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Summary

Pemphigus vulgaris (PV) is an autoimmune skin disease, which has been

characterized by IgG autoantibodies to desmoglein 3. Here we studied the

antibody signatures of PV patients compared with healthy subjects and

with patients with two other autoimmune diseases with skin manifesta-

tions (systemic lupus erythematosus and scleroderma), using an antigen

microarray and informatics analysis. We now report a previously unob-

served phenomenon – patients with PV, compared with the healthy sub-

jects and the two other diseases, show a significant decrease in IgG

autoantibodies to a specific set of self-antigens. This novel finding demon-

strates that an autoimmune disease may be associated with a loss of spe-

cific, healthy IgG autoantibodies and not only with a gain of specific,

pathogenic IgG autoantibodies.

Keywords: autoantibodies; pemphigus vulgaris; scleroderma; systemic

lupus erythematosus.

Introduction

Pemphigus vulgaris (PV) is a potentially life-threatening

autoimmune skin disease that has been characterized

serologically by elevated IgG antibodies to desmoglein 3

(DSG3)1 and to other self-antigens. The aim of this study

was to use an antigen microarray and informatic analy-

sis2–4 to extend the serological characterization of patients

with PV. We compared antibody signatures of patients

with PV with those of healthy subjects and patients with

two other autoimmune diseases with skin involvement:

scleroderma (SSc)5 and systemic lupus erythematosus

(SLE).4,6 We now report that, in addition to autoantibod-

ies to DSG3, patients with PV can be distinguished from

these other groups by significantly lower IgG reactivities

to several self-antigen epitopes: actin; fatty acid binding

protein 3 (FABP3); a peptide epitope of the 60 000

molecular weight heat-shock protein (hsp 60); a peptide

of p53; and proliferating cell nuclear antigen (PCNA).

There were no significant differences detected in IgM

levels between PV patients and the other subject groups.

Materials and methods

Antigen microarrays and serum testing

We used an antigen microarray methodology described

previously.2–4 In this study, 50 selected antigens were
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spotted in triplicates on epoxy-activated glass substrates

(ArrayIt SuperEpoxi microarray substrate slides, Sunny-

vale, CA) using a 48-pin robot (Microgrid 600; Genomics

Solutions, Ann Arbor, MI). These antigens included pro-

teins, synthetic peptides from the sequences of selected

proteins, phospholipids, and other self and non-self mole-

cules that have been reported in the literature or have

been previously found by us to be associated with auto-

immune disease (see list of antigens in Table 1). The

microarrays were then blocked for 1 hr at 37° with 1%

BSA. Test serum diluted 1 : 10 in 1% BSA blocking buf-

fer (volume ~ 10 ll) was incubated under a cover slip for

1 hr at 37°. The arrays were then washed and incubated

for 1 hr at 37° with a 1 : 500 dilution of two detection

antibodies mixed together: a goat anti-human IgG Cy3-

conjugated antibody and a goat anti-human IgM Cy5-

conjugated antibody (both from Jackson ImmunoRe-

search Laboratories Inc., West Grove, PA). Image acquisi-

tion was performed by laser (Agilent Technologies, Santa

Clara, CA) and the results were analysed using QUANTAR-

RAY software (Packard BioChip Technologies, Billerica,

MA). The quantitative range of signal intensity of binding

to each antigen spot was 0–65 000; this range of detection

made it possible to obtain reliable data at a 1 : 10 dilu-

tion of test samples.

Human subjects

The study was approved by the Institutional Review

Boards of each participating clinical unit; informed con-

sent was obtained from all participants. At first we tested

sera from 18 patients with PV on slides that contained 50

antigens. Later we performed an additional test set of

eight patients with PV on slides that contained 25 of the

previously informative antigens and the full DSG3 protein

as a positive control (graciously provided by Professor

Masayuki Amagai, Keio University, Japan). Overall, 26

samples from 20 patients with PV were studied (see

patient clinical data in Table 2). The diagnosis of PV was

based upon clinical features, suprabasal separation on his-

tology, positive direct and indirect immunofluorescence

microscopy, and/or ELISA detection of anti-desmoglein

antibodies.7 These 20 patients are a representative sam-

pling taken from a cohort of a previous PV genetic

study.8 In this study, significant associations between PV

and 69 markers clustered within three peaks across the

MHC locus were identified: P1: rs2244839–rs2246618, P2:
rs1980495–rs9275312 and P3: rs9275312–rs3916765. No

associated HLA alleles were found within the P1 region.

