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Abstract

The complement system participates in the immune recognition
of foreign antigens, many of which may penetrate the skin by
physical injury or transcutaneous adsorption. In this study, we
examined the presence ofcomplement components and comple-
ment regulatory proteins in the human skin and cultured human
keratinocytes. Immunofluorescence studies showed C3, Factor
B, decay accelerating factor, the C3b receptor (CR1), and C3d
receptor (CR2), distributed among cells of the epidermis as
well as on cultured keratinocytes. Immunoblot analysis of kera-
tinocytes supernatants showed the presence ofC3 with a molec-
ular weight of 180 kD. The decay accelerating factor was
localized as previously reported on elastic fibers; additionally it
was observed in the basement membrane zone. In situ hybridiza-
tion studies suggest the expression of CR1 and CR2 mRNA in
human epidermis. These results show the presence in the hu-
man epidermis of complement components that are capable of
generating the initial C3 convertase of the alternative pathway.
The presence of complement regulatory proteins could endow
keratinocytes with immune functions such as the regulation of
complement activation and endocytosis of C3 opsonized parti-
cles. (J. Clin. Invest. 1992. 90:2000-2012.) Key words: CR1-
CR2 - decay accelerating factor * C3 * Factor B

Introduction

The complement system is a complex group of proteins that
mediates biologically important reactions ranging from lysis of
cells, bacteria, and viruses to initiation ofthe humoral portion
of the inflammatory response, and stimulation of immuno-
cytes through receptor-ligand interactions (reviewed in 1).
Complement activation is mediated by two distinct pathways,
the classical (antibody dependent) and alternative (antibody
independent). Both eventuate in the activation ofC5 leading to
the formation of the membrane attack complex (2). The sys-
tem is controlled by serum proteins such as Factor H (3), Fac-
tor I (4), C4b binding protein (C4bp) (5), and the membrane
proteins C3b receptor (CR 1) (6), C3d receptor (CR2) (7), mem-
brane cofactor protein (MCP) (8), decay accelerating factor
(DAF)' (9), and the homologous restriction factors (10). These
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proteins are widely distributed on the surface of blood and
tissue cells.

In addition to cytolysis, the role of complement is effected
by three kinds of products generated during complement acti-
vation, namely antigen bound components, inactive fluid
phase fragments and enzymatically released peptides, all of
which may serve as ligands for specific receptors on a variety of
cells. Although plasma complement proteins are primarily syn-
thesized in the liver, a wide variety of extrahepatic cells have
been reported to be capable of synthesizing complement com-
ponents and regulatory proteins. C3, for example, has been
found to be secreted by monocytes, lung macrophages, and
skin fibroblasts. Such secretion of complement proteins by a
variety ofcell types is thought to contribute to the local concen-
tration of these proteins in specific tissues (reviewed in refer-
ence 11). The production of complement by keratinocytes
would allow the epidermis to form a first line of immunologic
defense. The presence ofcomplement receptors and regulatory
proteins could protect these cells from the random deposition
of activated complement components, and endow keratino-
cytes with the capacity to generate biologically active frag-
ments, primarily those derived from C3. Because human epi-
dermis is in continuous contact with foreign antigens, we stud-
ied the presence of complement proteins and receptors in
epidermal cells.

Methods

Human skin. Normal human skin was obtained from healthy volun-
teers by shave or punch biopsy following the local injection of 1%
lidocaine. Human foreskin was obtained from newborn circumcisions.

Antibodies. Anti-CR I monoclonal antibody 543 was previously re-
ported (12), 44F anti-CR1 as well as HB5 anti-CR2 were purchased
from Becton Dickinson (Mountain View, CA). Anti-CR2, OKB7 was
purchased from Ortho Pharmaceuticals (Raritan, NJ). Monoclonal an-
tibodies to biological cleavage products ofC3 and C4, as well as Factor
B, Factor H, and Factor I, were purchased from Quidell (San Diego,
CA). pBluescript was purchased from Stratagene Inc. (La Jolla, CA).
Polyclonal goat anti-C3 and monoclonal anti-C5 were the gift of Dr.
H. J. Mfiller-Eberhard (Hamburg, Germany). Nonimmune isotypic
mouse IgGI and IgG2, used as controls were purchased from Coulter
Immunology (Hialeah, FL). Monoclonal anti-DAF IgG, was a gift of
Dr. M. Davitz (New York University). FITC-goat anti-mouse affinity-
purified Fab'2 were purchased from Caltag Laboratories (South San
Francisco, CA).

