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Abstract

Adipose tissue serves as a host reservoir for the protozoan Trypanosoma cruzi, the causative 

organism in Chagas disease. Gap junctions interconnect cells of most tissues, serving to 

synchronize cell activities including secretion in glandular tissue, and we have previously 

demonstrated that gap junctions are altered in various tissues and cells infected with T. cruzi. 

Herein, we examined the gap junction protein connexin 43 (Cx43) expression in infected adipose 

tissues. Adipose tissue is the largest endocrine organ of the body and is also involved in other 

physiological functions. In mammals, it is primarily composed of white adipocytes. Although gap 

junctions are a prominent feature of brown adipocytes, they have not been explored extensively in 

white adipocytes, especially in the setting of infection. Thus, we examined functional coupling in 

both white and brown adipocytes in mice. Injection of electrical current or the dye Lucifer Yellow 

into adipocytes within fat tissue spread to adjacent cells, which was reduced by treatment with 

agents known to block gap junctions. Moreover, Cx43 was detected in both brown and white fat 

tissue. At thirty and ninety days post-infection, Cx43 was downregulated in brown adipocytes and 

upregulated in white adipocytes. Gap junction-mediated intercellular communication likely 

contributes to hormone secretion and other functions in white adipose tissue and to nonshivering 
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thermogenesis in brown fat, and modulation of the coupling by T. cruzi infection is expected to 

impact these functions.
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1. Introduction

Gap junctions provide intercellular channels that mediate diffusional exchange of ions, 

signaling molecules and metabolites (up to 1kDa) between cells of most tissues. Gap 

junction channels are formed by paired connexons or hemichannels, each made up of six 

connexin (Cx) subunits. Gap junctions in excitable tissues such as heart and brain provide 

rapid and synchronized cellular activity, and in most other cell types share intercellular 

metabolites and contribute large effective cell volume to buffer toxins, being both protectors 

and executioners in Bystander cell killing [1]. Importantly, gap junctions connect cells of 

most glandular tissues, where the gap junction proteins (connexins) and/or the intercellular 

spread of small molecules through gap junction channels play critical roles in optimizing 

secretion in both endocrine and exocrine glands [2].

Adipose tissue, the largest endocrine organ in the body, is primarily regarded as the storage 

site for lipids. However, it also contributes to energy homeostasis and immune responses 

including those activated by infection [3, 4]. Adipocytes exert their influence through the 

synthesis and release of tissue-specific adipokines as well as cytokines and chemokines. 

Most of the fat deposits in the body consist of white adipose tissue (WAT). Brown adipose 

tissue (BAT) was originally thought to function primarily in neonatal animals, where its 

mitochondria and lipid droplet-rich cells provide critical nonshivering thermogenesis. 

However, positron emission tomography (PET) scan studies revealed significant BAT in 

normal adult humans indicating that BAT plays a metabolic role also in adults [5].

There have been very few studies of gap junctions in adipose tissue, despite their potential 

importance in systemic physiology and pathology. Gap junctions are recognized as 

interconnecting adipose cells in BAT, as evidenced using electron microscopic and 

electrophysiological techniques [6–8]. There is far less conclusive evidence on gap junctions 

in WAT, although weak coupling in amphibian white adipocytes has been reported [8]. 

Thus, we examined whether such coupling is also present in mammalian WAT, which may 

have important implications to secretion [2] and possibly other functions of this tissue. 

