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Fig. 3 El Bagre-EPF patient sera recognize other mechanoreceptors, and their skin biopsies show nerve paucicellularity and defragmentation of

small nerves. “Pose of pemphigus”

human IgG/IgM/IgA antiserum. In contrast, two of the
20 normal controls from the endemic area showed
autoreactivity to larger nerves with only IgM.

In Fig. 3, El Bagre-EPF patient sera recognize other
mechanoreceptors, and their skin biopsies show nerve
paucicellularity and defragmentation. Figure 3a shows
positive staining of a Krause endbulb using FITC-
conjugated anti-human IgM antibodies (red arrow) (green
staining). Figure 3b is a diagram of mechanoreceptors of
the skin. Figure 3¢ shows positivity with FITC-conjugated
anti-human fibrinogen antiserum (red arrow, green stain-
ing), and with anti-human-ICAM-1/CD54 (orange staining,
white arrow) in a Meissner corpuscle. The nuclei are
counterstained with Dapi (blue). Figure 3d shows normal
silver staining of the upper neural plexus of the skin of a
normal control (dark brown netting stain; blue arrows).
Figure 3e shows silver staining from one El Bagre-EPF
skin biopsy, revealing defragmentation and loss of nerves
(blue arrows). Figure 3f shows IHC of one El Bagre-EPF
skin biopsy, utilizing anti-human Clq antibodies positive
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against the upper neurovascular bundle under the BMZ
with anti-human Clq (blue arrow).

In Fig. 4. El Bagre-EPF patient sera recognize thin
myelinated and non-myelinated nerves, the spindle cell
apparatus, and brain tissue by different techniques.
Figure 4a shows perineural inflammation and mild edema
of a nerve in an H&E skin biopsy of an El Bagre-EPF
patient (x100). Figure 4b and d is DIF showing positive
colocalizations of El Bagre-EPF patient’s autoantibodies
using FITC conjugated-anti-human IgG antibodies (in
Fig. 4b, to mechanoreceptors; in Fig. 44, to the neuromus-
cular spindle; we used anti-GFAP to demonstrate the neural
nature of these structures). The Bagre-EPF antibodies are
shown in green staining (red arrows). In Fig. 4d, the red-
orange stain shows El Bagre-EPF atutoreactivity to the
neural spindle (yellow arrows). Figure 4¢ shows IB using
cow spinal cord extract. On the left are the molecular
weight standards and on the right is a positive control. After
SDS polyacrylamide gel electrophoresis separation of cow
spinal cord and blotting of neural substrate antigens, El



J Clin Immunol (2011) 31:356-368

363

g gl HEAVY
CHAIN

w0 KD

Anbigon

SLOPRGE 0%

Fig. 4 El Bagre-EPF patient sera recognize myelinated and non-myelinated nerves, the spindle cell apparatus, and some brain tissues by different
techniques

Bagre-EPF sera reactivity to several bands are shown,
including 135, 97, 66 and 60 kDa(the last two, highlighted
with blue arrows, were correlated using anti-human-IgG
and IgM, respectively). We found that one third of the El
Bagre-EPF sera were reactive to some of these four bands.
No controls from outside or inside the endemic area were
positive. Figure 4e illustrates positive FITC-conjugated
IgG from an El Bagre-EPF patient, showing positive
reactivity to the rat brain gyral and the sulci surface (green
staining; white arrow). In Fig. 4f, similar pattern is seen
with DPI-II (red staining; white arrows). We were able to
demonstrate that El-Bagre-EPF patient autoantibodies
colocalized in several areas of the brain and neurovascular
structures with the commercial antibodies from Progen
directed to DPI and DPII, to ARVCEF, and with the P0071
antibodies (data no shown).

In Fig. 5, El Bagre-EPF patient autoantibodies coloc-
alize with neural markers using [EM, CFM, and IHC.
Figure 5a., ¢ demonstrates colocalization of the neural
components with El Bagre-EPF patient sera using FITC-
conjugated human IgM and IgA antibodies (white stain-
ing; yellow arrows) and Texas red-conjugated GFAP

(orange staining) (red arrows). In Fig. 5b, El Bagre-EPF
autoantibodies colocalize using FITCI-conjugated human-
IgM antibodies (yellow staining; red arrows). In Fig. 5d, e,
CFM demonstrated that the El Bagre-EPF antibodies
colocalized with neural markers. Figure 5d shows CFM
image revealing anti-GFAP (red), anti-IgG (green), and
Dapi (nuclei; blue) in their respective staining patterns,
utilizing the EZ 1 Viewer software for image analysis. The
light gray represents the overlapping of GFAP and IgG
using NDIC. In Fig. 5¢, we measured the staining of the
overlap distances and found colocalization of the dyes in
the same focal plane. The GFAP and the IgG peaks
overlap (white arrows), in contrast to the Dapi (yellow
arrow). Figure 5f, g shows 1EM images. We observed
10 nm gold particles, representative of El Bagre-EPF
autoantibodies deposited in the axons of the peripheral
nerves at lower magnification (Fig. 5f, 60 kV) and at
higher magnification (Fig. 5g, 150 kV) (red arrows, black
particles).

Table I shows mercury levels in the patients and controls
and documents neural alterations found in comparison with
mercury levels at the time of the examination.
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Discussion

Patients affected by FS and El Bagre-EPF have buming
sensation on the skin, combined with itching and occasional
paresthesias statistically significant even comparing with
the controls living in the same endemic area where mercury
and other metals and metalloids prevail {4, 5, 7, 18]. Other
neuromuscular symptoms reported before the steroid era for
patients affected chronically by EPF included depression,
mood disturbances, decalcifications, muscular atrophy
(most of extensors muscle), contractual deformities, and
ankylosis of the joints producing the “pose of pemphigus”
(dosiflexion of extremities) [1—8]. Based on our studies, we
can speculate that the “pose of pemphigus” is explained
vis-a-vis for the weakness and/or direct damage of the
extensor nerves for an unknown reason to us yet [1-12].
Our findings of polyclonal neural reactivity by colocaliza-
tion of El Bagre-EPF autoantibodies with neurovascular
markers could explain the skin buming and “be in fire
sensation” symptoms and could provide valuable clues to
the pathophysiological process. In addition, antibodies to
the spindie cells of the neuromuscular apparatus may
explain the clinical neuromuscular atrophy and the in-
creased dorsiflexural tone in the “pose of pemphigus”.
Furthermore, by IB, we detected reactivity of several
molecules, including plakins and unknown molecules of
135, 97, 66, and 60 kDa in several sera from El Bagre-
EPF patients. Of interest, p0071 is 135 kDa in molecular
weight, and ARVCF approximates 97 kDa. IB revealed
that IgM and 1gG antibodies correlated with our DIF, IIF,
and THC testing.

We detected (1)-autoantibodies to mechanoreceptors and
mostly to thin nerves of the skin including some myelinated
and some not. We also detected autoantibodies to the optic
nerve, but mostly to the perineural meningeal sheaths [that
are rich in desmoplakins (El Bagre-EPF antigens)]. In
addition, we detected neural paucicellularity, decreases in
the ENFD, and autoreactivity to parts of the brain that all
colocalized with the patient’s autoantibodies and several
neural markers. We demonstrated colocalization of the
patient’s autoantibodies with DPI and DPII (known to be
antigens for El Bagre-EPF) in the optic nerve and brain
tissues. We recently described several ocular abnormalities
and the presence of autoantibodies to the meibomian and
other structures of the eyes in El Bagre-EPF patients [6].
Desmosomes are major intercellular junctions found in
association with intermediate filaments in epithelial, cardi-
ac, and arachnoidal tissue that surrounds the optic nerve
[19]. DPI and DPII are part of the desmosomal plaque and
seem to have a role for linking intermediate filaments in
several tissues [19]. DPI and DPII are not restricted to
stratified epithelia [19]. Interestingly, ARVCF is associated
with E-, M-, and possibly N-cadherins [20]. Thus, we
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suggest that epitope spreading could occur in the disease
process in El Bagre-EPF patients.

