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Background: A new variant of endemic pemphigus foliaceus in El Bagre (El Bagre-EPF), Colombia, 
South America, shares features with Senear-Usher syndrome and occurs in an endemic fashion. Pa-
tients affected by El Bagre-EPF have heterogeneous antigenic reactivity not only to the skin but to 
other organs, including the heart. Here we test for autoantibodies to the areae compositae of the heart 
(structure consisting of typical desmosomal amalgamated fascia adherens molecules) and evaluate any 
possible clinical correlation.

Methods: A case-control study comparing 45 patients and 45 controls from the endemic area, matched 
by demographics including age, gender, weight, work activities, and comorbidities, was performed. 
Direct and indirect immunofluorescence, immunohistochemistry, confocal microscopic studies, and 
echocardiogram studies were completed.

Results: The main clinical abnormally seen in the El Bagre-EPF patients was left ventricular hyper-
trophy in 15/45 patients, compared with no such findings in the control population (P < 0.1). Seventy 
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antigen bovine tryptic 45-48 kDa fragment of Dsg1 [7]; and 

(6) each patient’s serum yielded a positive result using an 

enzyme-linked immunosorbent assay test when screening for 

autoantibodies to pemphigus foliaceus antigens [8].

In addition, blood pressure was taken in the patients and 

controls.

Direct and Indirect Immunofluorescence

In brief, for DIF from skin biopsies and IIF we incubated 

4-micron-thickness sections on slides with secondary antibod-

ies as previously described (4-10). Rat and cow were used for 

the IIF and were partially permeabilized using 1× phosphate-

buffered saline with 0.1% Triton and blocked with 1% normal 

goat serum [4-10]. FITC-conjugated rabbit anti-total IgG, IgA, 

IgM, complement/C1q, and complement/C3 were used. These 

antibodies were used at 1:25 dilution. We also used fibrinogen 

and albumin at 1:50 dilution. All of the preceding antibodies 

were obtained from Dako (Carpinteria, CA, USA). In addition, 

anti-human IgE antiserum (Epsilon chain) was obtained from 

Kent Laboratories (Bellingham, WA, USA) and anti-human IgD 

antibodies from Southern Biotechnology (Birmingham, AL, 

USA). These latter antibodies were used at 1:25 dilution. The 

DIF slides were counterstained with 4',6-diamidino-2-phenyl-

indole (DAPI) (Pierce, Rockford, IL, USA). Commercial anti-

bodies to known components of the areae compositae of the 

heart were used to study possible colocalization markers with 

the patients’ autoantibodies. These include mouse monoclonal 

multiepitope cocktail to anti-desmoplakin I and II (DSPI-II) 

(catalog no. 65146), to armadillo repeat gene deleted in velo-

cardiofacial syndrome (ARVCF) polyclonal antibody (catalog 

no. GP155) (secondarily used Alexa Fluor 555 goat-anti-

guinea pig IgG [H&L], Molecular Probes Life Technologies 

incorporated by ThermoFisher Scientific, Waltham, MA, USA) 

[9]. We also used mouse monoclonal multiepitope cocktail to 

anti-p0071 (catalog no. 651166), mouse monoclonal antibody 

to Myozap (also known as MIZAP) (catalog no. 651169) 

as the secondary antibodies to the DSPI-II, to p007, and to 

Myozap goat anti-mouse Texas red-conjugated IgG (H&L) 

(ThermoFisher). The antibodies to Myozap, DSPI-II, p0071, 

and ARCVF were all from Progen Biotechnik (Heidelberg, 

Germany). The samples were consistently run with positive 

and negative controls. We classified our findings as negative 

Introduction

A new variant of endemic pemphigus foliaceus in El Bagre (El 

Bagre-EPF) (also known as pemphigus Abreu-Manu) occurs in 

a well-defined geographic area of Colombia, South America. 

