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SUMMARY

Pemphigoid gestationis (PG) is a rare vesiculo-bullous disorder of 

pregnancy characterised by linear deposition of C3, with or without IgO, along 

the basement membrane zone of skin and placenta. It is known to be associated 

with HLA antigens DR3 and DR4, with aberrant expression of MHC class II 

antigens on the placenta and, in some cases, with anti-HLA antibodies. The 

principal hypothesis of the present study is that the critical events leading to the 

clinical phenotype in genetically predisposed individuals with PG are 

immunologically mediated. The specific aims were, therefore, to advance 

further the clinical-genetic and the molecular-genetic characterisation of the 

condition, to examine the role of potential downstream mechanisms in the 

generation of the PG phenotype and to characterise the patterns of expression of 

components of possible immunological mediators in relation to the clinical 

phenotype.

There was a significant association between the development of PG in the 

first pregnancy and subsequent pregnancies but no significant association 

between development of PG and change in partner. 8% of patients had an 

uninvolved pregnancy following a previously affected pregnancy. Analysis of 

class II MHC subtypes demonstrated an association between PG and 

DRB 1*0301 and, to a lesser extent, DRB1*0401/040X. Analysis of 

complement component polymorphism identified a significant association with a 

C4 null allele which may contribute to impaired immune complex and 

autoantibody handling with subsequent disruption of the BMZ and clinical 

presentation of the disease.



Anti-HLA antibodies are universally present in PG and are mainly against 

class I MHC antigens but their titre does not correlate with IgG nor C3 titres.

The development of anti-HLA antibodies and IgG, therefore, appear to be two 

independent immunological events in the pathogenesis of PG. There was no 

increase in anti-HLA antibodies detected in patients with PEP. In PG there was 

no significant elevation of serum IgB level nor circulating IgE anti-BMZ 

antibodies. The use of NaCl-separated skin as a substrate for indirect IF is more 

sensitive than intact skin for detecting circulating IgG and C3 deposition and 

standardisation of this technique will allow results from different centres to be 

compared more readily.

This study, therefore, adds to the growing body of evidence that PG is 

a complex disease determined by a fundamentally immunological substrate. The 

continued study of this rare condition is clearly indicated and may shed further 

light on the complex interaction between the mother and her foetus.
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PREFACE

All the work presented has had approval by the St. Thomas’ 

Hospital Ethics Committee.

PG is rare (see page 20) and the opportunity to carry out the work was 

provided by working in a national referral centre. 74/87 patients in this study 

had been referred to the unit prior to me starting my research and collated, and 

used in their research projects by other colleagues which include Dr R Charles- 

Holmes and Dr JK Shomick. In particular, many clinical aspects, foetal 

outcome and associated autoimmune conditions of these 74 patients have 

previously been reported by these workers and these contributions are clearly 

indicated in the text. This large body of work allowed me a good start point 

from which to complete the immunopathogenic studies in this group of patients 

that have not previously been reported.

I was personally responsible for all the immunofluorescence experiments 

that are described including both direct and indirect assessments. I obtained 

these technical skills under the direct supervision of Mr B.S. Bhogal. I 

standardised the technique using 1 M NaCl split skin as a substrate for indirect 

immunofluorescence. I reviewed histology slides previously obtained to define 

the presence of eosinophils in the dermis and epidermis. The Immunology 

Department at St. Thomas’ Hospital performed the radioimmunoassay for the 

measurement of semm IgE levels on samples I obtained. Similarly, HLA 

haplotyping was kindly performed by the Tissue Typing laboratory at Guy’s 

Hospital. It was not possible to carry out HLA haplotyping on all the members 

of the families with uninvolved, skip pregnancies, because, and in accordance 

with the experience of many other geneticists, the patients did not consent to 

such investigations. With regards to the assessment of anti-HLA antibodies, 

MHC subtyping and complement polymorphisms I obtained the help of specific
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technical expertise in these studies which I have acknowledged. These 

investigations have been invaluable in furthering our understanding of the 

immunopathogenesis of PG and have been most efficiently obtained with this 

help.
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1. INTRODUCTION

1.1. General Introduction

Pemphigoid gestationis (PG) is a rare autoimmune bullous disease 

occurring during pregnancy and the puerperium, being occasionally associated 

with trophoblastic tumours, hydatidiform mole (Dupont, 1974; Tindall, Rea, 

Shulman and Quismorio, 1981; see section 12.2.) and choriocarcinoma 

(Tillman, 1950). PG was initially described by Wilson in 1867 as herpes 

circinatus bullosus (Wilson, 1867), with the term herpes gestationis being 

applied by Milton in 1872 (Milton, 1872). PG was once considered a variant of 

dermatitis herpetiformis which was, at first, thought to be specifically related to 

pregnancy (Jamieson, 1898). Clinically and immunopathologically PG is 

closely related to the pemphigoid group of bullous disorders and therefore the 

term pemphigoid gestationis is preferable to herpes gestationis which may 

otherwise encourage confusion with viral-mediated disease; despite clinical 

resemblances to herpetic lesions viral studies in PG have been consistently 

negative (McCredie-Smith, 1953; Wikowski, 1964).

1.1.1. Clinical features

The first detailed study of the clinical features of PG reported 11 patients 

with 27 affected pregnancies. An overall incidence of 1 in 3000 pregnancies was 

suggested, a figure now thought excessive (Russel and Thorne, 1957) with PG 

estimated to complicate 1 in 40,000 to 60,000 pregnancies (Shomick, Bangert, 

Freeman and Gilliam, 1983a). The disease has no particular racial 

predisposition, although there is evidence that the incidence may vary according 

to the incidence of HLA-DR3 and DR4 in different populations (see section

1.4.3.; Shomick, Meek, Nesbitt and Gilliam, 1984).
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PG may develop at any time from 9 weeks gestation to 1 week post

partum but usually presents during the second and third trimesters. First 

trimester onset has been reported but this is exceptional, even with recurrent 

disease (Coupe, 1965). The disease may present in the first pregnancy, or 

later, and is likely to recur, usually with an earlier onset and more florid 

expression. When PG develops during the middle trimester there is often a 

period of relative remission in the last few weeks of pregnancy but this is 

frequently followed by abrupt relapse post-partum (Jenkins, Shomick and 

Black, 1993). Initial presentation post-partum may be ‘explosive’ and occurs in 

approximately 20% of women, but onset more than 3 days post-partum makes 

PG unlikely as the diagnosis. The bullous lesions tend to resolve within a month 

of delivery but pruritic, urticated plaques may persist for several months, or 

even for years, with pre-menstrual exacerbations (Lynch and Albrecht, 1966; 

see section 1.5.1.). Some patients have been described with disease activity for 

as long as 11 to 12 years (see section 12.3.; Fine and Omura, 1985).

Occasionally, subsequent pregnancies are unaffected and these may be 

more likely following a change in paternity or when the mother and foetus are 

fully compatible at the HLA-D locus (see section 1.4.3.; Holmes, Black, 

Jurecka, Dann, James, Timlin and Bhogal, 1983a). Such, skip pregnancies 

have an incidence of approximately 5% but remain unpredictable on a 

prospective basis using available data. What is clear, however, is that 

recurrence is not universal (Holmes et a l, 1983a; Shomick et a l,  1983a). The 

possibility that such pregnancies are the result of an otherwise undisclosed 

change of partner is possible (‘Milkman syndrome’ ; Prof. H. Watkins, 

personal communication, 1997).

Typical early lesions consist of pmritic, erythematous, urticated papules 

and plaques which may become target-like, develop into annular wheals or 

become polycyclic. After a variable period, ranging from a few days to a
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month, vesicles develop. Blisters are usually tense and contain serous fluid, 

however pustules may be seen, albeit rarely (Bercovitch, Boggars and Murray, 

1983). In 90% of patients the eruption is initially confined to the peri-umbilical 

area with later spread to the abdomen, thighs, palms and soles (Holmes,

Black, Dann, James and Bhogal, 1982; Shomick gf a/., 1983a). The 

condition often becomes widespread but the face and oral mucosa are usually 

spared. The blisters tend to resolve first with the plaques of erythema persisting 

longer. In the absence of secondary infection resolution usually occurs without 

scarring.

1.1.2. Relevant clinical comparisons

1.1.2.1. Polymorphic Eruption o f Pregnancy

PG must be distinguished from other gestational dermatoses. 

Polymorphic eruption of pregnancy (PEP), also termed late-onset pmrigo of 

pregnancy, pruritic urticarial papules and plaques of pregnancy and toxic 

erythema of pregnancy, is the most common affecting 1 in 160 pregnancies 

(Charles-Holmes, 1989). Presentation is usually in the last weeks of the third 

trimester and is mainly a disorder of first, but not subsequent, pregnancies. 

H owever, a recent study of 15 cases with PEP reported that only 53% of the 

patients were primiparous (Roger, Vaillant, Pignon, Pierre, Bacq, Brechot, 

Grangeponte and Lorette, 1994). The condition may develop in twins or 

multiple pregnancies for the first time (Charles-Holmes, 1989). Manifestations 

are variable with a range that includes urticarial papules, plaques, polycyclic 

wheals and vésiculation (Holmes gr a/., 1982; Charles-Holmes, 1989; Roger 

et a l, 1994). Bullae are rare and when they do appear are unlikely to be >2mm 

in diameter. Lesions typically develop over abdominal striae, with peri

umbilical sparing being characteristic. Bullous lesions of >5 mm diameter are 

not a feature of PEP and, therefore, it is only in the pre-bullous stage of PG that
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clinical distinction from PEP is a problem with the presence of peri-umbilical 

involvement and florid target lesions in PG and the presence of prominent striae 

in PEP being important. Histological appearances of PEP may, however, be 

similar to PG with a variable dermal peri-vascular lymphohistiocytic and 

eosinophilic infiltrate (Holmes, Jurecka and Black, 1983b). Direct and indirect 

IF are negative in the majority of cases of PEP (Jurecka, Holmes, Black, 

McKee, Das and Bhogal, 1983; Charles-Holmes, 1989) although there have 

been occasional reports of equivocal direct IF findings e.g. weak linear C3 

deposition along the BMZ, peri-vascular C3 and fibrin in the dermis (Yancy, 

Hall and Lawley, 1984) and one report of circulating IgM anti-BMZ antibodies 

(Alcalay, Ingber, Hazaz, David and Sandbank, 1988). Immunoelectron 

microscopy is negative (Jurecka et a l, 1983). The aetiology of PEP is 

unknown, although it may be due to damage to connective tissue in striae 

(Charles-Holmes, 1989; Beckett and Goldberg, 1991). The distribution of 

HLA haplotypes in affected women with PEP is comparable to controls. The 

disease usually resolves spontaneously within a few weeks of parturition 

(Holmes et a l ,  1982). In contrast to PG, therefore, there is almost no 

evidence to suggest that PEP is an autoimmune disease and it has no defined 

hormonal influence.

Foetal prognosis in PEP is probably normal (Charles-Holmes, 1989). 

There has been one report of PEP where the infant may have had a similar rash 

to the mother, however, the available description is non-specific: 1-2 mm sized 

erythematous papules distributed on the arms, trunk and buttocks with equivocal 

histology (Uhlin, 1981). There is little information regarding recurrence of PEP 

although the risk appears low (Yancy et a l, 1984).
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1.1.2.2. Bullous Pemphigoid

Bullous pemphigoid (BP) shows marked clinical, histological and 

immunological similarities to PG but there are no reports of BP complicating 

pregnancy. Both conditions are characterised by widespread pruritic, urticarial 

and bullous eruptions which usually respond to systemic steroids. PG appears 

to have a greater predilection for peri-umbilical skin whereas in BP the lesion 

distribution is mainly on the thighs and lower abdomen. The age of onset is 

strikingly different being usually over age 50 years.

The histopathology, with sub-epidermal bullae associated with marked 

papillary dermal oedema and spongiosis and a predominantly peri-vascular 

dermal infiltrate frequently containing numerous eosinophils, can be 

indistinguishable (Schaumburg-Lever, Saffold, Orfanos and Lever, 1973; 

Hertz, Katz, Maize and Ackerman, 1976). IF and immunoelectron microscopy 

both demonstrate deposition of C3 and IgG in the lamina lucida of the BMZ 

(Holubar, Wolff, Konrad and Beutner, 1975). There is, however, no 

evidence that BP is hormonally-mediated and there is no identified association 

with HLA antigens (Taylor, Venning, Wojnarowska and Welsh, 1993). It has 

been shown that the major antigen in BP has a molecular weight of 230 kD 

which is larger than that of 180 kD in PG but shared pathogenic mechanisms 

appear at play (see section 1.2.2; Morrison, Labib, Zone, Diaz and Anhalt, 

1988; Kelly, Bhogal, Wojnarowska, Whitehead, Leigh and Black, 1990a). 

Although the 2 antigens associate in the hemidesmosomal area, they are distinct 

with coding sequences on separate chromosomes (Giudice, Squiquera, Elias 

and Diaz, 1991).

1.1.2.3. Further differential diagnosis

Other bullous eruptions occurring during pregnancy include urticaria, 

contact dermatitis, dermatitis herpetiformis, erythema multiforme and bullous
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drug eruptions. Direct and indirect IF are the most reliable laboratory techniques 

for differentiation from PG (see section 1.1.4.). The importance of correct 

diagnosis is emphasised when it comes to advice regarding the likelihood of 

involvement of future pregnancies.

1.1.3. Histopathology

The histopathological features of PG are distinctive for a rash occurring 

in pregnancy with a spectrum of appearances running in parallel to the clinical 

manifestations (Schaumburg-Lever et a l, 1973). Early urticarial lesions are 

characterised by epidermal and marked papillary dermal oedema (Hertz et a l, 

1976). There is a moderately dense peri-vascular mixed inflammatory cell 

infiltrate with lymphocytes, histiocytes and conspicuous eosinophils around the 

vessels of both the superficial and deep dermal plexuses. Eosinophils are also 

found within the epidermis particularly in spongiotic foci (see section 1.4.2.; 

Shomick et a l, 1983a). Spongiosis is often present along with focal necrosis 

of the basal cells over the tips of the dermal papillae. The necrotic basal cells can 

resemble the cytoid bodies of lichen planus (Hertz et a l,  1976). In some 

instances, neutrophils are found in the inflammatory infiltrate usually in small 

numbers (Hertz et a l,  1976).

Sub-epidermal separation results from basal cell necrosis leading to sub- 

epidermal bullae. Ultrastructural studies have shown the lamina lucida to be split 

(Honigsmann, Stingl, Holubar and Wolff, 1976; Karpati, Stolz, Meurer, 

Braun-Falco and Krieg, 1991; see section 1.2.1.). The blister cavities typically 

contain large numbers of eosinophils in addition to lymphocytes and other 

mononuclear cells (see section 1.4.2.; Holmes et a l, 1983b). Severe oedema 

of the papillary dermis can result in bulbous, tear-drop shaped dermal papillae. 

Sections cut to the side of these papillae can give the appearance of intra-
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epidermal vesicles and examination of serial sections avoids misinterpretation 

(Hertz a/., 1976).

1.1.4. Immunofluorescence

A major advance in our understanding of the aetiology and pathogenesis 

of PG resulted from the immunopathological study of Provost and Tomasi 

(Provost and Tomasi, 1973). Using indirect IF techniques they demonstrated a 

thermo-labile substance present in the serum of patients with PG which activated 

complement and was detectable by a complement-fixation assay (Provost and 

Tomasi, 1973). The herpes gestationis factor , now known as PG factor, 

appeared to associate with disease activity. Provost and Tomasi suggested PG 

factor was not an immunoglobulin as it was both thermo-labile and 

immunoglobulins were not seen in the BMZ by direct IF. They postulated that 

since properdin, C3 and C5 were present along the BMZ, in the absence of 

immunoglobulin or Clq, activation of complement in PG was occurring via the 

alternative pathway. In simultaneous reports in 1976, two groups clearly 

demonstrated, using respectively chromatography and sucrose-gradient 

ultracentrifugation, that this PG factor was an IgG autoantibody directed against 

a normal cell surface component of cutaneous BMZ (Jordon, Heine, Tappeiner, 

Bushkell and Provost, 1976; Katz, Hertz and Yaoita, 1976). Subsequently, 

in 1989, Kelly et a l demonstrated PG factor to be an IgGi anti-BMZ 

autoantibody detected in 100% of sera examined from 30 patients with PG 

(Kelly, Cerio, Bhogal and Black, 1989a). By contrast, in BP the predominant 

autoantibody subclass is of IgG4 . IgGi avidly fixes complement by the classical 

pathway unlike IgG4  which activates complement deposition via the alternative 

pathway (Austyn and Wood, 1994a). Circulating anti-BMZ IgG is detected in 

-25% of patients with PG using an indirect IF technique (Holubar, Konrad, 

Stingl and 1977; Kelly et a l, 1989a) although serum levels rarely exceed a titre
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of 1:16 (Shomick, 1987). Titres tend not to correlate with disease severity 

(K atze/fl/., 1976), however, some authors have suggested that patients with 

high titres tend to have more severe and persistent disease (Lawley, Stingl and 

Katz, 1978).

Direct IF demonstrates linear IgG deposition in about 25% of cases 

(Holmes et a l,  1983a). IgG deposition may be demonstrable in patients with 

negative routine IF with refined multi-step techniques (Holubar et a l, 1977). 

For example, the use of split-skin specimens, chemically-separated through the 

lamina lucida, demonstrates IgG deposits in the lamina lucida even when 

conventional direct IF is negative (Kelly, Bhogal, Wojnarowska and Black, 

1988; Gammon, Briggaman, Inman, Queen and Wheeler, 1984). Direct IF 

demonstrates C3 in the BMZ of clinically uninvolved skin in all patients with PG 

(Holmes et a l, 1983a). There appears to be no difference in disease expression 

in those patients who have deposition of complement alone compared to those 

who have IgG in addition to complement (Holmes et a l, 1983a).

There have been two recent reports of atypical immunofluorescence 

staining in patients with PG (Hashimoto, Amagai, Murakami, Higashiyama, 

Hashimoto and Nishikawa, 1996; Vaughan Jones, Bhogal, Black, Clement, 

Hashimoto and Nishikawa, 1997) and the significance of which is not yet 

established. Hashimoto et a l  demonstrated IgG anti-keratinocyte cell surface 

antibodies using indirect IF in PG sera in addition to linear IgG and C3 BMZ 

staining (Hashimoto et a l, 1996). Vaughan Jones et a l  reported a case of PG 

with intercellular IgG staining using direct and indirect IF in addition to linear 

BMZ staining with IgG and C3 (Vaughan Jones et a l, 1997).
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1.1.5. Neonatal and foetal disease in pemphigoid 

gestationis

One argument that has been proposed in favour of the pathogenicity of 

PG factor is that it may cross the placenta and cause an eruption resembling PG 

in the infant (Chorzelski, Jablonska, Beutner, Maciejowska and Jarzabek- 

Chorzelska, 1976; Katz, Minta, Toole and Medwidsky, 1977; Bonifazi and 

Meneghini, 1984; Kama and Broecker, 1991). Cutaneous lesions occur in 5- 

10% of infants bom to mothers with PG (Lawley et a l,  1978). They are 

generally mild and may be present at birth or appear at any time up to the third 

day post-partum. The lesions are often not frankly bullous but take the form of 

an erythematous or urticarial papular rash which regresses spontaneously within 

~3 weeks. Very rarely, large (3-4 cm in diameter) bullae develop and may 

persist for about a month (Bonifazi and Meneghini, 1984).

Neonatal PG results from the passive transfer across the placenta of 

matemal IgG anti-BMZ autoantibodies (Chorzelski et a l, 1976). These 

antibodies may be demonstrated in cord blood and in neonatal skin (Chorzelski et 

a l,  1976). Some reports have shown complement deposition in skin specimens 

even in the absence of clinical disease (Katz et a l, 1976). By the end of the first 

month of life, direct IF of these infants' skin biopsy specimens is normal and 

circulating IgG anti-BMZ autoantibodies can no longer be detected (Bonifazi and 

Meneghini, 1984).

The risks to the foetus or neonate in PG have historically been 

controversial with few studies large enough to provide a definitive answer. 

Kolodny concluded that there was no evidence of an increased incidence of 

stillbirth or spontaneous abortion associated with PG (Kolodny, 1969). Lawley 

e ta l ,  in 1978, reviewed 41 cases of immunologically-confirmed PG and, by 

contrast, reported increased foetal morbidity and mortality (Lawley et a l,

1978). There were 9 premature births, 3 stillbirths and one spontaneous
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abortion at 18 weeks gestation. The 4 deaths correspond to a mortality rate of 

1.1% much higher than that of 1.3% for the control population but alternative 

views are also available with the estimated incidence of spontaneous abortions 

suggested as being comparable to controls (Sigal and Ron, 1994). However, 

of 36 live births, 8 infants (23%) were bom prematurely compared to 5-10% 

rate of premature deliveries in the general population (Sigal and Ron, 1994). 

This study, however, relied on published cases that may have overestimated 

complications following selective reporting. A study of 50 pregnancies affected 

by PG demonstrated a significant increase in the frequency of infants that were 

small-for-dates (Holmes and Black, 1984). Because such infants have 

increased mortality and morbidity, these authors concluded that the foetal 

prognosis in PG was impaired.

Shomick and Black reported the obstetric histories of 74 cases of women 

with PG and compared PG pregnancies with pregnancies without PG between 

1978 and 1990 (Shomick and Black, 1992a). There were a total of 254 

pregnancies with 126 complicated by PG. There were 31 spontaneous abortions 

(12%) in patients with PG compared with 15 to 20% in normal women (Sigal 

and Ron, 1994). There was a clear increase in premature deliveries in the PG 

group and a tendency to small-for-dates babies. 16% of deliveries in the patients 

with active PG occurred before 36 weeks and 32% before 38 weeks gestation 

compared with 2% and 11%, respectively, in the non-PG group. There were 4 

babies with birth weights less than 1.5 kg in the PG group being classified as 

small-for-dates with no small-for-date babies in the non-PG group. This larger 

series, therefore, found no evidence of an increased rate of spontaneous 

abortion or significant mortality but did demonstrate an increased incidence of 

both prematurity and small-for-dates babies with PG. These observations would 

be consistent with low-grade placental dysfunction. Another recent study of 25
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patients confirmed the association with prematurity (Mascaro, Lecha and 

Mascaro, 1995).

1.1.6. Disease associations of pemphigoid gestationis

In 75 patients with PG the frequency of associated autoimmune diseases 

has been described (Shomick and Black, 1992b). 8 women (11%) had Graves' 

disease, one had alopecia areata and one patient had vitiligo and ulcerative 

colitis. Graves' disease is associated with HLA DR3 with a 0.4% female 

prevalence. 11% is significantly higher, therefore, than in normal or DR3- 

positive controls. Despite the disease association there is no link between the 

activity of the 2 diseases (Holmes and Black, 1980). In this study, gastric 

parietal cell antibodies and thyroid microsomal antibodies were present at 

increased frequency with more autoimmune diseases reported in family members 

of PG patients. The observations taken together support an immunologically- 

mediated pathogenesis.

There have been many case reports of BP occurring in association with a 

variety of autoimmune disorders such as SLE, pernicious anaemia and primary 

biliary cirrhosis (Jordon, Muller, Hale and Beutner, 1969; Obasi and Savin, 

1977; Hamilton and McKenzie, 1978), however, a recent large, case- 

controlled study showed no increase in the incidence of autoimmune disorders in 

BP (Taylor et a i,  1993).

1.1.7. Treatment of pemphigoid gestationis

In mild cases of PG topical fluorinated corticosteroids combined with 

systemic antihistamines are adequate. However, once bullae develop it is 

usually necessary to use systemic steroids (Jenkins et a l ,  1993). A good 

response to prednisolone (e.g. 40 mg daily) with control of pruritic symptoms, 

cessation of new vesicle formation and clearing within 10 days is common. The
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initial dose can often be reduced rapidly to maintenance levels (e.g. 10 mg daily). 

Since post-partum exacerbations are frequent it is usual to anticipate this by 

increasing the steroid dose temporarily immediately post-partum. Although 

systemic steroids do not appear to affect foetal prognosis the mother must be 

carefully monitored as diabetes mellitus and hypertension may appear (Holmes 

and Black, 1984; Shomick and Black, 1992a). Plasmapheresis was reported 

in severe cases when steroid treatment has been unsuccessful or is clearly 

contraindicated (Van de Wiel, Hart, Flinterman, Kerckhaert, Du Boeuff and 

Imhof, 1980). In 2 cases rapid resolution of lesions followed plasma exchange 

thereby also supporting claims for a circulating pathogenic factor in PG 

(Carruthers and Ewins, 1978; Van de Wiel ef 6%/., 1980). Pulsed-dose 

intravenous cyclophosphamide has recently produced an excellent clinical 

response in a patient who had severe and persistent PG refractory to high-dose 

systemic steroids (Castle, Mather-Mondrey, Bennion, David-Bajar and Huff, 

1996).

Other treatments have been tried in PG including pyridoxine, dapsone 

and ritodrine (MacDonald and Raffle, 1984). Such approaches have not been 

entirely empiric. For example, PG was first thought to be the result of 

pyridoxine deficiency when treatment of nausea and vomiting with pyridoxine in 

a patient with PG coincided with improvement in the skin disease (Fosnaugh, 

Bryan and Orders, 1961). Pyridoxine was then used prospectively in 3 patients 

with apparent success; these findings were not supported with biochemical 

confirmation of pyridoxine deficiency (Fosnaugh et a l,  1961). Dapsone is 

unhelpful and is now contraindicated during pregnancy as it can cause 

haemolytic disease of the newborn. MacDonald and Raffle in 1984 reported a 

case of complete remission of severe PG when ritodrine, a (^-sympathomimetic 

dmg, was used for the treatment of premature labour (MacDonald and Raffle, 

1984). Ovarian extracts were used more than 70 years ago with apparent
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therapeutic benefit in PG (see section 1.5.). Conversely, goserelin, a 

luteinising hormone releasing hormone analogue, has more recently been used 

in severe, longstanding PG with chemical oophrectomy leading to complete 

remission (Garvey, Handfield-Jones and Black, 1992).

1.2. Immunobiology of bullous disease

1.2.1. Cutaneous basement membrane zone

The cutaneous BMZ is the prototypic adhesion zone of stratifying 

squamous epithelium. It is ~ 100mm wide and represents a complex continuum 

of collagenous and non-collagenous macromolecules which form a network 

providing the stable association of the epidermis to the underlying dermis (Fine,

1991). Staining with periodic acid-Schijf (PAS) or silver demonstrates a linear 

band using light microscopy that with electron microscopy is shown to be a 

highly complex structure with several distinct layers (Eady, 1988). The 

electron-lucent lamina lucida is immediately adjacent to the basal plasma 

membrane of the basal epidermal cells, including kératinocytes and melanocytes. 

It seems to be a point of weakness in basement membrane design (Karpati et a l, 

1991; see section 1.1.3.). The electron-dense lamina densa lies below and 

parallel to the lamina lucida and the sub-lamina densa zone is on the dermal 

surface of the basement membrane (Figs. 1.1. and 1.2.; Eady, 1988).

