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Abstract

Using affinity-purified calmodulin-binding proteins from hu-
manepidermis we have developed a monoclonal IgM antibody,
ROC129.1, to a human desmosomal calmodulin-binding pro-
tein. This antibody reacts with a submembranous 250-kD pro-
tein from human keratinocytes and stains human epidermis in a
"cell-surface pattern". Permeability studies indicated that the
epitope with which this monoclonal reacts is on the inner sur-
face of the cell membrane. Immunoelectronmicroscopy local-
ized the antigen to the desmosome. The epitope is restricted to
stratified squamous epithelia and arises between 8-12 wk of
fetal development. This desmosomal calmodulin-binding pro-
tein, which we have termed keratocalmrn, may be involved in
the calcium-regulated assembly of desmosomes. (J. Clin. In-
vest. 1991. 88:315-322.) Key words: calcium * calmodulin - epi-
dermis * desmosome

Introduction

Calcium has a profound effect on the physiology of keratino-
cytes in vitro. When keratinocytes are grown in low calcium
conditions (0.01-0.09 mM)the cells proliferate rapidly, do not
stratify, and fail to fully differentiate (1-3). When calcium is
restored to levels greater than 0.1 mMthe proliferative rate
slows, the cells stratify and begin to express a number of
markers of terminal differentiation (1-3). The triggering of ter-
minal differentiation is a complex process that involves activa-
tion of phosphotidyl inositol turnover, protein kinase C, and
other calcium-dependent enzymes such as transglutaminase
(4-7). The development of cross-linked cell envelopes and for-
mation of the stratum corneum are the end results of terminal
differentiation in vivo.

Many of the effects of calcium are modulated by the cal-
cium-binding protein calmodulin. Calmodulin binds four cal-
cium ions and, when bound, a configurational change exposes
the central helical region of the protein which may then inter-
act with a number of calmodulin-binding proteins (8-10). A
role for calmodulin has been indicated in hemidesmosome for-
mation of corneal epithelium (1 1), however its role in desmo-
some formation is unclear. In an attempt to identify the molec-
ular events by which calcium modulates desmosome assembly
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and terminal differentiation we are characterizing epidermal
calmodulin-binding proteins. In this paper we report the char-
acterization of a high molecular weight human calmodulin-
binding protein that immunolocalizes to the desmosome.

Methods

Extraction and partial purification ofcalmodulin-bindingproteins. Hu-
man neonatal foreskin was obtained from circumcisions. The epider-
mis was separated from the dermis by heat treatment at 56°C for 45 s
and was homogenized in a 50 mMTris buffer, 3 mMMgSO4, 1 mM
dithiothreitol, 0.1- mMCaCl2. Epidermal calmodulin-binding proteins
were purified by affinity chromatography using a calmodulin affinity
column (Bio-Rad, Richmond, CA) equilibrated with Tris buffer with I
mMcalcium as described by Wallace (12). The epidermal extract was
applied to the column and the calmodulin-binding proteins were
eluted with the same buffer containing 1 mMEGTAinstead of CaCl2.
2-ml fractions were collected. The OD280was measured and the ability
to bind biotinylated calmodulin was tested in individual fractions by
dot blot analysis.

Detection of calmodulin-binding proteins. Biotinylated calmodulin
(bio-CaM)' was used to detect calmodulin-binding proteins immobi-
lized on a nitrocellulose membrane after separation by SDS-PAGEor
directly by dot blotting. Bio-CaM was prepared according to the meth-
ods of Billingsley (13). Briefly, purified human erythrocyte calmodulin
(Calbiochem Corp., La Jolla, CA) was biotinylated using biotin succin-
imide ester (Calbiochem) dissolved in NN-dimethylformamide in the
presence of 1 mMcalcium and incubated for 2 h at 4°C. The resulting
biotinylated calmodulin was dialyzed against 50 mMTris-HCI, pH 7.4,
150 mMNaCl, 1 mMCaCI2, and aliquots stored at -20°C. Proteins
bound to nitrocellulose strips were blocked in 5% nonfat dried milk,
then incubated in 10 ug of bio-CaM for 30 min. An avidin-alkaline
phosphatase detection system (Vector Laboratories, Burlingame, CA)
was used to detect proteins that had bound the bio-CaM. Control blots
contained 5 mMEGTAin the calmodulin buffers.

