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Purpose: Mucous membrane pemphigoid (MMP) is a very rare autoimmune bullous disease, affecting predominantly the mucosae
and characterized by autoantibodies to the epithelial basement membrane components. Laminin 332 (Ln-332) is one of the most
probable antigens with association with malignancy. The laboratory diagnosis of Ln-332-mediated autoimmunity is troublesome. The
aim here was to comparatively examine IgG, IgG4, and IgA autoantibodies specific to a3, B3 or y2 subunits of Ln-322 in MMP
patients using the BIOCHIP mosaic-based indirect immunofluorescence technique (I1IF).

Patients and Methods: Sera from 15 MMP patients were studied. BIOCHIP mosaic-based Ln-332 IIF, direct immunofluorescence,
ELISA tests for anti-BP180/BP20 IgG antibodies and statistical analyses were performed.

Results: Of all the 15 sera examined for IgG4 antibodies, only 1 (6.67%) reacted with the a3 chain, 0 with the B3 chain, and 0 with
the y2 chain. No positive reactivity was seen with the IgG and IgA antibodies. BIOCHIP mosaic-based IIF with Ln-332 showed 100%
sensitivity, 8% specificity, 21% positive predictive value, and 100% negative predictive value in relation to the diagnostic gold
standard of DIF. The concomitant malignancies were revealed in three cases.

Conclusion: The detection of antibodies to Ln-332 chains is occasional in Polish MMP sufferers. Still, the evaluation of 1gG4
antibodies in MMP can reduce the false-negative results.
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Introduction
Various autoimmune bullous diseases (AIBDs) frequently involve oral cavity. Mucous membrane pemphigoid (MMP) is
one rare type of AIBDs characterized by chronic, inflammatory and subepithelial blistering lesions that predominantly
affect mucous membranes followed by scarring."> MMP, also causing serious complications such as blindness, was
previously referred to as cicatricial pemphigoid due to scarring features. The clinical course and prognosis of MMP may
depend on the specific autoantigen targeted.’

Immunological background of MMP is associated with autoantibodies directed against different antigens located at
the epithelial basement membrane,® involving intracytoplasmic hemidesmosomal protein BP230, the transmembrane
hemidesmosomal proteins BP180 and integrin a6p4, and laminin-332 (Ln-332). Autoantibodies against Ln-332 were
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suggested to be present in approximately 1/3 of the patients.' Their pathogenicity has been proved by passive transfer in
mice and human skin graft models."* It was also reported that MMP patients with anti-Ln-332 have an increased relative
risk of malignancy.”® However, the restricted number of patients limits the significance of this observation.

Ln-332, formerly known as kalinin, epiligrin, nicein and laminin-5, is a heterotrimer, which is the most important for
the skin integrity.®> Beyond the adhesion function, Ln-332 is associated with cell migration, tissue maturation, and wound
repair. Ln-332 consists of the laminin chains (subunits) o3 (165 and 145 kDa), B3 (140 kDa) and y2 (105 kDa).>** By
analyzing the immune profile of MMP patients, it was reported that the IgG was mostly directed to the a3 subunit (86%),
followed by the B2 subunit (46%) and the y2 subunit (29%).” Huang et al® revealed the distinct roles of the three Ln-332
subunits (a3, B3 and y2) in cell proliferation, migration, invasion and apoptosis.

Due to severe complications, an early and proper recognition of MMP is essential, allows the timely initiation of the
effective therapy, and justifies an extensive tumour screening. However, the diagnostics of anti-Ln-332 MMP is complex
due to multiple antigens, and clinical resemblance to other forms of pemphigoid. The pathological immunoresponse may
be detected by direct and indirect immunofluorescence (DIF and IIF, respectively), as well as molecular techniques.” The
DIF, a definitive laboratory test for AIBDs, reveals the deposition of IgG autoantibodies and C3, or sometimes of IgA
autoantibodies, at the epithelial basement membrane. However, choosing the optimal biopsy site, especially from
mucosal tissues, for the DIF to give reliable results often pose difficulties in MMP.'®!'! The perilesional tissue obtained
can be fragmented or smashed rendering the unequivocal reading impossible. Hence, the serological biochemical-
molecular techniques, including salt-split IIF (ssIIF), are diagnostically important. Still, one cannot identify the molecular
nature of the target antigen with the ssIIF. Therefore, more technologically advanced serological assays, particularly
enabling the detection of less common target antigen are needed. Despite its diagnostic and prognostic significance,
immunoassays for the anti-Ln-332 autoantibodies recognition have not yet been established in the clinical laboratory
routine.

