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 ❚ ABSTRACT
Objective: To evaluate the density of anti-galectin-3-immunostained cells, collagen percentage, 
mast cell density and presence of pathological processes in intestinal muscle biopsies of patients. 
Methods: Thirty-five patients who underwent intestinal biopsy were selected from 1997 to 2015. 
Patients were divided into three groups: chagasic patients with mucosal lesion (n=13), chagasic 
patients with intact mucosa (n=12) and non-chagasic patients with no mucosal lesion (n=10). 
Histological processing of the biopsied fragments and immunohistochemistry for galectin-3 were 
performed. Additional sections were stained with hematoxylin and eosin to evaluate the general 
pathological processes, picrosirius for evaluation of collagen and toluidine blue to evaluate the 
mast cell density. Results: Patients of mucosal lesion group had a significantly higher frequency 
of ganglionitis and myositis when compared to the chagasic patients with intact mucosa and 
non-chagasic group. The density of anti-galectin-3-immunostained cells was significantly higher 
in the chagasic patients with intact mucosa group when compared to the non-chagasic group. 
The group of chagasic patients with intact mucosa presented a higher percentage of collagen 
in relation to the patients with mucosal lesion and to the non-chagasic group, with a significant 
difference. There was no significant difference in mast cell density among the three groups. 
Conclusion: The higher density of anti-galectin-3-immunostained cells in patients in the chagasic 
patients with intact mucosa group suggested the need for greater attention in clinical evaluation 
of these patients, since this protein is associated with neoplastic transformation and progression.
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 ❚ RESUMO
Objetivo: Avaliar a densidade de células imunomarcadas por anti-galectina-3, a percentagem de 
colágeno, a densidade de mastócitos e a presença de processos patológicos na musculatura 
intestinal de pacientes biopsiados. Métodos: Foram selecionados 35 pacientes submetidos à 
biópsia de intestino entre 1997 a 2015. Os pacientes foram divididos em três grupos: chagásicos 
com lesão de mucosa (n=13), chagásicos com mucosa íntegra (n=12) e não chagásicos sem 
lesão de mucosa (n=10). Foram realizados processamento histológico dos fragmentos biopsiados 
e imunohistoquímica para galectina-3. Cortes adicionais foram corados por hematoxilina e 
eosina, para avaliar os processos patológicos gerais, pelo picrosírius, para avaliação do colágeno, 
e pelo azul de toluidina, para avaliar a densidade de mastócitos. Resultados: Os pacientes do 
grupo chagásicos com lesão de mucosa apresentaram frequência significativamente maior de 
ganglionite e miosite quando comparados aos dos grupos chagásico com mucosa íntegra e não 
chagásicos. A densidade das células imunomarcadas por anti-galectina-3 foi significativamente 
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maior no grupo chagásicos com mucosa íntegra quando comparada 
ao grupo não chagásico. O grupo de chagásicos com mucosa íntegra 
apresentou maior percentagem de colágeno em relação aos grupos 
chagásicos com mucosa lesada e ao grupo de não chagásicos, 
com diferença significativa. Não houve diferença significativa com 
relação à densidade de mastócitos entre os três grupos. Conclusão: 
A maior densidade de células imunomarcadas por anti-galectina-3 
nos pacientes do grupo chagásico com mucosa íntegra sugere a 
necessidade de maior atenção na avaliação clínica desses pacientes, 
uma vez que essa proteína está associada com transformação e 
progressão neoplásica.

Descritores: Colágeno; Doença de Chagas; Galectina-3; Mastócitos; 
Megacólon

 ❚ INTRODUCTION
Chagas disease, described by Carlos Chagas in 
1909, is a potentially lethal zoonosis(1) that affects 
millions of people in Latin America.(2) The World 
Health Organization (WHO) estimates there are 
approximately 6 to 7 million people infected worldwide 
– mostly in Latin America. In Brazil, the number of 
infected persons is approximately 1,156,821, which is 
very expressive in the health and social context of the 
continent, requiring priority and attention on the part 
of the countries.(3) About 20 to 30% of the infected 
individuals develop cardiomyopathy and/or digestive 
syndromes, leading to incapacity or death, with social 
and economic implications.(4) In the digestive form of 
Chagas disease, there is destruction of the intramural 
ganglions and parasympathetic denervation in the 
entire digestive tract, especially affecting the esophagus 
and the rectosigmoid.(5)

Association between the digestive form of Chagas 
disease and malignant neoplasms varies from 3.4 to 
9.2%. In Chagas disease, neoplasms can arise due to 
dilation of the organ and the consequent food stasis, 
triggering prolonged contact between the carcinogen 
agents and the intestinal mucosa.(6) In this way, the 
modifications that occur in a chronic infection by 
Trypanosoma cruzi (T. cruzi), especially myoenteric 
denervation, responsible for the digestive forms of the 
disease, have a close relation with the etiopathogeny of 
colorectal carcinogenesis.(7) According to the last global 
estimate, colon and rectal cancer are the third most 
common type among men, with 17,380 new cases a year, 
and the second most common type of cancer in women, 
with 18,980 new cases in 2018.(8)

