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Abstract

Background—Bullous pemphigoid (BP) is an autoimmune blistering disease characterized by 

autoanti-bodies specific for the 180-kd BP antigen-2 (BP180) (also termed “type XVII collagen”) 

protein. The BP180 enzyme-linked immunosorbent assay (ELISA) is specific for the 

immunodominant NC16A domain of the protein. However, we and others have observed patients 

whose reactivity to BP180 is exclusive of the NC16A domain (referred to henceforth as non-

NC16A BP).

Objective—We sought to determine the incidence of non-NC16A BP and identify regions of 

reactivity within the BP180 protein.

Methods—Sera from 51 patients who met the clinical and histologic criteria for BP were 

screened for NC16A reactivity by ELISA. Sera that were negative by ELISA were screened for 

IgG reactivity to an epidermal extract, recombinant BP180 protein, and subregions of BP180, by 

immunoblot. Demographic and clinical data were also collected on all patients.

Results—Four sera (7.8%) were negative using the BP180 ELISA but positive for IgG reactivity 

to the extracellular domain of BP180. Further mapping identified 4 regions outside of NC16A 

recognized by these sera: amino acid (AA) 1280 to 1315, AA 1080 to 1107, AA 1331 to 1404, and 

AA 1365 to 1413. One of these sera also had IgE specific for NC16A. One patient had an atypical 

presentation with lesions limited to the lower aspect of the legs and scarring of the nail beds.

Limitations—The small total number of patients with non-NC16A BP limits the identification of 

demographic or clinical correlates.
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Conclusion—It is significant that 7.8% of sera from patients with new BP react to regions of 

BP180 exclusively outside of NC16A and, thus, would not be identified using the currently 

available BP180 ELISA.
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Bullous pemphigoid (BP) is the most common autoimmune blistering disease and is 

characterized by autoantibodies directed against the hemidesmosomal proteins, 230-kd BP 

antigen-1 (BP230) and 180-kd BP antigen-2 (BP180) (also termed “type XVII collagen”).1,2 

Experimentally, it is well established that BP180-specific autoantibodies play a primary role 

in the pathogenesis of BP, as adoptive transfer of these antibodies reproduces many of the 

features typical of BP.3-5 Moreover, disease activity directly correlates with circulating levels 

of BP180-specific autoantibodies.6-9 The primary pathogenic significance of the BP230-

specific autoantibodies remains unclear.10,11

BP180 is a type II trans-membrane protein composed of a globular cytoplasmic domain, a 

single transmembrane domain, and a long extracellular region that is composed of 15 

interrupted collagenous domains.12 Approximately 90% of BP sera target the extracellular 

noncollagenous 16A region (NC16A) of the protein.1,13-15 The pathologic importance of the 

NC16A region was demonstrated in BP180-humanized mice where absorption of NC16A-

specific antibodies from BP sera, before subcutaneous injection, resulted in a significant 

reduction in blistering.4

A diagnosis of BP is based on the presence of serum autoantibodies that have been 

historically evaluated using indirect immunofluorescence (IF) on intact or salt-split skin and, 

more recently, by enzyme-linked immunosorbent assay (ELISA). The currently available 

ELISA for detection of BP180-specific IgG-class autoantibodies targets the NC16A region 

of the protein with a sensitivity of 84% and a specificity of 99%.12 The clinical usefulness of 

this ELISA is well established14,16,17; however, we have noted a subset of patients who meet 

the clinical and histologic criteria for BP18 but do not recognize the NC16A region targeted 

in this assay. One such patient was previously described in our epitope mapping study.19 In 

studies examining the epitope spreading phenomenon in patients with BP, Di Zenzo et al20 

also identified 3 patients with autoantibodies that reacted exclusively with non-NC16A sites. 

The purpose of this study was to determine the incidence of non-NC16A BP at an early 

stage of the disease, to identify regions of reactivity within the BP180 protein, and to 

ascertain if these patients with non-NC16A BP had any clinical features that differed from 

patients in whom the immunodominant NC16A region is targeted.