Many of the structural components of the BMZ are products of the 

epithelial and/or mesenchymal cells and are synthesised in response to signals 

from other cells and components of the extracellular matrix (Fine, 1991). The 

morphology of the zone is well established but not all molecular components 

have been characterised (Fig. 1.3.; Bruckner-Tuderman, 1994).
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Figure 1.1. Immunoelectron microscopy of normal human skin

demonstrating the structures of the basement membrane 

zone (magnification: x50,000)
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Figure 1.2. Immunoelectron microscopy of normal skin separated

using NaCl confirming that the split is through the lamina 

lucida (magnification: x10,000)
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Figure 1.3 Schematic diagram of cutaneous basement membrane zone
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1.2.1.1. H em idesm osom es

Hemidesmosomes extend from the basilar region of the kératinocytes 

into the extracellular matrix (Eady, 1994). They associate at one end with 

intracellular keratin intermediate filaments, predominantly keratins 5 and 14, and 

at the other end with the anchoring filaments, which span the lamina lucida, and 

mediate the attachment of the basal kératinocytes to the basement membrane 

(Yancey, 1995). Hemidesmosomes contain BPAgl, BPAg2 (see section

1.2.2.), integrin a6p4 and other molecules not yet completely characterised 

(Yancey, 1995). BPAgl is a 230-kDa protein with striking sequence homology 

to desmoplakin and plectin, proteins thought to bind to intermediate filaments 

(Sawamura, Li, Chu and Uitto, 1991; Liu, Maercker, Castanon, Hauptmann 

and Wiche, 1996; Tang, Chaffotte and Thacher, 1996). BPAg2 is a 180-kDa 

trans-membrane molecule with collagenous segments in its extracellular domain 

(Yancey, 1995). It is also known as type XVII collagen (COL 171 A l) (Li, 

Tamai, Tan and Uitto, 1993).

Integrin a6p4 is a trans-membrane heterodimer predominantly expressed 

by epithelial cells on the side apposed to the basement membrane (Hynes,

1992). It acts as a receptor for extracellular matrix molecules interacting with the 

intracellular intermediate filaments (Sonnenberg, Calafat, Janssen, Daams, 

van der Raaij-Helmer, Falcioni, Kennel and Aplin gf aZ., 1991; Christiano and 

Uitto, 1996). a6p4 binds to laminin and plays an essential role in assembly and 

adhesion of hemidesmosomes (Carter, Kaur, Gil, Gahr and Wayner, 1990; 

Spinardi, Einheber, Cullen, Milner and Giancotti, 1995). BPAgl, BPAg2 

and a6p4 integrin span the plasma membrane of the basal kératinocytes and 

secure the attachment of the basal kératinocytes to the underlying basement 

membrane. The extracellular domains of BPAg2 and a6p4 integrin extend into 

the lamina lucida at the site where anchoring filaments are located (Yancey,

1995). The role, however, of BP 180 in hemidesmosomes is still unclear. It is
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possible that BP 180 is one of the major components of anchoring filaments 

(Hirako, Usukura, Nishizawa and Owaribe, 1996).

1.2.1.2. Anchoring filam ents

Anchoring filaments are thread-like structures that traverse the lamina 

lucida of the BMZ connecting hemidesmosomes to the underlying lamina densa 

and thereby mediating adhesion of kératinocytes to the dermis (Yancey, 1995). 

Proteins associated with anchoring filaments include laminin 5 (previously called 

kalinin, nicein or epiligrin), laminin 6 (previously called K-laminin) and uncein 

(previously called 19-DBJ-l antigen) (Yancey, 1995). Kalinin, nicein and 

epiligrin have previously been shown to display structural and biological 

similarities (Rousselle, Lunstrum, Keene and Burgeson, 1991; Marinkovich, 

Verrando, Keene, Meneguzzi, Lunstrum, Ortonne and Burgeson, 1993; 

Carter, Ryan and Gahr, 1991). In addition, sequencing of cDNA clones 

corresponding to sub-unit polypeptides of nicein/kalinin have indicated 

considerable sequence homology with laminin (Marinkovich, 1993). Laminin 5 

is a distinct member of the laminin family of proteins mediating adhesion of 

kératinocytes to the dermis (Christiano and Uitto, 1996). At present it is not 

known whether anchoring filaments insert into the lamina densa or pass through 

this network of structural proteins and bind directly to anchoring fibrils in the 

sublamina densa region (Yancey, 1995).

Other constituents of the epidermal lamina lucida include laminin 1 and 

nitogen. Laminin 1 is a ubiquitous component of epithelial basement membranes 

but not basement membrane in muscle (Yancey, 1995). Nidogen (also called 

entactin) binds a specific domain in laminin thereby connecting the laminin 

matrix molecule to type IV collagen in the lamina densa (Yancey, 1995). Type 

rV collagen assembles into a chicken-wire lattice network that along with laminin 

1-nidogen and perlecan (heparan sulfate proteoglycan) comprise a large part of
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the lamina densa (Yancey, 1995). The lamina densa is anchored to the dermis 

by anchoring fibrils in the sublamina densa region. Recently, defective laminin 

isoforms have been shown to be associated with several inborn and acquired 

diseases, illustrating a major structural function for laminins in skin integrity 

(Aumailley and Krieg, 1996).

1.2.1.3. Anchoring fibrils

Anchoring fibrils have a characteristic curvilinear appearance, about 800 nm in 

length (Burgeson, 1993), with fan-shaped or whisk-like ends and centro- 

symmetrical banding (Eady, McGrath and McMillan, 1994). The major 

component is type VII collagen (Burgeson, 1993); lateral aggregation of type 

V n collagen dimers are central to the formation of anchoring fibrils. Type VII 

collagen has an a-helical central region and large globular N-termini, called NC- 

1 domains (Sakai, Keene, Morris and Burgeson, 1986; Burgeson, 1993); the 

target antigen in the immunobullous disorder epidermolysis bullosa acquisita 

(Woodley, Burgeson, Lunstrum, Bruckner-Tuderman, Reese and Briggaman, 

1988). The NCI domains of the anchoring fibrils associate with type IV 

collagen in the lamina densa and the carboxy terminii terminate in the papillary 

dermis where they insert into small amorphous bodies known as anchoring 

plaques (Burgeson, 1993). In this manner, anchoring fibrils exist as a series of 

looping structural elements through which interstitial collagen fibres in the 

papillary dermis may interweave. These interstitial collagen fibres, along with 

elastic fibres, represent the lowermost portions of an adhesive unit that 

originates in the cytoskeleton of basal kératinocytes and maintains the adhesion 

of these cells to epidermal basement membrane and the papillary dermis (Yancey,

1995).
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1.2.1.4. Production o f BMZ components

Both kératinocytes and fibroblasts may synthesize BMZ components in 

viYra (Burgeson, 1993; Marinkovich, 1993) but kératinocytes are probably the 

principal source in vivo (Regauer, Seiler, Barrandon, Easley and Compton, 

1990; Konig and Bruckner-Tuderman, 1994). Synthesis is modified by 

growth factors and cytokines e.g. TGF-p, TNF-a and IFN-y. Exogenous 

recombinant TGF-P is a potent stimulator of skin basement membrane 

components e.g. collagen VII, laminin and perlecan. Both TGF-p and TNF-a 

stimulate expression and deposition of collagen V n at the dermo-epidermal 

junction (Bruckner-Tuderman, 1994). The extracellular matrix has the capacity 

to bind and store cytokines (Nathan and Spom, 1991) with the BMZ complex 

acting as a potential reservoir for regulatory signals. Disturbances of the fine 

balance inherent to such a complex system may be important in the pathogenesis 

of bullous diseases.

1.2.2. Antigenic determinants in Pemphigoid Gestationis

There is no evidence to suggest that the antigen in PG is aberrant (Kelly 

e ta l ,  1990a; Shomick, 1993). The antigen is, indeed, a component of 

normal skin, as evidenced by the ability of IgG to fix C3 to the skin of those 

without disease. The production of antibody appears to be the deviant step in the 

cascade of events leading to disease. The production of antibody is at least a 

second step in the development of disease, however, because a breakdown of 

the regulatory process must precede it (Shomick, 1993).

Immunoprécipitation has demonstrated that the majority (>95%) of BP 

sera react with a 230 kDa epidermal polypeptide known as BPAgl (Stanley, 

Hawley-Nelson, Yuspa, Shevach and Katz, 1981) with about 50% also 

reacting with a second epidermal antigen of 180 kDa, known as BPAg2 (Labib, 

Anhalt, Patel, Mutasim and Diaz, 1986). The majority of PG sera recognise
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BPAg2 (Morrison et a l,  1988) and some react to both BPAg2 and BPAgl (see 

section 12.3.; Kelly era/., 1990a; Murakami, Amagai, Higashiyama, 

Hashimoto, Chorzelski, Bhogal, Jenkins and Black era/., 1996). Cloning 

and sequencing have demonstrated that the 2 antigens are distinct gene products 

of different chromosomal locations, BPAgl at locus 6pl 1-12 (Sawamura, 

Nomura, Sugita, Mattel, Chu, Knowlton and Uitto, 1990) and BPAg2 at 

locus 10q24.3 (Li, Sawamura, Giudice, Diaz, Mattel, Chu and Uitto, 1991). 

Therefore, PG and BP appear to share antigenic determinants, but in PG, 

antibodies directed against the 180 kDa antigen are prevalent while in BP 

antibodies to the 230 kDa antigen are more frequent. A recent unusual case of 

severe PG had a single target antigen of 200 kDa which was an unknown 

epidermal protein (Kirtschig, Collier, Emmerson and Wojnarowska, 1994).

BPAgl is a cytoplasmic plaque component (Stanley, Tanaka, Mueller, 

Klaus-Kovtun and Roop, 1988; Tanaka, Korman, Shimizu, Eady, Klaus- 

Kovtun, Cehrs and Stanley, 1990) and BPAg2 is a type II trans-membrane 

constituent of the hemidesmosome, i.e. the N-terminal portion of this protein is 

restricted to the cytoplasmic hemidesmosomal plaque and the C-terminus extends 

into the extracellular matrix (Diaz, Ratrie, Saunders, Futamura, Squiquera, 

Anhalt and Giudice, 1990; Giudice gr a/., 1991).

1.2.2.1. Pathogenic role o f BP180 in PG

The physiological function of the 180 kDa molecule is still not known.

In normal individuals it is not recognised as antigenic either in skin or in placenta 

(Kelly et a l,  1990a). In PG it is suggested that autoantibodies to the 180 kD, 

but not to the 230 kD antigen may directly bind to the antigen on the cell surface 

of the basal cells and disturb the formation of hemidesmosomes (Kitajima, 

Hirako, Owaribe and Yaoita, 1994). The 180 kD antigen, therefore, appears
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to be an initiator of blister formation. Furthermore, it has been suggested that 

the antibody against the 180 kD antigen inhibits the movement of the antigen 

from the lateral/apical plasma membrane to the ventral membrane so that 

formation of hemidesmosomes may be disturbed (Kitajima et a l, 1994). Since 

monoclonal antibodies against the 230 kD antigen did not exert these effects, the 

principal determinants of blister formation in BP are suggested to be directed 

against the 180 kD antigen and not the 230 kD antigen (Kitajima et a l, 1994). 

The disturbance in the formation of hemidesmosomes may make basal cells 

fragile enough to be broken by minor trauma which may be followed by 

blistering. Anti-230 kD antibodies can bind to the antigen exposed after the basal 

cells were broken and activate complement systems so as to play a role in blister 

formation as a secondary step (Kitajima et a l,  1994).

1.2.2.2. M olecular architecture o f  BP180

The extracellular region of BPAg2 is made up of a series of collagen 

triple helical domains interrupted by non-collagenous domains (Giudice, Emery 

and Diaz, 1992). It has been categorised as a type XVII collagen (Li, Tamai, 

Tan and Uitto, 1993). The molecular architecture of BP 180 in the 

hemidesmosome has recently been postulated (Hirako et a l, 1996). The 

cytoplasmic amino globular head of BP 180, located right under the cytoplasmic 

membrane, is thought to be a constituent of the hemidesmosomal outer plaque 

(Hirako ar a/., 1996). The rod and tail regions, the putative extracellular 

portions of BP 180, have enough length to reach the lamina densa through the 

lamina lucida. This configuration remarkably resembles that of anchoring 

filaments, which are located within the lamina lucida and are responsible for 

attachment of the hemidesmosome to the lamina densa (Yancey, 1995). It has, 

therefore, been suggested that the extracellular part of BP 180 is a major cellular 

component of anchoring filaments, together with laminin 5 (Hirako et a l.
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1996). Since the rod and tail are so different in apparent flexibility they may also 

be functionally distinct (Hirako et al., 1996). For instance, one might form a 

rigid bridge across the lamina lucida and the other play an important role in the 

lamina densa such as ligand binding (Hirako et a l,  1996). In fact, even the 

length of the rod itself, 60-70 nm, is enough to cross the lamina lucida, which 

is usually within 40 nm in thickness. This speculation is also consistent with the 

fact that BP 180 has also been found to be a target of autoantibodies in certain 

patients with cicatricial pemphigoid (Bernard, Frost, Lecerf, Intrator, 

Combemale, Bedane, Roujeau and Revuz er a/., 1990).

Ultrastructural localisation demonstrates an immuno-dominant epitope 

recognised by more than 50% of BP sera and 70% of PG sera localised to the 

NC16A region of the BPAg2 extracellular domain positioned immediately 

adjacent to the plasma membrane of hemidesmosomes (Guidice, Emery, 

Zelickson, Anhalt, Liu and Diaz, 1993; Kitajima, 1996). This epitope has 

been further mapped to a 7-amino acid stretch by immunoblotting and ELISA, 

and has been called the MCW-1 epitope (Liu, Diaz and Giudice, 1994). The 

common pathogenic thread of PG and BP may, therefore, be autoantibodies 

against the MCW-1 epitope (Liu et a l, 1994).

1.2.2.3. M olecular access to BP180

Since BPAgl is restricted to the intracellular compartment of the basal 

keratinocyte it is not directly accessible to circulating antibodies. Anti-BPAgl 

autoantibodies would, therefore, be predicted to arise as a secondary event in 

response to an initial insult to the basal keratinocyte (Guidice et a l, 1993). In 

contrast, BPAg2 is a trans-membrane protein and is recognised by both PG and 

BP autoantibodies. Therefore, anti-BPAg2 autoantibodies may play an initiator 

role in sub-epidermal blister formation in PG and BP (Guidice et a l ,  1993). 

Circulating autoantibodies in both PG and BP are likely to have access to this
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newly defined antigenic site on the surface of intact kératinocytes. The potential 

pathogenicity of the antibodies to the BPAg2 MCW-1 epitope has been 

confirmed by demonstrating that when rabbit polyclonal antibodies directed 

against murine NC16A domain were passively transferred into neonatal mice, 

the injected animals developed a sub-epidermal blistering disease mimicking BP 

(Liu, Diaz, Troy, Taylor, Emery, Fairley and Giudice, 1993). Clinical 

studies have shown that the NC16A domain is recognised by most serum 

samples from BP patients (Giudice, Emery, Zelickson, Anhalt and Diaz,

1993; Giudice, Wilske, Anhalt, Fairley, Taylor, Emery, Hoffman and Diaz,

1994). Furthermore, another recent study has revealed that 90% of serum 

samples from 154 BP patients were positive to the NC16A domain by 

immunoblot methods (Matsumura, Amagai, Nishikawa and Hashimoto,

1996). It is now widely accepted that autoantibodies directed against BPAg2, 

especially against the NC16A domain, are a major pathogenic factor of BP 

(Kitajima, 1996). A family of patients with a generalised atrophic benign 

epidermolysis bullosa have recently been identified characterised by a deletion 

mutation in the gene encoding BPAg2 (McGrath, Darling, Gatalica, Pohla- 

Gubo, Hintner, Christiano, Yancey and Uitto, 1996). The results of these 

recent different investigations confirms the importance of BPAg2 in the 

attachment of the epidermis to the underlying dermo-epidermal basement 

membrane.

I.2 .2 .4 . Events fo llow ing  BP180 b inding

Hopkinson et a/.(1995) have speculated that the binding of antibody to 

the BPAg2 NC16A domain inhibits the assembly of BPAg2 with a6  integrin and 

this may be a potential pathogenic role for IgG in BP (Hopkinson, Baker and 

Jones, 1995). It is, therefore, reasonable to speculate that the binding of 

antibody to the NC16A domain impairs the role of BPAg2 in assembly with
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other hemidesmosomal components so that the internalisation of IgG-bound 

BPAg2 may be generated in order to clean off the BP-IgG-impaired molecules 

from the cell surface (Kitajima 1996). Once the basal cells are broken, the 

intracytoplasmic antigen of BPAgl, which may possess a higher antigenicity 

because it is an intracellular protein, is exposed to the immune system in a larger 

quantity, so that sufficient immune complex may be generated to cause severe 

inflammation and blisters (Kitajima, 1996). This inflammation and blistering 

may, in turn, cause the separation of the dermal-epidermal junction and the 

rupture of basal cells, resulting in a progressive blistering cycle. It is also 

feasible that when the antibodies directed to BPAgl are bound to antigens, 

which are already bound with a6p4 integrin and integrated into the 

hemidesmosomes, they may not be internalised but may activate complement 

and so take part in the initiation of this blistering cycle (Kitajima 1996).

Autoantibody binding could theoretically influence sub-epidermal blister 

formation either via complement-mediated mechanisms or by directly disrupting 

the function of the 180 kDa protein (Guidice et a l, 1993). Activation of 

complement results in the concomitant activation of C3a and C5a which recruit a 

variety of inflammatory cells comprising mast cells, eosinophils, neutrophils 

and lymphocytes. These inflammatory cells produce cytokines and chemical 

mediators, some of which digest or disrupt the dermo-epidermal junction. A 

recent study has supported the importance of complement involvement in blister 

formation by showing that injection of anti-BPAg2 antibodies caused sub- 

epidermal blistering in the C5-positive but not C5-deficient mouse strain (Liu, 

Giudice, Swartz, Fairley, Till, Troy and Diaz, 1995).
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1.3. Relevant features of the MHC

1.3.1. Genomic organisation of the MHC

The major histocompatibility complex (MHC)* contains a set of closely- 

linked genes located together on the short arm of chromosome 6 in humans 

(Hameed and Ahmed, 1993; Fig. 1.4.). They play an important role in the 

regulation of the immune response. In addition to the known class I loci HLA- 

A, -B and -C, other genes called HLA-E, -F, -G and -H have recently been 

identified as non-classical class I genes (Hameed and Ahmed, 1993), some of 

which are non-functioning pseudogenes (Hughes, 1995). The HLA class II 

genes have been subdivided into DP, DQ, DR and more recently DN and DO 

(Fig. 1.5.). Class III loci, situated between class I and class II, contain several 

genes with the important being those that encode the complement components 

C2, C4A, C4B and factor B (Hameed and Ahmed, 1993). Other well-defined 

genes in the vicinity of the MHC class III genes are TNF-a, TNF-p, heat- 

shock protein (HSP-70), 21p-hydroxylase and B-associated transcript genes 

(BAT) (Hameed and Ahmed, 1993).

The MHC class I and class II molecules are expressed mainly as 

membrane glycoproteins at the cell surface, whereas the products of class EH 

genes are usually soluble molecules (Austyn and Wood, 1994b). Class I

‘ N o m en c la tu re
The MHC molecules are polymorphic indicating that within each class of molecule at 

one locus, a large number of variants are found in the population (Austyn and Wood 1994b).
As more HLA genes have been cloned and characterised the nomenclature system has been 
extended to allow each gene that is associated with a particular specificity to be identified. For 
class I and class U alleles, each gene is identified by its locus designation/*/specificity/gene 
number for example A *1101 and A* 1102 identifies that there are two genes for the specificity 
A ll  and A*1102 differs from A* 1101 by a single nucleotide substitution at codon 19 (Austyn 
and Wood, 1994b). For the class II alleles the nomenclature is more complex because the DQ, 
DP and DR subregions have a  and P chains. In the DQ and DP subregions there are two a  
chains genes, DQ Al, DQA2 and DPAl, DPA2, but only DQAl and DPAl are functional. In 
the DR, DQ and DP subregions more than one P chain gene exists (Austyn and Wood 1994b). 
Therefore, for a  chains each gene associated with a particular specificity is identified such as 
D Q A l*0401, D P A l*0101 etc. and for P chains such as DRB 1*0301, DRB 1*0302, 
DRB3*0101, DQB 1*0201, DPB 1*0401 etc. (i.e. locus designation and gene/*/specificity/gene 
number).
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Figure 1.4. Map of MHC on chromosome 6
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Figure 1.5. HLA-D region
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molecules are expressed by virtually all somatic, nucleated cells except, comeal 

endothelium, trophoblastic tissue and exocrine cells of the pancreas whereas 

class n  molecules are normally only expressed by B lymphocytes and antigen- 

presenting cells (APC) (Austyn and Wood, 1994b). In the human placenta 

there is normally a small number of class II positive cells in the chorionic villous 

stroma, some of which are considered to be placental macrophages (Vince and 

Johnson, 1995). Expression of MHC class II molecules can be induced or 

increased by cytokines such as IFN-y facilitating antigenic peptide presentation to 

T helper cells (Austyn and Wood, 1994b).

1.3.2. Class II loci polymorphism

The class II genes are expressed as a  and p dimers, and hence 4 dimers 

per haplotype can be expressed. There may be 2 or 3 functional p chain genes 

for some class II loci but usually only one functional a  chain gene (Austyn and 

Wood, 1994b). Molecular analysis of HLA-D has suggested that it contains 4 

or 5 different types of a  chain gene and, at least, 3 different types of p chain 

gene (Austyn and Wood, 1994b). Within the DR family of genes there is only 

one a  gene (DRA). The product of the DRA gene associates with the product of 

each of the functional P genes (DRB 1, DRB3, DRB4 and DRB5); DR2 is a 

pseudo-gene. Several HLA-DR specificities can be detected serologically and 

result from antigenic determinants present on the polypeptide chain encoded by 

the DRB 1 gene (Austyn and Wood, 1994b).

Class n , like class I, molecules are polymorphic. To date more than 18 

variants of HLA-DR P chains have been identified, whereas no polymorphic 

forms of the D R a chain have been found (Austyn and Wood, 1994b). In 

contrast, both the a  and P chains are polymorphic in HLA-DP and HLA-DQ 

molecules (Austyn and Wood, 1994b). The DP, DQ and DR genes are, 

therefore, expressed in more than one form and are classified as D PAl, DPA2,
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DPBl, DPB2, DQAl, DQA2, DQBl, DQB2, D RBl, 2, 3, 4, 5, and 

DRA (Hameed and Ahmed, 1993). DPA2, DPB2, DQB2, DQA2 and DRB2 

appear to be non-functioning pseudo-genes (Hameed and Ahmed, 1993; Fig. 

1.5.).

Polymorphism in class II molecules can be detected in several ways. At 

the protein level they can be detected using allo-antisera or monoclonal antibodies 

as tissue-typing reagents or by two-dimensional gel electrophoresis (Austyn and 

Wood, 1994b). At the DNA level they can be detected by examining RFLP or 

by using allele-specific oligonucleotides to detect DNA amplified using PCR 

(Austyn and Wood, 1994b).

The three-dimensional structure of both class I and II MHC molecules are 

similar with an -NH2 terminal extracellular peptide binding region, an 

extracellular non-polymorphic inununoglobulin-like region, a trans-membrane 

region and a cytoplasmic region (Austyn and Wood, 1994b; Fig. 1.6.). The a  

and p chain of each MHC class II molecule are placed in a parallel configuration 

forming a groove between them. The polymorphic amino acid residues are 

located in the peptide binding region, in discrete regions termed allelic 

hypervariable regions (AHVRs), and determine the specificity of peptide 

binding and T cell antigen recognition (Austyn and Wood, 1994b). AHVRs are 

often shared between several different class II alleles, suggesting that 

polymorphism in these molecules has been in part generated by recombination 

events that have shuffled these AHVRs between haplotypes (Austyn and Wood, 

1994b). Single amino acid variation at the AHVR can make a difference between 

disease susceptibility and disease tolerance (Hameed and Ahmed, 1993). The 

antigen is taken up by the APC and degraded. The degraded components are 

then incorporated into the groove of the MHC molecule and transported to the 

cell surface to be presented to the T cell. Abnormal expression of class II 

molecules on certain cells, such as P islet cells and thyroid cells, could lead to
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Figure 1.6. Diagram of a class II MHC molecule
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autoantigen presentation by these MHC molecules, initiating an autoimmune 

response (Todd and Bottazzo, 1995). This may also be true for the abnormal 

expression on trophoblastic and amnio-chorionic stromal cells in PG.

1.3.3. Polymorphism and disease susceptibility

The relationship of MHC polymorphism to disease susceptibility could 

be mediated by one of several different immunological mechanisms (Nepom and 

Erlich, 1991). Polymorphic residues in the class II molecule might differentially 

bind a putative autoantigen peptide and present it to the responding T cell 

(Nepom and Erlich, 1991). Alternatively, the spectrum of expressed T cell 

receptors might be different in individuals with different class II genotypes 

(Nepom and Erlich, 1991). Auto-reactive T cell receptors capable of 

recognising an autoantigen class II complex would more likely be selected by 

thymic epithelium which expressed the nonsusceptible class II antigens (Nepom 

and Erlich, 1991).

The third immunological mechanism invoked to explain the HLA disease 

associations is molecular mimicry (Oldstone, 1987; Oilier and Symmons,

1992). Conceivably the presence of class II residues shared with, for example, 

a viral pathogen could result in tolerance to such viral epitopes leading to an 

altered immune response. Alternatively, such homologous regions could serve 

as an autoantigenic target with an immune response to the virus leading to attack 

of self cells expressing relevant class II products (Oldstone, 1987). Recent 

advances in molecular analysis of HLA class II allelic diversity, as well as those 

of a variety of microbial pathogens, have significantly facilitated the search for 

such shared epitopes (Nepom and Erlich, 1991). Sequence homologies and 

immunological cross-reactivity have been reported between alleles at the HLA- 

DRBl locus and a CMV protein (Fujinami, Nelson, Walker and Oldstone, 

1988). Similarly, sequence homologies between the region around DQB
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position 57 encoded by the DQB3.2 allele, the allele associated with IDDM, and 

an EBV protein have been noted (Horn, Bugawan, Long and Erlich, 1988). In 

addition, a hexapeptide in the third hypervariable region of the DRB1 chain 

encoded by the DR4 allele is shared by EBV GPl 10 protein (Roudier, Rhodes, 

Petersen, Vaughan and Carson, 1988). These shared epitopes could be 

involved in predisposition to PG. The functional relationship between HLA 

class n  polymorphic epitopes, viral antigen mimicry and pathological 

immunological response, however, remains to be determined (Nepom and 

Erlich, 1991).

There are several possible mechanisms for the initiation of an 

autoimmune response following abnormal MHC class II expression in PG. The 

placental stromal cells may present antigen to maternal immune cells in 

association with MHC class II molecules leading to an autoimmune attack on the 

placenta, or alternatively, the placental stromal cells may evoke an allogeneic 

reaction which is able to bypass the need for an antigen specific T helper cell 

response (Kelly, Black and Fleming, 1989b).

1.4. Immunopathogenesis of pemphigoid gestationis

1.4.1. Overview

Immune complex formation in the skin produces chemotactic factors and 

progressive accumulation of inflammatory cells, in particular eosinophils, and 

release of inflammatory mediators. Dermo-epidermal separation intervenes 

which induces conformational changes in the PG antigen and exposure of 

previously cryptic antigens within the basement membrane (Kelly and 

Wojnarowska, 1994). Basal cell damage may also be produced in this manner. 

Such increased antigen exposure to the immune system then results in increasing 

antibody production and immune complex formation thereby perpetuating 

cellular damage. The foetus remains relatively protected from this
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immunological onslaught in the majority of cases by the placenta which prevents 

involvement of the foetal circulation (Kelly and Wojnarowska, 1994).

In normal pregnancy the foeto-placental unit has to evade the maternal 

immune system as the foetus is a partial allograft of the mother. A possible 

mechanism for the pathogenesis of PG lies in the breakdown of this protective 

process. This may be achieved by aberrant expression of MHC class II sub- 

region molecules in the placenta, subsequently triggering an autoimmune 

response against placental basement membrane antigens. The antibodies 

produced are of the IgG, subclass and are capable of fixing complement by the 

classical pathway. IgG antibodies are unique in facilitating opsonisation with 

macrophages, neutrophils and eosinophils.