Various molecules participate in the inflammatory 
condition in Chagas disease, among which, galactic 3 
(Gal-3).(9,10) It has been demonstrated that T. cruzi uses 
Gal-3 to interact with laminin, the primary constituent 

of basal membranes, promoting fixation and entrance of 
the parasite.(11) On the other hand, the lower expression 
of Gal-3 favors the multiplication of amastigotes, which 
suggests that this galectin develops control throughout 
the chagasic infection.(12) In addition to controlling 
the multiplication of the amastigotes, it is known that  
Gal-3 is important in fibrinogenesis,(13-15) and is increased 
in activated myofibroblasts and monocytes, besides 
being important for the activation of mast cells.(16) Mast 
cells release tryptase and thrombin, which increase 
the differentiation of human fibrocytes, leading to the 
formation of collagen fibers in damaged tissues.(17)

Although Gal-3 seems to be important for the 
control of T. cruzi,(12) this galectin has been associated 
with the malignization of a few lesions, having been 
suggested that the evaluation of this galectin could 
work as a marker for tumor lesions.(18) Nevertheless, the 
role of Gal-3 in neoplasms is not yet well understood. 
Generally, it is related to the cell-cell adhesion and cell-
matrix adhesion, cellular polarity, motility, activation, 
differentiation, transformation, signaling, regulation of 
the adaptive/innate immunity, and angiogenesis.(19)

In colorectal cancers, it has been shown that the 
large expression of Gal-3 promotes the beginning 
and progression of the tumors, and is associated with 
metastasis and with a poor prognosis.(20) Patients with 
increased expression of Gal-3 die more frequently or 
have a greater tendency towards relapses. Despite this, 
the risk of death is reduced in patients with the absence 
or low expression of Gal-3.(21)

In the present study, we raised the hypothesis that 
the patients with chagasic megacolon show a greater 
frequency of pathological processes, such as myositis, 
and ganglionitis; a greater percentage of collagen; 
and lower density of mast cells in the muscular layer 
of the colon. Additionally, we believe that the Chagas 
disease patients present with greater expression of 
Gal-3, especially in areas with a lesion visible on 
colonoscopy. The large expression of Gal-3 in these  
lesions would indicate a greater possibility of malignant 
transformation and metastasis of cancerous lesions. 
Thus, the evaluation of Gal-3 could contribute as 
an additional factor in determining the malignancy 
potential of the lesions found in chagasic megacolons. 

 ❚ OBJECTIVE
To evaluate the frequency of pathological processes, the 
percentage of collagen, the density of mast cells, and 
the density of cells immunostained by anti-Gal-3 in the 
intestinal muscles of patients biopsied with chagasic 
megacolon, who presented with an intact or damaged 
mucosa on colonoscopy.
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 ❚METHODS
Patient selection
Thirty-five colon fragments were selected from the 
biopsies of 35 patients aged between 44 and 85 years. 
Patients were divided into three groups, according to 
the description present in the reports: Chagas disease 
patients with mucosal lesion (CML) (n=13), Chagas 
disease patients with intact mucosa (CIM) (n=12), 
and non-chagasic patients with no mucosal lesions 
(NC) (n=10). Individuals were homogenized as per age 
and sex. 

The inclusion criteria were: (1) for the CML Group: 
Chagas disease patients, presenting with megacolon 
with an ulcerated intestinal mucosa and/or mucosal 
hypotrophy; (2) for the CIM Group: chagasic patients, 
presenting with megacolon and intact intestinal 
mucosa; (3) for the NC Group: non-chagasic patients 
with intestinal infarction, who did not present with any 
inflammatory lesion of the intestinal mucosa or muscles. 
For this group, the fragments were removed from the 
region close to the infarction.

Excluded from the study were patients with 
megacolon from other etiologies, aged under 18 
years, Chagas disease patients with no megacolon, and 
intestinal mucosa lesions with no chagasic megacolon.

The present project was approved by the Research Ethics 
Committee of the Universidade Federal do Triângulo 
Mineiro (UFTM), with CAAE: 22725013.4.0000.5154 
and opinion no. 735.931. After approval, a longitudinal 
retrospective study was carried out with an analysis of 
protocols of complete biopsies performed with clinical 
indication in a private laboratory in the city of Uberaba 
(MG, Brazil), between 1997 and 2015.

