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A B S T R A C T

American Trypanosomiasis, a parasitic disease produced by Trypanosoma cruzi (T. cruzi), endemic in Latin
America, infects about 6 million people. During the chronic stage of the infection, approximately 30% of infected
people will develop Chagas Disease, the clinical manifestation. Few decades ago it was reported that, during the
chronic stage, the parasite interferes with the development of solid tumors. However, the identification of
parasite molecules responsible for such effects remained elusive. Years later, we described T.cruzi Calreticulin
(TcCalr), an endoplasmic reticulum resident chaperone that infective trypomastigotes translocate to the parasite
exterior, where it displays anticomplement activities. Most likely, at least some of these activities are related
with the antitumor properties of TcCalr, as shown in in vitro, ex vivo, in ovum, and in vivo models. In this context
we, we have seen that in vivo subcutaneous peritumoral inoculation of rTcCalr enhances local infiltration of T
cells and slows tumor development. Based on these precedents, we propose that in vitro treatment of a mammary
adenocarcinoma (TA3 cell line) with rTcCalr, will enhance tumor immunogenicity. In agreement with this
proposal, we have shown that: i). rTcCalr binds to TA3 cells in a concentration-dependent fashion, ii). C1q binds
to TA3 cells in an rTcCalr-dependent fashion, confirmed by the reversion attained using anti-TcS (a central
TcCalr domain that binds C1) F(ab’)2 antibody fragments, iii). incubation of TA3 cells with rTcCalr, promotes
cell phagocytosis by murine macrophages and, iv). rTcCalr decreases the membrane expression of MHC class II,
m-Dectin-1, Galectin-9 and PD-L1, while increasing the expression of Rae-1γ. In synthesis, herein we show that in
vitro treatment of a murine mammary adenocarcinoma with rTcCalr enhances phagocytosis and modulates the
expression of a variety of membrane molecules that correlates with increased tumor immunogenicity.

1. Introduction

Herein we propose that in vitro treatment of a murine mammary
adenocarcinoma with Calreticulin, a Trypanosoma cruzi endoplasmic
reticulum chaperone, enhances phagocytosis and modulates the ex-
pression of a variety of membrane molecules that, in vivo, should cor-
relate with increased tumor immunogenicity.

The term Cancer involves more than 200 pathologies that attack all
body tissues. Even though cancer is not commonly infectious, when
considering the types with more prevalence in humans, it can be said

that it behaves as a global pandemic (World Health Organization,
2015). It is a pathology with a quick development and a varied degree
of lethality, that starts with changes in a unique cell. Once these cells
start proliferating without control, they can form a primary tumor, and
eventually metastasize (Klein, 2008) in the same or to other tissues.
There is a series of changes that cells must undergo to transform into
tumor cells. In this context, Hanahan and Weinberg described, in 2011,
that the cells must: i). maintain a sustained proliferative signaling, ii).
evade cellular growth suppressors, iii). activate invasive and metastatic
processes, iv). enable replicative immortality, v). induce angiogenesis,
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vi). resist cellular death, vii). deregulate its own energetic capabilities,
viii). evade an immune response, ix). generate genomic instability and
mutations and, x). generate a pro-tumor inflammation (Hanahan and
Weinberg, 2011).

Up to 2013, female breast cancer has shown the greatest global
incidence, with a steady increase in the number of cases through the
years (Cancer Research UK, 2012). Risk factors for this type of cancer
are genetic, biologic, environmental, behavioral or social in nature.
Some of the main risk factors are the mutation of the BRCA gene (Njiaju
and Olopade, 2012), alcohol or tobacco consumption (Hamajima et al.,
2002), or a long term use of birth control pills (Collaborative Group on
Hormonal Factors in Breast, 1996), among many others. In general,
breast tumors are classified as sarcomas or adenocarcinomas, being the
latter the most prevalent one (American Cancer Society, 2015). This
tumor starts with the transformation of cells from the epithelium of the
mammary gland tissue, that may invade near normal tissues. Given the
characteristics of this pathology, in a high number of cases, the patient
gets diagnosed in an advanced stage of the disease, one of the main
reasons for the high lethality seen in pathology. However, the death
rate has decreased over time (Ferlay et al., 2015), since the general
population is more informed, there is more accessibility and better tools
for early diagnosis and better therapies are available. In the last few
years, the morpho-histologic characteristics of the tumor have been
proposed as possible bio-markers. This has led to a sub-classification of
breast cancer, depending on molecules that are either overexpressed or
reduced on their membrane, including ER+ (positive to Estrogen Re-
ceptor), HER+ (Positive to HER2) or TNBC (Triple Negative Breast
Cancer) (Malhotra et al., 2010).

Conventional anti-tumor therapies often carry a big load, both
economical and psychological, together with a wide range of adverse
effects, including irreversible systemic damage or even death.
Therefore, it is of the utmost importance to keep searching for treat-
ments with a better access and less adverse secondary effects.

Chagas Disease is a chronic ailment, practically incurable, first
identified in 1909 by Dr. Carlos Chagas (Chagas, 1909). It is endemic in
the region comprehended between Mexico’s northern border, and ap-
proximately Chile’s central region. Around 6 to 7 million infected pa-
tients have been detected in Latin America and the Caribbean with
about 30% presenting different stages of the disease (Hotez et al.,
2012). Given the recent increase in migratory phenomena, among other
processes, the infection has gone global, with about a million infected
in the US and several hundred thousand in other non-endemic regions
(Coura and Vinas, 2010).

The etiological agent is the hemoflagellate, intracellular protozoa T.
cruzi, transmitted to mammalian hosts through the bite of “kissing
bugs”, hematophagous arthropods from the Triatominae family. In
Chile, there have been identified four main species: Triatoma infestans
(domiciliary), Mepraia spinolai (wild environment), Mepraia gajardoi
and Mepraia parapatrica (both in the coastal environments) (Canals
et al., 1998; Canals et al., 2000; Frias-Lasserre et al., 2010; Ordenes
et al., 1996).

The disease has two clinical stages: acute and chronic (Chagas,
1911). The acute phase starts a few days after the bite, where the host
develops clinical signs like fever, head and muscular pain, and shivers
(Rassi et al., 2010). This phase lasts approximately 30 days, when high
parasitemia and cellular parasitism are evident. The chronic phase
presents variable symptomatology and duration. The main symptoms
are cardiomegaly, megacolon and megaesophagus and, in some cases, a
certain degree of peripheral nervous lesions (Apt et al., 1980; Arribada
et al., 1990; Dias, 1989).

In 1946, the Russian couple of scientists, Grigorii Roskin and Nina
Klyuyeva, described the usage of a T. cruzi preparation that decreased
in tumor volume and, in occasions, it mediated complete remission, in
both murine and human models (Kliueva and Roskin, 1963). This for-
mulation, known as KR preparation, was prescribed as an anti-cancer
treatment (Krement︠s ︡ov, 2002). Years later, Mérieux Laboratory in

France commercialized a form known as Cruzin Antibiotic, later dis-
continued because the mechanism of action was still unknown. Several
recent studies have confirmed the antitumor effects described for T.
cruzi infection, observing that: i. Rats infected with T. cruzi resist che-
mically induced carcinomas (Oliveira et al., 2001), ii. T. cruzi has
tropism for tumor cells (Kallinikova et al., 2001). iii. A non-pathogenic
T. cruzi clone used as a vector for a testis tumor antigen activated T cells
(Junqueira et al., 2010), and iv. Rats treated with a T. cruzi extract show
a strong CD4+ and CD8+ antitumor response (Ubillos et al., 2016).
However, in all these papers, there was no identification of a parasite
molecule as, at least partially, responsible for such antitumor effects.

