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ABSTRACT

Toxoplasmosis is a disease caused by intracellular obligate protozoan, Toxoplasma
gondii. And it can be obtained mainly through the oral route, through the ingestion of
oocysts or tissue cysts. For this reason, the intestinal epithelium is a cellular model that
makes it possible to study the first line of defense against this type of infection. After
infection, the protozoan invades intestinal cells, changing the physiology and functions
of the intestinal epithelial barrier. In view of this, we analyzed the morphological changes
and the microenvironment, in vitro, which are modified in the intestinal epithelial cell
during the process of infection and evasion of Toxoplasma gondii.

Keywords: intestinal epithelial cell, IEC-6, cell culture, Toxoplasma gondii.

RESUMO

A toxoplasmose é uma doenca causada pelo protozoario intracelular obrigatério,
Toxoplasma gondii. E pode ser obtido principalmente por via oral, através da ingestdo de
oocistos ou cistos teciduais. Por isso, o epitélio intestinal € um modelo celular que permite
estudar a primeira linha de defesa contra esse tipo de infeccdo. Apds a infeccdo, o
protozoario invade as células intestinais, alterando a fisiologia e as funcGes da barreira
epitelial intestinal. Diante disso, analisamos as alteracdes morfologicas e do
microambiente, in vitro, que sdo modificadas na célula epitelial intestinal durante o
processo de infecgéo e evasdo do Toxoplasma gondii.

Palavras-chave: célula epitelial intestinal, IEC-6, cultura de células, Toxoplasma gondii.

1 INTRODUCTION
In the intestinal lumen there are several microorganisms, which make up the

microbiota of the intestine. These eating organisms, from food, live on the mucous surface
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and act in order to compete with microorganisms with pathogenic potential. However, if
these cohabiting microorganisms cross the intestinal barrier and fall into the circulation,
they become highly harmful to the host (MUNIZ et al., 2012).

According to data from the Ministry of Health (2018), in Brazil, between 2000
and 2017, 12,503 Outbreaks of Foodborne Diseases (TD) were reported, however only
3,196 of the cases were laboratory confirmed. Where about 2,340,201 people were
exposed to food contaminated with some kind of pathogen and 236,403 cases of diseases
were recorded. Corroborating the foregoing, according to recent data from the Notifiable
Diseases Information System (Sinan), an average of 700 outbreaks of DTA are reported
per year, involving approximately 13,000 patients. Given this, the immune system cannot
always fight these pathogens, thereby promoting millions of deaths worldwide for years
(BRAZIL, 2020).

Toxoplasmosis is a disease caused by Toxoplasma gondii (T. gondii), a mandatory
intracellular protozoan (MONTOYA & LIESENFELD, 2004; Ramirez-Flores et al.,
2019). This parasitemia can be obtained in several ways, and among them the most
common way to contract toxoplasmosis is through oral infection after ingestion of oocysts
or tissue cysts (DUBEY et al., 2005).

In Brazil, the prevalence of toxoplasmosis is considered high, with about 50 to
80% of pregnant women and women of childbearing age infected and 4 to 5% at risk of
becoming infected during pregnancy (REMINGTON et al., 2006). After oral infection,
Toxoplasma gondii invades intestinal cells, altering the physiology and functions of
intestinal epithelial barrier in some animal species (BURGER et al., 2018).

Although the invasion of parasites in host cells is a known event, the effects of T.
gondii infection on the intestinal barrier aren’t yet well established (WEIGHT et al., 2015;
BRICENO et al., 2016). A study conducted in 2016 by Trevizan et al. showed that acute
infection with T. gondii caused morphological changes in the intestinal wall of the
duodenum in rats.

In view of this, the intestinal epithelium is a cellular model that provides to study
the first line of defense against infections that can be acquired through the oral route, such
as toxoplasmosis. Table 1 brings together several articles published in recent years that
attempt to elucidate the interaction between the intestinal epithelium and the protozoan
Toxoplasma gondii.

