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ABSTRACT

Retinitis is the most important clinical consequences of Toxoplasmosis but the
mechanisms used by 7. gondii tachyzoites to invade the retina are not yet understood. In
the current study, cellular pathogenicity of Toxoplasmosis in a human retinal pigment
epithelial cell line (ARPE-19) was investigated. Following in vitro infection of ARPE-19
with 7. gondii tachyzoites, cell viability associated with infection was identified by
Methyl thiazolyl tetrazolium (MTT) assay. Intracellular development of 7. gondii
tachyzoites within ARPE-19 was characterized by acridine orange (AQO) staining.
Morphological changes associated with infection was assessed by electron microscopy
(EM). The results obtained showed that ARPE-19 permit the invasion, growth and
development of 7. gondii tachyzoites and that infection can cause a metabolic burden on
the host cells and multiple morphological changes in the relocation of the host cell
organelles (mitochondria, endoplasmic reticulum, and Golgi apparatus) around the

parasitphorous vacuole

INTRODUCTION

T. gondii is an obligate intracellular pathogen that invades and proliferates within
nucleated cells of warm-blooded animals. It is a major food-borne pathogen[1]. Infection
of livestock creates a source of infection in humans [2]. Consumption of raw or
undercooked meat is considered to be the major source of 7. gondii infection [1,2].

In both human and animals, Toxoplasmosis causes reproductive failure, abortion birth

defects, retinitis, iris, uveitis, keratitis, and hydrocephalus. However, 7. gondii infection
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is generally hidden and a symptomatic in the retina, brain, and other body tissues
throughout life [3].

Retinitis is the most important clinical consequences of 7. gondii infection because it's
the most common site where tissue cysts are found [4,5]. The ability of intracellular
pathogens to breach of the blood-retinal barrier(BRB) is key to their ability to cause
retinitis [6]. This work aimed to identify the cell viability and characterise the structural

changes in retinal pigment epithelial cells following infection by 7. gondii tachyzoites.

MATERIALS AND METHODS

Cells

A human retinal pigment epithelial cell line (ARPE-19) were maintained in growth
media consisting of Dulbecco's modified Eagle's medium (‘DMEM) supplemented with
10% foetal bovine serum and 100 U/ml penicillin and 100 pg/ml streptomycin. A trypan
blue solution was used to quantify the number of viable cells present in the medium using

a hemocytometer under a light microscope [7].

T. gondii

T. gondii tachyzoites (RH strain) were used in this study: 7. gondii tachyzoites that
were kindly provided by Professor Lee Innes (Moredun Research Institute, Scotland).
They were propagated in the Madin-Darby Canine Kidney cell cultures in complete
‘DMEM [8].

Acridine Orange (AO) staining assay

ARPE-19 were grown on glass coverslips in 6-well plate at 1x10° cells/well. The cells
were infected with 7. gondii tachyzoites in a host:parasite ratio of 1:2. The cells were
then washed twice in phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde,
stained with 10% AQO, rewashed in PBS, mounted onto a microscope slide, and examined

using a Leica DM 5000B epifluorescence imaging system [7,8].
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Methyl thiazolyl tetrazolium (MTT) assay

ARPE-19 were grown in 96-well plate at 5x10° cells/well. The cells were infected with 7.
gondii tachyzoites in a host:parasite ratio of 1:2. The cells were stained with 10ul MTT
dye solution and incubated for 4h. Acidic isopropanol (100ul) was then added. Afterthat,
cells were incubated for a further 1h and absorbance recorded using a microplate reader

(Labtech International Ltd., UK) [9].

Scanning electron microscope(SEM)

ARPE-19 were grown on plastic coverslips in 24-well plate at 1x10%ml. The cells were
infected with 7. gondii tachyzoites in a host:parasite ratio of 1:2. The cells were then
washed, fixed with EM fixative buffers, dehydrated, dried, mounted on aluminum stubs,

coated with gold-palladium, and observed under a SEM imaging system[§].

Transmission electron microscope (TEM)

ARPE-19 were grown on plastic coverslips in 24-well plate at 1x 10%/ml. The cells were
infected with 7. gondii tachyzoites in a host:parasite ratio of 1:2. The cells were then
washed, fixed with EM fixative buffers, dehydrated, infiltrated, and polymerized with
resin. Resin blocks were sliced, stained with ethanolic urenyle acetate followed by lead
acetate and examined using a TEM imaging system[8].

Statistical analysis

All data were analyzed using GraphPad Prism software, version 5.0 (Graph pad Software,
Inc., San Diego, CA)

RESULTS
T. gondii replication in ARPE-19

T. gondii tachyzoites replication following infection of ARPE-19 was identified at 48 h
post infection(PI) using AO staining assay. Proliferation of tachyzoites had occurred and
numerous tachyzoites were detected intracellularly (Figure 1 E, F, G, and H) compared to

controls(Figure 1 A, B, C, and D).
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Non-infected

Infected

Fig.1. AO staining of infected cell showing development of 7. gondii (Tg) tachyzoites
compared to uninfected.

