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Chagas disease, which is caused by Trypanosoma 
cruzi, is endemic in Latin America, where it is estimated 
that seven million people are infected (OPS 2007). Acute 
Chagas disease is usually asymptomatic and widely un-
der-diagnosed, mainly because the symptoms are con-
stitutive when the disease is clinically apparent (Pittella 
2009, Cordova et al. 2010). Parasites can be found in 
peripheral blood samples of acutely infected individu-
als, which allows for direct diagnosis using blood smears 
(Coura & Borges-Pereira 2010). During acute onset, a 
relatively efficient host immune response correlates with 
parasitaemia reduction, but not its complete clearance. As 
a consequence, T. cruzi persists and induces the chronic 
phase of the disease (Dutra & Gollob 2008). Chronic pa-
tients can remain asymptomatic for decades (known as 
the indeterminate phase) and their diagnosis is usually 
made by T. cruzi antibody-specific tests. Unfortunately, 
nearly 30% of indeterminate individuals develop cardiac 
and gastrointestinal damage (Dutra & Gollob 2008, Pit-
tella 2009, Coura & Borges-Pereira 2010). The develop-
ment of meningoencephalitis in Chagas disease is con-
sidered rare, but it is sometimes observed during acute 
infection, mainly in children younger than two years of 
age (Cordova et al. 2010). The involvement of the cen-
tral nervous system (CNS) is a life-threatening condition 

that can also occur as a reactivation of the disease during 
the chronic stage in immunosuppressed hosts. Although 
Carlos Chagas described the CNS compromise 100 years 
ago, it was not until 1969 that Mattosinho-Franca et al. 
(1969) reported the first case of T. cruzi CNS infection, 
which was found to involve parasite reactivation in a 
patient with chronic lymphocytic leukaemia. Currently, 
reactivation of Chagas disease occurs after immune-
suppression therapy, most importantly in the context of 
human immunodeficiency virus/acquired immune defi-
ciency syndrome (HIV/AIDS) (Pittella 2009). In HIV-
infected individuals, disease reactivation is severe and 
often lethal. The clinical manifestations include fever, 
headache, focal neurological deficits, seizures and al-
tered mental status. Histologically, the damage consists 
of necro-haemorrhagic nodules in the white matter with 
T. cruzi amastigotes localised within the glia (Cordova 
et al. 2008, 2010, Pittella 2009). Cellular infiltration of 
the brain parenchyma and the perivascular space with 
lymphocytes, macrophages, some plasma cells and neu-
trophils is also observed (Chimelli & Scaravilli 1997, 
Cordova et al. 2008, Pittella 2009). Several studies have 
aimed to describe the association between the parasite’s 
genetic diversity and the clinical status and organ tro-
pism (Andrade & Magalhães 1996, Andrade et al. 2010). 
The T. cruzi population is divided into six discrete typ-
ing units, TcI to TcVI (Zingales et al. 2009). Although 
there is no conclusive evidence, TcI seems to cause CNS 
disease in AIDS patients (Burgos et al. 2008).

