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i S S R
Skin calcium-binding protein (SCaBP) is a calcium binding that the M, 13,000 PV/SCaBP cross-reacting antigen was
protein purified from whole rat skin. It has a molecular restricted to the hypodermal tissue removed by scraping.
weight of approximately 12,000 daltons but migrates at M, Immunofluorescent staining of Bouin-fixed skin sections
13,000 on sodium dodecyl sulfate (SDS)-polyacrylamide with these antisera confirmed the localization of PV/SCaBP

gels. On nitrocellulose blots of SDS-polyacrylamide gels, to the panniculus carnosus, a hypodermal muscle layer.
6 different antisera to SCaBP reacted equally well with Newborn mouse skin does not contain this antigen. Ad-
SCaBP and parvalbumin (PV), an 11,500-dalton calcium-  ditional polypeptides of M, 10,500 and 12,000 on SDS gels
binding protein purified from rat skeletal muscle, which of extracts from the epidermis of newborn and adult rats
also migrates at M, 13,000 on SDS-polyacrylamide gels. and mice were found to be immunoreactive with anti-
Rabbit antiserum to muscle PV also recognized both PV SCaBP serum. These polypeptides were not recognized by

and SCaBP, and either protein absorbed specific antibodies  the PV antiserum, and the reactivity of anti-SCaBP for
against either antigen from both types of antisera. Soluble  these antigens was not absorbed by purified PV or SCaBP.

rotein extracts from whole adult rat and mouse skin con-  Our results indicate that SCaBP is antigenically indistin-
tained a M, 13,000 protein which was recognized on ni- guishable from PV and is localized in the adult rodent
trocellulose blots of SDS gels by both antisera. Blots of  panniculus carnosus, and that antisera to SCaBP are poly-
extracts from epidermis, dermis, whole skin, and skin scraped  specific, recognizing epidermal proteins in addition to

on the dermal side to remove hypodermal tissue revealed SCaBP/PV. J Invest Dermatol 86:157—162, 1986

alcium ion concentration has been shown to control The present study was undertaken to compare SCaBP and PV,
the differentiation of mouse epidermal keratinocytes and to determine their tissue distribution by immunohistochem-
in culture [1] and this regulation can be altered in istry and immunoblot analysis, the latter technique having the
carcinogen-treated or malignantly transformed ker- advantage of providing information on molecular wcighE and
atinocytes [2,3]. It was of great interest, therefore, antigenicity simultancously. We present data demonstrating that
when a skin calcium-binding protein (SCaBP) was identified and PV and SCaBP arc antigenically indistinguishable and that the
purified from whole adult rat skin [4,5], and antisera to this'pro- l’V/SCaB}’ antigen is localized in the panniculus carnosus of adult
tein were raised in rabbits. The localization of SCaBP antigen, rodent skin. Additional antigens of unknown nature, with M,
determined by indirect immunofluorescence of frozen skin sec- 10,500-12,000 an sodium dodecyl sulfate (SDS)-polyacrylamide
tions, was reported to be in basal cells of the epidermis [6]. Its gels, are recognized by anti-SCaBP serum and are localized in
molecular weight (12,000 daltons), isoelectric point (5.0), and the epidermis of newborn as well as adult rodent skin. These
amino acid composition were similar to another calcium binding antigens may account for previous reports (6] of SCaBP in epi-
protein, parvalbumin (PV) [5]. PV was known to be a major d.crm)s., and of regulated synthesis of low-molecular weight an-
component of fast-twitch skeletal muscle [7] and has been shown tigens in epidermal cell cultures [9,10].
to be present in relative abundance in adult rat skin [8], localized
to the hypodermal muscle, the panniculus carnosus. MATERIALS AND METHODS

Proteins Purified adult rat skin SCaBP was a gift of Dr. Jana
Pavlovitch, Paris, France, and was prepared as described previ-
ously [4,5]. Purified adult rat muscle PV and bovine brain cal-
modulin were from Calbiochem. Adult Sprague-Dawley rat and
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podermal material was removed, the hypodermal material, epi-
dermis, dermis, and leg muscle by homogenizing the tissue in 20
mm Tris, pH 7.4, with 1 mm EDTA and 1 mm phenylmethyl-
sulfonyl fluoride, freezing and thawing 3 times and centrifuging
at 100,000 ¢ for 30 min, retaining the supernatant. Cell cultures
of primary newborn mouse epidermal cells were prepared as de-
scribed [12]. After 3 days of culture in 0.07 mm calcium medium,
cells were scraped from the dish and homogenized in the same
buffer as described for tissue fractions. All cytosol preparations
were assayed for protein concentration by the BioRad protein
assay kit.