P2, which contains the DRB1 and BTNL2 loci, was

remarkably associated with the DRB1*0401 allele but not

with the DRB1*0402 allele, which has been previously

shown to be associated with PV in Jewish patients, sup-

porting an association with BTNL2. And finally, as

expected, P3 was found to be associated with the

DQB1*0302 allele previously shown to be associated with

PV in Jewish populations.

Sera from healthy subjects and from patients of two

other autoimmune diseases were studied: 28 samples from

26 healthy subjects (median age = 44�5 years, 3 male and

23 female), 50 samples from 34 patients with SLE (median

age = 45 years, 8 male and 26 female), and 15 samples

from 15 patients with SSc (median age = 58 years, 1 male

and 14 female). It should be noted that there are no notice-

able differences of antigen expression between genders.

Patients with SSc or SLE were diagnosed according to

clinically accepted criteria.9,10 Blood samples and clinical

data were collected from patients visiting the Department

of Dermatology, Tel Aviv Sourasky Medical Centre, Israel;

the Rheumatology and Nephrology Units at Rabin Medi-

cal Centre, Petach Tikva, Israel; the Rheumatology Unit

and the Haematology Department of the Sheba Medical

Centre, Israel; and the Dipartimento di ScienzeMediche e

Chirurgiche, Sezione di ClinicaMedica, Polo Didattico,

Ancona, Italy.

Statistical analysis

We identified antigens with reactivities that were higher

or lower in a designated study subgroup compared with

the other subgroups using a Student’s t-test, as described

previously.4 P-values below 0�05 were accepted as statisti-

cally significant. A Mann–Whitney U-test11 gave similar

results. To correct for multiple hypothesis testing, we

noted only antigens that also passed a false discovery rate

of 5%.12

Results

PV patients manifest high IgG reactivities to DSG3

As expected, patients with PV had significantly height-

ened IgG reactivity to DSG3,1 compared with the healthy

subjects as a group (Fig. 1a). This finding confirms that

the antigen microarray technology is able to detect an

autoantibody hallmark of PV. Note that in confirmation

of previous studies, IgG antibodies to DSG3 were also

found in some subjects in the healthy group.13 Other IgG

reactivities were similar between patients with PV and

healthy subjects, for example reactivity to Epstein–Barr
virus (Fig. 1b). Further analysis of the microarray data

uncovered an unexpected finding.

Patients with PV manifest low IgG reactivities to five
antigens compared with healthy subjects

Pemphigus vulgaris patients compared with healthy

subjects were found to manifest significantly lower IgG

binding to the following antigens: actin, FABP3, a peptide

of hsp 60p255–275, a peptide of p53p253–272(mouse),
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and PCNA (Fig. 2, Table 3). These reactivities were char-

acterized by very low mean values and standard devia-

tions – the group of patients with PV showed little

variation in these low values (Fig. 2). We did not find

significant differences between patients with PV and the

healthy subjects in IgM levels to these antigens.

Patients with SLE or SSc do not manifest these low
antibody levels

To test whether lower IgG levels to these self-antigens

might be a property of other autoimmune skin diseases,

we also compared the patients with PV with patients

suffering from two other autoimmune diseases with skin

involvement: SSc and SLE (Fig. 2, Table 3). We found

that the SLE and SSc patients, like the healthy partici-

pants, did not manifest the low levels of IgG autoantibod-

ies to these five self-antigens that characterized the

patients with PV. Note, however, the low antibodies

binding to hsp 60 peptide p255–275, or to p53 peptide

p253–272 were of borderline significance (P = 0�0579 and

P = 0�0547, respectively, see Table 3). Again, we did not

find significant differences between patients with PV and

the other groups in IgM levels to these antigens.

