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Immuno¯uorescence of Bullous Pemphigoid
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Serological diagnosis of bullous pemphigoid is based on

immunoblotting or indirect immuno¯uorescence on normal

human salt-split skin. These methods are expensive or time-

consuming and not available as a routine test in all laboratories.

We used rat bladder epithelium as substrate for indirect

immuno¯uorescence and compared it with other substrates and

with immunoblotting. Twenty-nine bullous pemphigoid sera were

studied on rat bladder epithelium, monkey oesophagus, salt-split

skin and with immunoblotting on human keratinocyte cultures.

Indirect immuno¯uorescence on rat bladder epithelium proved

to be more sensitive (72%) than on monkey oesophagus alone

(45%) and less sensitive than on salt-split skin (97%). Rat

bladder epithelium, when tested on 41 sera of a control group,

showed a very high speci®city: 2/41 (95%). In combination with

immunoblotting on keratinocyte extracts, indirect immuno¯uor-

escence on rat bladder epithelium allowed 93% of sera to be

recognized, a value close to the salt-split skin alone. Rat bladder

epithelium appears to be a more sensitive substrate than monkey

oesophagus for the diagnosis of bullous pemphigoid and,

although less speci®c, it is easier and faster than using salt-

split skin, which remains indispensable to distinguish bullous

pemphigoid from epidermolysis bullosa acquisita. Key words:
bullous pemphigoid; indirect immuno¯uorescence; rat bladder
epithelium; monkey oesophagus; immunoblotting.
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Clinical diagnosis of bullous pemphigoid is easy, but it needs

to be con®rmed by the observation of linear deposits of IgG

and/or C3 at the basement membrane zone. Indirect

immuno¯uorescence (IIF) on monkey oesophagus (ME)

detects IgG anti-basement membrane zone antibodies in

about 70% of patients (1, 2) and immunoblotting (IB) on

extracts of human keratinocyte cultures is positive only in

69% of cases (3). The introduction of the normal human salt-

split skin (SSS) as a substrate raised IIF sensitivity to 90%
(4 ± 6). SSS, however, is time-consuming, needing at least an

additional 48 h for preparing the substrate.

Rat bladder epithelium (RBE) is an IIF substrate that has

been used successfully for diagnosing paraneoplastic pemphi-

gus, in which it reveals a characteristic staining of the

intercellular substance (7). However, its capacity to reveal

immune deposits at the basement membrane zone with

bullous pemphigoid sera has not been directly studied. The

available information comes from 3 studies of speci®city of

RBE for paraneoplastic pemphigus; altogether 29 sera have

been tested and only 2 were clearly reported to be positive for

staining the basement membrane zone showing antibodies

directed to the 230 kDa antigen (BP230) (8 ± 10). We tested

RBE substrate on 29 patients in order to verify its speci®city

and sensitivity in diagnosing bullous pemphigoid.

MATERIAL AND METHODS

Fourteen men and 15 women (age range 45 ± 92 years; mean 75 years)

who had their bullous pemphigoid diagnosed with direct immuno-

¯uorescence showing a linear band of IgG and/or C3 at the basement

membrane zone were included in the study. They were clinically

evaluated for the extent (more or less than 20% of the body surface)

and the presence of mucosal involvement and urticarioid lesions.

Laboratory investigations included IIF on ME, RBE, SSS and IB

on extracts of human keratinocyte cultures. All tests were done before

initiating any treatment with the same samples. A single operator did

the work using the same microscopic equipment.

IIF on RBE and ME was also performed on a control group of 41

subjects aged more than 65 years who were referred to our laboratory

for antinuclear antibodies testing. None of them had a clinical

diagnosis of bullous disease or any antinuclear antibodies.