Therefore, given this, it is important to better understand the possible mechanisms

of interaction between the intestinal epithelial cell and Toxoplasma gondii in order to
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investigate the changes in the cellular microenvironment during the infection-
inflammatory process and protozoan evasion according to temporality, besides being
worth the morphological changes caused by the profile of parasite infection at different

concentrations.
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Table 1: Studies of the interaction between the intestinal epithelium and Toxoplasma gondii.

Age Title of the article Doi Reference
Rat intestinal epithelial cell line IEC-6 is activated by DIMIER; I.H.; BOUT D.T. Rat intestinal epithelial cell line IEC-6 is activated by
1993 | recombinant interferon-gamma to inhibit replication of 10.1002 / €ji.1830230435 recombinant inferferon-y to inhibit replication of the coccidian Toxoplasma gondii.
the coccidian Toxoplasma gondii European journal of immunology, v. 23, n. 4, p.981-983,1993.
Inhibition of Toxoplasma gondii replication in IFN- DIMIER, I.H., BOUT, D.T. Inhibition of Toxoplasma gondii replication in IFN-
1997 . X . o 10.1038/ich.1997.80 gamma-activated human intestinal epithelial cells. Immunology and cell biology, v.
gamma-activated human intestinal epithelial cells
75, no. 5, p. 511-514,1997.
2008 Regulation of toll-like receptors in intestinal epithelial 10.1111/j.1365- G.OPAL.’ RI B.IEEI).SFLIII’ D., MONRGY, F.P. IReguIatlon p_f-t(;II-I!ke recepto_rs n
cells by stress and Toxoplasma gondii infection 3024.2008.01055.x intestinal epithelial cells by stress and Toxoplasma gondii infection. Parasite
immunology, v. 30, n. 11-12, p. 563-576,2008.
Modulation of early B-defensin-2 production as a MORAMPUDI, V., et al. Modulation of early B-defensin-2 production as a
2011 | mechanism developed by type | Toxoplasma gondii to 10.1128 / 1A1.01086-10 mechanism developed by type | Toxoplasma gondii to evade human intestinal
evade human intestinal immunity immunity. Infection and immunity, v. 79 n. 5, p. 2043-2050, 2011.
Regulation and migratory role of P-selectin ligands . HOFFMANN, U., et al. Regulation and migratory role of P-selectin ligands durin
2013 ) during ir?testin};I inflammation ’ 10.1371/journal.pone.0062055 intestinal inf?ammation. Plog one,yv. 8, n. 4, E62055. ’ ’
Role of glucocorticoids and Toxoplasma gondii o JOI—_|NS_ON, SL et_ al. Role of glucocqrticoids_ and Tox_oplasma gondii infection on
2014 . . o . L 10.1016/j.parint.2014.05.005 | murine intestinal epithelial cells. Parasitology international, v. 63 n. 5, p. 687-694,
infection on murine intestinal epithelial cells 2014
Spontaneous cystogenesis of Toxoplasma gondii in MUNO, R.M. de et al. Spontaneous cystogenesis of Toxoplasma gondii in feline
2014 P feli)n/e egithelial cells inpvitro ’ 10.14411 / 1p.2014.017 epithelial cells in vitrg. Parasitolo)g/]ic 2 Folia, v.62, n.g, p.113£-]119, 2014,
Elucidating pathways of Toxoplasma gondii invasion WEIGHT, C.M. et al. Elucidating pathways of Toxoplasma gondii invasion in the
2015 | in the gastrointestinal tract: involvement of the tight | 10.1016/ j.micinf.2015.07.001 | gastrointestinal tract: involvement of the tight junction protein occludin. Microbes
junction protein occludin and infection, v. 17, n. 10, p. 698-709, 2015.
Interleukin-22 induces interleukin-18 expression from - . MUNOZ, M., et al. Interleukin-22 induces interleukin-18 expression from epithelial
2015 epithelial cells during intestinal inrf)ection 10.1016/j.immuni.2015.01.011 cells during intestinal infection. Immunity, v. 42, n. 2, F:) 321-331, 205)5.
2017 P2X7 receiver-dependent tuning of gut epithelial 10.1038/ich.2016.75 HUANG, S.W., et al. P2X7 receptor-dependent tuning of gut epithelial responses to
responses to infection ' ' ' infection. Immunology and cell biology, v. 95, n. 2, p. 178-188, 2017.
. .. JONES, E.J.; KORCSMARQOS, T.; CARDING, S.R.; Mechanisms and pathways of
2017 Mechanlsmst?:r?sgsitmlgﬁgf %E;zﬁic:)p;]lasma gondii 21688371(())..218?2.{273865 Toxoplasma gondii transepithelial migrggi)?. Tissue Barriers. v. 5, n. 1, e1273865,
Toxoplasma gondii infection causes structural changes VINCENTIAN-VIEIRA, S L. et al. Toxoplasma gondii infection causes structural
2017 | in the jejunum of rats infected with different inoculum 10.1016/j.1fs.2017.10.032 changes in the jejunum of rats infected with different inoculum doses. Life sciences,
doses v. 191, p. 141-149, 2017.
An dI:v\é:ggnrwg?l(tjaelllSfrtlegtjlsz;ttlggItrlgrfég?i?)?orr%\ée:;s a _ GUITON, P.S., etal. An in_vitro model of intestinal infecti_on reveals a
2017 10.1371/journal.pone.0173018 | developmentally regulated transcriptome of Toxoplasma sporozoites and an NF-xB-