Mouse models of T. cruzi CNS involvement have 
shown that CD8+ T cells expressing integrin VLA-4 in-
filtrate the brain parenchyma (Roffe et al. 2003), while 
rat models have increased CNS-derived tumour necrosis 
factor-α, interleukin (IL)-10, interferon (IFN)-γ, CCL2/
MCP-1, CCL3/MIP-1α and CCL5/RANTES levels (Ra-
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Astrocytes play a vital role in neuronal protection, homeostasis, vascular interchange and the local immune 
response. Some viruses and parasites can cross the blood-brain barrier and infect glia. Trypanosoma cruzi, the 
aetiological agent of Chagas disease, can seriously compromise the central nervous system, mainly in immune-
suppressed individuals, but also during the acute phase of the infection. In this report, the infective capacity of T. 
cruzi in a human astrocyte tumour-derived cell line was studied. Astrocytes exposed to trypomastigotes (1:10 ratio) 
produced intracellular amastigotes and new trypomastigotes emerged by day 4 post-infection (p.i.). At day 6 p.i., 
93% of the cells were infected. Using flow cytometry, changes were observed in both the expression of major his-
tocompatibility complex class I and II molecules and the chemokine secretion pattern of astrocytes exposed to the 
parasite. Blocking the low-density lipoprotein receptor on astrocytes did not reduce parasite intracellular infection. 
Thus, T. cruzi can infect astrocytes and modulate the immune response during central nervous system infection.
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chid et al. 2010). In both of the above-mentioned rodent 
models, glia but not neurons harbour amastigotes (Pitel-
la 2009). As glia represent an important source of CNS 
cytokines and chemokines, these cells should participate 
actively in the physiopathology of T. cruzi infection. As-
trocytes are the most abundant cells in brain tissue (Seth 
& Koul 2008) and they are important in the maintenance 
of an adequate environment for neurons, as they regulate 
CNS blood flow and provide metabolic substrates (Seth 
& Koul 2008, Sofroniew & Vinters 2010). They also 
have immune functions, such as endocytosis and antigen 
presentation (Seth & Koul 2008, Wang & Bordey 2008). 
Astrocytes can host several infectious agents, including 
viruses and parasites, such as Toxoplasma gondii (Ha-
lonen et al. 1996, Wilson & Hunter 2004). T. gondii CNS 
infection induces astrocyte secretion of CXCL10/IP-10, 
CCL2, IL-1, IL-6 and IL-10 (Daubener et al. 1996). Each 
of these chemokines promotes CNS cellular infiltration 
(Wilson & Hunter 2004). Consequently, the aim of this 
work was to assess whether a human astrocytoma cell 
line could serve as host for T. cruzi and to determine 
the changes in cell viability, human leukocyte antigen 
(HLA) expression and chemokine production that could 
be involved in the immune response against T. cruzi.

MATERIALS AND METHODS

Cell culture - CRL-1718 (ATCC, Manassas, VA, 
USA) cells, which were derived from a grade IV hu-
man astrocytoma, were grown in T25 culture flasks and 
maintained in RPMI-1640 medium (Sigma-Aldrich, St. 
Louis, MO, USA) supplemented with 10% foetal bovine 
serum (FBS) (Eurobio, Les Ulis, France), 2 mM L-glu-
tamine (Gibco, Auckland, New Zealand), 1.5 g/L sodium 
bicarbonate, 4.5 g/L glucose, 10 mM HEPES and 1 mM 
pyruvate (all from Gibco) at 37ºC, 5% CO2. Cell trans-
fers were performed by replacing medium with 0.25% 
trypsin-EDTA (Gibco) for 3 min at 37ºC. Cell detach-
ment was verified by inverse light microscopy and 5% 
FBS-supplemented RPMI-1640 medium was added to 
block the trypsin reaction. The cells were transferred to 
a 15 mL tube, centrifuged for 5 min at 1,350 g and used 
either for sub-culturing or for experiments.

Parasite culture - Trypomastigotes of the T. cruzi I 
DA strain (MHOM/CO/01/DA) were obtained from an 
acutely infected human donor in the town of Sutatenza, 
Boyacá, Colombia (Barrera et al. 2008). Parasites were 
maintained in Vero cells and kept frozen in DMEM (Sig-
ma-Aldrich) containing 10% FBS (Eurobio) and 10% 
DMSO (MP Biomedicals, Solon, OH, USA).