Generation of monoclonal antibodies against calmodulin-binding
proteins. 10 jg of the calmodulin-binding proteins were emulsified in
complete Freund's adjuvant and used to immunize female BALB/c
mice. Booster injections were given every 2 wk with the antigen in
incomplete Freund's adjuvant. The mice were sacrificed 2 d after the
final injection. The mouse splenocytes were fused with an NS- 1 mouse
myeloma cell line using PEG1500 essentially according to the method
of Kohler and Milstein (14). Hybridomas were selected by addition of
hypoxanthine, aminopterine, and thymidine to the medium. Hybrid-
oma supernatants were screened for antibody production by a sand-
wich ELISA using the affinity-purified calmodulin-binding proteins
immobilized on microtiter wells. The hybridomas, which reacted specif-
ically with the calmodulin-binding proteins, were cloned by limiting
dilution. Antibody isotyping was performed using a subisotyping kit
(Hyclone Laboratories, Logan, UT). Ascites was produced by injection
of 3 x 106 hybridoma cells into the peritoneal cavity of pristane-primed
BALB/c mice.

1. Abbreviations used in this paper: bio-CaM, biotinylated calmodulin;
BMZ, basement membrane zone; IF, immunofluorescence; PF, pem-

phigus foliaceus.
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SDSpolyacrylamide gel electrophoresis, isoelectric focusing, and
immunoblotting. Keratome harvested human epidermis was extracted
in 0.06 MTris, 2% SDS, 5%# mercaptoethanol, 1 mMDTT, 1 mM
EGTA, pH 6.8, plus 0.1 mMPMSF. The extracted proteins were sepa-
rated by 7.5% SDSPAGEand electrophoretically transferred to nitro-
cellulose for immunoblot analysis (15, 16). Similarly, two-dimensional
analysis of samples was performed according to O'Farrell (17), using
isoelectric focusing for the first dimension followed by SDS-PAGEand
electrotransfer. The nitrocellulose sheets were blocked in 4%BSAand
then reacted with ROC129.1 ascites 1:1000 in BSA, followed by an
'25I-labeled anti-mouse IgM, ,u chain specific (Zymed Labs Inc., San
Francisco, CA). Radioactive protein bands were detected by autoradi-
ography.

Additional proteins tested. A bovine desmosome preparation was
the generous gift of Pamela Cowin, Ph.D. (Department of Dermatol-
ogy, NewYork University). Purified spectrin was obtained from Sigma
Chemical Co. (St. Louis, MO). Calmodulin was obtained from Calbio-
chem Corp. 10 Mg of each was run on SDS-PAGEand electrophoreti-
cally transferred to nitrocellulose to test the specificity of the ROC
129.1 monoclonal antibody by immunoblotting procedures.

Immunological specificity ofa monoclonal antibody by immunofluo-
rescence and immunocytochemistry. Human skin from adult, neona-
tal, and fetal samples was tested for reactivity with ROC129.1 by indi-
rect immunofluorescence (IF). The skin was fixed in 95% ethanol/5%
glacial acetic acid, embedded in paraffin, and cut in 4-gm sections. 8,
12, 14, and 16 wk fetal skin specimens were the gift of Dr. A. T. Lane
(Department of Dermatology, Stanford University). Cryosections of
the tissues were incubated with ROC129.1 culture supernatant or
ascites as the primary antibody followed by fluorescein-conjugated
goat anti-IgM (M chain specific) as a secondary antibody. NS-1 superna-
tant and PBSwere used as controls.

The species specificity of the ROC129.1 monoclonal antibody was
tested by indirect IF using epithelial tissues from a variety of mamma-
lian species. They included bovine tongue epithelium, neonatal mouse
skin, and monkey skin.