Herein, we demonstrate the presence of gap junctions in mouse WAT which contrasts with 

interpretation from cell culture studies of NIH 3T3 preadipoytes, where it has been 

speculated that expression of the gap junction protein connexin 43 (Cx43) interferes with 

adipocyte differentiation and adipogenesis [9, 10].
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Gap junction expression and function are altered in numerous disease states, both hereditary 

and acquired [11]. We have found that infection with Trypanosoma cruzi, the causative 

agent of Chagas disease, alters gap junction expression in cultured cells obtained from heart 

and brain [12–14]. In T. cruzi-infected adipose tissue and cultured adipocytes there is 

upregulation of inflammatory mediators [15–18]. These findings prompted our investigation 

of the question of whether there is a role for adipose tissue gap junctions in response to T. 

cruzi infection. This is important because the intercellular communication that gap junction 

channels provide can serve to spread injury from damaged cells to “Bystanders” or to rescue 

dying cells from toxicity [1]. Furthermore, gap junction expression and function are 

modified by inflammatory mediators, and our laboratory has demonstrated alterations in gap 

junctions in various tissues and cells infected with T. cruzi [12]. To explore the impact of T. 

cruzi infection on intercellular communication in adipose tissue, we studied adipose tissue of 

infected and uninfected mice and compared changes in gap junctions in BAT and WAT. Our 

findings that gap junctions in WAT and BAT are oppositely regulated by T. cruzi infection 

could have important implications in adipose tissue pathophysiology in the setting of Chagas 

disease.

2. Materials and Methods

2.1. Parasitology

The Brazil strain of T. cruzi was maintained in C3H mice (Jackson Laboratories, Bar 

Harbor, ME, USA). Male CD-1 mice (Charles River, Wilmington, MA, USA) 8 to 10 weeks 

old (weighing 25–35 g) were infected intraperitoneally with 5×104 trypomastigotes. In this 

model, the parasitemia increases 20 to 35 days post infection (dpi) (acute stage) and 

gradually wanes by day 40 to 45 dpi. There is a 50% mortality rate during the acute stage of 

infection. Surviving mice enter the chronic stage, and by 90 to 100 dpi there is a profound 

cardiomyopathy as determined by histopathology and cardiac imaging studies [18, 19]. 

Additionally, we have detected the presence of parasites in the adipose tissue in both acutely 

and chronically infected mice [15]. Thirty and 90 dpi, sex and aged-matched control and 

infected CD-1 mice were sacrificed, and interscapular BAT and epididymal and mesenteric 

WAT were utilized in this study.

2.2. Tissue Preparation

Mice were housed in AALAC approved animal facilities and were killed by asphyxiation 

and cervical dislocation, as approved by our Institution’s animal use committee. BAT was 

dissected from interscapular fat pad and WAT from both epididymus and mesentery. 

Epididymal WAT was used for Western blots and immunostaining, whereas mesenteric 

WAT was used for dye injection and electrophysiology due to its composition almost 

entirely of adipocytes and its thinness, being only a few cell layers thick. BAT and 

mesenteric WAT segments were slightly stretched and pinned to a Sylgard (Dow Corning, 

Midland, MI, USA) coated dish using cactus spines or fine insect pins and continuously 

superfused with Krebs solution containing (in mM) NaCl (110), KCl (4.7), NaHCO3 (14.4), 

MgSO4 (1.2), NaH2PO4 (1.2), CaCl2 (2.5) and glucose (11.5), at pH 7.3 and bubbled with 

95%O2/ 5% CO2.
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2.3. Dye coupling and electrophysiology

Experiments were performed using an upright microscope (Nikon Eclipse EC600FN) 

equipped with fluorescent illumination and a digital camera (Micrometrix 590 CU, 5M; 

Beijing, China) connected to a computer running proprietary imaging software. Mouse BAT 

and WAT were collected as described above. Individual adipocytes visualized in the pinned 

tissue were injected with the fluorescent dye Lucifer yellow (LY, Sigma, St. Louis, MO, 

USA) 2.5% in 0.5 M LiCl from micropipettes connected to a preamplifier (Molecular 

Devices). Tip resistances of microelectrodes were 80–120 MΩ. LY was injected 

intracellularly by negative 5nA, 100 msec current pulses at 5 Hz for 5 min [20, 21]. During 

and after LY injections, the dye-injected cells and their neighbors were imaged with the 

digital camera. To assure that coupling was mediated by gap junctions, samples were pre-

incubated with the gap junction channel blocker 1-heptanol (3mM) for 1 h. A total of 5–17 

tissue samples were used for each type of experiment (one tissue sample per animal) and 3–

15 cells were injected in each tissue sample to quantify the extent of dye coupling under 

control and heptanol blockade conditions.