1.4.2. Eosinophils and IgE deposition

Histopathology of PG lesional skin demonstrates prominent eosinophilic 

infiltration (Holmes et a l, 1983b) with accumulation at the dermo-epidermal 

junction and within the epidermis preceding sub-epidermal blistering. Direct IF 

demonstrates C3 deposition at the BMZ in all patients with PG with indirect IF 

identifying circulating C3-binding factor in ~ 80% (Holmes et a l, 1983a). 

Enzymes released from eosinophils and attracted towards the dermo-epidermal 

junction by IgG-mediated activation of complement may, therefore, be involved 

in blistering. Peripheral eosinophilia has been suggested to correlate with PG 

severity although this has proved difficult to confirm (Lawley et a l, 1978). In 

one study 11/41 cases of PG had significant peripheral eosinophilia (Lawley et 

a l ,  1978).

After activation, eosinophils release granule-derived proteins including 

eosinophilic cationic protein (ECP) and major basic protein (MBP) which are 

both potently cytotoxic (Bousquet, Chanez, Lacoste, Bameon, Ghavanian, 

Enander, Venge and Ahlstedt et a l, 1990). The presence of these proteins in
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body fluids or tissues is considered to be a marker of eosinophilic activation 

(Caproni, Palleschi, Falcos, D ’Agata, Cappelli and Fabbri, 1995). Serum 

levels of ECP have been correlated with activated, secreting and tissue- 

damaging eosinophils found in the dermis in both PG and BP (Caproni et aL,

1995).

MBP, a 14-kDa cationic protein that constitutes the core of eosinophil 

granules has been detected in PG lesions (Scheman, Hordinsky, Groth, 

Vercellotti and Leiferman, 1989). This latter study of 8 patients with classically 

presenting PG used indirect IF with affinity chromatography-purified MBP 

antibody to MBP. Intra-eosinophilic and extracellular MBP was observed in 

lesional skin (Scheman et aL, 1989). Since eosinophils degranulate in tissue, 

the finding of extracellular MBP, especially in sub-epidermal areas near dermo- 

epidermal separation, is consistent with eosinophil degranulation being 

pathogenically important in PG.

Several mechanisms might activate eosinophils (Scheman et a l, 1989). 

Eosinophils possess IgG membrane receptors and all IgG subclasses, whether 

circulating or tissue-bound, cause degranulation. Furthermore, PG factor leads 

to activation of complement by the classical pathway with deposition of large 

amounts of C3 which may also activate eosinophils via specific membrane 

receptors (Scheman et a i, 1989). Eosinophils have receptors for oestrogens 

that may also regulate eosinophil activation in PG (Scheman et a l, 1989) and 

activation via these receptors would mirror the pattern of clinical disease activity. 

Although binding to any of these membrane receptors may induce eosinophil 

degranulation it is likely that the determination of activation is combinatorial.

Several further considerations suggest IgE may have a pivotal role in PG 

pathogenesis. IgE anti-BMZ antibodies have been demonstrated in the lesional 

skin and sera of some patients with BP (Provost and Tomasi, 1974; Parodi and 

Rebora, 1992; Furukawa, Kumagai, Sakamoto, Takigawa and Imamura,
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1994), and raised serum IgE levels have also been noted (Parodi and Rebora, 

1992; Furukawa et aL, 1994). Diaz-Baltar et al. reported high levels of total 

serum IgE in PG with return to normal levels on remission of the disease (Diaz- 

Baltar, Tagliabue and Casas, 1982). However, the precise role of IgE has not 

been established. One study using indirect IF reported circulating IgE anti-BMZ 

antibody, with titres ranging from 1 in 40 to 1 in 320 in 9 of 17 sera (52.9%) 

from patients with BP (Soh, Hosokawa and Asada, 1993). Disease correlation 

related more to serum IgE than to IgG titres. Other studies have supported a 

relation between serum IgE, IgE anti-BMZ antibodies and disease activity (Diaz- 

Baltar gr a/., 1982; Furukawa gr a/., 1994). Using immuno-blotting, Soh gr 

a l  detected IgE anti-BMZ autoantibody specific for the 230 kDa BP antigen 

polypeptide in 2 of 11 sera of BP (Soh et a l,  1993). In addition, blocking of 

IgE BMZ-binding by IgG anti-BMZ antibody indicates similar epitope(s) of BP 

antigens recognised by the 2 antibodies. 9 patients with BP, each with 

detectable serum anti-BMZ IgE in addition to anti-BMZ IgG, have been reported 

(Parodi and Rebora, 1992). These IgE antibodies were shown to be directed to 

the roof of bullae, as is anti-BMZ IgG, possibly binding to the lamina lucida. 

Anti-BMZ IgE titres were independent of serum IgE levels and patients without 

anti-BMZ IgE also lacked anti-BMZ IgG. Whether anti-BMZ IgE antibodies 

occur as a consequence of the BMZ damage caused by specific anti-BMZ IgG or 

are produced ab initio against the BP antigen(s) is not established (Parodi and 

Rebora, 1992; Furukawa gf a/., 1994). In general, the relative importance of 

anti-BMZ IgE and IgG and the role IgE plays in the overall pathogenesis of PG 

needs to be determined.

1.4.3. HLA association

HLA antigens DR3 and DR4 are reported with high incidence in patients 

with PG (Shomick, Stastny and Gilliam, 1981): 61-80% of patients express
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DR3, 52-53% express DR4 and 43-50% express both compared with 3% of 

normal controls (Shomick et a l,  1981).

Holmes et a l, in 1983, demonstrated a significant increase in the 

frequency of HLA antigens A l, B8 and DR3 whilst confirming an increase in 

the frequency of combined DR3/DR4 (Holmes et a l,  1983a). However, A l, 

B8 and DR3 are in linkage disequilibrium. The association with DR3 is 

probably most important and DR4 is not essential to promote disease expression. 

Rather the 2 haplotypes appear to be independently associated with increased 

immune responsiveness occurring in several autoimmune diseases (Austyn and 

Wood, 1994b). In each instance it is not clear how the presence of these 

antigens contributes to disease pathogenesis. However, patients who possess 

neither DR3 or DR4 can have clinically florid disease and it follows that these 

HLA antigens are not essential for disease expression (Shomick et a l,  1981). 

Indeed, there is no obvious relationship between HLA type and clinical severity, 

onset, duration or recurrence, nor is there any relationship between HLA type 

and the presence or absence of IgG along the BMZ by direct IF (Shomick et a l, 

1981). A significant increase in the frequency of patemal HLA DR2 antigens 

has also led to the conclusion that both patemal HLA type and matemal HLA 

antibodies are important in the development of PG (Shomick, Stastny and 

Gilliam, 1983b).

Holmes et a l  studied the immunogenetics of PG and showed that in 

cases in which the mother and foetus had identical HLA-D phenotypes either by 

chance or following altered patemity, unaffected or skip pregnancies often 

occurred (Holmes et a l,  1983a). When there were differences between mother 

and foetus at the HLA D locus, affected pregnancies resulted.

That the immunological abnormalities of PG are under control of genes 

located in or near the HLA D/DR region was first suggested by Shomick 

(Shomick et a l,  1981). Complement components C2, C4 and factor B are

56



known to be encoded by genes found between the HLA D and HLA B loci. 

Abnormalities of complement components, or of the control of the complement 

cascade, genetically linked to the HLA D/DR region, might explain why 

complement is usually deposited without demonstrable IgG in PG (see section 

1.4.8.).

1.4.4. Anti-HLA antibodies

Anti-HLA antibodies have been suggested to be pathogenically important 

in the development of PG (Reunala, Karvonen, Tiilikainen and Salo, 1977). 

One report concerned a patient with high-titre antibodies to HLA-B8 with the 

antigen being expressed by the foetus (Reunala et a l,  1977). It was proposed 

that such an immune response was likely to have contributed to the induction of 

PG, although the precise role was unclear. It was established, however, that 

there was no relationship between circulating anti-BMZ antibody and the anti- 

HLA-B8 antibody using a cross-absorption protocol. Since no effect of anti- 

HLA antibodies could be demonstrated on the deposition of antibody or 

complement along the cutaneous BMZ, the authors felt that the high-titre anti- 

HLA antibodies might have produced placental dysfunction following immune- 

complex formation between placental HLA antigens and directed matemal 

antibodies. Similar sensitisation to HLA antigens expressed by their foetus has 

been reported in 2 further cases (Eberst, Tongio, Eberst, Mayer and Basset, 

1981). One of the patients in this latter study had an anti-HLA-B 13 antibody 

titre of 1:256. However, when the antibody was tested against patemal 

lymphocytes the titre was only 1:8 suggesting an additional blocking antibody to 

patemal and foetal antigens might have been present in the patient's semm. In 

view of these findings 26 further patients with PG were studied and an 85% 

incidence of HLA antibodies was detected (Shomick et a l,  1983b). This figure 

compares to a suggested figure of only 38% in normal multiparous women
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(Regan and Braude, 1987) although, in reality the prevalence of anti-HLA 

antibodies is unclear. Antibodies may develop against class I or class II 

antigens, and may develop together or independently (Billington, 1992). 

Morin-Papunen et a l described the incidence of such antibodies in normal 

women at the delivery of their first, second and third child (Morin-Papunen, 

Tiilikainen and Hartikainen-Sorri, 1984). The incidence of anti-class I, and 

anti-class II HLA antibodies, respectively, following a first pregnancy was 

18.2% and 9.0%, following a second pregnancy 27.3% and 4.4%, and 

following a third or later pregnancy 50.0% and 27.3% (Morin-Papunen et a l, 

1984). Since class II molecules are not expressed on any population of 

trophoblast, it is difficult to explain what stimulates their production unless, as 

suggested by Vince and Johnson, it is the trans-placental passage of class II- 

bearing lymphocytes from the foetus to the mother (Vince and Johnson, 1995).

Class I and class II anti-HLA antibodies have also been reported to occur 

following molar pregnancies and trophoblastic tumours, indicating that placental 

tissue alone may be able to induce an allogeneic response and explain the 

association with chorionic and trophoblastic tumours (Berkowitz and Goldstein, 

1996). In view of the tremendous polymorphism of the MHC, it remains 

unexplained why anti-HLA antibodies are found in only a relative small 

proportion of parous women and why such antibodies are usually directed 

against only some HLA antigens inherited by the foetus from the father. Equally 

unclear is the mechanism protecting the foetus from the matemal humoral and 

cellular immune response systems.

1.4.5. Maternal-foetal immune relations

In 1952, Cawley and colleagues suggested that some cases of PG were 

the result of rhesus iso-sensitisation (Cawley, Wheeler and Wilhite, 1952). 

They reported a rhesus-negative woman who developed PG in her second
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pregnancy in association with rhesus-sensitisation. The child was rhesus- 

positive and had significant haemolytic jaundice at birth but the patient's next 

pregnancy resulted in a rhesus-negative infant and during this pregnancy her skin 

was unaffected. Since PG usually recurs in all subsequent pregnancies it was 

thought to be significant that PG developed in association with rhesus- 

sensitisation as the foetus was rhesus-negative. Although this report is 

interesting most women have PG with no evidence of rhesus-sensitisation 

(Russel and Thome, 1957; Kolodny, 1969).

Idiotype-anti-idiotype networks are, no doubt, important in the 

matemal-foetal relationship (Billington, 1992). The strength of the reaction 

between idiotypic and anti-idiotypic receptors is considered to be a major factor 

in regulating a specific immune response (Reed, Beer, Hutcherson, King and 

Suciu-Foca, 1991). During the course of normal pregnancy there is an increase 

in anti-idiotype antibodies with a subsequent decrease post-partum. Conversely, 

a marked decrease in anti-idiotype antibody (the natural down-regulation of 

antibody production) to anti-HLA antibodies during the later stages of a 

pregnancy complicated by PG has been reported, followed by an increase in 

anti-idiotype antibodies as the disease remits during the post-partum period 

(Bonagura, Rohowsky-Kochan, Reed, Ma, McDowell, King and Suciu- 

Foca, 1986). The lack of inhibition of anti-HLA antibody production which 

would result from a decrease in anti-idiotype antibodies (to anti-HLA) may 

explain the increased incidence of anti-HLA antibodies in those with a history of 

PG, but what initiates initial autoantibody production remains unknown.

It has been postulated that a set of germ-line genes encoding anti-idiotype 

responses to anti-MHC has been selected in tandem with alloreactivity in order to 

explain the selective absence of alloreactivity against the foetus (Samter, 

Talmage, Frank, Frank Austen and Claman, 1988). It is, therefore, possible 

that spontaneous development of anti-idiotype antibodies to HLA plays an
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important role in down-regulating the matemal reactions against the foetus. 

Auto-anti-idiotype immunity plays a key role in suppressing the rejection of the 

foetus. It is also possible that pregnancy per se creates immunological 

conditions favouring the development of anti-idiotypic antibodies to MHC 

antigens (Samter gf a/., 1988).

Suciu-Foca et a l  have shown that idiotype-anti-idiotype interactions are 

likely to contribute to the phenomenon of matemal tolerance to the foetus (Suciu- 

Foca, Reed, Rohowsky, Kung and King, 1983a). They demonstrated that 

sera from parous women contain autoantibodies that react with T lymphoblasts 

primed in vitro against the DR antigens of the source of immunologically-reactive 

sites i.e. the father (Suciu-Foca gf a/., 1983a; Suciu-Foca, Rohowsky, Kung 

and King, 1982). The presence of anti-idiotypic antibodies to class I and/or 

class n  HLA antigens was further revealed by the finding that sera from pregnant 

women specifically block the anti-HLA activity of antibodies directed against the 

immunising haplotype of the child (Suciu-Foca et a l,  1983a). Such anti- 

idiotypic antibodies to HLA-DR receptors were found both in women who 

developed anti-HLA antibodies and in women who did not. In renal allograft 

recipients, the presence of anti-idiotypic antibodies to class I or MHC class II 

antigens showed a positive correlation with successful transplantation, 

indicating their potential immunosuppressive effect (Suciu-Foca, Rohowsky, 

Kung, Lewison, Nicholson, Reemtsma and King, 1983b).

The titre at which different anti-DR sera react with a panel of target cells 

carrying the corresponding antigen differs significantly (Reed et a l,  1991).

This may be due to differences in the epitopes expressed by the cells and detected 

by the heterogeneous population of alloantibodies, or simply to differences in 

the sensitivity of the cells to lysis. It is possible that the interaction between 

vimses and class I molecules leads to the formation of new antigenic 

determinants which differ both from the infecting agent and from the host MHC
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antigens (Wylie, Sherman and Klinman, 1982). By analogy, it is possible that 

the autoantibodies found in pregnancy sera are, in fact, directed against 

receptor-alloantigen complexes rather than against idiotypic receptors.

1.4.6. Disease triggering

The association between PG and pregnancy suggests that immune- 

mediated tissue damage follows exposure to a newly encountered antigen 

produced or first exposed during pregnancy. The PG antigen is first expressed 

in the placenta during the second trimester coinciding with peak disease activity 

(Kelly et a l,  1988). The identification of cross-reactivity between placenta and 

skin is indeed consistent with the disease being triggered by a placental factor 

{Kelly et al., 1988).

Circulating autoantibodies which bind to skin cross-react with the 

basement membranes of chorionic epithelium and amnion (Ortonne, Hsi, 

Verrando, Bernerd, Pautrat, Pisani and Yeh, 1987) and immune complexes 

are found to be deposited in the placenta during the course of most cases of PG 

(Kelly, Fleming, Bhogal, Wojnarowska and Black, 1989c; Fig. 1.7.). In 

addition there is aberrant expression of MHC class U molecules, of probable 

patemal origin, in the placenta by amnio-chorionic stromal cells and trophoblasts 

(Kelly et a l ,  1989c; Borthwick, Holmes and Stirrat, 1988). These cells may 

be exposed to the matemal immune system since it is known that in some 

anchoring villi there are focal deficiencies in the syncytio-trophoblast (Enders, 

1968; Vince and Johnson, 1995). The cross-reactivity may be explained by the 

common origin of skin and amnion from the ectodermal germ layer. Edwards et 

a l  investigated the expression of class II antigens in normal placenta using 

antibodies to class II loci of various specificity (Edwards, Jones, Evans and 

Smith, 1985). In the normal placenta endothelial cells and macrophages express 

HLA-DP, HLA-DR and HLA-DQ locus products. These are temporally
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Figure 1.7. Direct immunofluorescence showing linear BMZ staining 

with C3 in amniotic epithelium counterstained with 

propidium iodide (magnification; x40)



expressed in the sequence DP followed by DR with DQ expression not apparent 

until close to term. The number of stromal macrophages expressing the MHC 

class n  molecules in the normal placenta is relatively low. Borthwick et a l  

studied the expression of MHC class II antigens in the area of these anchoring 

villi in placentae from 7 patients with PG in an attempt to relate changes in MHC 

class II expression to possible pathogenic mechanisms (Borthwick et a l,  1988). 

In the placentae from patients with PG there was abnormal expression of MHC 

class n  antigens in the region of the chorionic villi adjacent to the matemal 

decidua (Borthwick et a l,  1988). Based on these findings it was suggested 

that such localisation may be important in antigen presentation and the initiation 

of the autoimmune response in PG.

There are several possible mechanisms that may contribute to the 

initiation of an autoimmune response following abnormal MHC class II 

expression in PG. The placental stromal cells may present antigen to matemal 

immune cells in association with MHC class II molecules leading to an 

autoimmune attack on the placenta; altematively, the placental stromal cells may 

evoke an allogeneic reaction which is able to bypass the need for an antigen 

specific T helper cell response (Kelly et a l, 1989b).

The MHC class II genes are arranged in three sub-regions called DP, DQ 

and DR on chromosome 6 (see section 1.3.1.). Analysis of the expression of 

these sub-region products by the amnio-chorionic cells has shown that in PG,

DP and DR products are invariably expressed but DQ products are absent or 

variable (Kelly ef a/., 1989c; Borthwick a/., 1988). This inco-ordinate 

expression of MHC class II sub-region products is also seen in other tissues. 

HLA-DQ inconsistency has been reported in other conditions in which HLA-DR 

and HLA-DP expression is constant. These include B-cell leukaemia (Guy, 

Krajewski and Dewar, 1986), autoimmune thyroid disease (Todd and Bottazzo,

1995) and irritant dermatitis (Gawkrodger, Carr, McVittie, Guy and Hunter,
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1987). Gonwa et a l  have shown that mononuclear cells which incompletely 

express HLA-DQ molecules function inadequately as APCs but are potent at 

evoking allogeneic reactions (Gonwa, Picker, Raff, Goyert, Silver and Stobo, 

1983). In PG, therefore, the placental cells which show aberrant expression of 

MHC class n  molecules would appear to be poor APCs but would be able to 

evoke an allogeneic response between the matemal lymphocytes and the patemal 

MHC molecules expressed in the foetal components of the placental stroma 

(Borthwick et a l,  1988).

1.4.7. Role of the placenta

The defining association between PG and pregnancy has led to 

speculation that the condition may be induced by exposure of matemal tissue to 

placental antigens which cross-react with skin antigens (Kelly et a l,  1988). A 

number of such cross-reacting antigens are recognised (Verrando, Ortonne, 

Pautrat, Hsi and Yeh, 1986). PG antigen is shared between skin and placenta 

(Kelly e ta l ,  1988). This molecule, however, is present in both normal 

pregnancy and in pregnancies affected by PG. It, therefore, seems unlikely that 

exposure to this antigen alone is responsible for induction of the disease.

In autoimmune disease, antigen presentation to the immune system is 

significantly mediated by MHC class II antigens (see section 1.3.2.). In 

autoimmunity, MHC class II expression may be altered, with aberrant 

expression of the MHC class II molecules by the target-organ cells in tissue- 

specific autoimmune disease (Todd and Bottazzo, 1995). It has been suggested 

that these cells may then act as APCs during dual recognition of antigen and 

MHC molecules by T helper cells. The immune response is thereby triggered. 

Co-operation between T lymphocytes and APCs exhibits MHC restriction. The 

antigen is then only recognised by T helper cells if it is presented to them by cells 

which express identical MHC class II molecules.
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In the placenta of patients with PG, the 180 kD antigen is presented in 

association with patemal MHC molecules and may not be recognised as a self 

molecule and an immune response may then be initiated. The allogeneic effect 

may be more important than antigen presentation. The placenta then triggers an 

autoimmune reaction against placental basement membrane antigens that cross 

react with those in the dermo-epidermal junction in the skin. This process of 

initiation makes PG unique amongst the organ-specific autoimmune diseases 

(Kelly gr a/., 1989c).

If PG is the result of an immunological reaction directed against chorio- 

amniotic cells, but cross-reacts with skin, this may explain why the rash in PG 

often begins around the umbilicus. In foetal life the skin at the umbilicus is in 

continuity with the chorio-amniotic membrane covering the umbilical cord and 

therefore, in adult life there may be cells in the region of the umbilicus which 

retain some of their chorio-amniotic antigenicity (Holmes et a l, 1983a).

Immunological studies have given support to the suggestion that the 

trophoblast may play a primary immunological role in the induction of PG. An 

abnormal expression of HLA-DR antigen has been demonstrated on the villous 

stroma and foetal endothelium in chorionic villi adjacent to matemal decidua in a 

patient with PG (Borthwick, Sunderland, Holmes, Black and Stirrat, 1984). 

The probable importance of trophoblastic DR expression in PG has been 

highlighted by Karvonen et a l, who demonstrated significant anti-HLA-DR 

antibodies in all 4 of the patients that they studied (Karvonen, Ilonen, Reunala 

and Tiilikainen, 1984).

1.4.8. Complement activation

The role of complement in the pathogenesis of autoimmune bullous 

disorders is not established. Various studies have suggested that complement 

activation is not the primary mechanism of autoimmune tissue damage in BP or
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pemphigus (Gammon, Lewis, Carlo, Sams and Wheeler, 1980; Kitajima,

1996). However, in PG predominance of IgGi with its enhanced role in 

opsonisation and uniform deposition of C3 in tissue argue that the role of 

complement activation may be of greater primary importance in tissue injury.

1.4.8.1. Complement activation in Pemphigoid Gestationis

Provost and Tomasi (see section 1.1.4.) concluded from their studies that 

complement activation in PG occurred via the alternative pathway (Provost and 

Tomasi, 1973). However, other evidence demonstrated that complement 

activation in PG was via the classical pathway (Katz et a l, 1976; Jordon et a l, 

1976; Carmthers and Ewins, 1978). Little or no PG factor activity could be 

demonstrated when C2- or C4-deficient serum was used as a source of 

complement (Katz et a l,  1976; Jordon et a l,  1976; Carmthers and Ewins, 

1978).

The classical complement pathway requires the presence of both 

magnesium and calcium, whereas the alternative pathway requires only 

magnesium. EDTA binds both and, therefore, inactivates the entire 

complement system. Chelation of semm with EDTA but with magnesium added 

(blocking the classical pathway but preserving the alternative pathway) aborted 

the ability of PG factor to activate complement, suggesting that the alternative 

pathway plays little role in the initial deposition of complement (Katz et a l,

1976). While these studies showed that complement activation in PG is 

primarily via the classical pathway direct IF may also demonstrate deposition of 

the alternative pathway components, properdin and factor B, at the BMZ 

(Provost and Tomasi, 1973; Bushkell, Jordon and Goltz, 1974; Jordon gr a/., 

1976; Katz et a l, 1976). The most likely explanation for the involvement of 

these alternative pathway components is activation of the C3 amplification loop 

by C3b generated via the classical pathway.
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Activation of the complement system via either the classical or alternative 

pathway can result in the same end-stage reaction i.e. the generation of a 

membrane attack complex (MAC) which can mediate cell lysis (Austyn and 

Wood, 1994a) However, the initial events involved in each pathway are 

different. Activation of the classical pathway always results in concomitant 

activation of the alternative pathway. The converse, however, does not apply. 

C3 participates in both pathways and is the central reactive component of the 

complement cascade (Male, Champion, Cooke and Owen, 1991). The action 

of C3 convertase and the deposition of activated C3 is limited by the control 

proteins, the complement receptor type 1 (CRl), membrane cofactor protein, 

and decay accelerating factor (Austyn and Wood, 1994a).

Both the classical and alternative pathways of complement can be 

activated by immune complexes. However, not all classes and subclasses of 

antibody can activate the classical and alternative pathways if they are complexed 

to antigen (Table 1.1.). Neither the classical nor the alternative pathway can be 

activated by antibody alone, only antibody bound to antigen is an effective 

activator (Austyn and Wood, 1994a).

1.4.8.2. Complement allotypic variants

Allelic variants of most of the complement components and receptors 

have been described. For example there are more than 20 variants of C3 

differing in their electrophoretic mobility but such variability is not reflected in 

the functional activity of the protein (Male e ta l,  1991). Obvious exceptions 

include null alleles and the isotypic variants of C4 (Male et a l, 1991; see

 ̂The classical complement pathway has been demonstrated to be involved in the prevention of 
immune complex precipitation and enhancing binding to CRl, predominantly on erythrocytes 
with consequent clearance of the complexes. It is interesting that deficiencies of the classical 
pathway components C2 and C4 are particularly associated with immune complex deposition in 
tissues in autoimmune diseases such as SLE and rheumatoid arthritis (Rynes, 1982; Fielder et 
al, 1983).
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Table 1.1. Activation of complement by immunoglobulins 

of different class and subclass

Class Subclass Classical
pathway

Alternative
pathway

IgM ++++ ++

IgG IgGl ++++ ++

IgG2 + ++

IgG3 +++ ++

IgG4 - ++

IgA - +++

IgE - ++

IgD - ++



section 1.4.8.3.). 3 haplotypes of C2 have so far been identified (C2C 97%, 

C2A<1%, C2B 2%; Male etal., 1991). There are also 3 main variants of 

factor B (BS 70%, BFa 11%, BFb 17%) with up to 16 rare alleles (Male et a i, 

1991). The difference between the fast (F) and slow (S) forms appears to be a 

Gly to Arg change at position 7 (Male et at., 1991).

1.4.8.3. C4 polymorphism

There is considerable polymorphism in C4 and is encoded by at least 2 

separate loci in the MHC class IE region known as C4A and C4B with more 

than 35 allotypes identified according to electrophoretic mobility. 13 alleles of 

C4A and 22 alleles of C4B have so far been identified (Austyn and Wood, 

1994a). C4A and C4B differ only in their a  chains in which the internal thio- 

ester bond responsible for the covalent binding of the activation fragment C4b to 

cell surfaces and soluble proteins is found (Law, Dodds and Porter, 1984).

The amino acid sequences of C4A and C4B have been determined, and 

there appears to be very few amino acid differences between the 2 molecules; 

only 13 changes out of a total of 1722 amino acid residues examined have been 

found (Austyn and Wood, 1994a). The ability to link to either -NH^ or -OH 

groups varies with different C4 isotypes (Law et a l,  1984). Allotypes encoded 

at the C4A locus are highly reactive for -NH^ groups, such as those found in 

immune complexes, and bind very poorly to -OH groups, while those from the 

C4B locus bind equally well to both groups (Law et at., 1984). The incidence 

of null alleles in the C4 system is high (10-15%) but total C4 deficiency is rare. 

More common is partial deficiency due to absence of a functional protein at one 

of the loci; C4B locus alleles bind -OH groups more efficiently than C4A 

variants and are more effective in the lysis of erythrocytes than C4A possibly due 

to the high level of carbohydrate on erythrocytes (Law et a l,  1984). This may 

be one of the factors which defines susceptibility of an individual to disease. A
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null allele at the C4B locus would, therefore, make a shift in the overall 

reactivity pattern of serum C4. Of particular interest is the association of C4 null 

alleles with SLE (Fielder, Walport, Batchelor, Rynes, Black, Dodi and 

Hughes, 1983; Skarsvag, 1995). However, it is not certain that the disease 

correlation is with the C4 null allele itself or with other linked genes, in 

particular deletion of 21p-hydroxylase which is thought to be involved in 

steroidogenesis (Male et a l, 1991). A partial deficiency in C4A means that 

there is a decrease in the C4A:C4B ratio, and since C4A and C4B have 

functional differences, this ratio may be critical to the pathway chosen for 

antigen and immune-complex processing.