Toxoplasma sporozoites and an NF-«xB-like signature
in infected host cells

like signature in infected host cells. PloS one, v. 12, n. 3, 0173018, 2017.
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Immunocompetent host develops mild intestinal

WATANABE P.D.S. et al. Immunocompetent host develops mild intestinal

2018 inflammation in acute infection with Toxoplasma 10.1371/journal.pone.0190155 | inflammation in acute infection with Toxoplasma gondii. PLoS One. V. v. 13, no. 1,
gondii E0190155, 2018.
Interleukin-22-deficiency and microbiota contribute to COUTURIER-MAILLARD, A, et al. Interleukin-22-deficiency and microbiota
2018 the exacerbation of Toxoplasma gondii-induced 10.1038/s41385-018-0005-8 | contribute to the exacerbation of Toxoplasma gondii-inducedintestinal inflammation.
intestinal inflammation Mucosal immunology, v. 11, no. Four p. 1181-1190, 2018.

Toxoplasma gondii causes increased ICAM-1 and PASTRE. M.J. et al. Toxoplasma gondii causes increased ICAM-1 and serotonin

2019 | serotonin expression in the jejunum of rats 12h after | 10.1016/j.biopha.2019.108797 expression in the jejunum of rats 12 h after infection. Biomedicine &
infection pharmacotherapy. v. 114, n. 108797, 2019.
An Open-Format Enteroid Culture System for LUU, L., et al. An Open-Format Enteroid Culture System for Interrogation of
2019 | Interrogation of Interactions Between Toxoplasma 10.3389/fcimb.2019.00300 Interactions Between Toxoplasma gondii and the Intestinal Epithelium. Frontiers in
gondii and the Intestinal Epithelium cellular and infection microbiology. v. 9, n. 300, 2019.
From Entry to Early Dissemination-Toxoplasma DELGADO BETANCOURT, E., et al. From Entry to Early Dissemination-
2019 AN . 10.3389/fcimb.2019.00046 Toxoplasma gondii's Initial Encounter With Its Host. Frontiers in cellular and
gondii's Initial Encounter With Its Host . . . i
infection microbiology, v. 9 n. 46, 2019.