Astrocytoma cell line infection - Culture flasks (T25) 
containing 1 x 106 astrocyte cells were infected with 1 
x 107 recently thawed trypomastigotes. Infected astro-
cyte cultures were kept for three weeks before obtaining 
trypomastigotes for astrocyte infection assays. Parasite 
number and viability were verified by light microscopy 
using a Neubauer chamber and trypan blue staining. 
Astrocytes (5 x 105) were cultured in small Petri dishes 
(35 mm x 10 mm, 9.2 cm2) for 48 h. Later, confluent 
cell cultures were infected with 5 x 106 trypomastigotes 
(1:10 ratio). The infection was then evaluated two-six 

days post-infection (p.i.). Cells for each experimental 
condition were methanol-fixed and stained with 4% Gi-
emsa (Albor, Bogotá, Colombia). Stained cultures were 
observed under light microscope and the percentage of 
infected cells and quantity of amastigotes per cell were 
determined under 100X magnification. At least 100 cells 
were used to determine the percentage of infection and 
the quantity of amastigotes.

Major histocompatibility complex (MHC) molecule 
expression and cell mortality - Uninfected astrocytoma 
cells (5 x 104) were sub-cultured and infected with T. 
cruzi in 48-well microplates. The expression levels of 
HLA class I and HLA class II molecules and mortality 
were determined at days 2, 4 and 6 p.i. using flow-cy-
tometric analysis of cells from infected and uninfected 
(control) wells. Astrocytoma cells were detached from 
each well as previously described and then incubated 
with 2 µL (12.5 µg/mL) anti-HLA-DR APC (clone L243, 
BD Pharmingen, San Diego, CA, USA) and 1 µL anti-
HLA-ABC FITC (clone G46-2.6, BD Pharmingen) for 
20 min at room temperature (RT) and 5 µL (1 µg/mL) 
propidium iodide (PI) for an additional 5 min in darkness 
(DakoCytomation, Glostrup, Denmark). The cells were 
acquired using a BD FACSCanto II (BD Biosciences, San 
Jose, CA, USA) and analysed using FACSDiva v.6.1.3 
(BD Biosciences). At least 1 x 104 PI-negative cells (live 
cells) were acquired in each experimental condition and 
gated based on cell size and granularity [forward scatter 
(FSC) vs. side scatter (SSC)] using uninfected cells as a 
template. A more comprehensive analysis was performed 
on cells from infected wells; cells with the same size and 
granularity as the controls were considered uninfected 
cells. A second gate was created with larger and more 
granular cells, according to the FSC and SSC patterns, 
which presumably corresponded to infected cells. Mor-
tality was analysed in PI-positive cells and the expression 
markers were measured only on PI-negative cells.

Chemokine expression - Supernatants were collected 
at days 2 and 4 p.i. from infected and uninfected wells. 
The cells were centrifuged for 10 min at 5,400 g and 
stored at -80ºC. The CCL2 (MCP-1), CCL5 (RANTES), 
CXCL8 (IL-8), CXCL9 (MIG) and CXCL10 (IP-10) con-
centrations in the supernatants were measured using a 
BD cytometric bead array human chemokine kit (BD 
Biosciences, San Diego, CA, USA). Chemokine concen-
trations were estimated using BD FCAP software v.1.0.1 
(BD Biosciences).

Low-density lipoprotein receptor (LDLr) detection 
- Astrocytes were tested for the presence of LDLr us-
ing two different rabbit polyclonal antibodies: the Ab-
cam antibody 30532 (0.8 mg/mL) directed against the 
LDLr cell-surface epitope (Abcam, Cambridge, MA, 
USA) and the Abcam antibody 52818, which recognises 
an intracellular C-terminal epitope. Astrocytes were in-
cubated with 10 μL of a 1:100 dilution of each primary 
antibodies for 20 min at RT and the cells for the intra-
cellular epitope were fixed with 4% formaldehyde and 
permeated with 0.1% Tween 20 in 1x phosphate buff-
ered saline. After washing, an anti-rabbit Alexa Fluor 
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488 antibody (Molecular Probes, Eugene, OR, USA) was 
added at 1:1000 dilution for 20 min in darkness, followed 
by an additional 5-min incubation with DAPI 30 µg/mL 
(Molecular Probes). The slides were read at 60X under a 
Nikon Eclipse TI fluorescent microscope (Nikon Instru-
ments Inc Melville, NY, USA).