Gatenby et a l have demonstrated that C4A is more effective than C4B in 

inhibiting the precipitation of immune complexes which is more apparent with 

complexes formed in antibody excess (Gatenby, Barbosa and Lachmann,

1990). This difference is related directly to the greater binding of C4A to -NH^ 

groups and therefore to proteins, especially immunoglobulins, in immune 

complexes. It has also been demonstrated that C4B enhances 

immunoprécipitation in antigen excess (Gatenby e ta l ,  1990). The in vivo 

pathophysiological role of C4A and C4B may, therefore, be very complex 

dependent upon antigen: antibody ratios as well as the molecular weight of 

antigen and isotype of antibody. Absent or reduced C4A function may 

encourage the formation and reduce the clearance of immune complexes. The 

differences between C4A and C4B with regard to CRl binding are probably the 

most important in vivo differences between the 2 isotypes. With a relative 

deficiency of C4A one may predict that larger complexes would be formed.

Such complexes would normally bind more readily to CRl but when C4A is 

limiting, this second protective mechanism may prove ineffective (Gatenby et 

a l ,  1990).
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The extended haplotype A l, B8, DR3 almost invariably carries a null 

allele at the C4A locus (Awdeh, Raum, Yunis and Alper, 1983; Fielder et a l, 

1983; Skarsvag, 1995). PG may, therefore, be an autoimmune disease related 

to defective function of C4.

1.5. Endocrine determinants in pemphigoid gestationis

The defining association of PG with pregnancy, later established with 

trophoblastic tumours, has led to considerable interest in the role of endocrine 

determinants in the aetiology and clinical activity of PG, The importance of 

hormonal factors was suggested by Tommasi in 1924 who reported a case of 

persistence of PG post-partum in which the severity varied with menstruation 

(Tommasi, 1924). He proposed that PG might be the result of corpus luteum 

hormone deficiency and he used whole ovarian extracts in the treatment of PG 

with apparent success (Tommasi, 1924). Similar clinical improvement with 

corpus luteum extract was reported by Gillman in 1933 and Kampf in 1940 

(Gillman, 1933; Kampf, 1940).

1.5.1. Oral contraceptive pill

The view that PG is undoubtedly hormonally-modulated is reinforced by 

the consistent finding of exacerbations following administration of oral 

contraceptives (Lynch and Albrecht, 1966; Mitchell, 1966). In 1966 Lynch 

and Albrecht reported a 24 year old woman who had PG in her second and third 

pregnancies (Lynch and Albrecht, 1966). After the third pregnancy her skin 

eruption resolved within 6 weeks post-partum. She was then prescribed a 

combined oral contraceptive and after 5 days her rash recurred. The pill was 

discontinued and the eruption resolved. At 5 months post-partum a further 

attempt was made to administer an oral contraceptive but her eruption again 

recurred. It resolved spontaneously on cessation of the drug (Lynch and
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Albrecht, 1966). In a study by Holmes etal. in 1983, 8 patients were 

prescribed an oral contraceptive and 4 had exacerbations (Holmes et a l, 1983a). 

3 of the patients with flare-ups had been given a combined 

oestrogen/progestogen pill, but the patient who presented most severely had 

received oestrogen alone. In the 2 patients who were given progestogen alone 

the activity of the PG was unaffected consistent with the oestrogen component 

being responsible for exacerbations of PG. There is experimental evidence that 

at certain concentrations oestrogen may have immuno-enhancing properties and 

this may account for its effect in PG (Grossman, 1984). Pre-menstrual flares 

may result from a falling serum progesterone level. Progesterone has been 

shown to have immuno-suppressive effects similar to glucocorticoids (Sargent 

and Redman, 1992) and, therefore, could exert an inhibitory effect on PG. 

Such a regulatory role for progestérones could also account for the marked 

changes in disease activity of PG throughout pregnancy.

1.5.2. Menstruation

Holmes et al. demonstrated changes in the severity of PG with 

menstruation (Holmes et a l,  1983a). 4 of 16 patients had exacerbations at the 

time of ovulation, consistent with oestrogen being primarily responsible. In 12 

of these patients exacerbations occurred premenstrually when there was a fall in 

serum progesterone level.

1.5.3. Pregnancy

Serial changes in progesterone levels may also account for the clinical 

patterns of PG during pregnancy. PG is usually in a phase of relative remission 

in the last trimester when progesterone levels are high being followed by a post

partum flare when levels fall (Holmes et a l, 1982). It has been suggested that 

prolactin may exacerbate PG (Bazex, Boubes, Peyrot, Oksman, Parant,
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Boulard and Bazex, 1981). The authors of this report presented the details of a 

patient who following delivery was treated with bromocriptine, an inhibitor of 

prolactin secretion, with apparent clinical benefit, and they also suggested PG 

was more severe in patients who breast-fed their babies. However, this finding 

contradicts those of Holmes who had evidence to suggest that patients who 

breast-fed experienced shorter, less severe post-partum relapses consistent with 

prolactin having an immuno-suppressing effect on PG (Holmes et a l ,  1983a).

1.6. Aims of the present study

Numerous points need clarification before a coherent view of PG is 

produced. It is still unclear, for example, what is the primary event in the 

pathogenesis of PG and the exact molecular make-up of the PG antigen, which 

appears non-antigenic in the normal individual, needs to be determined. The 

serum titre of circulating autoantibodies does not vary with disease activity and 

antibody production could be a secondary phenomenon. The formation of bullae 

which alter the structure of the BMZ may expose epitopes in the antigenic 

molecules or result in conformational changes in BMZ constituents. However, 

once antibodies are synthesised they are clearly responsible for perpetuating the 

disease, due in part to complement activation and in part to cell lysis. The role 

of eosinophils and IgG in the pathogenesis of PG are still unknown.

Accordingly the principal hvpothesis of the present study is that the 

critical events leading to the clinical phenotype in genetically predisposed 

individuals with PG are immunologically mediated. Downstream effector 

systems include serum IgE, circulating anti-BMZ IgE autoantibodies and 

eosinophils which may all be changed with disease.
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The specific aims of the present study were, therefore, to:

1. advance further the clinical-genetic characterisation of the condition with 

emphasis on the effect of parity, the patterns of affected pregnancies 

following changes in patemity and the causes and principal factors 

responsible for the development of skip pregnancies;

2. advance further the molecular-genetic characterisation of the condition by 

defining the relationship between PG and newly identified MHC class II 

subtypes and MHC class m  genes, especially C4 null alleles, which are 

located close to the class II loci;

3. examine the role of potential downstream effector systems in the generation 

of the PG phenotype and, in particular, examine the relationship between 

anti-HLA antibodies in PG and IgG and C3. In addition, the potential role 

of IgE has been studied by examining both serum IgE and IgE BMZ 

deposition in PG. PEP has been used to provide control samples as it has 

clinical and histological similarities to PG;

4. characterise components of distal effector systems in the production of the 

clinical phenotype, using the split skin technique to detect IgG and C3 

deposition along the cutaneous BMZ.
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2. MATERIALS AND METHODS

All the work has been completed to currently accepted high ethical 

standards (St. Thomas’ Hospital Ethics Committee).

2.1. Patients with pemphigoid gestationis

87 patients, nationally-recruited, with a history of PG were included in 

this study. 74 of these patients had been identified by the reference centre when 

I commenced my study (January 1992) with a further 13 recruited over the 

following 30 months. They were identified both by a survey of Consultant 

Dermatologists within the United Kingdom and from reference laboratories. In 

all the patients the following were noted: age at time of study, parity, number 

of pregnancies complicated by PG, gestational age of onset of the eruption, 

duration of disease, changes of partner, occurrence of spontaneous abortions 

and still births, neonatal involvement, treatment required and any effect of oral 

contraceptive use.

The diagnosis in all cases was made on the basis of typical clinical 

features of a pruritic vesiculo-bullous eruption commencing during pregnancy or 

in the immediate post-partum period. In all cases the diagnosis of PG was 

confirmed by either direct IF of peri-lesional skin showing linear deposition of 

C3, with or without IgG, along the BMZ or indirect IF showing IgG or the 

capacity to fix C3 along the cutaneous BMZ.

At the time of the study some of the patients were in disease remission in 

which cases retrospective serum samples had been taken at the time of disease 

activity. The sera collected prospectively were aliquoted at the time of collection, 

snap-frozen in liquid nitrogen and then stored at -70 °C until analysed.
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2.2. Patients with polymorphic eruption of pregnancy

32 patients with PEP have also been included in this study for 

comparison. All were identified with clinical criteria as above (see section

1.1.2,1.). Most of this group were primigravidae but some had had more than 

one pregnancy. The mean age was 23 (range, 18 to 35) years.

All patients developed an urticarial eruption which invariably began on 

the lower abdomen in association with prominent striae. Although the abdomen 

was affected in the majority of cases, the peri-umbilical skin was often relatively 

spared. The urticarial papules frequently spread to affect the thighs, arms, 

lower legs and buttocks and many of the papules were surrounded by a blanched 

halo. As the eruption evolved some cases developed vesicles, target lesions, 

polycyclic wheals and annular erythema. A few patients had acral 

papulovesicles. With resolution of the eruption it tended to become crusted with 

fine scaling.

The mean onset of PEP was 36 weeks gestation, although the eruption 

began in the first week of the puerperium in a few cases. The eruption was self- 

limiting in all the cases and systemic steroids were never administered.

2.3. Selection of controls

There were several groups of controls as discussed. Known patients 

with BP were used as positive controls for direct and indirect IF, normal human 

skin was used as negative control for direct IF and healthy laboratory volunteers 

were used as negative controls for indirect IF.

The following healthy individuals served as controls: 24 first trimester 

pregnant women attending the antenatal clinic at St. Thomas’ Hospital for the 

IgE studies, 1000 matched pregnant women attending the Oxford Radcliffe 

Hospital for their second or subsequent pregnancy for the anti-HLA studies, 43
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females for the MHC class H typing, and 60 Caucasian blood donors for 

complement polymorphism analyses.

All patients with BP had typical clinical and histological findings with 

immuno-reactants deposited in the basement membrane of the skin on direct IF 

examination and circulating anti-BMZ antibodies. Skin and serum samples were 

obtained from these patients and handled as described below.

2.4. Histological assessment

Biopsy specimens from involved skin from all patients with PG were 

processed for routine histopathology by fixation in formalin for 24 hours. They 

were then embedded in paraffin wax, 6p,m thick sections cut and stained with 

haematoxylin and eosin.

2.5. Direct immunofluorescence

Standard direct IF studies were performed on the skin of 55 patients with 

PG and 32 patients with PEP (Bhogal and Black, 1990). These specimens were 

mounted in optimal cutting compound (OCT) cryoprotectant (Miles Scientific, 

Naperville, Illinois, USA), snap-frozen in liquid nitrogen and stored at -70 °C 

until used. 4pm cryostat sections were cut from the snap-frozen biopsies in a 

cryostat set at -25 °C. The sections were air-dried for 10 minutes and then 

washed in PBS, at pH 7.4, for 30 minutes. The sections were dried again for 

10 minutes and then incubated in a moist chamber, at 37 °C, for 30 minutes 

with commercially available FITC-labeled rabbit anti-human IgG, IgM and IgA 

antibodies (Dako, High Wycombe, UK). In addition, sections were stained 

with FITC-labeled antibodies to C3 (Atlantic Antibodies, Stillwater, Maine, 

USA) and fibrinogen. All antibodies were diluted 1 in 100. After incubation the 

sections were washed in PBS for 30 minutes, air-dried and then mounted in 

buffered-glycerol and examined with a fluorescence microscope.
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2.6. Substrates for indirect immunofluorescence

Intact normal human skin and IM NaCl-separated human skin were used 

as substrates for indirect IF assays. Normal human skin was obtained from 

patients undergoing breast reductions and abdominoplasties who had no history 

of blistering, or other skin disease or autoimmune disease. Skin was snap- 

frozen in liquid nitrogen and then stored at -70 °C until used. An example of the 

tissue was stained with haematoxylin and eosin to show that it had normal 

morphology. Appropriate tissue blocks were mounted in OCT and a 4pm 

section was cut and stained with toludine blue to confirm the orientation of the 

specimen. Multiple adjacent sections were then cut and stained for IF.

Normal human skin was chemically separated using IM NaCl solution. 

4mm punch biopsies of skin were incubated in IM NaCl solution and incubated 

at 4 °C for 72 hours in the presence of PMSF, a proteolytic enzyme inhibitor. 

This is the optimum condition for epidermal-binding BMZ antibodies (see 

section 12.4.; Jenkins, Rodenas, Bhogal and Black, 1994). After this interval 

the epidermis could be easily removed from the dermis by gentle traction. Once 

separated, the epidermis was placed back onto the dermis and the tissue was 

snap-frozen in liquid nitrogen and stored at -70 °C until used. Examples of the 

frozen tissue were examined in a direct IF technique using serum from known 

BP patient and commercially-available anti-laminin and anti-type IV collagen 

antibodies (Bethesda Research Laboratories, Bethesda, Maryland, USA) to 

confirm the site of the split.

2.7. Indirect immunofluorescence

Indirect IF was performed on all 87 patients with PG and 32 patients 

with PEP. 4pm cryostat sections of normal human skin were cut from the 

frozen blocks, air-dried for 10 minutes, and rinsed in PBS at pH 7.4 for 10
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minutes. After air drying again, sections were then incubated in a moist 

chamber at 37 °C for 30 minutes, first with patients' serum, washed with PBS 

for 30 minutes, dried for 10 minutes and then incubated at 37 °C for 30 minutes 

with FITC-labeled rabbit anti-human IgG diluted 1 in 100 with PBS. After a 

final PBS wash for 30 minutes, followed by drying, sections were mounted in 

buffered-glycerol and examined by fluorescence microscopy. All patients’ sera 

were incubated with anti-IgO and C3.

The serum from 17 patients with PG, 12 patients with PEP and 24 

controls was assessed for the presence of anti-IgE BMZ antibodies whereby after 

air drying for 10 minutes, the sections were incubated in a moist chamber at 

37 °C for 30 minutes with commercially available FITC-labeled rabbit anti

human IgE antibody (Dako, High Wycombe, UK). Sections were then 

mounted in buffered-glycerol and examined by fluorescence microscopy.

An indirect method to assess the complement-fixing ability of the serum 

was used (Bhogal and Black, 1990). Sections were sequentially incubated with: 

i) patient's serum, ii) normal human serum diluted with complement-diluting 

buffer (a source of complement) and iii) FITC-labeled rabbit anti-human C3. All 

incubations were for 30 minutes at 37 °C, and sections were washed for 15 

minutes in PBS between incubations.

All sera were used at a dilution of 1:10 and 1:100 diluted with PBS. Sera 

which were positive at a dilution of 1:100 were titrated by doubling dilutions to 

establish the serum antibody concentration. Those sera which were negative at a 

dilution of 1:10 were additionally screened at 1:5. For the C3 assay sera were 

initially diluted 1:5 and then, if positive, doubling dilutions were titrated.

2.8. Measurement of serum IgE levels

Serum IgE levels were measured in 17 patients with PG, 12 patients 

with PEP and 24 healthy, pregnant controls in the first trimester. None of the
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patients had any history of atopy or eczema. The assay was performed using a 

double radio-immunoassay (Pharmacia Biotech, Milton Keynes, UK) in which 

IgE in the patient's serum competes with a fixed amount of *^^I-labeled IgE for 

the binding sites of the specific antibodies. Bound and free IgE are separated by 

addition of a second antibody immunosorbent followed by centrifugation and 

decanting. The radioactivity in the pellet is then measured and is inversely 

proportional to the quantity of the IgE in the patient's serum.

50|li1 serum which had been freshly centrifuged was added to 50p.l 

commercially available ‘̂ IgE and 50pl commercially available anti-IgE (both 

Pharmacia Biotech) in a centifuge tube which was then shaken to ensure mixing. 

Each determination was performed in duplicate for both patients' sera, control 

sera and standards. The tubes were incubated for 1 hour at 37 °C. 2ml of 

decanting suspension was then added to the tubes and incubated for 5 minutes at 

37 °C. The tubes were then centrifuged at 1500 x g for 10 minutes. They were 

immediately decanted in one movement using decanting racks (Pharmacia 

Biotech) and then left to stand for 30 seconds upside down on absorbent paper. 

The radioactivity was then determined using a gamma counter for ’“ I. The actual 

serum level of IgE was calculated from computerised calculations (Pharmacia 

Biotech).

2.9. Measurement of anti-HLA antibodies

44 patients with a history of PG were studied. The diagnosis in all cases 

was verified by either direct IF showing linear C3 (with or without IgG) along 

the BMZ, or indirect IF showing IgG or the capacity to fix C3 along the 

cutaneous BMZ. Patients ranged from those with current, active disease to 

those who were 12 years beyond their last pregnancy at the time of study. They 

were aged between 20 and 34 years (mean 26 years). 10/44 patients had serial 

anti-HLA antibodies measured.
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32 patients with PEP were also studied. These patients all had negative 

IF. Most of this group were primigravidae but some had had more than one 

pregnancy. The mean age was 23 (range 18-35) years.

Control sera were collected from 1,000 healthy matched pregnant women 

who were attending the hospital for their second or subsequent pregnancy; a 

bank of controls from a renal transplant program. There was no history of 

previous blood transfusions in any of the patients reported.

IgM and IgG antibody titres were measured during or after the second or 

subsequent pregnancy. Sera were tested for anti-HLA activity by standard 

cytotoxicity assay (Ray, Hare, Pederson and Mullelly, 1976), modified by the 

use of 2 \il aliquots to increase sensitivity. Target lymphocytes were 

concentrated by a standard Ficoll-Hypaque flotation technique, with the density 

concentrated to exclude monocytes.

To determine class II specificity, class I antibodies were absorbed by 

clarifying test sera against pooled platelets. Clarified sera were then tested 

against B cells of known HLA type in a micro-cytotoxicity assay (Ray et a l, 

1976). B cells were isolated by immuno-magnetic separation using the 

monoclonal antibody CD 19 (Dynal UK Ltd.).

IgG antibodies to class I and class II HLA antigens were also measured 

using flow cytometry as described by Harmer et a l  (Harmer, Haskard,

Koffman and Welsh, 1990). Flow cytometry is ten times more sensitive than 

cytotoxicity for detecting IgG antibodies and was performed if cytotoxicity was 

initially negative. This method was used to determine serial measurements.

Titres from both the cytotoxicity assay and flow cytometry were 

expressed as percentages (normally undetectable).
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2.10. MHC class II typing

41 patients with a history of PG were studied. All cases were verified by 

either direct IF showing linear C3, with or without IgG, along the BMZ, or 

indirect IF showing IgG or the capacity to fix C3 along the cutaneous BMZ. 

Patients ranged from those with current, active disease to those who were 12 

years beyond their last pregnancy at the time of sampling. They were all of 

indigenous British stock. A control population consisted of 43 female adults 

with no history of any disease known to be associated with specific MHC 

alleles.

5 mis of blood were collected by venepuncture into an EDTA vacutainer, 

separated by centrifugation at 1000 g at 4 °C for 15 minutes, snap-frozen and 

stored until used at -70 °C. DNA was prepared from peripheral blood 

leukocytes using standard techniques (Miller, Dykes and Polesky, 1988).

Analysis of DQA was performed in 38 cases by RFLP (Bidwell, 1988). 

Genomic DNA was digested with the specific restriction endonuclease Taql 

(New England Biolabs, Massachusetts, USA) followed by 0.7% agarose gel 

electrophoresis, in situ dénaturation of duplex DNA and neutralisation by 

standard techniques, then transferred to nylon-support membranes (Amersham 

International, Herts, UK). The blots were hybridised with a radiolabeled DQA 

cDNA probe. DQA allele specific bands were identified after autoradiography. 

Analysis of DQB and DRBl was performed in 41 cases by SSO probing of 

PCR-amplified genomic DNA (Vaughan, Lanchbury, Marsh, Hall, Bodmer 

and Welsh, 1990; Doherty and Donaldson, 1991). PGR amplification of salt- 

extracted genomic DNA was performed in an automated thermal cycler (Techne 

Ltd., Cambridge, UK). 10 |ig of amplified DNA were electrophoresed in 

1.5% agarose, transferred to nylon filters, probed using radio-labeled SSO, 

then washed and autoradiographed against Kodak XAR5 film at -70 °C for lb- 

72 hours. Allele definition using oligonucleotide probes allows for Class II
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allele classification according to standardised terminology (Bodmer, Marsh, 

Albert, Bodmer, Dupont, Erlich, Mach and Mayr gr a/., 1991).

At least 16 subtypes of DR4 are recognised from sequence analysis. Full 

analysis of these subtypes requires allele-specific amplification of target DNA 

(Wordsworth, Lanchbury, Sakkas, Welsh, Panayi and Bell, 1989). For 

initial screening selected DR4 subgroups were typed to allow for discrimination 

of the most common DR4 subtype (DRBl*0401) from other possible DR4 

subtypes (DRB1*040X).

2.11. Assessment of complement polymorphism

42 patients with a history of PG were studied. Controls consisted of 54 

random, Caucasian blood donor patients who were studied in the same 

laboratory by the same technique. 5 ml of blood were collected by venepuncture 

into an FDTA vacutainer, separated by centrifugation at 1000 g at 4 °C for 15 

minutes, then stored at -70 °C until used. Samples were thawed immediately 

before analysis. Plasma complement component polymorphisms were 

determined by high-voltage agarose-gel electrophoresis. Each variant, or 

allotype, was assigned on the basis of its relative electrophoretic mobility. The 

common C3 and factor B allotypes are called F (fast) and S (slow) variants, 

while rarer types are given numbers to indicate their mobility. Although both 

allotypes of C4 exhibit structural polymorphism, for this study, only the 

presence of C4 null alleles was established.

Analysis for factor B polymorphism was performed by electrophoresis of 

serum in 1% agarose solution followed by immunofixation using commercially 

available antisera (Atlantic Antibodies; Alper, Boenisch and Watson, 1972). 

Electrophoresis was carried out for 2 hours until a human haemoglobin marker 

had migrated 1 cm from the wick of the gel. Anti-factor B antiserum was spread
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evenly over the gel and then incubated in a moist chamber for 3 hours. Staining 

for factor B was performed using 0.2% Coomassie brilliant blue.

C3 analysis was performed using agarose-gel electrophoresis in 

barbitone and calcium lactate buffer (pH 8.65; Alper, 1973). The function of 

calcium ions is to reduce the electrophoretic mobility of C3 to avoid confusing 

bands. After 150 minutes of electrophoresis the gel was fixed in 20% 

trichloroacetic acid (TCA) and washed in double-distilled de-ionised water. It 

was then stained with 0.2% Coomassie brilliant blue. 41 patients were available 

for C3 analysis. Controls consisted of 60 random, Caucasian blood donors 

studied in the same laboratory by the same technique.

Analysis of C4 polymorphism was performed with immunofixation of 

electrophoresed, de-sialised plasma (Awdeh and Alper, 1980). Plasma samples 

were first incubated with neuraminidase from Clostridium perfringens VI 

(Sigma Chemical Co., Eastbourne, UK) in phosphate buffered saline for 15 

hours for de-sialisation. Electrophoresis was performed in 1 % agarose using 

TRIS/glycine/barbitone buffer system for 3 hours by which time a human 

haemoglobin marker band had migrated 10 cm. C4 was visualised by layering 

goat anti-human C4 antiserum (Atlantic Antibodies) evenly over the plate. After 

2 hours of incubation in a humid chamber at room temperature the plates were 

stained with 0.2% Coomassie brilliant blue. Null alleles (C4Q0) were defined 

on the basis of the C4A/C4B ratio. This allowed for identification of single-null 

alleles and double-null alleles when both were at the same locus, but not if one 

null allele was at each locus. C4 phenotypes including one C4AQO and one 

C4BQ0 are indistinguishable by this technique from phenotypes that do not 

contain any null alleles (Fig. 2.1.). Therefore, gel electrophoresis with 

densitometry does not distinguish between an AOBO or an AABB allele with 

low expression. Informative families will allow such discrimination and 

extensive family typing was therefore performed. With electrophoretic analysis
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Figure 2.1. Detection of C4 null alleles

1

The ratio of C4A to C4B allows the detection of null alleles. Deletion (null allele) at one site (a) or both 
sites (b) of the same locus results in an abnormal ratio A:B. Deletion at one site of each locus (c, d) 
maintains a normal ratio A:B and is therefore detectable only by family typing.



on families six C4 genotypes with respect to null alleles could be identified: 1) 

AABB: no detectable null alleles; 2) AOBB: a single null allele at the C4A 

locus; 3) AABO: a single null allele at the C4B locus; 4) AOBO: two null 

alleles, one at each locus; 5) OOBB: two null alleles at C4A; 6) AAOO: two 

null alleles at C4B (Table 2.1.).

38 patients were available for analysis of C4 polymorphism and controls 

consisted of 42 random, Caucasian blood donors studied in the same laboratory 

by the same technique. The approach using families allowed the assignment of 

AOBO phenotype. The increased frequency of defined null alleles is consistent 

with a similar family analysis performed by Fielder et a l in which the same 

approach was used on DR3-linked disease and controlled families (Fielder et a l, 

1983).

2.12. Statistical analysis

Results are presented as means and standard deviation. Statistical 

comparisons between patients and controls were evaluated in most groups using 

the chi-square test. Probability (p) values are presented. Where an association 

was not previously reported, Yates' correction factor was applied whereby 

appropriate p  values were multiplied by the number of alleles studied. Fisher's 

exact test was used for very small expected frequencies.
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Table 2.1. Possible C4 genotypes with respect to null alleles

Genotype 1 Number of null alleles

AABB 1 No detectable null alleles

AOBB 1 A single null allele at the C4A locus

AABO 1 A single null allele at the C4B locus

AOBO 1 Two null alleles, one at each locus

OOBB 1 Two null alleles at the C4A locus

AAOO I Two null alleles at the C4B locus



3. CLINICAL AND HISTOLOGICAL PROFILE OF 

PEMPHIGOID GESTATIONIS

3.1. General profile

The age range of the patients with PG at the time of the study was 18 to 

38 (mean 28) years. There were a total of 278 pregnancies from the 87 patients 

studied and 142 of these were complicated by PG (see Table 12. L). There were 

4 sets of twins, 3 of which were complicated by PG. The gestational age at 

which the disease first appeared in the total patient group ranged from 5 weeks 

gestation to 35 days post-partum. The initial presentation occurred as early as 

the first pregnancy or as late as the seventh. Information about the onset of PG 

was available in 117 pregnancies. In 21 cases the disease started in the first 

trimester, in 40 cases in the second trimester, in a further 40 cases in the third 

trimester, and in 16 cases the eruption began post-partum. The initial lesions in 

all the patients were areas of intensely pruritic erythema (Figs. 3.1., 3.2. and 

3.3.). Subsequently urticated papules and plaques appeared and the majority of 

patients developed large, fluid-filled blisters (Fig. 3.4.). Blisters occurred on 

areas of urticated erythema (Figs. 3.5. and 3.6.). The duration of disease 

activity ranged from 2 weeks post-partum to 12 years post-partum, the majority 

of patients being disease-free after about 6 months.