Marcerorg]a:sge mégr?rtrzogcltntr;:sItgglr;/n?ec'[c)ofrifnllgls't:iaw:rd MARCON, C.F., et al. Macrophage migration inhibitory factor (MIF) and pregnancy

2020 | _ Pregnancy may imp 10.1016/j.cyt0.2020.155283

cytokines and the development of intestinal pathology
caused by Toxoplasma gondii infection

may impact the balance of intestinal cytokines and the development of intestinal
pathology caused by Toxoplasma gondii infection. Cytokine, v. 136, n. 155283, 2020.
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2 METHODOLOGY
2.1 INTESTINAL EPITHELIAL CELL CULTURE (IEC-6)

The intestinal epithelial cell lineage (IEC-6) is also provided by the Cell Bank of Rio
de Janeiro. The cells were plated with an initial density of 1x10° cells/mL, in the cover slips
13mm. The cultures were maintained in DMEM medium (Dulbecco’s modified Eagle’s
medium), supplemented with 10% Bovine Fetal Serum (GIBCO-Life Technologies,
Rockville, MD), 1UI/mL of insulin, penicillin 10001U/mL and streptomycin 1001U/mL
(Sigma Chemical Company, St Louis, MO). The cells were kept at 37°C in a humid
atmosphere at 5% CO (Culture CO; Incubator, model CCL-170B-8, Sigapore).

2.2 OBTAINING TAQUIZOITE FROM TOXOPLASMA GONDII

Tachyzoite form of T. gondii (RH Strain) were provided by the Technology Laboratory
in Cell Culture (LTCC) by UEZO, Brazil-RJ. These parasites were obtained through the
number of the Ethics Committee of the State University of Northern Fluminense Darcy
Ribeiro (ID 124396).

Tachyzoites of T. gondii (RH strain) were inoculated intraperitoneally into BALB/c
mice. After 2-3 days, tachyzoites were harvested using intraperitoneal wash with phosphate

buffered saline (PBS; pH 7.3) and then were counted.

2.3 PARASIT-CELL INTERACTION

The cells were grown in cover slips and organized in the plate of 24 wells plates. T.
gondii taquizoite was resuspended in DMEM medium and placed in contact with the cell in
the proportion of five parasites for each cell (5:1) and ten parasites for each cell (10:1). After
1 hour of interaction in the greenhouse at 37°C, in humid atmosphere and 5% CO2 (Culture
CO2 Incubator, model CCL-170B-8, Sigapore), the medium was discarded and replaced by
supplemented DMEM and returned to the greenhouse within 24, 48 and 72 hours. After that,
the cells were submitted to an evaluation of cell growth and its morphology by means of
images obtained under inverted microscope (Axiovert 40 CFL, light field, phase contrast,

ZEISS, Germany) at increases of 10x and 40x with the AxioVision program.
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3 RESULTS
3.1 INFECTION WITH TWO PROPORTIONS OF TOXOPLASMA GONDII: CELL
GROWTH AND MORPHOLOGICAL ASPECTS

The intestinal epithelial lineage IEC-6 was infected in the proportion of 5 parasites per
cell and 10 parasites per cell in order to analyze how the morphological profile and the cellular
microenvironment are altered in the face of acute infection generated by the parasite T. gondii
for 24, 48 and 72 hours. The characteristics of the microenvironment can be observed in
figures 1, 2 and 3 in the 10X lens. At the beginning of the infection process the changes in
the microenvironment are subtle, however with the increase in incubation time the amount of
parasites increases, leading to increased cell damage and cell death.

In these results we follow the progression of cellular changes that occur in the infection
process, involving the maintenance of the survival of the parasite in the intracellular
environment, always compared with control cells (without parasite).