Human mucosal and other epithelial tissues were also tested for
reactivity with the ROC129.1 monoclonal antibody by immunoperox-
idase procedures. Briefly, 5-Mum sections of formalin-fixed, paraffin-em-
bedded tissue were incubated for 30 min with a 1:100 dilution of ROC
129.1 followed by a biotinylated secondary antibody and an avidin-
biotin-peroxidase complex. The enzyme reaction product was devel-
oped by a final incubation of the sections in amino-ethyl-carbazole
(AEC) with 0.03% hydrogen peroxide. Sections treated with normal
mouse serum were included as negative controls.

Biopsies from dermatologic disorders. Skin biopsy specimens of
patients with pemphigus vulgaris (n = 2), pemphigus foliaceus (n = 4),
and bullous pemphigoid (n = 1) were fixed in formalin and embedded
in paraffin. Sections were cut from these blocks and tested with ROC
129.1 monoclonal antibody by the immunoperoxidase method as
previously described.

Immunolocalization of epitopes recognized by the monoclonal anti-
body by light microscopy. Skin organ cultures were used to determine if
the epitope with which the monoclonal antibody reacted was intra- or
extracellular. 2-mm pieces of human foreskin were incubated with
ROC 129.1 monoclonal antibodies diluted 1:100 in keratinocyte
growth medium (KGM; Clonetics Corp., La Jolla, CA) containing
0.1% saponin. Control viable foreskins received the ascites in KGM
without saponin. After a 24-h incubation at 37°C in a 5%CO2incuba-
tor the tissue was frozen and cryosectioned. Sections of test and control
skin were stained with FITC-conjugated goat anti-mouse IgM and ex-
amined with a Nikon fluorescent microscope.

Immunolocalization of epitopes by immunoelectronmicroscopy.
Tissue sections of normal adult breast skin were fixed in 4% parafor-
maldehyde in phosphate buffer for 4 h at room temperature. The tissue
was then embedded at low temperature and polymerized at -20°C
with ultraviolet light using Lowicryl K4M(Polysciences, Inc., Warring-
ton, PA). Thin sections on nickel grids were immunostained with ROC

129.1 ascites (1:1,000) at 4VC overnight. After washing the grids with
PBSa secondary gold labeled goat anti-mouse IgM (Janssen Laborato-
ries, Piscataway, NJ) was applied to the grids for 30 min at room tem-
perature. After rinsing with PBS the grids were stained with uranyl
acetate and lead citrate and examined with a Hitachi HS-8 electron
microscope.

Characterization of epidermalfractions reacting with the monoclo-
nal antibody. A cell envelope fraction was prepared according to the
method of Labib et al. (18). Briefly, skin was obtained from reduction
mammoplasties, heat separated at 560C for 45 s, and then placed on
ice. The epidermis was serially extracted in 20 mMTBS, pH 7.6, 1%
nonidet P40, and 1.5 MKCI. 10 Mil of each sample was tested by dot
blotting with ROC129.1. The remaining insoluble pellet digested with
0.04 mg/ml trypsin for 2 h at room temperature. Trypsinization was
stopped by adding 5 mMPMSFand the digest was again spun at
10,000 g for 10 min. The trypsin-resistant pellet was suspended in TBS
and washed before using it for further studies. 1%SDSextracts of the
trypsin-resistant pellet revealed no bands by SDS-PAGEwith Coomas-
sie blue staining, and did not react with ROC129.1 by immunoblot-
ting.

The trypsin-resistant pellet was embedded in OCT compound
(Miles, Elkhart, IN), frozen in liquid nitrogen, and sectioned in a cryo-
stat. The sections were tested for the reactivity with ROC129.1 using
the same protocol as previously described.

Immunoadsorption of the monoclonal antibody with the cell enve-
lopefraction. The trypsin-resistant pellet was also tested for its ability to
immunoadsorb the ROC129.1 antibody. An equal volume of the pel-
let was mixed with ROC129.1 ascites 1:5,000 and incubated for 30
min. The mixture was centrifuged at 10,000 gfor 10 min. The superna-
tant was tested for residual ROC129.1 antibody reactivity by indirect
IF on cryosections and Western blotting against epidermal proteins
separated by SDS-PAGE. After immunoadsorbing ROC129.1 anti-
body the pellet was tested by direct IF with an FITC-conjugated anti-
IgM. A control bullous pemphigoid serum containing antibodies
against the cutaneous basement membrane zone was similarly ad-
sorbed with the cell envelope-associated pellet.

