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Abstract
Chagas disease (CD), caused by Trypanosoma cruzi, leads to cardiomyopathy in approximately 20–30% of infected individu-
als. Interleukin-11 (IL-11) has been implicated in cardiac fibrosis, although its immunological role in this context remains 
unclear. This study investigated the temporal dynamics of IL-11 and its receptor, IL-11Rα, expression in the hearts of 
C57BL/6 mice infected with 1,000 trypomastigote forms of the Y or Colombian strains of T. cruzi. Mice were euthanized 
at 5, 15, 30, 60, and 120 days post-infection (dpi). Survival, parasitemia, and body and heart weights were monitored. Car-
diac tissue was analyzed for parasite nests, myocarditis, collagen deposition, and expression of the IL-11 receptor alpha 
(IL-11Rα). Cytokine profiles were evaluated by ELISA and Cytometric Bead Array. Histopathological analysis revealed more 
intense myocarditis, parasite load, and collagen deposition in mice infected with the Colombian strain. Both strains induced 
IFN-γ, TNF-α, and IL-6 in cardiac tissue; however, IL-10, IL-4, and IL-17 were detected only in the Y strain, indicating a 
more balanced immune response. Despite the absence of significant IL-11 upregulation in either infection, IL-11Rα expres-
sion was progressively increased over time and positively correlated with collagen deposition. These findings suggest that 
IL-11Rα may play a role in cardiac remodeling and fibrosis independently of IL-11 upregulation. The results reinforce the 
importance of T. cruzi strain variability in disease outcome and highlight the IL-11/IL-11Rα axis as a potential target for 
further investigation in Chagas cardiomyopathy.

Graphical Abstract
The kinetics of IL-11 and IL-11Rα expression in the heart during experimental Trypanosoma cruzi infection reveal striking 
differences between the Y and Colombian strains over time (5, 15, 30, 60, and 120 days post-infection). The shaded areas 
in green and orange represent IL-11Rα expression and IL-11 production, respectively. In the Y strain, IL-11 production is 
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detectable throughout the infection, peaking around 30 days. In contrast, the Colombian strain exhibits lower IL-11 expres-
sion. IL-11Rα expression is upregulated in both strains: starting at 15 dpi in the Y strain and at 60 dpi in the Colombian strain, 
remaining elevated until 120 dpi. The colored lines indicate the kinetics of other parameters: Pro-inflammatory cytokines 
(TNF-α, IFN-γ, IL-6): red; Regulatory/Th2/Th17 cytokines (IL-10, IL-4, IL-17): green; Cardiac parasitism (T. cruzi nests): 
purple; Inflammatory infiltrate: black; Collagen deposition: brown. The distinct peaks observed between groups reflect the 
specific immunopathological characteristics of each strain in terms of inflammation, immune response, and cardiac dam-
age. This graphic scheme provides an integrated summary of the dynamics between the analyzed parameters throughout 
the course of infection.

Keywords  Interleukin (IL)-11 · Trypanosoma cruzi · Cellular immune response · Cardiomyopathy · DTUs · Chagas disease

Background

Chagas disease (CD) is a parasitic infection caused by 
Trypanosoma cruzi, with cardiomyopathy being one of 
its most prominent pathological manifestations, affecting 
20–30% of infected individuals [1]. In endemic areas such 
as Central and South America, CD is a leading cause of 
heart disease and cardiovascular-related deaths [2]. The 
severity of chronic Chagas cardiomyopathy (CCC) is 
strongly associated with the magnitude of cardiac injury 
sustained during the acute phase of infection [3]. This 

damage evolves over time, culminating in persistent car-
diac inflammation and remodeling.

Cardiac alterations during the chronic phase are pri-
marily characterized by a mononuclear cell infiltrate, pre-
dominantly consisting of macrophages, CD4 + and CD8 
+ T cells, myocardial fiber destruction in the inflammatory 
focus and scarce parasites in the lesion [4, 5]. Despite 
extensive research, the pathogenesis of CCC remains 
incompletely understood. The balance between the inflam-
matory immune response and parasite control in the acute 
phase, as well as the genetic and pathogenic diversity 
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among T. cruzi strains, are considered pivotal determi-
nants of disease progression and clinical outcome [2, 5, 6].

Among the pathological hallmarks of CCC, diffuse myo-
cardial fibrosis plays a central role and is closely associated 
with cardiac dysfunction in human patients [7–9]. Recent 
studies have identified interleukin-11 (IL-11) as a key pro-
fibrotic cytokine in the heart, capable of promoting fibro-
blast-to-myofibroblast transition and acting downstream of 
TGF-β to enhance extracellular matrix production [10–13]. 
Importantly, therapeutic inhibition of IL-11 has shown 
promise in reversing fibrosis in various experimental mod-
els, positioning this cytokine as a potential therapeutic target 
[13–17].