Antisera Six different unfractionated rabbit anti-SCaBP sera
were a gift of Dr. Jana Pavlovitch, Paris, France, and were pre-
pared as previously described [4]. Except where otherwise noted,
anti-SCaBP was from rabbit no. 3. Unfractionated antiserum to
PV as well as anti-PV IgG purified from the antiserum on a PV
affinity column were prepared as described [8]. Affinity-purified
anti-PV 1gG was reconstituted and used at 2.2 pg/ml (final di-
lution). In the undiluted anti-PV serum the concentration of this
specific IgG was 1.6 mg/ml. Absorbed antiscra were prepared by
incubating 50 pg antigen with 1 ml antiserum followed by cen-
trifugation at 15,000 ¢ to remove immune complexes, repeating
the incubations 3 times: first at 37°C for 1 h, then overnight at
4°C, then again at 37°C for 1 h.

Electrophoresis, Blotting, and Immunostaining Elec-
trophoresis was performed in the presence of 0.1% SDS and 2-
mercaptoethanol (5.5% in sample buffer), in 15% polyacrylamide
gels according to Laemmli [13]. Protein bands were clectro-
phoretically transferred (blotted) to nitrocellulose (from Schleicher
and Schuell, BA83) in 25 mm Tris (pH 8.3), 192 mm glycine,
20% methanol for 14 h at 60 V. Where indicated, nitrocellulose
strips were stained for 1 min in 0.1% amido black in 25% iso-
propanol and 10% acctic acid [14]. Nitrocellulose strips were
reacted with the unfractionated antisera at a standard 1:100 di-
lution or anti-PV IgG at 2.2 pug/ml. Positive bands were visualized
using the BioRad Immun-blot peroxidase assay kit.

Immunohistochemistry Full-thickness adult rat skin was fixed
in Bouin’s fixative (71% saturated aqueous picric acid, 24% form-
aldehyde, 5% acetic acid) as described for visualization of PV [7].
Tissue was embedded in paraffin, sectioned, mounted on slides,
and deparaffinized [7]. Immunofluorescent staining was per-
formed as described [15], except that an indirect technique was
applied. Briefly, sections were incubated with unfractionated anti-
sera diluted 1:100 or anti-PV 1gG at 2.2 pg/ml. After washing,
sections were exposed to fluorescein-conjugated swine antirabbit
Ig (Dakopatts) at 1:40 dilution, for 30 min at room temperature.
All dilutions were made in phosphate-buffered saline with 12.5%
bovine serum albumin and 0.01% thimcrosol. Washed sections
were mounted and examined on a Nikon Labophot microscope
with an cpifluorescent attachment (HMX-HBO 100 W Lamp-
house) with a B2 filter block with 460-484 interference excitation

filter and 515-545 barrier filter. Ektachrome ASA 400 daylight
film was used.