Results

Human epidermal extract contains calmodulin-binding pro-
teins. Using blotting procedures biotinylated calmodulin iden-
tified 10 bands from the Tris-SDS extract from whole epider-
mis. These bands ranged in M, between 80 and 260 kD. Seven
polypeptides show an M, between 120-260 kD. Three bands

R B C D E Figure 1. Western blot-
ting of a total human
epidermal extract with
ROC129.1 and bio-
CaM. Lane A shows

200- Coomassie blue staining
of the epidermal ex-
tract. Nitrocellulose
strips were reacted with
ROC129.1, 1:1,000 or
10 ,g/ml of bio-CaM.

116- Both ROC129.1 (lane
B) and bio-CaM (lane
D) recognized a 250-kD
peptide band. Lane C

9 7 - is a control strip reacted
with secondary anti-

body alone. The presence of 5 mMEGTAduring incubation with
bio-CaM abolished the reactivity with the 250-kD band (lane E).
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Figure 2. Two-dimensional gel
analysis of ROC129.1 and bio-
CaMwith a total human epider-
mal extract. The epidermal ex-
tract was initially separated by
isoelectric focusing followed by
SDS-PAGE. The proteins were
transferred to nitrocellulose and
incubated with ROC129.1
(1:1,000) or bio-CaM (10 jsg/ml).
Both Roc 129.1 (A) and bio-CaM
(C) react with a 250-kD peptide
with a pl of 5.3. The lower mo-
lecular weight bands at - 120
kD represent nonspecific reac-
tivity of the biotinylated second-
ary antibody as seen in control
B. When 1 mMEGTAwas pres-
ent during the incubation with
bio-CaM the reactivity with the
250-kD protein was lost (D).

D

which were consistently weaker had an Mr below 160 kD. After
affinity purification on the calmodulin affinity column two
bands were visible by Coomassie staining at 250 and 160 kD.

Using these column purified calmodulin-binding proteins as

immunogens four hybridomas were generated. One of the hy-
bridoma-produced IgM monoclonal antibodies named ROC
129.1 was further characterized.

TheROC129.1 monoclonal antibody recognizes a high mo-

lecular weight epidermal calmodulin-binding protein. As
shown in Fig. 1 the ROC129.1 monoclonal antibody bound a

250-kD polypeptide by immunoblotting procedures. By two-
dimensional gel analysis the 250-kD band had a pI of 5.3 (Fig.
2). Bio-CaM reacted with a band of the same molecular weight,
and the EGTAcontrol demonstrated the calcium dependency

p~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 3. Indirect immunofluorescent
staining with ROC129.1 (1:1,000) and
fluorescein conjugated anti-mouse IgM
on cryosections of adult human skin.
Staining is seen at the periphery of the
keratinocytes but spares the BMZ. The
titer of the ascites was 1:40,000 by indi-
rect IF on human skin.
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of the reactivity. Aband of 160 kD was detected occasionally in
the Western blots with ROC129. 1.

ROC129.1 exhibited no reactivity with human spectrin,
calmodulin, or with any component of a bovine desmosome
preparation. Bio-CaM, however, reacted with a 240-kD bovine
desmosomal protein (data not shown).

Developmental and tissue specificity of the ROC129.1
monoclonal antibody by indirect IF and immunocytochemis-
try. IF staining of adult human skin demonstrated that ROC
129.1 reacted with a keratinocyte antigen located at the cell
periphery (Fig. 3). As seen in this figure, no staining was seen in
the area of the basement membrane zone (BMZ). The kerati-
nocytes of the outer root sheath of the hair follicles showed a
similar staining pattern as did eccrine ducts. The staining pat-
tern of neonatal foreskin was identical to adult skin as was that
from 12-, 14-, and 16-wk fetuses. However, the skin from the
scalp, shoulder, and trunk of fetuses of 8 wk of age did not bind
the ROC129.1 (data not shown).