Previously, it was reported that IgG4 was the most dominant tissue-bound or circulating antibody in bullous
pemphigoid (BP) with pathogenic significance. Nevertheless, to the best of our knowledge, there are only scanty
data'? regarding the frequency of circulating anti-Ln-332 IgG4 and its importance in MMP. Here, we describe the
BIOCHIP mosaic-based IIF modified by us for the determination of not only anti-Ln-332 IgG antibodies but also for
IgG4 and IgA antibodies. The BIOCHIP used contained separate a3, 3 or y2 subunits of Ln-332, so the diagnostic value
and frequency of circulating anti-Ln-332 IgG, [gG4 and IgA antibodies to those subunits were comparatively evaluated.

Materials and Methods

The study was performed according to the Declaration of Helsinki and was approved by the ethics committee of the
Poznan University of Medical Sciences in Poland (no 540/13). Informed written consent was obtained from each
individual. The commercially available transfected HEK293 cells were not separate reagents. They were obtained as
an integral part of the IIF BIOCHIP Ln-332 mosaic gifted by Euroimmun, Germany.

Material

Patients

In total, 15 patients with MMP before initiation of treatments advocated for MMP were investigated. The examined
group included Slavic patients (7 males and 8 females) at a mean age of 71.5 years (min. 36; max. 90). The inclusion
criteria of the patients closely followed the currently accepted diagnostic criteria for MMP,? and involved critically
important clinical signs (presence of mucosal lesions irrespectively of cutaneous lesions), DIF with analysis of serration
pattern of deposits of immunoreactants along the epithelial basement membrane as well as IIF, and antigen-specificity
analysis of the serum with enzyme-linked immunosorbent assay (ELISA) against BP180 and BP230. This selection of
patients showing a diverse range of involvement of various body regions was seen at the Autoimmune Blistering
Dermatoses Section, Department of Dermatology, Poznan University of Medical Sciences, Poland, in years 2008-2018.
Altogether, three cases (20%) had associated tumour (breast, vulvar, endometrial): two (13.33%) of the 15 MMP patients
with clinical data had a malignancy diagnosed before the time of diagnosis of MMP, and one patient was diagnosed with
the breast cancer, as an oncological surveillance was introduced, 6 months after MMP diagnosis.
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Human Sera

The serum used in the serological tests was obtained at the time of hospital admission/ambulatory care. Five mL of blood
serum were obtained from each participant. The samples were centrifuged for 10 min at 3500 rpm. Thereafter, they were
stored at —80°C/-20°C until performing ELISA and BIOCHIP mosaic IIF. Mutually control groups for comparison were
obtained by evaluating IgG, IgG4, and IgA-mediated immune responses.

Methods
Indirect Immunofluorescence Assay Using Recombinant Laminin 332 (Biochip Mosaic)
The reaction was performed following the manufacturer’s instructions. All sera were subjected to an indirect IF biochip
mosaic with six different substrates comprising HEK293 cells transfected with plasmids for i) LAMA3, ii) LAMB3,; iii)
LAMC?2 (encoding for the a3, B3, and y2 chains, respectively), iv) all three plasmids encoding for the heterotrimer, v) all
three plasmids encoding for the heterotrimer and a His-tag, and vi) the empty plasmid (Euroimmun, Germany). All sera
were applied in a 1:10 dilution in PBS supplemented with 0.2% Tween20, and after washing, bound autoantibodies were
detected by antihuman secondary antibodies. The original BIOCHIP under development by Euroimmun, Germany, for
the assessment of anti-Ln-332 IgG was modified by us to enable the assessment of IgG4 and IgA antibodies to those
antigens. In the modified IIF, in addition to the fluorescein isothiocyanate (FITC)-conjugated anti-human IgG antibody
provided by the BIOCHIP manufacturer, FITC-conjugated anti-human IgA rabbit polyclonal antibody (Dako, Denmark)
diluted 1:100, and FITC-conjugated anti-human IgG4 murine monoclonal antibody (Sigma, USA) diluted 1:100 were
used. In order to avoid technical errors, each analysis was performed in duplicates by the same operator. The internal
positive and negative controls were used.