In 1991 we described T. cruzi Calreticulin (TcCalr) (Aguillon et al.,
1995; Aguillon et al., 2000; Aguillon et al., 1997; Ramos et al., 1991)
(formerly known as TcCRT), a 45 kDa protein, functional and structu-
rally homologous to human CALR (HuCALR) (Ferreira et al., 2004). It
has an N-terminal domain, with antiangiogenic and antitumor proper-
ties; a P domain, rich in proline and a C-terminal domain. Both P and C
domains actively participate in the calcium homeostasis process
(Michalak et al., 1999). A central S domain, spanning part of the N and
P domains, inhibits the mammal Complement System by binding the q
sub-unit of the first component (C1q) of the Classical Pathway (Ferreira
et al., 2004; Valck et al., 2010), as well as MBL (Cestari Idos et al.,
2009) and Ficolins (37) from the Lectin pathway (Sosoniuk et al.,
2014). As HuCALR, rTcCalr is antiangiogenic in vitro, in vivo, ex vivo and
in ovum (Lopez et al., 2010; Molina et al., 2005; Toledo et al., 2010),
with higher activity, when compared with its human counterpart. It is
also an important parasite virulence factor (Castillo et al., 2013;
Ramirez et al., 2011) and promotes healing (Arias et al., 2018; Ignacio
Arias et al., 2015).

We have described that the peritumoral inoculation of rTcCalr, ei-
ther in mammary adenocarcinoma or melanoma models, decreases the
proliferative level of tumor cells in vitro, and the tumor volume in vivo
(Abello-Caceres et al., 2016; Ramirez-Toloza et al., 2014). The in vivo
antitumor effects of the recombinant protein are practically identical to
those obtained with the parasite infection and, in both cases, this effect
is reverted with anti-rTcCalr antibodies, but not by their pre-immune
counterparts (Abello-Caceres et al., 2016).

We have also proposed that TcCalr binding to Scavenger receptors
diminishes the neoangiogenic process, decreasing nutrient and oxygen
levels, otherwise available and necessary for tumor growth. This could
lower the level of tumor metastasis, and also promote endoplasmic
reticulum (ER) stress and the consequent translocation of chaperones in
mammalian tumor cells. Furthermore, TcCalr is phylogenetically closer
to Calr from vegetables, such as Arabidopsis thaliana, than to mamma-
lian Calr, both the human and murine versions included (Weinberger
et al., 2017). This is why, among other possibilities, TcCalr could act as
a tumor-specific antigen upon interacting with tumors, thus con-
tributing to force tumor immunogenicity in vivo.

Even though the molecular mechanism by which TcCalr could be
exerting its antitumoral activity is partially described (Abello-Caceres
et al., 2016), there is consensus in the fact that a primary action of the
parasite chaperone inoculated peritumorally would be one of anti-
angiogenic nature. This could mediate stress in tumor cells, stimulating
an immune response (i.e. immunogenic cell death). On the other hand,
the antitumoral action of rTcCalr could be related to stimulation of
macrophages, NK cells, or even Cytotoxic T cells. In the antitumor re-
sponse, TcCalr may act as a DAMP, similarly to its human counterpart.
In this case, HuCALR, translocated to the cell membrane, promotes
cellular phagocytosis. Moreover, CALR binds to molecules such as
CD40 L, FasL or even TRAIL (Duus et al., 2007).

Based on the previous considerations, we propose that in vitro
treatment of a murine mammary adenocarcinoma with rTcCalr will
modulate the expression of a variety of membrane bound molecules
that correlate with increased phagocytosis and tumor immunogenicity.
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2. Materials and Methods

2.1. TA3 cells

TA3 cells were kindly donated by Dr. Jorge Ferreira (Department of
Pharmacology, Faculty of Medicine, Universidad de Chile, Chile). This
is a mammary adenocarcinoma cell line, non-adherent, obtained di-
rectly from tumors by Hauschka (Hauschka, 1953). The cells were
maintained in 25ml of DMEM, supplemented with 20% fetal bovine
serum (FBS), 1% penicillin/streptomycin, and 1% L-glutamine, and
passed every other day to a new bottle. Then, the cells were centrifuged
at 142 g for 5m, and resuspended in 5ml of DMEM. 1ml of that sus-
pension was then transferred to a new bottle and 24ml of fresh medium
were added.

2.2. K41 cells

K41 cells are a murine embryonic fibroblast (MEF) cell line, ad-
herent, obtained directly from mice (Mesaeli et al., 1999). The cells
were maintained in 10ml of DMEM, supplemented with 10% FBS, 2%
penicillin/streptomycin, and 2% L-glutamine, and passed to a new
bottle when 80% confluence was reached. Then, the cells were released
with trypsin and centrifuged at 142 g for 5m, resuspended in 5ml of
the described medium. Then 1ml of that suspension was then trans-
ferred to a new bottle and 9ml of fresh medium were added.

2.3. Raw 264.7 cells

These cells correspond to a commercial, adherent, murine macro-
phage cell line (ATCC©, TIB-71™). The cells were processed as de-
scribed above, except that RPMI supplemented with 10% FBS, 1% pe-
nicillin/streptomycin and 1% L-glutamine was used, instead of DMEM.

2.4. Labeling of rTcCalr with Alexa-660 and FITC

rTcCalr was labeled with the Alexa Fluor™ 660 Protein Labeling Kit
or FluoReporter FITC Protein Labeling kit (both from Invitrogen,
California, USA), following manufacturer’s instructions. Briefly, rTcCalr
at 2mg/ml was mixed with the dye, stirred for 1 h in the darkness,
passed through a resin column (provided by the manufacturer) and
collected.

2.5. Binding of rTcCalr to TA3 cells

105 TA3 cells were treated with 0-4 μM of rTcCalr labeled with
Alexa-660 (A-rTcCalr) or FITC (F-rTcCalr) for 30m at room tempera-
ture. Then, the cells were washed three times with PBS 1X by cen-
trifugation at 142 g for 5m and analyzed by Flow Cytometry, using a
BD LSRFortessa Cytometer (BD Bioscience, New Jersey, USA).

2.6. Evaluation of rTcCalr-mediated C1q binding

105 TA3 cells were treated with 16 μM rTcCalr, as described, and
then incubated with 0.05-0.4 μM C1q (Complement Technologies,
Tyler, Texas, USA), for 30m at room temperature. Afterwards, the cells
were washed three times by centrifugation at 142 g. As negative con-
trols, C1q binding was blocked with F(ab’)2 anti-TcS antibody frag-
ments (Aguilar et al., 2005) and, alternatively, the cells were incubated
with C1q, in the absence of rTcCalr. C1q was detected with an anti-C1q
antibody labeled with FITC (Dako, California, USA) and measured by
Flow Cytometry.

2.7. TA3 cells rTcCalr- or C1q-dependent phagocytosis

105 TA3 cells were stained with a 5 μM CFSE solution for 10m at
37 °C. Then, the cells were incubated with rTcCalr, C1q, or both

subsequently for 30m at room temperature. Simultaneously, Raw 264.7
cells were starved in un-supplemented RPMI for 2 h. Afterwards, they
were stained with Calcein Violet AM (BioLegend, California, USA),
following manufacturer’s instructions. Later, the cells were co-cultured
(1:2, TA3 : Raw 264.7) for 3 h with gentle orbital shaking, at 37 °C. As a
negative control, TA3 cells treated with rTcCalr and C1q were co-cul-
tured with Raw 264.7 cells at 4 °C. Cells were then analyzed by Flow
Cytometry, and the percentage of phagocytosis was measured by
double staining.

2.8. rTcCalr preferential binding to tumor cells and to fibroblasts

TA3 cells were stained with CFSE as described, while K41 cells were
stained with Calcein Violet AM. Then, 105 TA3 cells were mixed with
105 K41 cells and incubated with 1 μMA-rTcCalr for 0.5 and 2 h at
room temperature, in the darkness. The cells were then washed three
times with PBS 1X at 142 g for 5m, and analyzed by Flow Cytometry
and double staining (Alexa-660+/CFSE+ vs Alexa-660+/Calcein
Violet AM+) percentage was compared.