Immunocytochemical staining of human epidermis with
ROC129.1 revealed a pattern identical to that obtained by
indirect IF. Squamous mucosal surfaces including vulva, va-
gina, cervix, oral mucosa, and esophagus showed no staining.
A survey of prostate, endometrium, cardiac muscle, duode-
num, colon, small bowel, and stomach were also negative.

Species specificity of ROC129.1 monoclonal antibody by
indirect IF. Neither bovine tongue nor neonatal mouse epider-
mis showed any reactivity with ROC129.1 by indirect IF tech-
niques. Monkey skin, however, showed a pattern identical to
human skin.

The reactivity of the ROC129.1 monoclonal antibody is
altered in acantholytic diseases. The lesional epidermis of four
cases of pemphigus foliaceus tested showed a similar staining
pattern with ROC129. 1, consisting of partial to complete ab-
sence of staining in the keratinocytes below the area of epider-
mal separation (Fig. 4 C). Nonblistered epidermis surrounding
the subcorneal vesicles maintained the same staining pattern as
normal epidermis. The two cases of pemphigus vulgaris and
one bullous pemphigoid all showed staining patterns similar to
normal epidermis even in involved areas (Fig. 4, A and B).

The ROC129.1 monoclonal antibody identifies an intracel-
lular desmosome-associated epitope. In organ culture, epider-
mis, which had been permeabilized with 0.1% saponin and
incubated with ROC129.1, showed the same staining pattern
described on cryosections of human epidermis (Fig. 5 A). In
contrast, nonpermeabilized epidermis showed no staining with
ROC129.1 (Fig. 5 B).

Immunogold techniques showed immunoreactants located
on the desmosomal plaque near the insertion of the interme-
diate filaments (Fig. 6) into epidermal desmosomes. Interme-
diate filaments not associated with the desmosomes did not
bind the ROC129.1 monoclonal antibody.

Figure 4. ROC129.1 staining in bullous skin disorders. 5-Mm sections
were cut from formalin fixed paraffin embedded biopsy tissue. The
sections were incubated for 30 min with ROC129.1 (1:100) followed
by a biotinylated secondary antibody and an avidin-biotin-peroxidase
complex. The staining pattern in bullous pemphigoid (A) and pem-
phigus vulgaris (B) was the same as in normal skin. In contrast, pem-
phigus foliaceus shows almost complete loss of staining in the epider-
mis beneath the blister cavity (C). The inset shows a closeup of the
base of the blister cavity in PF. Bar = 2.5 s.

.
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Figure 5. Comparison of stain-
ing with ROC129.1 in per-
meabilized and nonpermeabi-
lized human epidermis in or-
gan culture. Skin was
incubated for 24 h with ROC
129.1 1:100 in the presence of
0.1% saponin for permeabiliza-
tion; control cultures were in-
cubated with ROC129.1 alone.
The skin was removed from
culture, cryosectioned, and in-
cubated with FITC-conjugated
anti-mouse IgM. Organ cul-
tures, which were permeabi-
lized with saponin, showed
staining of the keratinocyte pe-
riphery identical to that seen
on cryosections of human skin
by indirect IF (A). Epidermis
incubated without saponin
permeabilization showed no
staining by direct IF (B).

The epitope recognized by the ROC129.1 monoclonal anti-
body is linked to the cell-envelope fraction. The cell envelope
fraction showed strong reactivity with ROC129.1 antibody. In

-7 Vs>.