RESULTS

Immunochemical Cross-Reactivity of PV and SCaBP
Purified preparations of PV and SCaBP were clectrophoresed in
SDS polyacrylamide gels, transferred to nitrocellulose, and stained
with amido black. Both proteins yielded identical bands at M,
13,000 (Fig 1A). Faint bands at M, 25,000 can be scen in these
preparations, possibly representing dimers of the M, 13,000 pro-
teins. When identical nitrocellulose blots of clectrophoresed PV
or SCaBP were exposed to antisera to PV or SCaBP and visualized
using a peroxidase-conjugated second antibody, both proteins
were recognized equally well by both antisera (Fig 1B, E). Normal
rabbit secrum did not react with PV/SCaBP (not shown). The
specific antibodies in these antisera were absorbed by exposure
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Figure 1. Parvalbumin and SCaBP cross-react antigenically. One mi-
crogram cach of purified calcium-binding proteins parvalbumin (P), SCaBP
(S), and calmodulin (C) were electrophoresed on reducing SDS 15%
polyacrylamide gels and transferred (blotted) to nitrocellulose. Panel 4
was stained with amido black. SCaBP and PV comigrate at M, 13,000
Panels B—=H were reacted with equal dilutions of antisera and visualized
with a peroxidase reaction as described in Materials and Methods. B=anu-
SCaBP, C=anti-SCaBP which had been absorbed with PV D=anu-
SCaBP which had been absorbed with SCaBP, E=anti-PV, F=anti-PV
which had been absorbed with PV, G=anti-SCaBP, H=anti-PV. The

M, 25,000 band seen in this and subsequent figures probably represents
aggregates or proteins dimers.

of the scra to PV or SCaBP. After absorption by cither protein,
reactivity toward both antigens was reduced (Fig 1C,D,F). These
antisera were not recognizing the whole class of calcium binding
proteins, as both failed to react with purified calmodulin (Fig
1G,H), and also failed to react with PV from rabbit (not shown).
Antisera to SCaBP produced in 6 different rabbits all reacted
equally well with SCaBP and PV (Fig 2). Affinity-purified anti-
serum to PV also reacted with both PV and SCaBP. Complete
cross-reactivity was also seen with purified PV and SCaBP spot-
ted directly onto nitrocellulose without denaturation by exposure
to SDS (not shown).

Immunohistochemical Localization of PV/SCaBP Anti-
gen Adult rat skin contains a muscular component, the pan-
niculus carnosus, associated with the underside of the dermis. Fig
3 shows a section of whole adult rat skin including the panniculus
carnosus (labeled H for its hypodermal location) and a section of
adult rat skin which had been scraped with a scalpel on the dermal
side to remove the hypodermal material. Full-thickness adult ra
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Figure 2. Anti-PV and 6 different anti-SCaBP sera react equally well
with parvalbumin and SCaBP. Purified proteins were electrophoresed
and blotted as described for Fig 1. Proteins are parvalbumin (1) and SCaBP
(S). Panels A=H were reacted with antisera as in Fig 1: A = ana-PV
serum, B = affinity-purified anti-PV IgG, C = anti-SCaBP from rabbi
no. 2, D = anti-SCaBP no. 3, E = anti-SCaBP no. 5, F = anti-SCaBP
no. 6, G = anti-SCaBP no. 7, H = anti-SCaBP no. 8.
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skin, fixed in Bouin’s fixative, was sectioned, mounted on slides,
and reacted with affinity-purified anti-PV IgG diluted to 2.2 pug/ml
(Fig 4A,B). The staining pattern of the panniculus carnosus (Fig
4B) is similar to that previously reported for skeletal muscle |7].
No staining is seen in epidermis (Fig 4A). Sections stained with
anti-SCaBP serum diluted 1:100 showed a similar pattern of stain-
ing in the panniculus carnosus (Fig 4D), which was diminished
by absorption with SCaBP (Fig 4F). Staining of the living laycrs
of the epidermis is seen with both anti-SCaBP and absorbed anti-
SCaBP (Fig 4C,E). Normal control rabbit serum diluted 1:100
shows no staining (Fig 4G, H).

Tissue Localization of PV/SCaBP Antigen Cytosol extracts
were prepared from whole adult rat skin, adult rat skin scraped
to remove hypodermal material, the hypodermal material, der-
mis, epidermis, or leg muscle. Equal amounts of these cytosgl
protein preparations were clectrophoresed and transferred to ni-
trocellulose along with standards of purified PV. Fig 5 shows the
distribution of the M, 13,000 cytosol antigen in adult rat skin
fractions recognized by affinity-purified anti-PV IgG. In the low-
molecular weight region only a M, 13,000 band stained, and it
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Figure 3. Histologic sections of adult rat
skin fractions. Panel A is full-thickness skin,
fixed in Bouin’s fixative and stained with
hematoxylin and eosin. Note presence of
panniculus carnosus (labeled H due to its
hypodermal location). Panel B is adult rat
skin after scraping of the dermal side with
a scalpel, fixing and staining as in A. Nore
absence of the panniculus carnosus, and
presence only of dermis (D), epidermis (F),
and a thin layer of fat from the hypodermis.