Within the skin, we observed defragmentation and
alterations in the neural plexuses by several methods. Skin
biopsy has been demonstrated to be of value in the
diagnosis of clinical small fiber neuropathies; this technique
is less invasive than nerve biopsy [12-15]. In autonomic
neuropathies, diagnostic fibers are located in the dermis;
thus, fibers innervating sweat glands and piloerector
muscles can be assessed [12—15]. We recently described
autoantibodies to sweat glands in patients affected by El
Bagre-EPF [21]. Here, we demonstrate antibodies to
multiple neurovascular areas. Thus, we have demonstrated
physical and immunological evidence of autoreactivity to
the peripheral and central nervous system using multiple
techniques. However, the neural symptoms could result
from a combination of sympathetic and parasympathetic
nerves, both myelinated and non-myelinated damage, and
therefore, larger and extended studies need to be pursue to
answer these questions.

We speculate that damage to the nerves may occur
because intraepidermal nerves exist in proximity to
desmosomes; blisters, acantholysis, and separation would
occur in these areas, potentially exposing neural antigens
to autoreactivity. A similar process could occur at the
neurovascular plexus below the basement membrane
zone or within the dermal papillae. Additionally, mercu-
ry, other elements, and/or other diseases could induce
epitope mimicry and/or alter the conformation of selected
molecules, thus triggering the autoimmunity. p0071 is
very homologous to the neural plakophilin-related arma-
dillo repeat protein (NPRAP/8 catenin) and is located in
several cell junctions [22]. p0071, DPL, and DPII are part
of the complexus adherens meshwork, related to endothe-
lial and lymphatic cells [23]. These cells are connected by
the complexus adherens, with VE-cadherin joining with
DPI and DPII, as well as several adherens junction plaque
proteins, such «- and (-catenin, pl120 catenin, and
components of tight junctions, such claudin-5, JAM-A,
and ZO-1 [23].

Most current literature and trends have clearly showed

- that most autoimmune skin blistering disease, such pem-

phigus and pemphigoids, are for the known desmogleins
and BP18 and BP230. However, alterations of the nerves or
other neural structures have been previously described in
bullous diseases and loss over time, including a patient with
paraneoplastic pemphigus (PNP) with a pseudotumor of the
spinal nerve [24, 25]. Another case of PNP was associated
with a myofibroblastic tumor [26]. Two Russian studies
have shown alterations in adrenergic and cholinergic nerves
of the skin in patients suffering chronic pemphigus [27, 2%].
Changes in the Gasserian ganglion have been identified in
cases of oral pemphigus [29]. Kaposi reported that many
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<qFig. 5 Immunoelectron microscopy reveals deposits of El Bagre-EPF
patient autoantibodies within nerve axons, and CFM and IHC demon-
strate colocalization with neural markers

cases of fatal pemphigus showed anatomic changes of
chronic myelitis in the spinal cord and/or in the sympathetic
nerves [30]. Li et. al. reported that sera from a patient with
BP with neurological changes recognized BP antigens by
IB in the skin and brain [31]. In mice lacking the BPAGI
gene, neurons exhibited perturbations in their intermediate
filaments and microtubules, leading to swellings and
changes in the axons [31]. Our studies demonstrated
autoantibodies by IEM using 10-nm gold particles in the
axons of peripheral nerves; further IEM studies will be
performed on the central neural system. Additional evi-
dence of the importance of the neural system in pemphigus
has been demonstrated by the detection of human alpha-
acetylcholine and cholinergic receptors as pemphigus
vulgaris antigens [32, 33].

Chronic exposure to mercury produces neural tissue
alterations, as seen in acrodynia Minamata disease and in
animal models exposed to mercury [34-36]. Symptoms
typically include sensory impairment (vision, hearing, and
speech), ataxia, disturbed sensation, and a lack of coordi-
nation. The type and degree of symptoms exhibited depend
upon the individual toxin, the dose, and the method and

duration of exposure [34-36]. These alterations differ from
the severe burning sensation seen in El Bagre-EPF patients.
Organic mercury affects primarily sensory peripheral
nerves, with swelling and degeneration of Schwann cells
and changes in both myelin sheaths and axons [32-35]
Also differing, the skin biopsies from El Bagre-EPF
showed several inflammatory cells as reported before and
showed here [3, 8]. Most of autoantibodies produced by
chronic mercury exposure alone in human and animals have
been reported to be antinucleolar, differing to our findings.

In E]l Bagre-EPF patients, we have documented autoanti-
bodies in the axons by [EM. Since autoantibodies to neural
structures following exposure to mercury, metalloids or
organophosphates are primarily directed against MBP and
GFAP and of IgG, IgA, and IgM subclasses, a mercury
association cannot be excluded in El Bagre-EPF etiology
[34-36]. However, mercury exposure alone is not sufficient
to develop pemphigus. In Minamata disease, no patients
have been described with EPF [34-36]. In addition, in the
control group from the endemic area, the predominance of
any autoreactivity was seen using IgM and present only in
some individuals; in contrast, most of the neurological
alterations and the skin burning sensations presented
exclusively in El Bagre-EPF patients. Finally, the autoanti-
bodies in the patients were expressed against perineurium,

Table I Mercury levels in the patients and controls and neural alterations found in comparison with mercury levels at the time of the examination

Subjects Discase Course Range of levels of mercury Presence of autoantibodies Skin burning Kinesiological
detected in nails and hair in to neural structures, and sensation and neurological
parts per million (ppm) where isotypes of the antibodies alterations
(+ mild, ++ moderate and
++ severe)

El Bagre-EPF cases Acute (<6 months 40% (+++) None Positive in Fine tremor

after disease onsct) 20% (++) 100% cases 50%
20% (+)
20% (5+)
0% (0)
El Bagre-EPF cascs Chronic cases(>3 ycars 40% (+-++) IgM alone (40%) Positive in Depression
after discase onsct) 20% (++) IgA alone (40%) 100% cases (100%)
20% (=) IgA. 1gM, fibrinogen,
C3 and 1gG (70%)
20% (5+)
% (0)
Controls living in <6 months 30% (+++) None Negative in Fine tremor
the endemic area 20% (++) 100% cases 50%
10% (+)
20% (5+)
20% (0)
Controls living in >3 years 40% (+++) IgM 1 control Negative in Depression
the endemic arca 20% (++) 100% cases (30%)
20% (+)
20% (5+)
%% (0)
Controls from out 100% (0) None Negative in None

of the endemic area

100% cascs
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epineurum, endoneurium, and blood vessels Both the NHP
and the LKS clinical evaluation scale results correlate with
our findings [16, 17]. We note that most of our affected
nerves innervated extensor muscles: the significance of this
finding is beyond the extent of our current study.

A paraformaldehyde prefixation of skin biopsies im-
proved our assessment of neural tissues; we suggest larger
studies to assess technique efficacy. Furthermore. the El
Bagre-EPF patient focus exists in a rural area, with minimal
medical resources. Ideal testing would address specific
antigens with neural microarrays, quantitative sensory
nerve testing (for large and small fibers), quantitative
sudomotor axonal reflex testing, single photon and positron
emission tomography, and electromyography.

Plakins are the major El Bagre-EPF antigens [{~12].
Homozygous mice with a desmoplakin gene ablation and
subsequent rescue utilizing extra-embyonic ectoderm have
shown that desmoplakin is important in embryonic
development, affecting heart, neuroepithelium, skin, and
vasculature integrity {37, 38]. Finally Balo and Foldavari
[38] reported in 1948 that in the Gasserian ganglia and in
other spinal ganglia, a chronic inflammatory process with
perivascular infiltration, vacuolar degeneration of gangli-
onic cells, and proliferation of amphicytes [38] occurs. In
addition, there is the presence of some granulomas, which
were found at the juncture of posterior roots and spinal
ganglia. These and other authors speculated that the
disturbance of fluid circulation is caused by the granulo-
mas consisting of arachnoidal cells. Our findings of
autoreactivity against the arachnoid envelope antibodies
may explain these findings. In summary, we suggest that
neural autoreactivity may contribute to burning skin
sensations, paresthesias, and the “pose of pemphigus”
encountered in patients with EPF.