The patients have been followed up for at least 2 years. The

possible paraneoplastic nature of their disease was considered when

cancer was concurrent or appeared within 1 year after the diagnosis of

bullous pemphigoid. To this end, in addition to a thorough clinical

examination and routine haematological tests, all patients were

submitted to chest X-ray and abdominal ultrasonography. Occult

blood in the stools, carcinoembryogenic antigen and prostatic speci®c

antigen were also looked for.

Direct immuno¯uorescence

Cryostat sections 6 mm thick from perilesional skin were incubated

with ¯uorescein isothiocyanate (FITC)-labelled anti-human IgG, IgA,

IgM, C3 goat serum. The reagents (Kallestad Diagnostics, Chaska

MN, USA) had different concentrations: 1/55 for IgG; 1/16 for IgA;

1/22 for IgM; 1/35 for C3; 0.1 c/ml for FITC. Incubation times were

30 min.

FITC alone was used as control. After washing with phosphate

buffered saline (PBS), the slides were mounted in PBS-glycerin and

examined under a ¯uorescence microscope, with epi-illumination.

SSS procedure

Normal human skin was obtained from mammoplasty. Epidermis was

split from dermis according to the standard technique (4).

Indirect immuno¯uorescence (IIF)

Cryostat sections of RBE and SSS 6 mm thick were cut in our

laboratory, while ME was obtained commercially from Bio-System.

Serum dilutions ranged from 1:40 to 1:2560. The slides were washed
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with PBS and incubated with diluted serum for 30 min. After a

second PBS washing, the slides were covered with FITC-labelled anti-

human IgG goat serum for 30 min. After a further PBS washing, they

were mounted in PBS glycerin and examined.

The same FITC-IgG and the same reagents were used both for

direct and indirect immuno¯uorescence.

Immunoblotting

Epidermal proteins were obtained from normal human keratinocyte

cultures. The proteins were extracted directly from the culture ¯asks

by incubation for 30 min at 4³C. The extraction buffer containing

10 mmol/l Tris-HCl, pH 7.8, 2% sodium dodecyl sulphate (SDS), 5%
b-mercaptoethanol, 100 mmol/l ethylenediamine tetra-acetic acid

(EDTA), 200 mmol/l phenylmethtyl-sulphonyl ¯uoride (PMSF),

1 mmol/l leupeptin and 1 mmol/l pepstatin. After centrifugation at

13,000 g for 30 min, the supernatants were collected and the protein

content of the homogenates was adjusted to 2 mg/ml using Bradford's

method (11). Epidermal proteins were separated by 6% SDS-

polyacrylamide slab gel electrophoresis under reducing conditions.

The proteins were electrophoretically transferred to nitrocellulose

®lters. The ef®ciency of transblotting was checked by Ponceau antigen

red staining of the transferred epidermal and standard proteins.

Nitrocellulose strips were then sequentially incubated with: (i) Tris-

buffered saline (TBS)/milk for 1 h at 37³C; (ii) 1:100 dilution of each

sample serum in TBS/milk overnight at 4³C; (iii) 1:500 dilution of a

biotinylated goat antihuman IgG (Amersham, Buckinghamshire, UK)

in TBS/milk for 30 min at room temperature; and (iv) 1:3000 dilution

of septavidin-alkaline phosphatase complexes (Amersham) in TBS/

milk for 30 min at room temperature. The strips were ®nally

developed with alkaline phosphatase substrate solution diethanola-

mine buffer, NBT (nitrobluetetrazolium) BCIP (5-bromo-4-chloro-3-

indolyl phosphate) (Sigma, St Louis, USA). Intervening washes were

performed with TBS containing 0.1% Tween 20.

RESULTS

Most of the 29 patients had a widespread disease (24 cases)

and urticarioid lesions (17 cases), while only in a small group

were mucosae involved (6 cases). An internal malignancy was

found in 6 patients (19%): 2 prostatic cancers, 2 colonic

cancers, 1 pulmonary cancer and 1 Kaposi sarcoma.

