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We ob�erved in our in vitro studies that human leukocyte;, \\Cre attached by their 
complcment receptors to thc basement membrane .cone (BMZ) of the skin specimens 
pretreated with pemphigoid antibodics and complement. The resultant histologic fcature 
was ver} similar to that of an early stage of the inflammatory reacuons observable in tbe 
lesions of bullous pemphigoid. Eosinophils were also attracted to the BMZ in proportion to 
their number in cell su�pensions. but the adhesion of eosinophils occurred neither selec­
uvely nor exces;,ively. The nitroblue tetruolium (N BT) test. "hich was carried out after 
the leukocyte all�chment tesl clemon,trated that only those leukocyte;, bound spec11ically 
to the BMZ incorporated NBT dye comlexe;, vigorou\ly to form formaLan crystals in the1r 
cytoplasms. The present studies sho"ed that complement-fixing anti-BMZ antibodies 
induce enhacement of leukocyte activities as well as immune adherence to the BMZ, 
indicating that the enhanced leukocyte funcllon plays a role in the separation between 
epidermis and dermis in bullous pemphigoid. Key words: Pemphigoul amibody: lmmune 
adherence: Eosinophil; NBT resr. (Rcceived December 13, 1982.) 

K. lwatsuki. Depanment of Dermatology, Hamamatsu Umversity Scbool of Medicine,
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Il has been proposed that the cutaneous infiltration by leukocytes and blister formation in 

bullous pemphigoid are caused by antibodies to the basement membrane zonc (BMZ), 

which activate complement, thereby attracting leukocytes to the dermal-epidermal junc­

tion ( 11 ). In favorable sections of biopsy specimens. a progressive infiltration infiltration of 

leukocytes can be seen in the upper dermis and junctional zone prior to blister formation 

(5. 14). In bullous lesions, the blister cavity contains numerous cosinophils, neutrophils 
and mononuclear cells (13). The results of previous immunological studies on the skin 

lesions and blister fluid supported a possibility that complement activation mediated by 

pemphigoid antibodies with a subsequent accumulation of leukocytcs is important in thc 

pathogenesis of bullous pemphigoid (I, 3, 4. 11). 

Recently, Gammon and co-workers (6, 7, 8) demonstrated firm cvidence of an interac­

tion between pemphigoid antibodies, complement and leukocytes in the pathomechanisms 

of bullous pemphigoid. using an in vi tro assay system. However, the functional aspects of 

leukocytes in the pathogenesis underlymg thc dcvelopment of blister formation remains 

obscure. The present studies were undertaken to define the interaction between comple­

ment-fixing anti-BMZ antibodies and leukocytes. including eosinophils, and to assess the 

enhancement of leukocyte function mediated by immune complexes formed at the BMZ. 
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MATERIALS AND METHODS 

I Prepara1io11 of sl.i11 samples 

C. 
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Fig. I. Leukocyte3 were at­
tached spccifically 10 the 
BMZ and horny laycr mcdi­
ated by complement-fixing 
antibodie�. 

Skin ,amples were obtained from hypertrophic scar of 3 hcahhy, human blood group O persons. 
Those samples werc washed in 10% glycerin in phosphate-buffercd saline (PBS. pH 7.4) for 30 min at 
4°C. or snap-frozen in liquid nitrogen, and then stocked at -70"C until use. 

2. Preparation of semm samples

Four samples containing antibodies to the BMZ were obt,1ined from patients >w1th active bullous 
pcmphigoid. Prior to use, all serum samples were heat-inactivatcd al 56°C for 30 min and stocked at 
-70°C. Antibody titres of those sera were found to range from I: 10 to I: 320. mea�ured by a Mandard 
indirect immunofluorescence method, utiliz.ing thc �kin specimen� de\Cribed above as a \Ubstrate and 
commercially prepared fluorescein isothiocyanate-labelled antihuman lgG. lgA, lgM, JgE scra. 
Antibodies detected at the BMZ belongcd to only lgG clas� in two sera, and 10 both IgG and lgA in 
the remaining two �era. Conlrol serum samples were obtained from heahhy voluntcers and patients 
with a variety of �kin disorders �uch as psoriasis. erythroderma, annular erythema and prurigo. 

3. Preparation of leukocyu.s 

Peripheral blood leukocytes were obtaincd from normal volunteers and patient, ,, ith p,ona,is. 
cczema, erythroderma, Löffier·s syndrome and prurigo by dextran sedimentation of 4 ml of heparin­
ized whole blood. Leukocyle-rich plasma wa� removed and centrifuged at I 000 rpm for 5 min. The 
supematant was u�ed later as a complement source. Residual red blood cells were shock-lysed by 
0.2 % aqueou, sodium chloride, and isotonicity was then re-established by adding 1.6% sodium 
chloride. Aftcr centrifugation, leukocytes werc resuspended in Hanks' solution with concentration of 
2-3X 107/ml adding fresh self-plasma or heat-inactivated pla,ma. The percentages of eos,nophils in the 
cell wspcnsions ranged from 1.4 '½- to 63 o/c. Viability of isolat ed leukocytes was greater than 97 �. 