Acknowledgement We thank Jonathan S. Jones, HT, and Lynn K.
Nabers, HT, HTL for their expertise and excellent technical assistance
at Georgia Dermatopathology Associates.

Funding sources Georgia Dermatopathology Associates, Atlanta,
GA, USA (MSH, AMAV). The El Bagre-EEPF samples were collected
through previous grants from the University of Antioquia, the
Embassy of Japan in Colombia, the Mineros de Antioquia SA, DSSA,
the Hospital Nuestra Senora del Carmen, all in Medellin, Colombia,
South America (AMAV). Confocal studies were performed with funds
from the Department of Ophthalmology, Emory University Medical
Center, Atlanta, GA, USA (HG) (NIH NEI EY06360).

References

1. Abréu-Velez AM.
Hashimoto T.
endemic pemphigus foliaceus in Colombia. J
Dermatol. 2003:49:609--14.

Beutner EH, Montoya F. Bollag WB.
Analyses of autoantigens in a new form of
Ant Acad

6.

. Abréu-Vélez AM. Hashimoto T, Bollag WB. A unique form of

endemic pemphigus in Northern Colombia, J Am Acad Dermatol.
2003:4:599-608.

. Abréu-Veélez AM. Wartvinge G. Leon-Herrera W, et al. Detection

of mercury and other undetermined materials in skin biopsies of
endemic pemphigus foliaccus. Am J Dermatopathol.
2003;25:384 -91.

. Hisamatsu Y, Abreu Velez AM, Amagai M, Ogawa MM, Kanzaki

T, Hashimoto T. Comparative study of autoantigen profile
between Colombian and Brazilian types of endemic pemphigus
foliaceus by wvarious biochemical and molecular biological
techniques. J Dermatol Sci. 2003;32:33 -41.

. Howard MS, Yepes MM, Maldonado-Estrada JG, et al. Broad

histopathologic patterns of non-glabrous skin and glabrous skin
from patients with a new variant of endemic pemphigus {oliaceus
—-part 1. J Cutan Pathol. 2010;37:222--30.

Abreu-Velez AM, Howard MS, Hashimoto T, Grossniklaus HE.
Human eyelid meibomian glands and tarsal muscle are recognized
by autoantibodies from patients affected by a new variant of
endemic pemphigus foliaceus in El-Bagre, Colombia, South
America. ] Am Acad Dermatol. 2010:62:437--47.

. Abreu Velez AM, Howard MS, Hashimoto T. Palm tissuc

displaying a polyclonal autoimmune response in patients affected
by a new variant of endemic pemphigus foliaceus in Colombia,
South America. Eur J Dermatol. 2010;20:74--81.

. Castro RM, Proenga NG. Similarities and differences between

Brazilian wild firc and pemphigus foliaceus Cazenave. Hautarzt.
1982:11:574-7.

. Diaz LA, Sampaio SA, Rivitti EA, et al. Endemic pemphigus

foliaceus (fogo selvagem). L. Clinical features and immunopathol-
ogy. J Am Acad Dermatol. 1989;4:657--69.

. Vieira JP, Fonzari M, Goldman A. Some recent studies in

Brazilian pemphigus. Am J Trop Med Hyg. 1954;3:868-77.

. Wendell G, Zander E. A critical evaluation of methods used to

demonstrate tissue neural elements, illustrated by reference to the
cornea. J Anat (London). 1950;84:168-94.

. Kennedy WR, Wendelschafer-Crabb G. The innervation of human

epidermis. J Neurol Sci. 1993;115:184-90.

. Griffin JW, McArthur JC. Small fiber sensory neuropathies:

clinical course and neuropathology of idiopathic cases. Ann
Neurol. 1998;144:47--59.

. Singer W, Spies JM, McArthur J, et al. Prospective evaluation of

somatic and autonomic small fibers in selected autonomic
neuropathies. Neurology. 2004;4:612--8.

. Williams GN, Taylor DC, Gangel TJ, Uhorchak JM, Arciero RA.

Comparison of the single assessment numeric evaluation method
and the Lysholm score. Clin Orthop Relat Res. 2000;373:184--92.

. Ebrahim S, Barer D, Nouri F. Use of the Nottingham Health

Profile with patients after a stroke. | Epidemiol Community
Health. 1986;40:166-9.

. da Justa Pinheiro CH, de Soussa Filho WM, Gongalvez Moura

Pinhero D, de Olivera Brasil AC. Consideraous sobre rehabil-
itacao fisica e fisioterpia nas penfigo foliaceo endemico. Rev Bras
Provodcao Saude. 2007;20:124-32.

. Angst BD, Nilles LA, Green KJ. Desmoplakin 11 expression is not

restricted to stratitied epithelia. J Cell Sci. 1990:97:247-57.

. Kaufmann U, Zuppinger C, Waibler Z, Rudiger M, Urbich C.

Martin B, et al. The armadillo repeat region targets ARVCF to
cadherin-based cellular junctions. J Cell Sci. 2000:113:4121-
35,

. Abreu-Velez AM, Howard MS. Hashimoto K, Hashimoto T.

Autoantibodies to sweat glands detected by different methods in
serum and in tissue from patients affected by a new variant of
endemic pemphigus foliaceus. Arch Dermatol Res.
2009;301:711-8.

4 Springer



368

J Clin Immunol (2011) 31:356-368

21.

22.

23.

24.

25.

26.

27.

28.

29.

Deguchi M, lizuka T, Hata Y, Nishimura W, Hirao K, Yao I, et al.
PAPIN. A novel multiple PSD-95/Dlg-A/Z0O-1 protein interacting
with neural plakophilin-related armadillo repeat protein/delta-
catenin and p0071. J Biol Chem. 2000;22(275):29875--80.

Moll R, Sievers E, Himmerling B, Schmidt A, Barth M, Kuhn C,
et al. Endothelial and virgultar cell formations in the mammalian
lymph node sinus: endothelial differentiation morphotypes char-
acterized by a special kind of junction (complexus adherens). Cell
Tissue Res. 2009;335:109—-41.

Eto K, Yasutake A, Miyamoto K, Tokunaga H, Otsuka Y. Chronic
effects of methylmercury in rats. II Pathological aspects. Tohoku J
Exp Med. 1997;182:197-205.

Lee SH, Sung JK. Inflammatory pseudotumor of the spinal nerve
complicated by paraneoplastic pemphigus. Case illustration, J
Neurosurg Spine. 2006;6:514.

Lee DH, Lee SH, Sung JK. Inflammatory myofibroblastic tumor
on intercostal nerve presenting as parancoplastic pemphigus with
fatal pulmonary involvement. J Korean Med Sci. 2007;4:735-9.
Tseraidis GS, Bavykina EA. Changes in adrenergic and choliner-
gic nerves of the skin in chronic pemphigus. Vestn Dermatol
Venerol. 1977;10:17-20.

Torsuev NA, Kimbarovskaia EM, Romanenko VN, et al. Neuro-
morphology of the skin in patients with pemphigus vulgaris. Vestn
Dermatol Venerol. 1977;10:13-27.

Foldvarif F, Balo J. Changes of the Gasserian ganglion in cases of
oral pemphigus. Ann Dermatol Syphiligr. 1954;5:507-20.
Kaposi M (1985) Pathology and treatment of diseases of the skin
for practitioners and students. In: Vesicular eruptions: pemphigus,
special edition. Lecture XXIX. Copyright to the Classics of
Medicine Library Division of Gryphon Editions, New York
William Wood and Company, p. 390-7.

@ Springer

30.

31.

32,

33.

34.

35.

36.

37.

38.

Li L, Chen J, Wang B, Yao Y, Zuo Y. Sera from patients with
bullous pemphigoid (BP) associated with neurological diseases;
recognized BP antigen in the skin and brain. Br J Dermatol.
2009;6:1343--5.