Cultured keratinocytes. Keratinocytes were generously provided by
Dr. J. Hansbrough, University of California, San Diego. These were
obtained free of fibroblasts from human skin according to the method
of Boyce and Ham (13) and grown to semiconfluency in serum-free
keratinocyte growth medium (KGMh; Clonetics Corp., San Diego,
CA), in plastic chamber slides (Nunc Inc., Naperville, IL) or 150-ml

1. Abbreviations used in this paper: CR1, C3breceptor, CR2, C3d re-
ceptor, DAF, decay accelerating factor; MCP, membrane cofactor pro-
tein.
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plastic flasks (Becton Dickinson). The keratinocyte culture superna-
tants were collected and mixed with the following protease inhibitors at
the following final concentrations: 1 mM epsilon-amino-n-caproic
acid, 1 mM benzamidine hydrochloride, 5 mM EDTA, 1 mM PMSF,
and 0.02% sodium azide (Sigma Chemical Co., St. Louis, MO). A total
of450 ml ofsupernatant was collected and stored at -80'C until used.
Upon thawing of the supernatant (overnight on ice), the final concen-
tration of EDTA was brought to 10 mM and the material was filtered
through a 0.22-,gm filter to remove any particulate material present.

Isolation ofC3 from keratinocyte culture supernatant. An immu-
noabsorbent gel was prepared by coupling to 2 ml of Affi-Gel 10 (Bio-
Rad Laboratories, Richmond, CA) 50 mg ofanti-C3 IgG isolated from
goat anti-human C3 by precipitation with Rivanol (Sigma Chemical
Co.) followed by ion exchange chromatography. A small glass column
was packed with washed immunoabsorbent gel and the 450 ml ofkera-
tinocyte culture fluid was applied in a close-loop at a flow rate of 0.5
ml/min at 4VC for 24 h.

SDS-PAGE and immunoblot. After the affinity chromatography
was completed, 200 Ml of wet immunoabsorbent gel was dried by cen-
trifugation. The dried gel was boiled in 200 Ad ofsample buffer contain-
ing 8% SDS and subjected to a 7.5% SDS-PAGE according to Laemmli
( 14). After electrophoresis, the proteins were transferred to an Immobi-
Ion membrane (Millipore Corp., Bedford, MA) using a semi-dry sys-
tem (Bio-Rad Laboratories). The membrane was reacted with a mouse
monoclonal anti-human C3c (Quidell) at 1:12,000 dilution for 1 h at
room temperature. As a secondary antiserum, an immunoblot grade
goat anti-mouse IgG alkaline phosphatase conjugate (Bio-Rad Labora-
tories) was used at 1:3,000 dilution for 1 h at room temperature. The
membrane was subsequently reacted with 5-bromo-4-chloro-3-imdolyl
phosphate and nitroblue tetrazolium (Bio-Rad Laboratories).

Because the preparation of keratinocytes from human skin for cul-
ture requires the use of trypsin and subsequent addition of small
amounts of fetal calf serum as trypsin inhibitor, control experiments
were performed to test whether the monoclonal anti-human C3c anti-
body cross-reacts with bovine C3 which might have been present in
culture supernatants. To maximize the sensitivity of the reaction a
dot-blot immunoassay was used with the same monoclonal anti-hu-
man C3c antibody as used in immunoblot of supernatants and two
additional polyclonal anti-C3 sera. Fetal calf serum undiluted or di-
luted to 5% in medium, undiluted KGM' medium, supernatant of
cultures of keratinocytes or highly diluted normal human plasma as
positive control were slowly suctioned through the nitrocellulose mem-
brane using low household vacuum and a dot-blot apparatus (Bio-Rad
Laboratories). No reactivity was observed between the samples and any
of the anti-C3 antisera tested.