4. leukocyte auachment test

The leukocyte anachmcnt test was carried out on skin spccimens as previously described (6, 15). In 
brief, 8-µm cryos1a1 skin specimens were placed on slide glasses. The tissue spec,mens were allowed 
to dry for 30 min and then w-ashed for 15 min in PBS. The tissuc specimens were incubated with two 
drops of heat-mactivated I : 2 or I : 4 diluted pemphigoid or control serum for JO min in a moist 
chamber, and rinsed in PBS for 15 min. After incubation with 20% fresh self-plasma in PBS for 20 
min, vinyl type strips were taped around the tissue specimens treated with pemphigoid ,erum or 
control serum and complement, and then a coverglass was placcd on the vinyl tape strips 10 form a 
gap bctween the tissue specimens and the glass. The cell suspemion was poured into the gap to cover 
the tissue sections, and then 45 min incubalion w-as performed al 37°C in a moisl chamber. Pollowing 
incubation. vinyl tape strips and the coverglass were removed and non-adherent cells were washed 
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Fig. 2. Eosinopbils (arrow) 
were also bound to the 
BMZ. mediated by comple­
ment-fixing anti-BMZ anti­
bodies. 

away with PBS. The tissue specimens wcre fixed in methanol, and stained with hematoxylin and 
eosin. Some slides were processed for a standard immunofluorescence study 10 detect deposition of 
lgG and C3 along the BMZ. Commercially prepared lluorescein isothiocyanatc-labelled antisera to 
human lgG and C3 were used at a dilution of I : 20: 1hose 0uorescein 10 protein molar ratio were 1.3 
and 1.2. respectively. 

5. Nirrob/11e 1e1razoli111n (NBT) test

The N BT test was performed to evaluate both phagocytotic ac11v1ty and one of the metabolic 
pathways. the myeloperoxidase-H2O:rhalide �ystem, of leukocy1es bound to the BMZ due to 
complement-fixing antibodies. Following 45 min incubation with the cell suspension in the process of 
the leukocyte attachment test as described above. excess cell suspension was removcd gcntly from 
the gap without rinsing. The solu1ion containing 0.6 ml of0.28% NBT in saline. 0.5 ml of fresh plasma 
and 0.3 ml of salinc was poured into the gap between the coverglass and 1he sJide glas�. and incubated 
further for a 15 min at 37°C. Formazan-forming leukocytes auached 10 1he BMZ were easily 
detectable under a light microscope. in contrast to those which adhered non-specifically to the �!ide 
glass and to other ponions of the tissue specimens. 

RESULTS 

I. Adhesion of le11kocy1es ro the BMZ

When leukocytes suspended in Hanks' solution with fresh plasma were incubated with 

tissue specimens treated with anti-BMZ antibodies and complement, they were micro­

scopically noted lo attach specifically to both the BMZ and the horny layer (Fig. I). When 

they werc incubated with tissue specimens treated with control sera not containing anti­

BMZ antibodies, leukocytes were found to adhere only to the horny layer. 

In the control study carried out in the absence of a complement source, i.e .. using 

leukocytes suspended in Hanks' solution with heat-inactivated pla!>ma. no specific allach­

ment of leukocytes was observed. 

Hematoxylin-eosin-stained sections showed that the leukocytes attached to the BMZ 

and horny layer comprised neutrophils. eosinophils and a small number of monocytes (Fig. 

2). 

2. Immunofluorescence studies

lmmunofluorescence studies performed on the tissue specimen� after completing the 

leukocyte attachment test demonstrated deposits of lgG and C3 along the BMZ and horny 
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Fig. 3. Attachment of cosinophils to Lhc 
BMZ, mediated b} complement-fixing anll­
BMZ antibodies occurring in close relation 
to thc numbcr of eosinophil; in the cell 
suspension. 

)ayer. Deposits of lgG and C3 at the horny layer were ob�erved evcn in the tissue 

specimens incubated only with cell suspension in fresh plasma, but no such deposits could 

be seen al the BMZ. These results indicated that a deposit of complement-fixing anti-BMZ 

antibodies is specific to the sera taken from patients with bullous pemphigoid. and that 

deposits of lgG and C3 at the horny layer are mediated by complcment-fixing anti-stratrum 

corneum antibodies that everybody possesses in serum ( 12). 

