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We characterized basement membrane zone (BMZ) 
auto antigens targeted by autoantibodies (AAb) from 
patients with cicatricial pemphigoid. Serum from a 
patient with severe oral cicatricial pelnphigoid con
tained IgG anti-BMZ AAb. The AAb labeled a lower 
BMZ component on salt-split skin and localized to 
the lower lamina lucida/lamina densa by direct and 
indirect immunoelectron microscopy (IEM) but did 
not label blood vessels. The AAb did not react with 
EHS laminin-l and type IV collagen, pepsinized hu
man type IV collagen, recombinant entactin, or NCt 
domain of type VII collagen by dot blotting and 
western blotting. We focused our studies on the 
laminin family~ as laminin-5 was identified as an 
autoantigen in cicatricial pemphigoid. Culture-con
ditioned media from normal keratinocytes (contain
ing laminin-6 and laminin-5) and JEB keratinocytes 
(containing laminin-6 but not laminin-5) were stud
ied by westenl blotting. Under nonreducing condi-

S
kin basement membrane zone (BMZ) autoantigens 
characterized include the hemidesmosome/upper lam
ina lucida-located bullous pemphigoid antigens (BP230 
and BP180) (Stanley ct nt, 1981; Labib et nl, 1986) and 
LAD-1 , the linear IgA bullous dermatosis antigen (Zone 

et nl, 1.990; Marinkovich et ai, 1996), the lower lamina lucida
located laminin-5 (previously named kaJinin, epi li grin , nicein, 
BM600) (DomJoge-Hultsch ct ai, 1992; Kirtschig et ai, 1995), and 
p105 (Chan et nl, 1993; 19953; Chan and Woodley, 1996), and the 
sub-lamina densa-Iocated type Vll collagen (epidermolysis bullosa 
acqui sita antigen) (Woodley et nl, 1984). Other well-defined DMZ 
components, including laminin-1, a6{34 integrin , type IV collagen, 
perlecan, entactin/nidogen , plectin, and laminin-6 (previously 
named k-Iaminin), have not been reported as being targeted by 
autoantibodies (AAb) in blistering slcin diseases (Stepp et nl, 1990; 
Tsao eI (/1, 1990; Marinkovich et ai, 1992a; lozzo, 1994; Kuhn, 
1994; Timpl and Brown, 1994; Liu ct at, 1996). 
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tions, the patient's AAb recognized a 600-kDa pro_ 
tein (laminin-6) intensely and 11 400-kDa protein 
(laminin-5) weakly in normal keratinocyte mediuIll 
even though abundant lalninin-5 was present. In]En 
keratinocyte medium, however, the 600-kDa protein 
(laminin-6) alone was r~cognized by the patient's 
AAb. The AAb also immunolabeled BMZ of JEB skin 
that lacked laminin-5. The AAb from this patient and 
two other patients with anti-Iaminin-5 cicatricial 
pemphigoid immunoprecipitated both laminin-6 and 
laminin-5. Taken together, the results of IBM, non_ 
reducing western blotting, immunoprecipitation, ' 
and JEB skin BMZ immunolabeling indicate that 
laminin-6, as well as laminin-5, is identified by the 
AAb from a subset of cicatricial pemphigoid patients. 
We propose the name "allti-Iami"i" cicatricial pemphi_ 
goid" for this subset. Key words: blister/epidermolysis 
Imllosa .. J Invest Derl1la.toI108:848-853, 1997 