Nguyen VT, Ndoye A, Grando SA. Novel human alpha9
acetylcholine receptor regulating keratinocyte adhesion is targeted
by pemphigus vulgaris autoimmunity. Am J Pathol. 2000;4:1377--
91

Vu TN, Lee TX, Ndoye A, Shultz LD, Pittelkow MR, Dahl MV,
et al. The pathophysiological significance of nondesmoglein
targets of pemphigus autoimmunity. Development of antibodies
against keratinocyte cholinergic receptors in patients with pem-
phigus vulgaris and pemphigus foliaceus. Arch Dermatol.
1998;134:971-80.

Miyakawa T, Deshimaru M, Sumiyoshi S, Teraoka A, Tatetsu S.
Experimental organic mercury poisoning; pathological changes in
peripheral nerves. Acta Neuropathol. 1970;15:45-55.
Fabriziomaria G. Occupational exposure to chemicals and sensory
organs: a neglected research field. Neurotoxicology. 2003;24:675-
91.

Anniko M, Sarkady L. The effects of mercurial poisoning on the
vestibular system. Acta Otolaryngol. 1978;2:96-104.

Lechler T, Fuchs E. Desmoplakin: an unexpected regulator of
microtubule organization in the epidermis. J Cell Biol.
2007;176:147-54.

Gallicano GI, Bauer C, Fuchs E. Rescuing desmoplakin function
in extra-embryonic ectoderm reveals the importance of this
protein in embryonic heart, neuroepithelium, skin and vasculature.
Development. 2001;128:929-41.

Bal6é J, Foldvari F. Pemphigus and the nervous system. Int J
Dermatol. 1972;11:223-30.



 OBSERVATION

Paraneoplastic Pemphigus Herpetiformis
With IgG Antibodies to Desmoglein 3
and Without Mucosal Lesions

Renata Prado, MD; Sylvia L. Brice, MD; Shunpei Fukuda, MD;

Takashi Hashimoto, MD; Mayumi Fujita, MD, PhD

Backgrewnd: Pemphigus herpetiformis (PH) is a rare
clinical entity that combines the clinical features of der-
matitis herpetiformis and the immunopathologic features
of pemphigus. The target antigen is usually desmoglein
1, with exceptional cases manifesting autoantibodies
against desmoglein 3. More recently, it has been found
that many patients with PH also demonstrate autoanti-
bodies against desmocollin. The association of PH with
a malignant neoplasm is rare.

Observations: We describe a patient with PH and a lung
neoplasm. Immunologic studies demonstrated IgG an-

tibodies to desmoglein 3 and to an unknown 178-kDa
protein but no antibodies to desmocollin.

Conclusions: The association of PH with a thoracic ma-
lignant neoplasm has been reported in only 4 previous
cases, and the neoplasm could be responsible for the un-
usual immunologic profile in the patient described herein.
To our knowledge, this is the first report of PH with an
associated neoplasm in which only anti-desmoglein 3 an-
tibody was detected.
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EMPHIGUS HERPETIFORMIS

(PH) is a rare clinical entity

that combines the clinical

features of dermatitis her-

petiformis and the immuno-
pathologic features of pemphigus. It af-
fects patients aged 30 to 80 years and
manifests as a subacute onset of erythem-
atous urticarial plaques and clusters of
vesicles in a herpetiform arrangement. The
mucous membranes are usually not in-
volved. Histologic findings of PH include
eosinophilic spongiosis with various de-
grees of acantholysis, which is usually
minimal.'? Eosinophilia may be present
in some patients.*” Direct immunofluo-
rescence (IF) shows IgG antibodies on ke-
ratinocyte cell surfaces, and the target an-
tigen has been shown to be desmoglein
(Dsg) 1 in most cases,*® with a few pa-
tients demonstrating autoantibodies to
Dsg3.!3%® Anti-Dsg antibodies in PH are
thought to induce spongiosis with eosino-
phil infiltration but rarely produce acan-
tholysis, in contrast to classic pemphi-
gus. Although the association of cancer
with immunobullous diseases can be seen
in patients with paraneoplastic pemphi-
gus (PNP) and pemphigus vulgaris
(PV),**!itis rare in patients with PH. We
describe a patient having PH with 1gG au-
toantibodies to Dsg3 and to an unknown

178-kDa protein associated with pulmo-
nary neoplasia.

SRR REFORTOFACASE puy

A 68-year-old Hispanic woman was seen
with a 2-week history of diffuse pruritic le-
sions on the trunk and extremities. She de-
nied any mucosal involvement or history of
similar lesions. Her medical history was
positive for hypothyroidism secondary to
treated Graves disease, benign mucinous
cystadenoma of the ovary after total hys-
terectomy, osteoporosis, and smoking. Her
medications included levothyroxine so-
dium, calcium carbonate, vitamin D, alen-
dronate sodium, aspirin, albuterol sulfate
nebulization, and fluticasone propionate and
salmeterol xinafoate inhaler. A review of sys-
tems was positive for decreased appetite,
weight loss (12 kg in 2 years), shortness of
breath on exertion, and constipation. On
physical examination, several large ery-
thematous annular plaques with central
crust and scales were noted on the trunk and
extremities. The head and neck were spared.
The lesions ranged from 1 to 10 c¢m, and
some lesions were coalescing (Figure 1A
and B). Intact blisters with serous content
were present on the proximal right ante-
rior thigh and left calf. There were no mu-
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Figure 1. Large erythematous annular plaques with central crust and scales on the trunk and extremities. A and B, Some plaques contain vesicles in a herpetiform
arrangement. G, Hematoxylin-eosin staining demonstrates an intraepidermal suprabasilar vesicle with a single row of keratinocytes attached to the basement
membrane and a mild inflammatory infiltrate with eosinophils in the superficial dermis (original magnification x10).

cosal lesions. Hematoxylin-eosin staining of skin demon-
strated an intraepidermal suprabasilar vesicle with a single
row of keratinocytes attached to the basement membrane
and acantholytic keratinocytes within the vesicle. The su-
perficial dermis contained a mild infllammatory infilurate
with eosinophils (Figure 1C). Direct IF demonstrated IgG

deposition on the cell surfaces of keratinocytes. Indirect

IF detected IgG antibodies at a titer of 1:100 that bound to
the cell surfaces of monkey esophagus epithelium.
Enzyme-linked immunosorbent assay (ELISA) dem-
onstrated marked elevation of autoantibodies to Dsg3 (193
U/mL). ELISA was negative for IgG antibodies to Dsgl,
bullous pemphigoid (BP) 180, and BP230. The clinical
presentation and histologic and laboratory findings were
consistent with PH. The patient’s condition improved sig-
nificantly with systemic corticosteroid therapy, with al-
most complete clearing of the lesions within 1 week.
Laboratory studies revealed mild normocytic ane-
mia, with a hemoglobin level of 11.1 g/dL (1o convert he-
moglobin level to grams per liter, multiply by 10.0), no
eosinophilia, and norma! results on th)mnopm, basic
metabolic panel, and hepatic [unction tests. Her electro-
cardiogram was normal. Further evaluation of her weight
loss, shortness of breath, and decreased appetite was
recommended, but the patient did not undergo a chest
radiograph until 4 menths later, when it revealed a
7X6.5-cm mass on the mid right Tung without pleural
effusion. Chest computed tomography with intrave-
nous contrast was then performed and demonstrated a
large mass in the lower right upper lobe and right middle
lobe with ceatral necrosis. Right hilar masses consistent

with lymph nodes were also found. The pulmonary ar-
tery branches were found to be obliterated around this
mass, and probable tumor thrombus seemed to extend
into the left atrium likely through the right superior pul-
monary vein, forming an intra-atrial polypoid struc-
ture. Signs of severe emphysema were also noted. An at-
tempt was made to contact the patient with the results
the next day, but the patient had died.