METHODS

Patients

Patients with BP (N = 54) were enrolled in this study at the University of Iowa Hospitals and 

Clinics between January 1, 2007, and May 1, 2011, after giving written informed consent. 

This study was approved by the Institutional Review Board at the University of Iowa and the 
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Veterans Affairs Medical Center in Iowa City, IA, and was performed in adherence to the 

Declaration of Helsinki Guidelines. BP was confirmed by clinical (cutaneous blistering, 

erythematous/urticarial plaques), histologic (subepidermal blistering on skin biopsy 

specimen), and IF (linear IgG and/or C3 at the basement membrane zone [BMZ]) criteria18 

using standard procedures. Data regarding age, sex, ethnic background, medications, and 

other medical history were also acquired.

ELISA for BP180 IgG and BP230 IgG, collagen VII IgG, NC16A IgE, and total IgE

In all cases, antibody levels were evaluated in patient serum by ELISA. IgG specific for 

BP180 and BP230 was evaluated using commercial assays (MBL International, Nagoya, 

Japan). To rule out epidermolysis bullosa (EBA), autoantibodies against full-length collagen 

VII and the first noncollagenous (NC1) domain of collagen VII were evaluated.21 The 

NC16A IgE ELISA was performed as described.22 Total IgE levels were quantitated using 

electrochemiluminescence performed by the pathology laboratory services at the University 

of Iowa.

Indirect IF

Circulating autoantibodies specific for proteins of the BMZ were detected by indirect IF 

using 1 mol/L sodium chloride-split skin as a substrate.23 Sera were diluted 1:10 and were 

used as a primary antibody, and antihuman IgG-fluorescein isothiocyanate (fitc) was used as 

a secondary antibody. The localization of antibody to the roof or base of the split skin was 

detected with epifluorescent microscopy.

BP180 constructs and expression of recombinant proteins

Recombinant proteins comprising the entire ecto-domain of BP180 (sec180) or the BP180 

ectodomain with the NC16A region deleted (delNC16A) were generated and expressed as 

described.19,24 The relative positions of the BP180 recombinant and fusion proteins are 

indicated in Fig 1 and are referred to by the first and last amino acid (AA) of the selected 

protein: AA 490 to 1497 (sec180), AA 490 to 566 (NC16A), and outside the NC16A 

domain, AA 567 to 1497 (delNC16A), AA 1080 to 1107, AA 1280 to 1315, AA 1331 to 

1404, AA 1365 to 1413, and AA 1365 to 1458.

For the epitope mapping studies, glutathione S-transferase (GST) fusion proteins containing 

segments known to harbor immune reactive sites within the BP180 extracellular domain 

were used. The complimentary DNA cloning, expression, and purification of AA 490 to 566 

(NC16A), AA 1365 to 1413, and AA 1365 to 1458 fusion proteins were described 

previously.15,19 The constructs of AA 1080 to 1107 and AA 1331 to 1404 were made using 

previously described methods.15,19,25 The corresponding GST fusion proteins and GST 

alone were expressed in Escherichia coli, strain DH5a (Invitrogen, Grand Island, NY) or 

strain Rosetta 2 (Merck KGaA, Darmstadt, Germany) and purified from bacterial lysates 

using glutathione-agarose affinity chromatography.15 Epitope mapping studies indicate this 

series of proteins will detect more than 90% of antibody reactivity with the extracellular 

domain.3,5,20 The intracellular domain of BP180 was not examined because no relationship 

between disease activity and reactivity to intracellular epitopes has been demonstrated.4
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Immunoblot analysis

The autoantibody mapping studies were carried out using recombinant proteins or human 

epidermal extracts,26 a standard immunoblotting protocol.19 Sera of patients or control 

subjects were preadsorbed with a bacterial cell lysate containing recombinant GST to 

eliminate reactivity with this moiety of the fusion proteins. Reactivity was detected using 

anti-human IgG- horseradish peroxidase and enhanced chemiluminescence (GE Healthcare, 

Piscataway, NJ). Densitometry was performed using analysis software (Image J, National 

Institutes of Health, Bethesda, MD).