To measure electrical coupling, two adjacent adipocytes were impaled with sharp 

microelectrodes that were filled with 3 M KCl and connected to Axoclamp electrometers 

with bridge balance control. Current pulses were injected into one cell of the pair while 

recording voltages in both cells. To control for high resistance to ground that might result 

from tight extracellular space and could be misinterpreted as actual electrical coupling, 

recordings were obtained under conditions where only one electrode or neither was 

intracellular. In no case was apparent coupling detected under these conditions (see Fig. 2C).

2.3. Immunostaining and confocal microscopy

Freshly isolated BAT and WAT whole mounts were fixed in 4% paraformaldehyde 

overnight at 4°C and washed with phosphate buffered saline (PBS, pH 7.4) for 2 h. To block 

free aldehyde groups, the tissues were incubated with 50 mM ammonium chloride for 30 

min at room temperature (RT). Tissues were then permeabilized using Proteinase K (20 

µg/ml in 10mM tris-HCl) for 5 min at RT and 100% methanol for 5 min at −20°C. Non-

specific bind ing was blocked using 1% bovine serum albumin (BSA) in PBS with 0.3% 

Triton-X. Tissues were then incubated with primary antibodies for 48 h at 4°C followed by 2 

h secondary antibody incubation at RT with intervening washes. The rabbit polyclonal 

primary antibody against Cx43 (Sigma-Aldrich, St Louis, MO, USA),1:500 and secondary 

antibody anti-rabbit tagged with Alexa 488 (Invitrogen, Grand Island, NY, USA), 1:400 

were used. As a control for non-specific staining, primary antibody was omitted in same 

experiments (see Suppl. Fig. 1). Lipids were stained with Oil-Red-O (Sigma-Aldrich) in 

60% propanol for 20 min and nuclear DNA was stained with 4', 6-diamidino-2-phenylindole 

(DAPI, Sigma-Aldrich). Images were acquired with Zeiss LSM 510 Duo laser scanning 

confocal microscope (Carl Zeiss NY, USA) using a 40× water-immersion objective. Images 

were acquired serially from top to bottom of each image field using a ‘z’ plane motorized 

sub-stage. The upper and lower z-axis positions were selected so that the entire thickness of 

either BAT or WAT was imaged in each series. Image stacks of tissue samples were 

collected at 0.9 µm z-axis steps.
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2.4. Western Blot

BAT and WAT were collected, frozen in liquid nitrogen and stored at −80°C until further 

use. For Western blot analysis, protein lysates (30–40 µg) were prepared from frozen tissues 

in buffer containing 1 mM sodium bicarbonate, 1 mM sodium orthovanadate, 5 mM EDTA, 

with a mixture of protease inhibitor [2mM phenylmethylsulfonyl fluoride (PMSF) and 

Complete Protease Inhibitor Cocktail (Roche Applied Science, Indianapolis, IN, USA)], 

sonicated and resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis on 

10% acrylamide gels, and transferred to nitrocellulose membrane (Whatman, Dassel, 

Germany). Blots were probed with primary antibodies to rabbit anti Cx43 (C6219: Sigma-

Aldrich), 1:20,000 for 3 days at 4°C, followed by secondary antibody incubation with 

horseradish peroxidase (HRP)-conjugated anti-rabbit IgG (Santa Cruz Biotechnology, CA, 

USA), 1:10,000 for 1 h at RT. Blots were reprobed with mouse anti glyceraldehyde 3-

phosphate dehydrogenase (GAPDH, Fitzgerald, Acton, MA, USA), 1:10,000 for 1 h at RT 

followed by secondary HRP-conjugated mouse IgG. Protein bands were detected using 

Immobilon Western Chemiluminescent HRP Substrate kit (EMD Millipore Corporation, 

Billerica, MA, USA). Immunoblots from a minimum of 3 independent experiments were 

scanned using In-Vivo F PRO imaging system (Bruker, CT, USA), and the background-

corrected signal from each band was quantified by densitometry using Image J software 

(NIH, USA). Signal sfor each sample lane were first normalized to the internal loading 

control GAPDH, then normalized to the respective control.