Histological processing
The biopsied fragments of the colon muscularis propria 
were included in paraffin and sliced in a microtome, 
obtaining 5µm-thick slices. These slices were placed 
on glass slides and stained with the following elements: 
hematoxylin and eosin, for evaluation of general 
pathological processes; picrosirius and toluidine blue, 
for evaluation of collagen and mast cells, respectively. 
The other slice was placed on a silanized slide for 
immunohistochemical processing for Gal-3.

Processing and immunohistochemical  
evaluation for galectin-3
For the immunohistochemical processing of Gal-3, the 
slices were deparaffinized, rehydrated, and washed with 
ultrapure water for 5 minutes at room temperature. 

Then, the antigenic retrieval with humid heat was done, 
with 0.01 M citric acid and pH 6 for 30 minutes. Next, 
the slices were incubated with 2% phosphate buffered 
saline/bovine serum albumin (PBS/BSA) during 30 
minutes, to block unspecific bonds. 

The anti-Gal-3 antibodies were diluted in 2% PBS/
BSA at a concentration of 1:75 (R&D, Minnesota, 
USA). Further, the slices were incubated for 18 hours 
(overnight) at 4°C with diluted primary antibody, and 
posteriorly were washed twice with PBS and Tween 20 
at 0.05%. The slices were the treated with methanol and 
hydrogen peroxide (H2O2) at 3% for 15 minutes, to block 
the endogenous peroxidase of the tissues. For detection 
of the antibody, the technique used was avidin-biotin 
conjugated with peroxidase (ABC) utilizing the lsab-
plus (DAKO, Carpinteria, USA) kit. The complex was 
incubated for 30 minutes at room temperature of the 
laboratory (22°C - 25°C), and washed with PBS in the 
same manner as before. 

The slides were developed with diaminobenzidine 
(DAB) (0.5mg/mL) and H2O2 0.05% at room temperature, 
protected from light. Soon afterwards, the slices were 
washed with distilled water, counterstained with Harris 
hematoxylin, and mounted with Entellan.

The slides on which the immunohistochemical 
technique was performed for Gal-3, were analyzed 
under common light microscopy and a 63x lens, utilizing 
the Eclipse (Nikon, Berlin, Germany) microscope. 
Counting of cells immunostained with Gal-3 was carried 
out in all the fields of intestinal muscles. With the help 
of a micrometer blade, the area of the field on the 
63x lens was calculated. Next, this area (0.14µm2) was 
multiplied by the total number of fields analyzed to 
obtain the total area analyzed. With the total number 
of immunostained cells and the total area analyzed, the 
density of immunostained cells was calculated and was 
expressed in number of cells per µm2.

Determination of the collagen percentage
To evaluate the determination of the percentage of 
collagen in the intestinal muscles, slides stained by 
picrosirius were used. Picrosirius allows visualization of 
collagens type I and type III, enabling the qualitative 
analysis of the collagen fibers of the connective tissue, 
by means of different color interference, intensity, 
and birefringence of the stained tissues, distinguishing 
primarily type I and type III fibers. Type I fibers are 
presented thick, highly bifrengent and red, while type 
III fibers are in thin bundles, with weak birefringence 
and yellow-greenish. Analysis of the collagen was 
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performed in all the fields where it was possible to 
observe muscles. Images were captured using a common 
light microscope, Axio 4.1 (ZEISS, Berlin, Germany), 
an Axiocam (ZEISS, Berlin, Germany) image-capturing 
camera, a computer, and the Axiovision 4.8 (ZEISS, 
Berlin, Germany) software. The images seen on the 
microscope were transmitted to the computer screen. 
For this analysis, the 40x lens and a polarizing filter 
were used. In the polarized image, collagen showed 
birefringence with yellowish, reddish, or greenish 
coloring, and is marked by the examiner with the help 
of a cursor. In this way, the software automatically 
determined the percentage of collagen per field. 

Determining mast cell density
To determine the mast cell density, slides stained 
by toluidine blue were used. The slices were 
deparaffinized, washed in distilled water, stained 
with fuchsin-orange G, and quickly immersed in 
60% alcohol. Next, the slides were rapidly immersed 
in toluidine blue and washed in running water. The 
images were analyzed on a common light microscope 
(Nikon, Berlin, Germany), with a 40x lens.

Mast cell count was carried out in all fields of the 
slide. With the help of a micrometer slide, the area of 
each field was calculated, and this area was multiplied 
by the total number of fields analyzed, in order to 
obtain the total area analyzed. With the total number 
of mast cells and the total area analyzed, the density 
of mast cells was calculated, expressed in number of 
mast cells per µm2.

Assessment of the pathological processes
The evaluation of the general pathological processes was 
done with the slides stained by hematoxylin and eosin. 
The following pathological processes were assessed 
as being present or absent: ganglionitis, myositis, 
congestion, hemorrhage, degeneration, and necrosis, 
with a score of zero and one, where zero corresponded 
to absent, and one to present.

