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Protease–antiprotease imbalance may be
linked to potential defects in profilaggrin
proteolysis in atopic dermatitis

DOI: 10.1111/j.1365-2133.2011.10750.x

MADAM, Most recent studies on atopic dermatitis (AD) have

focused on the importance of the keratin-binding protein fil-

aggrin in skin barrier function. Loss-of-function mutations of

the filaggrin gene FLG are the major predisposing genetic fac-

tor for AD.1 Nonetheless, the majority of patients with AD

have an apparently normal FLG. Some patients with wild-type

AD have reduced filaggrin protein expression,2 implying the

presence of other modifying factors. Profilaggrin, the 400-kDa

precursor protein, is unable to bind keratin until it is proteo-

lysed to release the functional 37-kDa filaggrin monomer.3

Knowing the importance of profilaggrin processing, we con-

ducted a small study to determine whether defective profilag-

grin proteolysis may be found in patients with AD with wild-

type FLG. Although profilaggrin processing is presumed to

occur intracellularly, extracellular proteases such as matrip-

tase4,5 also influence the expression of filaggrin monomers.
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Fig 1. Differences in (pro)filaggrin protein expression between HC with normal FLG and patients with AD by Western blotting. (i)

Representative Western blots showing profilaggrin (thick arrow, > 220 kDa) and filaggrin (thin arrow, ~40 kDa). (a) HC with normal FLG; (b) AD

with normal FLG showed increased amount of profilaggrin and filaggrin intermediate products and lacked the 37-kDa filaggrin protein ( , absent

filaggrin band). (c) AD with FLG mutation (heterozygous for 2282del4 mutation) with reduced amount of (pro)filaggrin. Two FLG heterozygotes

(including the one compound heterozygote) had no filaggrin protein on Western blotting and therefore are not shown. (ii) AD with normal FLG

exhibited an overall increased profilaggrin and reduced filaggrin monomers in comparison with HC with normal FLG. (iii) Densitometric band

analysis of the Western blots showed accumulation of the profilaggrin in AD with normal FLG (P < 0Æ05). HC, healthy controls; AD, atopic dermatitis.
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We further investigated whether the extracellular ⁄ interstitial

protease–antiprotease balance is deranged in patients with AD.

We recruited 11 healthy controls (HC; age 23Æ5 ± 6Æ5 years;

seven females) with no inflammatory skin conditions and 10

patients with mild-to-moderate AD (age 27Æ8 ± 11Æ5 years;

eight females). In the AD group, the disease severity score (Six

Area, Six Sign Atopic Dermatitis, SASSAD) ranged from 3 to 16

for the wild type and from 0 to 24 for those with FLG mutations.

Genotyping for common caucasian FLG polymorphisms

(2282del4, R2447X, R501X, S3247X) was performed as

described elsewhere.6 One of the 11 HC was heterozygous for

the FLG 2282del4 mutation. Four of the 10 patients with AD

were heterozygous for FLG 2282del4, of whom one was a com-

pound heterozygote (2282del4 ⁄R501X).

With a PTC3300 VAC Vacuum Unit (InnoKas Medical Oy,

Kempele, Finland), we induced suction blisters on the flexural

surfaces of our volunteers’ arms. We excluded those with

active disease or inflammation at the test area and kept the

suctioning to the minimum to reduce any secondary inflam-

mation. Suction blistering has been validated as a way of

obtaining epidermal protease inhibitors such as elafin, SLPI

and LEKTI, which are secreted into the interstitium.7 Western-

blot band densitometric analysis using the epidermal skin caps

(normalized to housekeeping protein keratin 8) showed that

in two of the six patients with wild-type AD (Fig. 1ii, lower

panel; lanes 2 and 6), no filaggrin monomers were apparent

despite a significant presence of profilaggrin (see also

Fig. 1ib). The six patients with AD with wild-type FLG had a

higher amount of profilaggrin compared with eight HC

(192Æ52 ± 173Æ61 vs. 25Æ96 ± 17Æ87, Fig. 1iii). Patients with

wild-type AD had, on average, a higher profilaggin : filaggrin

ratio, compared with HC (2Æ25 ± 2Æ20 vs. 0Æ75 ± 0Æ33)

(Fig. 1). Skin caps were not obtained from three HC and one

AD with FLG mutation. The higher profilaggrin : filaggrin

ratio in patients with wild-type AD, especially that of lanes 2

and 6, suggests defective profilaggrin processing. The absence

of pro- and processed filaggrin in some lanes (both HC and

wild-type AD) may imply other filaggrin mutations not

screened for in this study. It is also known that some people

with filaggrin mutations do not develop AD. Suction-induced

blister skin caps were stained for (pro)filaggrin and cytokera-

tin using general double immunohistochemical staining tech-

nique with primary antibodies raised against filaggrin (mouse

monoclonal antibody from Novocastra, Newcastle, UK) and

pan-cytokeratin (mouse monoclonal antibody from Sigma,

Poole, UK). Representative images using samples obtained

from HC with wild-type FLG, wild-type AD and AD patients

with FLG mutations were shown in Fig. 2.