2.5. Statistical analysis

The normalized relative levels for each experimental group were compared to controls and 

are presented as the means ±SEM. GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, 

CA, USA) was used to perform either t-tests or one way ANOVA followed by Tukey’s 

multiple comparison tests to compare test and control groups. P<0.05 was considered to be 

statistically significant.

3. Results

3.1. Functional coupling among brown and among white adipocytes

Coupling among adipocytes was assessed by intracellular Lucifer yellow injection. BAT 

cells were found to be coupled to an average of 3.3 ± 0.3 (N = 9) other cells 5 min after 

injection (Fig. 1A,B,C and Fig. 2A,B). Injection of Lucifer yellow into WAT cells revealed 

single lipid droplet in spherically shaped cells surrounded by LY dye. The extent of coupling 

in WAT cells was less than in BAT, and on average only about one (0.9 ± 0.1; N = 17) other 

cell was labeled (Fig. 1D,E,F and Fig. 2A,B). To test whether the dye transfer was mediated 

by gap junctions, we exposed the tissue to 3 mM heptanol for 1 h and then performed dye 

coupling experiments. For both BAT (N=5) and WAT (N=5), heptanol treatment 

significantly reduced dye spread (Fig. 2 A,B).

An alternative method for measuring functional coupling was performed with 

microelectrodes inserted into two adjacent cells. As illustrated in Fig. 2C, for both brown 

and white fat cells, junctional spread of current was recorded under these conditions, which 

was not present when one electrode was within a cell and the other in the tissue but not 
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inside a cell (top panel). This electrical coupling was blocked after treatment of tissue with 3 

mM heptanol (bottom panel). Coupling coefficients (calculated as the voltage in cell 2 

divided by the voltage in cell 1) were significantly higher for BAT than WAT (0.4±0.1 vs 

0.17±0.03) and were reduced by ten fold or more heptanol treatment (to 0.04±0.03 in BAT 

and to 0.01±0.01 in WAT). These findings of heptanol blockable dye and electrical coupling 

indicate that gap junction mediated intercellular communication is present between adipose 

cells of both BAT and WAT.

3.2. Cx43 is present in WAT and BAT

Cx43 has been previously reported to be the major gap junction protein in BAT, where it is 

upregulated during hibernation in ground squirrels [22]; it is also the major gap junction 

protein expressed in NIH3T3 cells, commonly used as a preadipocyte cell line in which 

adipogenesis can be experimentally induced (see [9]). To determine the distribution of Cx43 

in BAT and WAT, we stained both tissues with Cx43 antibodies and counterstained with 

Oil-Red-O (ORO) to label lipid droplets, and with DAPI to label nuclei. Note absence of 

punctate staining of appositional membrane of either BAT or WAT when primary antibody 

was omitted (Suppl. Fig. 1). As shown in Fig. 3A, when stained with Cx43 specific 

antibody, BAT expressed Cx43 abundantly at many cellular interfaces in cells stained with 

ORO. When WAT was stained with the same antibodies, we found much lower Cx43 

expression at the interfaces of ORO labeled cells, indicating that WAT adipocytes expressed 

Cx43, although less than BAT (Fig. 3B). To verify the presence of Cx43 in BAT and WAT 

and compare expression levels, we performed Western blots on tissue samples using the 

same antibody as used for immunostaining. As shown in Fig. 3C, Cx43 level in WAT was 

significantly lower than in BAT.