The histochemical and immunohistochemical analyses 
were conducted by a single blinded examiner.

Statistical analysis
The statistical analysis was done by means of the 
GraphPad Prism 5 (GraphPad, San Diego, California, 
USA) software. Kolmogorov-Smirnov test was used to 
evaluate normality. In cases with normal distribution, 
for comparison among the three groups, the variance 
analysis test (ANOVA) was used, and in cases of non-
normal distribution, Kruskal-Wallis test was employed. 

For comparison among chagasic (CIM+CML) and 
non-chagasic (NC) patients with normal distribution, 
Student’s t test was used, and for non-normal distribution, 
the Mann-Whitney test. To compare between sexes, 
the χ² test was employed. For correlations, Spearman’s 
correlation test was used. The adopted level of 
significance was 5% (α<0.05).

 ❚ RESULTS
When evaluating individuals from the three groups, 
there was no significant difference as to age and sex, 
demonstrating a homogeneous distribution among the 
groups (Table 1).

Table 1. Distribution of age and sex of the individuals in the groups chagasic 
patients with mucosal lesions, chagasic patients with intact mucosa, and  
non-chagasic individuals

CML CIM NC
(n=13) (n=12) (n=10)

Age* 67 (85-44) 66 (82-54) 69 (80-56)

Sex (male: female)# 4:9 4:8 6:4
* Variance analysis test; F=0.8458; p>0.050; # test χ2=2,350.2; p=0.309.
CML: Chagasic patient with mucosal lesion; CIM: Chagasic patient with intact mucosa; NC: Non-chagasic individuals 
with no mucosal lesion.

The CML Group presented with a significantly higher 
frequency of myositis (p=0.0250) and of ganglionitis 
(p=0.0390) when compared to the others. The chagasic 
individuals (CML + CIM) presented with a significantly 
higher frequency of myositis (p=0.0216) and of 
ganglionitis (p=0.0140) when compared to those of 
the NC Group (Figure 1 and Table 2).

The density of immunostained cells by anti-Gal-3 
was significantly greater in the chagasic patients (CML 
+ CIM) when compared to the NC Group (p=0.0032; 
data not shown) and significantly greater in the CIM 
Group when compared to the NC Group (p=0.0050) 
(Figures 1 and 2).

As to the density of mast cells, there was no 
significant difference among the three groups (p=0.5883) 
(Figure 3).

The chagasics patients (CML + CIM) presented 
percentage of collagen significantly greater than the 
patients in the NC Group (p=0.0014; data not shown). 
The percentage of collagen was significantly greater 
in the CIM and CML Groups when compared to the 
NC Group (p=0.0002) with a predominance of type 
I collagen, typical of a chronic inflammatory process, 
seen in reddish color under polarized light (Figures 1 
and 4). 
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Table 2. Distribution of the general pathological processes in the groups of 
chagasic patients with mucosal lesions, chagasic patients with intact mucosa, 
and non-chagasic individuals

Pathological process
CML CIM NC

n=13 (100%) n=12 (100%) n=10 (100%)

Congestion≠ 6 (46.15) 10 (83.33) 6 (60)

Hemorrhage# 0 (0) 2 (16.67) 1 (10)

Degeneration† 3 (23.08) 4 (33.33) 2 (20)

Necrosis‡ 0 (0) 0 (0) 1 (10)

Myositis*£ 10 (76.92)  6 (50) 2 (20)

Ganglionitis*§ 6 (46.15)   5 (41.67) 0 (0)
* indicates statistical difference; ≠ χ2 test=3,744.2, p=0.153; # Fisher’s exact test (CML + CIM versus NC); p=1; † χ2 
test=0.582; p=0.747; ‡ Fisher’s exact test (CML + CIM versus NC), p=1; £ χ2 test=7,347.2, p=0.025; § χ2 test=6,475.2, p=0.039.
CML: chagasic patients with mucosal lesion; CIM: chagasic patients with intact mucosa; NC: non-chagasic individuals 
with no mucosal lesion.

* Statistical difference according to the Kruskal-Wallis test, K=10.58; p=0.0050. CML: chagasic patients with mucosal 
lesion; CIM: chagasic patients with intact mucosa; NC: non-chagasic individuals with no mucosal lesions.

Figure 2. Density of cells immunostained with anti-galectin-3 among the groups 
of chagasic patients with mucosal lesions, chagasic patients with intact mucosa, 
and non-chagasic individuals

Kruskal-Wallis test, K=1.061; p=0.5883.
CML: chagasic patients with mucosal lesion; CIM: chagasic patients with intact mucosa; NC: non-chagasic individuals 
with no mucosal lesions.