RESULTS

Identification of patients with non-NC16A BP

In all, 54 patients who met the clinical and diagnostic criteria outlined for BP18 were 

identified; of these 54, 7 patients did not react with BP180 using the commercially available 

ELISA (MBL International). Sera from 2 of these patients labeled the roof of salt-split skin 

using IF, but their sera did not react with sec180 (the recombinant extracellular domain of 

BP180), nor did either produce a band of appropriate size for either BP180 or BP230 by 

immunoblotting with an epidermal lysate. One additional patient had no detectable 

circulating auto-antibodies to intact or salt-split skin and did not react with an epidermal 

lysate on immunoblot, and thus could not be further characterized. The remaining 4 patients 

showed immunoreactivity with sec180 and delNC16A by immunoblotting. Thus, of the 51 

patients who met immunologic criteria for a diagnosis of BP, 4 (7.8%) appeared to react with 

BP180 epitopes exclusive of the NC16A domain. None of these 4 patients acquired NC16A 

reactivity during the course of their therapy, with follow-up ranging from 13 to 23 months 

(average 18 months). None of the 4 patients had detectable antibodies specific for full-length 

collagen VII or the first noncollagenous (NC1) domain of collagen VII.

Demographics and clinical characteristics

The demographics of the patients with non-NC16A BP are shown in Table I. The average 

age of these 4 patients with non-NC16A BP, 67 years, was slightly younger than the mean in 

our BP database (N = 54, 76 years). Two of the patients were male and 2 were female. One 

patient was of Latino descent, and the other 3 were Caucasian with no further ethnic group 

identified. Other autoimmune diseases were common in this cohort, including 1 each of 

Graves disease, rheumatoid arthritis, and psoriasis. Patient 316 reported that the blistering 

reaction began after receiving a contrast agent, to which he had previously had an allergic 

reaction; however, this sequence of events could not be confirmed. Finally, the onset of 

blistering in patient 345 correlated with initiation of acitretin for psoriasis, and the referring 

physician suggested that this condition might have been contributory. Acitretin was stopped 

but the blistering continued, and he was referred to the University of Iowa at that time.

The clinical characteristics of these 4 patients are shown in Table I. Three of the patients had 

clinical findings that were consistent with typical BP with classic urticarial plaques and 

tense bullae. Histologically, biopsy specimens from all 4 patients revealed subepidermal 

blistering with eosinophilic infiltrate, and direct IF revealed linear deposition of IgG and C3 
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at the BMZ as is generally observed with BP. Indirect IF onsalt-split skin was negativefor 

patient 316.

Patients 233, 316, and 345 exhibited a generalized distribution of lesions whereas patient 

294 had a somewhat atypical appearance with lesions predominantly on the lower aspect of 

the legs. In addition, patient 294 shed her toenails during flares of disease activity, which left 

an eroded nail bed (Fig 2). This shedding did not resemble Beau lines but involved blistering 

of the nail bed with acute loss of the plate. After therapy, the nails regrew in 9 of 10 toenails, 

although some were slightly dystrophic.

Total IgE was evaluated in 3 of our test patients before the initiation of their treatment 

course. Of these, only 1 had elevated total IgE at 1874 IU.

Mapping of immunoreactive regions in these patients

Serum reactivity to epidermal lysates and recombinant forms of BP180 was evaluated using 

immunoblot analysis as shown in Table II. Sera from all 4 patients recognized a band 

corresponding with 180 kd in epidermal lysate. In addition, these sera showed specific 

reactivity to the entire recombinant extracellular domain of BP180 (sec180) and the 

recombinant extracellular domain of BP180 from which the NC16A domain was deleted 

(delNC16A). These results confirmed the diagnosis of BP and indicated that all 4 sera had 

reactivity outside of NC16A. To further characterize the pattern of auto-antibody reactivity, 

we generated a series of bacterial fusion proteins spanning the major antigenic sites within 

the BP180 molecule (Fig 1). These fragments are indicated by AA residue and are clustered 

largely in the C-terminus of the molecule reported to contain additional antigenic sites 

within BP180. After preadsorbtion of sera with lysates of bacteria expressing recombinant 