The laminin family consists of a group ofheterotrimers of various 
combinations of three chains, a, {3, and), (Burgeson et nl, 1994). 
Laminin- 6 is a laminin val'iant with all expression restricted to 
anchoring filament-containing basement membranes (Marinko_ 
vich ct nl, 1992a). Laminin-6, a heterotrimer of a3{31 ),1 -chains 
secreted by epidermal cells, shares structural and immunologic: 
similarities with laminill-1 (heterotrimer of a1{31 )'1) and laminin-S 
(heterotrimer of a3{33)'2) (Marinkovich ct nl, 1992a). Laminin- 6 is 
recognized by anti-Iaminin-1 antibody due to its reactivity with {31-
and ),1-chains and is recognized by monoclonal antibody (MoAb) 
BM165 due to its reactivity with a3-chain (Marinkovich et nl, 
1992a) . Polyclonal anti-Iaminin-S antibody recognizes both lami_ 
nin-5 and laminin-6 under nonreducing conditions, but recognizes 
only laminin-5 under reducing conditions (Marinkovich et nl, 
1992a) . In this paper, we describe BMZ components identified by 
AAb from a patient with oral cicatricial pemphigoid, an immune_ 
mediated subepithelial blistering disease. Because laminin-5 has 
been identified as a target antigen in cicatricial pemphigoid (Dom_ 
loge-Hultsch ct at, 1992), we focused our investigations on the 
laminin family and demonstrate that laminin- 6 and laminin-5 are 
the co-target antigens for the AAb. We further confirm these 
co-target antigens with AAb from two additional patients who h ad 
been diagnosed to have "anti-Iaminin-5 cicatricial pemphigoid .' 
Because a pure, non- cross-reacting, anti- laminin-6 antibody is not 
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available, the identification of laminin-6 is based on comparative 
studies using antibodies that cross-react with laminin-6 and la111i
nin-5 as probes. 

In junctional e pidermolysis bullosa OEB), an inherited blistering 
disease characterized by hemidesl11osomal anchoring ftI ament ab
normalities (Marinkovich, 1993), many patients show absence of 
lanllnin-S expression in skin BMZ (Meneguzzi el ai, 1992). The 
genetic d efects of Herlitz type JEB have been documented at the 
molecular level (Aberdam ct ai, 1994; Pulkkinen et ai, 1994). MoAb 
BM165, which cross-reacts with both laminin-S and laminin-6 
(Marinkovich et ai, 1992a), shows reduced but positive labeling of 
the BMZ in JEB skin that shows absence of lami11.il1-S staining by 
non-cross-reacting laminin-5 antibody (Meneguzzi ct ai , 1.992) . It 
has been shown that the labeling of MoAb BM165 in the JEB skin 
BMZ is due to the presence of laminin-6 in these patients as 
demonstrated by radioimmul1oprecipitatiol1 of keratinocyte-condi
tioned medium derived from these patients (Marinkovich ct ai, 
1993). For tills reason, we also included JEB skin sections in our 
study. 

CASE REPORT 

A 43- y - o ld woman had painful blisters and erosions in her oral cavity for 
19 y. Her past medical history included allergic rhinitis and asthma . Physical 
exanlination revealed a few blisters and cxtensive crosions of her pharynx, 
dorsal tongue, and some erythema on her buccal mucosae. Her ocular 
muco sae and skin were free of disease. H'istopathologic CX3.lnination of an 
oral mucosal lesion demonstrated a subepithelial blister and a prominent 
mononuclear inflammato ry cell infiltrate within the lamina propria. Routine 
direct m1.D1U I10flllOreSCel1 ce microscopy perfomcd 0 11 the patient' s lesional 
and pe rilesional biopsy specimens detected a linear pattern of IgG deposits 
at the epithelial BMZ. Direct immunofluorescence microscopy performed 
on 1 M sodium chloride-split patient's epithelial tissue localized the IgG 
deposits exclusively to the dermal side of tbe BMZ (Gammon el ai , 1984). 
The patient's disease did not respond to treatmen ts of topical or systemic 
corticosteroids, topical or systemic retinoids , dapsone, colchicin e, or topical 
ryclosporin A. The patient's epithelial tissue and serum were obtained for 
furcll er scudies as outlined below. 

MATERIALS AND METHODS 

BMZ Proteins and Anti-BMZ Antibodies The toll owing purified or 
recombinant BMZ proteins were either purchased from commercial sources 
or obtained as gifts from other investigators: EHS type IV collagen and 
pepsinized human type IV collagen (Sigma Chemical Co., St. Louis , MO), 
EHS larn.i.nin-1 (Rau C hilikuri, N orthwestern University, C hicago, IL), an 
enka.ryotic recombinant human type vn collagen (fu ll length N C J , Chen el 

ai, 1997a), recombinant entactin (Tsao el ai, 1990). Prim;try antibodies 
agains t basclnent l11c nlbrane cOlnponcnts were either purchased C0t11nlCl"

cially or o btained as gifts: polyclonal anti-l aminin-1 (GffiCO-BRL, Grand 
Island, NY), MoAb anti-Iamin..in-l , anti-type IV and VII coll agens (Sigma) , 
MoAb K140 and BM165 (speci.fic for laminin /33 -chain and a3-chain, 
respectively, RouseLle cl ai, 1991 ; Marinko vich el ai, 1992b), polyclonal 
anti-type IV collagen and monoclonal anti-pedccan OolUl Couchman, 
University of Alabama) , polyclonal anti- entactin (Tsao ef ai, J 990), and 
polyclouaJ anti-lamiain-5 (Marinkovich cl ai, 1992b). In addition, goat 
anti-human factor VHf-related antigen was purchased from Atlantic anti
bodies (Stillwater, MN) . 

