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Toxoplasma gondiinvades and proliferates in human umbilical vein endothelial cells where it resides in a
parasitophorous vacuole. In order to analyze which components of the endothelial cell plasma membrane are
internalized and become part of the parasitophorous vacuole membrane, the culture of endothelial cells was la-
beled with cationized ferritin or UEA 1 lectin or anti Class | human leukocytte antigen (HLA) before or after
infection withT. gondii The results showed no cationized ferritin and UEA 1 lectin in any parasitophorous vacuole
membrane, however, the Class | HLA molecule labeling was observed in some endocytic vacuoles containing para-
site until 1 h of interaction witli. gondii. After 24 h parasite-host cell interaction, the labeling was absent on the
vacuolar membrane, but presents only in small vesicles near parasitophorous vacuole. These results suggest the
anionic site and fucose residues are excluded at the time of parasitophorous vacuole formation while Class | HLA
molecules are present only on a minority Béxoplasmacontainig vacuoles.
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Recently there is an increasing interest inThgro- maintenance have attracted the interest of many investi-
plasma gondiithe agent of human and animal toxoplasgators since the PV is vital to the successful intracellular
mosis, the most common opportunistic protozoan infesurvival ofT. gondii(Suss-Toby et al. 1996, Sinai & Joiner
tion of the central nervous system of individuals cont997, 2001, Silverman & Joiner 1997, Sinai et al. 1997,
taminated with HIV (Luft & Remington 1992, Luft & Chua Lingelbach & Joiner 1998, Mordue & Sibley 1997, Mordue
2000). This protozoan, an obligate intracellular parasite, & al. 1999b).
able to infect many eukariotic cells and is found within a In congenital toxoplasmosis, infection of endothelial
membrane-bounded cytoplasmic vacuole designated @ls lining the umbilical cord blood vessels is potentially
parasitophorous vacuole (PV). The vacuolar membrariee major transmission route to the foetus. Therefore, the
incorporates components from both the host cell and te&udy of invasion byl. gondiiof cultured human umbili-
parasite, thus establishing an hybrid membrane (Nichatal vein endothelial cells (HUVEC) is of great interest since
etal. 1983, Carvalho & De Souza 1989, 1990, 1997, Carvaltitese cells are at the interface between the mother and the
etal. 1993, Pacheco-Soares & De Souza 1998, Hakansfmetus (Dimier & Bout 1993). Previous studies have shown
et al. 2001). Once within the P¥, gondiimultiplies even that T. gondiiinvades and proliferates in HUVEC
in professional phagocytic cells until complete destru¢Benedetto et al. 1997) where it resides in a PV. In order to
tion of the host cell. During the intracellular life cycle ofanalyse which components of the human endothelial cell
the parasite there is no fusion of host cell lysosome wifilasma membrane are internalized and become part of the
PV. However, lysosome-phagosome fusion and parasR&M, we used cationized ferritin as a marker of cell sur-
destruction occur when fixed or antibody-coated livéace anionic sites and thdlex europaeusgglutinin |
toxoplasms are interiorized by normal macrophages (Jon@&#EA I) lectin as marker for HUVEC since human endot-
& Hirsch 1972, Sibley 1989, Carvalho & De Souza 1990helial cells contain exposed fucose residues (Holthofer et
Therefore, these particular properties of the paral. 1982). We also used the monoclonal antibody against
sitophorous vacuole membrane (PVM) biogenesis ar@lass | human leukocyte antigen (HLA 1) since these trans-

membrane glycoproteins are present in most of the
eukariotic cells and play an important role in the immune
response regulation.

MATERIALS AND METHODS

IThitS't v;/org hasldbe%” Sug_ported by Faperj, CNPq, Uerj and parasites Tachyzoites from the virulent RH strain of