In addition to its pro-fibrotic role, IL-11 exhibits diverse 
immunological functions. It can modulate Th2-type immune 
responses, stimulate Th17 cell activity, and trigger pro-
inflammatory signaling pathways [18–22]. IL-11 has also 
been implicated in the progression of chronic inflammatory 
diseases and in host responses to viral and bacterial infec-
tions [23–25]. During T. cruzi infection, in vitro studies have 
demonstrated that IL-11 expression may vary depending on 
the strain involved, suggesting a strain-dependent immu-
nomodulatory function [26, 27].

Given this background, the present study aims to inves-
tigate the temporal dynamics of cardiac IL-11 and IL-11Rα 
expression in a murine model of Chagas disease, using two 
T. cruzi strains from distinct Discrete Typing Units (DTUs). 
By correlating these findings with inflammatory responses 
and cardiac remodeling, we seek to clarify the potential role 
of the IL-11/IL-11Rα axis in the pathogenesis of CCC and 
its relationship with parasite genetic variability.

Methodology

Study Aim, Design, and Setting

The aim of this study was to evaluate the cytokines produc-
tion and cardiac alterations in mice infected with different 
strains of Trypanosoma cruzi at 5, 15, 30, 60 and 120 days 
of infection. This is an experimental study conducted under 
controlled laboratory conditions, where the animals were 
housed under regulated light cycles and temperature, with 
free access to water and food.

Animal Model and Experimental Design

Male C57Bl/6 mice were 8–10 weeks of age (22–27 g), both 
infected and non-infected, were used in this study. C57Bl/6 
mice are frequently used as a model for experimental CD 
and are described as an easily inducible chronic model 
with a predominantly Th1 response profile [28, 29]. Male 
mice were specifically selected due to their consistent and 

reproducible immune and pathological responses, especially 
regarding cardiac tissue involvement [30, 31]. The infection 
was carried out using blood trypomastigotes derived from 
BALB/c mice. Parasite count was determined by examining 
50 fields in a 5 μL blood sample placed between a slide and 
coverslip [32]. Infected animals were inoculated subcutane-
ously in the abdominal region with 1,000 trypomastigote 
forms of either the Colombian or Y strain. The study com-
prised eleven groups: one uninfected control group and ten 
infected groups. Infected groups were further divided based 
on the strain and days post-infection (dpi) (Table 1). Mice 
were euthanized at 5, 15, 30, 60, and 120 dpi to capture 
different phases of the disease. Necropsy was performed 
through a dorsolateral incision, with the heart collected for 
in situ study and histopathological analyses.

Evaluation of Parasite Load, Survival, and Body 
Weight

Parasitemia in infected mice was assessed using the Brener 
method (1962). Blood was obtained via a small puncture 
(< 1 mm) at the tip of the tail, with 5 μL of blood placed 
between a slide and coverslip. The number of parasites was 
determined across 50 random fields at 400 × magnification 
using a light microscope. Results were subjected to correc-
tion factor calculations based on the coverslip area and the 
field observed. Mice were also weighed on the day of infec-
tion and at euthanasia.

Cardiac Tissue Homogenization

After heart extraction, the organ was transversally divided into 
two portions. The apex fragments were stored at −80 °C in 
PBS solution containing a Complete™ protease inhibitor. The 
fragments were then homogenized using a DREMEL®300 

Table 1   Experimental groups

Group Infected/Non-infected Days post-
infection

Num-
ber of 
animals

Control group Non-infected - 6
Y Infected 5 6
Col Infected 5 6
Y Infected 15 6
Col Infected 15 6
Y Infected 30 6
Col Infected 30 6
Y Infected 60 6
Col Infected 60 6
Y Infected 120 6
Col Infected 120 11
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homogenizer (Marconi, Ribeirão Preto, Brazil). The homoge-
nate was centrifuged, and the supernatant stored at −80 °C 
for subsequent cytokine and total protein quantification. Total 
proteins were quantified using NanoDrop™ 2000/2000c spec-
trophotometers (Thermo Scientific™).