Blister fluid (protein concentrations 62Æ4 ± 8Æ9 mg mL)1,

measured with BCA Protein Assay Reagent; Thermo Scientific,

Barrington, IL, U.S.A.) was mixed with polyethylene glycol

(PEG-400; Fluka, Gillingham, U.K.) in a 50 : 50 ratio before

storage at )20 �C. PEG-400, added to preserve existing

protease activity, also resulted in precipitation of larger-mole-

cular-weight proteins on thawing that were removed by cen-

trifugation (as observed by Coomassie Blue staining of the

protein gels). This partial fractionation allowed assessment of

the lower-molecular-weight proteins (typically < 80 kDa in

size) that remained in suspension. Using chromogenic and

fluorogenic peptides, we detected no significant elastolytic,

chymotryptic, tryptic or papain-like activity within the blister

fluid samples, indicating the presence of potent inhibitors.

Blister fluid was therefore analysed for inhibitory activity

against commercially available serine (elastase, trypsin, chy-

motrypsin) and cysteine (papain) proteases.

Compared with HC, blister fluid from patients with AD

resulted in a higher inhibition of trypsin (25 ± 9% vs. 18 ± 4%,

P < 0Æ05), papain (69 ± 5% vs. 62 ± 8%, P < 0Æ03) and, per-

haps, elastase (40 ± 21% vs. 25 ± 21%, P < 0Æ16) (Fig. 3a).

Partially fractionated samples consisting of predominantly

(a)

(b)

(c)

(d)

Fig 2. Immunohistochemical staining of suction-induced blister skin

caps for (pro)filaggrin and cytokeratin. Suction-induced blister skin

caps from 9 AD patients (6 WT-AD, 3 FLG heterozygotes for

2282del4 mutation) and 8 HC with wild-type FLG were stained for

(pro)filaggrin (brown) and cytokeratin (blue). (a) A wild-type HC.

(b) A WT-AD patient. Note: The thicknesses of skin cap and

(pro)filaggrin layers of WT-AD were comparable to HC with wild-

type FLG. (c) A FLG-AD heterozygote (FLG +/) 2282del4) showing

reduced filaggrin staining. (d) A FLG-AD heterozygote (FLG +/)
2282del4) showed no obvious filaggrin staining. Scale bar = 20 lm.
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lower-molecular-weight inhibitors from patients with AD were

found to have higher anti-elastase (75 ± 9% vs. 54 ± 21%,

P < 0Æ02) and antitrypsin (52 ± 3% vs. 49 ± 2%, P < 0Æ03),

but lower antipapain (46 ± 5% vs. 57 ± 9%, P < 0Æ005) activi-

ties compared with HC (Fig. 3b). No difference in the antichym-

otrypsin activity of blister fluid between AD and HC was found.

While previous studies suggest that excessive proteolysis in

the skin is causally linked to skin barrier dysfunction,8–10 we

propose that abnormally raised protease inhibition demon-

strated in the interstitium of patients with AD could be linked

to the clinical manifestations of AD, possibly by affecting pro-

filaggrin processing through inhibition of proteases such as

matriptase. Our findings are indirectly consistent with a

previous study suggesting an association between decreased

larger precursors and increased filaggrin monomers with in-

creased protease activities.11 Although our small sample size

does not allow a robust relation between genotype and indi-

vidual antiprotease activity to be drawn, the disproportionately

raised protease inhibition and defective profilaggrin processing

provide potentially useful pathomechanistic insights into the

aetiology of AD.
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Fig 3. Differences in the protease inhibition profile between HC and

AD. (a) Percentage reduction in the initial enzymatic reaction velocity

caused by the addition of blister fluid. Patients with AD showed

higher antitrypsin and antipapain activities. (b) Percentage reduction

in the initial enzymatic reaction velocity caused by the addition of

partially purified blister fluid that contained predominantly lower-

molecular-weighted inhibitors. Fractionated samples from patients

with AD were found to have higher anti-elastase and antitrypsin, but

lower antipapain activities compared with HC. Data were presented as

mean ± SD. HC, healthy controls; AD, atopic dermatitis.
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Successful management of severe infant
bullous pemphigoid with omalizumab

DOI: 10.1111/j.1365-2133.2011.10748.x

MADAM, Bullous pemphigoid (BP) is exceptional during child-

hood.1 Autoantibodies directed against the hemidesmosomal

proteins BP180 and BP230 are found in most adult patients

with BP (review in reference2). In infants with BP (IBP), as in

adult patients, topical corticosteroids are usually effective for

disease control,3 but sometimes may require additional treat-

ments4,5 in the most severe form.