GST, reactivity to GST was not detectable in any of the test sera (Table II). For comparison, 

sera from 2 female patients and 1 male patient with BP known to have high reactivity to 

NC16A by ELISA and sera from 3 age- and sex-matched control subjects were also included 

in analysis with identical results. None of the control sera reacted to any of the BP180 

proteins. As expected, the positive control sera reacted strongly with a 180-kd band in the 

epidermal lysate, the secreted portion of BP180 (sec180); weakly with delNC16A; and very 

strongly with the NC16A fusion protein. None of the positive control sera reacted to any of 

the other regions of the BP180 molecule examined.

Interestingly, 1 serum (patient 233) that was repeatedly negative in the BP180 ELISA 

showed weak reactivity with denatured NC16A by immunoblotting (Fig 3 and Table II). 

However, this serum had much stronger reactivity to 3 regions of BP180 outside of NC16A: 

AA 1280 to 1315, AA 1331 to 1404, and AA 1365 to 1413, as determined by densitometric 

analysis. Serum from patient 294, with the unusual nail shedding, showed strong reactivity 

to only 1 of the fusion proteins examined representing AA 1280 to 1315. Because of the 

unusual appearance of the nails, and our previous report of a patient who showed 

intermolecular epitope spreading from BP180 (collagen XVII) to collagen VII,27 this sample 

was also tested for reactivity with collagen VII by ELISA and was negative. Serum obtained 

from patient 316 had strong reactivity to 2 of the fusion proteins tested: AA 1080 to 1107 

and AA 1331 to 1404. Serum from patient 345 was repeatedly negative for IgG reactivity to 

NC16A by both ELISA and immunoblot but did have IgE reactivity to NC16A (125 U/mL, 
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normal <17 U/mL). Although we have studied the role of IgE-class autoantibodies in BP for 

the past 10 years, this is the first patient we have identified with IgE against NC16A without 

corresponding IgG. In addition, the patient's total IgE level was within the normal range. 

Serum from this patient also recognized other regions of BP180, including strong reactivity 

AA 1280 to 1315 and, more weakly, AA 1331 to 1404 and AA 1365 to 1413. In sum, all but 

1 of the patients (patient 294) had serum reactivity to more than 1 of the fusion proteins 

tested, and none of the sera examined bound the distal AA 1365 to 1458 protein.

Therapeutic regimen and clinical response

Three of the 4 patients started prednisone at 0.5 mg/kg/d, with their dose tapered as 

tolerated. Patients 233 and 316 had azathioprine (75 mg) added to their regimens initially to 

try to minimize the prednisone dose because of pre-existing insulin-dependent diabetes. The 

fourth patient was treated with minocycline and topical clobetasol. A summary of their 

clinical status as defined by the recently reported consensus definitions is found in Table I.28

DISCUSSION

IgG reactivity to the immunodominant NC16A region of BP180 is associated with disease 

severity in BP.6,7,20,29 It is also well known that, in addition to NC16A, the majority of BP 

sera recognize other regions of the BP180 protein.25,30,31 It has been proposed that reactivity 

to these other non-NC16A epitopes is a secondary event resulting from epitope spreading, a 

process in which inflammation triggered by autoimmunity damages the target tissue, which 

induces antibodies on the same or different antigens.25,32 By definition, the initial reactivity 

with the NC16A region of BP180 would accompany, or even precede, reactivity to other 

sites in the molecule or other antigens, such as BP230.25 Our study indicates that, at the time 

of diagnosis, there is a cohort of BP with autoantibody reactivity exclusively outside of 

NC16A, indicating that antibodies to these regions can also be pathogenic.