LDLr blockage - LDLr is a putative receptor for T. cru-
zi infection in human-derived fibroblasts (Nagajyothi et 
al. 2011). To determine the participation of this receptor in 
astrocyte infection, cultures containing 5 x 105 cells were 
incubated with 10 μL/mL of cell-surface epitope-specific 
LDLr antibody (Abcam 30532) for 1 h at 37ºC. Next, 5 
x 106 trypomastigotes were added to each well contain-
ing cells incubated with medium alone or with anti-LDLr 
antibody. In some experiments, an anti-rabbit polyclonal 
antibody against human ISG-15 (Cell Signaling, Danvers, 
MA, USA) was used as control. The cultures were allowed 
to grow and the cells were evaluated blindly for infection 
in 4% Giemsa-stained wells as described above.

Statistical analysis - The arithmetic mean, standard 
deviation and percentages were calculated. The Kol-
mogorov-Smirnoff test was used to determine the dis-
tribution of the data. If they had a normal distribution, 
parametric tests (Student’s t and ANOVA) were used; 
otherwise, non-parametric tests (Mann-Whitney U and 
Kruskal-Wallis) were employed. p < 0.05 was considered 
statistically significant. SPSS v.18 was used to perform 
the calculations (IBM, Somers, NY, USA).

RESULTS

T. cruzi infects a human astrocytoma cell line - The 
percentage of infected cells and number of amastigotes 
per cell were determined at days 2-6 p.i. Amastigotes 
were observed within cells 48 h after exposure to T. cru-
zi trypomastigotes. As shown in Fig. 1A, the percentage 
of infected cells increased with time. Indeed, at day 6 
p.i., the majority of cells contained intracellular amastig-
otes. Likewise, the number of amastigotes per cell also 
increased with time (Fig. 1B). More than 300 amastig-
otes were observed in a single astrocyte (Fig. 2A, B), 
inducing an increase in astrocyte cytoplasm and nucleus 
size. Around day 4 p.i., amastigotes transformed into 
trypomastigotes and were then released into the culture 
medium (Fig. 2B), causing a significant increase in the 
percentage of infected cells on day 5 p.i. (Fig. 1A). Based 
on this observation, the flow cytometry gating was per-
formed according to cell size (FSC detection) and cy-
toplasmic complexity (SSC detection) on cells derived 
from uninfected (Fig. 3B) and infected wells (Fig. 3C).

T. cruzi infection does not alter astrocyte proliferation 
but increases mortality - The cells from uninfected and 
infected wells displayed similar numbers of astrocytes at 
each day p.i. (Fig. 3A). The mortality was slightly higher 
in infected cells compared with the cells from uninfected 
wells (Fig. 3B, D) and was especially high in larger cells 
(Fig. 3C), which presumably corresponded to infected as-
trocytes, based on the flow cytometry parameters used. 
Mortality in these infected cells was 3.5 times higher 
compared with the gate of uninfected cells (Fig. 3D).

HLA class I and II expression increases on T. cruzi-
infected astrocytes - HLA class II surface expression 
was induced by T. cruzi infection (Fig. 4A). At days 
2, 4 and 6 p.i., the percentage of cells expressing HLA 
class II molecules was higher in infected cells than con-
trols, (Student’s t test p = 0.008). In the infected wells, 
the gate containing the larger cells showed the highest 
number of cells expressing HLA class II molecules (Fig. 
4A). Meanwhile, in the uninfected cells from wells ex-
posed to the parasite, the expression of HLA class II 
molecules did not differ from cells from uninfected 
wells (Student’s t test p = 0.07). Similarly, the cells from 
infected wells showed a higher mean fluorescence in-
tensity (MFI) of HLA class I molecules than control 
cells (Student’s t test p = 0.022) (Fig. 4B). Cells from the 
parasite-infected wells showed a different HLA class I 
pattern; the larger cells had a higher HLA class I MFI at 
day 6 p.i. (8249.85 ± 3772) compared with normal cells 
(5426.3 ± 2276.59) (Student’s t test p = 0.043). When 
HLA class I expression was compared between control 
astrocytes (uninfected wells) and uninfected astrocytes 
derived from the parasite-exposed wells, the HLA class 
I MFI was also statistically different at days 2 and 4 
(Fig. 4B) (day 2, Student’s t test p = 0.009; day 4, Stu-
dent’s t test P = 0.001).