Histopathological Evaluation

The other portion of the heart was processed for histopatho-
logical evaluations. Myocarditis assessment, amastigote 
nest quantification, and collagen deposition were restricted 
to the cardiac ventricles. HE-stained sections were used to 
quantify inflammatory cell infiltrates and tissue parasitism. 
Myocarditis and tissue parasitism were evaluated in serial 
sections, capturing 10 random fields per fragment. Analyses 
were performed using a digital camera attached to a micro-
scope. For tissue parasitism, slides were photographed at 40 
× magnification using a digital camera attached to a micro-
scope (Leica QWin), with results expressed as parasites/
field (adapted from Wesley et al., 2019 [30]). The following 
formula was applied to calculate the result:

For the inflammatory infiltrate, slides were photographed 
at 20 × magnification. Inflammation intensity was catego-
rized as 0 (normal), 1 (mild), 2 (moderate), or 3 (severe). 
The average score for each case was classified as follows: 
0–0.3 = normal; 0.4–1.0 = mild; 1.1–2 = moderate; 2.1–3 
= severe [30]. Results were presented in score form using 
the following formula:

Collagen deposition was evaluated in Picro-Sirius stained 
sections counterstained with hematoxylin for one minute. 
Ten random fields from the left and right ventricles were 
captured and quantified at 20 × magnification using polar-
ized light microscopy. Morphometry was performed using 
Axion Vision software (ZEISS), with results expressed as a 
percentage of collagen per animal [33].

IL‑11Rα Expression by Western Blotting

Cardiac homogenates from control and infected groups (both 
T. cruzi strains) were analyzed for IL-11Rα expression via 
Western Blotting. Protein extracts were loaded onto 10% 
SDS-PAGE gels. A volume of 25 µL of each sample was 
loaded per lane. After electrophoresis, proteins were trans-
ferred to a PVDF membrane (Immobilon®-Psq, Millipore 
Corporation, Billerica, MA, USA), which was blocked with 
5% BSA (Sigma-Aldrich) overnight at 4 °C. The membrane 
was then washed in PBS-T buffer and incubated overnight 

Parasite/field =
Average number of amastigote nests in the three fragments

30

Inflammatory infiltrate (score) =

∑

intensity of the inflammatory process in the 30 fields

30

at 4 °C with the primary anti-IL-11Rα antibody (sc393057, 
Santa Cruz Biotechnology) diluted in 1% BSA PBS-T buffer. 
For loading control, the membrane was also incubated with 
an anti-GAPDH antibody (BA1050, Booster) at a 1:10.000 
dilution under the same conditions. After washing, the mem-
brane was incubated with an HRP-conjugated anti-rabbit 
secondary antibody for 45 min at room temperature. The 
membrane was developed using ECL solution (ECL Kit; 
GE Healthcare Bio-Sciences) as per the manufacturer’s 
instructions and visualized using the ChemiDoc XRS system 
(BioRad). Band quantification was performed using ImageJ 
software, with results reported as optical density (OD) in 
arbitrary units (AU).

Immunohistochemistry for IL‑11Rα

Immunohistochemistry for IL-11Rα (sc393057, Santa Cruz 
Biotechnology) was performed on heart sections from 
infected and control mice. The fragments were fixed in for-
maldehyde. Endogenous peroxidase activity was blocked 
by treating the slides with H2O2 in methanol, followed by 
washes and incubation in PBS containing 2% PBS-BSA. 
Sections were incubated with the primary antibody at a 1:70 
dilution for 3 h at 37 °C. After washing in PBS, the sections 
were incubated for 2 h with the LSAB detection kit, followed 
by DAB staining for 5 min. The reaction was halted by rins-
ing the slides in running water. The sections were counter-
stained with hematoxylin and mounted for light microscopy 
analysis. This technique was used to demonstrate receptor 
presence in the tissue, with no statistical analysis performed.

Cytokine Measurement – CBA and ELISA

Levels of IFN-γ, TNF-α, IL-10, IL-6, IL-17, and IL-4 in car-
diac homogenates were measured using the Cytometric Bead 
Array (CBA) technique (Mouse Th1/Th2/Th17 CBA Kit—
BD™ Cytometric Bead Array (CBA), San Jose, CA, USA) 
according to the manufacturer’s protocol. Beads bound to 
the cytokines were resuspended in 200 µL of washing buffer 
and transferred to cytometry tubes for acquisition, which 
was performed using a BD FACSCalibur flow cytometer 
(BD Biosciences, USA). Acquisition analysis was performed 
using FCAP Array™ software version 2.0 (BD Biosciences, 
USA), and cytokine concentrations were estimated via lin-
ear regression analysis using the fluorescence obtained from 
each cytokine’s standard curve, expressed in pg/mL. For 
final results, each cytokine’s value was normalized to total 
protein content in the cardiac tissue.