2.9. Evaluation of an immunomodulatory role for rTcCalr

3×105 TA3 cells were stimulated for 48 h with 25 and 50 μg of
rTcCalr. As controls, cells were stimulated with 25 and 50 μg of Bovine
Serum Albumin (BSA) or with 25 IU/ml of IFNγ. Given that rTcCalr is
purified using an E. coli expression model, we also evaluated the effect
of LPS present in the protein solution. After the stimulation, the cells
were washed three times with PBS 1x, by centrifugation at 142 g for
5m, at room temperature, followed by staining with the following
monoclonal antibodies: i). Anti H2Kk (mouse, 36-7-5), ii) Anti I-Ak

(mouse, 10-3.6), iii) Anti CD16/32 (rat, 93), all from BioLegend,
California, USA, iv) Anti m-Dectin-1 (rat, R1-8g7) (InvivoGen,
California, USA), v) Anti B7.H3 (rat, MIH35) (BioLegend), vi) Anti
B7.H4 (rat, 188) (eBioscience, California, USA), vii) Anti Galectin 9
(rat, 108A-2) and viii) Anti PD-L1 (rat, 10 F.9G2) (both from
BioLegend).The cells were then washed, and incubated with an anti-
mouse IgG or anti-rat IgG labeled with FITC, an Anti-Rae-1γ-PE
(Biolegend), and the respective isotype control, for 30m, at 4 °C in the
darkness. Then, the cells were washed and analyzed by Flow
Cytometry.

2.10. Bioethical Considerations

Given the nature of the biological reagents and cells used in this
investigation, no bioethical certifications were required.

2.11. Statistical Validations

rTcCalr, C1q and rTcCalr binding to murine tumor cells and fibro-
blasts, and to both cell types simultaneously present, was analyzed with
a two-way ANOVA. To compare the fluorophores’ influence in rTcCalr
binding, a correlation assay and a Wilcoxon’s Rank Sum Tests were
performed. When C1q binding was blocked with F(ab’)2 fragments, the
phagocytosis assay or the expression changes in immunomodulatory
molecules were evaluated using Student’s t-Tests.

3. Results

3.1. rTcCalr binding to TA3 cells is concentration-dependent and
fluorophore independent

Even though we have previously shown the antitumor effects of
rTcCalr, evaluation of its binding to the cellular membrane is necessary.
rTcCalr was labeled with FITC (F-rTcCalr) or with Alexa-660 (A-
rTcCalr), as described in methods. Then, TA3 cells were incubated with
increasing concentrations of F-rTcCalr or A-rTcCalr and later analyzed
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by Flow Cytometry. We observed an increase in the fluorescence with
A-rTcCalr (Fig. 1A) and with F-rTcCalr (Fig. 1B). The GMeans obtained
for each probe were similar (p=0.8087) independently of the fluor-
ophore used for labeling, and the increase observed in the GMeans was
concentration-dependent (p= 0.0246) (Fig. 1C). Moreover, both curve
slopes were also similar (p= 0.9538) (Fig. 1D). On the other hand, a
strong correlation between the binding of both reagents (r= 0.9814,
p < 0.0001) is evident, indicating that both fluorophores do not in-
fluence rTcCalr binding to the cellular membrane (Fig. 1E).

3.2. C1q binds to TA3 cells, both in a rTcCalr dependent and independent
ways

TA3 cells were treated with rTcCalr, as previously described.
Afterwards, the cells were incubated with increasing concentrations of
C1q. As a negative control, inhibition of C1q binding to rTcCalr was
attempted, using F(ab’)2 antibody fragments anti-rTcCalr S domain
(anti-TcS) and incubated with C1q in the absence of rTcCalr. Even
though we detected C1q binding to the cells, we did not observe dif-
ferences at the C1q concentrations used. However, the binding was
rTcCalr dependent (Fig. 2C). In Figs. 2A and 2B we show representative
C1q binding histograms in rTcCalr treated (2A) or untreated (2B) cells.
Perhaps, at the concentrations used, the system was saturated. The
rTcCalr dependency is also confirmed when using F(ab’)2 anti-TcS an-
tibody fragments at twice the rTcCalr concentration, that partially re-
verted the C1q binding (Fig. 3A). In Fig 3B we show a representative
histogram.

3.3. rTcCalr binding to tumor cell promotes phagocytosis by murine
macrophages

TA3 cells were stained with CFSE and pre-incubated with rTcCalr,
C1q or both, and then co-cultured with starved, Calcein Violet AM-
stained Raw 264.7 murine macrophages, for 3 h, at 37 °C. As shown in
Fig. 4, when treated only with rTcCalr, the number of phagocytosed
cells (as seen by the double positive percentage) increases, both over
the basal phagocytosis or the negative control performed at 4 °C.

3.4. rTcCalr binds equally to TA3 tumor cells or K41 MEF cells

TA3 and K41 MEF cells were intracellularly stained with CFSE and
Calcein Violet AM, respectively. Afterwards, they were mixed in equal
parts and the mixture or a sample of each individual cell, were in-
cubated with A-rTcCalr for 0.5 and 2 h. When comparing the binding to
each cell type individually, a higher level of binding to K41 MEFs cells
was observed (Fig. 5A). However, when the two cell types were mixed
no preferential binding was detected (Fig. 5B).

Up until now, the mechanisms we have described for the antitumor
effect of rTcCalr are mainly mediated by inhibiting tumor angiogenesis
and promoting phagocytosis by binding to the tumor cell, recruiting
C1q and thus starting this process. However, given the nature of CALRs
in general, it may as well modulate the expression of certain surface
molecules that could enhance an antitumor immune response. These
possibilities indicated the need to measure the cellular surface expres-
sion of the following molecular groups:

Fig. 1. rTcCalr binding to TA3 cells is concentration-dependent and it is not influenced by the fluorophore used. rTcCalr labeled with either FITC or Alexa-660
behaves similarly in their binding to TA3 cells. TA3 cells where incubated with increasing concentrations of rTcCalr labeled with either Alexa-660 (A) or FITC (B).
When comparing both Calrs (C), binding of the protein is similar, irrespective of the fluorophore used (p=0.8087) and the binding is concentration-dependent
(p=0.0246). Similar curves were obtained for the concentration-dependent binding of rTcCalr, regardless of the labeling (D) (p=0.9538). A similar result is
obtained when the data generated with both fluorophores are correlated (E) (r= 0.9814, p < 0.0001). Data are representative of three repetitions. Bars show SEM.
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3.5. rTcCalr decreases MHC class II membrane expression

TA3 cells were incubated for 48 h with rTcCalr, BSA, IFNγ and LPS.
After the treatment, cells were washed, and incubated with monoclonal
antibodies anti-H2Kk, anti-I-Ak and the respective isotype control.
Finally, the samples were analyzed by Flow Cytometry. Under these
conditions, treatment with rTcCalr leads to a decrease in MHC II
(Fig. 6B) and an increase in MHC I (Fig. 6A). Even though the decrease
in MHC II is achieved only with rTcCalr stimulation, the increase in
MHC I is not different from that achieved with LPS. Figs. 6C and 6D
show representative histograms.

3.6. rTcCalr decreases m-Dectin-1 membrane expression

The procedure was the same as described, but in this case the cells
were incubated with a rat monoclonal antibody anti-CD16/32, anti-m-
Dectin-1 and the respective isotype control. Finally, the samples were
analyzed by Flow Cytometry. The treatment with rTcCalr leads to a
decrease both in CD16/32 (Fig. 7A) and in m-Dectin-1 (Fig. 7B). In the
case of CD16/32, the decrease achieved is not different from that of
LPS. Figs. 7C and 7D show representative histograms. Bars show SEM.

3.7. rTcCalr decreases the membrane expression of Galectin-9 and PD-L1,
while increases Rae-1γ

The procedure used was previously described, but in this case the

tumor cells were incubated with rat monoclonal antibodies anti-B7.H3,
B7.H4, Galectin-9, PD-L1 and Rae-1γ. The treatment with rTcCalr in-
creases the expression of Rae-1γ (Fig. 8E), decreases the expression of
PD-L1 (Fig. 8D) and Galectin-9 (Fig. 8C), while it does not modify the
expression of B7.H4 (Fig. 8B) and, specifically, of B7.H3 (Fig. 8A).
Figs. 8F-J show representative histograms.

4. Discussion

The proposal of Roskin and Klyuyeva, that in vivo parenteral T.cruzi
cell extracts had anti-tumor effects both in mice and humans, was fol-
lowed by a series of reports corroborating such observations. (Kliueva
and Roskin, 1963). More recently, our laboratory has provided evi-
dences that TcCalr, translocated from the ER to the parasite exterior
mediates, at least in important part, this effect (van Tong et al., 2017,
Ferreira et al., 2004). Here, we propose that cells of a murine mammary
adenocarcinoma, TA3, treated with rTcCalr, will display increased in
vitro tumor immunogenicity, as judged by the chaperone capacity to
modulate both phagocytosis (in the presence or absence of C1q) and the
expression of membrane molecules known to be involved in promoting
an effective immune response.