3. Correlation betwee11 tlre 11umber of eosinophils mtached to the

BMZ and that in cell suspensions

The proportions of eosinophils attracted to the BMZ mediated by complement-fixing anti­

BMZ antibodies were determined by counting the number of eosinophils among 200 to 400 

adherent cells at the BMZ of 6 to 8 tissue specimens. and compared with those in cell 

suspensions. The results showed that the proportion of eosinophils attached to the BMZ 
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Fig. 4. Leukocytes bound 10 Lhe 
BMZ and homy layer incorporated 
NBT dye complexcs into their cyto­
plasms and formed blackish-blue 
crystals of formazan. Note the other 
leukocytes non-specifically adher­
ent 10 the slide gla�s and tissue 
specimens, showing little incorpora­
tion of N BT dye complexei.. 
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was closely rclated to that in the cell suspension (Fig. 3). Thus, complement-lixing anti­

BMZ antibodies could also mediate the adhesion of eosinophil!, to the BMZ in a non­

selective manner. 

4. NBT test

According to a previous report (9). normal neutrophils show lillle incorporation of the 
NBT complexes unlcss they are stimulated to phagocytotic activity. Only stimulated 
neutrophils incorporate the NBT dye complexes into their cytoplasms and. after lysosomal 

fusion, intraccllular reduction results in the formation of insoluble crystalc; of formazan. 

Leukocytes attached lo the BMZ and horny layer were found to have numerous 

blackish-blue formazan crystals in thcir cytopla�ms (Fig. 4). However. leukocytes ran­

domly adhering to the slide glass and tissue specimens had few c;uch crystals. 

DISCUSSION 

Blister formation in bullous pemphigoid is a clcan split between epidermis and dcrmis, 

similar to the sepration one can obtain by the action of enzymes or acids or salts that act 

on the BMZ. Although a large number of leukocytes infiltrate the blister cavity and upper 

dermis, the roof of the bulla shows no degenerative changes in thc early lcsions ( 13). This 

fäet indicates that the infiltrating leukocytes affect only the BMZ to which immunoglobu­

lins and complement are bound. 

The reports of Gam mon and co-workers (6. 7, 8) on the pathomechanisms of the bullous 
pemph1goid using the leukocyte auachmem te�• proviuc firm cviucnce thnt complcmcnt­

fixing anti-BMZ antibodies attract leukocytes 10 the BMZ. The results of our studies 

further demonstrated that eosinophils are also attracted to the BMZ by the action of 

cornplement-fixing imrnunoglobulins bound to the BMZ. These findings may explain why 

numerous eosinophils exist in the blister cvity. As shown in the Fig. 3, ho\�ever. comple­

ment-fixing anti-BMZ antibodies did not attract eosinophils to thc BMZ selcctively. Thus, 

an infiltration of eosinophils into the lcsional skin may also be mediated by same other 

eosinophil chemotactic factors such as reported by previous investigators ( I. 4). 

It is well established that neutrophils incorporate immune complcxes as well as microor­

ganisrns after immune adherence by their complement receptors. Phagocytosed immune 

complexes and microorganisms are killed and digested through the process of thc myelo­

peroxidase-H20:z-halide systern. In order to evaluate the activation of the intraccllular 

metabolic system of leukocytes at the BMZ, we used the NBT reduction test. The results 

demonstrated that leukocytes attracted to the BMZ and horny layer incorporated NBT dye 

complexes into the phagosomcs and that the NBT dye complcxes werc converked into 

blackish-blue crystals of formazan by the process of intracytoplasmic rcduction. Thus, 
both leukocytes bound to the BMZ and those bound to thc horny layer were stimulated to 

phagocytotic and metabolic activities by complement-fixing anti-BMZ antibodics and by 

anti-stratum corneum antibodies, respectively. This enhanced function of leukocytes at 

the BMZ may result in release of lysosomal enzymes and superoxides. causing a separa­

tion between the epidermis and derrnis, as noted in bullous pemphigoid. It has also been 

proposed that eosinophils peroxidase in the granules reacts with H202 and a halide to 

generate toxic complexes capable of darnaging target cells or tissues (5, 10). However, the 

role of eosinophils in the blister formation of bullous pemphigoid rernains obscure, as they 

also have regulatory cffects for cnzymes derived from mast cells and other inflammatory 
agents (2). Jn early lesions of bullous pcmphigoid. the feature showing that leukocytes are 

lining along the BMZ is occasionally seen in favorable sections, which suggests that the 

mechanisms mentioned above may actually occur at the BMZ in vivo. 
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The present studies provided further evidence that the enhanced function of leukocytes, 

including cosinophils, mediated by the interaction between antibodies and complement. 

plays an important role in the inflammatory responses observed in bullous pemhpigoid. 
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