Immunofluorescent studies. Human skin was snap frozen in Tissue
Tek O.C.T. (Miles Scientific Div., Miles Laboratories Inc., Naperville,
IL) over dry ice. 4-Mm thick sections were cut and fixed in cold acetone
for 10 min, washed in PBS, and blocked for 30 min in PBS containing
2% BSA (Sigma Chemical Co.). The samples were then incubated over-
night with 50 Ml ofPBS-1% BSA, containing 1 gg, respectively, ofmono-
clonal antibodies to: C3c, C3d, C4c, C4d, C5, Factor B, Factor I, Factor
H, CR1, CR2, DAF, or with identical amounts of the corresponding
isotypic nonimmune IgG as control. After 16 h at 4°C, the slides were
washed five times in PBS, and incubated for 1 h at 22°C with 50 M1 of
FITC goat Fab'2 anti-mouse IgG at a concentration of 20 Mg/ml. The
tissue was then washed, mounted, and examined with a fluorescent
microscope.

Cultured keratinocytes, when used, were fixed on the chamber
slides, and treated in identical fashion as the skin sections.

Detection ofCRI andCR2mRNA in the epidermis by in situ hybrid-
ization. Plasmids containing CR1 (15) (American Type Culture Col-
lection, Rockville, MD) and CR2 (16) cDNA inserts (generous gift of
Dr. G. Nemerow, Scripps Clinic, La Jolla, CA) were labeled by nick
translation (17). Briefly, 0.5 Mg ofCR1 cDNA was incubated for 45 min
at room temperature with 100 MM of deoxynucleoside triphosphates
(dNTP) containing digoxigenin coupled-dUTP (Dig-dUTP) (Boeh-
ringer Mannheim Biochemicals, Indianapolis, IN), 10 U ofDNA poly-

merase (Bethesda Research Laboratories [BRL], Bethesda, MD), and
an optimal concentration ofDNase (gift of Dr. C. Zuker, University of
California, San Diego, San Diego, CA) which was previously calibrated
to result in DNA fragments of - 100 bp (3 Ag/ml). Unincorporated
dNTP was removed by a Sephadex G-50 spin column and the DNA
precipitated by ethanol/sodium acetate. After drying, the probes were
resuspended in 300 Mg of prehybridization solution (0.6 M NaCl, 10
mM Tris; I mM EDTA, lx Denhardt's solution, 10% dextran sulfate,
50% deionized high purity formamide [Fisher Scientific Co., Fairlawn,
NJ), 0.5 mg/ml transfer RNA (Sigma Chemical Co.), 0.1 mg/ml
sheared denatured salmon sperm DNA, pH 7.5 (Sigma Chemical Co.).

Alternatively, weprepared digoxigenin-labeledCR2cDNA oligonu-
cleotides by "run offsynthesis" using a combination ofpublished pro-
tocols (18, 19). Briefly, 100 ng of a 1.6-kb insert CR2 cDNA in pBlue-
script were digested with either 1 U of the restriction enzymes Bgl I or
NdeI. These enzymes digest sites in the insert 50 bp from the 5' end and
3' ends, respectively. Run offpolymerization was carried out using 0.1
Mg ofthe digested DNA templates, 2 MM ofT3 or T7 primers, 140,gM
ofeach dNTP, 100MM digoxigenin- I l-dUTP, and 1.5 U Taq polymer-
ase (Gibco BRL) in a total vol of 50 Ml of 10 mM Tris, pH 8.3, 50 mM
KC1, 1.5 mM MgCl2, 0.01% gelatin. These reagents were prepared
under sterile conditions. The solution was overlaid with paraffin oil,
and the polymerization reaction performed in a DNA thermal cycler
(Perkin-Elmer Cetus Instruments, Norwalk, CT) for 40-80 cycles as
follows: 1 min at 940C, 2 min at 450C, and 3 min at 720C. Transcrip-
tion from the T7 promoter gave rise to the antisense strand, whereas the
T3 promoter generated the sense strand used as negative control for
hybridization studies. Unincorporated dNTPs were separated by
NH4AC/ETOH precipitation and the probes were finally resuspended
in 200 Ml of hybridization solution.