We first determined that both F-rTcCalr and A-rTcCalr versions bind
equally to the TA3 murine mammary adenocarcinoma, as determined
by Flow Cytometry (Fig. 1A-C). We also showed that this binding in-
creased in parallel with increasing concentrations of the protein and
that the kinetics of both curves are similar (Fig. 1D-E). In both of the

Fig. 2. C1q binds to TA3 cells in an rTcCalr-
dependent way. TA3 cells were incubated (A)
or not (B) with one concentration of rTcCalr
and afterwards with increasing concentrations
of C1q. Data were normalized and then both
curves were compared (different concentra-
tions of C1q in the presence or absence of
rTcCalr) (C). There is an rTcCalr-dependent
C1q binding (p= 0.0008), but no differences
were observed with the variable C1q con-
centrations used (p=0.9757). Data are re-
presentative of four repetitions. Bars show
SEM.

Fig. 3. C1q binding to TA3 cells can be par-
tially reverted by anti-TcS F(ab’)2 antibody
fragments: After treating TA3 cells with
rTcCalr, they were incubated with different
concentrations of F(ab’) 2 antibody fragments,
derived from immune or pre-immune sera. At
32 μM, the anti-TcS antibody fragments (A)
were effective. B shows a representative his-
togram. A decrease in C1q binding is evident in
the lower peak (red line). Data are re-
presentative of four repetitions. Bars show
SEM.
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representative histograms presented (Fig. 1A and 1B), the system did
not reach saturation with the rTcCalr concentrations used, shown by
the 2 peaks present in all the treatments. Moreover, the distribution
observed at the highest TcCalr concentration used (4 μM) (in-
dependently of the fluorophore used), correlates with this notion,
leaving open the possibility of additional protein binding.

We then evaluated whether TcCalr treatment increases the tumor
cell capacity to bind C1q. We observed that there is an increase in C1q
binding to rTcCalr treated, as compared to untreated cells (Fig. 2C).
Figs. 2.A and 2.B show that there are no differences between the his-
tograms at increasing C1q concentrations. The rTcCalr dependency of
C1q is further confirmed when using F(ab)’2 anti-TcS antibody frag-
ments, which diminish C1q binding when using twice as much con-
centration than the one used for rTcCalr (Fig. 3A). As discussed below,
C1q binding in the absence of rTcCalr is feasible, probably given its
capacity to bind phosphatidyl serine (Paidassi et al., 2008).

Once both rTcCalr, and rTcCalr-mediated C1q bindings were con-
firmed, we evaluated whether this treatment influences the phagocytic
activity of murine macrophages co-cultured with the treated tumor
cells. Treatment with rTcCalr enhances phagocytosis by the murine

macrophage cell line (Raw 264.7) (Fig. 4), at a higher level than that
achieved only with C1q, and even higher than the negative control.
Unexpectedly, the basal phagocytic levels and that observed in the
TcCalr+C1q treated group, are similar. Perhaps, the heat inactivated
FBS supplementing the RPMI used in the Raw 264.7 culture still carried
some active C1q that could remain attached to the macrophages
(“mC1q”). This could, in turn, engage with the rTcCalr bound to the
tumor cells, starting the phagocytosis process. In cells that were pre-
treated with both rTcCalr and C1q, the “mC1q binding sites” could be
already occupied with bovine C1q, with no increase in phagocytosis.
This pro-phagocytic role of C1q has been also shown in different
models. It has been shown that the interaction between TcCalr and C1q
is essential in the phagocytosis-like process that T.cruzi uses for cell
invasion in the infective process, as shown by Ramirez et al (Ramirez
et al., 2011). In mammals, the binding of C1q to Calr is a known “eat-
me signal”, since Calr can translocate in response to apoptotic signals,
bind C1q and recruit macrophages to start the apoptotic process (Park
and Kim, 2017).

If the parasite chaperone displays a specific binding affinity for
tumors, a possible translation into a clinical model could be envisaged.
To evaluate this possibility, we designed an in vitro approach where we
mixed TA3 tumor cells with K41 MEFs and then incubated the mixture
with a single concentration of A-rTcCalr, for different periods (Fig. 5B).
rTcCalr binding to both cell types was not different. Noteworthy, when
incubating with each cell individually, rTcCalr did bind more to MEFs
than to TA3 cells (Fig. 5A). Even though the receptor for Calreticulin on
the cellular membrane has not been identified, it has been shown that
the chaperone binds to CD91 (low density lipoprotein-related protein)
(Basu et al., 2001) or phosphatidylserine (PS) (Tarr et al., 2010). This
lipid is usually in the inner leaflet of the cellular membrane and it can
be translocated to the external leaflet during apoptosis processes or
injuries, with consequent activation of the complement system (Fadok
et al., 1992). This translocation has also been described in tumor cells,
where PS behaves as a cancer biomarker (Sharma and Kanwar, 2018).
Maybe, TA3 cells express high levels of PS on the cellular surface, while
K41 cells express normal levels of CD91 or other normal ligands for
Calreticulin, in a relative absence of PS. Thus, the larger percentage of
positive K41 cells could be explained by a smaller number of molecules
available for rTcCalr binding. In this context, PS translocation could
mean more molecules per cell available, thus yielding a lower percen-
tage of positive cells when analyzing the TA3 lineage.

We then tested the possibility that rTcCalr has an effect on the ex-
pression of some tumor proteins with known immune modulatory ef-
fects. Thus, we measured the expression of MHC class I and II mole-
cules, to preliminary evaluate the potential capacity of this tumor cell
line to cross present rTcCalr-derived peptides to T CD8+ and CD4+

cells. Treatment with rTcCalr increases the MHC I expression in the
cellular membrane (Fig. 6A). However, the change achieved was not
different than that seen with the treatment with LPS. For MHC II, we
observed an rTcCalr concentration-dependent decrease in the

Fig. 4. rTcCalr enhances tumor cell phagocytosis. CFSE pre-stained TA3 cells
were incubated with rTcCalr, C1q or both, and then co-cultured with Calcein
Violet AM pre-stained and starved Raw 264.7 murine macrophages, for 3 hrs.
As a negative control, stained TA3 cells incubated with both rTcCalr and C1q
were co-cultured with macrophages at 4 °C. Data shown are representative of
three repetitions. Bars show SEM.

Fig. 5. rTcCRT does not bind preferentially to
tumor cells in an in vitro model. Pre-stained
TA3 cells or K41 MEFs were incubated alone
with A-rTcCALR (A) or mixed in equal num-
bers prior to incubating for 0.5 or 2 h (B).
Then, double positive fluorescence percentages
were compared. When incubating A-rTcCALR
with each cell type individually, the chaperone
bound preferentially to K41 MEFs
(p=0.0124). When comparing binding in a
cell-type and time dependent fashion using a
two-way ANOVA, no differences were ob-
served (p= 0.2426 for the cell type variable
and p= 0.4964 for the time variable). Data
shown are representative of three repetitions.
Error bars show SEM.

E. Sosoniuk-Roche, et al. Molecular Immunology 124 (2020) 51–60

56



membrane expression (Fig. 6B). The role of helper T cells in tumor
immunity is not completely clear. However, an increase in the activa-
tion of these cells could dampen the activity of cytotoxic T cells (Donia
et al., 2015). In this context, the decrease of MHC II could benefit the
antitumor response.

Next, we tested the presence of receptors relevant in the endocytosis
process, a requisite for peptide cross-presentation, specifically CD16/32
(Fc immunoglobulin fraction receptors) and m-Dectin-1 (murine Dectin
1, C Type Lectin receptor). CD16/32 levels decrease approximately by
50% (Fig. 7A), as well as the levels of m-Dectin-1 (Fig. 7B). However,
similarly to MHC I, CD16/32 levels also decrease with LPS. Thus, in
these two cases, the possibilities to dissect the chaperone effect from
that mediated by the endotoxin is reduced. It could be speculated,
however, that the decrease in the expression of CD16/32, together with
the increase in the expression of MHC I, could reflect a capacity of this
tumor cell line to cross-present rTcCalr-derived peptides, to CD8+ T
cells.