Discussion

Classically, the pathophysiology responsible for PV has

been attributed to autoantibodies to DSG3;14 DSG3 is a

member of the desmoglein family of transmembrane gly-

coproteins that are components of the desmosomes: inte-

gral structures that mediate cell-to-cell adhesion. It was

previously thought that IgG autoantibodies to DSG3 initi-

ate local inflammation that can advance to the destruc-

tion of desmosomes, the loss of adhesion between skin

epithelial cells and the formation of blisters.15 In recent

years, however, new findings have challenged this expla-

nation:14 anti-DSG3 IgG antibody titres do not necessarily

correlate with disease activity, and may even be absent in

PV patients with active disease. Moreover, some 50 other

self antigens were reported to specifically react with IgG

auto-antibodies in pemphigus subjects.14 Furthermore, a

recent genetic study indicated that the ST18 gene, which

regulates apoptosis and inflammation, can be associated

with the disease.8 These and other findings have sup-

ported alternative theories for the PV disease mechanism,

summarized in a recent review.14

In the present study, we report a previously unobserved

phenomenon that may shed new light on PV and other

autoimmune diseases – a decrease in specific IgG autoan-

tibodies. The common belief is that a specific clinical

autoimmune disease results from large amounts of spe-

cific disease-associated autoantibodies or effector T cells;

a state of disease emerges from augmented autoimmune

agents.16 However, the present results demonstrate that

Table 2. Clinical details of patients with pemphigus vulgaris

Number Gender Age Treatment Activity

1 M 58 P, MTX H

2 F 61 P H

3 F 43 P H

4 M 56 P H

5 M 80 P, A M

6 F 39 P, MMF M

7 M 57 P, MTX M

8 F 56 P M

9 M 47 P M

10 F 78 P M

11 M 72 P M

12 F 73 P M

13 F 56 NR M

14 M 58 NR N

15 F 57 NR N

16 M 58 P N

17 M 67 P N

18 F 79 NR N

19 M 88 NR N

20 M 44 NR N

Treatment data: P, prednisone; MTX, methotrexate; A, azathioprine;

MMF, mycophenolate mofetil; NR, not receiving any immunosup-

pressive drugs. Disease activity: H, highly active; M, moderately

active; L, low activity.
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Figure 1. IgG autoantibody levels to desmog-

lein 3 (DSG3) are higher in patients with pem-

phigus vulgaris (PV). Box plots of the IgG

binding to DSG3 in patients with PV and in

healthy subjects (HS) are displayed (a). As

expected, patients with PV manifested signifi-

cantly heightened IgG reactivity to DSG3,

compared with the healthy subject group.

Other IgG reactivities were similar between

patients with PV and healthy subjects; we

show, for example, reactivity to ENVEA

(Epstein–Barr virus early antigen) (b).

ª 2014 John Wiley & Sons Ltd, Immunology4

I. Fattal et al.



patients with PV can be characterized by low levels of au-

toantibodies to five self-antigens; IgG autoantibodies to

epitopes of these self-antigens are expressed in signifi-

cantly higher amounts in the sera of healthy subjects and

in patients suffering from the other autoimmune dis-

eases – SLE and SSc.

Examining the list of antigens we have identified in

this research, it is interesting to note that these molecules

perform major functions in cell maintenance and growth,

and some of them are also related to cancer develop-

ment. Actin participates in many important cellular pro-

cesses, including cell division and cytokinesis, cell

motility, cell signalling, and the establishment and main-

tenance of cell junctions and cell shape.17 FABP3 belongs

to a multi-gene family that is thought to participate in

the uptake, intracellular metabolism and/or transport of

long-chain fatty acids. FABP3 molecules may also modu-

late cell growth and proliferation.18 The FABP3 gene is

also a candidate tumour-suppressor gene for human

breast cancer.19
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Figure 2. Patients with pemphigus vulgaris (PV) can be distinguished from other subjects by significantly lower IgG reactivities to five self-anti-

gen epitopes. Box plots showing five IgG reactivities that were found to be decreased in patients with PV. Note the significant decreases of IgG

reactivities in patients with PV to actin, fatty acid binding protein 3 (FABP3), heat-shock protein 60 (hsp 60) p255–275, p53p253–272, and pro-

liferating cell nuclear antigen (PCNA), compared with the healthy subjects and other study groups. PV, pemphigus vulgaris; HS, healthy subjects;

SSc, scleroderma; SLE, systemic lupus erythematosus.