Inununoliuorescencc Microscopy To detennine the immunoreactiv
ity of th e patient's circulating AAb to BMZ, indirect immunofluorescence 
microscopy was perform ed on various tissue substrates including normal 
neonatal foreskin, monkey esophagus, and mouse skin. In addition , we also 
included skin substrates from a patient with Herlitzjunctional epidermolysis 
bullosa (JEE) totally lacking BMZ expression of laminin-5 (l33-chain 
mutation '), and skin substrates from patients with dystrophic epidermolysis 
bullosa (n = 3) and epidermolysis bullosa simplex (n = 1). The patient's 
~efllm (at 1: 10 dilution) was used as the first step of incubation, foll owed by 
incubation with fluorescein-conjugated goat anti-human IgG (Cappel , 
Durham , NC) (Chan et ai, 1993). To determine the IgG subclasscs of the 
patient's anti-BMZ AAb, the incubation of the patient' s serum was followed 
by incubation with fluorescein-coltiugated MoAb to human IgGJ, IgG2, 

I L anigan C, HoefHer WK, Cantrell C , Coberly S, Tzou C, Snively G, 
Brimhall E, Woodley DT, Bauer EA: Mutations in the {33 (Bl) chain of 
laminin 5 (nice in/ kalinin) in Herlitz's junctional ep idermolysis bullosa. 
J ltlVest Der/llalol 104:603A, 1995 (abstr) . 
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IgG3, and IgG4 (Sigma) . To determine the relative location of the 
autoantigen targeted by the patient's IgG AAb, 1 M sodium chloride-split 
nonnal human skin was used as substrate (Gammon el ai, 1984) . Normal 
human serum diluted at 1:10 was used as negative control throughout ti,e 
experiment. Sera from patients witl, typical epidermolysis bullosa acquisita 
and bullous pemphigoid were used as positive controls to ensure the proper 
split of ti,e substrate and to ensure tile preserva tion of the DMZ antigens. 
Fluorescein-cOltiugated goat antibodies to rabbit IgG (Cappel) ,uld mo nse 
IgG (y-chain-specific, Kirkegaard and Perry, Gaitll ersburg, MD), and 
fluorescein-conjugated rabbit auti-goat IgG (Cappel) were used as second
ary antibodies. 

Keratinocytc Cultures Primary keratinocytes were cultured from nor
mal foreskin and immortalized keratinocytes w ere established from skin 
from a patient withJEB as previously described (y2-chaul mutation, Miquel 
et ai, 1996; Marinkovich el aI1992a) . Conditioned medium from confluent 
culture was collected, concentrated by serial centrifugation with Centncon 
concentrator (W.R. Grace and Co., Beverly, MA) , and stored at - 80°C 
until immunoblotting was performed. 

Western Blotting and Dot Blotting Analyses Wcstern blo tting 
expe riments were carried out by 5 or 6% sodiulTI dodecyl sul fate-poly
acrylamide gel electrophoresis (Laemmli, 1970) followed by electrophoretic 
transfer to nitrocellulose membranes (Towbin el ai , 1979). The electro
phoresis was carried out with a mini gel apparatus (Novex, San D iego, CAl , 
and the proteins were vertically separated with a constant 125 voltage 
mode. After the completion of electrophoresis, the separated proteins we re 
horizonta lly transferred to nitrocellulose membranes (Bio-Rad, Hercules , 
CAl with a constant 33 voltage mode. After the transfer effi ciency was 
assessed by a reversible Ponceau S stain (Sigma), and the nonspecific 
binding was blocked by 5% powdered milk, the membranes then were 
reacted with primary antibodies (diluted in Tris-buffered saline plus 1 % 
bovine serum albumin) at 4°C ovefl1ight. T he membranes were subse
quently reacted at room tempe rature for J h, with peroxidase-conjuga ted 
antibodies: goat anti-human IgG (y-chain-specifi.c, Kirkegaard and Perry) , 
goat anti-rabbit IgG (Cappel), or goat anti-mouse IgG (-y-chain-specifi c, 
Kirkegaard and Perry). The ill1munoreactions werc visuali zed with a 
peroxidase substrate 4-chloro-l-naphthol (Bio-Rad) (Chan el nl, 1995a). 
Whcn nonreducing conditions wcre desired , /3-mercaptoethanol was omit
ted from the sample buffer. For dot blotting experiments, 3 to 7 /.Lg of 
purified or recombinant proteins w ere vacuum-blotted onto nitrocellulose 
membranes wi til a dot-blot apparattls (Bio-Rad). After tile blotting effi
ciency was checked by Ponceau S stain , tllC nitrocellulose membranes were 
blocked with powdered milk, incubated with prima.ry and secondary 
antibodies, and reacted with enzyme substrate as described above. 