All the slides were evaluated simultaneously by two observers using a microscope (BX40, Olympus, Japan) with
a fluorescent adapter.

Direct Immunofluorescence Procedure

Traditional DIF of perilesional mucosal tissue or, when cutaneous lesions were present, perilesional skin tissue for
evaluation of immunoreactants deposition was performed following the procedure previously described.'> The tissue
sections were incubated in a humid chamber for 30 minutes at room temperature (RT) with commercially available FITC-
conjugated anti-human IgA, IgM, IgG, and C3 rabbit polyclonal antibodies (Dako, Denmark) and FITC-conjugated anti-
human IgG subclasses: IgG1 and IgG4 murine monoclonal antibodies (Sigma, USA).

ELISA

The specific circulating serum abs were detected with commercially available ELISAs. ELISAs were performed using
the Euroimmun (Luebeck, Germany) ELISA kits: (i) monoanalyte ELISA utilizing recombinant protein BP180, BP230,
with the manufacturer’s cut-off value of 20 RU/mL; (ii) multianalyte ELISA containing 6 antigens (DSG1, DSG3,
BP180, BP230, envoplakin, type VII collagen), with the cut-off ratio 1. All measurements were made in the ELISA plate
reader (Asys Expert 96) equipped with MikroWin 2000 software by a single operator following the manufacturer’s
instructions.

Statistical Analysis

The accuracy of mosaic IIF was evaluated by calculating diagnostic sensitivity, diagnostic specificity, as well as positive
and negative predictive values in relation to the ELISA using the MedCalc Software 2015 (Ostend, Belgium; www.
medcalc.org). Associations in results between tests were assessed using Fisher’s exact test. A p < 0.05 was arbitrarily
considered statistically significant.

Results

In general, our patients had mainly oral, cutaneous and/or genital mucosal involvement. Only one patient had con-
comitant conjunctival involvement. The detailed results are shown in Table 1, whereas clinical and microscopic findings
in a single patient having anti-a3 chain of Ln-332 IgG4 antibodies are shown in Figure 1.
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Table | Clinical and Immunological Findings in |5 Patients with Mucous Membrane Pemphigoid

Case No/ Sex | Age Clinical Finding (Sites DIF Indeterminate Anti- ELISA IgG Malignancy
Duration of (Years) | Involved) Serration Pattern Ln-332
Undiagno- Sed Along Epithelial Biochip R .
Mucosa Mucosa, Anti- Anti-
Disease (mos, . i Basement Mosaic
with or Including BP180 | BP230
yrs) . . . Membrane
without Conjunctiva,
Skin with Skin
1.7 mos F 65 o, ph, n 1G4 - - - -
2.6 mos F 64 ol s 1gG4, C3 - + - Breast
cancer
3.5 mos F 52 o, s C3 - + + -
4.15 mos M 36 o,n 1gG4, C3 Anti-a3 - - -
1gG4
5.12 mos F 56 o - - + - -
6.12 mos M 86 o, s Equivocal - - - -
7.12 mos M 77 o 1gG4, C3 - + - -
8.5 mos F 78 o l,vs 1gG4, C3 - + - Endometrial
cancer
9.12 mos F 68 [ 1gGl1, 1gG4, C3 - + - Vulvar
cancer
10.12 mos M 82 o,s 1gG1, 1gG4, C3 - - - -
11.12 mos F 87 0,s 1gG4, C3 - + - -
12.6 mos F 76 o,s 1G4 - + - -
13.12 mos M 66 o,s IgA, 1gG4, C3 - - - -
14.2 mos M 87 o,s 1gG4, C3 - + - -
15.2 yrs M 89 c,os IgA, 1gG4 - - - -

Abbreviations: mos, months; yrs, years; DIF, direct immunofluorescence; ELISA, enzyme-linked immunosorbent assay; F, female; M, male; “+” — present; ”-"absent; c,
conjunctiva; n, nasal; o, oral; ph, pharyx; |, larynx; v, vulva; s, skin.