In conclusion the time of onset of PG is variable but it is much more 

likely to begin in the second or third trimester than in the first as previously 

reported (Shomick et a l, 1983a; Yancey, 1990). Initial post-partum onset in 

13.7% (16/117) pregnancies is similar to the finding of 20% reported by 

Shornick (Shomick, 1993). One patient, however, did not develop her disease 

until 35 days post-partum.
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Figure 3.1. Peri-umbilical annular plaque with early vésiculation in

pemphigoid gestationis



Figure 3.2. Widespread annular erythema in pemphigoid

gestationis



Figure 3.3. Widespread erythema on trunk in pemphigoid

gestationis



Figure 3.4. Bullous lesions on thighs in pemphigoid gestationis

r



Figure 3.5. Bullae on urticated erythema on forearm in pemphigoid

gestationis



Figure 3.6. Tense bullous lesions on foot in pemphigoid gestationis

I



3.2. Parity and paternity change

17/87 patients, complicated by the development of PG, at the time of 

study were primiparous and the remaining 70 were multiparous with parity 

ranging from 1 to 8 previous pregnancies (see Table 12.1.). Of the 87 patients 

41 developed PG during their first pregnancy and the remaining 46/87 developed 

PG in their subsequent pregnancies but not in their first. Of the multiparous 

patients 46/70 (65.7%) were spared PG in their first pregnancy but subsequently 

had 1 or more episodes of PG. There was a significant association between 

developing PG in the first pregnancy and subsequent pregnancy (p<0.001).

15/87 patients had a change in partner and 3 patients had 3 different 

partners. There were 30 pregnancies in these patients and 18/30 (60%) were 

complicated by PG compared to 124/248 (50.0%) pregnancies with no change in 

partner. Among the patients with a change in partner there were 8 (53.3%) 

patients in which the onset of PG coincided with a notified change in partner 

compared to 31/55 (56.3%) patients where no change in partner was reported 

and onset of PG in subsequent but not first pregnancy.

In a study by Holmes et al. in 5/25 patients the development of PG 

coincided with a change in partner and suggested that the development of PG 

may depend on exposure to an antigen derived from the father (Holmes et a l, 

1983a). Although Shomick et a l found an increased frequency of HLA DR2 in 

the partners (Shomick et a l, 1983b), Holmes et al. found no such increase 

(Holmes et a l, 1983a). Perhaps only certain combinations of male and female 

haplotypes serve to sensitise the host and only the second partner of these 

women possess the appropriate contributing factors for the development of PG 

(Shomick gf a/., 1983a).
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3.3. Uninvolved pregnancies

7/87 (8.0%) patients had an uninvolved or skip pregnancy following a 

previously affected pregnancy. The family studies of these patients are shown in 

Figs. 3.7-3.13. HLA haplotyping was performed on as many patients and their 

family members as possible. The first pregnancy of patient ID no. 25 was 

unaffected by PG (Fig. 3.7.). Her second pregnancy was complicated by PG 

which was followed by a skip pregnancy. HLA haplotyping of the child from 

this pregnancy demonstrated that he had identical DR antigens to that of his 

mother. The patient developed PG in her fourth pregnancy and then had an 

ectopic pregnancy at 10 weeks in her fifth and final pregnancy. Patient ID no.

35 had 2 skip pregnancies (Fig. 3.8.). Her first pregnancy was complicated by 

PG. She had a second pregnancy from a different partner and developed severe 

PG early on in this pregnancy at 8 weeks gestation. She had this pregnancy 

terminated because of the severity of the PG. She then went on to have 3 further 

pregnancies from her original partner. Both pregnancy nos. 3 and 5 were skip 

pregnancies. She miscarried her fourth pregnancy. Patient ID no. 36 had a total 

of 6 pregnancies (Fig. 3.9.). However, she did not have a skip pregnancy until 

her last pregnancy which was from a different partner to the previous 5. Her 

first pregnancy was unaffected by PG and HLA haplotyping of this child 

demonstrated the presence of HLA-DR4, 6 whereas she had D R 3,4. Pregnancy 

nos. 3 and 4 were both complicated by PG. The daughter from pregnancy no. 3 

had identical DR antigens to that of her mother (DR3,4) but the son from 

pregnancy no. 4 had non-identical DR antigens (DR3, 3). Unfortunately the 

child from the skip pregnancy was not tested. Patient ID no. 43 had a skip 

pregnancy in her second pregnancy.

The HLA haplotypes of all the members of this family (Patient ID no. 43) 

are shown in Fig. 3.10. Interestingly the patient, herself, has DR7, 11 and not 

the typical DR3/4 pattern found in the majority of PG patients. Both of the two
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Figure 3.7. HLA family study of patient ID no. 25
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Figure legend (also applies to Figs. 3.8.-3.13.)
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Figure 3.8. HLA family study of patient ID no. 35
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Figure 3.9. HLA family study of patient ID no. 36
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Figure 3.10. H LA family study of patient ID no. 43
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Figure 3.11. H LA family study of patient ID no. 50
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Figure 3.12. H LA family study of patient ID no. 71
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Figure 3.13. H LA family study of patient ID no. 87
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(Figure legend as in Fig. 3.7.)



children have different DR antigens compared to their mother despite the first 

pregnancy being complicated by PG (DR2,7) and the second was a skip 

pregnancy (DR2, 11). Patient ED no. 50 had a skip pregnancy in her second 

pregnancy and then went on to have a further development of PG in her third 

pregnancy (Fig. 3.11.). Patient ED no. 71 developed PG in her first pregnancy 

which resulted in a stillbirth (Fig. 3.12.). She then went on to have 2 successive 

skip pregnancies with successful outcomes. Patient ID no. 87 had a skip 

pregnancy in her third pregnancy which was from a different partner to the 

previous 2 pregnancies, the second of which was complicated by PG (Fig. 

3.13.).

It has been estimated that -5%  of PG cases may have skip pregnancies, 

thought to occur in association with a change in paternity (Holmes et a l, 1983a; 

Shomick, 1993). 3/7 patients in this study had a change in partner but in fact in 

only 2/3 of these patients did a skip pregnancy occur following a change in 

partner (Figs. 3.9. and 3.13.). It is unusual to have a skip pregnancy and one 

would expect that the hormonal changes of pregnancy would be sufficient to re

activate the PG. The fact that PG failed to occur in patients who had been 

previously affected suggests that PG was actively suppressed in the skip 

pregnancies.

Since PG is immunologically mediated its failure to develop could result 

from the activation of suppressor T cells. DR3/4-positive patients who are 

thought to have increased immune responsiveness may, therefore, be able to 

suppress their disease activity in some cases. Holmes et ah in 1983 reported 

2/25 patients who had episodes of PG followed by normal pregnancies and 

concluded that such skip pregnancies were more likely when the mother and 

foetus were fully compatible at the HLA DR locus (Holmes et a l,  1983a). 

However, an HLA study of a further family in which all of the pregnancies were 

affected by PG demonstrated that PG could occur when the DR antigens of the

104



foetus were shared by the mother (Holmes et a l,  1983a). Ibbotson and 

Lawrence have recently reported a patient who had PG in her first pregnancy and 

then had a skip pregnancy despite constant paternity and nonmatching HLA-DR 

antigens between the mother and child (Ibbotson and Lawrence, 1995).

In the present study the HLA haplotype of one skip pregnancy 

demonstrated that the mother and foetus had identical DR antigens (Fig. 3.7.) but 

this was not the case for another patient in which a skip pregnancy occurred 

when the mother and foetus were not fully compatible at the DR locus (Fig. 

3.10.). This study, therefore, demonstrates that skip pregnancies may occur in 

patients who have had PG without a change in partner and that such skip 

pregnancies cannot be attributed to the sharing of a common HLA-DR antigen 

complement between the mother and child. The explanation as to why skip 

pregnancies occur remains uncertain.

3.4. Spontaneous abortions and stillbirths

In the 278 pregnancies there were 44 (16.0%) spontaneous abortions and 

4 (1.5%) ectopics (see Table 12.1.) compared to a combined figure of 15% in 

the normal population (Sigal and Ron, 1994; p=n.s.). 34/44 (77.3 %) 

abortions and all of the ectopic pregnancies occurred during the first trimester. 

Surprisingly, one pregnancy was terminated surgically because of severe PG 

early on in the pregnancy (patient ID no. 35). There were 3 hydatidiform moles 

(Patient ID nos. 33, 47 and 61) 2 of which were complicated by PG (Patient ID 

nos. 47 and 61). There were 7 stillbirths, 4 of which were associated with PG 

and 3 were not (see Table 12.1.). 3/4 stillbirths associated with PG occurred in 

the same patient (Patient ID no. 44) but in none was the cause of death directly 

related to PG (severe pre-eclampsia in one and rhesus disease in the other 2 

affected pregnancies). Patient ID no. 71 had a still birth in her first pregnancy 

which was complicated by PG and then went on to have 2 successive skip
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pregnancies. In the other 3 cases the stillbirths occurred before the first 

pregnancy associated with PG and were probably due to placental insufficiency. 

Patient ED no. 1 had 7 successful uninvolved pregnancies followed by a stillbirth 

which coincided with a change in partner which was subsequently followed by 

another pregnancy which was her first and only pregnancy complicated by PG 

which coincided with another change in partner (see Table 12.1.). Patient ED no. 

24 had a stillbirth following a normal pregnancy and then went on to have a 

further pregnancy which was complicated by PG. Patient ID no. 67 had a 

spontaneous abortion in her first pregnancy. She then changed her partner, and 

following a successful normal pregnancy, had a stillbirth. She then went on to 

have 2 further pregnancies which were both complicated by PG; the second of 

which resulted in a spontaneous abortion at 16 weeks.

There were 2 additional neonatal deaths in the PG group (see Table

12.1.). The first was of a neonate bom at 32 weeks gestation which was the 

outcome of a third pregnancy but the first associated with PG (Patient ID no.

24). This baby died from cerebral disease secondary to toxaemia of pregnancy. 

This patient had had a stillbirth in her second pregnancy. The second was of a 

neonate also delivered at 32 weeks gestation which was the outcome of a second 

pregnancy complicated by PG (Patient ID no. 25). This neonate died at 36 hours 

from respiratory distress syndrome. The 4 stillbirths and 2 neonatal deaths that 

may have been associated with PG or the susceptibility to PG, therefore, 

represent 6 events in the 278 pregnancies (2.1%). This figure of 2.1% is not 

significantly different from the 1% in the normal population (Sigal and Ron, 

1994). There is, therefore, no evidence for an increase in the frequency of 

spontaneous abortions as previously described in some investigations (Lawley et 

a i ,  1978).

There were 5 infant deaths in addition to the 2 neonatal deaths (see Table

12.1.). Patient ED no. 7 delivered an infant with trisomy 21 which died at 6
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months of age. This was the patient’s second pregnancy (of 2) both of which 

were complicated by PG. Another patient had a child who died suddenly at 4.5 

months of age (Patient ID no. 20). This was the second pregnancy, out of 3, 

but the first complicated by PG. She had a successful third pregnancy which 

was also complicated by PG. Another patient delivered an infant with trisomy 

23 which died at 3.5 months of age (Patient ID no. 27). This was the patient’s 

first pregnancy (of 4); she did not develop PG until her third and fourth 

pregnancies. Another infant death was of a baby bom at 32 weeks gestation 

which was the patient’s seventh pregnancy but the first associated with PG 

(Patient ID no. 40). This infant had trisomy 18 with multiple anomalies 

including an ill-defined cardiac defect and died from respiratory distress 

syndrome aged 5 days. A child from another patient died from rubella heart at 8 

weeks (Patient ID no. 41). This was the fifth pregnancy of this patient, the first 

3 resulted in spontaneous abortions and the fourth, fifth and sixth were 

complicated by PG.

3.5. Features of neonatal disease

Only 2 infants had evidence of skin disease (see Table 12.1.). One baby 

developed urticated erythema in the first few days of life with frank blister 

formation. The bullae resolved spontaneously after 6-7 days although the rash 

persisted on the hands and feet for 10 weeks. The other baby had normal skin at 

birth and then developed a widespread, erythematous papular eruption at 1 

month of age which lasted only 2 days. There were no pustules and no bullae. 

Neither infant required any specific treatment since the emptions resolved 

spontaneously. The patient of the first child also developed PG in her first 

pregnancy with no apparent effect on the child (Patient ID no. 10). However, 

the first child did not develop a skin emption. The mother of the second baby 

only developed PG in this pregnancy and not in her first (Patient ID no. 37).
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3.6. Associated autoimmune diseases

12/87 (13.8%) patients with PG had associated autoimmune disease (see 

Table 12.1.). Most of these patients had previously been collected over many 

years in the department in which I completed my thesis (Shomick and Black, 

1992b). 9/12 patients had a past medical history of Graves’ disease; 2/9 

patients also had alopecia areata and 1/9 had vitiligo. In addition another patient 

had alopecia areata alone. A further 1 patient had hypothyroid disease and 

another had autoimmune thrombocytopenia. The female prevalence of Graves’ 

disease in the normal population is 0.4% and, therefore, the figure of 10.3% 

which represents 9/87 patients with Graves’ disease is significantly increased. 

27/87 (31.0%) patients had a family history of an autoimmune disease; 

sometimes two different conditions occurred in the same family. 3/27 patients 

were collected by myself and, therefore, not previously reported. 18/87 

(20.7%) patients had a family history of thyroid disease either Graves’ disease or 

myxoedema, 4 gave a history of alopecia areata, 7 diabetes mellitus, 2 

pernicious anaemia and 1 vitiligo.

3.7. Treatment

There was no standardisation of treatment of PG in this study since the 

patients were managed by different physicians. 69/87 (79.3%) patients had well 

documented treatment which generally ranged from moderately potent topical 

corticosteroids to systemic corticosteroids. 56/69 (81.2%) patients required 

systemic corticosteroids. The initial dose of prednisolone ranged from 5-110 mg 

daily and was partially determined by the severity of the eruption. Systemic 

corticosteroid therapy suppressed blistering in all but 2 cases. 13/69 (18.8%) 

patients required only topical corticosteroids for treatment of their eruption. In 

addition to systemic prednisolone other oral medications were sometimes used in 

the treatment of PG and some patients had several different therapies, at
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different times, in their disease to try to suppress activity; 2 patients required 

azathioprine but with no benefit; 6 patients were given dapsone without 

appreciable benefit; 5 patients received pyridoxine but only one patient reported 

any therapeutic response; 2 patients had a course of plasmapheresis with only 

temporary relief of itching which recurred 6 weeks after the treatment was 

stopped; 2 were managed with sulphapyridine but again with no success; 2 

patients were given androgenic steroids and 1 patient was treated with goserelin 

with initial success only (Garvey et a l, 1992). 2 patients (Patient ID nos. 49 

and 62) in this study were exceptional in that the eruption was not brought under 

control with systemic corticosteroids with disease persistence for >10 years (see 

section 12.3.).

3.8. Oral contraceptive use

The combined oral contraceptive pill had been prescribed, at some time, 

in 56/87 (64.4%) patients. Only 6/56 (10.7%) patients complained of a flare in 

their PG. However, the majority of these patients were taking the pill before the 

development of PG and did not recommence the drug after their affected 

pregnancy, therefore, the low incidence of exacerbation of PG by the oral 

contraceptive pill may underestimate true risk.

Holmes et a l reported 4/8 patients had exacerbations of their disease 

following oral contraceptive administration (Holmes et a l,  1983a). 3 of the 

patients had been prescribed a combined oestrogen/progestogen pill as in this 

present study. Shomick et a l  reported 4/9 patients had no difficulty with oral 

contraceptives (Shomick et a l , 1983a).

3.9. Histological assessment

Histological examination of skin biopsies from patients with PG was 

undertaken with particular interest as to the presence of eosinophils. A range of
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histological findings were seen. All of the lesions which were clinically 

vesiculo-bullous demonstrated sub-epidermal bullae. When vesiculo-bullous 

lesions were present, the level of the blister was sub-epidermal. Spongiosis and 

papillary oedema were also prominent features (Fig. 3.14.). In addition to the 

intense papillary oedema leading to sub-epidermal blistering there was also 

spongiosis in all of the specimens. Generally there was a mixed cellular infiltrate 

consisting of lymphocytes, histiocytes and eosinophils which were scattered 

throughout the dermis but with some peri-vascular accentuation. Eosinophils 

were prominent in the peri-vascular infiltrate and within the bullae in all of the 

bullous lesions. Adjacent to the bullae were foci of eosinophilic spongiosis and 

occasional eosinophil papillary micro-abscesses (Fig. 3.15.).

In conclusion, these results are similar to those obtained in previous 

studies demonstrating prominent eosinophils throughout the dermis and to a 

lesser extent the epidermis. These findings are important for the interpretation of 

the IgE data presented in this thesis (see section 5).
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Figure 3.14. Early lesion in pemphigoid gestationis with severe 

papillary dermal oedema and subsequent sub- 

epidermal vesicle formation. Eosinophils are 

present in the inflammatory infiltrate (H&E; 

magnification: x25)
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Figure 3.15. Sub-epidermal vesicle containing several 

eosinophils (H&E; magnification: x40)



4. IMMUNOFLUORESCENCE FINDINGS IN 

PEMPHIGOID GESTATIONIS

4.1. Direct immunofluorescence of the skin

Direct IF was performed on 55 patients with PG (Table 4.1.). They all 

had C3 deposited identified in a linear band along the basement membrane (Fig.

4.1.). IgG was also found in 16 patients (29.0%) in a linear basement 

membrane band. No other immunoglobulin was detected with no deposition of 

IgM, IgA nor fibrinogen. Direct IF was performed on all the patients with PEP 

(n=32) and the results were negative for both IgG and C3 at the BMZ.

4.2. Confirmation of the plane of separation of 

chemically-treated skin

Indirect IF studies using sera from the group of patients with BP were 

performed using chemically-treated skin as a substrate in order to identify the 

plane of separation of the skin within the BMZ. Deposits of IgG were identified 

on the epidermal aspect of the IM NaCl-split tissue. This implied that the plane 

of cleavage of the skin was through the lamina lucida leaving the BP antigen in 

association with the epidermis. Antibodies to laminin and type IV collagen were 

bound to the dermal aspect of the chemically split skin (Fig. 4.2.).

4.3. Indirect immunofluorescence studies

Using intact normal human skin as a substrate for indirect IF 74 patients 

with PG demonstrated C3 deposition along the BMZ (Table 4.2.). However, 

when chemically-separated skin, through the lamina lucida by incubation with 

IM NaCl, was used as a substrate for the indirect IF assay all 87 patients were 

found to have C3 deposition. Serum titres ranged from 1:5 to 1:400. 40 patients 

had circulating anti-basement membrane IgG when intact skin was used as the
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T able 4.1. Direct IF indicating presence of linear BMZ staining 
of C3, and or IgG, in pemphigoid gestationis (n=55) 
[neg = negative; pos = positive]

P atien t ID no. Ig G C 3

1 i ..............neg................ 1................. pos..................
2 i pos 1................. pos..................
3 i ............ neg................ 1 pos
5 i ............ neg................ 1 pos
6 1 ............ neg................ 1 pos
7 1 ;............ neg................ : pos
8 1 ............ neg................ 1 pos
9 i pos 1 pos
10 i pos j pos
12 1 ............ neg................ 1.................pos..................
15 1 ............ neg................ 1 pos
17 1 ............ n ^ ................ 1.................pos..................
18 1 .............neg................ 1 pos
19 1 pos I................. pos..................
20 I pos i................. pos..................
25 i ............ neg................ 1................. pos..................
26 I pos I................. pos..................
28 1 .............neg................ 1................. pos..................
29 ! pos i pos
30 I ............ neg................ 1 pos
33 I .............neg................1 pos
34 1 ;pos : pos
36 1 ............ neg................ 1................. pos..................
37 1 ............ neg................ 1 pos
40 ! pos 1 pos
41 1 pos 1 pos
42 1 .............neg................1 pos
43 I pos 1 pos



T able 4.1. (continued)

P atien t ID no. IgG C 3

44 1 ............neg.................1.................P.OS..................
45 ............neg.................1.................jP.os..................
46 I ............£0S................1 ...................£0S..................
47 i ............neg.................I .................JP.OS..................
48 ............£os................ 1.................P.OS..................
49 ............neg.................1.................P.OS..................
50 ............neg.................1.................H9.S..................
51 1 .............neg................ 1.................P.OS..................
52 1 ............neg.................1.................. P.OS....................
54 1 ;.............neg.................: .................P.OS....................
55 1 ............neg.................1 .................P.OS..................
59 1 .............neg.................1.................JP.OS..................
60 i pos I .................P.OS..................
61 1 ............neg.................1.................P.OS..................
62 1 ............£0S................ 1 .................pos..................
70 1 ............neg.................1.................pos..................
71 1 ............neg.................1.................pos..................
72 1 ............neg.................1.................pos..................
77 1 ............neg.................1 .................pos..................
79 I ............neg.................I .................pos..................
80 ! ............neg.................1.................pos..................
81 i ............neg.................1.................. P.OS....................
82 1 pos I .................. P.OS..................
83 i ............neg.................1.................. P.OS....................
85 I ............neg.................1.................pos..................
86 1 ............neg.................1.................pos..................
87 1 neg 1 pos



Figure 4.1. D irec t im m u n o flu o rescen ce  o f  p e ri- le s io n a l sk in

show ing  lin ea r deposition  o f  C3 co u n tersta in ed  w ith  

p ro p id iu m  iod ide  (m agn ifica tion : x40)
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Figure 4.2. Anti-type IV collagen antibodies bind to the dermal aspect 

of NaCl split skin (magnification: x25)
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Table 4.2. Indirect IF showing titres of IgG anti-BMZ antibodies 
and C3 titres using intact and NaCl-spIit skin in 
pemphigoid gestationis (n=87)

Patient ID 
no.

IgG titre 
intact skin

IgG titre 
split skin

1 C3 titre j 
1 intact skini

C3 titre 
split skin

1 1/10 1/100 I 1/40 ! 1/100
2 1/100 1/200 i ï/2dd 1 1/400
3 .........neg....................neg........ 1 i/5 1 1/10
4 ........ neg....................neg......... 1........ .neg........i 1/5
5 1/10 1/200 I 1/200 i 1/400
6 .........neg.......... .........neg......... j........ .neg........i 1/10
7 1/200 1/400 1 1/100 1 1/100
8 .........neg.......... 1/100 i 1/5 i 1/20
9 1/100 1/200 1 1/10 i 1/100
10 1/200 1/400 1 1/100 i 1/100
11 .........neg.......... 1/10 i 1/100 1 1/200
12 .........neg.......... 1/10 i 1/10 1 1/20
13 .........neg.......... ......... neg........ i 1/10 i 1/100
14 1/100 1/200 i 1/10 i 1/100
Ï5 .........neg.......... ..... „....neg......... 1 i/id d  1 1/100
16 1/10 1/100 i....... .neg........] 1/10
17 .........neg.......... 1/10 1 1/100 i 1/200
18 1/100 1/200 i 1/10 i 1/100
19 Î/ÏO Î/ÏOÔ i ï / ï d  1 1/100
20 .........neg.......... ......... neg......... 1........ .neg........i 1/5
21 .........neg.......... 1/10 i 1/10 i 1/20
22 .........neg.......... 1/100 1 1/10 i 1/100
23 .........neg.......... 1/100 1 1/20 i 1/100
24 .........neg.......... 1/10 1 1/5 1 1/10
25 .........neg.......... ........ neg........ .1........ .neg........1 1/10
26 ........neg.......... ....... neg......... i 1/10 I 1/100
27 ........ neg......... 1/10 .1....... neg........1 1/10
28 1/10 ï/ïô i) 1 1/10 1 1/100
29 1/100 1/400 ! 1/100 1/200
30 1/10 1/10 I 1/5 1/10
31 1/120 1/800 i 1/100 1/200
32 .........neg.......... 1/100 j....... neg........ j 1/10
33 .........neg.......... i........ neg........ .:........ .neg........j 1/10
34 1/100 1/200 i 1/100 1/100
35 .........neg.......... 1/10 i 1/10 1/100
36 ........ neg.......... 1/10 1 1/10 1/100
37 1/10 1/10 i 1/5 1/20
38 1/10 1/100 i 1/10 1/20
39 ........ neg.......... 1........ neg....... .1....... neg........ j 1/5
40 ........ neg.......... i....... neg........ ! 1/5 1/10
41 1/100 1/100 1 ï / ïd 1/100
42 ........ neg.......... I 1/10 i 1/10 1/100
43 1/10 1/200 I 1/100 1/400
44 1/100 1 1/100 ! 1/20 1/20



Table 4.2. (continued)

P a tien t ID  
n o .

Ig G  
in tact sk in

Ig G  
sp lit  sk in

C 3 
in ta ct sk in

C 3 
sp lit  sk in

45 1/200 1/800 1/100 1/400
46 .........ne^........ 1/10 1/10 1/100
47 1/10 1/10 1/5 1/20
48 .........ne£........ 1/100 1/10 1/100
49 1/200 1/800 1/200 1/400
50 1/100 1/200 1/100 1/100
51 ......... î?e^......... 1/10 1/10 1/20
52 1/10 1/10 1/100 1/100
53 .........neg........ 1/10 1/10 1/10
54 .........neg......... .......neg........ 1/5 1/20
55 1/10 1/100 1/20 1/100
56 .........neg........ 1/10 1/5 1/10
57 1/10 1/100 1/5 1/100
58 1/10 1/10 1/10 1/20
59 .........neg........ .......neg........ 1/5 1/20
60 1/100 1/400 1/100 1/200
61 1/200 1/800 1/100 1/200
62 1/800 1/3200 1/200 1/400
63 i / ï ô ï / iô ô 1/10 i / io o ’
64 .........neg........ 1/10 1/10 1/10
65 1/200 1/400 1/100 1/200
66 1/100 1/200 1/40 1/200
67 1/10 1/10 1/5 1/10
68 .........neg........ ........neg........ 1/5 1/10
69 .........neg......... .......neg........ ........ neg......... 1/10
70 1/100 1/400 1/100 1/200
71 .........neg........ ........neg................. neg......... 1/5
72 .........neg........ .......neg........ 1/5 1/5
73 .........neg........ .......neg........ ......... neg......... 1/5
74 1/200 1/800 1/20 1/100
75 .........neg........ 1/10 1/100 1/100
76 .........neg........ ........neg........ ï / i ô 1/20
77 1/200 1/400 1/10 1/100
78 .........neg........ .......neg........ 1/5 1/10
79 1/10 1/200 1/10 1/100
80 .........neg........ 1/10 i/5 1/10
81 .........neg........ 1/100 1/100 1/200
82 1/100 1/100 1/10 1/100
83 .........neg........ ........neg....... 1/5 1/5
84 .........neg........ .......neg........ 1/100 1/400
85 :

.........neg........ .......neg........ 1/10 1/10
86 .........neg........ .......neg........ ........ neg......... 1/10
87 i neg 1/10 1/10 1/100



substrate. In addition, sera from a further 23 patients in whom no IgG could be 

detected with the intact skin were found to have IgG autoantibodies when the 

chemically-split skin was used as the substrate (Table 4.2.). Serum titres of this 

antibody ranged from 1:10 to 1:800. In all cases in which intact skin was used 

IgG and C3 bound in a linear pattern along the cutaneous basement membrane.

A positive result was defined as a brightly fluorescent band in the epidermal 

basement membrane. In all cases in which split skin was used circulating IgG 

and C3 bound to the epidermal aspect of the tissue (Fig. 4.3.).

When each IF study was performed, a positive control of serum from a 

patient with known BP and a negative control of serum from a normal healthy 

volunteer were used. In the positive control group of patients with BP all cases 

had circulating anti-basement membrane IgG when tested in the indirect assay 

using normal human skin. These IgG autoantibodies were complement-fixing in 

all cases. In addition, when tested against chemically-separated skin all bound 

to the epidermal aspect of the tissue. All normal human sera from the control 

group were negative for circulating IgG on both intact and separated-skin and did 

not fix complement on either substrate. Indirect IF studies were performed on all 

patients with PEP and results were negative for both IgG and C3.