Given the antiangiogenic effects described for rTcCalr and also the
interaction between CALR with molecules such as CD40 or TRAIL (Duus
et al., 2007), or receptors such as TNFR (de Bruyn et al., 2015), we next
asked whether rTcCalr modifies the expression of immunodulatory
molecules present in the tumor-immune synapse. Among these mole-
cules, we selected some of the most relevant ones, such as B7.H3,

B7.H4, Galectin-9, PD-L1 and Rae-1γ. We observed a decrease in the
levels of Galectin-9 and PD-L1, and an increase in the levels of Rae-1γ
(Fig. 8C-E), while no changes were registered in the expression of
B7.H4 (Fig. 8B). In the case of B7.H3 the expression of this protien
decreased with every variable tested (Fig. 8A). An increase in the ex-
pression of Rae-1γ could imply, in vivo, an enhanced activation of NK
cells by involvement of the NKG2D receptor, allowing a stronger lytic
activity on tumor cells. Galectin-9 is a pro-apoptotic protein, that also
participates in processes of immune modulation. In this context, it can
induce Treg differentiation (Seki et al., 2008), as well as CD4+ (Zhu
et al., 2005) and CD8+ (Wang et al., 2007) T cell apoptosis.

The fact that rTcCalr decreases the level of Galectin-9 could imply a
decrease in Tregs in the tumor microenvironment, together with en-
hanced helper and cytotoxic responses. On the other hand, PD-L1 in-
hibits T cell activity by inducing apoptosis when binding to PD-1 on the
target cell. PD-L1 is one of two immune targets approved for use in
immunotherapy in a clinical setup, along with CTLA-4. B7.H4 reduces
the activity of CD4+ and CD8+T cells by binding to so far unknown
receptors. B7.H4 is not usually expressed in a constitutive way in
healthy tissues, while its levels increase in different types of cancer
(Smith et al., 2014).

B7.H3 is a molecule usually present in APCs, which intervenes on
immune checkpoints, similar to PD-L1 or CTLA-4 (Castellanos et al.,

Fig. 6. rTcCalr decreases the membrane expression of MHC class II in TA3 cells. TA3 cells were stimulated with rTcCalr. After 48 h, membrane expression of MHC
class I (A) and II (B) was quantified using monoclonal antibodies. This treatment decreases MHC II and increases MHC class I membrane expression, but the latter is
not different from the effect achieved with LPS. (C, D) Representative histograms of each protein detection. The different groups were analyzed using Student’s t Test,
and data shown are representative of four repetitions. Bars show SEM.

E. Sosoniuk-Roche, et al. Molecular Immunology 124 (2020) 51–60

57



Fig. 7. Treatment with rTcCalr decreases the membrane expression of m-Dectin-1 and CD16/32. TA3 cells were stimulated with rTcCalr. After 48 h, membrane
expression of CD16/32 (A) and m-Dectin-1 (B) was quantified using monoclonal antibodies. The treatment leads to a decline in the expression of m-Dectin-1 and
CD16/32, however, this last effect is no different than the effect mediated by LPS. (C, D) Representative histograms of each protein detection. The different groups
were analyzed using Student’s t Test, and data shown are representative of four repetitions. Bars show SEM.

Fig. 8. Treatment with rTcCalr decreases membrane levels of Galectin-9 and PD-L1 and increases the expression of Rae-1γ. TA3 cells were stimulated with rTcCalr.
After 48 h, membrane expression of B7.H3 (A), B7.H4 (B), Galectin-9 (C), PD-L1 (D) and Rae-1γ (E) was quantified using monoclonal antibodies. (F-J) Representative
histograms of each protein detection. The different groups were analyzed using Student’s t Test, and data shown are representative of four repetitions. Bars show
SEM.
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2017). However, in the last few years it has been proposed that B7.H3
has important functions in the tumor development, such as migration
and invasion (Castellanos et al., 2017).

This modulatory effect on cell surface proteins by Calr has also been
reported in other proteins by Harada et al (Harada et al., 2006) and
later reviewed by Jian et al (Jiang et al., 2014). Harada showed that the
presence of Calr in the cell surface inhibits the expression of the cystic
fibrosis transmembrane conductance regulator (CFTR), a cell surface
cAMP-dependent Cl- channel. However, the ways in which this reg-
ulation are achieved are not yet clear, and need further studying.

In synthesis, we have shown that rTcCalr binds to the tumor cell,
enhancing C1q binding and the phagocytosis process. In an in vivo
model, this could result in a slower tumor development and bigger
options of recognition of the tumor by the immune system. The lack of
rTcCalr binding specificity for the tumor cells used is somewhat un-
expected. However, TcCalr interaction with tumor cells may unleash
different reactions from those elicited in normal cells. However, this
finding should be further analyzed in an in vivo model to validate the
viability of a clinical use of the protein (i.e. via intravenous inocula-
tion). The immune modulation achieved is something that also has to be
further explored in an in vivomodel. The modulations observed allow us
to propose a unique role for rTcCalr on tumor cells, where it could exert
an antitumor response by inhibiting T cell apoptosis (via Galectin-9 and
PD-L1), activating NK cells (via Rae-1γ) and inhibiting a tumor reg-
ulatory environment by decreasing differentiation of T cells into Tregs.
Thus, in our model, the modulations observed could concur in the an-
titumor effects displayed by rTcCalr and, likely, those mediated by the
experimental or natural T. cruzi infection.

CRediT authorship contribution statement

Eduardo Sosoniuk-Roche: Conceptualization, Methodology,
Investigation, Writing - original draft. Pamela Cruz: Methodology.
Ismael MaldonadoI: Methodology, Conceptualization. Bárbara Pesce:
Methodology, Validation. Marek Michalak: Writing - review & editing.
Carolina Valck: Project administration, Validation. Arturo Ferreira:
Writing - review & editing, Funding acquisition, Supervision.

Acknowledgments

The authors thank the MED.UCHILE-FACS Laboratory for sup-
porting flow cytometric and cell sorting procedures, at the Biomedical
Sciences Institute, School of Medicine of University of Chile, Santiago
de Chile. We also acknowledge the support provided by Grants
FONDECYT-Chile1130099 and VID-University of Chile.

References

Abello-Caceres, P., Pizarro-Bauerle, J., Rosas, C., Maldonado, I., Aguilar-Guzman, L.,
Gonzalez, C., Ramirez, G., Ferreira, J., Ferreira, A., 2016. Does native Trypanosoma
cruzi calreticulin mediate growth inhibition of a mammary tumor during infection?
BMC Cancer 16, 731.

Aguilar, L., Ramírez, G., Valck, C., Molina, M.C., Rojas, A., Schwaeble, W., Ferreira, V.,
Ferreira, A., 2005. F(ab’)2 antibody fragments against Trypanosoma cruzi calreticulin
inhibit its interaction with the first component of human complement. Biol Res 38,
187–195.

Aguillon, J.C., Bustos, C., Vallejos, P., Hermosilla, T., Morello, A., Repetto, Y., Hellman,
U., Orn, A., Ferreira, A., 1995. Purification and preliminary sequencing of Tc-45, an
immunodominant Trypanosoma cruzi antigen: absence of homology with cruzipain,
cruzain, and a 46-kilodalton protein. The American journal of tropical medicine and
hygiene 53, 211–215.

Aguillon, J.C., Ferreira, L., Perez, C., Colombo, A., Molina, M.C., Wallace, A., Solari, A.,
Carvallo, P., Galindo, M., Galanti, N., Orn, A., Billetta, R., Ferreira, A., 2000. Tc45, a
dimorphic Trypanosoma cruzi immunogen with variable chromosomal localization, is
calreticulin. The American journal of tropical medicine and hygiene 63, 306–312.

Aguillon, J.C., Harris, R., Molina, M.C., Colombo, A., Cortes, C., Hermosilla, T., Carreno,
P., Orn, A., Ferreira, A., 1997. Recognition of an immunogenetically selected
Trypanosoma cruzi antigen by seropositive chagasic human sera. Acta tropica 63,
159–166.