., I

Figure 6. Immunoelectronmicroscopy with ROC129.1 and gold la-
beled anti-mouse IgM on human epidermis. Normal adult skin was
fixed in 4%paraformaldehyde, low temperature embedded, and thin
sectioned. The sections were stained with ROC129.1 (1:1,000) fol-
lowed by gold labeled anti-mouse IgM. Gold particles localized ROC
129.1 reactivity to the plaque of epidermal desmosomes. Magnifica-
tion, 64,000.

addition, the pellet could adsorb out the ability of the monoclo-
nal antibody to label the epidermis by indirect IF (Fig. 7 A and
B). The pellet used to immunoadsorb the ROC129.1 reacted
strongly by direct IF with FITC-conjugated anti-mouse IgM,
indicating the pellet had adsorbed rather than destroyed the
antibody. The pellet was also able to abolish the reactivity of
ROC129.1 with the 250-kD polypeptide by Western blotting
(Fig. 7 D). A similar pellet was unable to adsorb bullous pem-
phigoid autoantibodies from a serum used as a control.

Discussion

Epidermal desmosome assembly is regulated by extracellular
: calcium in vitro. Under low calcium conditions (0.01-0.09

mM)desmosomes fail to form, while switching the keratino-
cytes to high calcium (> 0.1 mM)will trigger desmosome as-
sembly. During this calcium-induced assembly of desmosomes
there is a redistribution of desmosome components. The des-
moplakins and keratin filaments that have a perinuclear distri-
bution under low calcium conditions move to the lateral mar-
gins of the cell surface in high calcium (19-21). The desmocol-
lins are distributed over the entire cell surface in low calcium
and move to the lateral cell margins with the calcium switch
(20). Desmosomeassembly is not affected by actinomycin Dor
cyclohexamide, indicating new synthesis of desmosome com-
ponents is not needed (2). Initially the desmosomes are asym-
metric; over a period of 2-5 h they become fully formed and
symmetric (2).
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Figure 7. Identification of a cell envelope-associated
pool of keratocalmin. A cell envelope pellet was pre-
pared by serial extraction of human epidermis with 20
mMTBS, 1% nonidet P40, and 1.5 MKCL. The re-
maining insoluble pellet was digested with 0.04 mg/ml
trypsin for 2 h. The pellet was washed and used in
immunoadsorbtion studies with ROC129.1 ascites.
The staining pattern of ROC129.1 on cryosections
of human skin (A) is abolished by preincubating the
ascites with the trypsin-resistant cell envelope pellet
(B). The pellet used to adsorb the ascites showed
strong reactivity by direct IF with anti-mouse IgM,
indicating the pellet had adsorbed rather than de-
stroyed the antibody activity. The pellet also adsorbed
out the ability of the ascites to react with the 250-kD
protein by Western blotting (shown in D on the left)
compared with the unadsorbed ascites on the right.

Calcium induction of desmosome assembly may occur

through the direct interaction of calcium with desmosome com-

ponents, or indirectly through calcium's effects on other regula-
tory proteins. Desmoglein I (160 kD) and desmocollins I and II
(1 15, 100 kD), have been shown to bind calcium using a45Ca++
overlay technique (22, 23). It is thought that calcium may in-
teract directly with the extracellular portion of these trans-
membrane glycoproteins during desmosome assembly.

The role of the calcium regulatory protein, calmodulin, in
desmosome formation is not clear. Low doses of the calmodu-
lin inhibitor, W-7, which inhibits calmodulin kinase, do not
prevent desmosome assembly in keratinocytes in vitro. How-
ever, higher doses of this calmodulin inhibitor, which will
cause a more general inhibition of calmodulin-dependent pro-

teins, will partially inhibit desmosome formation (24). In con-

trast, calmodulin has been shown to be important in the forma-
tion of hemidesmosomes of corneal epithelium in vitro (1 1).
The presence of a calmodulin-binding protein in bovine (25)
and, as shown in this study, human desmosomes suggests fur-
ther studies are needed to elucidate the role of calmodulin in
desmosome physiology.