The use of chemically-separated tissue improved the sensitivity of the 

indirect IF technique, increasing the detection of circulating IgG autoantibodies 

in PG from 46.0% (40/87) to 72.4% (63/87) and of C3 deposition from 85% 

(74/87) to 100%. It has been suggested that chemical separation of the epidermis 

from the dermis either modifies or exposes molecules within the basement 

membrane making them more accessible for antibody binding (Kelly and 

Wojnarowska, 1988). Separated tissue may, therefore, provide a substrate 

which is more comparable to the situation in lesional skin. When chemically 

split skin was used as the substrate IgG titres generally ranged from 1:10 to 

1:800 with one patient having an IgG titre of 1:3200 using NaCl-split skin
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Figure 4.3. Indirect immunofluorescence showing pemphigoid 

gestationis serum binding to the epidermal aspect of 

NaCl split skin (magnification; x25)



(Patient ID no. 62). It has been reported that serum IgG titres are usually 

negative and rarely exceed a titre of 1:16 (Shomick, 1987). Rarely, patients 

have been reported with titres of 1:160 or above (Bushkell et al., 1974). Failure 

to detect circulating anti-BMZ antibodies by routine IF may be due to the choice 

of substrate for the assay and to low semm concentration of antibodies.

In conclusion, in indirect IF the use of split skin is a more sensitive 

substrate than intact skin for detecting circulating IgG and C3 in PG. In 

addition, detection of C3 is a more sensitive assay than IgG. Routine use of 

split skin as tissue substrate for indirect IF and employing the C3 amplification 

step therefore appears to be a practical and reliable method for the diagnosis of 

PG.
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5. CIRCULATING IgE LEVELS AND BM Z IgE  

DEPOSITION

Histopathological findings of lesional skin in PG demonstrate that 

eosinophils are prominent cells in the inflammatory infiltrate (see sections 1.1.3. 

and 3.9). Their accumulation at the dermo-epidermal junction and within the 

epidermis precede the development of sub-epidermal blistering. Direct IF 

demonstrates C3 deposition at the BMZ in 100% cases with PG and indirect IF 

demonstrates a circulating C3-binding factor in about 80% of PG patients (see 

section 4). In view of this, one possible mechanism for the blistering in PG is 

damage mediated by enzymes released from eosinophils which have been 

attracted towards the dermo-epidermal junction by IgG mediated activation of 

complement. IgE anti-BMZ antibodies have been demonstrated in the lesional 

skin and sera of some patients with BP (Provost and Tomasi, 1974; Soh et a l,  

1993; Furukawa er a/., 1994). Furthermore, raised serum IgE levels have 

been noted in a number of cases of BP (Parodi and Rebora, 1992; Furukawa et 

a l,  1994), although the role of IgE in the pathogenesis of BP has not been 

established. Whether anti-BMZ IgE antibodies occur as a consequence of the 

BMZ damage caused by specific anti-BMZ IgG or are produced ab initio against 

the BP antigen(s) requires further elucidation. Also the target antigen, 

relationship of anti-BMZ IgE and IgG to disease activity and what role they play 

in the pathogenesis of BP need to be determined. Because of the similarities of 

BP with PG and the findings of anti-BMZ IgE in BP this investigation was 

designed to explore possible associations of anti-BMZ IgE antibodies with PG.

The serum IgE level was measured in 17 patients with PG (see Table

12.1.), 12 patients with PEP and 24 healthy pregnant females as the control 

group. The normal level of <81 kU/1 was obtained from a non-pregnant 

population. Table 5.1. shows that 10/24 (41.7%) women in the control.
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Table 5.1. Serum IgE levels in control, pregnant patient
group (n=24) [normally <81 kU/1, obtained from 
non-pregnant population]

Case ID IgE level (kU/1)
Cl 19
C2 153
C3 1 74
C4 1 12
C5 106
C6 1 8
C l 94
C8 252
C9 156
CIO 388
C ll 1 2
C12 i 1
C13 1 335
C14 142
C15 1 1
C16 219
C17 74
C18 i 27
C19 149
C20 21
C21 i 55
C22 1 22
C23 1 63
C24 40



pregnant patient, group had an elevated serum IgE. Table 5.2. demonstrates 

that 9/17 (52.9%) patients with PG had an elevation of IgE (>81 kU/1). Two 

patients (Patient ID nos. 26 and 62) had serum IgE levels >1000 kU/1. Table 

5.3. shows that 3/12 (25%) with PEP had a raised serum level of IgE, one of 

which was >1000 kU/1 (Case ID I). The amalgamated results from the 3 tables 

are presented together in Fig. 5.1. and are not significantly different. IgE anti- 

BMZ deposition was determined in 12 patients with PG (see Table 12.1.), 12 

patients with PEP and 24 controls. Table 5.4. shows the indirect IF results of 

titres of IgE and IgG anti-BMZ antibodies and C3 titres using intact and NaCl- 

split skin in PG. Only 3/12 patients with PG demonstrated IgE anti-BMZ 

deposition. Patient ID no. 62 had circulating IgE anti-BMZ antibodies which 

were detected using intact and NaCl-split skin whereas patient ID nos. 53 and 55 

had IgE anti-BMZ antibodies which were only detected using NaCl-split skin as 

the substrate. The titre of this antibody was 1 in 20. These 3 patients also had 

circulating IgG anti-BMZ antibodies which were detected using intact and NaCl- 

split skin. None of the patients with PEP nor the control group had any IgE anti- 

BMZ deposition and no IgG or C3 deposition.

Peripheral eosinophils were counted in 9/17 patients with PG and were 

all within the normal range (see Table 12.1.). This contradicts previous studies 

suggesting that peripheral eosinophilia is present in PG (see section 1.4.2.; 

Lawley ar a/., 1978; Diaz-Baltar gf a/., 1982).

This study demonstrates that in PG, and PEP, there is no significant 

elevation in serum IgE level. In addition only 3/12 (25%) patients with PG had 

circulating anti-BMZ IgE. This contrasts with a study of BP patients in which 

9/17 (53%) sera had IgE anti-BMZ antibodies (Sob et a l, 1993). These results 

contradict the findings in cases with BP in which there appears to be an 

association with elevated serum IgE and IgE anti-BMZ antibody (Furukawa et 

a l,  1994). Since IgE does not cross the placenta and the results from my study 

are negative it would appear that IgE does not represent an important pathogenic 

factor in PG.
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Table 5.2. Seram IgE levels in pemphigoid gestationis
(n=17)

Patient ID no. ! IgE level (kU/1)

1 1 42

5 1 363

8 140

12 i 2
18 I 2
26 >1000

28 1 71

34 I 293

37 1 19

46 1 227

53 1 331

55 148

62 >1000

77 469

81 11

82 1 <2

85 I 44



Table 5.3. Serum IgE levels in polymorphic eruption
of pregnancy (n=12)

Case ID IgE level (kU/1)

A 31

B 59

C 6

D 1 25

E 68

F 1 22

G 287

H 21

I >1000

J 20

K 97

L 61



Figure 5.1. Serum IgE levels in controls, PG and PEP (N<81 kU/1) 
[controls: n=24; PG: n=17; PEP: n=12. Results as shown, for the sake of 
clarity, other than 2 PG and 1 PEP had levels>1000 not shown]
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Table 5.4. Indirect IF showing titres of IgE and IgG anti-BMZ 
antibodies and C3 titres using intact and NaCl-split 
skin in pemphigoid gestationis (n=I2)

Patient 

ID no.

IgE

(intact)

IgE

(split)
1 IgG 
1 (intact)

IgG

(split)

C3 

1 (intact)

C3

(split)

1 neg neg 1 1/10 1/100 i 1/40 1/100

5 neg neg 1 1/10 1/200 1 1/200 1/400

12 neg neg neg 1/10 1 1/10 1/20

26 neg neg 1 neg neg 1 1/10 1/100

28 neg neg 1 1/10 1/100 1 1/10 1/100

37 neg neg 1 1/10 1/10 1 1/5 1/20

53 neg 1/20 I neg 1/10 1 1/10 1/10

55 neg 1/20 1 1/10 1/100 I 1/20 1/100

62 1/20 1/20 1 1/800 1/3200 ! 1/200 1/400

77 neg neg 1 1/200 1/400 1 1/10 1/100

81 neg neg 1 neg 1/100 1 1/100 1/200

85 neg neg neg neg 1 1/10 1/10



6. ANTI-HLA ANTIBODIES IN PEMPHIGOID 

GESTATIONIS AND POLYMORPHIC ERUPTION OF 

PREGNANCY

A marked increase in the MHC class H antigens HLA-DR3 and DR4, in 

those with a history of PG is reported; 61-80% of patients have been shown to 

have DR3, 52-53% DR4, and 43-50% to carry both antigens (Shomick et a l,  

1981; Holmes era/., 1982). The presence of anti-HLA antibodies (anti-HLA 

B8) in a patient with PG was first reported in 1977 by Reunala et a l  (Reunala et 

a l,  1977). These antibodies have subsequently been described to be present in 

the serum of over 85% of patients (Shornick et a l, 1983b). Since these patients 

were studied years after their affected pregnancy, it was thought that the true 

incidence of anti-HLA antibodies during active disease would be even higher. 

Certainly, it appeared likely that the incidence of anti-HLA antibodies in PG is 

far in excess of the 38% incidence of anti-HLA antibodies in normal, 

multiparous women (Regan and Braude, 1987). This finding set the stage for 

the discovery that PG placentae demonstrate dramatically increased staining for 

class II antigens (Borthwick et a l,  1984; Kelly et a l,  1988 ; Borthwick et a l, 

1988; Kelly era/., 1989c; Kelly, Black and Fleming, 1990b). In turn, the 

finding of aberrant expression of class II antigens in placenta, but not in PG 

skin, suggests that the primary immunologic event in PG may be taking place 

within the placenta itself (Kelly et a l, 1990b). Since the unusually high 

frequency of anti-HLA antibodies in PG raises the possibility that they may be 

related to the pathogenesis of disease, the present study therefore examined the 

frequency, immunological correlations and specificity of anti-HLA antibodies in 

PG.
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6.1. Anti-HLA antibodies in pemphigoid gestationis

43/44 (97.7%) patients with PG had demonstrable anti-HLA antibodies 

detected by microcytotoxicity assays and/or flow cytometry (see Table 12.1.). 

Table 6.1. shows the titres of these anti-HLA antibodies which are normally 

undetectable in the general population. Tables 6.2. and 6.3. show the frequency 

and specificity of anti-HLA antibodies in the control population and PG patients. 

Only 12 % of the control group had anti-HLA antibodies but 42 PG patients had 

anti-class I antibodies, often at high concentration (p<0.001 vs. controls).

14/42 (33.3%) patients also had mono-specific, anti-class II antibodies (vs. 

controls 8.5%; p<0.001).

28/43 (65.1%) patients had anti-class I antibodies alone, 14/43 (32.6%) 

had both anti-class I and mono-specific anti-class II antibodies and 1/43 (2.3%) 

patient (Patient ID no. 36) had only anti-class II antibodies detectable. All the 

anti-class II antibodies and 22/28 anti-class I antibodies were cytotoxic.

4 patients had anti-HLA antibodies that were detected only by flow 

cytometry (10 times more sensitive than cytotoxicity assay for detecting IgG 

antibodies). 1/4 was anti-class I (Patient ID no. 81), 1/4 was anti-class II alone 

(Patient ID no. 36) and 2/4 were anti-class I and class IIHLA antibodies (Patient 

ID nos. 23 and 71). The presence of anti-HLA antibodies was not correlated 

with HLA type, since they were present in virtually all patients, regardless of 

HLA type.

PG is currently identified by the demonstration of a complement-fixing, 

linear IgG BMZ band in the skin. This antibody has also been shown to bind to 

the amnion (Ortonne et a l, 1987; Kelly et a l,  1988), a finding not surprising, 

given that amnion is derived from foetal ectoderm and is antigenically similar to 

skin (Robinson, Anhalt, Patel, Takahashi, Labib and Diaz, 1984). Although 

patients with PG occasionally develop other autoantibodies, the frequency is
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Table 6.1. Anti-HLA antibody titres [normally undetectable] 
detected by cytotoxicity assay and/or flow 
cytometry in pemphigoid gestationis (n=44)

Patient ID no. j Anti-class I titre
1 (9&)

Anti-class II titre 
(% )

2 i 45 0
5 1 0 0
8 1 70 0
9 1 1ÔÔ 0
10 1 61 0
13 1 58 11
14 1 36 '19
15 I 32 22
16 85 0
17 I 46 0
20 ! 5 0
22 i 64 4 i
23 1 15 30
24 I 66 0
25 i 28 11
26 j 85 0
27 1 24 0
28 1 29 37
29 i 27 0
30 1 57 0
31 1 80 7
32 1 4 0
33 I 44 0
36 1 0 4
38 I Ï6 0
43 1 93 0
45 I 4 0
49 I 60 0
50 1 48 0
58 1 '48 0
60 1 87 0
61 I 51 0
66 1 34 78
67 ! 24 • 0
70 48 0
71 i 16 0
72 1 12 4
73 1 '48 j 30
75 1 60 33
76 1 58 78
79 I 97 89
80 I 30 1 0
81 I 5 0
82 i 18 0



Table 6.2. Frequency and specificity of anti-HLA 

antibodies in control population

A ntibody type C ontrols (n) C ontrols ( % )

Anti-HLA antibodies 120/1000 12

Anti-Class I 100 10

Anti-Class II 20 2



Table 6.3. Frequency and specificity of anti-HLA 

antibodies in pemphigoid gestationis (n=44)

Antibody type Patients (n) Patients (%) p value 

(patients vs 

controls)

Anti-HLA

antibodies

43/44 97.7 p < 0.001

Anti-Class I 28 65.1

Anti-Class I and 

Class II

14 32.6

Anti-Class II 1 2.3



relatively low (Shomick and Black, 1992b). The occurrence of anti-HLA 

antibodies in all women with a history of PG is therefore striking. Since 

placental tissue is also programmed by paternal genes, abnormal expression of 

(paternal) class II antigens would presumably lead to an increase in anti-HLA 

antibodies. It is tempting to speculate that anti-HLA antibodies are related to the 

dramatically increased frequency of aberrantly expressed class II antigens in PG 

placentae. If so, one would have to explain why the anti-HLA antibodies are 

primarily of class I specificity rather than class II. The key question, then, is 

whether they represent a universally present epi-phenomenon, or whether they 

play some role in the development of disease.

Reunala et al. were the first to report the occurrence of anti-HLA 

antibodies in PG (Reunala et a l, 1977). Although their patient had a high titre 

of anti-HLA B8, a paternal MHC class I antigen present in the child, extensive 

absorptions of the mother's semm with HLA B8 positive lymphocytes failed to 

alter cutaneous basement membrane staining by maternal IgG or complement. 

Therefore, anti-HLA antibodies did not appear in their study to play a direct role 

in complement fixation along the BMZ (Reunala et a l, 1977).

Normal, uncomplicated pregnancy is associated with a low incidence of 

anti-HLA antibodies (Regan and Braude, 1987). Their incidence increases in 

those with complicated pregnancies, suggesting that they may reflect placental 

damage (Regan and Braude, 1987). The findings of this study show that anti- 

HLA antibodies are universally present and, at least temporally, related to the 

development of PG. This suggests the possibility that they play some role in the 

susceptibility or development of PG. In addition, the demonstration that the 

incidence of anti-HLA antibodies is significantly higher in patients with PG 

(100%) than controls (10%) highlights the immunological abnormality in PG and 

is further evidence of abnormal maternal immunological responses.
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The universal presence of anti-HLA antibodies in PG suggests that they 

may develop coincidently with anti-basement membrane antibodies, and may 

therefore be a common immunologic event. It is interesting that the majority of 

these antibodies are anti-class I and yet there is aberrant expression of MHC 

class n  antigens in the placenta. This finding can, however, be explained 

relatively easily since there is structural homology between both class I and class 

II MHC molecules (see section 1.3.2.).

6.2. Serial titres of anti-H LA  antibodies, IgG and C3 in 

pem phigoid gestationis

In order to try to establish whether IgG or anti-HLA antibodies develop 

as the primary immunological event in PG serial measurements of circulating 

IgG, and C3, and anti-HLA antibodies were performed in a group of patients.

10 patients had serial measurements of circulating IgG and C3 by indirect 

IF and anti-HLA antibodies using flow cytometry (Table 6.4.). 6/10 were 

primiparous. 1/6 patient had measurements taken during her pregnancy which 

unfortunately resulted in a stillbirth at 38 weeks gestation (Patient ID no. 71).

2/6 patients had measurements taken during their pregnancy and post-partum 

(Patient ID nos. 5 and 8) and the other 3 patients had post-partum assessments 

only (Patient ID nos. 2, 43 and 60). 3/4 multiparous patients had assessments 

during their affected pregnancy (Patient ID nos. 28, 14 and 66) and, in 

addition, post-partum in 2 of them. 1 of the multiparous patients had a 

hydatidiform mole (Patient ID no. 61) and serial levels were taken during her 

course of chemotherapy treatment. IgG and C3 titres were performed on intact 

skin and NaCl-split skin (Table 6.4.) and the results confirm the previous 

findings that split skin is a more sensitive substrate than intact skin for the 

demonstration of circulating IgG and C3. In some cases C3 was detected but not 

IgG (Patient ID nos. 5, 43, 60 and 71) suggesting that complement detection is
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Table 6.4. Serial IgG and C3 titres and anti-HLA antibody titres [normally undetectable] in pemphigoid gestationis 
(n=10). No correlations were seen between IIP and anti-HLA class I titres consistent with the presence of 
two independent immunological events

Patient ID \ Pregnancy 
no. no.

Clinical
characteristics

Time of study (weeks) 

Gestation Post-partum |

IIF 
IgG titre 

intact skin

UF 
IgG titre 
split skin

U¥
C3 titre 

intact skin

IIP 
C3 titre I 

split skin j

Anti-HLA 
class I titre 

(% )
71 i 1 onset at 20 weeks | 20 i j neg neg neg 1/5 1 14

^0 j j neg neg neg 1/6 i 76
36 I I ï/'lofl 1/200 1740 ï/200 i 89

5 I Ï ' onset at 28 weeks 32 j : neg 1'718 Ï/Ï'OO Ï/40(5 j 0
36 neg neg ï/'lo ï'/ïoo i 0

i 1 i 1/10 Ï710 ï/lo 1/100 1 0
1 5 1 neg f/lo ï/'lo ï/200 I 0

8 1 1 ' onset at 32 weeks I 38 I j Ï/200 "17800 Ï'/Ï'OO l/loo I 67
I post-partiim flare j I 4 : 17200 1/400 172ÔÔ ï'/'g'ôO j 53

2 i 1 onset post-partum | 1 1 1 1/10 1/Ï00 Ï/ÏO 1/100 i 45
: j 6 I Ï7Ï00 1/200 Ï7l0 l/'ÏO i 20
j 1 12 Î 1/200 1/400 ï/'lo ï/loO i 32

43 I Ïj
onset at 20 weeks; \ 
post-partum flare j

i 5 I 1/10 1/200 1/100 1/400 93

j i 8 1 neg neg 1/10 1/200 i 89
I i 12 j Ï7Ï0 1/200 Ï/ÏÔ' ï'/loo 1 87

I I 16 1 neg l/lo Ï/ÏO 1/ÏO j 90
'60 i Ï onset post-partum î 1 4 i neg neg 1/10 ï/loo j 56

i j 12 j neg neg neg neg j 64



Table 6.4. (continued)

Patient ID 
no.

Pregnancy
no.

Clinical
characteristics

Time of study (weeks) 

Gestation Post-partum i

IIF 
IgG titre 

intact skin

IIF 
IgG titre 
split skin

IIF 
C3 titre 

intact skin

IIF 
C3 titre j 

spUtskin I

Anti-HLA 
class I titre 

(% )
28 2 onset at 7 weeks in 

pregnancy no. 2 j
7 neg 1/10 1/5 1/10 i 10

i i i 11 neg 171(5 Ï/5 l/ld 1 49
,4  1 3 PG in pregnancy i 

nos. 2 and 3 1
22 Ï/ÏÔ 1/100 171 d 171od j 8d

i i i 32 1 Ï7Î0 1/100 l/ld 17100 I 18
r 1 1 37 neg Ï710 1710 17100 j 54

8 1 neg Ï71Ô 171 d 17100 I 92
66 4 onset at 18 weeks I 

in pregnancy no. 4 |
38 neg 171(5 1/5 l/ld 1 92

1 1 1/10 1/100 175 l/ld I 86
4  I 1/10 1/100 171 d 17Ï00 j 96
8 1 Ï/ÏÔ l/loo 171d 17100 i 85

61 : 4 onset at 16 weeks 16 1/200 Ï/800 171 d 17Ï00 I 40
of molar 

pregnancy
i i i 17 I I 1/2Ô0 l/4dd j 17id i 17200 I 47
f i j IS' i 1 1/200 1/400 I 171d 1 17100 I 45
1 i i 19 j 1 1/200 1/400 i 1/10 I 17100 i 50
! i I 2d I 1 l/2dd 1/800 Î l/ld I  17200 I 43



a more sensitive assay than IgG (see section 4.3.). The majority of the anti-HLA 

antibodies detected were directed against HLA class I antigens, normally 

undetectable. 9/10 patients had detectable anti-HLA antibodies (compared to 

43/44 patients in a previous study; see section 6.1.). Patient ID no. 5 was the 

only patient with no detectable anti-HLA antibodies. This was her first 

pregnancy and she developed PG at 28 weeks gestation. She had 4 serial 

measurements of IgG, C3 and anti-HLA antibodies taken at 32 and 36 weeks 

gestation and then at 1 week and 5 weeks post-partum. Interestingly, despite 

having persistently negative anti-HLA antibodies, she had both circulating IgG 

anti-BMZ antibodies and C3 titres often at high levels throughout her pregnancy 

and early post-partum period. Whether she represents an unusual subset of this 

heterogeneous disease is unknown.

The results of Table 6.4. show no correlation between the production of 

anti-HLA antibodies and circulating IgG (correlation coefficient: y = 0.32 Ix + 

161.461; Fig. 6.1.). Although all the multiparous patients had anti-HLA 

antibodies, and the majority had IgG and C3, there was no correlation between 

titre levels of the different antibodies. In addition to comparing serial results 

from different patients which may be difficult to interpret due to individual 

patient variation and parity, serial results of each patient were assessed. There 

was no correlation within each patient of an increase in anti-HLA antibody titre 

corresponding to an increase in IgG.

In conclusion, these results are consistent with the production of 

circulating IgG and anti-HLA antibodies being independent immunological 

events in the pathogenesis of PG. However, it seems difficult to believe that 2 

such immunological events are not somehow related and further studies are 

needed to establish the nature of this relationship.

139



Figure 6.1. Serial anti-HLA titres vs. IgG titres in 10 patients 
with pemphigoid gestationis
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6.3. Anti-HLA antibodies in polymorphic eruption of 

pregnancy

32 patients with PEP were studied. The titres of the anti-HLA antibodies 

which were detected by flow cytometry are shown in Table 6.5. 6/32 (18.8%) 

patients had anti-HLA antibodies which is not significantly different when 

compared to the control group of 12%. Table 6.6 shows the frequency and 

specificity of the anti-HLA antibodies in the PEP patients. 5/6 (83.3%) had anti

class I antibodies (Case ID nos. B, G, K, Q and S) and only 1/6 (16.7%) had 

class I and class II antibodies (Case ID no. N). This finding further supports the 

immunological differences between PG and PEP.
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Table 6.5. Anti-HLA antibody titres [normally undetectable]
detected by flow cytometry in polymorphic eruption
of pregnancy (n=32)

Case ID no. I Anti-HLA titre (%)

A 0
B 30
C 0
D 0
E 0
F 0
G 25
H 0
I 0
J 0
K 30
L 0
M 0
N 55
0 0
P 0

...........................Q..................... 59
R i 0
S 98
T 0
U 0
V 0
w 0
X 0
Y 0
Z 0

AZ 0
BZ 0
CZ 0
DZ 0
EZ ! 0
FZ 0



Table 6.6. Frequency and specificity of anti-HLA antibodies in 

polymorphic eruption of pregnancy (n=32)

Antibody type Patients (n) Patients (%) p value 

(patients vs 

controls)

Anti-HLA

antibodies

6/32 18.8 p = n.s.

Anti-Class I 5 83.3

Anti-Class I and 

Class II

1 16.7



7. M HC CLASS II TYPING IN PEMPHIGOID 

GESTATIONIS

A genetic predisposition to PG has previously been demonstrated (see 

section 1.4.3.). In particular, analysis of MHC shows that 61-80% of patients 

have DR3 (controls 22%), 52-53% have DR4 (controls 33%), and 43-50% 

express both antigens concurrently (controls 3%; Shomick et a l,  1981;

Holmes et a l,  1982). Both the understanding and classification of the class U 

antigens have expanded greatly since the HLA associations in PG were initially 

reported (Shomick era/., 1981; Holmes gta/., 1982). Genomic sequencing of 

class n  alleles has revealed variability not seen by serological analysis, and 

offers the possibility of typing alleles of all the class II loci (DR, DQ, DP; Fig. 

1.5.) using the same, reproducible method. At least 43 alleles of the DRB loci 

and 13 alleles of the DQBl locus are currently recognised (see section 1.3.2. and 

footnote 1, page 45). In view of the significant advances in technologies for 

studying MHC class II antigens, this study has analysed the class II associations 

in PG particularly DR3 and also reports the results of an analysis of DR4 

subtypes (see Table 12.1.).