3.3. Effects of T. cruzi infection on Cx43 expression in BAT and WAT

To determine the effect of acute T. cruzi infection on Cx43 expression, we stained BAT and 

WAT with Cx43 antibodies at 30 dpi. Comparison between infected tissues and those from 

age-matched control mice is shown in Fig. 4. We noted that the normally strong Cx43 

staining in BAT was much reduced in the infected mice (Fig. 4A). In contrast, Cx43 

expression in the infected WAT was significantly higher compared with uninfected control 

tissue (Fig. 4B). To quantitatively compare the effect of infection on Cx43 expression in 

BAT and WAT, we performed Western blots on the tissues, as shown in Fig. 4A,B (right 

panel). Quantification of signals first normalized for GAPDH levels followed by respective 

controls revealed that at 30 dpi resulted Cx43 levels were reduced in BAT by 80% while 

there was a 50% increase in Cx43 levels in WAT In both cases, the changes were 

statistically significant.

3.4. Effects of 90 day T. cruzi infection on Cx43 expression in BAT and WAT

To determine the effect of chronic T. cruzi infection on Cx43 expression, we stained BAT 

and WAT with Cx43 antibodies 90 dpi. As with 30 dpi mice, the chronic infection resulted 

in reduced expression of Cx43 in BAT (Fig. 5A) and increased expression in WAT (Fig. 

5B). Quantitation of expression levels using Western blots revealed significantly lower 
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expression (~ 50% less) in 90 day infected BAT and about 25% increase in Cx43 expression 

in infected WAT. In both cases, the changes were statistically significant.

4. Discussion

Gap junctions are virtually ubiquitous in body tissues. However, their expression and 

functional importance in WAT has not been extensively studied. Herein, we report the 

presence of the gap junction protein Cx43 and functional coupling in mammalian WAT and 

we propose that like in other tissues, gap junctions play important roles in the physiology 

and pathophysiology of both types of adipose tissue.

Using the 3T3-L1 preadipocyte cell line [23], it has been reported that Cx43 

hyperphosphorylation and degradation are required for differentiation [9]. This is consistent 

with reports that MC3T3-E1 preosteoblast transdifferentiation to adipocytes was favored 

when gap junction coupling was blocked [24] and that H-1/A marrow stromal cells lost dye 

coupling as they differentiated into adipocytes [25]. However, several previous studies have 

demonstrated electrical and dye coupling as well as gap junctions between adipocytes in 

BAT [7, 8, 26] and our dye injections, electrical recordings and Cx43 immunostaining 

clearly show the presence and functional coupling of gap junction in WAT. These findings 

therefore provide further support to the growing understanding that adipose tissue is a very 

sophisticated organ, far more than just an inert storage/expenditure compartment for lipids.

Studies untilizing cultured adipocytes have been carried out on cultured cells [27, 28], more 

frequently compared to studies with intact adipose tissue. However, BAT and WAT from 

mice offer considerable advantages because in these preparations the in vivo organization of 

the cells is preserved, including cell connectivity and the local innervation. We thus were 

able to demonstrate both dye and electrical coupling in freshly isolated tissues. These 

interactions are likely to be substantially altered under tissue culture conditions, which is 

difficult from primary cells because fat tissue floats. These observations were fully 

supported by immunohistochemistry and Western blot studies. Further work on isolated fat 

tissues both normal mice and mouse disease models (e.g., Chagas disease model) and from 

infected mice in which adipocyte Cx43 is deleted will likely contribute to the understanding 

of roles of gap junctions in adipocytes.

Moreover, our results indicate that T. cruzi infection of adipose tissue has opposite effects 

on the gap junctions interconnecting the adipocytes, increasing Cx43 expression in WAT 

and decreasing it in BAT. It is known that several pathogens may reside in fat cells, 

exploiting an energy rich tissue niche [29–31], and one such example is T. cruzi, the 

causative agent of Chagas disease. As gap junctions are a target in Chagas disease [12], and 

loss of gap junctions impacts the various functions of adipose tissue including endocrine, 

immune and energy homeostasis. Reversing these changes may be expected to ameliorate 

certain aspects of the disease process.