Thirteen sera showed IIF positive results with ME as

substrate, 21 with RBE (Fig. 1) and 28 with SSS. Eight sera

were negative with both ME and RBE and all negative sera

on RBE-IIF were also negative on ME-IIF. In addition, no

RBE negative sera were positive on ME, while 7 negative sera

on RBE were positive on SSS. Only one SSS-negative RBE-

positive case was observed. RBE-IIF sensitivity was 72%,

higher than ME-IIF (45%), but lower than SSS-IIF (97%)

(Table I).

Two controls were RBE-IIF positive at a low titre (1/40).

RBE-IIF speci®city was 95.1% (2/41). None of the control

sera were positive on ME-IIF. ME-IIF speci®city was 100%
(0/41). In addition, in sera that proved positive on both

substrates, RBE titres were higher than ME ones, con®rming

the higher sensitivity of RBE.

IB was positive in 21 cases: 8 patients showed antibodies

directed to BP230, 6 patients to BP180 and 7 to both antigens.

RBE-IIF positive patients exhibited urticarioid lesions more

frequently than did RBE-IIF negative patients, while the

latter were more frequent in patients with cancer. Patients

with cancer had neither a more widespread skin disease nor a

more frequent mucosal involvement than those without.

Four of the 8 RBE-IIF negative patients had an internal

malignancy (Table II) and 5 of the 16 ME-IIF negative

patients were in the same condition. By contrast, all of the

6 patients with cancer were SSS-IIF and IB positive (BP230 in

2 sera, BP180 in 3 sera and both antigens in 1 serum).

DISCUSSION

Since the introduction of the SSS substrate, IIF sensitivity in

diagnosing bullous pemphigoid was raised to about 90%,

which is much higher than the value (50 ± 70%) obtained with

ME and guinea pig oesophagus. Still, a signi®cant number of

negative sera remains.

As showed previously, RBE proved to express the antigens

of bullous pemphigoid. In fact, in our study RBE proved to

be much more sensitive a substrate than ME, with almost the

same speci®city. The combination of RBE-IIF and IB

matches the diagnostic accuracy of SSS.

Although SSS-IIF is more sensitive and allows bullous

pemphigoid to be distinguished from epidermolysis bullosa

acquisita, RBE-IIF is much easier, faster and is available to

all laboratories. On the other hand, ME-IIF is useful for the

diagnosis of pemphigus, but in bullous pemphigoid, its

sensitivity is lower than RBE-IIF. We believe that RBE-IIF

should support ME and SSS in the presence of negative sera.

Whether or not bullous pemphigoid is associated with

cancer is still a matter of discussion. Some clinical and

laboratory criteria have been suggested to detect patients with

bullous pemphigoid and cancer (12, 13), namely mucosal

lesions, negative IIF and presence of antibodies to BP180

(14). We were unable to fully con®rm such suggestions. Our

patients with cancer did not differ from those without either

for the extent of the disease or the frequency of the mucosal

involvement. We found, instead, that a negative RBE-IIF

associated with a positive SSS-IIF or IB may suggest the

presence of cancer.

In addition, we failed to ®nd any difference in the antigens

of bullous pemphigoid disclosed in the patients with cancer.

Our ®ndings, therefore, disagree with other studies, which

emphasize the relationship of BP180 with cancer (14) and

poor prognosis (15).

Finally, RBE-IIF negative sera proved to contain anti-

bodies directed to BP180 alone more frequently than to

BP230 alone or in combination with BP180. There was no

statistical difference between BP230 and BP180 (p~0.2774,

Fisher's exact test), although there was a difference between

BP 180 only and the combined group (BP230 and

BP230zBP180) (p~0.0307, Fisher's exact test). However,

Fig. 1. Linear deposits of IgG at basal membrane zone. Substrate:

rat bladder epithelium.
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we found 2 RBE-IIF positive sera which proved to contain

BP180; this result is in contrast with Hashimoto's work in

which transitional epithelia seem to express only BP230 (8).
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