Immunoprecipitation ImmuJloprecipitation e''l)eriments were carried 
o ut widl [" Sjmethionine/cysteinc-metabolically labeled keratinocyte-con
ditioned media as previously described (Marinkovich et ai, 1992a, 1992b). 
B,;efl y, keratinocytes derived from normal donor and a patient with JEB 
lacking laminin-5 were grown and subpassaged in keratinocyte growth 
m edium. Cell s were subpassaged, allowed to attach for 12 h, and then 
incubated in methionine/cysteine-free keratinocyte growth medium, plus 
.I SS-labeled methionine/cysteine miA,t l.lre (50 /.LCi per ml , Amersham Corp . 
Danvers, MA) for an additional 24 h , Immunoprecipitation experimcnts 
were carried Ollt as described previously (Marinkovich el nl, 1992a) except 
that tile .irrcversible serine protease inhibi tor AEBSF (Calbiochcm , La Jolla, 
CAl was added to a final concentration of 1 mM to the radioJabeJed 
conditioned medium samples after collection and prior to immul1oprecipi
tation . Fibronectin was removed by pre-cleansing with gelatin- Sepharose. 
Sera from two patients wi til " anti-laminin-5 cicatncia.! pemphigoid" (Dom
loge-Hultsch ct nl, 1992) and MoAb 165 were also included in tllC studies. 

Immunoelectron Microscopy Direct lEM was performed witll a post
embedding immunogold method 0 11 epithelia.! tissue obtained from ti,e 
patient, as described previously (Schaumburg-Lever el nl, :I 994). Indircct 
IEM was performed with the patient's senUll on neonatal foreskin substrate 
using an established method with some modifications (Holubar 1:1 nl, 1975; 
Chan cl nl, 1995b). Briefly, 14 J..LIll-thick cryosections of skin placed on 
gelatin-coated glass slides w ere incubated witll the patient ' s scrum at 37°C 
for 45 min, followed by incubation of fluorescein-labeled goa t anti-human 
IgG (y-chain-specific, Kirkegaard and Perry) undcr the same conditions. 
T he slides were then subjected to serial reactions at room temperature for 30 
mi.n: rabbit anti-goa t IgG (Cappel), goat anti-horscradish peroxidase (C ap
pel) , then type IV horseradish peroxidase (Sigma). After the slides w ere 
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Figure 1. The patient's IgG AAb labeled the dermal.ide ofBMZ in 
1.0 M sodium chloride-split normal human skin substrate. Salt-split 
skin substrates were incubated w"ith serun1 fr0 l11 a patien t with oral 
cicatricia l pemphigoid (n) , a patient with typical bullous pemphigoid (I)), and 
a patient with typical epidermolysis bullosa acquisita (c), fo llowed by 
incubation with fluorescein-conjugated goat anti-human IgG. E, epidemlis; 
D, dermis; arrowheads indicate IgG-binding sites. Senle bar, 9 I.un. 

fixed in 2.5% glutaradclhyde. they were reacted with 0.15% I-lanker-Yates 
solu tions (Polyscienccs, Warrington, PAl in the presence of 0.01 % hydro
gen peroxide. T he slides were then post-fixed with l'X, osmium tetroxide in 
cacodylate buffer, dehydrated through graded ethanol, and embedded in a 
Spurr! Araldite mixture (EM Sciences, Warrington, PAl. Ultrathin sections 
were post-stained with 0.3'% uranyl 'lcetate-lead citrate and examined and 
photographed under a transmission electron microscope (model l-IU-12A , 
Hi tachi Ltd. Tokyo, Japan) . 

