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Introduction

An orphan autoimmune disease (a new variant of endemic 

pemphigus foliaceus, EPF; denominated pemphigus Abreu-

Manu, or El Bagre-EPF) is present endemically in El Bagre, 

Colombia and surrounding municipalities and has been 

documented and partially characterized earlier [1-4]. In 

contrast to typical EPF, which primarily affects children 

and young adults, El Bagre-EPF affects older males and a 

few post-menopausal females [5]. Clinically, El Bagre-EPF is 

characterized by skin lesions; consistently, the primary auto-

antigens are cell junction proteins like plakins, i.e., desmo-

plakins, envoplakin, periplakin, and plakoglobin [6]. Other 

studies have demonstrated that El Bagre-EPF autoantigens 

were not restricted to cutaneous proteins but also proteins in 

internal organs [2-4]. In fact, using sera from those patients, 

Dr. Ana Maria Abreu Velez and co-workers discovered it 

contains autoantibodies against proteins that form parts of 

cell junctions and other membrane proteins as well as intra-

cellular and nuclear proteins.

Patients affected by El Bagre-EPF frequently report back 

pain in the spinal area as well as low bone mass by densitome-

try, suggesting the involvement of spinal joints and ligaments, 

intervertebral disks (IVD), and, presumably, paraspinal mus-

cles and fascia. Supporting this view, we detected autoan-

tibodies against cells junction proteins in the IVD as well 

as in their surrounding structures (manuscript submitted). 

Whether additional nerves supplying all these structures are 

altered has never been investigated. Nonetheless, a reduction 

in cutaneous nerve fibers and fragmentation of the subep-

idermal neural plexus areas in El Bagre-EPF patients have 

previously been reported [7].

Therefore, our present research was designed to analyze 

in detail whether patients with El Bagre-EPF present changes 

in multiple anatomic structures of the lumbar region, includ-

ing the peripheral nervous system.

Materials and Methods

As an antigen source, we bought fresh bovine vertebra in-

cluding the intervertebral area from two- to three-year-old 

cows via a local United States Department of Agriculture  

(USDA)-certified slaughterhouse. Additionally, we used two 

lower IVDs from a human adult cadaveric tissue bank. Tissues 

were incubated for four minutes (min) with 1X PBS and 3.5% 

paraformaldehyde (to allow partial fixation, including lipids). 

We used this method to preserve some lipid components as 

well as Triton X-100 to expose membranes and intracellular 

antigens. Slides with tissue sections were then washed twice 

thoroughly with PBS for 10 minutes per wash and partly per-

meabilized using 1X PBS combined with 0.1% Triton X-100 

(for partial solubilization of cell membranes and protein com-

plexes) and 1% normal goat serum (for blocking). For our 

complete methods, please see File S1, and Table 1.

Further, in El Bagre-EPF patients and the correlated con-

trols, spine densitometry was evaluated via an osteoden-

sitometry analysis using Prodigy DXA systems© 2024 GE 

HealthCareTM. GE Healthcare (Chicago, Illinois, USA) 
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indicated low bone mass by densitometry. It was suggested 

to rule out secondary causes via TBS: 1,228 partially dete-

riorated microarchitecture points (Figure 1). As far as we 

know, no bone change has ever been reported in Bagre-EPF 

patients.

In Figure 2 we summarize the results for the positivity 

found against multiple proteins located in the IVDs and 

their surrounding structures. All 45 patients affected by the 

El Bagre-EPF (combining the Senear-Usher-like and systemic 

disease forms) displayed autoantibodies against multiple 

proteins detected in the anterior and posterior longitudinal 

ligaments, in the annulus fibrosus (AF), and in the nucleus 

pulposus (NP). The same proteins, in variable amounts, were 

also detected in sensory nerve formations (SNFs) of different 

shapes and sizes present in the paraspinal structures and the 

neurovascular branches feeding and innervating these struc-

tures. The autoimmune response against all SNFs was poly-

clonal in nature. None of the controls from the endemic area 

showed positivity against these structures. Most of the SNFs 

identified do not correspond with typical morphotypes of 

SNFs reported in the IVD and paraspinal structures.

In figure 3, we show examples of multiple positive sen-

sory nerve formations (SNFs) and the neural receptors at 

the fibrosus (AF) and in the nucleus pulposus (NP) as part 

Osteodensitometry includes testing bone mineral density 

(BMD) to search for osteoporosis as well as an Optional 

Integrated Trabecular Bone Score (TBS). An Advanced Hip 

Assessment (FRAX)® was used to assess borderline cases. The 

dual absorption of X-rays were performed via General Electric 

Prodigy advance. We also reviewed axial slices of the spines 

using a Philips Brilliance CT 16-slice computerized tomog-

raphy (CT) (CT16) scanner© Koninklijke Philips N.V.USA), 

with multiplanar coronal and sagittal reconstructions.