Figure 3. Density of mast cells among the groups of chagasic patients with 
mucosal lesions, chagasic patients with intact mucosa, and non-chagasic 
individuals

* Statistical difference according to the Kruskal-Wallis test, K=17.09; p=0.0002.
CML: chagasic patients with mucosal lesion; CIM: chagasic patients with intact mucosa; NC: non-chagasic individuals 
with no mucosal lesions.

Figure 4. Percentage of collagen among the groups of chagasic patients with 
mucosal lesions, chagasic patients with intact mucosa, and non-chagasic 
individuals

Figure 1. Ganglionitis, myositis, Gal-3 expression, and fibrosis in the muscularis 
propria of the colon of patients in the groups of chagasic patients with mucosal 
lesions, chagasic patients with intact mucosa, and non-chagasic. A) Ganglionitis 
in the group of chagasic patients with mucosal lesion (CML); B) Ganglionitis in the 
group of chagasic patients with intact mucosa (CIM); C) Absence of ganglionitis 
in the group of chagasic patients non-chagasic; D) Myositis in the group of 
chagasic patients with mucosal lesions (hematoxylin and eosin, 400x); E) 
Myositis in the group of chagasic patients with intact mucosa (hematoxylin 
and eosin, 400x); F) Absence of myositis in the group of chagasic patients 
non-chagasic (hematoxyllin and eosin, 400x); G) Expression of Gal-3 in the 
group of chagasic patients with mucosal lesions (immunohistochemistry, 400x); 
H) Expression of ganglionitis 3 in the group of chagasic patients with mucosal 
lesions (immunohistochemistry, 400x); I) Expression of ganglionitis in the group 
non-chagasic (immunohistochemistry, 400x); J) Fibrosis in the group of chagasic 
patients with mucosal lesion (picrosirius, 1600x); K) Fibrosis in the group of 
chagasic patients with intact mucosa (picrosirius, 1600x); L) Fibrosis in the 
group non-chagasic (picrosirius, 1600x); M) Fibrosis in the group of chagasic 
patients with mucosal lesion (polarized picrosirius image, 1600x); N) Fibrosis in 
the group of chagasic patients with intact mucosa (picrosirius, polarized image, 
1600x); O) Discreet fibrosis in the group non-chagasic (picrosirius, polarized 
image, 1600x)
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Regardless of the integrity of the mucosa, 
chagasic patients presented with a greater density 
of immunostained cells by anti-Gal-3, and a greater 
percentage of collagen when compared to non-chagasic 
individuals. 

 ❚ DISCUSSION
Although the biological role of Gal-3 is not yet 
totally known, we do know that it is associated 
with adhesion, cell proliferation, and apoptosis. 
Additionally, it participates in pathological processes, 
such as cell hypertrophy, inflammation, and neoplastic 
transformation.(22) In Chagas disease, Gal-3 increases 
the adherence of T. cruzi to the extracellular matrix, 
allowing the parasites to accumulate in these locations 
before invading host cells.(23)

Gal-3 also presents with pro-inflammatory action, 
even when participating in the fixation of T. cruzi 
to tissues, and is increased in the hearts of mice 
chronically infected by the parasite.(12) As in the 
present study, chagasic patients presented with a 
significantly greater density of cells immunostained by 
anti-Gal-3 when compared to non-chagasic individuals. 
We suggest that this increase is a consequence of the 
inflammatory condition caused by the parasite. This 
finding corroborates a previous study carried out by our 
team, which demonstrated a greater density of Gal-3 
in the megacolon of chagasic patients when compared 
to non-chagasic individuals, but without taking into 
consideration the presence of mucosal lesions.(24) 

Since the CIM Group patients showed a significantly 
greater Gal-3 density when compared to the NC 
Group, we reinforced the hypothesis that this galectin 
would be increased due to the chagasic infection, and 
not because of possible mucosal lesions, which could 
affect the muscularis propria of the colon with resulting 
inflammation.

The most frequent modifications in the chagasic 
megacolon are myositis, ganglionitis, periganglionitis, 
neuritis, perineuritis, denervation, and degenerative 
phenomena of the neurons,(25) which corroborates the 
findings of the present study, since chagasic patients 
(CML + CIM) have a significantly greater presence 
of ganglionitis and myositis, when compared to the 
patients from the NC Group. When the comparison 
was made among the three groups, the CML Group 
had a significantly greater presence of ganglionitis and 
myositis, when compared to the other Groups. In this 
way, the inflammatory process in the ganglia and in the 
intestinal musculature of the CML Group should also 
occur by the propagation of the mucosal inflammatory 

process, and not only by the infection with T. cruzi in 
the intestinal muscles. Additionally, since the chagasic 
patients presented with a greater density of cells 
immunostained for Gal-3, we believe that this galectin 
presents pro-inflammatory action and therefore could 
be contributing towards the condition of myositis and 
ganglionitis. The present study was the first to compare 
the frequency of myositis and of ganglionitis among 
chagasic patients with mucosal lesions and intact 
mucosa seen in colonoscopy.