Table 3. Statistical values of the five low IgG reactivities in patients

with pemphigus vulgaris, compared with the other subgroups

Antigen name HS SSc SLE

Actin 0�00164 0�00009 0�00000
FABP3 0�00007 0�00539 0�00001
hsp60p255–275 0�00002 0�05791 0�00001
p53p253–272 0�00019 0�05470 0�00002
PCNA 0�00084 0�00984 0�00000

Each row displays the P-values obtained from Student’s t-test com-

parisons of the IgG reactivity of the PV group compared with reac-

tivities in each of the other subgroups.

Two out of the five reactivities are marginal compared with SSc

patients. To correct for multiple hypothesis testing, we only marked

antigens that also passed a false discovery rate of 5%.

FABP3, fatty acid binding protein 3; HS, healthy subjects; hsp60,

heat-shock protein 60; PCNA, proliferating cell nuclear antigen; PV,

pemphigus vulgaris; SSc, scleroderma; SLE, systemic lupus erythe-

matosus.
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Heat-shock proteins are generally responsible as chap-

erones for preventing damage mediated by denatured

proteins induced by stresses of all kinds. Heat-shock

protein 60 is a chaperone that functions in the transport

and refolding of proteins throughout the cell.20 It has

been adopted by the immune system as a biomarker for

body maintenance,20 and studies have linked hsp 60 to

the stress response, type 1 diabetes21 and certain types

of immunological disorders,20 and also to cancer.22

Indeed, administration of a peptide of hsp 60 has been

effective in down-regulating the destruction of b cells in

clinical trials in new-onset type 1 diabetes23 and admin-

istration of hsp 60 via plasmid treatment has been

found to inhibit a model of autoimmune arthritis;24 and

antibodies to peptides of hsp 60 were found to be asso-

ciated with resistance to type 1 diabetes in male NOD

mice.25

The p53 molecule is critical in multicellular organisms,

where it regulates the cell cycle and functions as a tumour

suppressor by conserving genomic stability and by inducing

the apoptosis of transformed cells.26 The present results

suggest that the p53 molecule is a target for autoantibodies

found in health, and a decrease in such reactivity could

have functional consequences yet to be discovered.

In response to DNA damage, the PCNA protein is

ubiquitinated, is involved in the DNA repair pathway,

and is associated with different neoplasms.27

A state of health has been associated with the presence

of so-called ‘natural’ IgM autoantibodies;28 and it has

been proposed that IgM autoantibodies might protect

against autoimmune diseases by blocking their target self-

antigens from contact with potential autoimmune effector

T cells or from T cells that might otherwise provide help

in the production of pathogenic IgG autoantibodies.29

At this early stage, we do not yet know the full mean-

ing of our observation regarding the apparent role played,

in a ‘state of health’, by IgG autoantibodies to these self-

molecules, and how their specific deficit could be

involved in the pathogenesis of PV.

It has already been suggested, however, that cell death

in pemphigus may be also triggered by autocrine and

paracrine factors released from damaged keratinocytes

in situ.14,30 Studies demonstrated that PV IgG binding

elicits Fas ligand secretion and elevates cellular expression

of factors such as Bax, p53 and c-myc.14,30 Since autoim-

mune diseases are associated with deviation from immune

regulation, we speculate that autoantibodies may be needed

to maintain homeostasis by assisting in the clearing of

molecules released from dead or dying cells, as happens

regularly in the physiology of the skin. A lack of IgG

autoantibodies binding to critical antigens may, in some

way, upset immune regulation; but this hypothesis needs to

be tested experimentally.

It is also possible to speculate that an association of an

autoimmune disease with decreased IgG autoantibodies

might explain the benefit of administering normal IgG

(IVIg therapy) in so many and diverse autoimmune dis-

eases.31 Much remains to be done, but we believe that

our finding of reduced IgG autoantibodies is an observa-

tion that may point towards new directions for research

into the pathogenesis of PV in particular and autoim-

mune diseases in general. Be that as it may, our findings

suggest a novel approach to a diagnostic serology for PV.
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