Fig. 1: astrocytes infection with Trypanosoma cruzi. A: mean and 
standard deviation (SD) of the T. cruzi infected cell percentages ac-
cording to post-infection day. Percentages of infected cells increased 
with time; B: mean and SD of the number of amastigotes per cell. 
Number of amastigotes increased with time as well (n = 5).
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T. cruzi infection induces changes in the secretion of 
various pro-inflammatory chemokines - In all culture 
supernatants (infected and uninfected wells) chemokines 
were barely detected at day 2 p.i. At day 4, the levels of 
CCL5, CXCL9 and CXCL10 in control wells were slightly 
lower than in infected wells. At day 2 p.i., CCL2 was low-
er in supernatants of the supernatants from infected wells 
(1341.91 pg/mL ± 192.83) than control wells (1880.12 pg/
mL ± 295.2). This trend was also seen at day 4 p.i., in 
which the CCL2 concentration in the infected wells was 
1972.24 pg/mL ± 367.29 compared with 5560.67 pg/mL 
± 927.7 in control wells (Student’s t test, p = 2.75 x 10-10) 
(Fig. 5A). CXCL8 concentrations at day 2 p.i. were 55.64 
pg/mL ± 7.73 in the supernatants from the control wells 
and 319.35 pg/mL ± 55 in the infected wells (p = 5.85 x 
10-13). At day 4 p.i., CXCL8 increased from 74.05 pg/mL 
± 7.91 in the control wells to 417.75 pg/mL ± 47.46 in the 
infected wells (p = 5.25 x 10-17) (Fig. 5B).

LDLr blockage enhances T. cruzi infection - Using 
antibodies against the intracellular and extracellular 
epitopes of LDLr, homogeneous expression of LDLr in 
the astrocyte cytoplasm and their corresponding prolon-
gations were observed by immunofluorescence. Fig. 6A 
shows the expression of the surface LDLr on astrocytes. 
Interestingly, 77.84% ± 10.82% of cells pre-incubated 
with the cell-surface LDLr antibody were infected with 

Fig. 2: Giemsa staining of Trypanosoma cruzi in an astrocytoma 
cell line. Cultured cells during the six days post-infection (p.i.) were 
methanol fixed and stained with 4% Giemsa. Selected days are dis-
played. A: intracellular well-defined amastigotes were found in astro-
cytes’ cytoplasm at day 4 p.i. The cellular membrane is intact. Notice 
the long-cytoplasm and smaller nucleus of uninfected astrocytes; B: 
amastigotes differentiated into trypomastigotes and were then re-
leased from astrocytes. As consequence in both cases cell morphol-
ogy of infected cells is affected. 

Fig. 3: infection influences astrocytoma proliferation and mortality. A: 
average cell number and standard deviation (SD) in uninfected wells 
(empty circle; n = 12) and infected wells (black circle; n = 13); B: contour 
plot of uninfected wells where P1 is considered uninfected astrocytes; 
C: contour plot of infected cells where P2 is presumably infected astro-
cytes; D: comparison of mortality (Log scale) in different groups of as-
trocytes using flow cytometry. Cells from uninfected wells were used as 
negative controls (empty bars), cells from infected wells (oblique lines), 
normal cells from infected wells (horizontal lines) and presumably in-
fected cells (black bars) from infected wells. FSC: forward scatter; SSC: 
side scatter. Asterisk means p < 0.05. n = 14, Student t test.
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T. cruzi at day 3 p.i., compared with 46.09% ± 4.58% in 
the control cells (p = 0.0006) (Fig. 6B). The number of 
amastigotes per infected cell was not determined.