This disease provides an outstanding natural model for study-

ing the interactions among genetics, the immune system, and 

possible environmental risk factors in the development of 

autoimmunity [1-8]. Continuous exogenous antigenic stimula-

tion and a genetic predisposition may be required in the patho-

genesis of this disease [4-8]. Patients affected by El Bagre-EPF 

have autoantibodies to multiple cell junctions in the skin and 

one-third of them also demonstrate autoantibodies against 

other organs’ cell junctions. We tested for autoreactivity to a 

more complex cell junction in the heart, the areae compositae, 

and evaluated for any possible clinical associations.

Materials and Methods

A case-control study on 45 patients affected by El Bagre-

EPF and 45 controls from the endemic area matched by 

age, gender, and work activities was performed. A human 

quality assurance review board at the Nuestra Señora del 

Carmen Hospital in El Bagre approved the studies. The study 

participants signed consent forms, and no patient identifiers 

were retained. To make the diagnosis of El Bagre-EPF, we 

took skin biopsies from the chest and they were evaluated by 

hematoxylin and eosin histology, direct and indirect immu-

nofluorescence (DIF, IIF), and immunoblotting [4-8]. Only 

patients meeting diagnostic criteria for El Bagre-EPF were 

included, specifically: (1) patients displayed clinical and epi-

demiological features described for this disease; (2) patients 

lived in the endemic area; and (3) patient serum displayed 

intercellular staining between epidermal keratinocytes and 

the basement membrane zone of the skin, via either DIF 

or IIF using fluorescein isothiocyanate (FITC)-conjugated 

monoclonal antibodies to human total immunoglobulin (Ig)

G or IgG4, as described elsewhere [4-8]. Furthermore, (4) 

each patient’s serum tested positive by immunoblotting for 

reactivity against desmoglein-1 (Dsg1), as well as for plakin 

molecules as previously described [4-8]; (5) each patient’s 

serum immunoprecipitated a concanavalin A affinity-purified 

percent of El Bagre-EPF patients and none of the controls displayed polyclonal autoreactivity using 
different immunoglobulins and complement to the areae compositae of the heart using different meth-
ods and antibodies (P < 0.1).

Conclusions: Patients affected by El Bagre-EPF demonstrated autoantibodies to the areae compositae 
of the heart. This finding was associated with left ventricular hypertrophic cardiomyopathy. The areae 
compositae may play a role in cell junction tension and the El Bagre-EPF patients’ autoantibodies pos-
sibly disrupting these junctions and thereby contributing to the left ventricular hypertrophy.
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(–), weakly positive (+), moderate positive (++), positive (+++) 

and strongly positive (++++).

B-Mode 2-Dimensional Ultrasound Imaging

We tested for any cardiovascular pathology. VisualSonics 

ultrasound (Fujifilm, Toronto, Ontario, Canada) was used, 

and the testing was performed as described [11]. M-mode 

echocardiograms were done and recorded at 50 mm/second 

paper speed using black and white photographic paper. The 

following M-mode parameters were analyzed: left ventricular 

fractional shortening (LVFS), left ventricular end-diastolic 

diameter (LVEDD), left ventricular end-systolic diameter 

(LVESD), posterior wall thickness (PWTh), left ventricular 

end-diastolic radius/posterior wall thickness (R/Th), interven-

tricular septum thickness (IVSTh), percentage of IVS systolic 

thickening (IVS%Th), percentage of PW systolic thickening 

(PW%Th), and left atrium dimensions (LA).

Statistical Analysis

We used Fisher exact test to compare 2 nominal variables 

(eg, positive and negative) of antibody response. We also 

compared the differences between patient cases and controls 

when evaluating positivity of the El Bagre-EPF autoantibod-

ies. P < 0.1 with a 98% confidence interval (or better) was 

considered statistically significant. For all statistical analyses, 

the software GraphPad QuickCalcs (GraphPad Software Inc., 

La Jolla, CA, USA) was used.