To further characterize the immunologic profile of this
patient, ELISA and IF using transfected COS-7 cells for
desmocollin (Dsc),'*"? as well as immunoblotting using
normal human epidermal extracts as the source of anti-
gens," were performed. ELISA using antibodies against
recombinant proteins of the entire extracellular do-
mains of human Dscl, Dsc2, and Dsc3 expressed by a
baculovirus system was negative for IgG anti-Dscl, anti-
Dsc2, and anti-Dsc3 antibodies (the optical density cut-
off value was 0.15). Immunofluorescence of transfected
COS-7 cells also conlirmed the absence of antibodies
against Dscl, Dsc2, and Dsc3 in our patient’s serum:
whereas a control serum sample from a patient with atypi-
cal pemphigus, who was known to have 1gG anti-Dscl,
anti-Dsc2, and anti-Dsc3 antibodies, demonstrated granu-
lar staining of the cell surface: no staining was observed
in COS-7 cells incubated with our patient’s serum
(Figure 2) Immunoblotting demonstrated 1gG auto-
antibodies against a 130-kDa antigen (which corre-
sponded to Dsg3 when using a serum sample from a pa-
tient with PV as a positive control) and against an
unknown 178-kDa protein (Figure 3). The patient’s se-
rum was negative for autoantibodies against the BP230.
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Patient serum

C0S-7 cells
expressing Dsc-1

C0S-7 cells
expressing Dsc-2

C0S-7 celis
expressing Dsc-3

Positive control

Figure 2. Immunofluorescence findings. Immunofluorescence of transfected COS-7 cells demonstrating no desmocollin 1 (Dsc1) (A), Dsc2 (C), or Dsc3 (E)
staining in cells incubated with the patient’s serum. Preparation of mammalian cell expression constructs of human Dsc1, Dsc2, and Dsc3 with transfection into
COS-7 cells was performed as previously described.™ Immunofluorescence of unfixed COS-7 cells was performed using the method by Stanley et al.™s A control
serum sample from a patient with atypical pemphigus known to have anti-Dsc1 (B), anti-Dsc2 (D), and anti-Dsc3 (F) was used as a positive control and

demonstrated granular staining of the cell surface.

BP180, 160-kDa Dsgl, 210-kDa envoplakin, 190-kDa
periplakin, and 110-kDa Dsc a-form and b-form anti-
gens (Figure 3). Because of the patient’s unexpected death
and limited amount of serum available for studies, indi-
rect [F on rat bladder was not performed.

B COMMENT

The association of cancer with immunobullous diseases
can be seen in patients with PNP and in patients with
typical PV.*! Paraneoplastic pemphigus is a specific di-

agnostic entity, first described in 1990 by Anhalt et al.*
Most patients with PNP have anti-Dsg3 antibodies; how-
ever, a disease mechanism relying exclusively on anti-
Dsg3 antibody is thought to be unlikely. Ohyama et al'’
demonstrated that the association between clinical phe-
notype and anti-Dsg autoantibody profile in PNP is not
as clear as that in classic PV, and they suggested that the
skin blisters in PNP can be caused not only by anti-Dsg
antibodies but also by other pathologic mechanisms, such
as a lichenoid reaction and interface dermatitis. In con-
trast, Amagai et al'® showed that affinity-purified anti-
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Figure 3. Immunoblotting using normal human epidermal extracts as the
source of antigens demonstrating IgG autoantibodies against desmoglein 3
(Dsg3) 130-kDa antigen and against an unknown 178-kDa protein in the
patient’s serum (lane 5). Immunoblotting was negative for autoantibodies
against bullous pemphigoid 230 (BP230), BP180, 160-kDa Dsg1, 210-kDa
envoplakin, 190-kDa periplakin, and 110-kDa desmocollin a-form and b-form
antigens. Serum samples from patients with pemphigus vulgaris (PV) (lane
1), paraneoplastic pemphigus (PNP) (lane 2), bullous pemphigoid (lane 3),
and anti~desmocollin monoclonal antibodies (Dsc mAb) (lane 4) were used
as positive control specimens.

Dsg3 from serum samples of patients with PNP caused
gross blisters in neonatal mice and that the removal of
anti-Dsg3 eliminated this ability, suggesting that anti-
Dsg3 IgG has a primary pathogenic role in inducing loss
of cell adhesion between keratinocytes and in causing blis-
ter formation. Itis possible that much of the initial dam-
age may be the result of anti-Dsg antibodies and that the
polymorphous nature of the condition is likely caused
by further interaction of antibodies directed against the
plakin family of proteins.

Our patient had a negative ELISA for anti-BP230 an-
tibodies, and immunoblotting was negative for the 210-
kDa envoplakin and the 190-kDa periplakin. Her immu-
nologic profile, lack of mucosal involvement, and excellent
response to therapy are consistent with the diagnosis of
PH and render the diagnosis of PNP unlikely. However,
the association of a pulmonary malignant neoplasm with
this unusual skin presentation may indicate that this pa-
tient in fact represents a case of paraneoplastic PH.

In contrast to PNP, the association of PH with neo-
plasia is rare, and only 6 cases have been reported in the
literature to our knowledge, including 4 patients with lung
cancer,'”** 1 patient with esophageal cancer,” and 1 pa-
tierit with prostate cancer.** Because of the few cases and
limited description, it is difficult to draw any conclu-
sions regarding the immunologic profiles of these pa-
tients. No circulating antibodies were found in 1 case, "’
autoantibodies against 150-kDa and 230-kDa antigens
were reported in 1 case,”” low-titer IgG antibodies against
cell surfaces of the epithelium of guinea pig esophagus
were demonstrated in 1 case,?? and detailed information
was unavailable from another case report of a patient with
lung neoplasia.*! The patient with prostate cancer showed
anti-Dsgl and anti-Dsg3 antibodies,” and the specific-
ity of circulating antibodies found on indirect IF in the
patient with esophageal cancer was unidentified. > Among
all cases, a strict parallel course between dermatosis and
the malignant neoplasm was reported only by Palleschi
and Giomi,” who suggested that some cases of PH may
in fact represent a tumor-related cutaneous disease and
that these may be included in a wider definition of PNP.

It is unclear why the clinical presentations of PH and
classic pemphigus are so different, despite the common
presence of anti-Dsgl or anti-Dsg3 autoantibodies. It has
been speculated that the phenotypic variations may be
caused by differences in epitopes recognized by the au-
toantibodies. Whereas autoantibodies in pemphigus fo-
liaceus and PV recognize functionally important re-
gions on Dsg and inhibit their adhesive function,
autoantibodies in PH may recognize a functionally less
important part of the molecule, thereby inducing no ac-
antholysis but inflammatory processes via complement
activation or cytokine release by keratinocytes, leading
to intercellular edema and eosinophilic spongio-
sis.1%#%26 Changes in epitopes recognized by anti-Dsg au-
toantibodies may also explain the transformation of PH
into pemphigus foliaceus or PV.»"# Few patients with PH
demonstrate autoantibodies to Dsg3, and our patient’s
immunologic profile supports the concept that Dsg3 is
also a target antigen in this disease.!>%® Many of these
cases, including our patient, did not have mucosal in-
volvement, and this further reinforces that the patho-
genesis of PH autoantibodies differs from that of classic
pemphigus and that other unknown factors may be
involved.

There is a growing body of evidence in the literature
demonstrating the importance of Dsc3 in cellular adhe-
sion of the epidermis.”’** It has recently been shown that
many patients with PH have anti-Dsc autoantibodies (K.
Ishii, MD, and TH, unpublished data, 2009). However,
in our patient, 3 different methods (ELISA, immunob-
lotting, and IF of transfected COS-7 cells) failed to dem-
onstrate 1gG anti-Dscl, anti-Dsc2, or anti-Dsc3 antibod-
ies. However, immunoblot analysis in our patient
demonstrated an unknown 178-kDa protein in the se-
rum. Unfortunately, because of the patient’s unex-
pected death, we were unable to further investigate the
characteristics of this protein. It is unclear if the pres-
ence of these autoantibodies was associated with the
unique clinical presentation of our patient with acan-
tholysis or with the underlying neoplasm. Further case
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reports and investigation with detailed immunologic pro-
files are required to fully understand the underlying im-
munopathogenic nature of this disease.