6-Mm thick sections were cut form frozen human skin and layered
over acid cleaned glass slides pretreated with 50 Mg/ml poly-L-lysine
(Sigma Chemical Co.) for 30 min. The tissue was allowed to air dry for
20 min, fixed in 4% paraformaldehyde-PBS (Polysciences Inc.,
Warrington, PA), for 20 min, digested for 2 min with 5 ,g/ml of pro-
teinase K, and washed in PBS-glycine (Sigma Chemical Co.) (2 mg/ml).
After refixing with paraformaldehyde for an additional 20 min, the
tissue was ready for prehybridization.

Hybridization was performed using the Genius kit (Boehringer
Mannheim), following the manufacturer's instructions with minor vari-
ations. Briefly, tissue slides were incubated with 50 Ml heat denatured
hybridization solution for 60-min at 370C, afterwhich they were hybrid-
ized at 37OC with 30 Ml ofboiled hybridization solution containing 10%1
vol/vol digoxigenin labeled probes. Negative controls consisted ofiden-
tically labeled vectors lacking DNA inserts. After 16 h, the slides were
washed for 4 h in eight changes of50% formamide, 0.6M NaCl, 10mM
Tris (pH 7.5), 1 mM EDTA at 37°C. The tissue was incubated for I h at
room temperature with PBS containing 0.1% Saponin, 2% normal
sheep serum, and 0.024% levamisole, and then reacted with the same
solution lacking levamisole and containing a 1:500 dilution ofthe com-
mercial antidigoxigenin Fab fragments coupled to alkaline phospha-
tase for 2 h at room temperature. This was followed by washing with 10
changes of PBS-0.1% Saponin. The presence ofmRNA was revealed by
the nitroblue tetrazolium reaction, following manufacturer's instruc-
tions.

Results

Cell membrane regulatory proteins ofcomplement in human
epidermis and cultured human keratinocytes. The expression
of the receptors CR1 and CR2 was examined using two ap-
proaches: immunofluorescence of human skin and cultured
keratinocytes, and in situ hybridization in human skin. The
monoclonal anti-CR 1 antibodies used (44F and 543) reacted
with keratinocytes localized in the basal layer ofthe epidermis.
CR1 appeared to be distributed primarily on the cell mem-
brane, with faint fluorescence being present in the cytoplasm
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Figure 1. Expression ofCR1 in human epidermis and cultured keratinocytes. Immunofluorescence of human skin (A) and cultured keratinocytes
(B). In situ hybridization using digoxigenin labeled CR1 cDNA (C). Nonimmune IgGI (D).
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Figure 2. Expression of CR2 in human epidermis. Immunofluorescence appears predominantly in a granular pattern on the cell membrane of
spinous keratinocytes (a), and to a lesser degree in a superficial cytoplasmic distribution (b). No staining was observed in cultured keratinocytes.
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A

B

Figure 3. CR2 mRNA in human epidermis by in situ hybridization. Probes containing a 1.6-kb insert CR2 cDNA hybridized with keratinocytes
throughout the epidermis (A), while plasmids devoid of inserts did not (B).

Complement Proteins in Human Skin 2005



Figure 4. Expression ofdecay accelerating factor in human epidermis. Immunofluorescence ofadult human skin (a) and cultured keratinocytes (b).
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Figure 5. Expression ofC3 in human epidermis. Immunofluorescence ofhuman skin (a) and cultured keratinocytes (b) using a monoclonal an-
tibody to C3c.
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(Fig. 1 A). This receptor was also detected by immunofluores-
cence in cultured keratinocytes where it could be observed
throughout the cells (Fig. 1 B). In situ hybridization using di-
goxigenin labeled CR1 cDNA showed the expression of this
mRNA distributed primarily in the keratinocytes of the lower
halfofthe epidermis (Fig. 1 C). The negative control consisting
of isotypic IgG is shown in Fig. 1 D.

