblia
IFN-y 44+ 1.0 14.5£3.1%*
TGFE-8 9.44%0.82*

Notes: The results are presented as the mean and standard deviation P<005*Indicates differences between
MN (mononuclear) cells [control] and MN cells incubated with G. lamblia

The release of superoxide anion by the cyto-
kine-stimulated MN phagocytes in the pres-
ence of G. lamblia is shown in Table 2. An in-
crease in the release of superoxide was ob-

served when MN phagocytes were stimulated
by both cytokines. The highest concentrations
of superoxide were observed when MN phag-
ocytes were pretreated with TGE-f.

Table 2: Superoxide release in the interaction between MN phagocytes and G lamblia in the absence and pres-
ence of cytokines (IFN-y, TGF-8) as determined by cytochrome C reduction

MN phagocytes incubated with Superoxide (nmol)
PBS 1.810.8

G lamblia 2.1£0.7
IFN-y 4.310.9*
TGF-83 6.210.6*

G lamblia + TFN-y 7.1£1.2%#

G lamblia + TGF-$ 12.612.6%#

Notes: The results are presented as the mean and standard deviation P<005 *Indicates differences between
untreated phagocytes (control) and those treated with cytokines. #Indicates differences between MN phago-
cytes incubated with untreated G Jamblia (control) and those incubated with G /lamblia treated with cytokines

The phagocytic (Fig. 1) and microbicidal ac-
tivity (Fig. 2) of MN cells against G. lamblia
were higher when these cells were treated with
cytokines. The highest phagocytosis index of
microbicidal activity against the parasite was
observed when MN cells were treated with
TGF-§ [Figs. 1 and 2].

The apoptosis rates of MN phagocytes in
the presence of G. lamblia are shown in Fig. 3.
MN phagocytes had low apoptotic indices in
the absence of G. lamblia. When these cells
were incubated with G. /amblia, death by apop-
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tosis increased. Apoptosis rates rose when
MN phagocytes were treated with cytokines
and incubated with G. lamblia. These apoptosis
rates were higher when MN phagocytes were
treated with TGF-8. MN phagocytes treated
with IFN-y showed apoptosis rates similar to
those observed when MN phagocytes were
not treated with cytokines but incubated with
the parasite and higher than those observed
for MN phagocytes not treated with cytokines
and not incubated with the parasite.
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Fig. 1: Phagocytosis index for the interaction of MN + G /Jamblia in the presence of cytokinesas determined by
the acridine orange method. Phagocytosis and MN cells were determined by fluorescence microscopy. P<005
*Indicates differences in relation to the untreated (control) MN phagocytes and those treated with cytokines;
#Differences between the MN phagocytes of the cytokine-treated groups
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Fig. 2: Microbicidal activity of MN phagocytes treated with cytokines (IFN-y and TGF-p) in the presence of
G lamblia as determined by the acridine orange method. Death of the parasite and MN cells was determined by
fluorescence microscopy P<005. *Indicates a difference between the control group (without cytokines) and
the cytokine-treated groups; #Indicates differences between the cytokine-treated groups
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Fig. 3: Apoptosis index of MN phagocytes treated with cytokines (IFN-y and TGF-8) during interactions
with G lamblia. Annexin V staining was used to assess apoptosis, and the data were analyzed using CellQuest
software. P<005. *Indicates differences between the control group (without cytokines) and the cytokine-
treated groups; #Indicates differences between the cytokine-treated groups

Apoptosis Index (%)
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There was increased release of intracellular
calcium from IFN-y-treated MN phagocytes.

50
40
30
20

10

Fluorescence Intensity (%)

PBS

TGF- did not alter the release of intracellular
calcium by MN phagocytes (Fig. 4).

w#

INF-y TGF-p
MN Cells

Fig. 4: Intracellular Cay* release by mononuclear (MN) cells as indicated by the geometric mean fluorescence
intensity. Cells were stained with Fluo-3, and immunofluorescence analyses were performed by flow cytome-
try (FACS Calibur, Becton Dickinson, USA). MN cells were preincubated with or without cytokines.
*Indicates statistically significant differences between MN cells incubated with cytokines and the control
[PBS); #Indicates differences between the cytokine-treated groups

Discussion

Changes in the host immune response are
fundamental in determining the course and
symptomatology of G. lamblia infection. The
clinical course of infection is detected by a
combination of factors related to parasite viru-
lence, pathogenicity and number of cysts in-
gested in the presence of concomitant infec-
tions, nutritional status, age and immunologi-
cal condition of the host (26). This work de-
scribes the concentrations of the cytokines
IFN-y and TGF-§ in the supernatant of cul-
tures of human blood MN phagocytes and G.
lamblia and how these cytokines modulate the
functional activity of MN phagocytes during
interactions with the parasite.