Major issues remaining are the cause of the alterations in Cx43 expression and consequences 

for the endocrine, energy storing and thermogenic functions that fat performs. While the 

function of gap junctions in excitable cells is to synchronize activity of neurons, and 
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nonskeletal muscles (e.g., heart and smooth muscle), function in other tissues is less clear. 

However, one of the most solidly established functions for gap junctions is in synchronizing 

endocrine cells, thereby optimizing secretion [2], and the endocrine functions that fat 

performs are likely optimized by the intercellular gap junction mediated coupling. 

Modulation of this coupling under various physiological and pathological conditions may 

influence the function of adipose tissue. It was found that coupling by gap junctions is 

altered by inflammation [32] and by chemotherapeutic drugs [33]. If this also holds for 

coupling in adipose tissue, it might have far-reaching clinical implications.

After infection with T. cruzi, intracellular amastigote forms are observed both in the acute 

and chronic phases and in both WAT and BAT. The studies of Shoemaker and colleagues in 

the 1970s suggested preference for BAT in T. cruzi (Tulahuen strain) infected mice [34, 35]. 

However, we have found that as early as 15 days after infection of mice with T. cruzi (Brazil 

strain), there is a significant parasite load in both BAT and WAT as compared with other 

organs such the heart and spleen [36]. Macrophages and parasites are found in adipose tissue 

in mice chronically infected with T. cruzi, and the parasite persisted for over 300 days [15]. 

Recently, it was verified that T. cruzi persists in adipose tissue of chronic Chagasic patients 

[16].

We have shown previously that gap junctions are a target in Chagas disease [12]. It has been 

thought that this is at least partially responsible for the cardiac conduction deficits seen in 

Chagasic heart disease. Studies in cultured mouse cardiac myocytes infected with T. cruzi 

demonstrated that Cx43 immunofluorescence between infected cells was substantially lower 

after infection, whereas coupling between non-parasitized cells in infected dishes was not 

affected [37]. However, the results reported here indicate that previous conclusions may be 

tissue specific, since the changes we observed in BAT and WAT are opposite.

As to the mechanism responsible for changes in Cx43 expression, a major consequence of T. 

cruzi infection is the induction of inflammation, and numerous studies have now reported 

that IL-1β may up- or downregulate Cx43, depending on tissue [38–41]. Previously, we have 

demonstrated both by Western blotting and PCR analyses that T. cruzi infection of mice 

results in the increased expression of proinflammatory cytokines and chemokines including 

IL-1β [15, 36]. At both 30 and 90 days of infection there is a greater increase in 

proinflammatory cytokines and chemokines in BAT than in WAT (Nagajyothi et al, 

unpublished observations), and thus the observed reduction in Cx43 expression in BAT 

obtained from T. cruzi-infected mice may be explained in part by the increased expression of 

pro-inflammatory mediators such as IL-1β.

The mechanism responsible for increased expression of Cx43 in infected WAT remains to 

be fully explained. White and brown adipocytes differ morphologically and with regard to 

principal physiological functions, and differential response of Cx43 expression in these 

tissues could simply reflect tissue specific differences in signaling pathways. Although 

parasites exhibit higher affinity for both brown and white adipocytes than to other tissues at 

the early acute phase of T. cruzi infection in mice, white adipocytes are the major targets. 