Gal-3 is also associated with fibrosis, participating 
in the activation of myofibroblasts. It has already been 
shown that the fibrotic activity of the tissue growth 
factor (TGF-β) only occurs in the presence of Gal-3,(26) 
and the absence of Gal-3 is related to the interruption 
of the fibrogenic process.(14) Additionally, this galectin 
provokes an increase in number and degranulation of 
mast cells.(16) Mast cells release tryptase and thrombin, 
which increase the differentiation of human fibrocytes 
that, in turn, lead to the formation of collagen fibers 
in damaged tissues.(17) In the present study, chagasic 
patients (CML+CIM), who also presented with 
a higher density of Gal-3, showed a percentage of 
collagen significantly greater than the NC Group, 
which corroborates the literature, since it has already 
been demonstrated in mice that T. cruzi can be the 
factor direct or indirectly responsible for molecular 
modification in different tissues and organs, enabling 
the induction of cell lesions, inflammatory response, 
and fibrosis mediated by Gal-3.(27) Nonetheless, our 
study was the first to associate Gal-3 with fibrosis in 
Chagas disease in humans.

When individually analyzing the groups, the 
percentage of collagen was significantly greater in 
the CIM and CML Groups, when compared to the 
NC Group, with a predominance of collagen type I, 
typical of a chronic inflammatory process, seen as 
redish on polarized light. Although we found no studies 
evaluating the percentage of collagen comparing areas 
with or without intestinal mucosa lesion, we know 
that in Chagas disease, there is a greater percentage 
of collagen in the affected organs.(28) Additionally, 
during inflammation, there is release of substances that 
present with lytic action, such as metaloproteinases-2, 
proteolytic enzymes that are involved in the lysis of 
collagen,(29) which perhaps justifies the fact that CML 
Group presented with a relatively smaller percentage 
of collagen than CIM Group, probably as a result of  
the inflammatory response in these sites. 

It is known that during the chronic phase of Chagas 
disease, there is an increase in the number of mast 
cells in various locations.(16) Studies carried out in bone 
marrow of mice demonstrated that Gal-3 is related to 
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increased number and degranulation(16) of these cells. 
Therefore, we raised the hypothesis that chagasic 
patients would present with a higher density of mast 
cells, since they already presented with a higher density 
of cells immunostained by Gal-3. Nevertheless, in the 
present study, there was no statistical difference relative 
to the density of mast cells among the groups evaluated. 
In this way, a large part of the mast cells would have 
undergone degranulation, impeding their identification.

In addition to being involved in the inflammatory 
process in Chagas disease, promoting the fixation of the 
parasite in the tissues, degranulation of mast cells, and 
fibrosis, Gal-3 is also associated with neoplasms in several 
sites, since it is associated with increased invasive capacity, 
decrease in apoptosis, angiogenesis, and tumor growth.(30)  

In colorectal cancers, the large expression of Gal-3 
promotes the beginning and progression of the tumors, 
and is associated with metastasis and with a poor 
prognosis.(20) Also, patients with increased expression 
of Gal-3 die with greater frequency or have a greater 
tendency to present with relapses. On the other hand, 
the risk of death is reduced in patients with a low 
expression or absence of Gal-3.(21) Therefore, as we 
found a greater density of Gal-3 in CIM group when 
compared to NC Group, we suggested that chagasic 
patients, even without presenting clinical lesion on 
colonoscopy, should be periodically accompanied in 
order to prevent the development of colon cancer, as 
they showed more Gal-3 in these locations.

 ❚ CONCLUSION
Chagasic patients with intact mucosa on colonoscopy 
presented with overexpression of Gal-3 and a greater 
percentage of collagen in the colon muscles, when 
compared to chagasic patients with mucosal lesions, and 
to non-chagasic individuals. The greater density of cells 
immunostained by anti-galectin-3 in patients with intact 
mucosa suggests the need for clinical follow-up of these 
patients, since this protein is associated with neoplastic 
transformation and progression. Nevertheless, new 
studies should be done to understand the mechanism 
of action of Gal-3 in colorectal cancers associated with 
Chagas disease, in order to suggest indications and 
frequency of colonoscopies in these patients.

 ❚ ACKNOWLEDGMENTS
To the Dentistry Graduate Program and Programa de 
Apoio a Pesquisa (PAPE) of Universidade de Uberaba 
(UNIUBE); to Centro de Educação Profissional (Cefores/
UFTM); to Conselho Nacional de Desenvolvimento 

Científico e Tecnológico (CNPq) (process number 
302926/2015); and to Fundação de Amparo à Pesquisa 
de Minas Gerais (FAPEMIG) (process number: CDS - 
APQ-01932-15), for financial support.