IgG4 was the sole antibody detected in just 1 young male with MMP. This patient gave no history of malignancy
before the diagnosis of MMP, and no malignancy was revealed within the 2-year follow-up period after the diagnosis of
MMP. Of all the 15 sera for IgG4, 1 (6.67%) reacted with the a3 chain, 0 with the B3 chain, and 0 with the y2 chain. No
positive reactivity was seen with the IgG and IgA.

The statistical analysis using Fisher’s exact test revealed no statistically significant dependency between anti-Ln-332
IIF and anti-BP180 ELISA, anti-BP230 ELISA, as well as DIF (p > 0.05). The dependencies were not reported between
anti-Ln-332 and anti-BP180 IgG, anti-Ln-332 and anti-BP230 IgG, as well as between anti-Ln-332 and DIF.

Comparison of diagnostic accuracy between anti-Ln-332 IIF and the diagnostic gold standard of DIF was as
following: 100% sensitivity, 8% specificity, 21% positive predictive value (PPV), 100% negative predictive value (NPV).

Discussion

The diagnostic procedure of MMP relies on different laboratory investigations, including the histopathological analysis,
the detection of tissue-bound immunoreactants by DIF as well as of serum autoantibodies by IIF and molecular
immunoassays (ELISA)." Patients with anti-Ln-332 MMP cannot be phenotypically differentiated from other variants
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Figure | A young male with MMP in whom no serum anti-BP180 and anti-BP230 IgG autoantibodies were detected with multianalyte ELISA. (A) A large erosion with
irregular borders causing painful swallowing on the soft palate (A); (B) BIOCHIP mosaic-based IIF revealing positive reaction of IgG4 autoantibodies with membrane-bound
recombinant a3 subunit of laminin 332 (LAMA3) (original objective magnification x 40); (C) DIF of perilesional mucosal tissue showing linear 1gG4 deposits along the
epithelial basement membrane (original objective magnification x40).

of MMP.'? However, the laboratory diagnosis of anti-Ln-332 is complicated. Specific methods for the detection of anti-
Ln-332 autoantibodies, including the immunoprecipitation and immunoblotting, are non-quantitative, laborious, often
expensive, tightly regulated and restricted to a few specialized laboratories worldwide. Previously, the immunoprecipita-
tion of radiolabelled cultured keratinocytes has been the gold standard for the detection of anti-Ln-332 autoantibodies in

14,15
1,

MMP patients.' However, as was presented by Goletz et a the development and introduction of the Ln-332-specific
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biochip mosaic in 2019 provided available standardized method for the detection of anti-Ln 332 serum circulating
autoantibodies. This test showed a satisfactory diagnostic accuracy (84% sensitivity and 99.8% specificity) for anti-Ln
-332 MMP patients and controls what was proved in the pioneering study.'” In anti-Ln-332 MMP, antibodies are mainly
targeted against a3 or y2 subunit. Antibodies to B3 subunit are rare; however, they have been revealed in the literature.'®
Gasparini et al,'” examining Italian MMP patients with ITF BIOCHIP mosaic, demonstrated that only 6% of patients had
anti-Ln-332 antibodies, which is compatible with our results. It was proved that the rather low clinical MMP activity is
paralleled by a relatively low autoantibody reactivity in patients peripheral blood. Thus, not unexpectedly, in most of the
MMP patients no autoantibodies are detected by IIF microscopy.' Therefore, various Ln-332 ELISA approaches were
postulated to facilitate diagnosing MMP."'® Still, Bernard et al'® demonstrated that none of the serum samples from
patients whose MMP was graded as low severity (n = 24) showed anti-Ln-332 antibodies with ELISA. For that reason,
we speculate that ethnic Poles with MMP examined by us had too low activity of the disease to produce anti-Ln-332
antibodies.