CR2 was visualized using the monoclonal antibody HB5. It
was present on keratinocytes ofthe superficial two-thirds ofthe
epidermis, and no fluorescence was observed in the basal layer.
It appeared predominantly in a granular pattern on the cell
membrane of spinous keratinocytes (Fig. 2 a), and to a lesser
degree in a superficial cytoplasmic distribution (Fig. 2 b). No
staining could be observed in skin reacted with another anti-
CR2 monoclonal antibody, OKB7. Nick-translated probes ob-
tained from the 1.6-kb insert CR2 cDNA, hybridized with ker-
atinocytes throughout the epidermis, whereas plasmids devoid
of inserts did not (Fig. 3, A and B). Furthermore, labeled Dig-
DUTP antisense ssDNA probes were obtained by "run offsyn-
thesis" and hybridized to the cytoplasm of keratinocytes with
the same distribution. Sense strands were negative (not shown).

Another membrane associated regulatory protein, the de-
cay accelerating factor, previously demonstrated in the elastic
fibers in the dermis (20), was also investigated. Anti-DAF
monoclonal antibodies reacted with elastic fibers in the dermis,
but in addition, we found a linear continuous deposit ofDAF
in the basement membrane zone (Fig. 4 a). Contrary to find-
ings with CR1 and CR2, DAF was differentially expressed in
newborn foreskin and adult skin. DAF expression predomi-
nated in the elastic fibers of adult skin while the basal mem-
brane deposits were more striking in newborn foreskin (Fig. 4
a). Cultured keratinocytes from adult skin showed a faint, but
recognizable, fluorescence, which in most cells was concen-
trated at one pole (Fig. 4 b).

Complement proteins in human epidermis and cultured
keratinocytes. The presence ofC3 was investigated using mono-
clonal antibodies to the C3c portion of the molecule. These
reacted with the cytoplasm ofthe keratinocytes localized in the
basal layer of the epidermis (Fig. 5 a). Keratinocytes in culture
also showed strong cytoplasmic staining (Fig. 5 b). In agree-
ment with a previous report (21), we also observed the presence
of the C3d fragment of C3 localized in the area of the basal
membrane in a linear pattern (not shown). Identical distribu-
tion of fluorescence was visualized when a monoclonal anti-
body raised against the C4d fragment of C4 was used in one
sample (not shown), but no staining was noted with anti-C4 or
anti-C4c antibodies.

We next investigated whether C3 was secreted by keratino-
cytes. C3 was isolated from keratinocytes culture supernatants
by affinity chromatography using immobilized anti-C3 IgG.
After SDS-PAGE, this protein was visualized by immunoblot
using the same anti-C3c IgG that was used in the immunofluo-
rescent detection ofC3 in skin and cultured keratinocytes. As
shown in Fig. 6, this antibody detected C3 secreted by the kera-
tinocytes which migrated in the same position as C3 in human
serum. Similar experiments using anti-Factor B antibodies in
place of anti-C3 failed to detect specific staining (not shown).
Immunofluorescent studies showed Factor B in the cytoplasm
of keratinocytes throughout the epidermis, sparing the basal
layer (Fig. 7 a). It was also seen in cells in culture (Fig. 7 b).
Experiments using corresponding isotypes of nonimmune
mouse IgG were negative except for very faint background

Figure 6. Detection of
C3 in the supernatant

200 of cultured keratino-
cytes. C3 and C3c were
detected by immuno-

1 1 6 blotting using a mouse

96 monoclonal anti-
human C3c. (Lane 1)
Activated normal hu-
man serum; (lane 2) su-

66- pernatant of cultured
keratinocytes prepared
as described in Meth-
ods; (lane 3) Normal

45 human plasma. Im-
munoblots of culture
medium alone and fetal

12e calf serum were nega-2 3 tive (not shown).

staining ofthe horny layer (not shown). Direct immunofluores-
cence of the skin using monoclonal anti-C5, Factor I and Fac-
tor H, failed to yield any positive staining (not shown).