Cardiac homogenate IL-11 levels were quantified using 
a sandwich ELISA (R&D Systems), following the manu-
facturer’s instructions. The reaction was halted with 0.4 M 
sulfuric acid (25 μL per well). Plates were read at 450 nm 
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in a microplate reader, and cytokine concentrations were 
determined by regression analysis, comparing the absorb-
ance of the samples with standard curves.

Statistical Analysis

Data were tabulated using EXCEL 2016 for WINDOWS 
(MICROSOFT – USA) and analyzed using GRAPHPAD 
PRISM 7.0 software (GRAPHPAD SOFTWARE – USA). 
The Shapiro–Wilk test was used to assess the normality of 
quantitative data. For comparisons among two groups, one-
way ANOVA was applied for normally distributed data, and 
the Kruskal–Wallis test for non-parametric data. Spearman's 
correlation was used for correlation analysis. Results were 
considered statistically significant when p < 0.05.

Results

Parasitemia, Amastigote Nests and Inflammatory 
Infiltrate Infected of Animals with Y and Colombian 
Strains at Different Phases of Infection of T. cruzi

During the infection with the Y and Colombian strains, dis-
tinct parasitemia profiles were observed between the groups. 
For the Y strain, parasitemia was detectable on day 5, peak-
ing on day 15, and clearing by day 30 (Fig. 1A). For the 
Colombian strain, parasitemia became detectable on day 
10, peaked on day 30, and cleared by day 70 post-infection 
(Fig. 1A).

Histological analysis showed amastigote nests in the heart 
tissue of infected mice. For the Colombian strain, nests were 
observed starting on day 15 and persisted until day 120, 
with the highest number observed on day 30 (p < 0,0001) 
(Fig. 1B and L). For the Y strain, nests were present only 
on day 15 (p = 0,0183) (Fig. 1B and M), indicating lower 
persistence of the infection.

The inflammatory infiltrate in the heart was signifi-
cantly more intense in the infection with the Colombian 
strain, starting on day 15 and persisting until day 120 (p 
< 0,0001) (Fig. 1C, H, I, J, and K). For the Y strain, the 
inflammatory infiltrate was milder on day 15 (p < 0,0001) 
30 and 60 days (p = 0,0006) (Fig. 1C, D, E, F, and H).

Body and Heart Weight

Regarding body weight, a significant reduction was 
observed in animals infected with the Colombian strain 
at 30 (p < 0,0005), 60 (p < 0,0001) and 120 (p = 0,0207) 
days post-infection, while for the Y strain, the reduction 
was observed with 30 (p =  < 0,0007) days post-infection 
(Fig. 2A). The heart weight, normalized to body weight, was 

also significantly increased in the Colombian strain-infected 
animals at 30 (p = 0,0240) and 60 days (p = 0,0259), 
whereas for the Y strain, the increase was observed only at 
15 days post-infection (p = 0,0077) (Fig. 2B).

Collagen Deposition Correlates Positively 
with IL‑11Rα Expression in Both T. cruzi Strains

The collagen analysis in heart tissue revealed that infection 
with the Colombian strain induced a significant increase in 
collagen deposition at 60 days (p = 0.0053) and 120 days post-
infection (p < 0.0001), as observed in the photomicrographs 
of infected hearts (Fig. 3A, F, and G). In animals infected with 
the Y strain, significant changes in collagen deposition were 
observed at 15 (p = 0.0123), 30 (p = 0.0116), 60 (p = 0.0135), 
and 120 days post-infection (p < 0.0001) (Fig. 3A, D, and E). 
These findings, together with the observed IL-11Rα expres-
sion patterns, revealed a positive correlation between IL-11Rα 
levels and collagen deposition in both the Y (p = 0.0049) and 
Colombian (p < 0.0001) strains, suggesting a potential role for 
this receptor in strain-dependent fibrotic responses during T. 
cruzi infection (Fig. 3B and C).

IL‑11 Expression is not Significantly Altered 
During T. cruzi Infection, while IL‑11Rα is Upregulated

IL-11 was produced in the heart during infection, but did 
not show a significant increase in either strain (Fig. 4A). 
The expression of IL-11Rα showed a significant increase in 
both strains, particularly on days 60 (p < 0,0005) and 120 
(p = 0,0174) for the Colombian strain and on days 15, 30, 
60, and 120 for the Y strain (p < 0,0001) (Fig. 4B and C). 
However, there was a positive correlation between IL-11Rα 
expression and collagen deposition in both strains in the 
heart (p = 0,0049 and p < 0,0001). Immunohistochemistry 
revealed IL-11Rα staining in various cardiac cells of the 
infected groups (Fig. 4D to M).