Table 7.1. shows the different alleles of the class II loci DRB, DQAl 

and DQB1 in PG. The DRB 1 allele frequencies in patients and a local control 

population are given in Table 7.2. DRB 1*0301 was seen in 24 patients 

(58.5%), compared to 25.6% of controls (p=0.002). The combined frequency 

of DRB 1*0401 and DRB1*040X was not significantly higher than in controls 

(48.8% vs. 39.7% of controls). However, in light of the strong association 

between DRB 1*0301 and DRB 1*0401/040X, it is surprising that a further allele 

was increased in frequency, indicating that the DR4 association is weaker, or 

sub-ordinate to DR3. All but 6 patients had either DRB 1 *0301 or 

DRB 1 *0401/040X (85.4% vs. 51.1% of controls; p=0.002). 9 patients were
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Table 7.1. DRB (n=41), DQAl (n=38) and DQB (n=41) alleles in 
pemphigoid gestationis [NT=not tested; ?=equivocal]

Patient ID no. i DRB DQAl DQB
5 1 1301,1302 i NT 1 0603, 0604
10 i 0301,0101 I NT I 0201,0501
12 I 0301,0401 1 2, Ib i Ô3ÔÏ, 03Ô3
13 1 Ï5ÔÏ,040Ï 1 2,3 1 Ô6Ô2
14 0401, 1302 1 3, Ib i 0602
15 i 1501,0301 1 2, Ib 1 0201,0602
Ï7 1 Ô3ÔÏ, ÏÏÔÏ 1 2, Ib j Ô2ÔÎ, 0303
20 030i, Ô40Ï 1 la, Ib I 0201,0303
22 1 0301,0401 i 2 1 0201,0301
23 1 030i , 0401 i 3, le I Ô2ÔÏ, Ô3ÔÏ
24 i 04ÔX, 1302 1 2, Ib 1 Ô3Ô2, Ô5ÔÏ
25 1 0301,0401 I 2,3 1 0302,0201
26 i 0101,0301 I Ib ! 0201,0501
27 j 3, Ib 1 Ô2ÔÏ,Ô3ÔÏ
28 1 0301,1101 1 2 i 0201,0301
29 i 1301,1302 1 la, le î 0604
30 1 Î50Ï, Ï3Ô2 i 2, Ib 1 020 ï
31 1 Ï50Ï,030Ï 1 2, Ib 1 0201,0302
33 I 0301, 1302 i 2 1 0201, 0603
36 i 0301, 1302 i 2, Ib i 0201,0603
38 1 OÏOÏ, Ï60Ï 1 NT 1 050ï, ?
45 i 1501, ? 3 0201, ?
49 1501,040X I la, Ib 0301
50 1 Ô30Ï,Ô4ÜÏ 1 2,3 j Ô2ÔÏ, 03Ô2
54 ! 0301,040X I 2,3 1 0302,0201
57 j 0101,0401 1 3, la 1 0301,0501
59 j 0301,0301 1 2, la j Ô2ÔÏ,0602
63 1 07ÔÎ, ÏÏÔÏ 1 3 I Ô20Ï, 0303
66 0301, ? 1 2 i 0201,0201
67 1 0301,0401 i 2,3 i 0201,0301
68 1 Ô3ÔÏ, Ï5ÔÏ 1 2, Ib 1 Ô30Ï,02Ô1
69 1 040X, 0701 i 3 1 0301,0302
70 I 0401,1101 i 2,3 i 0301
72 1 1301, 1402 i Ib i Ô5Ô'3, 0603
74 1 Ô3ÔÏ,ÔÏ02 1 2, la 1 05ÔÏ, Ô2ÔÏ
75 i 0401,0701 1 2,3 i 0201,0503
76 i 0301,0102 i 2, la I 0501,0201
79 1 Ô4ÔÏ,Ô7ÔÏ 1 2,3 ! 030Ï, ?
80 1 0301,040X i 3, le 1 0201,0302
81 1 0401, 1302 i Ib 1 0302, 0604
84 1 0701, 1302 I 3, la I Ô2ÔÎ, 0604



Table 7.2. Frequency of DR alleles in pemphigoid gestationis

(n=41)

Allele DR specificity * j Patients

( n )
Patients

(%)

Controls

(%)

p value 

(patients vs 

controls)

Ind ividual

DRBl 1 1 1

0101 DRl I 4 9.8 21.0 n.s.

0102 DRl 1 2 4.9 0.0 n.s.

1501 DRwl5(DR2) 1 7 17.1 44.1 0.004

1601 DRwl6(DR2) 1 2.4 0.0 n.s.

0301 DRwl7(DR3) 1 58.5 25.6 0.002

DR4 1 15 36.6 23.4

040X DR4 i 5 12.2 16.3

1101 D R w ll (DR5) 1 4 9.8 4.7 n.s.

1301 DRwl3 (DRw6) | 3 7.3 4.7 n.s.

1302 DRwl3 (DRw6) j 8 19.5 4.7 0.034

1402 DRwl4 (DRw6) I 1 2.4 2.3 n.s.

0701 DR7 j 4 9.8 30.2 0.016

G ro u p s/co m b in a tio n

0301 and 0401/040X DR3 and DR4 i 9 22.0 8.2 0.006

0301 or 0401/040X DR3 or DR4 ! 35 85.4 51.1 0.002

* DR specificities in parentheses indicate old terminology



heterozygous for both DRB 1*0301 and D R B l*0401/040X (22.0% vs. 8.2% of 

controls; p=0.06).

The frequency of DRB 1*1302 was increased (19.5% vs. 4.7% of 

controls; p=0.034). The frequency of DRB 1*1501 (DR2) was decreased 

(17.1% vs. 44.1% of controls; p=0.004). At the DQ locus an increased 

frequency of DQAl *2 was found in the patients (63.2% vs. 37.2% of controls; 

p=0.016; Table 7.3.). This is not unexpected because of linkage with 

DRB 1*0301. The frequency of DQB *0602 was lower in the patients compared 

with the controls (9.8% vs. 27.9% of controls; p=0.026) which correlates with 

the low frequency of DRB 1*1501 (above) as these two alleles exhibit linkage 

disequilibrium (Table 7.4.). Similarly, the raised frequency of DQB 1*0201 

(68.3% vs. 44.1% of controls; p=0.022) is probably due to linkage 

disequilibrium to DRB 1*0301. DRB 1*0701 is also linked to DQB 1*0201, but 

is of low frequency in the patients, ruling out a primary association with DQB. 

The DQB alleles associated with DR4, in particular DQB 1*0301 and 

DQB 1 *0302, are not associated with PG.

The primary statistical MHC association with PG in this study is, 

therefore, with the class II allele DRB 1*0301. This observation confirms and 

extends previous serological data (Shomick et a l, 1981). When DRB 1 *0301 

patients are removed from the analysis, DRB 1*0401/040X appears to confer 

susceptibility. Indeed, 35 of 41 patients have DRB 1*0301 or 

D R B l*0401/040X (p=0.002 vs. controls). Linkage disequilibrium between 

these alleles and a common DQ allele is excluded by the lack of a strong DQ 

association at either DQA or DQB. Similarly, there is no class I allele in strong 

linkage disequilibrium with both DRB 1 *0301 and DRB 1 *0401/040X. In IDDM 

a similar DR3 and DR4 MHC association has been reported to be related to the 

presence or absence of an aspartic acid at position 57 of the DQB allele and to 

particular DQA pairings with DQB (Todd, Bell and McDevitt, 1987). This
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Table 7.3. Frequency of DQAl alleles in pemphigoid gestationis

(n=38)

Allele Patients (n) Patients ( % ) Controls ( % ) p value 

(patients vs 

controls)

DQAl*la 8 21.1 18.6 n.s.

DQAl* lb 15 39.5 46.5 n.s.

DQAl*lc 3 7.9 4.7 n.s.

DQAl *2 23 60.5 37.2 0.016

DQAl *3 17 44.7 60.5 n.s.



Table 7.4. Frequency of DQB alleles in pemphigoid gestationis

(n=41)

Allele Serological

equivalent

Patients

(n)

Patients

(%)

Controls

(%)

p value 

(patients vs 

controls)

0201 DQw2 28 68.3 44.1 0.022

0301 DQw7 (w3) 12 29.3 25.6 n.s.

0302 DQw8 (w3) 8 19.5 32.6 n.s.

0303 DQw9 (w3) 4 9.8 4.7 n.s.

0501 DQw5 (wl) 7 17.1 21.0 n.s.

0502 DQw5 (wl) 0 0 2.3 n.s.

0503 DQw5 (wl) 2 4.9 0.0 n.s.

0601 DQw6 (wl) 0 0 4.7 n.s.

0602 DQw6 (wl) 4 9.8 27.9 0.026

0603 DQw6 (wl) 4 9.8 6.9 n.s.

0604 DQw6 (wl) 4 9.8 6.9 n.s.



correlation is not apparent in PG, and there is no obvious better candidate 

position or pairing which would explain the genetic predisposition to PG.

Although DR3 presents itself as the primary association in this and 

previous studies, other genes closely linked to the DR/DQ loci require 

consideration. Of particular interest are the MHC class III genes, located 

between the class I and class II loci, which encode complement components C2, 

C4A, C4B and factor B. They all exhibit genetic polymorphism but this is most 

extreme for the 2 C4 isotypes, C4A and C4B. Null alleles which are identified 

by a lack of expression are particularly frequent at both loci.

In conclusion this study investigated by RFLP, the DQA, and by SSO 

probing the DQB and DRBl (HLA DR) specificities of 41 women with PG. The 

principal finding is that there is an association between PG and D R B l*0301 

(DR3) and D R B l*0401/040X (DR4). Although there is also an increase (p = 

0.06) in the concurrent presence of both antigens, this appears to be due to 

independent association with each antigen. There was also an increase in the 

frequency of DQA 1*2 (p=0.016 vs. control) and a decrease in frequency of 

DQB 1*0201 (p=0.022 vs. controls) and DQB 1*0602 (p=0.026 vs. controls).
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8. COMPLEMENT POLYMORPHISM IN PEMPHIGOID 

GESTATIONIS

A marked increase in the MHC class II antigens DR3 and DR4 in those 

with PG has previously been reported (see section 1.4.3.; Shornick et a l,

1981; Holmes gf a/., 1982). Because PG shows C3 along the BMZ, often 

with undetectable amounts of antibody, and because there is such a strong HLA 

association, it was considered whether the HLA-DR association observed in PG 

actually reflects a more important association of MHC class III genes encoding 

complement components C2, factor B, C4A and C4B. The genes coding for 

these factors are located between the HLA-B and HLA-DR loci (Fig. 1.4.). All 

exhibit genetic polymorphism, but this is most extreme for the 2 C4 isotypes, 

C4A and C4B. Approximately 13 C4A and 22 C4B variants have been 

described (see section 7.4.5.3.; Austyn and Wood, 1994a). In addition, null 

alleles, identified by a lack of expression, are particularly frequent at both loci. 

Because of the close proximity between C4 and DR alleles, linkage 

disequilibrium is commonly observed, and particularly tight linkage groups are 

referred to as extended haplotypes (Austyn and Wood, 1994b). Linkage 

disequilibrium between DR3 and C4 null alleles (C4Q0) is a common 

characteristic in Western European populations, and the frequency of C4QO is 

therefore relevant to diseases associated with a high frequency of DR3. C4A 

null allele is known to be in linkage disequilibrium with DR3 but not DR4 

(Fielder er fl/., 1983; Skarsvag, 1995). Therefore, the frequency of C4A,

C4B (the complement alleles showing the most polymorphism), C4QO and 

factor B have been investigated in 42 women with PG. C3 allele frequencies 

were also examined. Although C3 is not coded for by genes in the MHC Class 

III region, it does play a pivotal role in the complement cascade. C3
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polymorphism has been studied in a variety of diseases, but very few disease 

associations have been reported.

The 6 possible C4 genotypes (with respect to null alleles) based on 

electrophoretic analysis on families are shown in Table 2.1. Table 8.1. gives the 

frequencies of the alleles of factor B and Table 8.2. the frequencies of the alleles 

of C3 in patients and controls. No significant differences were noted.

Table 8.3. shows the C4 allele of each patient (n=38; see Table 12.1.). 

34/38 (89.5%) patients had a C4 null allele (C4Q0). 17/34 (50%) had a single 

C4A null allele (AOBB), 12/34 (35.3%) had a single C4B null allele (AABO) 

and 5/34 (14.7%) had both a C4A null allele and a C4B null allele (AOBO). The 

frequencies of the C4 null allele genotypes in the patients and the literature-based 

controls are presented in Table 8.4. The patient group was associated with high 

frequencies of the three detected null genotypes, although this was only 

statistically significant for the single C4A null genotype (AOBB). Only 10.5% 

of the patients were found not to have a null C4 allele (AABB), compared to 

57.1% of controls (p=0.0003). Thus, genetically-determined defects of C4 

were found in 90% of PG patients compared to 43% of controls (p=0.0003).

The frequency of the C4AQ0 (AOBB plus AOBO) was significantly higher in 

the patient group (58%) than control subjects (17%; p=0.0006). A similar 

analysis of the frequency of C4BQO indicates that this, by itself, was not 

statistically associated with PG (45% versus 29%; p=0.14). Table 8.3. also 

documents the DRB allele of each patient confirming previous reports that C4A 

null allele is in linkage disequilibrium with DR3 (DRB *0301).

Analysis of complement component polymorphism in patients with a 

history of PG has, therefore, identified a significant association with C4Q0, in 

particular C4AQ0. There were no differences in the frequencies of C3 or factor 

B allotypes between patients and controls. Because C4QO, particularly C4AQ0, 

shows a high degree of linkage disequilibrium with DR3, these data are
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Table 8.1. Frequency of Factor B alleles in pemphigoid
gestationis (n=42)

Bf phenotype Patients (n) Patients (%) Controls (%)

SS 30 71.4 62.9

FS 6 14.2 31.4

FF 3 7.1 1.9

FS07 1 2.3 1.9

SS07 2 4.7 1.9



Table 8.2. Frequency of C3 alleles in pemphigoid gestationis
(n=41)

C3 phenotype Patien ts (n) Patien ts (% ) C ontrols (% )

FS 19 46.3 31.6

SS 19 46.3 61.7

FF 3 7.3 6.7



Table 8.3. C4 alleles (n=38) and DRB alleles (n=41) in
pemphigoid gestationis [NT=not tested; ?=equivocal]

Patient ID no. C4 allele DRB allele
5 i AABO ! 1301, 1302
10 1 AOBB 0301, 0101
12 1 AOBO j 0301,0401
Ï3 I AABO I Ï50Ï,040Ï
14 i AOBB i 0401, Ï3Ô2
15 AOBO 1 1501,0301
Ï7 i AOBB 0301,1101
20 I AABO 1 030i,Ô40Ï
22 i AOBB 0301, 0401
23 1 NT i 0301,0401
24 1 AOBB 1 04ÔX, Ï302
25 i AOBO I 030i,Ô40Ï
26 ! AABO i 0101,0301
27 I AOBB i 0301,0401
28 1 AABO I 030Ï, ï io ï
29 i AABO 1301, 1302
30 1 AOBB i 1501, 1302
3Î 1 AOBB 1 Ï5ÔÏ, 030Ï
33 i AOBB 1 030Ï,Ï3Ô2
36 1 AOBB 1 0301, 1302
38 i AOBB i ÔÏÔÎ, Ï6ÔÏ
45 i NT j Ï5ÔÏ, ?
49 i AABO 1501, 040X
50 i AOBB i 0301,0401
54 i AOBO j 0301, Ô4ÔX
57 1 AABO 0101, 0401
59 i AABO I 0301,0301
63 î AABB j Ô7ÔÎ, ÏÏÔÏ
66 1 AOBB 1 030Ï,?
67 I AOBB 0301, 0401
68 i AOBB i 0301, 1501
69 i AABB 1 040X, 070Ï
70 i AABO i 0401,1101
72 1 AABO 1 1301, 1402
74 1 AABO I Ô3ÔÏ,0Ï02
75 i AABB 1 Ô40Ï, 070Ï
76 1 NT i 0301,0102
79 i AOBO 0401, 0701
80 i AOBB \ 030ï, 040X
81 1 AOBB i 0401, 1302
84 1 AABB 0701, 1302



Table 8.4. Frequency of C4 null alleles in pemphigoid
gestationis (n=38)

Null type Patients

(n)

Patients

(% )

Controls

(% )

p value 

(patients vs 

controls)

AOBB 17 44.7 14.3 0.005

AABO 12 31.6 26.2 n.s.

AOBO 5 13.2 2.4 n.s.

AABB 4 10.5 57.1 0.0003



consistent with the previously reported association between PG and DR3 

(Shornick et a l, 1981). Such linkage disequilibrium hinders identification of 

the primary disease-related gene in PG. C4Q0, therefore, may be a primary 

genetic marker. In the control population, of 8 haplotypes with DR3, 4 had a 

C4Q0, and all were C4AQ0 (Fielder et a l, 1983). Thus DR3 accounts for only 

50% of null alleles at the C4A locus and none at C4B. It is certainly possible 

that both DR and C4Q0 may play a role in the development of PG. It is also 

interesting to speculate that C4Q0 in PG is somehow functionally relevant. It is 

well known that complement-mediated pathology can be associated with 

genetically-determined functional defects of C4 (associated with DR3), as has 

been recorded in SLE (Fielder et a l, 1983; Skarsvag, 1995) and systemic 

sclerosis (Briggs, Stephens, Vaughan, Welsh and Black, 1993). Although 

the majority of normal controls with C4Q0 show no obvious functional 

impairment of C4, C4QO has been associated with functional abnormalities 

directly and by inference (Briggs, Senaldi, Isenberg, Welsh and Vergani, 

1991). Such may also be the case in PG.

It has previously been suggested that complement deficiencies may allow 

an infectious agent or immune complexes to persist, resulting in prolonged 

immunological stimulus (Rynes, 1982). Gatenby et a l  have recently reported a 

major difference between C4A and C4B alleles in regard to immune complex 

handling at the level of the CRl-binding receptor which is present on red blood 

cells (see also section 7.4.5.3.; Gatenby gf a/., 1990). This, therefore, has 

important pathogenic implications for immune-complex mediated diseases such 

as PG which have strong associations with C4Q0 alleles.

A study of PG in a different racial group could be informative, since 

different MHC haplotypes might be encountered. The DR3-C4AQO linkage is 

particularly strong in Western Europeans, but not seen in other racial groups 

(Awdeh et a l ,  1983; Skarsvag, 1995). I have data on 5 patients of Middle
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Eastern origin who were not included in the present study. All 5 had DR3, but 

only 2 had C4AQO. If this trend could be verified in a larger group of patients, 

it might help determine whether DR3 or C4AQ0 is the more relevant disease- 

associated gene. Whether DR3 or C4AQ0 are primary or independent disease 

markers will also require additional study.
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9. SUMMARY OF RESULTS

The principal hypothesis of the present study is that the critical events 

leading to the clinical phenotype in genetically predisposed individuals with PG 

are immunologically mediated. The aim of this section is to summarise the results 

of the thesis in relation to the specific aims listed on page 74.

Specific aim 1. ‘....to advance further the clinical-genetic characterisation of the 

condition with emphasis on the effect of parity, the patterns of affected 

pregnancies following changes in paternity and the causes and principal factors 

responsible for the development of skip pregnancies...’

The time of onset of PG is variable, but it is much more likely to begin 

in the second or third trimester than in the first, confirming previous reports. 

There is a significant association between developing PG in the first and 

subsequent pregnancy. However, there is no association between change in 

partner and the development of PG as previously suggested in the literature. The 

frequency of an uninvolved pregnancy following a previously affected 

pregnancy is 8%. This figure is higher than the previously reported figure of 

5%. The explanation as to why such skip pregnancies occurs is uncertain but is 

not due to the mother and foetus being fully compatible at the DR locus nor due 

to a change in partner, both of which have been previously suggested. The fact 

that PG fails to occur in patients who have been affected previously suggests that 

PG is actively suppressed in the skip pregnancies. Idiotype-anti-idiotype 

interactions are extremely important in the matemal-foetal relationship and, 

therefore, enhancement or suppression of the immune response in PG could 

result in either development or conversely suppression of the disease in 

genetically susceptible individuals.
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specific aim 2. ‘....advance further the molecular-genetic characterisation of the 

condition by defining the relationship between PG and newly identified MHC 

class n  subtypes and MHC class IQ genes, especially C4 null alleles, which are 

located close to the class Q loci...’

In view of the significant advances in technologies for studying MHC 

class n  antigens, this study has analysed the class Q associations in PG 

particularly DR3 and also reports the results of an analysis of DR4 subtypes.

The primary statistical MHC association with PG is with the class Q allele 

DRB 1 *0301. When DRB 1 *0301 patients are removed from the analysis,

D R B l*0401/040X appears to confer susceptibility. Indeed, 35 of 41 patients 

have DRB 1*0301 or D RBl*0401/040X (p=0.002 vs. controls).

Linkage disequilibrium between DR3 and C4 null alleles is a common 

characteristic in Western Europeans and, therefore, the frequency of C4 null 

alleles (C4QO) in PG is important to try to determine the primary genetic 

association in PG. This study demonstrates a significant association with a 

C4QO, particularly C4AQ0 and PG. It is possible that both DR and C4Q0 may 

play a role in the development of PG since it is known that complement-mediated 

pathology can be associated with genetically-determined defects of C4.

Specific aim 3. ‘....examine the role of potential downstream effector systems in 

the generation of the PG phenotype and, in particular, examine the relationship 

between anti-HLA antibodies in PG and IgG and C3. In addition, the potential 

role of IgE has been studied by examining both serum IgE and IgE BMZ 

deposition in PG. PEP has been used to provide control samples as it has 

clinical and histological similarities to PG...’
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Since the unusually high frequency of anti-HLA antibodies in PG raises 

the possibility that they may be related to the pathogenesis of disease, the 

present study examined the frequency, immunological correlations and 

specificity of anti-HLA antibodies in PG.

Virtually all (97.7%) patients with a history of PG had demonstrable anti- 

HLA antibodies and is particularly striking in comparison to controls (10%) 

highlighting the immunological abnormality in PG.

One key question was the role of these anti-HLA antibodies: did they 

represent a universally present epi-phenomenon, or did they play some role in 

the development of disease? In order to try to establish whether anti-HLA 

antibodies develop as the primary immunological event in PG serial 

measurements of circulating IgG, and C3, and anti-HLA antibodies were 

performed in a group of patients. This study showed no correlations between 

anti-HLA antibody production in PG and circulating IgG, nor C3 detected by 

indirect IF. The development of anti-HLA antibodies and circulating IgG 

therefore appear to be independent immunological events in the pathogenesis of 

PG.

Because of the similarities of BP and PG and the findings of increased 

serum IgE levels and anti-BMZ IgE in BP a study was designed to explore 

possible associations of raised serum IgE and anti-BMZ IgE antibodies with PG. 

The results show that in PG, and PEP, unlike BP there is no significant 

elevation in serum IgE level. In addition only 3/12 (25%) patients with PG had 

circulating anti-BMZ IgE contrasting with a previous study of BP patients in 

which 9/17 (53%) sera had IgE anti-BMZ antibodies (Soh et a l, 1993). Since 

IgE does not cross the placenta and the results from my study are negative it 

would appear that IgE does not represent an important primary pathogenic factor 

in PG.
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Peripheral eosinophils were counted in 9/17 patients with PG and were 

all within the normal range. This contradicts previous studies suggesting that 

peripheral eosinophilia can be a feature of PG.

Specific aim 4 . ‘....characterise components of distal effector systems in the 

production of the clinical phenotype, using the split skin technique to detect IgG 

and C3 deposition along the cutaneous BMZ...’

This study demonstratejthat indirect IF split skin is a more sensitive 

substrate than intact skin for detecting circulating IgG and C3 in PG. In 

addition, detection of C3 is a more sensitive assay than IgG. Routine use of 

split skin as tissue substrate for indirect IF and employing the C3 amplification 

step, therefore, appears to be a practical and reliable method for the diagnosis of 

PG.
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10. CONCLUSIONS

Several findings reported here contribute to the science and practice of 

medicine through an improved understanding of PG. For example, although 

anti-HLA antibodies may not be of primary pathogenic importance in 

themselves, their presence does imply that women with PG are more able than 

normal women to mount an allogeneic response against their partners’ antigens 

and this may be a clue to the aetiology of the disease. Anti-HLA antibodies may 

develop as a consequence of placental bleed which results in partial destruction 

of the placenta thereby exposing cryptic antigens leading to the production of 

IgG. Idiotype-anti-idiotype interactions are extremely important in the maternal- 

foetal relationship. In the course of a normal pregnancy there is an increase in 

anti-idiotype antibodies e.g. directed against anti-HLA antibodies, with a 

subsequent decrease post-partum. However, in PG the converse occurs with a 

marked decrease in anti-idiotype antibodies during the later stages of pregnancy 

followed by an increase as the disease remits during the post-partum period. In 

PG, therefore, there is a lack of inhibition of anti-HLA antibody production 

resulting from a decrease in anti-idiotype antibodies with subsequent increase in 

incidence of anti-HLA antibodies in PG.

The study also establishes that the primary MHC association with PG is 

with the class II allele DRB 1*0301 (DR3) and to a lesser extent 

DRBl *0401/040X (DR4). The majority of patients with PG have a C4QO, 

particularly of the C4A isotype. Since C4 is a pivotal component of the classical 

pathway of the complement system, and C4A is more efficient than C4B in 

prevention of the formation of insoluble immune complexes, the presence of a 

C4AQ0 may, therefore, result in immune complex deposition. However, 

strong linkage disequilibrium in the MHC makes it difficult to determine if
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DRB 1*0301, DRB 1*0401/040% (DR3/DR4) or C4Q0 is the primary genetic 

disease marker.

It is possible that both DR and C4Q0 may play a role in the development 

of PG since it is known that complement-mediated pathology can be associated 

with genetically-determined defects of C4. It is also possible that the primary 

event in the pathogenesis of PG results from an immune response to an initial, 

as yet, undefined, viral infection. The presence of a C4Q0 with such a viral 

infection could result in impaired handling of immune complex formation 

resulting in inflammation and consequent exposure of epitopes in the BMZ of the 

placenta which cross react with those in the skin resulting in the development of 

IgGl antibody. Anti-HLA antibodies directed against paternally-derived antigens 

in the placenta are also produced in these ‘immune responsive’ patients resulting 

in a local allogeneic reaction.

The explanation as to why skip pregnancies occurs remains uncertain but 

this study demonstrates that skip pregnancies may occur in patients who have 

had PG without a change in partner and that such skip pregnancies cannot be 

attributed to the sharing of a common HLA-DR antigen complement between 

mother and child. The fact that PG fails to occur in patients who have been 

previously affected suggests that PG is actively suppressed in the skip 

pregnancies. Idiotype-anti-idiotype interactions are of great importance in the 

matemal-foetal relationship and, therefore, enhancement or suppression of the 

immune response in PG could result in either development, or conversely 

suppression, of the disease. Further immunogenetic studies need to be 

performed on the interesting subgroup of patients with PG who have skip 

pregnancies as this may provide a method to establish the underlying 

immunopathogenesis in PG.
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PG remains an enigmatic and baffling disorder. However, despite many 

problems it offers a potential model that will further understanding of many 

fundamental aspects of the necessarily complex interaction between the mother 

and her foetus. Further investigation of the disease, aided by the application of 

increasingly sophisticated molecular technology, will also provide rewards in 

terms of management and therapy in this admittedly rare, albeit potentially 

severe, disease.
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Table 12.1. Summary of characteristics of individual patients with pemphigoid gestationis included in this analysis (n=87)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

1 1 1 M 36 H 0.3 42 neg
2 1 F 36 H
3 1 F 40 H
4 1 F 37 H
5 1 M 34 H
6 1 M 40 H
7 1 F 40 H
8 2 Still 40 H
9 3 M PG 40 H

2 1 1 M PG 40 J 45, 0
3 1 1 SAb 8 J

2 1 SAb 10 J
3 1 F PG 40 H
4 1 F PG 36 H

4 1 1 M 40 S FHx
hypothyroidism

and
hyperthyroidism

2 1 M 40 S
3 1 M 40 s
4 2 M PG 38 s

5 1 1 M PG 40 s 363 neg 0, 0 1301,
1302

AABO

6 1 1 M 40 H sister goitre
2 1 F 40 H
3 1 M 40 H
4 1 M PG 40 H



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlO’/l)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

7 1 1 F PG 40 S
2 1 F PG 40 S infant

death
8 1 1 F PG 38 J 70, 0
9 1 1 F PG 38 J 0.4 100, 0

1 1 M PG 38 J
10 1 1 M PG 36 S alopecia areata 61, 0 0301,

0101
AOBB

2 1 F PG 33 S baby with 
PG

11 1 1 F 39 s
2 1 M PG 37 s

12 1 1 M PG 39 H FHx
hyperthyroidism

0.3 2 neg 0301,
0401

AOBO

2 1 F PG 38 H
3 1 F PG 40 H

13 1 1 SAb
,

S 58, 11 1501,
0401

AABO

2 1 F PG 34 S
14 1 1 F 35 S 36, 19 0401,

1302
AOBB

2 2 M PG 40 S
3 2 M PG 38 S

15 1 1 SAb S FHx thyroid 
disease

32, 22 1501,
0301

AOBO

2 2 M 40 s
3 3 F 38 s



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xl07l)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

4 3 F PG 39 S
5 3 SAb S

16 1 1 M 39 S 85, 0
2 M PG 34 S

17 1 1 M 39 S FHx diabetes 
mellitus

46, 0 0301,
1101

AOBB

2 1 M PG 39 S
18 1 1 F PG 40 J Fhx thyroid disease 

and diabetes 
mellitus

0,0

2 1 Ectopic 6 J
3 1 M PG 39 J

19 1 1 F H
2 1 SAb H
3 1 SAb H
4 1 SAb H
5 1 SAb H
6 1 SAb H
7 1 SAb H
8 1 M PG 36 H

20 1 1 F 40 S FHx pernicious 
anaemia

5 ,0 0301,
0401

AABO

2 1 M PG 40 S infant
death

3 1 F PG 40 S
21 1 1 F PG 40 s

2 1 M PG 40 s



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlO’/l)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

3 2 M PG 34 S
4 2 F PG 34 S

22 1 1 M PG 40 S 64, 41 0301,
0401

AOBB

2 1 SAb PG 12 S
3 1 SAb 8 S
4 1 SAb 8 S
5 1 SAb 8 S
6 1 SAb 8 S

23 1 1 M 41 S 15, 30 0301,
0401

2 1 F 38 S
3 1 F PG 38 S

24 1 1 M 40 H 66, 0 040X,
1302

AOBB

2 1 Still 38 H
3 1 M PG 32 H neonatal

death
25 1 1 M 38 H 28, 11 0301,

0401
AOBO

2 1 M PG 32 H neonatal
death

3 1 M 38 H skip
4 1 M PG 38 H
5 1 Ectopic S

26 1 1 M PG 39 H >1000 neg 85, 0 0101,
0301

AABO



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

2 2 M PG 38 H
27 1 1 M 36 H infant

death
thyrotoxic, mother 

goitre
24, 0 0301,

0401
AOBB

2 1 M 36 H
3 1 F PG 40 H
4 1 SAb PG 18 H

28 1 1 M 39 S FHx thyroid 
disease

0.3 293 neg 29, 37 0301,
1101

AABO

2 1 M PG 38 S
29 1 1 M 40 S hyperthyroidism ;

FHx
hyperthyroidism

27, 0 1301,
1302

AABO

1 1 M 40 S
2 1 F PG 30 S

30 1 1 F 39 H 57, 0 1501,
1302

AOBB

2 1 F 39 H
3 1 SAb 11 H
4 M PG 34 H

31 1 1 F PG 37 S 80, 7 1501,
0301

AOBB

2 1 M PG 37 S
32 1 1 PG 40 J 4 ,0
33 1 1 F 40 H hyperthyroidism 

and vitiligo; FHx 
thyroid disease and 

vitiligo

44, 0 0301,
1302

AOBB



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xl07l)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

2 2 F 40 H
3 2 F 37 H
4 2 M 36 H
5 3 M PG 40 H
6 3 F PG 36 H
7 3 Mole 8 H

34 1 1 SAb 12 H hyperthyroidism;
FHx 

hypothyroidism 
and diabetes 

mellitus

293

2 1 M 40 H
3 1 M 39 H
4 1 M PG 40 H

35 1 1 F PG 41 H FHx diabetes 
mellitus

2 2 TOP PG 8 H
3 1 M 41 H skip
4 1 SAb 24 H
5 1 M 41 H skip

36 1 1 F 40 S hyperthyroidism 0 ,4 0301,
1302

AOBB

2 1 SAb S
3 1 F PG 40 S
4 1 M PG 38 S
5 1 F PG 38 S
6 2 M 40 S skip



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Semm
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

37 1 1 F 41 H FHx alopecia 0.4 19 neg
2 1 M PG 40 H baby with 

PG
38 1 1 M 39 S FHx alopecia 16, 0 0101,

1601
AOBB

2 1 M PG 36 S
2 1 M PG 36 S

39 1 1 F PG 38 S
40 1 1 SAb H

2 1 M 40 H
3 1 M 40 H
4 1 M 40 H
5 1 F 40 H
6 1 F 40 H
7 1 F PG 32 H infant

death
41 1 1 SAb H FHx thyroid 

disease and 
alopecia

2 1 SAb H
3 1 SAb H
4 1 F PG 35 H
5 1 F PG 39 H infant

death
6 1 M PG 38 H

42 1 1 M 40 S
2 1 M PG 36 S



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

43 1 1 M PG 38 J 93, 0 7,11
2 1 F 40 J skip

44 1 1 Still PG 39 S
2 1 F PG 38 S
3 1 Still PG 36 S
4 1 Still PG 28 S

45 1 1 M PG 39 S FHx diabetes 
mellitus

4, 0 1501,
?