We have observed that infection leads to a significant and continuous loss in WAT due to 

lipolysis that is greater than in BAT [36]. Given that Cx43 expression and function are 
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crucial to adipogenesis [23] and the plasticity of white adipocytes [42, 43], increased Cx43 

in infected white adipocytes could reflect pathological remodeling in that tissue.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Functional coupling in adipose tissue. A–F. Dye injection. Individual adipocytes were 

intracellularly injected with the fluorescent dye Lucifer yellow (LY). Asterisk indicates the 

injected cell. A–C: Brown adipose tissue (BAT) with dye coupling to neighboring cells; D–
F: White adipose tissue (WAT) with dye spread to one neighboring cell. Scale bar = 30 µm.
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Figure 2. 
Quantification of dye coupling and its blockade by the gap junction inhibitor heptanol. A: 

Graph showing the mean percentage of injections per tissue that resulted in coupling. B: 

Graph showing the mean number of cells seen in each injection per tissue sample. All data 

are presented as mean ± SEM, N ≥ 5. P values were obtained using one way ANOVA 

analysis followed by Tukey’s multiple comparison test. (*P < 0.05, **P < 0.005, ***P < 

0.0005, control vs. treated). C: Electrical coupling in brown and white adipose tissue. 

Current pulses were delivered into one cell and voltage deflections recorded in that cell (top) 

and a neighbor (bottom trace) shown by LY to be coupled to the first, injected cell. Lack of 

measureable current spread from electrode within the cell (upper trace) and an extracellular 

electrode before impalement of a second cell (not coupled), measureable spread of current 

when the second microelectrode was placed into a coupled cell (coupled), and significant 

reduction in current when tissue with the second electrode still in the same coupled cell, 

after the sample was incubated for 1 h with 3mM heptanol (HEP).
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Figure 3. 
Biochemical evidence for Cx43 in adipose tissue. Confocal image stacks showing Cx43 

distribution (green, arrows) together with Oil-Red-O (red) and DAPI (blue) staining in (A) 

Brown adipose tissue (BAT) and (B) white adipose tissue (WAT). Scale bar = 20 µm. C. 

Representative Western blots of Cx43 and GAPDH in BAT and WAT and quantification of 

Cx43 levels normalized with respect to internal loading control GAPDH. All data are 

presented as mean ± SEM, (N = 3 [BAT], N = 4 [WAT]). P value was obtained using 

unpaired t-test. (**P < 0.005, BAT vs. WAT)
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Figure 4. 
Acute T.cruzi infection alters Cx43 distribution and expression in adipose tissue. Animals 

were infected with 5×104 Brazilian Strain T. cruzi for 30 days. Confocal image stacks from 

control brown adipose tissue (BAT) (A, upper panel), infected BAT (A, lower panel), 

control white adipose tissue (WAT) (B, upper panel) and infected WAT (B, lower panel) 

showing Cx43 distribution (green, arrows), Oil-Red-O (red) and DAPI (blue) staining. Scale 

bar = 20 µm. Representative Western blots and normalized expression of Cx43 from 30 day 

infected mice (BAT [A] and WAT [B]) compared to that of respective control. The blots 
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were analyzed using image J and results were normalized first to GAPDH followed by 

control. All data are presented as mean ± SEM. P values were obtained using unpaired t-test. 

(**P < 0.005, ****P < 0.00005, Control vs. infected adipose tissue)
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Figure 5. 
Chronic T. cruzi infection alters Cx43 distribution and expression in adipose tissue. Animals 

were infected with 5×104 Brazilian Strain T. cruzi for 90 days. Stacked confocal images 

from control BAT (A, upper panel), infected BAT (A, lower panel), control white adipose 

tissue (WAT) (B, upper panel) and infected WAT (B, lower panel) showing Cx43 

distribution (green, arrows), Oil-Red-O (red) and DAPI (blue) staining. Scale bar = 20 µm. 

Representative Western blots and normalized expression of Cx43 from 30 day infected mice 

(BAT [A] and WAT [B]) compared to that of respective control. The blots were analyzed 
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using image J and results were normalized first to GAPDH followed by control. All data are 

presented as mean ± SEM. P values were obtained using unpaired t-test. (*P < 0.05, **P < 

0.005, Control vs. infected adipose tissue)
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