Cytokine Profile Induced by Infection

Cytokine measurements in the heart revealed that infec-
tion with the Colombian strain induced a pro-inflam-
matory response, with significant increases in IFN-γ, 
TNF-α, and IL-6 at several time points post-infection, 
particularly at days 15, 30, and 60 (IFN-γ p < 0,0001, p = 
0,0006 and p = 0,0010) (TNF-α p = 0,0008, p = 0,0002 
and p = 0,0068) (IL-6 p < 0,0001, p < 0,0001 and p = 
0,0040) (Fig. 5A-C). In contrast, the Y strain induced 
a more balanced response, with an increase in Th1 and 
IL-6 cytokines peaking on day 15 of infection (IFN-γ 
p < 0,0001, TNF-α p = 0,0034 and IL-6 p = 0,0005) and 
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30 days only for TNF-α (p = 0,0129), followed by an 
increase in Th2 cytokines (IL-10 p = 0,0138 and IL-4 
p = 0,0003), as well as IL-17 (p = 0,0113) (Fig. 5D-F). 

This balanced immune response likely contributes to the 
reduced severity of infection with the Y strain compared 
to the Colombian strain.

Fig. 1   A Parasitemia levels of animals infected with 1000 forms of 
the Y and Colombian strains via subcutaneous route. The data are 
representative, and no statistical comparisons between groups were 
performed. B T. cruzi nests and C Inflammatory cell infiltrate in the 
hearts of mice infected with the Y and Colombian strains at strains 
at 5 (n = 6), 15 (n = 6), 30 (n = 6), 60 (n = 6), and 120 dpi (n = 6 
for Y and n = 11 for Colombian). D, E, F and G Photomicrographs 
(40x) of hearts from mice infected with 1000 forms of the T. cruzi 

Y strain at 15, 30, 60 and 120 dpi, respectively. H. I, J and K Photo-
micrographs of hearts from mice infected with 1000 forms of the T. 
cruzi Colombian strain at 15, 30, 60, and 120 dpi, respectively. Pho-
tomicrographs of heart tissue from mice infected with the Colombian 
strain at 30 days L and the Y strain at 15 days M. The black arrow 
indicates amastigote nests in the heart. *Statistically significant dif-
ferences were observed between 5 dpi and 15, 30, 60, and 120 dpi (p 
< 0.05)
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Fig. 2   Body and heart weight (%) of control and infected animals 
with 1000 forms of the Y and Colombian strains via subcutaneous 
injection on different days of infection at 5 (n = 6), 15 (n = 6), 30 
(n = 6), 60 (n = 6), and 120 dpi (n = 6 for Y and n = 11 for Colom-
bian). A Variation in body weight of animals infected with the Y 

and Colombian strains. B Heart weight to body weight ratio of mice 
infected with the Colombian and Y strains at 5, 15, 30, 60, and 120 
days. *Statistically significant differences between infected and con-
trol (CT) groups, considering p < 0.05

Fig. 3   Collagen analysis was performed by capturing 10 random 
fields in the ventricles using a 20 × objective, and quantification was 
done using the ACTION program. A Percentage (%) of collagen dep-
osition in the hearts of mice infected with 1000 forms of the Colom-
bian and Y strains at 5, 15, 30, 60, and 120 dpi. B and C Correlation 
was assessed between IL-11Rα expression and collagen deposition 
in cardiac tissue from animals infected with the Y and Colombian 

strains. D and E Photomicrographs of hearts from mice infected with 
the Y strain at 30 and 120 days post-infection, respectively. F and G 
Photomicrographs of hearts from mice infected with the Colombian   
strain at 30- and 120-days post-infection, respectively. *Statistically 
significant differences between infected and control (CT) groups, con-
sidering p < 0.05
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Discussion

The genetic diversity of Trypanosoma cruzi (DTUs), along 
with host-related factors such as the initial immune response, 
are key determinants in the clinical outcome and pathogen-
esis of Chagas disease. However, there are still many gaps 
in our understanding of this process. This study explores 
important aspects of Chagas disease using T. cruzi strains 
from different DTUs in a murine model, evaluating the 
expression of IL-11 and its receptor IL-11Rα, as well as 
their potential relationship with the immune response and 
cardiac alterations across different stages of infection. the 
Colombian and Y strains belong to distinct DTU groups, 
TcI and TcII, respectively, which exhibit notable differences 
in virulence and pathogenicity in vertebrate hosts [34, 35]. 
Despite these differences, both strains are widely used in 
experimental models to investigate cardiac involvement in 
Chagas disease [30, 36, 37].