stained only in extracts from whole skin, hypodermal material,
and adult leg muscle. Extracts from skin lacking the hypodermal
material, as well as trypsin-separated adult rat epidermis and der-
mis were negative for reactivity with affinity-purified anti-
PV IgG. Lanes containing cytosol preparations often exhibited
stained bands of high molecular weight, possibly due to nonspecific
staining.

Localization of Additional Antigens Recognized by SCaBP
Antiserum  Nitrocellulose strips similar to those used in Fig 5
were blotted from gels of cytosol extracts from adult rat skin
fractions or muscle and were reacted with antiserum to SCaBP
(Fig 6). This antiserum recognized the M, 13,000 band extracted
from whole skin, hypodermal material, and muscle, as was ob-
served with anti-PV IgG. In addition, this antiserum recognized
a M, 12,000 antigen which was present in cytosol extracts of whole
skin, scraped skin, and epidermis. It was not apparent in extracts
of hypodermal material, muscle, or dermis. Adult mouse skin
fractions reacted with PV and SCaBP antisera in a pattern similar
to that of rat, although the adult mouse epidermis stained to a
lesser extent with anti-SCaBP (not shown).

Figure 4. PV/SCaBP cross-reacting anti-
gen is localized in the panniculus carnosus.
Bouin-fixed adult rat skin sections were pre-
pared and deparaffinized as described in Ma-
terials and Methods. Sections were reacted with
antisera as follows: A and B = affinity-pu-
rified anti-PV 1gG, Cand D = anti-SCaBP,
E and F = anti-SCaBP absorbed with
SCaBP, G and H = normal rabbit serum
control. All sera were diluted 1:100. Anti-
PV 1gG was used at 2.2 ug/ml. Pairs of
figures were present in the same tissue sec-
tion but were photographed separately (i.c.,
A and B, C and D, ctc.) Photographs were
all at the same magnification (original mag-
nification 25 x ). Epidermis and dermis were
photographed in A, C, E, and G while pan-
niculus carnosus was photographed in B, D,
F, and H. Exposure times were 8 s for A,
B, G, and Hand 4 s for C, D, E, and F.
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Figure 5. PV in adult rat skin is limited to the hypodermal material.
Equal aliquots of 100 pg cytosol protein or 1 pg purified PV were elec-
trophoresed and blotted as in Fig 1. Strips were reacted with affinity-
purified anti-PV IgG diluted to 2.2 ug/ml, and visualized with peroxidase.
Tissue fractions were prepared as described in Materials and Methods. Lanes
were as follows: WS = whole adult rat skin, SS = adult rat skin scraped
on the dermal side with a scalpel to remove the hypodermal material, H
= hypodermal material, M = adult rat leg muscle, P = purified par-
valbumin, E = epidermis removed by scraping the epidermal side of
adult rat skin after flotation on trypsin, D = dermis from scraped, floated
skin. Some higher-molecular weight proteins stain faintly in lanes con-
taining cytosol extracts, but this staining may be due to high amounts
(100 pg) of protein per lane staining nonspecifically.

Absence of SCaBP and Presence of Low-Molecular Weight
Antigens in Newborn Skin and Cultured Newborn
Keratinocytes Newborn (less than 3 days) mousc epidermal
cells have been shown to contain antigens recognized by anti-
SCaBP sera [9,10]. PV is not present in rat muscle until later than
3 days after birth [7]; thercfore it was of interest to determine
whether these antigens were PV/SCaBP or the other low-mo-
lecular weight epidermal antigens. Cytosol extracts were prepared
from newborn mouse skin fractions and adult mouse leg muscle.
Equal amounts of protein from these extracts were electro-
phoresed and transferred to nitrocellulose. Fig 7A shows that PV
antiserum does not recognize antigens in cytosol extracts of new-
born mouse skin although it does recognize adult mouse muscle
M, 13,000 antigen. Anti-SCaBP reacts with M, 10,500-12,000