A 5-month-old male infant was referred to our hospital

(considered as day 0) for the management of IBP that failed

to respond to oral prednisolone 2Æ5 mg kg)1 daily. At

4 months, IBP had been diagnosed (Fig. 1) and confirmed by

histopathological examination showing a subepidermal blister

with a dermal infiltrate of eosinophils and a few lymphocytes.

Direct immunofluorescence (IF) showed linear IgG, C3 depos-

its on the basement membrane zone (BMZ), and a few linear

IgA deposits. No IgE deposits were observed on the BMZ. The

blood cell count showed major eosinophilia (11Æ5 · 109 L)1).

The total IgE serum level was elevated (636 KU L)1), as were

the anti-BP180 and anti-BP230 serum antibody enzyme-linked

immunosorbent assay (ELISA) values (Fig. 2). IgG2 and IgG3

circulating anti-BMZ antibodies were detected by indirect IF

on normal human salt-split skin. No circulating anti-BP180 or

anti-BP230 IgE antibodies were detected by immunoblot on

human epidermal extract, or by indirect IF on normal or

1 mol L)1 NaCl-split human skin. Despite increasing the pred-

nisolone dose to 3 mg kg)1 daily, and administering three

intravenous (IV) pulses of methylprednisolone 120 mg, topi-

cal betamethasone 0Æ05%, dapsone 2 mg kg)1 daily and

azithromycin 10 mg kg)1 daily, the disease remained uncon-

trolled. The patient was then treated with a 100-mg subcuta-

neous injection of omalizumab (calculated from the asthma

chart) on day 17. During the following days, the number of

new blisters and urticarial lesions decreased dramatically. Dis-

ease control was achieved by day 25. Omalizumab injections

were continued every 2 weeks for a 3-month period and were

then administered monthly for 4 months. After a 7-month fol-

low-up period, no clinical relapse had occurred (Fig. 1). Anti-

BP180 (but not anti-BP230) antibody ELISA values decreased

after treatment (Fig. 2).

Some experimental and clinical data suggest that eosinophils

and IgE may play an important role in BP physiopathology. Up

to 86% of adult patients with BP have anti-BP180 IgE autoanti-

bodies.6 In an animal model using nude mice grafted with

human skin, it was shown that injection of purified IgE isolated

from patients with BP induced similar clinical and histological

lesions.7 Omalizumab is approved by the U.S. Food and Drug

Administration in severe atopic asthma management. It is a

recombinant humanized monoclonal antibody that binds to the

Ce3 domain of IgE and prevents free IgE from binding to the

basophils and the mast cell high-affinity IgE receptor.8

Given the successful use of omalizumab in a previous case

of adult BP9 and our patient’s high total IgE level, elevated

eosinophil blood count and dermal eosinophilic infiltrate, we

hypothesized that blocking IgE–eosinophil pathways could be

a potential alternative to immunosuppressive agents. We made

this assumption before knowing that the patient did not have

anti-BP180 or anti-BP230 IgE autoantibodies.

The mechanisms by which omalizumab was effective in this

case remain unclear. It does not seem to involve the specific

IgG2 and IgG3 humoral response, as BP180 autoantibodies were

still detectable 4 months after the first injection.2 The efficacy of

omalizumab is paradoxical as no anti-BMZ IgE or IgG4 anti-

bodies were detected. Although two techniques failed to detect

anti-BMZ IgE antibodies, we cannot rule out that anti-BMZ

IgE antibodies were present but not detected for technical rea-

sons. We therefore hypothesize that omalizumab might inter-

fere with cells involved in the BP-specific immune response,

such as T lymphocytes or eosinophils. Indeed, in vitro experi-

ments have shown that omalizumab is able to induce eosinophil

apoptosis and downregulation of proinflammatory cytokines

(b)(a)

Fig 1. (a) Skin lesions in a 5-month-old boy suffering from pemphigoid bullous; large urticarial areas and bullae are spread over the back and

buttocks. (b) The same infant at 10 months of age after seven injections of omalizumab.
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