DISCUSSION

Here, we found that the CRL-1718 astrocytoma cell 
line is susceptible to infection by T. cruzi and hosts the 
parasite’s vertebrate cycle, which leads to trypomastig-
ote infection of nearby cells. In vitro studies of T. cruzi 
infection and invasion are common and current research 
tools. However, these studies have included different 
human cell lines and parasite genotypes. Human mono-
cytes and macrophages are highly permissive to T. cruzi 
infection, with the early presence of intracellular amas-
tigotes (24 h) (Williams & Remington 1977). HeLa and 
Hep2 cells are also highly susceptible to infection (85% 
and 60-85% infected cells when using a 1:40 and 1:10 
cell:parasite ratio, respectively) (Sartori et al. 2003, Faria 

et al. 2008). These findings agree with ours despite the 
fact that the amastigotes used in our system had a bet-
ter morphology. Vero and BESM (bovine muscle) cells 
are less susceptible to T. cruzi infection. Vero cells are 
either 1% or 8% infected 18 h or five days p.i. with a 1:10 
cell:parasite ratio using different T. cruzi strains (Pires 
et al. 2008). Similarly, BESM display a 1-4% infection 
rate with similar culture conditions (Dvorak & Howe 
1976). It seems that cell lines differ in susceptibility to 
T. cruzi according to the presence of sialic acid residues 
on the cell surface (Schenkman et al. 1993); such carbo-
hydrate moieties seem to be crucial to parasite invasion 
(Epting et al. 2010). Previously, non-glial-derived cells 
have been used for T. cruzi infection. Compared with 
reports on human cell lines, the astrocytoma cells used 
here were highly susceptible to T. cruzi infection, with 
50% of cells infected at day 3 p.i. and 90% infection at 
day 6 p.i. with 1:10 cell:parasite ratio. Despite the fact 
that mortality was higher in the infected astrocytes due 
to trypomastigote release, the number of cells in wells 

Fig. 4: major histocompatibility complex (MHC) I and II expression 
on infected astrocytoma cell line. A: mean and standard deviation 
(SD) of cells expressing MHC II according to the day post-infection 
(p.i.). Uninfected wells used as negative controls (empty bars), cells 
from infected wells (oblique lines), normal cells from infected wells 
(horizontal lines) and presumably infected cells (black bars) from in-
fected wells; B: mean fluorescence intensity (MFI) and SD of MHC 
I on astrocytes according to the day p.i. Groups were defined as in A. 
Asterisk means p < 0.05. n = 14, Student t test.

Fig. 5: chemokine secretion on supernatants infected astrocytoma cell 
line. A: mean and standard deviation (SD) of CCL2 concentration on 
supernatant at day 2 and 4 post-infection (p.i.) in supernatants on con-
trols (empty bars) and infected wells (black bars); B: mean and SD of 
CXCL8 concentration on supernatant at day 2 and 4 p.i. on superna-
tants controls (empty bars) and infected wells (black bars). n = 15.
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exposed to the parasite remained quite similar to that of 
the uninfected cells. It is plausible that parasites induced 
astrocyte proliferation; this phenomenon has been de-
scribed in primary human vascular smooth muscle cells, 
in which T. cruzi infection induces cell proliferation 
(Hassan et al. 2006).