In the current study, 4 of 51 (7.8%) of our BP serum samples recognized regions of BP180 

exclusive of the immunodominant NC16A region, which is similar to our previous report (1 

of 10, 10%) and that of Di Zenzo et al20 (3 of 35, 8.6%). Together, these studies identify a 

population, ranging from 8% to 10%, of patients with BP whose sera would yield a negative 

result using the current commercially available ELISA test. Thus, use of the BP180 ELISA 

alone for the confirmation of the diagnosis of BP will miss a significant number of patients 

with BP. Use of the BP230 ELISA would only have detected 1 of the 4 patients with non-

NC16A BP described in this study. Recently several articles have pointed out the enhanced 

sensitivity of the ELISA,33 and recommendations have been made to use ELISA rather than 

indirect IF for confirmation of the diagnosis of BP.34 However, clinicians need to recognize 

that this ELISA will fail to identify patients whose autoantibodies target regions outside of 

NC16A or who generate autoantibodies of classes other than IgG.

We recognize that both treatment and intramolecular epitope spreading could result in loss 

of reactivity to the immunodominant NC16A region of BP180. However, all patients had 

active blistering when first examined and 3 of 4 were observed before receiving any 

treatment. Moreover, reactivity to the immunodominant epitope was not observed at any 

point during the 13 to 23 months of the study duration. This is consistent with the recent 

Fairley et al. Page 6

J Am Acad Dermatol. Author manuscript; available in PMC 2016 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



report that indicated that epitope spreading and acquisition of new epitopes is most common 

within the first 6 months of the disease.20

It has been proposed that the pattern of epitope recognition influences the course of 

disease.20 In the current study, only patient 294 had atypical disease presentation, with 

lesions predominantly on the lower aspect of the legs, and shedding of the toenails that was 

associated with flares of her disease activity. To our knowledge, there are only 4 previous 

reports of well-documented nail involvement in BP35-38; however, epitope mapping was not 

performed on sera from any of these patients. The condition of patient 294 was also curious 

in that her serum reactivity was restricted to only 1 region of the BP180 protein, AA 1280 to 

1315, the fourth noncollagenous region of the protein. Because patients 233 and 345 also 

had reactivity to AA1280 to 1315 without nail involvement, it is unlikely that reactivity to 

this epitope led to the unusual nail changes observed in patient 294. BP180 is clearly 

expressed in BMZ of the nail bed, proximal nailfold, nail matrix, and the hyponychium,39 

and patients with junctional epidermolysis bullosa harboring mutations in BP180 have nail 

loss.40 Thus, it is possible that antibody reactivity to an additional region outside of those we 

tested is responsible for the nail changes observed in patient 294. Study of a larger number 

of these rare patients will be necessary to determine if there are distinct correlations between 

epitope recognition and clinical features of the disease.

In BP, both clinical and experimental studies support a critical role for NC16A-reactive IgG 

in disease pathogenesis, whereas the development of additional sites of reactivity within 

BP180 and BP230 are thought to be secondary. Our study demonstrates a small percentage 

of patients with untreated BP whose autoantibody reactivity is restricted to sites exclusively 

outside the NC16A region of BP180. These studies suggest that recognition of other non-

NC16A regions of BP180 is pathologically relevant for disease initiation. Examination of 

additional patients with non-NC16A BP will better define the clinical characteristics of this 

subgroup.
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Abbreviations used

AA amino acid

BMZ basement membrane zone

BP bullous pemphigoid

BP180 180-kd bullous pemphigoid antigen-2

BP230 230-kd bullous pemphigoid antigen-1

delNC16A BP180 ectodomain with NC16A region deleted
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ELISA enzyme-linked immunosorbent assay

GST glutathione-S-transferase

IF immunofluorescence

NC1 first noncollagenous domain of collagen VII

NC16A noncollagenous 16A domain

non-NC16A BP reactivity to BP180 exclusive of NC16A domain

sec180 the entire BP180 ectodomain of BP180
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CAPSULE SUMMARY

• Most patients with bullous pemphigoid (BP) have autoantibodies 

targeting the NC16A region of 180-kd BP antigen-2; however, 

occasional patients are observed whose sera do not react to this region.

• Herein, 7% to 10% of BP sera react to regions of 180-kd BP antigen-2 

exclusively outside the NC16A domain.