Infection with either TcI or TcII strains is known to 
induce a robust pro-inflammatory cytokine response, includ-
ing IFN-γ, TNF-α, and IL-6, which are associated with host 
resistance to T. cruzi during the acute phase [6, 38–41]. 
However, the timing and intensity of this response varied 
depending on the infecting strain. In our study, the Y strain 
induced an early and intense pro-inflammatory response, 
with IFN-γ and IL-6 peaking at 15 days post-infection (dpi), 
TNF-α remaining elevated up to 30 dpi, and inflammatory 
infiltration persisting from 15 to 60 dpi. These intervals also 
coincided with high levels of parasitemia and tissue para-
sitism, both peaking at 15 dpi. In contrast, the Colombian 
strain elicited a more prolonged inflammatory response, 
starting at 15 dpi and sustained through 60 dpi, with elevated 
levels of pro-inflammatory cytokines during this period. In 
this case, parasitemia and tissue parasitism peaked at 30 dpi, 
and amastigote nests remained detectable in cardiac tissue 
until 120 dpi.

Heart weight, an important parameter for assessing acute 
myocarditis, typically associated with intense inflammatory 

infiltration, edema, and congestion [33], mirrored the inflam-
matory timeline observed for each strain, increasing at 15 
dpi for the Y strain and at 30 dpi for the Colombian strain. 
These findings are consistent with the known characteris-
tics of both strains, particularly the Colombian strain, which 
exhibits a sustained pro-inflammatory profile likely associ-
ated with its strong cardiac tropism [30, 33, 37, 42–44].

In contrast, and supporting the strain-specific immune 
dynamics observed, only the Y strain induced a regulatory 
cytokine profile at 30 dpi, with increased expression of 
IL-10 and IL-4. These cytokines help modulate the inflam-
matory response by suppressing IFN-γ, TNF-α, IL-12, and 
NO production [45–49]. The Colombian strain showed a 
sustained pro-inflammatory profile as evidenced by persis-
tent amastigote nests and inflammatory mediators up to 120 
dpi. Interestingly, IL-17, a cytokine commonly linked to pro-
inflammatory responses [50, 51] was detected only in the 
Y strain at 30 dpi. Despite conflicting reports regarding its 
role in T. cruzi infection [52–54]. IL-17, along with IL-10 
and IL-4, may contribute to immune modulation, helping to 
prevent excessive inflammation and limit cardiac damage 
during disease progression.

Taken together, these observations reinforce the idea 
that the distinct characteristics of each T. cruzi strain can 
shape disease progression and cardiac pathology through 
different immune responses. In light of this immunologi-
cal landscape, our study also investigated the expression of 
IL-11, a cytokine increasingly associated with fibrosis but 
still poorly explored in the context of DC. In this sense, in 
the present study, T. cruzi infection did not induce significant 
IL-11 expression in the heart at any of the evaluated time 
points. As one of the first investigations to assess IL-11 pro-
duction in Chagas disease, our finding, together with previ-
ous reports, suggest that IL-11 expression in this context is 
influenced by the genetic diversity of T. cruzi (DTUs).

Recently, Herreros-Cabello et  al. [26] investigated 
IL-11 signaling through quantitative proteomic analysis 
of macrophages infected with different T. cruzi strains (Y 
and VFRA) and found that only the VFRA strain acti-
vated the IL-11 signaling pathway. However, the study 
did not present direct evidence of IL-11 expression, such 
as mRNA or protein levels. In a previous study, C2 C12 
myoblasts were infected with strains from distinct DTUs: 
Brazil (TcI), Y (TcII), CL Brener and Tulahuen (TcVI), 
and only the Tulahuen strain induced IL-11 overexpression 
[27]. Based on these findings, it is noteworthy that both 
VFRA and Tulahuen strains belong to DTU VI, suggesting 
that IL-11 activation may be strain-dependent and influ-
enced by the parasite’s genetic background. This aligns 
with the results of our in vivo model, where neither the 
Colombian (TcI) nor Y (TcII) strains were able to induce 
cardiac IL-11 expression. Although in vitro models may 
not fully capture the immunological and tissue complexity 