Figure 6. Anti-SCaBP serum recognizes the panniculus carnosus antigen
PV/SCaBP and also an epidermal antigen in adult rat skin. Extracts and
experimental conditions were as described in Fig 5, except that the anti-
SCaBP serum was used. Note the distribution of the M, 13,000 band is
identical to that seen with anti-PV serum, and that an additional band at
M, 12,000 is present in whole skin, scraped skin, and epidermis.
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Figure 7. Newborn mouse skin has epidermal antigens at M, 10,500-12,000
and lacks the PV/SCaBP M, 13,000 antigen. Experimental conditions
were as described in Fig 5. Cytosol extracts were prepared from dermis
(D) and epidermis (E) of newborn (0-3 day) mouse skin after flotation
on trypsin. Skins were not scraped to remove hypodermal material. Ex-
tract of whole newborn mouse skin (WS) was also included. Adult mouse
muscle (M) extracts and purified rat parvalbumin (P) were included as
controls. Panel A = anti-PV serum; Panel B = anti-SCaBP serum; Panel
C = anti-SCaBP serum which had been absorbed with SCaBP.

antigens extracted from newborn skin, and these antigens are
enriched in epidermis (Fig 7B). It also recognizes the M, 13,000
antigen in adult mouse muscle cytosol. When anti-SCaBP is ab-
sorbed with purified SCaBP (Fig 7C), the reactivity with PV and
muscle M, 13,000 antigen is reduced, but the reactivity to the
lower-molecular weight antigens is not atfected. These antigens
are, therefore, distinct from the PV/SCaBP antigen in molecular
weight, tissuc distribution, immunoreactivity, and develop-
mental regulation.

Cytosol extracts prepared from cultured newborn mouse ep-
idermal cells were electrophoresed and transferred to nitrocellu-
lose. Fig 8 shows that anti-SCaBP recognizes M, 10,500 and 12,000
antigens in epidermal cell cultures. No band is scen at M, 13,000
and, in addition, affinity-purified anti-PV IgG does not bind any

25kd

Figure 8. Cultured newborn mouse epidermal cells contain M,
10,500-12,000 antigens but not M, 13,000 PV/SCaBP antigen. Experi-
mental conditions were as described in Fig 5. Cytosol extracts were pre-
pared from newborn mouse epidermal cells after 3 days in culture (E).
Purified parvalbumin (P) was included as a control. Panel A = anti-
SCaBP, panel B = affinity-purified anti-PV 1gG.
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bands. Thus, PV/SCaBP cannot be identified in extracts of cul-
tured newborn mouse cpidermal cells.

DISCUSSION

We have shown that the proteins PV and SCaBP are immuno-
logically indistinguishable. By immu.nobloit analysis, PV :md.SCaBl’
both react equally well with a series (}f 7 polyclonal antisera, 6
raised against SCaBP and 1 raised against PV. The reactivity of
these antisera toward PV or SCaBP can be diminished by ab-
sorption with cither purified protein. Dldicrj'can and Sauvrat (per-
sonal communication) have also observed immunologic cross-
reactivity between PV and SCaBP. Prcxfigus!y |5], skf‘lgtal m}lSC!C
PV and SCaBP have been reported to differ in the affinity of their
calcium-binding sites for calcium. Such differences, if confirmed,
could be due to minor differences among the proteins not detected
by the antisera we have used. The PV anq SCaBP antisera do not
react with a very closely related protein from a different species,
rabbit muscle PV; hence the PV proteins from skin and muscle
in rat must be very similar, if not identical, in structure. In agree-
ment with these findings MacManus et al [16] have recently de-
termined that the amino acid sequence of rat SCaBP is identical
to that of PV from rat skeletal muscle.