American Cancer Society, 2015. Types of breast cancers.
Apt, W., Arribada, A., Sandoval, J., Ugarte, J.M., 1980. [Chagas cardiomyopathy: an

epidemiological, clinical and electrocardiographic survey in the Limari Valley (Chile)
(author’s transl)]. Revista medica de Chile 108, 203–209.

Arias, J.I., Parra, N., Beato, C., Torres, C.G., Hamilton-West, C., Rosas, C., Ferreira, A.,
2018. Different Trypanosoma cruzi calreticulin domains mediate migration and pro-
liferation of fibroblasts in vitro and skin wound healing in vivo. Arch Dermatol Res
310, 639–650.

Arribada, A., Apt, W., Aguilera, X., Solari, A., Sandoval, J., 1990. [Chagas cardiopathy in
the first region of Chile. Clinical, epidemiologic, and parasitologic study]. Revista
medica de Chile 118, 846–854.

Basu, S., Binder, R.J., Ramalingam, T., Srivastava, P.K., 2001. CD91 is a common receptor
for heat shock proteins gp96, hsp90, hsp70, and calreticulin. Immunity 14, 303–313.

Canals, M., Bustamante, R.O., Ehrenfeld, M.H., Cattan, P.E., 1998. Assessing the impact of
disease vectors on animal populations. Acta biotheoretica 46, 337–345.

Canals, M., Ehrenfeld, M., Cattan, P.E., 2000. [Situation of Mepraia spinolai, a wild vector
for Chagas disease in Chile, in relation to others vectors from the perspective of their
feeding profile]. Revista medica de Chile 128, 1108–1112.

Cancer Research UK, 2012. Breast cancer incidence statistics.
Castellanos, J.R., Purvis, I.J., Labak, C.M., Guda, M.R., Tsung, A.J., Velpula, K.K.,

Asuthkar, S., 2017. B7-H3 role in the immune landscape of cancer. Am J Clin Exp
Immunol 6, 66–75.

Castillo, C., Ramirez, G., Valck, C., Aguilar, L., Maldonado, I., Rosas, C., Galanti, N.,
Kemmerling, U., Ferreira, A., 2013. The Interaction of Classical Complement
Component C1 with Parasite and Host Calreticulin Mediates Trypanosoma cruzi
Infection of Human Placenta. PLoS neglected tropical diseases 7, e2376.

Cestari Idos, S., Krarup, A., Sim, R.B., Inal, J.M., Ramirez, M.I., 2009. Role of early lectin
pathway activation in the complement-mediated killing of Trypanosoma cruzi.
Molecular immunology 47, 426–437.

Chagas, C., 1909. Nova tripanozomiase humana: Estudos sobre a morfolojia e o ciclo
evolutivo do Schizotrypanum cruzi n. gen., n. sp., ajente etiolojico de nova entidade
morbida do homem. Memorias do Instituto Oswaldo Cruz, pp. 159–218.

Chagas, C., 1911. Nova entidade morbida do homem: Rezumo geral de estudos etiolojicos
e clinicos. Memorias do Instituto Oswaldo Cruz, pp. 219–275.

Collaborative Group on Hormonal Factors in Breast, C, 1996. Breast cancer and hormonal
contraceptives: collaborative reanalysis of individual data on 53 297 women with
breast cancer and 100 239 women without breast cancer from 54 epidemiological
studies. Lancet 347, 1713–1727.

Coura, J.R., Vinas, P.A., 2010. Chagas disease: a new worldwide challenge. Nature 465,
S6–7.

de Bruyn, M., Wiersma, V.R., Helfrich, W., Eggleton, P., Bremer, E., 2015. The ever-
expanding immunomodulatory role of calreticulin in cancer immunity. Frontiers in
oncology 5, 35.

Dias, J.C., 1989. The indeterminate form of human chronic Chagas’ disease A clinical
epidemiological review. Revista da Sociedade Brasileira de Medicina Tropical 22,
147–156.

Donia, M., Andersen, R., Kjeldsen, J.W., Fagone, P., Munir, S., Nicoletti, F., Andersen,
M.H., Thor Straten, P., Svane, I.M., 2015. Aberrant Expression of MHC Class II in
Melanoma Attracts Inflammatory Tumor-Specific CD4+ T- Cells, Which Dampen
CD8+ T-cell Antitumor Reactivity. Cancer Res 75, 3747–3759.

Duus, K., Pagh, R.T., Holmskov, U., Hojrup, P., Skov, S., Houen, G., 2007. Interaction of
calreticulin with CD40 ligand, TRAIL and Fas ligand. Scandinavian journal of im-
munology 66, 501–507.

Fadok, V.A., Voelker, D.R., Campbell, P.A., Cohen, J.J., Bratton, D.L., Henson, P.M., 1992.
Exposure of phosphatidylserine on the surface of apoptotic lymphocytes triggers
specific recognition and removal by macrophages. J Immunol 148, 2207–2216.

Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., Parkin, D.M.,
Forman, D., Bray, F., 2015. Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012. International journal of cancer.
Journal international du cancer 136, E359–386.

Ferreira, V., Valck, C., Sanchez, G., Gingras, A., Tzima, S., Molina, M.C., Sim, R.,
Schwaeble, W., Ferreira, A., 2004. The classical activation pathway of the human
complement system is specifically inhibited by calreticulin from Trypanosoma cruzi. J
Immunol 172, 3042–3050.

Frias-Lasserre, D., 2010. A new species and karyotype variation in the bordering dis-
tribution of Mepraia spinolai (Porter) and Mepraia gajardoi Frias et al. (Hemiptera:
Reduviidae: Triatominae) in Chile and its parapatric model of speciation. Neotrop
Entomol 39, 572–583.

Hamajima, N., Hirose, K., Tajima, K., Rohan, T., Calle, E.E., Heath Jr., C.W., Coates, R.J.,
Liff, J.M., Talamini, R., Chantarakul, N., Koetsawang, S., Rachawat, D., Morabia, A.,
Schuman, L., Stewart, W., Szklo, M., Bain, C., Schofield, F., Siskind, V., Band, P.,
Coldman, A.J., Gallagher, R.P., Hislop, T.G., Yang, P., Kolonel, L.M., Nomura, A.M.,
Hu, J., Johnson, K.C., Mao, Y., De Sanjose, S., Lee, N., Marchbanks, P., Ory, H.W.,
Peterson, H.B., Wilson, H.G., Wingo, P.A., Ebeling, K., Kunde, D., Nishan, P., Hopper,
J.L., Colditz, G., Gajalanski, V., Martin, N., Pardthaisong, T., Silpisornkosol, S.,
Theetranont, C., Boosiri, B., Chutivongse, S., Jimakorn, P., Virutamasen, P.,
Wongsrichanalai, C., Ewertz, M., Adami, H.O., Bergkvist, L., Magnusson, C., Persson,
I., Chang-Claude, J., Paul, C., Skegg, D.C., Spears, G.F., Boyle, P., Evstifeeva, T.,
Daling, J.R., Hutchinson, W.B., Malone, K., Noonan, E.A., Stanford, J.L., Thomas,
D.B., Weiss, N.S., White, E., Andrieu, N., Bremond, A., Clavel, F., Gairard, B., Lansac,
J., Piana, L., Renaud, R., Izquierdo, A., Viladiu, P., Cuevas, H.R., Ontiveros, P., Palet,
A., Salazar, S.B., Aristizabel, N., Cuadros, A., Tryggvadottir, L., Tulinius, H., Bachelot,
A., Le, M.G., Peto, J., Franceschi, S., Lubin, F., Modan, B., Ron, E., Wax, Y., Friedman,
G.D., Hiatt, R.A., Levi, F., Bishop, T., Kosmelj, K., Primic-Zakelj, M., Ravnihar, B.,
Stare, J., Beeson, W.L., Fraser, G., Bullbrook, R.D., Cuzick, J., Duffy, S.W., Fentiman,
I.S., Hayward, J.L., Wang, D.Y., McMichael, A.J., McPherson, K., Hanson, R.L., Leske,
M.C., Mahoney, M.C., Nasca, P.C., Varma, A.O., Weinstein, A.L., Moller, T.R., Olsson,
H., Ranstam, J., Goldbohm, R.A., van den Brandt, P.A., Apelo, R.A., Baens, J., de la