RESULTS 

The Patient's IgG Autoantibodies Labeled Normal Skin 
BMZ and LaDlinin-5-Deficient Skin BMZ On salt-split nor
mal. adult human skin substrates, the patient's IgG AAb labeled a 
BMZ component at the dermal side of the split, similar to that of 
epidermolysis bullosa acquisita, but distinct from that of bullous 
pemphigoid (Fig 1) . The patient's [gG anti-BMZ AAb were 
identified to be IgG2, IgG3, and IgG4 subclasses (data not shown) . 
The patient' s TgG AAb labeled, in addition to adult skin, the BMZ 
of neonatal human foreskin and monkey esophagus, but not of 
mouse skin . In 110nlesional skin obtained from a H erlitz JEB patient 
with total absence ofBMZ laminin-5 expression, this patient's IgG 
AAb labe led the BMZ with reduced intensity compared to normal 

Figure 2. The patient's IgG AAb labeled a BMZ component in a 
Herlitz JEB patient skin that lacks laminin-5 expression (due to 
/33-chain mutation) with reduced intensity. The MoAb specific for 
laminin-S /33-chain (K140) (lift col/II/II/) and the patient's serum (right collll/II/) 
were reacted with a normal human skin (lop 1'01/1) and the JEB patient skin 
(1)0110111 1'01/1), followed by reaction with fluorescein-conjugated antibodies to 
mouse IgG (lift Willlllll) and human IgG (right COIIlIlIll). Senle linr, 50 J.Lm. 
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Figure 3. The patient's IgG AAb recognized laminin-6 and larni, 
nin-S ill normal keratinocyte-conditioned medium. Normal kerati, 
nocyte-conditioncd medium proteins electrophorctically separated by a 50/0 
sodium dodecyl sulfate-PAGE under reducing (R) or nonreducing (NR.) 
conditions were transferred to nitrocellulose 111Cl11branes, reacted \vith 
polyclonal anti-laminin-S, the oral cicatricial pemphigoid paticnt serum, Ot 

nOfn1al hunlan serun1, then visualized with peroxidase-conjugated goat. 
antibodies to rabbit IgG or human IgG. The patient's IgG AAb did not react: 
under reducing conditions, but under nonreduc ing conditions. the patient's 
IgG AAb reacted strongly with a GOO-kDa laminin-6 protein (e) that was 
weakly reacted by anti-laminin-5 and rcacted weakly with a 400-kDa 
laminin-5 protein (*) that was strongly identified by anti-laminin-5. M, 
molecular weight standards. 

human BMZ (Fig 2). Tlus pattern of immunostaining is similar tl) 
the pattern with MoAb BM16S, which recognizes both laminin-$ 
and laminin-6 (Marinkovich et ai, 1993). In contrast, laminin-5 as 
detected by MoAb K140, which recognizes lanunin-S but nOt 
laminin-6, was completely absent in the skin BMZ of this .JE:8 
patient (Fig 2). In addition, the patient's AAb labeled BMZ of skin. 
sections from patients with dystrophic epidermolysis buLlosa (n = 3) 
and epidermolysis bu110sa simplex (n = t) with the same intensity 
as that of normal neonatal foreskin sections (data not shown) . 
Unlike antibodies to BMZ components laminin- 1, type IV coila, 
gen, entactin, and perlecal1, the patient's AAb did not label dermal 
blood vessels. This lack of immunolabeling of blood vessel com, 
ponents was verified by direct comparison with antibodies to factot 
VIII-related antigen, a pronunent blood vessel component (data 
not shown). 