Herein, we described a patient having PH with IgG au-
toantibodies to Dsg3 and to an unknown 178-kDa pro-
tein who had an underlying lung neoplasm. To our knowl-
edge, this is the first report of PH with an associated
neoplasm in which only anti-Dsg3 antibody was de-
tected. It is unclear if other factors such as non-1gG au-
toantibodies or the anti—178-kDa protein were involved
in our patient’s unusual presentation.
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Mucous membrane pemphigoid with immunoglobulin
G autoantibodies against full-length and 120-kDa

ectodomain of BP180

Yuri CHOL,' Sang Eun LEE,' Shunpei FUKUDA,? Takashi HASHIMOTO,?

Soo0-Chan KIM!

'Department of Dermatology and Cutaneous Biology Research Institute, Yonsei University College of Medicine, Gangnam Severance
Hospital, Seoul, Korea, and *Department of Dermatology, Kurume University of Medicine, Kurume, Japan

ABSTRACT

Mucous membrane pemphigoid (MMP) is a rare autoimmune, subepidermal, bullous disease characterized by
erosive lesions on the mucous membranes and skin. MMP reacts with various target antigens including BP180,
laminin-332, B4 integrin, a6 integrin or type VII collagen. We present a 67-year-old male MMP patient who had
lesions on the oral and ocular mucous membranes and facial skin. By immunoblot analyses, immunoglobulin G
autoantibodies in the patient’s sera reacted with full-length BP180 and the 120-kDa ectodomain of BP180 (LAD-1).

Key words:

INTRODUCTION

Mucous membrane pemphigoid (MMP), previously
referred to as cicatricial pemphigoid, is an acquired
autoimmune blistering disease with erosive lesions
involving primarily the oral and ocular mucous mem-
branes that result in scarring.’ The skin is involved
in 25-35% of patients with MMP and the most fre-
quently affected areas are the scalp, head and neck.
Immunochemical techniques have identified laminin-
332, BP180 (bullous pemphigoid antigen 2 or type
XVll collagen) and the B4 integrin as the major targets
of autoantibodies in MMP.>4

Autoantibodies against BP180 are associated with
bullous pemphigoid (BP), MMP and linear immuno-
globulin (Ig)A dermatosis (LAD), all of which share
several overlapping clinical features despite their dif-
ferent target epitopes and subclasses of immuno-
globulin.® BP180 is a 180-kDa transmembrane
protein with a non-collagenous intraceliular compo-

bullous pemphigoid antigen 2, LAD-1, mucous membrane pemphigoid.

nent and a predominantly collagenous extracellular
component.® The NC16a domain, which is the major
epitope for BP, is in a small non-collagenous region
of BP180 that is just outside the plasma membrane.®
The autoantibodies from patients with MMP have
been reported to recognize particular epitopes, the
NC16a domain of BP180, the C-terminus of the ecto-
domain, or the soluble BP180 ectodomain (LAD-1)."-

We report an MMP case in which immunobilot anal-
ysis demonstrated IgG autoantibodies reacted not
only with full-length BP180 but also with LAD-1,
which is the 120-kDa degradation product of the
ectodomain of BP180 and the major antigen for IgA
autoantibodies in LAD.”

CASE REPORT

A 67-year-old man presented with a 6-year history of
erosions in the oral cavity and conjunctiva. In addi-
tion, he complained of progressive impairment of
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vision. Then, erosion had appeared on the penis but
resolved spontaneously in a few months. He had no
family history of any skin disorders.

A physical examination revealed erythematous
erosions and white atrophic scars along the gingival
mucosa and hard palate (Fig. 1a). The ocular mucous
membrane exhibited conjunctival inflammation, sym-
blepharon, neovascularization and early corneal scar-
ring (Fig. 1b). Due to the presence of symblepharon,
the severity of ocular involvement was graded as
stage lll according to the modified Mondino—Foster
staging system.® There were atrophic scars on the
face (Fig. 1¢). The scalp also exhibited a few cicatri-
cial alopecic patches. No lesions were observed on
the anogenital area or the skin at any other body
sites.

Direct immunofluorescence (IF) on the perilesional
area of the gingiva was negative. However, indirect
IF using normal human skin substrate revealed IgG
anti-basement membrane zone (BMZ) antibodies at
a titer of 1:160. On indirect IF using salt-split normal
human skin, circulating IgG autoantibodies bound to
the epidermal side of the split skin at a titer of 1:40
(Fig. 1d). Circulating IgA autoantibodies were not
detected. To further characterize the antigen to
which the patient’s IgG bound, we performed an
immunoblot analyses. The patient's serum IgG
recognized BP180 and faintly BP230 by immunoblot
analysis using normal human epidermal extract
(Fig. 2a). IgA and IgG autoantibodies did not show
any reactivity with either the NC16a domain recom-
binant protein or the C-terminal domain recombinant

Figure 1. Clinical features of the patient. (a) Desquamative gingivitis along the lower gingival mucosa. (b) Ocular involvement
with chronic conjunctivitis and symblepharon. (c) Atrophic scar on the face. (d) Indirect immunofluorescence using 1 mol/L
salt-split skin revealed the presence of immunoglobulin G autoantibodies that bound to the epidermal side of salt-split skin.
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Figure 2. Immunoblot analyses. (a) Immunoblot analysis
using normal human epidermal extracts. The patient’s serum
immunoglobulin (Ig)G reacted weakly with BP230 (upper
arrow) and clearly with BP180 (lower arrow). This serum also
reacted with two additional proteins which co-migrated with
the 190-kDa periplakin (upper asterisk) and the 160-kDa
desmoglein 1 (lower asterisk). However, these reactivities
were considered non-specific, because the serum did not
show any keratinocyte cell surface staining by indirect IF.
(b) Immunoblot analysis using concentrated HaCaT cell
culture supernatant revealed IgG autoantibodies reacting
with the 120-kDa linear IgA dermatosis (LAD)-1 in the patient
serum. The asterisk indicates non-specific reactivity. BP,
bullous pemphigoid; PNP, paraneoplastic pemphigus; PV,
pemphigus vulgaris.

protein by immunoblot analysis (data not shown).
We also performed enzyme-linked immunosorbent
assay (ELISA) using recombinant protein of BP180
NC16a and recombinant BP230, and the results for
IgG antibodies were negative; ELISA of BP180
NC16a index was 2.46 (positive index >15) and
ELISA of BP230 index was 2.55 (positive index >9).
Therefore, we confirmed this patient had no autoan-
tibody to NC16a domain of BP180 and BP230.
Interestingly, 1gG autoantibodies reacted with the
120-kDa LAD-1 by immunoblot analysis using con-
centrated HaCaT cell culture supernatant (Fig. 2b).
IgG autoantibodies did not react with laminin-332 by

© 2010 Japanese Dermatological Association
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immunoblot analysis using purified human faminin-
332 (data not shown). These results indicated that
our patient’s IgG autoantibodies targeted antigenic
sites on the soluble ectodomain of BP180, but did
not react with the NC16a or C-terminal domain of
BP180. These results suggested that the patient’s
lgG autoantibodies reacted with epitope(s) between
the NC16a domain and the C-terminal domain in
LAD-1.%1°

Based on the clinical and immunochemical find-
ings, the patient was diagnosed as having MMP.
Treatment initiated with oral methylprednisolone
16 mg, dapsone 50 mg and mycophenolate mofetil
2.0 g daily. Three months later, although the ocular
lesion persisted, the patient’s oral and skin lesions
were much improved and remained in partial remis-
sion on the therapy.