E. Sosoniuk-Roche, et al. Molecular Immunology 124 (2020) 51–60

59

http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0005
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0005
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0005
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0005
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0010
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0010
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0010
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0010
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0015
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0015
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0015
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0015
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0015
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0020
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0020
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0020
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0020
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0025
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0025
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0025
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0025
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0030
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0035
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0035
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0035
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0040
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0040
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0040
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0040
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0045
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0045
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0045
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0050
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0050
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0055
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0055
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0060
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0060
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0060
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0065
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0070
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0070
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0070
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0075
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0075
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0075
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0075
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0080
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0080
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0080
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0085
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0085
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0085
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0090
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0090
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0095
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0095
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0095
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0095
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0100
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0100
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0105
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0105
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0105
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0110
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0110
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0110
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0115
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0115
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0115
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0115
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0120
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0120
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0120
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0125
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0125
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0125
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0130
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0130
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0130
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0130
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0135
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0135
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0135
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0135
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0140
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0140
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0140
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0140
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145


Cruz, J.R., Javier, B., Lacaya, L.B., Ngelangel, C.A., La Vecchia, C., Negri, E.,
Marubini, E., Ferraroni, M., Gerber, M., Richardson, S., Segala, C., Gatei, D., Kenya,
P., Kungu, A., Mati, J.G., Brinton, L.A., Hoover, R., Schairer, C., Spirtas, R., Lee, H.P.,
Rookus, M.A., van Leeuwen, F.E., Schoenberg, J.A., McCredie, M., Gammon, M.D.,
Clarke, E.A., Jones, L., Neil, A., Vessey, M., Yeates, D., Appleby, P., Banks, E., Beral,
V., Bull, D., Crossley, B., Goodill, A., Green, J., Hermon, C., Key, T., Langston, N.,
Lewis, C., Reeves, G., Collins, R., Doll, R., Peto, R., Mabuchi, K., Preston, D.,
Hannaford, P., Kay, C., Rosero-Bixby, L., Gao, Y.T., Jin, F., Yuan, J.M., Wei, H.Y.,
Yun, T., Zhiheng, C., Berry, G., Cooper Booth, J., Jelihovsky, T., MacLennan, R.,
Shearman, R., Wang, Q.S., Baines, C.J., Miller, A.B., Wall, C., Lund, E., Stalsberg, H.,
Shu, X.O., Zheng, W., Katsouyanni, K., Trichopoulou, A., Trichopoulos, D.,
Dabancens, A., Martinez, L., Molina, R., Salas, O., Alexander, F.E., Anderson, K.,
Folsom, A.R., Hulka, B.S., Bernstein, L., Enger, S., Haile, R.W., Paganini-Hill, A., Pike,
M.C., Ross, R.K., Ursin, G., Yu, M.C., Longnecker, M.P., Newcomb, P., Bergkvist, L.,
Kalache, A., Farley, T.M., Holck, S., Meirik, O., Collaborative Group on Hormonal
Factors in Breast, C, 2002. Alcohol, tobacco and breast cancer–collaborative re-
analysis of individual data from 53 epidemiological studies, including 58,515 women
with breast cancer and 95,067 women without the disease. British journal of cancer
87, 1234–1245.

Hanahan, D., Weinberg, R.A., 2011. Hallmarks of cancer: the next generation. Cell 144,
646–674.

Harada, K., Okiyoneda, T., Hashimoto, Y., Ueno, K., Nakamura, K., Yamahira, K.,
Sugahara, T., Shuto, T., Wada, I., Suico, M.A., Kai, H., 2006. Calreticulin negatively
regulates the cell surface expression of cystic fibrosis transmembrane conductance
regulator. J. Biol. Chem. 281, 12841–12848.

Hauschka, T.S., 1953. Cell population studies on mouse ascites tumors. Trans N Y Acad
Sci 16, 64–73.

Hotez, P.J., Dumonteil, E., Woc-Colburn, L., Serpa, J.A., Bezek, S., Edwards, M.S.,
Hallmark, C.J., Musselwhite, L.W., Flink, B.J., Bottazzi, M.E., 2012. Chagas disease:
"the new HIV/AIDS of the Americas". PLoS neglected tropical diseases 6, e1498.

Ignacio Arias, J., Sepulveda, C., Bravo, P., Hamilton-West, C., Maldonado, I., Ferreira, A.,
2015. Comparative effect of human and Trypanosoma cruzi calreticulin in wound
healing. Journal of tissue engineering and regenerative medicine 9, 41–54.

Jiang, Y., Dey, S., Matsunami, H., 2014. Calreticulin: roles in cel-surface protein ex-
pression. Membranes 4 (3), 630–641.

Junqueira, C., Caetano, B., Bartholomeu, D.C., Melo, M.B., Ropert, C., Rodrigues, M.M.,
Gazzinelli, R.T., 2010. The endless race between Trypanosoma cruzi and host im-
munity: lessons for and beyond Chagas disease. Expert reviews in molecular medicine
12, e29.

Kallinikova, V.D., Matekin, P.V., Ogloblina, T.A., Leikina, M.I., Kononenko, A.F.,
Sokolova, N.M., Pogodina, L.S., 2001. [Anticancer properties of flagellate protozoan
Trypanosoma cruzi Chagas, 1909]. Izv Akad Nauk Ser Biol 299–311.

Klein, C.A., 2008. Cancer. The metastasis cascade. Science 321, 1785–1787.
Kliueva, N.G., Roskin, G.I., 1963. [The antibiotic cruzin and its mechanism of action on

cancer cells]. Izvestiia Akademii nauk Kirgizskoi SSR. Seriia biologicheskikh nauk 3,
366–390.

Krement ︠s ︡ov, N.L., 2002. The cure : a story of cancer and politics from the annals of the
Cold War. University of Chicago Press, Chicago.

Lopez, N.C., Valck, C., Ramirez, G., Rodriguez, M., Ribeiro, C., Orellana, J., Maldonado,
I., Albini, A., Anacona, D., Lemus, D., Aguilar, L., Schwaeble, W., Ferreira, A., 2010.
Antiangiogenic and antitumor effects of Trypanosoma cruzi Calreticulin. PLoS ne-
glected tropical diseases 4, e730.

Malhotra, G.K., Zhao, X., Band, H., Band, V., 2010. Histological, molecular and functional
subtypes of breast cancers. Cancer Biol Ther 10, 955–960.

Mesaeli, N., Nakamura, K., Zvaritch, E., Dickie, P., Dziak, E., Krause, K.H., Opas, M.,
MacLennan, D.H., Michalak, M., 1999. Calreticulin is essential for cardiac develop-
ment. The Journal of cell biology 144, 857–868.

Michalak, M., Corbett, E.F., Mesaeli, N., Nakamura, K., Opas, M., 1999. Calreticulin: one
protein, one gene, many functions. The Biochemical journal 344 (Pt 2), 281–292.

Molina, M.C., Ferreira, V., Valck, C., Aguilar, L., Orellana, J., Rojas, A., Ramirez, G.,
Billetta, R., Schwaeble, W., Lemus, D., Ferreira, A., 2005. An in vivo role for
Trypanosoma cruzi calreticulin in antiangiogenesis. Molecular and biochemical
parasitology 140, 133–140.

Njiaju, U.O., Olopade, O.I., 2012. Genetic determinants of breast cancer risk: a review of
current literature and issues pertaining to clinical application. The breast journal 18,
436–442.

Oliveira, E.C., Leite, M.S., Miranda, J.A., Andrade, A.L., Garcia, S.B., Luquetti, A.O.,

Moreira, H., 2001. Chronic Trypanosoma cruzi infection associated with low incidence
of 1,2-dimethylhydrazine-induced colon cancer in rats. Carcinogenesis 22, 737–740.

Ordenes, H., Ehrenfeld, M., Cattan, P.E., Canals, M., 1996. [Tripano-triatomine infection
of Triatoma spinolai in a zone with epidemiological risk]. Revista medica de Chile
124, 1053–1057.