The Patient's IgG Autoantibodies Recognized both Lami, 
nin-6 and Laminin-5 Proteins on Nonreducing Westel"ll, 
Blots On dot blotting and weste rn blotting experiments, the 
patient's AAb failed to recognize the following purified or recom, 
binant BMZ proteins under native or denatured conditions: EH 
laminin-1 and type IV collagen, pepsil1ized human type IV colla, 
gen, recombinant entactin, and Net domain of type VII collagen, 
when compared to positive control antibodies (data not shown). 
Under reducing conditions, the patient's IgG AAb was nonreactive 
with laminil1-S in nonnal keratinocyte-conditioned medium, even 
though laminin-S was clearly present in the sample as detected by 
polyclonal anti- Iaminin-5 (Fig 3). Nonreduced westelll blots of 
normal keratinocyte medium demonstrated 600-kDa and 400-kDa 
protein bands (Fig 3) . The patient's AAb reacted intensely with the 
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Figure 4. The patient's IgG AAb recognized laminin-6 in kerati
nocyte-conditioned medium from a Herlitz JED patient lacking 
laminin-5 (due to 1'2-chain mutation). Thc JED keratinocyte-condi
rioued medium proteins clectrophoretically separa ted by sodium dodecyl 
sulfate-PAGE under reduced (R) or nonreducing conditions (NR) were 
transferred to nitrocellulose membranes, reacted with polyclonal anti
laminin-5, anti-Iaminin-l , the oral cicatricia l pemphigoid patient serum, or 
nonnal human serum, then visualized with peroxidase-cOl1iugated goat 
antibodies to rabbit IgG or human IgG . The patient's IgG AAb reacted with 
a 600- kDa laminin-6 prote in (e) that co-migrated with a protein band 
weakly recognized by anti-laminin-5 and with the lower of the doublet 
bands recognized by an ti-huninin- " only under nonrcducing conditions. M, 
molecular weight standards. 

upper band and weakJy with the lower band, w hereas polyclonaJ 
anti-lam..inin-S reacted intensely w ith the lower band and weakly 
with the upper band. Similarly, using a keratinocyte-conditioned 
medium derived from a patient with Berlitz JED in W h 0111 absence 
ofBMZ lam..inin-S secretion was demonso'ated, the patient's AAb 
recognized a 600-kDa protein band co-migrating with a band 
weakly recognized by polyclonal anti-laminill-S and the lower of 
the double t protein bands recognized by polyclonal anti-Iaminin-1, 
under nonreducing conditions (Fig 4). T he reactiv ity of th e 
600- kDa protein band clearly identifies it as laminin-6 (Marinkov
ich et ai, 1992a) . 

The Patient's IgG Autoantibodies' Binding Sites Were 
Localized to the Lower Lamina Lucida/Lamina Densa Di
rect !EM localized the gold particles to the lower lamina lucida/ 
lamina densa area. No gold particles were o bserved within the 
upper lamina lucida or the sub-lamina densa area (Fig 5) . Similarly, 
indirect IEM using a peroxidase technique revea led that the 
patient's autoantibodies bound to an antigenic site at the lower 
lamina lucida/ lamina dens a area. N o immune deposits were ob
served in the upper lamina lucida or sub-lamina densa zone (data 
not shown) . T he localization of the antigenic site of this patient's 
AAb is som ewhat similar to the antigenic site in the lower lamina 
lucida for AAb to laminin-S in patients w ith a variant of cicatricial 
pemphigoid (Domloge-Hultsch el ai, 1992) and to tha t for AAb 
against a 10S-kDa lower lamina lucida protein p10S (Chail el ai, 
1993) . T lus lamina densa AAb-binding site is distinct from that of 
the AAb for bullous pemphigoid (Holubar el ai, 1975), linear IgA 
bullou s dermatosis (Chan et ai, lQ9Sb), and epidermolysis bullosa 
acquisita (Woodley et ai , 1984) . 
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Figurc 5. Thc antigcnic site ofthc paticnt's IgG AAb is at thc lower 
lamina lucidallamina dcnsa ofBMZ. Direct IEM using a post-cmbed
ding immunogold method localized the ill uiuo-bound IgG deposits (as 
indicated by the gold particles) to the lower lamina lucida and lamina densa 
(indicated by .6.) of the DMZ. E. epiderm.i s; D, dermis. Scale bar, 0.4 6 ,...m . 