+”Cso'rt'eg Osn"é’?n Oau;"ﬁ)’r I?:(;)l:‘z.+55-21-2587 6511 E.maill- 90ndiiwere maintained by intraperitoneal passages in
laiscar @ﬂerj br 9 : ) ’ ) H‘emale Swiss mice, according to the conditions established
Received 28.August 2001 by Colégio Brasileiro de Experimentac¢éo Animal (Cobea).
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(PBS) pH 7.2, 48 to 72 h after infection. The suspensiaopy. Noninfected cells were used as control.
obtained from infected mice was centrifuged at 200 g for Class | HLA labeling The HUVEC cultures were in-
10 min at room temperature to remove cells and debrigjbated with parasites (10:1 parasite-host cell ratio) for
and the supernatant, which contained the parasites, waesiods from 15 min to 24 h at 37°C in 5% £&mo-
collected and centrifuged at 1,000 g for 10 min. The pellsphere. The cells were then washed twice in PBS, pH 7.2,
obtained was washed 2 or 3 times with PBS, pH 7.2, atmlremove extracellular parasites, fixed in 4% paraformal-
resuspended to a density offp@rasites/ml in PBS, pH dehyde in PBS, pH 7.2, for 30 min and permeabilized with
7.2. The parasites were used within 30 to 40 min after raeetone at -20° C for 5 min. The indirect immunofluores-
moval from the mouse peritoneal cavity, and the viabilitgence technique was employed using a mouse anti-hu-
was evaluated using dye-exclusion test with Trypan bluman Class | HLA (DAKO Corporation Carpinteria, CA,
HUVEC cultures Human endothelial cells were ob- USA) as a primary antibody at dilution 1:20 in 1% buffer
tained from umbilical cord veins by digestion with 0.06%saline albumin. The antigen-antibody complex was visu-
collagenase type IA (Sigma Chemical Co., St. Louis, M@lized using a tetramethylrhodamine isothiocyanate
USA) according to a method modified from Jaffe et alTRITC) conjugated secondary antibody (Sigma Chemi-
(1973). HUVEC were resuspended in Dulbecco’s modifiedal Co., St. Louis, MO, USA). The coverslips were
Eagle’s medium (DMEM) containing 20% fetal calf serummounted onto slides with fluorescence mounting medium
50 pg/ml gentamicin and 2.5 pg/ml amphotericin. The cell®-propyl gallate) and observed in a Axiovert 410 Zeiss
were plated in plastic culture dishes (35 x 10 mm) or ioonfocal laser scanning microscope, using a 488 (LP 415
multiwell tissue culture plates with round coverslips thafilter) or 543 (LP 570 filter) argon laser (Carl Zeiss,
had been precoated with 0.1% porcine gelatin (Sign@berkochen, Germany).
Chemical Co., St. Louis, MO, USA). The cultures were Transmission electron microscopgfter interaction
maintained for 24-48 h at 37°C in 5% ¢@mosphere. with T. gondii the cultures were fixed in 2% glutaralde-
The purity of the HUVEC cultures was verified by indirechyde and 4% paraformaldehyde solution in 0.1 M cacody-
immunofluorescent labeling with a rabbit anti-human votate buffer, pH 7.2, with 5 mM Cagtor 2 h at room tem-
Willebrand factor antibody (Sigma Chemical Co., St. Louigerature. Thereafter, the cells were washed overnight with
MO, USA) (Jaffe etal. 1974). The HUVEC used in all ex0.1 M cacodylate buffer, pH 7.2, and then scraped off
periments were from primary cultures and most of the celgith a rubber policeman, collected by centrifugation and
were positive for von Willebrand factor. postfixed in 1% Os@solution containing 0.8% potas-
Anionic sites labeling The HUVEC culture was sium ferricyanide in 0.1M cacodylate buffer, pH 7.2, supple-
washed in PBS pH 7.2 twice and incubated for 30 min atented with 5 mM CaGffor 40 min at room temperature,
4°C in the presence of 200 pg/ml cationized ferritin (Sigm@ehydrated in acetone and embedded in Epon. Ultrathin
Chemical Co., St. Louis, MO, USA) dissolved in DMEMsections were stained with uranyl acetate and lead citrate,
without serum. The cells were then washed in PBS, ptHen examined with an EM 906 Zeiss transmission elec-
7.2, at 4°C and infected with parasites (10:1 parasite-hdstn microscope of Uer;j.
cell ratio) for periods varying from 15 to 60 min at 37°C in RESULTS
a 5% CQ atmosphere. The cells were rinsed twice with o ) )
PBS, pH 7.2, to remove extracellular parasites and pro- Anionic sites labeling HUVEC cultures were incu-
cessed for transmission electron microscopy. bated for 30 min at 4°C in the presence of cationized fer-
UEA 1 lectin binding sites labeling before interac_ritin and then infected with tachyzoites‘bfgondiifor 15
tion - The HUVEC cultures were incubated for 30 min ato 60 min at 37°C. No cationized ferritin binding sites were
4°C in the presence of UEA | lectin, pH 7.2, conjugategeen in the membrane lining the PV. However, small vesicles
with fluorescein isothiocyanate (FITC) or with colloidallabeled with ferritin particles were located close to the
gold particles (10 nm) (Sigma Chemical Co., St. Louis, M@parasite-containing vacuole (Fig. 1).
USA). The labeled cells were then infected with parasites UEA | lectin binding sites labelingThe UEA I lectin
(10:1 parasite-host cell ratio) for periods varying from 1%/as used as marker for HUVEC since human endothelial
to 60 min at 37°C in 5% C{atmosphere. After interaction cells contain exposed fucose residues (Holthofer et al.
time, the cells were washed twice in PBS, pH 7.2, to rd982). When the host cells were previously labeled with
move extracellular parasites, fixed in 4% paraformaldehyd¢EA | lectin conjugated with FITC and then allowed to
in PBS, pH 7.2, for 30 min and prepared for confocal minteract with the parasites for periods varying from 15 to
croscopy or processed for transmission electron micro@0 min or the host cells were labeled after infection, no
copy. Noninfected cells were used as control. Iabeling was seen in the membrane Ilnlng endocytic vacu-
UEA I lectin binding sites labeling after interaction -0les containing the parasite. However, many small vesicles
The HUVEC cultures were incubated with parasites (10i@cated close to the PV, showed the presence of lectin.
parasite_host cell ratio) for periods Varying from 15 to Gbloninfected host cells used as control, showed a uniform
min at 37°C in 5% CQatmosphere. The cells were therjabeling on the whole cell surface (data not shown). These
washed twice in PBS, pH 7.2 to remove extracellular parkgsults observed by confocal microscopy were confirmed
sites, fixed in 4% paraformaldehyde in PBS, pH 7.2, for 3%y transmission electron microscopy. When HUVEC cul-
min and permeabilized with acetone at -20°C for 5 miriures were incubated for 30 min at 4°C with gold-labeled
The cells were incubated for 1 h in the presence of UEAJEA | lectin and infected with tachyzoites formsTof
lectin, pH 7.2, conjugated with FITC (Sigma Chemical Cogondiifor 15 to 60 min at 37°C, the labeling was absent in
St. Louis, MO, USA) and prepared for confocal microsthe PVM, but some vesicles containing UEA I-colloidal
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Fig.1: transmission electron micrograph of human umbilical endothelial cells labeled with cationized ferritin at 4°C ancubisad with
Toxoplasma gondi{P) at 37°C for 15-30 min. The ferritin particles (arrows) are seen on the plasma membrane and within vesicles, but
there are no particles in PV. Bar = 0.5 pm