Epithelial cell viability
Viability of ARPE-19 was identified at 48 h PI using MTT assay. A significant decrease

in the viability between the control and the infected cells had occurred (P <0.05) (Figure
2).
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Fig.2. Viability of ARPE-19 showing a significant decrease between the control and the
infected cells.
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SEM imaging of infected cells with 7. gondii tachyzoites

SEM showed the tachyzoites adhesion with the cells (Figure 3C) and the tachyzoites
excited from the host cell when the host cell could no longer support the development of
tachyzoites (Figure 3D). SEM also showed that tachyzoite proliferation damaged the tight
junctions (TJs) (Figure 3C) compared to control ( Figure 3 A and B)

Non-infected

Infected

Fig.3. Proliferation 7. gondii tachyzoites in infected cells. Electron micrographs
showing the tachyzoites were adhesived in the host cell (C). The exit of tachyzoites from
the host cell was also noted(D). A large gap is obvious between infected cells
(C)compared to control (A,B).

Ms showed tachyzoites in process of cellular division (Figure 4A). A parasitphorous
vacuole (PV) and the parasitophorous vacuole membrane (PVM) is obvious (arrow)
(Figure 4 B,C). TEMs also showed that host cell organelles concentrated around PV
(Figure 4 D,E,F).
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Fig.4. Replication of 7. gondii tachyzoites in infected cells. Electron micrographs
showing T. gondii tachyzoite (Tg) in the process of endodyogeny (A). A parasitophorous
vacuole (pv) and parasitophorous vacuole membrane (pvm) is obvious (B,C). The host
cell organelles (mitochondria, endoplasmic reticulum, and Golgi apparatus) concentrate
around the parasitophorous vacuole (PV) (D, E, F).

DISCUSSION

The current study revealed that the retinal pigment epithelial cells can support
development of 7. gondii, by AO staining. This finding is in agreement with previous
studies, in which the tachyzoites revealed a common pattern of growth and
replication[7,8,10,11,12].

A marked decrease was noted in viability of infected cells compared to controls, by
MTT assay, indicating that development of the tachyzoites caused a metabolic burden on
the host cells. This finding is in agreement with previous study, in which the tachyzoites
caused a metabolic burden on the host cells[8].

To highlight the morphological changes associated with infection, SEM and TEM

were employed. Our observations using EM revealed that host organelles concentrate
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around the PV throughout the development of the tachyzoites, suggesting the
involvement of macromolecules integrated in the PVM for parasite development,
membrane building, and energy requirement [13,14,15,16,17]. In addition, EM showed
tachyzoites proliferate intracellular in the process of cellular division. This finding is in
agreement with a previous study[18], where tachyzoites were reported to proliferate
themselves in Vero cells intracellular in the process of endodyogeny. It has been found
that tachyzoites release endosomal/lysosomal vesicles in the PV to siphon nutrient
required for sustaining its replication [19,20]. Host cell microtubules and the tachyzoite
protein, dense granule protein 7 (GRA7) have been implicated in this process[19]. In
addition, rhoptry protein 2 (Rop2) and rhoptry protein 14 (Rop14) are involved in the
recruitment of host mitochondria to the PVM and the composition of the PVM pore,
respectively[19,21].

Our findings indicate that the invasion, growth, and proliferation of 7. gondii
tachyzoites within retinal pigment epithelial cells is possible, involving reorganization of

the host cell organelles around the PV to support the parasite development and infection.

ACKNOWLEDGMENTS

the work was supported by school of veterinary medicine and school of life sciences /
university of nottingham for technical support with the florescent and electron

microscopy work.

La Db guuS gid) g.\gihgkgha‘:!\ Ao el jalal dilasal AuidUal) UMAN AWCE]) @ padll dad o
A;\)]\ e LBJU" ¢V
.Gl alle o padlc 5 panll dads cL..g_).L:\,J\ bl AlScaqlal) 4 all &Jﬂ
AdAl)

Al U8 (e artinall 4SS5 (S0 Lo 33U S il Ll (5 50 SIS 1y i SISYI pumall o oyl
4Dl LA 8 Lo 53U suS gl Lidlal a4y glall dgal po¥) eliaind o5 (V) () da sgia pe cpnll 4liaY
& Lol suS il il Gall Sala e ad g jrall aiDidall LAY agbial e | (pal) ala (a4l g jrall

dala Jahall gk | aladiuly o sl g 51 Jid s )8 dine Jlial) aladiuly b o o3 sball 4lal) 48 | sl

42



Bas.J.Vet.Res.Vol.16, No.2, 2017. ISI Impact Factor:3.461

3 FSIY) el alasiuly Lo iS5 40Kl ol il g sl el alasiuly aie (ol a3 4glall
Opdl alad aidaall 4yl LA Gl sl e Le 3Bl oS i) ik 4008 e agdladl an all il ¢ jeda)
sliall Jsa ((oa)sS Clagu 5 40 300 p2Y) ASuille alliall € ) 4gdad) by ine apia 5 Lelals Cac Ll

Le s 4lall dals Ll Cae b of adlad) il & jelal LS i g 3 SU Lgad 2 gy Al 4wasSU (ylasall
Adpnal) 4031 e

REFERENCES

1.Tenter, A. M., Heckeroth, A. R. & Weiss, L. M. Toxoplasma gondii: from animals to
humans. International Journal for Parasitology. 2000, 30(12-13):1217-1258.