IgG Autoantibodies from the Index Patient and Two Other 
Patients with Anti-Laminin-S Cicatricial Pemphigoid Rec
ognized Both Laminin-6 and Lamil1.in-S Native Proteins 
Using normal human and JEB keratinocyte-condi tioned m edia as 
substrates, the patient's AAb itnmunoprecipitated a 600 - 700 kDa 
band that was also immunoprecipitated by polyclonal anti-lami
run-l and MoAb BM16S w hen th e precipita.nts were analyzed in 
nonreducing gels. T his 600-700 kDa disulfide-bonded complex 
was reduced to triple protein bands ofa doublet of220 and 210 kDa 
and a 190-kDa band when th ese precipitates w ere analyzed o n 
reducing gels (Fig 6). T hese immunoprecipitation patterns further 
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Figurc 6. AAb from multiplc cicatricial pcmphigoid patients rec
ognize laminiu-6 . Cultured Herli tz JEB keratinocytes (y2-chain mllta
tion; Inlles 1,2,3) and normal neonatal foreskin keratinocytes (lall es 4,5,6,7,8) 
'w ere radiolahe led , and th e cond ition ed nl cdiuI11 was illllnunoprecipitated . 
separared on a 3 to 5% gradient sodium dodecyl sulfate-polyacrylamide gel 
under nonreducing cond.i tions (lIpper pa llel) or a 6°;', gel under reducing 
conditions (I () lIIer pallel), using the following antibodies: polyclonal anti
laminin- l (Ialle 1); index patient's serum (1m"!> 2, 4); MoAb BM165 (an ti- a3; 
lalles 3,7), sera from two additional patients with " anti-laminin-5 cicatricial 
pemphigoid " (lnll es 5.6) , and 11 0 primary antibody (1m'" 8). Molecular weight 
marker positions arc shown on the rig"" 
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confirmed that the patient's AAb recognized laminin-6, as de
scribed previously (Marinkovich ct ai, 1992a). The possibility that 
these bands were laminin-5 is precluded by their presence in 
conditioned medium derived from a JEB patient keratinocyte, 
which totally lacks laminin-5 secretion. With normal human 
keratinocyte-conditioned m edium as substrate, the patient's AAb 
immunoprecipitated, in addition to laminin-6, the laminin-5 bands 
(400-450 kDa on nonreducing gels; 165, 140, and 105 kDa on 
reducing gels) (Fig 6) (Rousselle ct ai, 1991; Domloge-Hultsch et 
ai, 1992; Kirtschig et ai, 1995). Sera from two other patients with 
anti-laminin-5 cicatricial pemphigoid also immunoprecipitated 
both laminin-6 and laminin-5, as did MoAb BM165 (Fig 6). 

DISCUSSION 

We have demonstrated that the IgG AAb from three patients with 
cicatricia l pemphigoid bind a laminin variant, laminin-6, as well as 
laminin-5. One patient, whom we studied in detail, produced AAb 
that did not recognize laminin-1, type TV or VII collagens, perle
can, or entactin, but did recognize laminin-6 on nonreducing 
western blots; inuTIunoprecipitated laminin-6 in normal keratino
cyte-conditioned medium as well as in JEB keratinocyte-condi
tioned medium, which lacks laminin-5 secretion; and localized to 
the lower lamina lucida/lamina densa area of BMZ by direct and 
indirect IEM. T he reduced but positive labeling of the Herlitz J EB 
patient skin BMZ by the AAb of tlus patient indicates that the 
autoantigen is present in a BMZ that lacks laminin-5, thus further 
supporting the notion that laminin-6 is one of the target antigens. 

MoAb BM165, w hich recogtuzes both laminin-5 and Iamilun-6, 
ultrastructurally localized to anchoring filaments in the mid to 
lower lamina lucida area of BMZ. T he AAb of this patient, wluch 
recogtlized both lamilun-6 and lanunin-5 , localized to an antigenic 
site at the lower lamina lucida/ lamina densa by both direct and 
indirect IEM, in the region w here laminin-5 and laminin-6 are 
believed to localize. 

Laminin-5, a major lamina lucida compon ent that serves as a 
preferred ligand for a3{31 and a6{34 integrins in the plasma 
membrane of basal epithelial cells (Carter ct ai, 1991; Niessen c/ ai, 
1994), seems to be a good candidate in connecting other compo
nents situated in the lower BMZ. It has low affinity, however, for 
entactinl1udogen, which serves as a connecting network between 
laminins (laminin-1, -2, and -4) and type IV collagen (AumaiUey c/ 

ai, 1989; Brown et ai, 1994; Aumailley ef ai, 1996). On the other 
hand, lamilun-1 has a high affinity for entactin/nidogen due to ilie 
fourth epiderma l growth factor-like repeat domain III in its 1'1-
subclass chain, which is not present in laminin-5 (Mayer e/ ai, 1993; 
Mayer et ai, 1995). Sinularly high afl:inity for entactinl1udogen has 
been observed for laminin-2 and -4, which also share the 1'1-
subclass chain (Brown c/ ai, 1994). Sharing the same -yl-subclass 
chain, laminin-6 likely also has a lugh affuuty for entactin/nidogen. 
Thus, laminin-5 may bridge epidermal cells to the lower BMZ by 
linking the integrins on the outer part and forming a complex with 
laminin-6 on the inner part (Champliaud e/ ai, 1996). Our recent 
finding of strong binding affinity of native lamulin-5 /6 complex for 
the noncollagenous (NC1) domaul of type VII collagen further 
indicates an important role of laminul-5/6 complex in epidernlal
dermal adhesion (Chen et ai, 1997b). 