2 1 F PG 39 S
3 1 M PG 39 s
4 1 M PG 40 s

46 1 1 F J FHx diabetes 
mellitus

0.3

2 1 F J
3 F PG J

47 Mole PG s
48 1 1 M PG 32 s

2 1 Ectopic PG 12 s
3 1 F PG 36 s

49 1 1 M PG 42 H identical twin 
sister 

hyperthyroidism

60, 0 1501,
040X

AABO

2 1 SAb PG 16 H
3 1 F PG 39 H

50 1 1 F PG 39 S 48, 0 0301,
0401

AOBB

2 1 F 38 S skip



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PG in 
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class 1 
class 11 (%)

DRB
allele

C4
allele

3 1 F PG 33 S
51 1 1 F PG 42 S
52 1 1 M PG 38 J
53 1 1 M PG 40 s 331 1/20

(split
skin)

2 1 M PG 40 s
3 1 F PG 40 s

54 1 1 F PG 37 H hypothyroidism 0301,
040X

AOBO

2 1 F PG 37 H
55 1 1 40 H 148 1/20

(split
skin)

2 1 SAb 8 H
3 1 40 H
4 1 SAb 18 H

5 1 F PG 36 H
56 1 1 F 40 S FHx thyroid 

disease
2 1 F PG 38 S
2 1 M PG 38 S

57 1 1 M PG 34 S alopecia areata & 
hyperthyroidism; 

FHx
hypothyroidism & 
pernicious anaemia

0101,
0401

AABO



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class 1 
class 11 (%)

DRB
allele

C4
allele

58 1 1 M 40 S 48, 0
2 1 M 40 S
3 1 M 40 S
4 1 F PG 34 S

59 1 1 F 40 H 0301,
0301

AABO

2 1 F 40 H
3 1 F 40 H
4 1 SAb 11 H
5 1 M PG 38 H

60 1 1 F PG 40 J 87, 0
61 1 1 SAb 9 J 51, 0

2 1 F 40 J
3 1 SAb 13 J
4 1 Mole PG 10 J

62 1 1 F PG 40 H hyperthyroidism 
and alopecia areata

0.1 >1000 1/20 
(intact 
& split 
skin)

63 1 1 M PG 38 S 0701,
1101

AABB

64 1 1 F PG 39 H
2 1 M PG 36 H

65 1 1 F 40 S
2 1 F 40 S
3 1 F 40 s
4 1 SAb s



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

5 1 SAb S
6 1 M PG 29 S
7 1 F PG 30 s

66 1 1 M 40 s hyperthyroidism 34, 78 0301,
?

AOBB

2 1 M 40 s
3 1 F 40 s
4 1 M PG 40 s

67 1 1 SAb s autoimmune
thrombocytopenia;

FHx
hyper thyroidism

24, 0 0301,
0401

AOBB

2 2 M 38 s
3 2 Still 28 s
4 2 F PG 35 s
5 2 SAb PG 16 s

68 1 1 M 40 s 0301,
1501

AOBB

2 1 M PG 40 s
3 1 SAb 8 s
4 1 M PG 38 s

69 1 1 F 41 s hyperthyroidism 040X,
0701

AABB

2 1 F 42 s
3 1 M 41 s
4 1 M PG 39 s

70 1 1 F PG 37 s 48, 0 0401,
1101

AABO



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 

or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

71 1 1 Still PG J 16, 0
2 1 F 38 J skip
3 1 F 39 J skip

72 1 1 M PG 41 S 12, 4 1301,
1402

AABO

73 1 1 F PG 38 S 48, 30
2 1 F PG 36 s
3 1 M PG 37 s

74 1 1 M 42 s 0301,
0102

AABO

2 1 F 42 s
3 M PG 42 s
4 F PG 40 s

75 1 1 M PG 40 s FHx thyroid 
disease

60, 33 0401,
0701

AABB

2 1 M PG 40 s
76 1 1 M PG 40 s FHx

hypothyroidism
58, 78 0301,

0102
2 1 F PG 40 s
3 1 M PG 40 s

77 1 1 F 40 H 469 neg
2 I F 40 H
3 F PG 40 H

78 1 F PG 41 H
2 1 SAb 8 H
3 1 M 41 H
4 1 SAb 24 H



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immime 
diseases

Eosinophil
count

(xlOVl)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

5 1 M H
79 1 1 SAb 11 S 97, 89 0401,

0701
AOBO

2 1 Ectopic S
3 1 M 40 S
4 1 F 40 s
5 1 SAb 12 s
6 1 M PG 40 s

80 1 1 SAb H 30, 0 0301,
040X

AOBB

2 1 M PG 41 H
81 1 1 M 40 s 11 neg 5 ,0 0401,

1302
AOBB

2 1 M PG 40 s
82 1 1 SAb 8 J FHx

hyperthyoidism
0.1 <2 18, 0

2 1 F PG 40 J
3 1 SAb ?PG 8 J
4 1 M 40 J

83 1 1 SAb 12 H FHx diabetes 
mellitus

2 1 M PG 41 H
84 1 1 M PG 42 S 0701,

1302
AABB

85 1 1 F PG 42 H FHx alopecia areata 44 neg
2 1 F PG 34 H

86 1 1 M PG 40 H



Table 12.1. (continued)

Patient 
ID no.

Pregnancy
no.

Partner
no.

Sex of 
baby

PGin
pregnancy

Gestational 
age (weeks)

Collected by 
Holmes (H), 
Shomick (S) 
or Jenkins (J)

Foetal
outcome

Other auto-immune 
diseases

Eosinophil
count

(xlO’/I)

Serum
IgE

level
(kU/1)

Anti- 
BMZ 

IgE titre

Anti-HLA 
titre, class I 
class II (%)

DRB
allele

C4
allele

2 1 M PG 40 H
3 1 M PG 40 H
4 1 M PG 40 H
5 1 M PG 40 H

87 1 1 F 42 S
2 1 F PG 38 S
3 2 F 38 s skip



12.2. Case study: Pemphigoid Gestationis and 

Hydatidiform Mole

PG is rarely associated with trophoblastic tumours such as hydatidiform 

mole and choriocarcinoma (Tillman, 1950; Dupont, 1974; Tindall, Rea, 

Shulman and Quismorio, 1982). A 35 year old Caucasian woman was referred 

for treatment of a hydatidiform mole (Patient ID no. 61 ; see Table 12.1.). Her 

past obstetric history included 2 spontaneous abortions, one at 9 weeks and the 

other at 13 weeks gestation which had not been further investigated. She had a 

healthy daughter aged 16 months, a previous regular menstrual history and had 

never used oral contraceptives. A recent beta HCG test was positive. 8 weeks 

after this test she developed per-vaginal bleeding and an ultrasound scan 

confirmed molar pregnancy. A vacuum extraction was performed and histology 

showed a complete hydatidiform mole. However, she continued to have per- 

vaginal bleeding and a second dilatation and curettage was performed 2 weeks 

later and repeat histology confirmed persistent complete hydatidiform mole. 

Serial HCG levels continued to rise and peaked at 51,040 MlU/ml (normal; 3 

MlU/ml). She was admitted to hospital for further investigations. 4 days prior 

to admission a pruritic, erythematous papular rash initially appeared in the peri

umbilical region with gradual spreading to involve the calves, thighs, forearms, 

palms and soles. Numerous small vesicles also developed in association with 

erythematous, urticated papules.

2 skin biopsies were taken, one from a papular area on the calf and one 

from a vesicle on the sole. Histology of the lesion from the calf showed a sub- 

epidermal blister with areas of intracellular oedema and necrosis of some of the 

basal cells. There was an eosinophilic infiltrate in the epidermis and upper 

dermis with a peri-vascular lymphocytic infiltrate. Histology from the lesion on 

the sole showed a large sub-epidermal blister. There was individual cell necrosis 

in the roof of the blister with an eosinophilic infiltrate and basal-cell
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degeneration. The underlying vessels in the upper dermis were surrounded by 

lymphocytes and eosinophils.

Direct IF of peri-lesional skin showed intense linear deposits of C3 at the 

dermo-epidermal junction. Initial serological studies with indirect IF showed 

linear deposition of IgG at the basement membrane zone with a titre of 1/100 in 

addition to linear deposition of C3 with a titre of 1/8. HLA typing demonstrated 

H L A A l, 2, B8, 62 and DR3, 4, DQ2, 7 haplotypes. Autoantibody tests 

showed a weak positive speckled ANA of IgM class, but tests for specific 

antinuclear antibodies, anti-cytoplasmic antibodies and extractable nuclear 

antigens were negative. Smooth muscle, mitochondrial IgG, reticulum IgG, 

thyroglobulin and thyroid microsomal autoantibody tests were also negative. 

Haematological studies showed a normal full blood count with a mild 

eosinophilia of 0.5 X 10 /̂1 (normal; 0.04-0.4 x 10 /̂1); biochemical 

investigations were normal. Ultrasound scan of the uterus with Doppler showed 

a considerably enlarged uterus (volume > 300 cc) with low-flow characteristics 

indicating massive shunting. She was commenced on cytotoxic treatment for her 

hydatidiform mole, consisting of alternate days methotrexate (50 mg I.M.) and 

folinic acid rescue (6 days I.M.) for 8 days. This was followed by a 6 day drug- 

free interval and the regimen then repeated. She used a moderately potent topical 

steroid cream (0.1% betamethasone) twice daily for 2 weeks for the skin 

eruption.

She remained in hospital for 22 days over which time she was monitored 

with serial HCG, IgG and C3 estimations (Fig. 12.2a.). The skin eruption 

cleared with methotrexate and topical steroid cream. Clinical improvement in the 

skin lesions was mirrored by a progressive decrease in HCG. On hospital 

discharge there was a fading maculo-papular rash with no vesicles and her HCG 

level was 3,789 MlU/ml. There was, however, no reduction in IgG titres 

(1/100 and 1/200) or C3 titres (1/8 or 1/32). She continued on treatment with
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Figure 12.2a. Graph of serial levels of serum HCG and 
titres of IgG and C3
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0.025% betamethasone cream and was followed up on an outpatient basis for the 

remainder of the chemotherapy. 4 weeks after the onset of PG, at the time of 

the third treatment course of methotrexate and folinic acid, there was 

hyperpigmentation at the sites of the previous rash; HCG level was 627 

MlU/ml; IgG and C3 titres remained high at 1/200 and 1/32 respectively.

There have been very few reported cases of PG occurring in association 

with hydatidiform mole (Tillman, 1950; Dupont, 1974; Tindall gr a/., 1982). 

Hydatidiform moles and choriocarcinoma are entirely derived from the sexual 

consorts i.e. the 46 chromosomes of the hydatidiform mole consist of a pair of 

identical paternal chromosomes with no maternal contribution (Kajii and Ohama, 

1977; Berkowitz and Goldstein, 1996). Since PG occurs in both pregnancy 

and trophoblastic tumours it is possible that paternally-derived antigens reside on 

the trophoblastic cells or cells of the chorio-amniotic membranes and if any of 

these cross-react with antigens in the BMZ of skin then immune responses to the 

trophoblast could result in autoimmune response to the skin.

There are no reports of a PG-like disease in men with choriocarcinoma. 

Cytogenetic studies have demonstrated that the chromosomes in choriocarcinoma 

in men are also entirely of paternal origin (Berkowitz and Goldstein, 1996). 

Therefore, it would appear that placental tissue is required for the initial 

development of disease, not simply the presence of germinal tissue nor actual 

presence of foetus i.e. the allogeneic state of pregnancy is required to develop 

PG (Shomick, 1987).

The patient has been advised never to use oral contraceptives, not only 

because it may cause a recurrence of her PG but also it is contraindicated because 

of her molar pregnancy. If she had a further pregnancy it is likely that she may 

develop PG with the potential for an earlier onset and more florid expression. 

The majority of patients with PG have anti-HLA antibodies directed against the
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paternal antigens (see section 1.4.4.). The significance of these antibodies are 

unknown but supports the suggestion that there is placental dysfunction.
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12.3. Case study: Pemphigoid gestationis and bullous 

pemphigoid

The clinical, histological and immunological similarities between PG and 

BP suggest that they may have common pathogenic elements. 2 patients 

presented with blistering disorders which, in each instance, initially had 

characteristics of PG and subsequently developed features consistent with the 

diagnosis of BP.

The autoimmune bullous diseases, PG and BP, are each characterised 

by sub-epidermal blisters and circulating and tissue-bound autoantibodies 

reacting against similar determinants (see section 1.2.2.); in addition, histology 

and IF studies have considered overlap (see section 7.7.2.2.). There is, 

however, considerable evidence that the two are distinct conditions. In 

particular clinical expressions are divergent. Despite tense blisters in both 

diseases, the pattern in PG, initially with distribution around the umbilicus with 

the face and mucosal surfaces usually spared, is very different to BP where 

lesions are mainly on the trunk and limbs with the mucosal surfaces involved, 

albeit occasionally. PG typically occurs in the second and third trimesters of 

pregnancy, often with exacerbations post-partum, whilst BP is described in 

patients usually older then fifty years of age with no evidence for direct hormonal 

mediation. In addition, there is no reported HLA antigen association in BP 

whereas PG is linked with HLA DR3, DR4 (Shomick, Stastny and Gilliam,

1981). There are no reports of bullous disease occurring during pregnancy with 

the pattern of BP.

The 2 cases described here initially had a bullous disorder of pregnancy 

with characteristics of PG with later progression and the development of features 

suggestive of BP. This suggests a continuum of disease having the same 

underlying pathogenic base and pathology incorporating the 2 clinical patterns.
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In the first patient a bullous rash appeared age 25 years shortly after 

commencing oral contraceptives (Patient ID no. 49; see Table 12.1.). The 

vesicular, itchy rash developed on the abdomen spreading to the trunk and limbs 

with resolution after stopping the pill\ the rash re-appeared in her first pregnancy 

at 32 weeks. There was a severe post-partum flare and recurrence after re

starting oral contraceptives. Her second pregnancy, again complicated by a 

recurrence of PG, resulted in miscarriage at 16 weeks gestation and during her 

third pregnancy she had a severe exacerbation of PG following which a bullous 

rash persisted. The rash in this later stage had a typical pattern with itchy lesions 

usually developing on the body with mainly papulo-vesicular lesions on 

abdomen and arms, with sometimes large bullae on the limbs, sparing the face. 

For the past 14 years she required high doses (-30 mg) of oral prednisolone 

despite several treatment strategies being tried including hysterectomy and 

salpingo-oophrectomy. She had had the same partner for all her pregnancies and 

is one of identical twins; her twin sister has autoimmune thyroid disease but no 

skin disease. Histology of lesional skin from this patient showed small sub- 

epidermal vesicles with vacuolar degeneration of the basal region and collections 

of inflammatory cells, mainly eosinophils consistent with PG. Direct IF 

showed linear BMZ staining with IgG and C3 and indirect IF consistently 

demonstrated circulating IgG and C3 fixation at high titres. Immuno-blotting 

revealed autoantibodies reacting against 2 distinct antigens (molecular weights: 

180 and 230 kDa). HLA typing showed DR4 and C4 null allele. Autoantibody 

screen was negative except for a weakly positive antinuclear antibody.

The second patient developed PG during her first and only pregnancy 

aged 23 years (Patient ID no. 62; see Table 12.1.). It began in the last 3 weeks 

of pregnancy with the onset of urticated erythematous lesions on the extensor 

surfaces of her limbs; 2 days post-partum the lesions on the extremities became 

bullous and the bullae persisted during the first year after delivery despite
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treatment with high-dose prednisolone. PG would, by this stage, have usually 

resolved but in this case a bullous rash remained clinically active for 12 years. 

For the first 3 years the clinical picture was dominated by large bullae especially 

on the limbs and subsequently over the next 9 years the appearance changed and 

the predominant feature on steroid withdrawal was palmo-plantar vesicular 

eruption. The patient had other autoimmune manifestations with Grave’s 

disease, ulcerative colitis and alopecia areata. She had thyroid cytoplasmic and 

microsomal autoantibodies but autoantibody screen was otherwise negative. 

There was no family history of skin or thyroid disease or other autoimmune 

disease. The patient died shortly after surgery aged 34 from metastatic colorectal 

carcinoma. Direct IF studies of both the bullous lesions and the palmo-plantar 

eruption showed BMZ staining with IgG and C3. Indirect IF was consistently 

positive for linear BMZ deposition of IgG and C3 at high titres. Inununo- 

blotting demonstrated circulating antibodies that reacted to 2 antigens of 

molecular weights 180 kDa and 230 kDa. HLA typing showed DR3 and DR4.

These 2 cases, that here presented as dramatic illustrations of the overlap 

of PG and BP, initially demonstrated features of PG but untypically went on to 

develop persistent blistering eruptions with clinical appearances suggestive of 

BP. In the first case the PG eruption was thought to be hormonally-modulated 

since she had premenstrual flares. However, following her hysterectomy and 

bilateral salpingo-oophrectomy she still had cyclical blistering flares which has 

been described with BP. In the second case the clinical and immunopathological 

features were initially characteristic of PG, but later resembled a localised form 

of BP. Therefore, the cases suggest a clinical overlap syndrome incorporating 

PG and BP serving to reflect the immunopathological similarities already well 

established.

There is considerable evidence to suggest circulating autoantibodies are 

central to pathogenesis in PG: for example, neonates bom to mothers suffering
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from active PG may develop a self-limiting bullous rash (see section 1.1.5.; 

Chorzelski, Jablonska, Beutner, Maciejowska and Jarzabek-Chorzelska,

1976; Katz, Minta, Toole and Medwidsky, 1977); and plasmapheresis may 

induce clinical remission in PG (see section 1.1.7.; Van de Wiel, Hart, 

Flinterman, Kerckhaert, Du Boeuff and Imhof, 1980). The evidence for such 

a mechanism in BP is less compelling; for example passive transfer of BP IgG 

into experimental animals, fails to induce disease despite the fact that serum 

from these animals contain high-titre BP autoantibodies (Anhalt and Diaz,

1987). Recent studies have shown that neonatal mice injected with rabbit anti

murine BP 180 IgG antibodies develop a sub-epidermal blistering disease closely 

mimicking BP and PG at clinical, histological and immunological levels, 

representing an appropriate animal model for both diseases (Liu, Diaz and 

Giudice, 1994).

Immuno-precipitation has demonstrated that the majority (>95%) of BP 

sera react with a 230 kDa epidermal polypeptide known as BPAgl (Stanley, 

Hawley-Nelson, Yuspa, Shevach and Katz, 1981) with about 50% also 

reacting with a second epidermal antigen of 180 kDa, known as BPAg2 (see 

section 1.2.2.; Labib, Anhalt, Patel, Mutasim and Diaz, 1986). Cloning and 

sequencing have demonstrated that the 2 antigens are distinct gene products 

having different chromosomal locations, BPAgl at locus 6pl 1-12 (Sawamura, 

Nomura, Sugita, Mattel, Chu, Knowlton and Uitto, 1990) and BPAg2 at 

locus 10q24.3 (Li, Sawamura, Giudice, Diaz, Mattel, Chu and Uitto, 1991) 

and lacking structural homology. The majority of PG sera also recognise 

BPAg2 (Morrison, Labib, Zone, Diaz, Anhalt, 1988) and some react to both 

BPAg2 and BPAgl as in the cases here (Kelly, Bhogal, Wojnarowska, 

Whitehead, Leigh and Black, 1990; Murakami, Amagai, Higashiyama, 

Hashimoto, Chorzelski, Bhogal, Jenkins and Black era/., 1996). Therefore, 

PG and BP appear to share antigenic determinants, but in PG, antibodies
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against the 180 kDa antigen are prevalent while in BP antibodies to the 230 kDa 

antigen are more frequent.

In summary, the 2 patients described each with a long-standing 

blistering eruption initially having characteristic features of PG with the clinical 

pattern subsequently changing with features more suggestive of BP. Both PG 

and BP autoantibodies recognise a common immuno-dominant antigenic site on 

the epidermal BPAg2 polypeptide. This antigenic site is localised 

ultrastructurally to the lamina lucida and restricted to the hemidesmosome. 

Further studies need to be performed to investigate the immunopathogenic 

mechanism of sub-epidermal blister formation in both PG and BP.
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12.4. Optimal conditions for demonstration of basement 

membrane zone antigens using sodium chloride technique

This distinct but associated study compared a series of conditions for 

inducing lamina lucida separation through normal skin specimens using IM 

NaCl for the detection of basement membrane zone autoantibodies using indirect 

IF. Separation of the dermo-epidermal junction through the lamina lucida is an 

essential technique for diagnosis in sub-epidermal bullous diseases. Results 

obtained using different methods (induction of suction blisters, incubation in 

proteolytic enzymes and incubation in 1 M NaCl solution) are often conflicting. 

This may be due to partial degradation of basement membrane zone proteins 

during these procedures (Meyer, Taylor, Kadunce, Thuong-Nguyen and Zone, 

1991; Willsteed, Bhogal, Das, Bekir, Wojnarowska and Black, 1991). It 

has been demonstrated that incubation in 1 M NaCl is a simple cost-effective 

technique that reliably produces a split through the lamina lucida (Meyer et a l, 

1991). Therefore, standardisation of this technique would allow results from 

different centres to be compared.

The study compared a series of conditions for inducing lamina lucida 

separation of normal skin specimens using IM NaCl for detection of basement 

membrane zone autoantibodies using indirect IF. Serum samples were obtained 

from 40 patients with bullous pemphigoid (BP), 7 patients with epidermolysis 

bullosa acquisita (EBA) and 20 patients (15 were epidermal-binding and 5 were 

dermal-binding) with linear IgA bullous dermatoses (LABD). The samples were 

stored at -70 °C until used. Skin specimens were obtained from surgical patients 

with no known or previous history of autoimmune or skin disease. Multiple 4- 

mm punch biopsies were taken and were incubated in IM NaCl solution for: 48 

hours at room temperature, 48 hours at room temperature with 1 mM 

phenylmethylsulphonyl fluoride (PMSF), 72 hours at room temperature, 72 

hours at room temperature with 1 mM PMSF, 72 hours at 4 °C with 1 mM
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PMSF. The solutions were changed every 24 hours. The epidermis was then 

gently separated from the dermis with forceps. The split tissue was embedded in 

optimum cutting temperature compound, snap-frozen and stored at -70 °C until 

used.

The level of cleavage was checked in all specimens by staining with type 

rV collagen and BP antibodies. 4|im cryostat sections were used for indirect IF 

using FlTC-labeled anti-human IgG or IgA. Serial dilutions of serum were 

tested. The principal end-point was the highest titration of fluorescence staining 

at the separated dermo-epidermal junction. The immunofluorescence staining 

was read independently by 3 observers. Skin split under the conditions studied 

showed BP antibodies binding to the roof and type IV collagen binding to the 

base, hence confirming that the split was always through the lamina lucida. The 

end-point titres of all BP sera studied were greatest on skin split at 72 hours at 

4 °C with PMSF compared with skin split at room temperature at different time 

intervals with or without PMSF (Fig. 12.4a.). The end-point titres of all 

epidermal-binding LABD sera studied were again greater on skin split at 72 

hours at 4 °C with PMSF than on skin split at room temperature. However, 

there was no difference in the end-point titres of EBA sera on skin split under the 

different conditions studied (Fig. 12.4b.). This was also true for the 5 dermal- 

binding LABD sera studied.

The results show that BP and epidermal-binding LABD antibodies are 

probably best detected on skin incubated at 4 °C for 72 hours in the presence of 

PMSF, a known proteolytic enzyme inhibitor. This implies that BP and 

epidermal-binding LABD antigens are susceptible to degradation during 

incubation in IM NaCl. The lack of change in end-point titres of EBA and 

dermal-binding LABD antibodies suggests that both antibodies are stable and are 

not susceptible to degradation at room temperature.
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Figure 12.4a. The difference in end-point titres of BP sera on skin
split in 1 M NaCl under different conditions
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Figure 12.4b. No difference in end-point titres of EBA sera on skin
split in 1 M NaCl under different conditions
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In conclusion, the detection of BP and epidermal-binding LABD 

antibodies are best detected using split skin that has been incubated in IM NaCl 

at 4°C for 72 hours together with enzyme inhibitors. However, for detection of 

EBA and dermal-binding LABD antibodies skin can probably be split at room 

temperature in IM NaCl.
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