Fig. 4   A Quantification of IL-11 in picograms per milligram in the 
hearts of uninfected control (CT) and infected mice with 1000 forms 
of the Y and Colombian strains at 5 (n = 6), 15 (n = 6), 30 (n = 6), 
60 (n = 6), and 120 dpi (n = 6 for Y and n = 11 for Colombian). 
B IL-11Rα expression analyzed by Western Blotting in cardiac 
homogenates of control (CT) and infected mice with the Colombian 
or Y strains at 5 (n = 6), 15 (n = 6), 30 (n = 6), 60 (n = 6), and 120 dpi 
(n = 6). (B) IL-11Rα expression relative to GAPDH. C Representa-
tive bands of IL-11Rα expression in both strains at 5, 15, 30, 60, and 
120 days of infection, with each band corresponding to an individual 
animal. Immunohistochemistry showing IL-11Rα labeling in mouse 
hearts: D, E and F Uninfected animals; G, H, and I Animals infected 
for 30, 60, and 120 days with the Colombian strain, respectively; J, 
K, L and M Animals infected for 15, 30, 60 and 120 days with the Y 
strain. *Statistically significant differences between infected and con-
trol (CT) groups, considering p < 0.05

◂
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Fig. 5   Quantification of A IFN-γ, B TNF-α, C IL-6, D IL-17, E IL-4, 
and F IL-10 in picograms per gram in the hearts of uninfected con-
trol (CT) and infected mice with 1000 forms of the Y and Colombian 
strains at 5 (n = 6), 15 (n = 6), 30 (n = 6), 60 (n = 6), and 120 dpi (n 

= 6 for Y and n = 11 for Colombian). Quantification was conducted 
using the CBA method. *Statistically significant differences between 
infected and control (CT) groups, considering p < 0.05
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of an infected host, all the data consistently indicate that 
IL-11 activation is specific and restricted to certain T. 
cruzi strains.

IL-11 is a member of the IL-6 cytokine family [55] and 
was initially described as an anti-inflammatory cytokine 
as it induces Th2 cell polarization and reduces cytokine 
expression, such as TNF-α, IL-1β, IL-6, IL-12 and NO in 
murine macrophages, while also promoting Th17 cell dif-
ferentiation [18–21]. Recently, IL-11 has been described as 
a potent pro-inflammatory inducer in the heart of murine 
models, as it stimulates cardiomyocytes to produce IL-6, 
TNF, and chemokines such as Cxcl1, Cxcl5, Ccl4, and Ccl7 
[56]. However, its dominant profile remains uncertain. In 
infectious diseases, IL-11's effects vary depending on the 
pathogen. In E. coli-induced pneumonia, for instance, IL-11 
neutralization only reduced neutrophil accumulation [25]. In 
mice infected with M. tuberculosis, IL-11 inhibitors reduced 
IL-6, TNF-α, and IFN-γ production [23, 57–59]. While the 
dual role of IL-11 in infectious processes is evident, we 
believe that pathogen type and the microenvironment sur-
rounding IL-11 are crucial in determining its influence on 
the immune system.

An interesting finding in our study is that, despite the 
non-significant expression of IL-11 in both strains, IL-11 
receptor alpha (IL-11Rα) expression was clearly detected 
in cardiac tissue. Both strains induced IL-11Rα expression, 
which remained elevated up to 120 days post-infection. 
In the heart, cardiomyocytes, fibroblasts, macrophages, 
and endothelial cells can express IL-11Rα, which is nor-
mally expressed at low levels [20, 60]. The expression of 
this receptor has been associated with fibrosis in the kid-
ney, liver, and lungs [22, 44, 45, 47, 61–64]. In different 
models of cardiac fibrosis, inhibition of IL-11 or IL-11Rα 
leads to reduced fibrosis, accompanied by downregulation 
of fibrosis-related genes such as Col1a1, Col1a2, Col3a1, 
Fn1, Mmp2, Timp1, and reduced activation of ERK signal-
ing pathways [13, 14, 17, 65]. Similarly, in a murine model 
of acute pancreatitis, treatment with an anti-IL-11Rα anti-
body led to reductions in ERK, STAT, and NF-κB signaling, 
fibrosis, and pro-inflammatory cytokines, including TNF-α, 
IL-6, and IL-1β [66]. The involvement of IL-11/IL-11Rα-
dependent ERK signaling is well established across multiple 
fibrotic conditions [17, 22, 67, 68].

During the progression of DC, the heart undergoes exten-
sive tissue remodeling, characterized by fibroblast activation 
and increased collagen deposition. As a consequence of tis-
sue injury caused by the inflammatory process triggered by 
T. cruzi infection, collagen accumulation becomes a hall-
mark of chronic Chagas cardiomyopathy [69, 70]. Cardiac 
fibrosis in Chagas disease has been strongly associated with 
ventricular dysfunction in humans [7] and has also been 
demonstrated in murine models [71, 72]. In our study, both 
T. cruzi strains induced significant collagen deposition: the 

Y strain from day 15 post-infection (dpi) and the Colombian 
strain from day 60 dpi. Notably, these time points coincided 
with the onset of IL-11Rα expression in cardiac tissue, and 
a positive correlation was observed between IL-11Rα lev-
els and collagen accumulation. These findings are consist-
ent with previous reports describing the pro-fibrotic role 
of IL-11Rα in various pathological settings and raise the 
hypothesis that this receptor may contribute similarly to 
fibrotic remodeling in Chagas cardiomyopathy.