• This study indicates that: (1) use of the enzyme-linked immunosorbent 

assay for confirmation of BP, rather than indirect immunofluorescence, 

will not identify this patient subset; and (2) antibodies targeting areas 

other than NC16A can be pathogenic.
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Fig 1. 
The 180-kd bullous pemphigoid (BP) antigen-2 (BP180) recombinant proteins. Schematic 

representation of BP180, type II transmembrane (TM) protein containing globular 

intracellular domain (ICD) and extracellular domain (ECD) with 15 interrupted collagenous 

regions. Noncollagenous 16A (NC16A) region contains immunodominant autoantibody 

epitope in BP. Recombinant fusion proteins are indicated by amino acid (AA) residues of 

protein. AA 490 to 1497 (sec180) represents entire ECD of protein and AA 567 to 1497 

(delNC16A) represents ECD of BP180 with NC16A region deleted.
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Fig 2. 
Toenail shedding in patient 294. Shedding of nail plate was seen after periungual blistering 

during flares of disease activity. After several episodes, permanent loss of plate occurred in 1 

nail and dystrophy was seen in several others.
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Fig 3. 
IgG reactivity of serum from patient 233 with antigenic regions of 180-kd bullous 

pemphigoid (BP) antigen-2 (BP180). Sera were screened for IgG reactivity to either affinity-

purified glutathione-S-transferase (GST) fusion proteins spanning BP180 molecule or GST 

control protein. Bacterial protein production was induced (1) using isopropylb -D-1 

thiogalactopyranoside (IPTG) (250 μmol/L) or no IPTG was added (−). Proteins were 

electrophoresed and transferred to nitrocellulose membrane and identical membranes were 

probed with the following primary antibodies (Ab): anti-GST antibodies (top), BP serum 

known to have high reactivity to NC16A by enzyme-linked immunosorbent assay (ELISA) 

(middle), or serum from patient 233 with BP negative by ELISA (bottom). Appropriate 

locations for GST and NC16A are indicated based on molecular weight markers.
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Table I

Clinical characterization of patients with non-NC16A bullous pemphigoid

Patient Age 
at 
onset, 
y

Sex Other medical conditions Disease extent 
before therapy

Pathology and immunopathology Therapy and response

233 77 F Graves disease, DM2 Multiple 
vesicles and 
small, tense 
bullae scattered 
over trunk and 
bilateral upper 
and lower 
extremities

Subepidermal blister with 
eosinophils DIF—linear IgG and C3 
IIF—positive

Prednisone and 
azathioprine initially; 5 
mg of prednisone and 25 
ng of azathioprine with 
good control at 20 mo 
duration

294 61 F RA, CHF, lower aspect of 
leg stasis ulcers

Tense bullae 
confined to 
lower aspect of 
legs and feet; 
onycholysis of 
all 10 toenails 
was also 
present

Subepidermal blister with 
eosinophils DIF—linear IgG and C3 
IIF—positive

Prednisone and 
minocycline initially; 
minocycline 200 mg/d 
and clobetasol at 22 mo 
duration

316 60 M DM2, iodine contrast 
allergy, aspirin allergy

Urticarial rash 
that 
transitioned to 
bullous 
eruptions on 
flanks, legs, 
face, and 
tongue days 
after receiving 
unknown 
noniodinated 
contrast agent

Subepidermal blister with 
eosinophils DIF—linear IgG and C3 
IIF—negative

Prednisone, doxycycline, 
and azathioprine initially; 
prednisone 2.5 mg/d and 
azathioprine 50 mg/d at 
17 mo duration

345 76 M Psoriasis, hypertension, 
numerous NMSCs

Tense bullae of 
groin, lower 
aspect of 
abdomen, and 
inner thigh that 
began 3 mo 
after starting 
acitretin

Subepidermal blister with 
eosinophils DIF—linear IgG and C3 
IIF—positive

Discontinued acitretin; 
minocycline 200 mg/d 
and topical steroids with 
good control at 13 mo 
duration

CHF, Congestive heart failure; DIF, direct immunofluorescence; DM2, diabetes mellitus type 2; F, female; IIF, indirect immunofluorescence; M, 
male; NMSC, nonmelanoma skin cancer; RA, rheumatoid arthritis.
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