DISCUSSION

Mucous membrane pemphigoid is a heterogeneous
disease with respect to the clinical site of involvement
(oral, ocular, nasopharyngeal, laryngeal, esophageal,
anogenital and skin lesions), the isotype of autoanti-
bodies invoived (IgG, IgA or both), the autoantibody
binding site by indirect IF on salt-split skin (epidermal,
dermal or both) and the target antigens involved
(BP180, BP230, B4 integrin, o6 integrin, laminin-332
and type Vil collagen).'™

We described a patient with MMP with lesions on
the oral and ocular mucous membranes and the skin,
and with circulating IgG autoantibodies binding to the
epidermal side of salt-split skin. Most MMP patients
with IgG antibodies bound to the epidermal side rec-
ognize the NC16a domain or the C-terminal domain
of BP180.>'° However, the IgG autoantibodies of our
patient did not react with the recombinant proteins -
of the NC16a domain or the C-terminal domain of
BP180, but instead reacted with the whole mole-
cule of BP180 and its 120-kDa soluble ectodomain
LAD-1. The NC16a domain comprises amino acids
490-562 and the LAD-1 molecule includes amino
acids 524-1497."" Therefore, the epitope(s) should
be present in the central rod-like collagenous domain
of BP180. Although the function of this domain
has not been well characterized, this result may
indicate the importance of this domain for interaction
of BP180 with the epidermal basement zone.

171



Y. Chot et al.

The NC16a domain and the C-terminal domain are
well known to be immunodominant regions in MMP,
while LAD-1 was initially described as a target antigen
in LAD. Only a few MMP patients were reported to
have autoantibodies to LAD-1 without autoantibodies
to the NC16a or C-terminal fragments.® Schmidt
et al.° demonstrated that sera that showed immuno-
reactivity with LAD-1 but not with NC16a or C-termi-
nal fragments were found in four of 26 patients with
MMP (15.4%). Moreover, autoantibodies against the
NC16a domain were predominantly IgG, whereas
LAD-1 was recognized mainly by IgA.* Thus, MMP
patients with IgG autoantibodies to LAD-1 but not to
either the NC16a domain or the C-terminal domain
were considered to be rare. To our knowledge, this is
the first report to describe clinical features in a patient
with MMP demonstrating IgG autoantibodies against
LAD-1 in the absence of autoantibodies against the
NC16a domain or the C-terminal end of the BP180
ectodomain.

In a recent study on 124 patients with MMP,
Oyama et al.* reported that patients with more severe
clinical phenotypes had predominantly IgG and IgA
reactivity to both full-length BP180 and LAD-1,
whereas the autoantibody reactivity to just a single
BP180-related antigen was associated with a milder
clinical phenotype of MMP. Comparable to these
findings, our patient also showed relatively severe
disease activity, as he had erosions and scars on the
oral mucosa, stage Ill ocular involvement and skin
lesions. However, it remains unclear whether the
development of multiple antigenic targets is of patho-
genic significance in MMP or whether it is a second-
ary phenomenon during progression to more severe
disease.* Future studies are needed to examine
whether the multiple different autoantibodies are
related to the different phenotypes and disease
severity in MMP.
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Mucous membrane pemphigoid with
autoantibodies to all the laminin 332 subunits
and fatal outcome resulting from liver
cirrhosis and hepatocellular carcinoma

To the Editor: Mucous membrane pemphigoid (MMP)
patients rarely have autoantibodies to laminin 332
(formerly laminin 5).) In most cases, autoantibodies

to the laminin a3 subunit are detected, although:

MMP patients with autoantibodies to the laminin y2
subunit alone have been reported.” However, MMP
patients with autoantibodies to all three subunits of
laminin 332 have not to our knowledge previously
been reported.

A 73-year-old woman suffered from liver cirrhosis
with hepatitis C virus infection for 17 years. She
previously had undergone splenectomy. A hepato-
cellular carcinoma mass 2.5 ¢cm in diameter persisted
in the left lobule despite radiofrequency ablation and
microwave coagulation therapy. A 9-year history of
diabetes mellitus was currently managed with insulin
injections. Three months before her visit, bullae had
developed on her elbows and knees. A biopsy
specimen from the left patellar skin showed subep-
idermal blister formation with a mild chronic inflam-
matory infiltrate in the papillary dermis, which is
suggestive of bullous pemphigoid. Indirect immu-
nofluorescence with the patient’s serum demon-
strated immunoglobulin G (IgG) antibodies to the
basement membrane zone of healthy human skin
sections. Indirect immunofluorescence with salt-split
skin revealed IgG antibodies reactive with the der-
mal side (not shown). By immunoblotting using
normal human dermal extract, the patient’s serum
reacted with neither the 290-kDa type VII collagen
nor the 200-kDa laminin y1 subunit® (Fig 1, lef?). By
immunoblotting using purified human laminin 332"
as an antigen source, the patient’s 1gG antibodies
reacted strongly with all the a3, 83, and y2 subunits
(Fig 1, right). We diagnosed this case as antilaminin
332 MMP.

Despite the administration of 200 mg of mino-
cycline and 75 mg of dapsone daily together with a
topical steroid, oral ulcers and blister formation
spread rapidly over the body, together with the
development of fever, hoarseness, and epistaxis.
Oral prednisolone 30 mg daily had no effect and
was tapered to 20 mg daily. Any additional steroids
or immunosuppressive agents were avoided be-
cause of possible secondary infection. Advanced
liver cirrhosis did not permit plasmapheresis.
Intravenous immunoglobulin injection was not
administered because of the poor prognosis of
severe liver cirrhosis associated with cancer.
Widespread painful erosions developed (Fig 2).
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Fig 1. Immunoblot analyses. Using dermal extracts (Jeft
column), IgG autoantibodies of control epidermolysis
bullosa acquisita serum reacted with the 290-kDa type
VII collagen (lane 1), and immunoglobulin G (IgG) auto-
antibodies of control antilaminin y1 pemphigoid ( formerly
anti-p200 pemphigoid) serum reacted with 200-kDa
laminin y1 (lane 2), whereas neither antigen was detected
by our patient’s serum (lane 3). Using purified human
laminin 332 (#ight column), 1gG antibodies of this patient’s
serum reacted with all the 165-kDa a3, 145-kDa a3, 140-
kDa 83, and 105-kDa y2 subunits of laminin 332 (lane 1).
IgG antibodies of control MMP serum 1 reacted with the
165- and 145-kDa a3 subunits (lane 2), and IgG antibodies
of control MMP serum 2 reacted with the 105-kDa 2
subunit (lane 3), while normal serum showed no reactivity
(lane 4.

The patient was severely depressed and her men-
tal and physical activities were rapidly lost. Portal
vein thrombosis occurred, and the patient died of
sepsis. Eye lesions were not apparent throughout
her course.

To our knowledge, this is the first case of MMP
with autoantibodies to all three subunits of laminin
332. This set of autoantibodies may be responsible
for the extensive distribution and severity of disease
in the present case. Antilaminin 332 MMP is associ-
ated with cancer, although hepatocellular carcinoma
has never been reported.”

In an immunocompromised patient, extensive
skin lesions can cause sepsis as a result of direct
infection of the skin. Indirectly, however, widespread
erosions can cause exacerbation of hypoalbumine-
mia and constipation following an extended
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Fig 2. Clinical manifestations in the terminal stage of the
present case. A, Fresh, large, well demarcated erosions
without perilesional erythema on the left upper arm. B,
Ulcers on the oral mucosa and tongue.

bedridden state; both can trigger portal vein throm-
bosis followed by spontaneous bacterial peritonitis®
and sepsis, although a bacterial culture of ascitic fluid
was not performed in the present case. Caregivers
should pay attention to any infection, including
spontaneous bacterial peritonitis, during the course
of a severe bullous disease in immunocompromised
patients with liver cirrhosis.
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Cancrum oris in a boy with Down syndrome