Results

The CT16 scans available in five patients and in five controls 

indicated no observable fracture trace in the bone window 

cuts. However, the presence of osteophytes (also called bone 

spurs) in lumbar vertebral bodies were seen in El Bagre-EPF 

patients and not in the controls. Furthermore, specific al-

terations in bone densitometry were detected at the lumbar 

spine scan. In L1–L4, a bone mass density (BMD) of 0.923 

g/cm2, equivalent to a T-SCORE -2.1, was demonstrated. In 

the dual hip scan femoral neck, a BMD of 0.751 g/cm2 was 

equivalent to a T-SCORE. -2.1, and a Z-SCORE of -1.5. In 

the hip total scan, a BMD of 0.822 g/cm2 was equivalent 

to a T-SCORE -1.5 and a Z-SCORE of -1.2. These results 

Figure 1. Shown are the body mass density (BMD), the Trabecular Bone Score (TBS), and the computerized tomo 

graphy studies on one of the El Bagre-EPF patients.
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Figure 2. Summary of the results for the positivity found against multiple proteins lo-

cated in the IVDs and their surrounding structures comparing patients and controls.

of the intervertebral structures. Most (43/45) of the pa-

tient sera exposed polyclonal autoreactivity with the an-

tibodies against human (IgG, IgM, IgD, Kappa, Gamma, 

C3C, C1Q, and C4), (P<0.001) as well as positive with 

antibodies against fibrinogen and albumin against previ-

ously known and new neural receptors present in the IVD 

(translamellar cross-bridges of the annulus fibrosus, and 

the nucleus pulposus), neurovascular bundles, paraspinal 

neurovascular packages, and the anterior and posterior 

longitudinal ligaments. Controls were negative (P<0.001). 

In figure 4, we confirm by confocal microscopy the positiv-

ity and 100% colocalization of the patients autoantibodies 

with the commercial antibodies to plakophilin 4 (p0071), 

armadillo repeat gene deleted in the velo-cardio-facial  

syndrome (ARVCF), desmoplakins I and II (DP I-II), and 

myocardium-enriched zonula occludens-1-associated  

protein (MYZAP) (P<0.001). Several of the SNFs did not 

show the morphology of the currently documented sensory 

corpuscles in connective tissues, including IVD and paraspi-

nal structures. Of interest, the neural receptors were of dif-

ferent forms and shapes, with some large globular structures 

and some smaller, and some along the myelinated fibers pre-

senting as thinly encapsulated clusters.

Discussion

We recently demonstrated that El Bagre-EPF displays auto-

reactivity against proteins in tissues of the intervertebral disk 

(IVD) and adjacent structures with anomalies in the spine 

and using radiographs and magnetic resonance imaging 

(MRI) and the Back Pain Functional Scale (BPFS). Here we 

extended the focus to the cartilage of the IVD, the bodies of 

the lumbar vertebrae, and the paraspinal ligaments and mus-

cles, since patients who suffer from El Bagre-EPF disease fre-

quently report lower back pain. In the current study, lumbar 

osteophytes with decreased bone density were observed in 

some El Bagre-EPF patients relative to the controls. Whether 

these bone and joint alterations are a result of the El Bagre-

EPF disease remains to be established, because pertinent di-

agnostic equipment is not available in the endemic area and 

thus not all the patients and controls have access to this.

In the present study, the most interesting finding was 

that in El Bagre-EPF patients there was great involvement of 

presumably afferent nerve fibers and SNFs, present both in 

intervertebral discs and in tissues surrounding them. We also 

confirmed that both the neurovascular bundles in the IVDs 

and surrounding structures had multiple SNFs recognized as 

antigenic in patients affected by El Bagre-EPF. Interestingly, 

these membrane receptors also perfectly colocalized with 

multiple commercial antibodies including DPI-I, MYZAP, 

p0071, and ARVCF. The MYZAP ARVCF, DP-I II, and 

p0071 are autoantigens detected by El Bagre-EPF patient 

sera, especially of those who have clinical forms resembling 

Senear-Usher syndrome and the systemic form that affects 

cell junctions throughout the body. We previously described 

that the patient sera contained autoantibodies against classic 
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Figure 3. A through i, IIF and at 1000X. In Figures A and B, we show positive staining in SNFs. The white arrows 

point to large globular structures in the  myelinated fibers. In A and B,  we used the antibodies against FITC con-

jugated human complement C4 (green staining) and the antibody against desmoplakins I-II Texas red conjugated 