The MFI of MHC class I molecules in infected cells 
was higher than in uninfected cells. This result corre-
lates with the endogenous antigen-processing pathway, 
which normally functions to present antigens during in-
tracellular infection (Goldszmid & Sher 2010), such as T. 
cruzi infection. The percentage of cells expressing MHC 
II molecules increased mainly on infected cells, which 
demonstrates that the exogenous pathway of antigen pre-
sentation is also active during T. cruzi infection, perhaps 
due to antigen release after the parasite bursts from the 
cells. Astrocytes can express HLA class II molecules in 
vivo, as demonstrated in CNS viral infections in mouse 
models (Hamo et al. 2007), as well as in vitro in human 
astrocytes (Hirayama et al. 1988). In contrast, other par-
asites, such as T. gondii, downregulate the expression of 
HLA-DR in infected glioblastoma cell lines (Lüder et al. 
2003). Interestingly, IFNγ-activated astrocytes can act as 

antigen-presenting cells and activate CD4+ helper T cells 
in multiple sclerosis and experimental autoimmune en-
cephalitis (Hirsch et al. 1983, Fontana et al. 1984, Soos et 
al. 1998). Our results suggest that parasitic antigens can 
be presented in both HLA antigen-processing pathways 
by infected astrocytes during a CNS infection and prob-
ably induce a T cell response. This mechanism could ex-
plain the devastating progress of T. cruzi CNS infection 
in AIDS patients who have a low number of CD4+ T cells 
(Pittella 2009, Cordova et al. 2010).

Several glioblastoma cell lines and human primary 
astrocyte cultures produce all the chemokines tested here 
(Oh et al. 1999). In this study, T. cruzi infection influ-
enced the production of CXCL8 and CCL2 by astrocytes. 
Indeed, CXCL8 secretion increased but CCL2 produc-
tion decreased in supernatants collected from infected 
cells. CXCL8 and its murine equivalent induce neutro-
phil activation and chemotaxis (Tani et al. 1996). Indeed, 
mice infected with T. cruzi in the CNS display tissue in-
filtration, predominately by mononuclear cells, at day 42 
p.i. and by some neutrophils at day 30 (Silva et al. 1999). 
Interestingly, CNS infection with JHMV coronavirus 
promotes earlier neutrophil infiltration, which seems to 
be indispensable for the permeabilisation of the blood-
brain barrier and allows mononuclear cell infiltration 
for infection control (Zhou et al. 2003). Regarding CNS 
involvement, little is known about the pathogenesis of 
T. cruzi infection, but the breakdown of the blood-brain 
barrier by innate immune cells is an important initial 
step that precedes the T cell infiltration of the CNS dur-
ing infection. At day 4 in this study, infected astrocytes 
displayed CXCL8 upregulation, an important factor for 
neutrophil chemotaxis. Astrocytes are the main source 
of CCL2 production in the CNS and increased levels of 
CCL2 induce endothelial dysfunction in reorganising the 
tight junction proteins, consequently increasing blood-
brain barrier permeability (Roberts et al. 2012). Here, T. 
cruzi infection of astrocytes decreased CCL2 production, 
which suggests a possible defence mechanism that astro-
cytes elicit after intracellular infection in an attempt to 
inhibit macrophage and lymphocyte entry into the CNS.

Finally, in our model, we could not determine wheth-
er the LDLr plays a major role in T. cruzi infection, as 
demonstrated for other human primary cell lines (Na-
gajyothi et al. 2011). Astrocyte pre-incubation with an 
LDLr antibody that recognised the cell-surface epitope 
did not decrease the percentage of infected cells. T. cruzi 
can infect cells using other surface molecules, such as 
the neurotrophic TrkC receptor on glial cells (Weinkauf 
et al. 2011).

Overall, our work indicates that astrocytes are highly 
susceptible to T. cruzi infection and can induce the ini-
tial steps that trigger a protective immune mechanism, 
such as antigen presentation and chemokine secretion, 
as seen in immune-competent individuals with T. cruzi 
CNS infection.
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Fig. 6: infection of astrocytes in presence of low-density lipoprotein 
receptor (LDLr) antibodies. A: immunofluorescence of astrocyto-
ma cell line with LDLr antibodies that recognised an extracellular 
epitope; B: mean and standard deviation of infection percentage in 
cells from control or LDLr-antibody inhibited astrocytes.
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