Discussion

Complement proteins have been reported in epithelia and epi-
thelial cell lines (1 1). Although a number of pathological pro-
cesses in the skin reveal the presence ofcomplement proteins in
the epidermis, little attention has been given to the presence of
these proteins in normal epidermis. In part, this may be due to
the negative results obtained by routine immunofluorescence
analysis of normal skin, leading to the assumption that these
proteins are not normally produced by keratinocytes. There-
fore, we initiated studies to analyze the presence in the skin of
the major complement protein, C3, and its receptors. Table I
summarizes the results ofour studies showing that components
of the alternative (Factor B and C3) but not the classical (C4)
pathways ofcomplement are present in the epidermis. Keratin-
ocytes are capable of synthesizing Factor B and C3. It is likely
that in the presence of activators such as microorganisms or
immune complexes these components may be cleaved to their
enzymatic forms.

The identification ofC3 solely by reaction with this mono-
clonal antibody was not considered conclusive evidence since
others using the same reagent observed a positive reaction not
only in the skin ofnormal individuals, but also in the skin ofa
patient with a genetic deficiency of C3 (K. Yancey, personal
communication). The latter finding need not be contradictory,
because monocytes of C3 deficient individuals were shown to
synthesize C3 in vitro (22). The possibility that our demonstra-
tion ofC3 in keratinocytes resulted from cross-reaction of the
monoclonal antibody with keratinocytic structures unrelated
to C3 was considered. Western blot analysis ofmedium ofcul-
tured keratinocytes revealed the presence of a single band
which migrated at the same position as C3 in plasma. This
result confirms a recent report by Basset-Seguin et al. (23)
showing the production of C3 by metabolically labeled hu-
man KC.

The receptor for the C3b/C4b fragments of complement,
CR1, is present on a variety ofblood and tissue cells (24, 25). It
participates in the phagocytic process, and in the clearance of
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Figure 7. Expression of Factor B in human epidermis. Immunofluorescence ofhuman skin showing Factor B throughout the epidermis sparing
the basal cell layer (a). Factor B was also detected in cultured keratinocytes (b).
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Table I. Complement Proteins in the Skin and KC*

Human skin
KC* SKCt

In situ
I1 hybridization IF Western blot

Component
C3 + (K)II nd! + + (180-kd protein)
FB +(K) nd +
C4 nd - nd
C3d + (DEJ)** nd - nd
CR1 + (Basal K) + + nd
CR2 + (Spinous K) + - nd
DAF + (Dermis, DEJ, K) nd + nd

Controls
Isotypic IgG
Labeled plasmid

* KC, Cultured keratinocytes. $SKC, Supernatants of cultured keratinocytes. IF, Immunofluorescence. 1K, Tissue keratinocytes. 'nd, Not
done. ** DEJ, Dermoepidermal junction.

immune complexes as well as regulating complement activa-
tion (6, 26, 27). We detected CR1 on keratinocytes located in
the basal layer ofthe epidermis. Previous studies have reported
that another cell surface complement regulatory protein with
Factor I cofactor activity, MCP, is present on human epithelial
cells (28). These investigators immunoprecipitated MCP from
noncutaneous epithelial cell lines, but were unable to detect
CR1 or CR2 (28). The latter is of interest, and may indicate a
distinct regulatory process for CR1 and CR2 expression in tis-
sues. CR1 has been reported to be absent in the epidermis (29,
30) using C3b as the ligand. This difference may be explained
by the use of monoclonal antibodies in our experiments which
provide higher sensitivity. The demonstration ofCR1 mRNA
in epidermal keratinocytes by in situ hybridization, further
supports the presence of CR1. The expression of this receptor
would enable these cells to bind C3b molecules which, in con-
junction with Factor I, will cleave C3b to C3bi (31). C3bi will
remain bound to CR1 and undergo further degradation to
C3dg and C3c, or will bind to cells bearing C3bi receptors
(CR3) (32). Furthermore, because CR1 functions by accelerat-
ing the natural decay ofthe C3 and C5 convertases ofboth the
classical and alternative pathway (6, 33), the further generation
of activated complement components in the skin will be re-
stricted. CR1, and in particular, its soluble form, has recently
been shown to be a very potent inhibitor ofcomplement activa-
tion (34), thus its presence on keratinocytes may provide pro-
tection from random deposition ofC3b in a milieu where com-
plement activation is proceeding. Whether CR 1, as it has been
shown with other cell types (35), endows keratinocytes with the
capability of internalizing particles bearing C3b is not known.
Although further research is required to confirm this notion,
keratinocytes have been shown to phagocytize erythrocytes
under special conditions (36).