(red staining). The smaller SNFs are of unknown nature and are highlighted by yellow arrows. The nuclei of  the 

receptors were counterstained with DAPI (blue staining). Figure 3C) Confocal microscopy (CFM) shows the perfect 

colocalization of the peaks detecting the antibodies (the patient antibodies in green, and desmoplakins in red; white 

arrows). Figures 3D to I, (also IIF). We detected reactivity against components of SNFs (white arrows). In Figure 3D, 

a complex SNF resembled a cauliflower with an intricate network of fine neural components; it was separated from 

the neighboring connective tissue by a structure lacking lamellae. In this SNF, we observed colocalization with anti-

bodies against FITC conjugated human IgG (green staining) and the commercial antibody to MYZAP (yellowish and 

orange staining). These SNF was of about 350 microns in length, located at the junction of the AF connective tissue 

and at the paraspinous musculature. In Figures 3E and F, we also observed several SNF in which the patients auto-

antibodies directed to IgM FITC conjugated, perfectly colocalize with monoclonal antibodies against glial fibrillary 

acidic protein (GFAP) commercial antibody. In figure E, yellow arrow, and Figure F, the yellow arrow shows positive 

GFAP as component of this complex receptor. Figure 3 G) we show an example of two different shape SNF adjacent 

to a cell junction (red  arrow). The receptors are shown in green, one is pointed at the black arrow, and the other with 

the black arrow. Figure 3F) we show examples of double SNFs that have no nuclei and were positive for anti-human 

FITC conjugated fibrinogen, colocalizing with the antibody against MYZAP (yellow-orange color). Figure 3H) we 

found net-like receptor structures (yellow arrows) using the antibodies of the patients using IgG FITC conjugated, 

and the commercial antibodies to GFAP. The white arrow shows a lighter receptor only reactive by GFAP. These were 

often seen in several areas around the IVDs; some of these SNFs resembled Meissner corpuscles. Figure 3 I,  the white 

arrow points to  a few of the SNFs  that did not show the morphology of the SNFs typical of the skin.
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Figure 4. A-I. (All in 1000X). We observed other morphotypes of SNFs, varying considerably in size and shape. They 

displayed various positive areas of  intricate stain inside their globular structures, differing from those documented 

in Figure 3. Figures 4 A, B and C show the large capsule of the larger receptors (yellow arrows), near small receptors 

(white arrows). The larger receptors displayed a prominent thick capsule. For Figures 4A through F, we used hu-

man FITC conjugated anti-human lambda antibodies (green staining) and a Texas red conjugated antibody against 

MYZAP (red staining). Both antibodies show perfect colocalization using the confocal microscopy. In Figure 4C, we 

demonstrate that these two types of receptors have nuclei for their positivity to DAPI (blue color). Figure 4E shows 

the peaks of reactivity of these antibodies perfectly colocalize (yellow arrow). Figure 4F the blue arrows shows 3D 

imagen demonstrating how three types of receptors being close to each other and seem to be not in the same plane 

suggesting a subspecialized cell signaling. Figure 4G shows a reflectance microscopy image using polarized light of 

three receptors of same kind of linear repetitive pattern. The IIF in Figure 4G, top right corner shows four recep-

tors in linear pattern. Figure 4H are receptors with similar shape of Meissner receptor positive to anti human IgM 

antibody FITC conjugated colocalizing with the commercial antibody to p0071 Texas red  conjugated. Figure 4I, 

using the same antibodies as in Figure 4H, we detected some clusters of SNFs with a larger receptor (white arrow) 

attached to a neurovascular branch of blood vessels, with at least six other SNFs of different shapes.

desmosomes, hemidesmosomes, adherent and gap junctions 

as well as other more complex junctions [2,7,8]. Several 

members of the armadillo (arm)-family of catenin proteins 

are part of the cell junctions in most organs of the body. 

These include β-catenin, plakoglobin as well as members 

of the p120-catenin subfamily including p120-catenin, 

p0071-catenin (also known as PKP4), ARVCF, δ-catenin 

(also known as neurojungin or neural plakophilin-related 

protein), and plakophilins 1-3 (frequently associated with 

desmosomes) [9].

Most published studies about the innervation of the IVD 

and adjacent ligaments in vertebrates have demonstrated 

that nerve fibers are found only at the periphery of the AF 

[10,11]. The afferent innervation of the IVD is represented 
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Bagre have autoantibodies to lumbar IVDs and surround-

ing structures, especially SNFs. Using conformational 

antibodies, we were able to explore the intricate nature 

of these SNFs. Because these autoantibodies have multi-

ple conformational epitopes, they thus represent an out-

standing tool to be used in biotechnological and clinical 

applications.
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