Paidassi, H., Tacnet-Delorme, P., Garlatti, V., Darnault, C., Ghebrehiwet, B., Gaboriaud,
C., Arlaud, G.J., Frachet, P., 2008. C1q binds phosphatidylserine and likely acts as a
multiligand-bridging molecule in apoptotic cell recognition. J Immunol 180,
2329–2338.

Park, S., Kim, I., 2017. Engulfment signals and the phagocytic machinery for apoptotic
cell clearance. Exp Mol Med 49, e331.

Ramirez, G., Valck, C., Molina, M.C., Ribeiro, C.H., Lopez, N., Sanchez, G., Ferreira, V.P.,
Billetta, R., Aguilar, L., Maldonado, I., Cattan, P., Schwaeble, W., Ferreira, A., 2011.
Trypanosoma cruzi calreticulin: a novel virulence factor that binds complement C1 on
the parasite surface and promotes infectivity. Immunobiology 216, 265–273.

Ramirez-Toloza, G., Aguilar-Guzman, L., Valck, C., Abello, P., Ferreira, A., 2014. Is it all
That Bad When Living with an Intracellular Protozoan? The Role of Trypanosoma
cruzi Calreticulin in Angiogenesis and Tumor Growth. Frontiers in oncology 4, 382.

Ramos, R., Juri, M., Ramos, A., Hoecker, G., Lavandero, S., Pena, P., Morello, A., Repetto,
Y., Aguillon, J.C., Ferreira, A., 1991. An immunogenetically defined and im-
munodominant Trypanosoma cruzi antigen. The American journal of tropical medi-
cine and hygiene 44, 314–322.

Rassi Jr., A., Rassi, A., Marin-Neto, J.A., 2010. Chagas disease. Lancet 375, 1388–1402.
Seki, M., Oomizu, S., Sakata, K.M., Sakata, A., Arikawa, T., Watanabe, K., Ito, K.,

Takeshita, K., Niki, T., Saita, N., Nishi, N., Yamauchi, A., Katoh, S., Matsukawa, A.,
Kuchroo, V., Hirashima, M., 2008. Galectin-9 suppresses the generation of Th17,
promotes the induction of regulatory T cells, and regulates experimental autoimmune
arthritis. Clin Immunol 127, 78–88.

Sharma, B., Kanwar, S.S., 2018. Phosphatidylserine: A cancer cell targeting biomarker.
Semin Cancer Biol 52, 17–25.

Smith, J.B., Stashwick, C., Powell, D.J., 2014. B7-H4 as a potential target for im-
munotherapy for gynecologic cancers: a closer look. Gynecol Oncol 134, 181–189.

Sosoniuk, E., Vallejos, G., Kenawy, H., Gaboriaud, C., Thielens, N., Fujita, T., Schwaeble,
W., Ferreira, A., Valck, C., 2014. Trypanosoma cruzi calreticulin inhibits the com-
plement lectin pathway activation by direct interaction with L-Ficolin. Molecular
immunology 60, 80–85.

Tarr, J.M., Young, P.J., Morse, R., Shaw, D.J., Haigh, R., Petrov, P.G., Johnson, S.J.,
Winyard, P.G., Eggleton, P., 2010. A mechanism of release of calreticulin from cells
during apoptosis. Journal of molecular biology 401, 799–812.

Toledo, V., Ramirez, G., Valck, C., Lopez, N., Ribeiro, C.H., Maldonado, I., Aguilar, L.,
Lemus, D., Ferreira, A., 2010. Comparative in vivo antiangiogenic effects of calreti-
culin from Trypanosoma cruzi and Homo sapiens sapiens. Biological research 43,
287–289.

Ubillos, L., Freire, T., Berriel, E., Chiribao, M.L., Chiale, C., Festari, M.F., Medeiros, A.,
Mazal, D., Rondan, M., Bollati-Fogolin, M., Rabinovich, G.A., Robello, C., Osinaga, E.,
2016. Trypanosoma cruzi extracts elicit protective immune response against chemi-
cally induced colon and mammary cancers. International journal of cancer. Journal
international du cancer 138, 1719–1731.

Valck, C., Ramirez, G., Lopez, N., Ribeiro, C.H., Maldonado, I., Sanchez, G., Ferreira, V.P.,
Schwaeble, W., Ferreira, A., 2010. Molecular mechanisms involved in the inactiva-
tion of the first component of human complement by Trypanosoma cruzi calreticulin.
Molecular immunology 47, 1516–1521.

van Tong, H., Brindley, P.J., Meyer, C.G., Velavan, T.P., 2017. Parasite Infection,
Carcinogenesis and Human Malignancy. EBioMedicine 15, 12–23.

Wang, F., He, W., Zhou, H., Yuan, J., Wu, K., Xu, L., Chen, Z.K., 2007. The Tim-3 ligand
galectin-9 negatively regulates CD8+ alloreactive T cell and prolongs survival of skin
graft. Cellular immunology 250, 68–74.

Weinberger, K., Collazo, N., Aguillon, J.C., Molina, M.C., Rosas, C., Pena, J., Pizarro, J.,
Maldonado, I., Cattan, P.E., Apt, W., Ferreira, A., 2017. Triatoma infestans
Calreticulin: Gene Cloning and Expression of a Main Domain That Interacts with the
Host Complement System. The American journal of tropical medicine and hygiene
96, 295–303.

World Health Organization, 2015. Cancer.
Zhu, C., Anderson, A.C., Schubart, A., Xiong, H., Imitola, J., Khoury, S.J., Zheng, X.X.,

Strom, T.B., Kuchroo, V.K., 2005. The Tim-3 ligand galectin-9 negatively regulates T
helper type 1 immunity. Nature immunology 6, 1245–1252.

E. Sosoniuk-Roche, et al. Molecular Immunology 124 (2020) 51–60

60

http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0145
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0150
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0150
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0155
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0155
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0155
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0155
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0160
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0160
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0165
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0165
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0165
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0170
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0170
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0170
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0175
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0175
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0180
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0180
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0180
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0180
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0185
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0185
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0185
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0190
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0195
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0195
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0195
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0200
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0200
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0205
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0205
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0205
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0205
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0210
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0210
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0215
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0215
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0215
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0220
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0220
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0225
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0225
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0225
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0225
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0230
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0230
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0230
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0235
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0235
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0235
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0240
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0240
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0240
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0245
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0245
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0245
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0245
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0250
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0250
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0255
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0255
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0255
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0255
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0260
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0260
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0260
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0265
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0265
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0265
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0265
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0270
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0275
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0275
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0275
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0275
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0275
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0280
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0280
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0285
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0285
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0290
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0290
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0290
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0290
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0295
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0295
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0295
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0300
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0300
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0300
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0300
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0305
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0305
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0305
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0305
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0305
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0310
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0310
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0310
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0310
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0315
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0315
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0320
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0320
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0320
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0325
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0325
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0325
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0325
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0325
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0330
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0335
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0335
http://refhub.elsevier.com/S0161-5890(20)30354-0/sbref0335

	In vitro Treatment of a Murine Mammary Adenocarcinoma Cell Line with Recombinant Trypanosoma cruzi Calreticulin Promotes Immunogenicity and Phagocytosis
	Introduction
	Materials and Methods
	TA3 cells
	K41 cells
	Raw 264.7 cells
	Labeling of rTcCalr with Alexa-660 and FITC
	Binding of rTcCalr to TA3 cells
	Evaluation of rTcCalr-mediated C1q binding
	TA3 cells rTcCalr- or C1q-dependent phagocytosis
	rTcCalr preferential binding to tumor cells and to fibroblasts
	Evaluation of an immunomodulatory role for rTcCalr
	Bioethical Considerations
	Statistical Validations

	Results
	rTcCalr binding to TA3 cells is concentration-dependent and fluorophore independent
	C1q binds to TA3 cells, both in a rTcCalr dependent and independent ways
	rTcCalr binding to tumor cell promotes phagocytosis by murine macrophages
	rTcCalr binds equally to TA3 tumor cells or K41 MEF cells
	rTcCalr decreases MHC class II membrane expression
	rTcCalr decreases m-Dectin-1 membrane expression
	rTcCalr decreases the membrane expression of Galectin-9 and PD-L1, while increases Rae-1γ

	Discussion
	CRediT authorship contribution statement
	Acknowledgments
	References