2 Montoya, J. G. & Liesenfeld, O.. Toxoplasmosis. Lancet. 2004, 363 (9425): 1965—
1976.

3. Dubey, J.P. & Beattie, C.P. Toxoplasmosis in animals and man. Boca Raton: CRC
Press,1988.

4. Pavesio CE, Lightman S. Toxoplasma gondii and ocular toxoplasmosis:
pathogenesis. Br J Ophthalmol.1996,80:1099-1107.

5. Glasner PD, Silveira C, Kruszon-Moran D, et al. An unusually high prevalence of
ocular toxoplasmosis in southern Brazil. Am J Ophthalmol. 1992,114:136-144.

6. Braakenburg A, Rothova A. Advances in Ocular Toxoplasmosis. In: Biswas J,
Majumder DP, editors. Uveitis: An Update. New Delhi: Springer India. 2016, p. 1-7.

7. Naemat, A., Elsheikha, H. M., Al-sandaqchi, A., Kong, K., Ghita, A. & Notingher, L.
Analysis of interaction between the apicomplexan protozoan Toxoplasma gondii and host
cells using label-free Raman spectroscopy. The Analyst. 2015,140(3): 756-764.

8. Alsandaqchi A. (2017). Interaction of Toxoplasma gondii with human brain
microvascular endothelial cells in vitro,PHD, THESIS. School of Biosciences. The
University of Nottingham. UK.

9. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to
proliferation and cytotoxicity assays. J. Immunol. Meth. 1983, 65: 55-63.

10. Sharma, S.D., Catterall, J.R. & Remington, J.S. Parasiticidal activity of macrophages
against Toxoplasma. Methods in Enzy- mology. 1986, 132: 626-657.

43



Bas.J.Vet.Res.Vol.16, No.2, 2017. ISI Impact Factor:3.461

11. Marin, J.E.G., Bonhomme, A., Guenounou, M. & Pinon, J.M. Role of interferon-g
against invasion by Toxoplasma gondii in a human monocytic cell line (THP1):
involvement of the parasite’s secretory phospholipase A2. Cellular Immunology.
1996,169: 218-225.

12. Pelloux, H., Pernod, G., Polack, B., Coursange, E., Ricard, J., Verna, JM. &
Ambroise-Thomas P. Influence of cytokines on Toxoplasma gondii growth in human
astrocytoma derived cells. Parasitology Research. 1996, 598-603.

13. Romano, J.D., Sonda, S., Bergbower, E., Smith, M.E. & Coppens, Toxoplasma gondii
salvages sphingolipids from the host Golgi through the rerouting of selected Rab vesicles
to the parasitophorous vacuole. Mol Biol Cell. . 2013, 24:1974-95

14. Magno, R. C., Lemgruber, L., Vommaro, R. C., De Souza, W. & Attias, M.
Intravacuolar network may act as a mechanical support for Toxoplasma gondii inside the
parasitophorous vacuole. Microsc. Res. Tech. 2005, 67: 45-5

15. Sinai, A.P., Webster, P. & Joiner, K.A. Association of host cell endoplasmic
reticulum and mitochondria with the Toxoplasma gondii parasitophorous vacuole
membrane: a high affinity interaction. J Cell Sci.1997, 110:

2117-28.

16 De Melo, E.J., De Carvalho, T.U. & De Souza, W. Penetration of Toxoplasma gondii
into Host Cells Induces Changes in the Distribution of the Mitochondria and the
Endoplasmic Reticulum. Cell Structure and function.1992, 17:311-7.

17. Toulah, F.H., Sayed, Al-Ahl, S.A., Amin, D.M. & Hamouda, M.H. Toxoplasma
gondii: Ultrastructure study of the entry of tachyzoites into mammalian cells. Saudi J Biol
Sci. 2011,18:151-6.

18. Jones, T.C., Yeh, S. & Hirsch, J.G. The interaction between Toxoplasma gondii and
mammnaliani cells. J Exp Med. 1972, 136:1157-1172.

19.Laliberté, J. & Carruthers, V. B. Host cell manipulation by the human pathogen
Toxoplasma gondii. Cell Mol Life Sci. 2008, 65: 1900-15

20. Halonen, S. K. & Weidner, E. Overcoating of Toxoplasma parasitophorous vacuoles
with host cell vimentin type intermediate filaments. The Journal of Eukaryotic
Microbiology, 1994, 41(1): 65-71.

21. Sinai, A. P. & Joiner, K. A. The Toxoplasma gondii protein ROP2 mediates host
organelle association with the parasitophorous vacuole membrane. Journal of Cell
Biology, 2001,154(1): 95-108.

44