Results

Seventy percent of El Bagre-EPF cases and none of the con-

trols displayed polyclonal autoreactivity with different immu-

noglobulins and complement components to the areae com-

positae of the heart using different methods and antibodies 

(P < 0.1). The IIF showed colocalization with the commercial 

antibodies to MIZAP, ARVCF, DSPI-II, and p0071 in the 

tested species (rat and cow). The positive antibodies were 

anti-human IgG, IgM, C3C, C1Q, fibrinogen, and albumin 

(Figures 1 and 2).

In Table 1, we present the data of the presence of auto-

antibodies against the areae compositae of the heart using 

IIF comparing serum El Bagre-EPF autoantibodies in cases 

vs controls. The patients’ daily dosage of prednisone is also 

presented in this table.

Figure 1. (A) Confocal mi-

croscopy showing colocal-

ization of the El Bagre-EPF 

patients with the commer-

cial antibody to MIZAP 

(white arrow, red stain). 

(B) The area composita has 

nuclei as shown in the posi-

tive stain with DAPI (white 

arrow, blue stain). (C) El 

Bagre-EPF autoantibodies 

stained using anti-human 

IgG-FITC-conjugated an-

tibodies against the area 

composita of the heart 

(white arrow, green stain). 

(D, E) Using pseudo color, 

the shape of the area com-

posita is positive (red ar-

rows). (A-F) ×630. (G) The 

overlapping of the peaks 

of the fluorochromes to 

El Bagre-EPF in FITC and 

MIZAP with Texas red at 

the area composita of the 

heart (white arrows). (H) 

An overlapping of DAPI, El 

Bagre-EPF autoantibodies, 

and MIZAP (×1,000) (white 

arrow). [Copyright: ©2019 

Abreu-Velez et al.]
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The main echocardiogram abnormalities seen in the El 

Bagre-EPF patients include a left ventricular hypertrophy 

(LVH) in 15/45 patients, and this was not identified in any of 

the control patients (P < 0.1). The echocardiogram findings 

revealed the following parameters in all 15 patients: LVH 

and normalization of left ventricular dimensions and function 

were done. The average measurement of the 15 patients was 

11 cm; LVFS changed from 15.0 ± 5.2% to 39.7 ± 5.4% (P 

< 0.1), LVEDD from 6.6 ± 0.6 to 4.6 cm (P < 0.01), LVESD 

from 5.6 ± 0.8 to 2.8 ± 0.6 cm (P < 0.01), PWTh from 1.1 ± 

0.1 to 1.2 ± 0.1 cm (not significant), R/Th from 3.1 ± 0.5 to 

2.0 ± 0.4 cm (P < 0.01), IVSTh from 1.2 ± 0.3 to 1.5 ± 0.3 cm 

(P < 0.01), IVS%Th from 14.2 ± 4.1% to 28.5 ± 7.8% (P < 

0.01), PW%Th from 31.0 ± 14.4 to 54.3 ± 19.6% (P < 0.01), 

and LA from 4.6 ± 0.6 to 3.5 ± 0.9 cm (P < 0.01).

Blood pressure levels were similar in the cases and 

controls.

Using IIF, 23/45 patients affected by El Bagre-EPF had 

anti-human IgG-FITC-conjugated autoantibodies and com-

Table 1. Presence of autoantibodies (Ab) against the areae compositae of the heart using IIF and cow 
as antigen source and comparison with the respective titers of seric autoantibodies in  

cases vs controls and their daily dosage of prednisone

IIF

Autoantibodies 
and Markers 

El Bagre-EPF
Titers of Ab in 

Serum
Daily Dosage of 
Oral Prednisone

Controls Titers of Ab P Values

IgG 15/45 (320) 10 mg 0/45 (0) <0.01

Fibrinogen 15/45 (320) 15 mg 0/45 (0) <0.01

IgM 13/45 (160) 20 mg 0/45 (20) <0.01

Albumin 11/45 (160) 25 mg 0/45 (20) <0.01

C3c 13/45 (160) 30 mg 0/45 (20) <0.01

C1q 12/45 (80) 30 mg 0/45 (20) <0.01

IgA 15/45 (40) 30 mg 0/45 (0) <0.01

IgD 15/45 (40) 15 mg 0/45 (0) <0.01

IgE 7/45 (40) 20 mg 0/45 (0) <0.01

Kappa 15/45 (160) 15 mg 0/45 (0) <0.01

Lambda 15/45 (160) 15 mg 0/45 (0) <0.01

Figure 2. (A) Confocal mi-

croscopic image shows posi-

tive staining with El Bagre-

EPF autoantibodies labeled 

with FITC-conjugated anti-

human IgG (green staining) 