Fig.2: transmission electron micrograph of human umbilical vein endothelial cells incubated with gold-labeled UEA | at #%¢hand
infected withToxoplasma gondi(P) at 37°C. After 15-30 min of interaction, gold particles (arrow) are observed in small vesicles localized
near the PV. Bar = 0.5 pm
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Fig.3: confocal laser scanning microscopy of human umbilical vein endothelial cells infectetiowdplasma gondiiincubated with
mouse anti-Class | human leukocyte antigen and then with goat-anti-mouse conjugated to tetramethylrhodamine isothio®rah&te. Aft
and 30 min of interaction (A-B) and 1 h (C-D), the labeling is observed surrounding some parasitophorous vacuole (PVaitdrioots)
others (arrowhead). Extracellular parasites are seen with no labeling (white arrows). After 24 h of interaction (E-Fhessdalidsicles

are seen near the PV (arrow). Bar = 5 pm
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gold particles were located close to the PV (Fig. 2).  the plasma membrane surface as well as in the PVM. How-
Class I HLA labeling Class I HLA molecules are presentever, the labeling was observed only in small vesicles near
in most of the eukaryotic cells and play an important role iAV. Previous studies showed that host cell transmembrane
the immune response regulation. HUVEC cultures were iproteins, including N&K*-ATPase, M§*-ATPase, 5'-
cubated with anti-HLA | after infection with. gondiifor nucleotidase, and CD44 are excluded from the
periods varying from 15 min to 24 h. Our results observaghrasitophorous vacuole membrane (Carvalho & De Souza
by confocal laser scanning microscopy showed the labdl989, Mordue et al. 1999a), and probably this exclusion
ing only on a minority of PV during the beginning of interoccurs due to a mechanism that depends on protein an-
action withT. gondii(15 min-1 h). However, after 24 h para-choring in the plasma membrane (Mordue et al. 1999a).
site-host cell interaction, the labeling was observed only ifhese data suggest that during the interackiayondit
small vesicles near PV (Fig. 3A-F). non professional phagocytic cells as the endothelial cells
studied here, the parasite can participate of the mecha-
) ) DISCUSSION o nism of block in the Class | HLA antigen presentation
Previous studies (Woodman et al. 1991, Dimier & Boysathway. This event probably is similar to that occdr in
1993, 1996, Benedetto etal. 1997) have showftigandii  gondii-phagocyte interaction, where intracellul&r
invades and proliferates in in vittlUVEC cultures. The gondiiinterferes with the Class | and Class Il MHC anti-
biogenesis of PV durin@. gondiiendothelial cell inter- gen presentation pathway of murine macrophages and
action has not been detailed. We showed here that ARis may be an important strategy for evasion from host’s

ionic sites revealed with ferritin cationized particles wergnmune response and for intracellular survival of the para-
not internalized together with gondiitachyzoites dur- site (Liider et al. 1998).

ing its interaction with endothelial cells. These results In conclusion, our preliminary experiments ab®ut

were different of those that we previously showed whegondii-endothelial cells interaction showed that anionic
cationized ferritin-labeled macrophages were incubategtes, fucose residues and HLA | molecules were prob-
in the presence of. gondiiand these ferritin particles gply excluded from the region where the active penetra-
were internalized together with the parasite (Carvalho §on process took place and the absence of these surface
De Souza 1990). These observations support the vigémponents in the PVM do not interfere with survival

that host cells, professional and non-professional phaggnd multiplication off. gondiitachyzoites within the en-

cytic cells, present different behaviour with regard to indothelial cells.

ternalization of the anionic sites during the PV formation

and these surface components do not interfere with sur- ACKNOWLEDGMENTS
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