In figure 1 we have the comparison between the microenvironment and morphological
changes in 24 hours of infection highlighting the subtle increase in cell death, already in figure
2 this same comparison is made in 48 hours of infection highlighting the difference of the
microenvironment between the concentrations of infection, finally figure 3 mark the time limit
for the maintenance of the infected culture, being extreme 72 hours, by reducing the number
of cells in culture.

Emphasizing that the alteration of the behavior of cells in relation to their occupation
in the microenvironment and morphological changes in IEC-6 cells are evident with the

progression of time and become evident from 48 hours, when compared with control cells.
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Figure 1 - Phase contrast optical microscopy micrographs after 24 hours of infection using IEC-6 cells.
Comparison of control cells (A) with cells infected with Toxoplasma gondii in the proportion 5:1 (B) and
10:1(C) (parasites per cell). It is possible to visualize the alteration of the behavior of cells in relation to their
occupation and cell death in the microenvironment, when compared with the control cells in both proportions
of infection, being more evident in the ratio 10:1 (C). Arrow in ellipse indicating cell death. Increases in 10X
lens. It is possible to visualize the change in morphology with more turbid cells and the beginning of
detachment of cells indicating the beginning of cell death, when compared with control cells in both
proportions of infection, being more evident in the ratio 10:1 (C). Open arrow indicating morphological
changes and arrows in ellipse indicating cell death. Increases in 40X lens.
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Figure 2 - Phase contrast optical microscopy micrographs after 48 hours of infection using IEC-6 cells.
Comparison of control cells (A) with cells infected with Toxoplasma gondii in the proportion 5:1 (B) and
10:1(C) (parasites per cell). There is an increase in the number of cells in B due to cell growth, however in C
we have increased cell death by the large number of parasites. Arrow in ellipse indicating cell death. Increases
in 10X lens. It is possible to visualize cell morphology with discontinuous patterns due to the increase of
intracellular parasites and a large amount of dead cells when compared with control cells in both proportions of
infection. Open arrow indicating morphological changes and arrows in ellipse indicating cell death. Increases

in 40X lens.
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Figure 3 - Micrographs under phase contrast optical microscopy after 72 hours of infection using IEC-6.
Comparison of control cells (A) with cells infected with Toxoplasma gondii in the proportion 5:1 (B) and
10:1(C) (parasites per cell). In A we have the increase in the number of cells by the continuity of the cell cycle
(arrow in rand), while in B and C we have the increase of cell death by the large number of parasites, and in B
we observed a microenvironment with more viable cells when compared with C. Arrow in rare go showing the
increase in the number of cells and arrows in ellipse indicating cell death. Increases in 10X lens. Comparison
of control cells (A) with cells infected with Toxoplasma gondii in the proportion 5:1 (B) and 10:1(C) (parasites
per cell). It is possible to visualize completely altered cell morphology in both proportions and a large amount
of dead cells when compared to control cells and it is also possible to observe the increase of the extracellular
parasite due to lysis of infected cells, being more evident in the 10:1 (C) ratio. Open arrow indicating

morphological changes and arrows in ellipse indicating cell death. Increases in 40X lens.
= r————— —

4 DISCUSSION
4.1 MORPHOLOGY AND MICROENVIRONMENT

Toxoplasma gondii is a parasitic pathogen transmitted mainly through oral
consumption of contaminated food and water, so the gastrointestinal tract is its main route of
entry into the host. To promote infection, the parasite has developed several strategies to
quickly overcome the intestinal epithelial barrier (JONES et al., 2017). The ability of
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Toxoplasma gondii to spread in the host depends on its ability to avoid a sequence of
antimicrobial responses that are initiated rapidly after infection (GREGG et al., 2013). This
invasion of the host cell parasite occurs around 30 seconds (Sibley & Andrews, 2000).
According to Howe and Sibley (1995), the RH strain, the same used in the previous study, is
the most virulent, thus being able to replicate rapidly promoting infection.