The receptor for the C3d fragment of C3 (CR2) has been
shown to be the Epstein-Barr virus receptor (16, 37). A number
ofreports have provided evidence that EBV can infect the skin;
this virus has been detected in keratinocytes of the skin (38)
and mucous membranes of immunosuppressed patients (39).
Its receptors (CR2/EBVR) are present, on B lymphocytes, on

the surface ofcultured cervical epithelial cells, squamous carci-
noma cell lines, nasopharyngeal (40), and oral mucosal epithe-
lium (41). In this study, we revealed by immunofluorescence
the binding ofanti-CR2 MoAb HB5, to the membrane ofkera-
tinocytes. Young et al. (40) have recently reported the binding
ofthree out ofnine anti-CR2 MoAb to epithelial cells. Immun-
oprecipitation of metabolically labeled epithelial cells with
HB5 antibody has been reported to reveal a molecule of 200
kD (40) which differs from the 145-kD CR2 precipitated from
B cells (42). It was concluded that this size difference may repre-
sent posttranslational modifications of the protein, or alterna-
tively, that both are the product of two distinct but related
genes. The hybridization of CR2 cDNA to keratinocytes sug-
gests the presence ofCR2 mRNA; however, sequencing of the
putative epithelial CR2 will be required to confirm the nature
ofthis molecule and definitely rule out cross-hybridization to a
related gene. The presence ofCR2 on keratinocytes could pro-
vide a port of entry to EBV infection, manifesting itself in dis-
orders of the skin and mucous membranes as reported earlier
(38, 39). Whether EBV plays a role in other dermatologic dis-
eases remains to be studied. Additionally, CR2 functions as the
receptor for the C3d fragment ofC3 (7). As such, on B cells, this
receptor regulates B cell responses, particularly to T cell prod-
ucts. Differentiation and proliferation of B cells have been re-
ported using cross-linked C3d or anti-CR2 antibodies (43-48).
These studies suggest that cross-linking CR2 on cell surfaces is
involved in regulating B cell activation. Therefore, it may be
speculated that it could have regulatory effects in epidermal
cell proliferation through its interaction with its ligand, C3d.

DAF is a glycoprotein present on the surface ofneutrophils,
monocytes, lymphocytes, platelets (49, 50) and a variety of
human epithelial cells as well as in a soluble form in body fluids
(51). The only known function ofDAF consists in accelerating
the decay of the classical and alternative pathway C3 and CS
convertases (9, 52). This is believed to control the functional
presence and deleterious effects ofthese enzyme complexes on
the surface of autologous cells during complement activation,
where C3b may be randomly deposited on their membranes.
DAF has been reported to be present on the periphery ofelastic
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fibers in the skin (20), as well as on the surface of keratinocytes
(53). In our study, a similar distribution ofDAF was observed,
but we were also able to identify it along the basal membrane of
the epidermis. A possible function for DAF at this location
could consist in preventing the deposition of the products of
complement activation in this location. Whether DAF at that
site is the result of local production or entrapment ofthe circu-
lating soluble form of this glycoprotein is not known. Overall,
these studies indicate that since the epidermis is continuously
exposed to foreign antigens, the local synthesis ofcomplement
proteins may contribute to the effective processing of these
antigens. In the presence of activators of complement, locally
produced C3 and epidermal proteases may generate C3b and
contribute to the formation of the initial C3 convertase of the
alternative pathway. Deposited C3b may be further cleaved
generating fragments that may interact with complement re-
ceptors on keratinocytes and immunocompetent cells. It is pos-
tulated that stimulation ofcomplement receptors on keratino-
cytes may exert similar differentiation effects as seen on B cells.
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