In this study we have demonstrated the presence of a hu-
man desmosomal protein that binds calmodulin in a calcium-
dependent manner. A calmodulin-binding protein termed des-
mocalmin has been previously described in bovine muzzle des-
mosomes (25). It is possible that our protein maybe the human
homologue of desmocalmin, as it shares certain similarities in
molecular weight and pI (250 and 5.3 compared with 240 and
5.5 kD reported for bovine desmocalmin). The epitopes that
are recognized by ROC129. 1, however, are specific to primate
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epidermal keratinocytes and not to bovine tissue because ROC
129.1 did not react with bovine tongue epithelium or a bovine
desmosome preparation from muzzle. Tsukita and Tsukita
have shown that desmocalmin coprecipitates with keratin fila-
ments in vitro, and hypothesized that its function might be in
integration of intermediate filaments into the desmosomal
plaque (25). As the 129.1 antigen colocalized with the insertion
site of the keratin filaments into the desmosome, it is possible
the two may exhibit similar biologic properties. The 250-kD
polypeptide recognized by ROC129.1 has been named kerato-
calmin, because of its restriction to epidermal keratinocytes
and its calmodulin binding properties, until its relationship to
desmocalmin can be determined.

Keratocalmin has an M, similar to that of desmoplakin I
(240 kD), however desmoplakin I has a neutral pI as compared
with 5.3 for keratocalmin (26). In addition, desmoplakin has a
much wider tissue distribution than is apparent for keratocal-
min (27). Recently the sequence of desmoplakin I/I1 has been
reported (28). As sequences are determined for the various des-
mosomal components, the exact relationship between kerato-
calmin and the other desmosomal components will become
apparent.

Two pools of keratocalmin have been identified in human
epidermis: the soluble pool, which was extracted initially in
Tris buffer during preparation of the partially purified calmo-
dulin-binding proteins, and the insoluble cell envelope-asso-
ciated pool. The cell envelope fraction has previously been
shown to contain desmosomal remnants by electron micros-
copy (18). Based on preliminary extraction experiments of ker-
atocalmin from human epidermis the insoluble pool may repre-
sent the major fraction of this protein. Whendesmosome as-
sembly is induced by calcium in vitro, a further stabilization
occurs which prevents disassembly by calcium chelating agents
(23). As both keratocalmin and desmoglein I are contained in
an insoluble envelope-associated pool, this stabilization may
involve cross-linking of some desmosomal components to the
cell envelope (18).

Though a pool of keratocalmin has been shown to be asso-
ciated with the cell envelope fraction no staining of the stratum
corneum was seen by immunofluorescent or immunohisto-
chemical techniques. The failure of stratum corneum staining
in likely due to lack of access of the antibody to the antigen
within the highly cross-linked cell envelope. The envelope frac-
tion is prepared by extensive extraction of the epidermis in
NP-40, KC1, and then followed by trypsinization; this fraction
was demonstrated to clearly absorb out the antibody reactivity
from the ascites. These extraction conditions may expose anti-
genic sites not normally exposed by sectioning skin.

Desmosome components are the target of autoantibody
formation in the blistering disorder pemphigus foliaceus (PF).
In PF the patients develop antibodies against the transmem-
brane desmosomal glycoprotein, desmoglein I (29-31). The
pathogenicity of the autoantibodies has been demonstrated by
the ability of the human antibodies to induce blistering by pas-
sive transfer in neonatal mice (32). The loss of reactivity of
129.1 staining within the blistering lesion of PF may indicate
that keratocalmin is located near desmoglein I. The loss of
staining is not likely to be due to autoantibody blocking be-
cause the staining of ROC129.1 is preserved in perilesional
skin, an area in which PF antibodies are bound (33). Destruc-
tion of desmosomal components by the ensuing inflammatory

events after PF antibodies are bound may explain the augmen-
tation of blister formation by complement and proteases found
in some experimental systems (34-38) and the loss of ROC
129.1 reactivity in the base of the lesions.

These studies do not directly address the function of kerato-
calmin. However, its localization to the desmosome and de-
struction in PF warrant further investigation into its possible
role in cell adhesion. In addition, keratocalmin arises between
8-12 wk of gestational age, the stage when fetal skin begins to
stratify. This is similar to the appearance of other cell surface
proteins which have importance in cell-cell attachment such as
the pemphigus vulgaris antigen (39). Because calmodulin and
its binding proteins act to modulate cell function in a calcium-
dependent manner, we plan to further study the effects of this
protein on calcium-dependent desmosome assembly.
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