Human IgG antibodies are heterogeneous and consist of 4 subclasses, IgG1-4. Due to the rarity of such disorders,
studies regarding the specificity of IgG4 are not available in the literature. In all IgG4-mediated autoimmune disease,
some common features are raised: (i) [gG4 subclass autoantibodies block protein—protein interactions instead of causing
complement mediated tissue injury, (ii) patients respond favourably to rituximab, (iii) a genetic predisposition — HLA
class II genes.'” There are several hypotheses describing the possible cause of the predominance of IgG4 subclass in
AIBDs. It is postulated that the response might be as a result of specific genetic factors or due to a continued antigenic
stimulation affecting the normal distribution of IgG leading to IgG4 restricted response. Interestingly, van Beek et al*
indicated that IgG4 autoimmune response against a3 chain of Ln-332 may be linked to malignancy. Our observations
support the notion that IgG4 autoantibodies may preferentially bind to a3 subunit; however, we did not detect cancer in
our patient having such antibodies. Our findings revealed that 20% of MMP patients had associated cancer, which was in
line with data of La Placa et al,”' where 18% of MMP cases developed a solid tumour. Importantly, one of our patients
developed cancer during the MMP follow-up, which confirms the significance of oncological surveillance.** Obviously,
we present only the experience of a single referral centre, hence the relatively small number of MMP patients.
Nonetheless, it should be noted that MMP is a very rare disease with limited numbers of individuals affected, and
other works exploring MMP based on a similar population size.”'

The modification of classical IIF biochip mosaic may be clinically significant because MMP causes are often

%15 indicated that recombinant Ln-332 is useful in laboratory

misdiagnosed as being false-negative. Previous data
diagnostics of MMP. Our results confirmed the diagnostic importance of IgG4 detection. This was in line with Goletz
et al,'”” who showed that the sensitivity of IF for the Ln-332 heterotrimer increased when an anti-IgG4 enriched antitotal
IgG conjugate was applied. Therefore, it should be noted that the Euroimmun company has just started to offer the
commercial kit for the detection of antibodies to Ln-332, but not containing transfectants of all three chains of Ln-332 as
separate substrates, using the fluorescein conjugate to IgG + IgG4. Moreover, our data support previous investigations on
other AIBDs — pemphigus and BP.*

It was reported that LAD-1, a shedding extracellular fragment of BP180, which is the autoantigen in lamina lucida
type of linear IgA bullous dermatosis (11 LABD)**** is the most frequently detected autoantigen in MMP.*° This suggests
that there is a molecular relationship between MMP and 1l LABD, and that in MMP autoimmunity mediated by Ln-332
has limited pathogenic potential compared to that mediated by LAD-1. As far as diagnostic work-up is concerned, it
suggests that performing ELISA and mosaic IIF serological studies on MMP-suspected individuals with just routinely
used NC16A epitope of BP180 is not enough to detect autoimmunity, and that traditional unsophisticated ssIIF, some-
what paradoxically, is better suited for this purpose, according to our laboratory experience.

Still, some patients may develop an immune response against various different autoantigens, and it is possible that the
unusual autoimmune profile develops as a result of epitope spreading.?® In light of this, additional target antigens, like
Ln-332 were recognized in anti-p200 pemphigoid. Interestingly, IgG4 reactivity to Ln-332 by IB was observed in 18%
patients with anti-p200 pemphigoid, mainly recognizing the a3 chain.”> Anti-Ln-332 reactivity was confirmed in 70%
sera from anti-p200 pemphigoid patients.”” The sera with reactivity to the different antigens are identified in some AIBDs
patients with dual autoantibody responses, making the final diagnosis elusive.
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IgA-mediated MMP cases with autoantibodies against Ln-332 were reported; however, they are extremely rare.?
Literature data documented that these patients presented conjunctival involvement with multiple bullae at the extremities
and were refractory to systemic steroid therapy.”® We did not detect anti-Ln-332 IgA in our MMP patients, which may
suggest that they are infrequent and therefore we hypothesize that their evaluation should be performed in only MMP
cases showing exclusive IgA deposits in DIF.

Conclusion

Our issue-probing study suggests that the detection of antibodies to Ln-332 chains is occasional in Polish MMP sufferers.
Still, it seems that the detecting IgG4 antibodies is important in the diagnosis of MMP. Thus, we agree with suggestions
that IgG4 antibodies should be added to the routine panel of antibodies evaluated in studies of cases suspected to have
MMP to avoid false-negatives. For cost-effectiveness, we speculate that evaluation of anti-Ln-332 IgA using IIF
BIOCHIP Ln-332 mosaic is justified in MMP cases showing exclusive IgA deposits in DIF, which should be experi-
mentally verified in further studies.
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