The absence of significant IL-11 expression in our model 
raises important questions regarding the factors responsible 
for driving IL-11Rα expression in the heart. Although IL-11 
levels were not statistically significant, the cytokine was still 
detectable in the cardiac tissue of infected animals. Even at 
basal levels, IL-11 may be sufficient to engage and activate 
its receptor. Additionally, IL-6, which shares the gp130 co-
receptor with IL-11, activates similar downstream signaling 
pathways upon binding to its specific receptor, IL-6R [60]. It 
is therefore plausible that IL-6 could influence shared signal-
ing cascades and indirectly modulate the expression of other 
cytokine receptors, including IL-11Rα. However, no direct 
evidence currently supports the notion that IL-6 or other 
cytokines regulate IL-11Rα expression.

In addition to cytokine signaling, cellular stress and tissue 
injury could be involved in the upregulation of IL-11Rα, 
independently of IL-11 itself. Thus, in cardiac, muscle or 
immune cells exposed to damage, IL-11Rα expression may 
function as a preparatory mechanism, making cells respon-
sive if the ligand becomes available in higher concentrations 
at subsequent stages of infection. Furthermore, IL-11Rα is 
known to be highly expressed by cardiac fibroblasts [73], 
a cell type that plays a key role in fibrotic remodeling. The 
increased IL-11Rα expression observed in our model may 
therefore reflect not only cytokine-driven induction but also 
fibroblast expansion or activation within the cardiac micro-
environment, which could sustain receptor expression up to 
120 dpi. However, the mechanisms regulating this receptor 
remain incompletely understood. Nonetheless, further stud-
ies are needed to elucidate the regulatory mechanisms con-
trolling IL-11Rα expression during T. cruzi infection and to 
clarify its functional role in Chagas-related cardiac fibrosis.

In summary, our findings demonstrate that IL-11 was 
detected in the heart during T. cruzi infection with both 
the Y (TcII) and Colombian (TcI) strains, although without 
statistically significant differences. In contrast, its receptor, 
IL-11Rα, showed sustained expression throughout the infec-
tion. The temporal correlation between IL-11Rα expression 
and collagen deposition suggests a potential role for this 
receptor in fibrotic remodeling on DC. These results sup-
port the notion that the genetic background of the parasite 
(DTUs) influences host immune and fibrotic responses, and 
that IL-11 and IL-11Rα may also contribute to this dynamic 
in a strain-dependent manner.
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Nevertheless, some limitations of this study should be 
acknowledged. The analysis was restricted to 120 days post-
infection; additional time points could help determine whether 
IL-11 expression emerges more prominently at later stages. 
Furthermore, only two T. cruzi strains (TcI and TcII) were 
evaluated. Including other DTUs—particularly TcVI, which 
has previously been associated with IL-11 activation—may 
provide broader insight into strain-specific effects. Notably, 
functional validation of IL-11Rα was not performed. Future 
studies employing functional approaches, such as IL-11Rα 
blockade or gene knockout models, are essential to elucidate 
the mechanistic role of this receptor in Chagas-related cardiac 
pathology and to assess its potential as a biomarker or thera-
peutic target in chronic Chagas cardiomyopathy.

Conclusions

Our findings demonstrate that the immune response and car-
diac remodeling induced by different Trypanosoma cruzi 
DTUs are highly strain-dependent, with distinct impacts 
on inflammatory dynamics throughout the course of infec-
tion. IL-11 expression also appears to be strain-dependent; 
however, although IL-11 expression was not significantly 
induced in the strains analyzed (Colombiana TcI and Y 
TcII), the sustained upregulation of IL-11Rα and its cor-
relation with collagen deposition suggest a potential role 
for this receptor in mediating cardiac fibrosis. These results 
reinforce the importance of parasite genetic diversity in the 
pathogenesis of Chagas disease and highlight the IL-11/
IL-11Rα axis as a promising target for further investigation 
in the context of cardiac alterations during T. cruzi infection. 
Future studies should explore the regulatory mechanisms 
underlying IL-11Rα expression and its functional role in the 
progression of Chagas cardiomyopathy.
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