 ❚ AUTHORS’ INFORMATION
Garvil MP: http://orcid.org/0000-0002-8923-9207
Furtado TC: http://orcid.org/0000-0002-8186-1798
Lima NB: http://orcid.org/0000-0002-1375-4077
Marteleto MV: http://orcid.org/0000-0002-6963-6301
Faria JB: http://orcid.org/0000-0002-9681-2278
Rodrigues DB: http://orcid.org/0000-0003-0447-6244
de Lima Pereira SA: http://orcid.org/0000-0002-0293-2587

 ❚ REFERENCES
1.  Dubner S, Schapachnik E, Riera AR, Valero E. Chagas disease: state-of-the-

art of diagnosis and management. Cardiol J. 2008;15(6):493-504. Review.
2.  Pérez-Ayala A, Pérez-Molina JA, Norman F, Navarro M, Monge-Maillo B, 

Diaz-Menéndez M, et al. Chagas disease in Latin American migrants: a 
Spanish challenge. Clin Microbiol Infect. 2011;17(7):1108-13.

3.  Dias JC, Ramos AN Jr, Gontijo ED, Luquetti A, Shikanai-Yasuda MA, Coura 
JR, Torres RM, Melo JR, Almeida EA, Oliveira W Jr, Silveira AC, Rezende JM, 
Pinto FS, Ferreira AW, Rassi A, Fragata AA Filho, Sousa AS, Correia D Filho, 
Jansen AM, Andrade GM, Britto CF, Pinto AY, Rassi A Jr, Campos DE, Abad-
Franch F, Santos SE, Chiari E, Hasslocher-Moreno AM, Moreira EF, Marques 
DS, Silva EL, Marin-Neto JA, Galvão LM, Xavier SS, Valente SA, Carvalho 
NB, Cardoso AV, Silva RA, Costa VM, Vivaldini SM, Oliveira SM, Valente VD, 
Lima MM, Alves RV. II Consenso Brasileiro em Doença de Chagas, 2015.  
Epidemiol Serv Saude. 2016;25(spe):7-86.

4. Rassi A Jr, Rassi A, Marin-Neto JA. Chagas disease. Lancet. 2010; 
375(9723):1388-402. Review.

5.  Crema E, Silva EC, Franciscon PM, Rodrigues Júnior V, Martins Júnior 
A, Teles CJ, et al. Prevalence of cholelithiasis in patients with chagasic 
megaesophagus. Rev Soc Bras Med Trop. 2011;44(3):324-6.

6.  Adad SJ, Etchebehere RM, Araujo JR, Madureira AB, Lima VG, Silva AA, 
et al. Association of chagasic megacolon and cancer of the colon: case 
report and review of the literature. Rev Soc Bras Med Trop. 2002;35(1):63-8. 
Review.

7.  Gullo CE, Estofolete CF, Gil CD, Christiano AB, Netinho JG. Formas digestivas 
da doença de Chagas e carcinogênese: um estudo de associação. Rev Col 
Bras Cir. 2012;39(2):146-50. Review.

8.  Brasil. Ministério da Saúde. Instituto Nacional de Câncer (INCA). Estatísticas 
de câncer [Internet]. INCA; 2018 [citado 2019 Maio 16]. Disponível em: 
https://www.inca.gov.br/numeros-de-cancer

9.  Pineda MA, Corvo L, Soto M, Fresno M, Bonay P. Interactions of human 
galectins with Trypanosoma cruzi: binding profile correlate with genetic 
clustering of lineages. Glycobiology. 2015;25(2):197-210.

10.  Florentino PT, Real F, Orikaza CM, Cunha JP, Vitorino FN, Cordero EM, et al. A 
Carbohydrate Moiety of Secreted Stage-Specific Glycoprotein 4 Participates 
in Host Cell Invasion by Trypanosoma cruzi Extracellular Amastigotes. Front 
Microbiol. 2018;9:693.

11.  Moody TN, Ochieng J, Villalta F. Novel mechanism that Trypanosoma cruzi 
uses to adhere to the extracellular matrix mediated by human galectin-3. 
FEBS Lett. 2000;470(3):305-8.

12.  Souza BS, Silva DN, Carvalho RH, Sampaio GL, Paredes BD, Aragão França L, 
et al. Association of Cardiac Galectin-3 Expression, Myocarditis, and Fibrosis in 
Chronic Chagas Disease Cardiomyopathy. Am J Pathol. 2017;187(5):1134-46.

https://www.inca.gov.br/numeros-de-cancer


Garvil MP, Furtado TC, Lima NB, Marteleto MV, Faria JB, Rodrigues DB, de Lima Pereira SA

8
einstein (São Paulo). 2020;18:1-8

13. Sharma UC, Pokharel S, van Brakel TJ, van Berlo JH, Cleutjens JP, Schroen B, 
et al. Galectin-3 marks activated macrophages in failure-prone hypertrophied 
hearts and contributes to cardiac dysfunction. Circulation. 2004;110(19):3121-8.