It is known that toxoplasmosis is initially established in the body through infection in
the small intestine being widely reinforced the luminal pathway, however the exact part is not
well described. To date it is established that the small intestine ileum is the main replication
site of Toxoplasma gondii as pointed out by Dubey (1997), Speer (1998) and Barragan;
Brossier & Sibley (2005), however Courret et al. (2006) conducted a study using quantitative
analysis demonstrating high parasitic loads present in jejunum and Gois et al. (2015)
highlighted lesions in the jejunum of rats after infection with T. gondii. This data was
reinforced by Coombes et al. (2013) through the microscopy assay that reported several
marking points in the small intestine before the spread of the infection. Based on this, the cell
IEC-6 characterized by Quaroni et al. (1979) is one of the viable models for in vitro
experiments because it is a cell line derived from the rat jejunum crypt (rattus norvergicos),
for studies of cellular interaction with Toxoplasma gondii in order to evaluate changes in this
cellular microenvironment

It was found that the infection performed in 10:1 presented more significant changes
when compared to the 5:1 infection. This data can be evidenced already from 24 hours of
infection as shown in Figure 1, being possible to visualize a greater number of dead cells when
the cells are infected in the proportion of 10:1 (figure 1C). When observing figure 1, with an
increase in the 40x lens, also in 24 hours of infection, the onset of morphological changes is
noticeable when the infected cells (figure 1E and 1F) are compared with the control (figure
1D), however these changes are considerably higher in the proportion of infection of 10:1
(figure 1F), with more turgid cells due to parasitemia.

Changes in cell morphology and microenvironment become more pronounced with
increased infection time. In 48 hours (figure 2), it is possible to visualize a large increase of
parasites both in the intracellular environment showing that there was replication of the
parasite by the endodiogeny process, as well as the increase of Toxoplasma gondii in the
extracellular medium, due to the disruption of some infected cells, leading to the process of
reinfection of the surviving cells (DUBEY et al., 1998). Because of this, infected cells acquire
discontinuous morphological patterns, such changes are even more significant in the

proportion of infection of 10 parasites per cell.
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When commencing the 72-hour times of infection (figure 3), it’s possible to observe
in both proportions the decrease of viable cells. However, in the proportion of infection 5:1
it’s possible to highlight that there are more viable cells in the microenvironment despite
morphological changes, allowing to monitor the changes in the microenvironment as seen by
Bricefio et al. (2016). The proportion of infection 10:1 was used in other strains as seen in the
work of De Carvalho et al. (2020), and this proportion was also used in the IEC-6 strain by
Muno et al. (2014) with the ME-49 strain for 10 days, however we observed that this
proportion of infection in the RH strain presented a significant amount of dead cells and
consequently the reduction of viable cells, corroborating the data of Bernstein et al. (2020),
but this model may be relevant to evaluate acute infection in vitro in a short period of time.
Another notorious fact attributed to excess lysed cells is the increase of the extracellular
parasite more evident in the 10:1 ratio when compared to previous times, due to reproductive
cycle of about 6 to 12h (MENG et al. 2009). Therefore, it was possible to observe that the
proportion of infection of 10 parasites by cells is not the most appropriate for studies in a
period of more than 48h.

When analyzing the studies involving the interaction of IEC-6 with Toxoplasma gondii
such as Jones's (2017) and Muno's (2014) there are no reports of research and follow-up of
morphological and microenvironment alterations caused by parasitemia under phase contrast
microscopy in the description of the infection process by temporality. With this, the present

work presents for the first time in the literature these data.

5 CONCLUSION

In view of the results presented, it was concluded that the cells of the intestinal
epithelial lineage IEC-6 infected with the parasite Toxoplasma gondii presented changes in
the microenvironment and morphological changes in both proportions of infection, however
in the 1:5 infection process there were viable cells at all times despite the cellular damage
caused by parasitemia, concluding that the 1:5 infection ratio is the most appropriate for future

studies requiring temporal follow-up because the 1:10 ratio only remained viable up to 48h.
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