To the Editor: A 17-year-old Italian male with Down
syndrome presented to the dermatology department
with a 2-cm ulcerative lesion on the right tip of his
tongue (Fig 1). The onset was about 7 days earlier
with mild swelling. The patient’s parents described
a persistent vesicular eruption in the same area
during the previous 2 months. They attributed it to
biting and self-inflicted injuries and treated it with
multiple but inefficacious drugs (nystatin, metiso-
prinol, diflucortolone, and chloramphenicol). The
physical examination revealed that the right sub-
mandibular lymph nodes were slightly enlarged and
tender. Fever and malaise were not reported, and
neither were any other symptoms. Routine hema-
tologic parameters were normal, apart from a
chronic low leukocyte count. These findings were
similar to his previous laboratory examinations. His
medical history, as reported by the parents, was
negative for any kind of recurrent infection. He was
otherwise in good health and had never been
institutionalized. An HIV test was negative. An oral
swab revealed significant growth of multiple anaer-
obic bacteria. Cancrum oris was strongly suspected,
and a 3-mm punch biopsy of the lesion was
performed. Histologic examination revealed a non-
specific acute process characterized by a heavy
inflammatory infiltrate mainly comprised of neutro-
philic abscesses and blood vessel endothelial swell-
ing, suggestive of bacterial infection. As indicated
by microorganism culture and sensitivity tests, an
intramuscular dose of lyncomicin 600 mg (2 mL)
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Development of an ELISA for sensitive and
specific detection of IgA autoantibodies against
BP180 in pemphigoid diseases
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Abstract

Background: Pemphigoids are rare diseases associated with IgG, Igk and IgA autoantibodies against collagen XVII/
BP180. An entity of the pemphigoid group is the lamina lucida-type of linear IgA disease (IgA pemphigoid)
characterized by IgA autoantibodies against BP180. While for the detection of IgG and IgE autoantibodies specific
to collagen XVII several ELISA systems have been established, no quantitative immunoassay has been yet
developed for IgA autoantibodies. Therefore, the aim of the present study was to develop an ELISA to detect IgA
autoantibodies against collagen XVIi in the sera of patients with pemphigoids.

Methods: We expressed a soluble recombinant form of the collagen XVII ectodomain in mammalian cells.
Reactivity of IgA autoantibodies from patients with IgA pemphigoid was assessed by immunofluorescence
microscopy and immunoblot analysis. ELISA test conditions were determined by chessboard titration
experiments. The sensitivity, specificity and the cut-off were determined by receiver-operating characteristics
analysis.

Results: The optimized assay was carried out using sera from patients with IgA pemphigoid (n = 30) and healthy
donors (n = 105). By receiver operating characteristics (ROC) analysis, an area under the curve of 0.993 was
calculated, indicating an excellent discriminatory capacity. Thus, a sensitivity and specificity of 83.3% and 100%,
respectively, was determined for a cut-off point of 048. As additional control groups, sera from patients with
bullous pemphigoid (n = 31) and dermatitis herpetiformis (n = 50), a disease associated with IgA autoantibodies
against epidermal transglutaminase, were tested. In 26% of bullous pemphigoid patients, IgA autoantibodies
recognized the ectodomain of collagen XVII. One of 50 (2%) of dermatitis herpetiformis patients sera slightly
topped the cut-off value.

Conclusions: We developed the first ELISA for the specific and sensitive detection of serum IgA autoantibodies
specific to collagen XVII in patients with pemphigoids. This immunoassay should prove a useful tool for clinical and
translational research and should essentially improve the diagnosis and disease monitoring of patients with IgA
pemphigoid. Moreover, our findings strongly suggest that IgA pemphigoid and IgG bullous pemphigoid represent
two ends of the clinical spectrum of an immunological loss of tolerance against components of hemidesmosomes,
which is mediated by both IgG and IgA autoantibodies.
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Background

Pemphigoids are rare autoimmune blistering disorders
associated with autoimmunity against hemidesmosomal
proteins [1]. Main entities of the pemphigoid group include
bullous pemphigoid, pemphigoid gestationis, linear IgA
disease, mucous membrane pemphigoid and lichen planus
pemphigoides with an approximate annual incidence of 7,
0.5, 0.5, 1 and undefined cases in one million, respectively
[2-5]. A major target of pemphigoid autoantibodies is the
bullous pemphigoid antigen of 180 kDa (BP180), also
referred to as collagen XVII, a hemidesmosomal trans-
membrane protein with a type II orientation whose extra-
cellular domain consists of 15 collagenous regions
interrupted by non-collagenous portions (Figure 1A)
[1,4,6]. In a minority of patients, IgA reactivity against
BP230, an intracellular hemidesmosomal component, has
been detected [7]. A hallmark of collagen XVII is its consti-
tutive shedding yielding a shorter and soluble form of the
molecule that spans most of its ectodomain [8,9].

BP180 is targeted by autoantibodies of different Ig iso-
types, including different IgG subclasses, IgA and IgE
[10-13]. The pathogenic relevance of IgG autoantibodies
against BP180 is supported by several lines of evidence:
1) the transplacental transfer of pemphigoid IgG autoan-
tibodies from mothers to the fetus induces transient skin
blistering in the newborn [14-16]; 2) serum levels of IgG
autoantibodies against BP180 correlate with disease activ-
ity in patients with bullous pemphigoid and pemphigoid
gestationis [17-20]; 3) patients autoantibodies against
BP180 recruit leukocytes to the dermal-epidermal junc-
tion and induce dermal-epidermal separation of human
skin [21,22]; 4) IgG antibodies against BP180 induce sub-
epidermal blistering when passively transferred into neo-
natal autoantigen humanized, wild type mice and
hamsters [23-26]; 5) grafting of human BP180 transgenic
mouse skin induces an autoimmune response resulting in

Page 2 of 10

subepidermal blistering in wild-type animals [27,28]. IgE
autoantibodies against BP180 correlate with disease activ-
ity in pemphigoid patients and induce eosinophil infiltra-
tion and dermal-epidermal separation when injected into
human skin grafted on immunodeficient mice [29-31].

While the pathogenic potential of IgG and IgE autoan-
tibodies against BP180 was characterized ex vivo and in
animal models, the pathogenicity of IgA autoantibodies
was relatively less studied [32]. Very recently, we
demonstrated that IgA autoantibodies from patients
with linear IgA disease induce granulocyte-dependent
dermal-epidermal separation in cryosections of human
skin (van der Steen et al, unpublished).

Linear IgA disease was defined as a new entity different
from dermatitis herpetiformis on the basis of a linear IgA
deposition at the dermal-epidermal junction [33,34].
Further studies revealed heterogeneous molecular specifi-
city of the IgA autoantibodies in patients with linear IgA
disease, including BP180, BP230, collagen VII as well as
still unidentified antigens of 180-, 200-, and 285-kDa [35].
While in most patients, IgA autoantibodies bind to the
epidermal side of the salt-split skin by indirect immuno-
fluorescence (IF) microscopy, staining of the dermal side
of the artificial split may be also detected. IgA autoantibo-
dies from pemphigoid patient sera recognize several forms
of BP180 and preferentially bind to proteolytic products of
this autoantigen [36-38]. Initial studies have shown that a
97 kDa protein (LABD97) is responsible for basement
membrane binding of IgA in patients with linear IgA dis-
ease and that this protein is recognized in human skin
extracts by IgA autoantibodies, when immunoblot analysis
is performed [36]. Further studies have shown that a
120 kDa protein, referred to as linear IgA disease antigen
(LAD)-1, secreted into the supernatants of cultured kerati-
nocytes is also target of linear IgA disease autoantibodies
[37]. Based on antigenic cross-reactivity between LAD-1
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Figure 1 Recombinant ectodomain of BP180 used in this study. A: Schematic representation of human BP180 and its ectodomain consisting
of alternating collagenous (C) and non-collagenous (NC) domains. The recombinant form of BP180 ectodomain used for the development of the
current ELISA system spans from aa 490 through aa 1497 and has an NH,-terminal hexahistidine tag. B: Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis of the purified recombinant protein without and with previous boiling, which migrates around 360 (lane 2) and 120 kDa
(lane 3), respectively. C: Immunoblot analysis of the native, normal human keratinocyte-derived shed BP180 ectodomain (lane 1) and the
recombinant BP180 ectodomain (lane 2) using a monoclonal antibody specific to BP180. Weight markers of 116 and 66 kDa are shown to the
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