The role of MN cells and effector mecha-
nisms in the response to G. lamblia has been
reported in several studies (19,23). A correla-
tion of cytokines with the cytotoxic activity of
MN cells against G. Jamblia has been suggested
since cells stimulated by these molecules ex-
hibit increased microbicidal activity. In the
present study, the cytokines IFN-y and TGF-3
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were detected in supernatant analysis, and
IFN-y, which showed the highest levels, was
mostly released in cultures of MN phagocytes
with trophozoites.

IFN-y is particularly relevant to phagocytic
activity because it promotes their microbicidal
potential, increasing the expression of surface
receptors and phagocytosis rates (18). The
high production of IFN-y may contribute to
the early control of G. lamblia infection by
eliminating parasites (27), given that the cyto-
kine induces the production of mediators ca-
pable of activating phagocytic cells.

In the present study, the presence of TGF-3
in cultures of MN cells and G. lamblia suggests
that the cytokine is an important mediator of
immunity that regulates macrophage prolifera-
tion (6) and plays a beneficial role in the host
by activating MN cells (16,20). However, the
importance of this cytokine during MN phag-
ocyte-parasite interactions may be related to
its activity in mucosal immunity and direct
effects on phagocytes (20) and IgA production
(28). The production of TGF- during MN
cell-parasite interactions suggests that this cy-
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tokine, in addition to determining cell recruit-
ment to the infection site (29), can stimulate
these cells, which is consistent with earlier
findings (16,20). Once activated, these MN
cells may increase secretory IgA production in
the intestinal mucosa and act directly on para-
site elimination.

Microbicidal activity efficiency is associated
with oxidative stress and the formation of re-
active oxygen species (ROS). The destruction
of microorganisms after phagocytosis can be
mediated by oxidative metabolism with the
production of reactive oxygen metabolites
such as the superoxide anion (16,30,31). In the
present study, cytokines modulated the release
of superoxide anion. There was an increase in
the release of superoxide anion by MN phag-
ocytes in the presence of G. lamblia. This in-
crease was more significant when the phago-
cytes were treated with cytokines.

The release of the superoxide anion posi-
tively influenced the microbicidal capacity of
the cells. Cytokines were able to modulate the
phagocytosis of G. lamblia trophozoites. Phag-
ocytosis and cellular microbicidal activity, with
the production of active oxygen metabolites,
are important defense mechanisms against
several bacterial infections (32-34) and proto-
zoa (16,33,35). Cytokines such as IFN-y first
act on monocytes/macrophages by activating
their phagocytosis and microbicidal mecha-
nisms (36). In vitro studies have shown that
MN cells have greater microbicidal activity
upon activation by cytokines such as IFN-y
(37).

The microbicidal activity of phagocytes was
influenced by cytokines. TGF-$ was more ef-
fective in this process since it potentiated cel-
lular oxidative stress, resulting in the release of
high concentrations of superoxide anion. The
increase in superoxide may be related to the
increase in apoptosis (38,39).

There was an increase in microbicidal activi-
ty and the apoptosis index during MN phago-
cyte-parasite interactions. These indices were
higher in the presence of TGF-8. G. lamblia-
induced apoptosis is related to a loss of epi-
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thelial cells in small intestinal monolayers, and
increased  permeability is a  caspase-3-
dependent process (11). Trophozoites are ca-
pable of inducing apoptosis, suggesting a pos-
sible role of molecules released by the parasite,
particularly antigens with proteolytic activity
(40).

The induction of apoptosis may contribute
to the pathogenesis of giardiasis due to a loss
of intestinal epithelial barrier function and in-
creased permeability via caspase-dependent
mechanisms (11), and the high rates of apop-
tosis are likely associated with effective phag-
ocytosis mechanisms that culminate in parasite
death (24). The action of cytokines is also as-
sociated with a number of processes, such as
changes in intracellular Ca,” by phagocytes
(25). Despite increasing superoxide release and
apoptosis rates, TGF-$ and 1L.-17 did not alter
intracellular Ca," release in MN phagocytes. In
contrast, IFN-y induced increased superoxide
release, phagocytosis, apoptosis and intracellu-
lar calcium, suggesting that these cytokines
specify different microbicidal mechanisms in
MN phagocytes in the presence of the para-
site.

In light of the parasite's habitat, the results
of the present study reinforce the essential
role of the host’s immunity integrity, both sys-
temic and mucosal, during G. lamblia infec-
tions. Additional studies using experimental
models or specific cytokine inhibitors are
needed to clarify the mechanisms involved in
host interactions with G. lamblia.

Conclusion

The present evidence of a modulating role
of cytokines in phagocyte functional activity
suggests the importance of interactions with
blood cells and soluble components, particu-
larly cytokines. The cytokines IFN-y and
TGF-B act on the functional activity of MN
blood phagocytes, and this activity appears to
be essential in the elimination of G. Jamblia.
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