14. Henderson NC, Mackinnon AC, Farnworth SL, Poirier F, Russo FP, Iredale JP, 
et al. Galectin-3 regulates myofibroblast activation and hepatic fibrosis. Proc 
Natl Acad Sci USA. 2006;103(13):5060-5.

15.  Henderson NC, Forbes SJ. Hepatic fibrogenesis: from within and outwith. 
Toxicology. 2008;254(3):130-5. Review.

16.  Chen HY, Sharma BB, Yu L, Zuberi R, Weng IC, Kawakami Y, et al. Role of 
galectin-3 in mast cell functions: galectin-3-deficient mast cells exhibit 
impaired mediator release and defective JNK expression. J Immunol. 
2006;177(8):4991-7.

17.  White MJ, Galvis-Carvajal E, Gomer RH. A brief exposure to tryptase or 
thrombin potentiates fibrocyte differentiation in the presence of serum or 
serum amyloid p. J Immunology. 2015;194(1):142-50.

18.  Mataraci EA, Ozgüven BY, Kabukçuoglu F. Expression of cytokeratin 19, 
HBME-1 and galectin-3 in neoplastic and nonneoplastic thyroid lesions. Pol 
J Pathology. 2012;63(1):58-64.

19.  Harazono Y, Kho DH, Balan V, Nakajima K, Hogan V, Raz A. Extracellular 
galectin-3 programs multidrug resistance through Na+/K+-ATPase and 
P-glycoprotein signaling. Oncotarget. 2015;6(23):19592-604.

20.  Hill M, Mazal D, Biron VA, Pereira L, Ubillos L, Berriel E, et al. A novel clinically 
relevant animal model for studying galectin-3 and its ligands during colon 
carcinogenesis. J Histochem Cytochem. 2010;58(6):553-65.

21.  Zaia Povegliano L, Oshima CT, de Oliveira Lima F, Andrade Scherholz PL, 
Manoukian Forones N. Immunoexpression of galectin-3 in colorectal 
cancer and its relationship with survival. J Gastrointestinal Cancer. 2011; 
42(4):217-21.

22.  Binh NH, Satoh K, Kobayashi K, Takamatsu M, Hatano Y, Hirata A, et al. Galectin-3 
in preneoplastic lesions of glioma. J Neurooncol. 2013;111(2):123-32.

23.  Nde PN, Lima MF, Johnson CA, Pratap S, Villalta F. Regulation and use of 
the extracellular matrix by Trypanosoma cruzi during early infection. Front 
Immunol. 2012;3:337. 

24.  Beghini M, de Araújo MF, Severino VO, Etchebehere RM, Rocha Rodrigues 
DB, de Lima Pereira SA. Evaluation of the immunohistochemical expression 
of Gal-1, Gal-3 and Gal-9 in the colon of chronic chagasic patients. Pathol Res 
Pract. 2017;213(9):1207-14.

25.  Pinheiro SW, Rua AM, Etchebehere RM, Cancado CG, Chica JE, Lopes ER, 
et al. Morphometric study of the fibrosis and mast cell count in the circular 
colon musculature of chronic Chagas patients with and without megacolon. 
Rev Soc Bras Med. 2003;36(4):461-6.

26.  Henderson NC, Mackinnon AC, Farnworth SL, Kipari T, Haslett C, Iredale JP, et 
al. Galectin-3 expression and secretion links macrophages to the promotion 
of renal fibrosis. Am J Pathol. 2008;172(2):288-98.

27.  López-Muñoz RA, Molina-Berríos A, Campos-Estrada C, Abarca-Sanhueza P, 
Urrutia-Llancaqueo L, Peña-Espinoza M, et al. Inflammatory and Pro-resolving 
Lipids in Trypanosomatid Infections: A Key to Understanding Parasite Control. 
Front Microbiol. 2018;9:1961. Review.

28.  Machado FS, Jelicks LA, Kirchhoff LV, Shirani J, Nagajyothi F, Mukherjee S, 
et al. Chagas heart disease: report on recent developments. Cardiol Rev. 
2012;20(2):53-65. Review.

29.  Koyama H, Iwata H, Kuwabara Y, Iwase H, Kobayashi S, Fujii Y. Gelatinolytic 
activity of matrix metalloproteinase-2 and -9 in oesophageal carcinoma; a 
study using in situ zymography. Eur J Cancer. 2000;36(16):2164-70. 

30.  Califice S, Castronovo V, Bracke M, van den Brûle F. Dual activities of galectin-3 
in human prostate cancer: tumor suppression of nuclear galectin-3 vs tumor 
promotion of cytoplasmic galectin-3. Oncogene. 2004;23(45):7527-36.