colocalizing with the anti-

body to ARVCF (Texas red-

conjugated) at multiple are-

ae compositae of the heart 

(yellow arrow) (×1,000). (B) 

A zoom of the areae com-

positae of the heart (white 

arrow shows the complexity 

of the multiple dotted mol-

ecules inside it) (×140). (C) 

Diagram of the areae com-

positae. [Copyright: ©2019 

Abreu-Velez et al.]
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plement directed to the areae compositae of the heart (P < 0.1) 

(Figures 1 and 2). No controls were positive.

Discussion

The areae compositae of the heart is composed of an amal-

gamation of mixed-type cell-cell adhering junctions with 

desmosomes, adhering junctions, and some vessel junctions 

[9,12-19]. In recent years it has become clear that numerous 

other junction types exist that are different from the classi-

cally recognized junctions such gap, desmosome, hemides-

mosome, tight junctions, and adherens junctions, and some 

of them are located where 3 or more cell junctions converge 

[20]. The biological constitution of the area composita and its 

clinical importance has recently gained attention. Only a few 

studies on the areae compositae have shown that mutations in 

the areae compositae protein αT-catenin are associated with 

arrhythmogenic right ventricular cardiomyopathy [20,21]. 

Our study provides new information about the possible role 

of the areae compositae, especially at the left ventricle, where 

stronger junctions are needed to handle the higher intraven-

tricular pressure. Further investigations are needed [22].

Hypertrophic cardiomyopathy is clinically defined by the 

presence of increased left ventricular wall thickness that is 

not solely explained by abnormal loading condition [23]. The 

most common cause of LVH is high blood pressure (hyperten-

sion). The patients in this study who demonstrated LVH had 

no evidence of high blood pressure [24]. Other causes of LVH 

include athletic hypertrophy (a condition related to exercise). 

The patients in this study, although they work outside as 

farmers and or miners, are not athletes. Valve disease is also a 

cause of LVH (some of the patients have valve disease due to 

the presence of autoantibodies) (manuscript in preparation). 

This presents an alternative explanation for the increased 

incidence of LVH in our patient population. Other conditions 

such hypertrophic cardiomyopathy, and congenital heart 

disease, such as autosomal dominant trait caused by cardiac 

sarcomere protein gene mutation, can also give rise to LVH. 

(So far these 2 conditions have been undetected in any of 

our patients, although we suspect they carry several genetic 

anomalies.) Other conditions, such as myocardial infarction 

and dilated cardiomyopathy, can cause cardiomegaly.

Experimentally mutated MIZAP in mice results in LVH 

[25]. El Bagre-EPF autoantibodies colocalize with MIZAP 

and other molecules at the areae compositae of the heart. 

The areae compositae is part of the contractile tissue of the 

heart making specific cell-cell contacts necessary to ensure 

strong mechanical and electrochemical coupling during beat-

ing. These contact sites, termed the intercalated discs, have 

gained increased attention recently because of their potential 

involvement in cardiac disease.

Conclusions

We conclude that El Bagre-EPF patients have autoantibodies 

to the areae compositae of the heart colocalizing with MIZAP, 

ARVCF, DSPI-II, and p0071. Clinically, these patients often 

present with LVH. As shown in this study, the localization 

and nature of the autoantibodies in autoimmune diseases may 

help us to understand the biological and physiological impor-

tance of the pathophysiology in this category of diseases.
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