The co-immunoprecipitation of lallluun-6 and lalllUlin-5 by tlus 
patient's AAb is likely caused by cross-reactivity of the AAb. 
Whereas lamillin- 5 and laminin-6 associate into disulfide-bonded 
complex in tissue (Champliaud et ai, 1996), tlus complex does not 
occur in cell culture, as is evidenced by the fact that multiple 
anti-l3Iuinin-5 MoAbs including MoAbs K140 and GB3 (anti-{33 
and anti--y2, respectively; Marinkovicb ct ai, 1993; Matsui et ai, 
1995) clearly do not co-precipitate lamulin-6. Also, polyclonal 
anti-laminin-1 antibodies and MoAbs agaulst laminin-1 /31- and 
-yl-chains immunoprecipitate laminin-1 and laminil1-6 from radio
labeled keratinocyte-conditiol1ed medium but clearly show no 
evidence of co-precipitating lalllilun-5 (Marinkovich c/ ai, 1992a) . 
If lalllulin-S and lamul in-6 were present as a disulfide-bonded 
complex in culture medium, co-precipitation of lamu"lin-6 would 
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occur with all antibodies agaulst any of the laminul-5 or lanUnin-6 
chauls. This is ·clearly not the case. Only in the ulStance of 
anti-a3-chain antibody such as BM165 is co-precipitation noted. 
T herefore, this co-precipitation can be attributed to antibody 
cross-reactivity alone. In light of tlus observation, it is not surprising 
tha t cicatricial pemphigoid AAb precipitated both laminin-6 and 
laminin-5, as previous studies already demonstrated tbat anti
laminin-5 AAb Ul cicatric ial pemphigoid patients recogtuze laminin 
a3-chain (Kirtschig cl ai, 1995). The data frol11 the current study 
indicate that the index patient's AAb bind to the laminin-6 
molecule at its a -chain because the AAb did not illlmunoprecipitate 
or illlJ11unoblot laminul-1, which shares {31- and -y1-chains with 
lanunin-6 (Figs 4, 6) . Thus the results of the current study confirm 
the previous findulg that AAb from a subset of cicatricial pemphi
goid patients identify laminin-5 a-chain (Kirtsching ct ai, 1995) and 
also identi .. fy laminin-6 as a co-target antigen. 

It has been shown previously that anti-Iaminin a3-chain MoAb 
BM165 induces detaclmlent of keratinocytes from culture sub
strates ill 1';/1'0 and detachment of epidermis from dermis ill I/ivo 

(Rousselle et ai, 1991). More recently, a subepidermal blister in 
neonatal mouse skin was induced by passive transfer of rabbit 
anti-Iaminin-5 antibodies that recognize a-, {3-, and -y-chains of ilie 
molecule (Lazarova ct ai, 1996). T hese data suggest that anti
laminjn-5 antibodies may be pathogenic in cicatricial pemplugoid 
patients. It has been assumed tha t inactivation of laminin-5 is the 
mechanism of blistering in these patients, but in light of the current 
observation, it is quite possible that inactivation of lamulin-6 (by 
anti-a3-chain antibody) may contribute equalJy sigtlificantly to ilie 
blistering process in these patients as the inactivation of laminin-5. 

T he clinical implication of the current fmdings is that more BMZ 
components than we previously were aware of can be targeted by 
autoimmune reactions. Ultrastructural localization of antigenic sites 
by rEM and identification of autoantigens by immunoblotting and 
immunoprecipitation are essential for the accurate determination of 
autoimmune targets in this group of immune-mediated subepithe
lial blistering diseases. We propose the name "anti-Iaminin cicatri
cial pemphigoid" for tlus subset of patients to account for the 
observation that both lamitUn-5 (previously named epiligrin) and 
laminin-6 are identified by these patients' AAb. 
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