Both PV and SCaBP have identical distributions within the
skin, both are localized to the panniculus carnosus. Affinity-pu-
rified anti-PV serum reacts only with protein in the panniculus
carnosus of skin sections or in cytosol extracts of scraped hy-
podermal material. The presence of PV in skin l}ad not been
reported at the time of the original purification of SCaBP. l.t hgs
since been shown with quantitative high-performance liquid
chromatography techniques that PV is present in adult rat skin
in relatively high concentration compared with other tissues, and
that it is localized by immunohistochemistry in Bouin-fixed skin
sections to the musculature of the dermis [8]. No PV was detected
in the epidermis. Using a rat cDNA p.robc for 1’.V, Bcrchto!d
and Means [17] found that PV mRNA is present in whole skin
with the same molecular size (700 and 1000 bp) as it was found
in the muscle, indicating identity of muscle and skin PV. How-
ever, no hybridization signals were detected in epidermis or sev-
eral cell lines of epidermal origin (Berchtold and Hawley-Nelson,
unpublished observations). MacManus et al [16] have also re-
ported the dermal localization of PV/SCaBP. . _

Previous reports [6] had failed to detect SCaBP antigen in der-
mal tissue or muscle by immunofluorescence. However Celio and
Heizmann [7] have shown that fixation techniques which result
in protein cross-linking are required for immunohistochemical
visualization of PV in tissuc sections. The published reports lo-
calizing SCaBP to the epidermis utilized immunofluorescence of
frozen sections [6]. It is therefore likely that the PV/SCaBP an-
tigen in the panniculus carnosus was not detected at all. Our fixed
tissue immunohistochemistry demonstrates that PV/SCaBP an-
tigen is present in the panniculus carnosus of adult rats.

SCaBP antisera but not PV antisera recognize low-molecular
weight epidermal antigens in addition to PV/SCaBP. By im-
munohistochemistry these antigens appear in all the living epi-
dermal cell layers. In skin fractions, antigens are similarly localized
to the epidermis. PV/SCaBP is not detectable in cultured mouse
keratinocytes or in newborn rodent skin, but anti-SCaBP serum
recognizes the low-molecular weight antigens in cultured kera-
tinocytes and in newborn as well as adult epidermis. In separate
studies we have found that antigen synthesis is confined to pro-
liferating cultured keratinocytes in medium containing 0.07 mm
calcium, and synthesis stops when differentiation is induced by
raising the calcium concentration to 1.2 mm for 48-72 h [9]. The
tumor promoter 12-O-tetradecanoyl phorbol-13-acetate, which
also induces differentiation in keratinocyte cultures [18], sup-
pressed synthesis of the antigens. These results are consistent with
the low-molecular weight antigens being exclusively synthesized
in basal cells. Using immunofluorescence, Didierjean et al [10]
showed regulated distribution of the “SCaBP" antigens in epi-
dermal cell cultures.
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Our results contradict aspects of previous reports on SCaBP.
The original report using anti-SCaBP seruin localized SCaBP to
the basal layer of the epidermis [6]. It now seems likely that the
antigens visualized in that study were the low-molecular weight
antigens identified in epidermis cytosol extracts with anti-SCaBP
serum but these antigens were not SCaBP itself. The best expla-
nation for the results which have been previously and currently
reported is that various SCaBP preparations were primarily PV
from the panniculus carnosus but also contained minor contam-
inating proteins with molecular weights similar to PV. The an-
tigens recognized by the various anti-SCaBP sera must have been
present in the preparations of SCaBP used to immunize rabbits.
Purified SCaBP used to absorb SCaBP antiserum no. 3 in our
studies may have been more highly purified, or contained dif-
ferent contaminants, since it did not absorb the activity recog-
nizing the additional low-molecular weight epidermal proteins.
In studies using labeled epidermal cell culture extracts, immu-
noprecipitation with different SCaBP antisera yielded several dis-
tinct patterns of electrophoretic bands of molecular weight
8,000-16,000 proteins (data not shown). Hence different epider-
mal proteins may have been present in the protein preparations
used to inoculate the different rabbits.

Further study of the low-molecular weight regulated epidermal
antigens is in progress in order to determine their identity and
relationship to epidermal cell proliferation and differentiation.
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