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IgG-Fc Receptors in Stratum Granulosum: An Immunological Defence
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Receptors for the Fe-part of IgG (FerR) in stratum granulosum
of normal human skin were examined using cryosections and
indirect immunofluorescence staining with 1) soluble immune
complexes and 2) monoclonal antibodies (MoAbs) against dif-
ferent types of FerR, ie. 32.2 (anti-FcrI-CD64), IV.3 (anti-
FerRII-CD32) and Leu 11b (anti-FerRIII-CD16). The immune
complexes gave staining corresponding to stratum granulosum
in sections from all skin specimens. Inhibition experiments
showed that pre-incubation of the sections with monomeric and
heat-aggregated human IgG, periodic acid and formaldehyde
inhibited the immune complex binding. F(ab'), containing im-
mune complexes did not bind to the skin sections. The MoAb
32.2 gave granular and Leu 11b linear staining corresponding
to stratum granulosum. In addition, both IC, 32.2 and Leu 11b
gave weaker staining of keratinocytes in other parts of the
epidermis. IV.3 stained epidermal Langerhans’ cells and were
unreactive with other epidermal cells. Indirect immunofluo-
rescence staining with MoAbs against 1gG subclasses showed
the presence of all IgG subclasses in stratum granulosum. The
results show that granulosum cells express both high- and low-
affinity 1gG receptors and in vivo bound IgG. The data point to
a role for stratum granulosum in cutaneous immunity. Key
words: Fctreceptors; epidermis; skin barrier.
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Receptors for the Fe-part of IgG (FerR) are present on most
immunocompetent cells and constitute important links between
humoral and cellular immunity. The receptors are involved in
antibody-dependent cell-mediated cytotoxicity (1), in the release
of cytokines (2) and in phagocytosis and endocytosis (1). Solu-
ble FetR is a mediator of immunomodulation (3). In addition,
FctR may be involved in active transcytosis of IgG across
epithelia (4).

In the skin there are FctR both on dermal and epidermal cells.
The dermal macrophages express the strongest FcTtR activity
(5). In the epidermis, both Langerhans’ cells (LC) and keratino-
cytes express weak FctR activity that can be demonstrated in
situ (6, 7) and in single cell suspension (8). The use of mono-
clonal antibodies (MoAbs) showed that the FetR of LC and
keratinocytes are of different types. The MoAb IV.3 against
FerRID (low-affinity type of FerR, CD32) (2) reacts with LC
(8), while Leu 11b against FerRIII (low-affinity FetR type,
CD16) (2) and 32.2 against FeTRI (high-affinity FetRI, CD64)
(2) react with keratinocytes (7). Leu 11b reacted particularly
strongly with the stratum granulosum (7), indicating the pres-
ence of FerRIIL

The aim of the present study was to further characterize FerR
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in stratum granulosum. The data obtained using MoAbs to
various classes of FerR and soluble immune complexes indicate
that cells of stratum granulosum express FctR, both the high-
and low-affinity type (9). The possible role for stratum granulo-
sum FcrR in the skin immune system is discussed.

MATERIAL AND METHODS

Tissues

Normal skin specimens, without any clinical sign of skin infection, were
obtained from 8 healthy individuals undergoing surgical corrections in
the retroauricular areas and upper eyelids. The specimens were kindly
provided by the Department of Plastic Surgery. Normal placental tissue
at term was provided by the Department of Gynecology and Obstetrics.
The specimens were washed for 10 min in phosphate-buffered saline,
pH 7.2 (PBS), embedded in Tissue-Tek I O.C.T compound (Lab-Tek
Products, Naperville, Ill., USA) and quick-frozen in isopenthane pre-
chilled with liquid nitrogen. Cryostat sections were cut at 4-6 wm and
stored unfixed at —~20°C until use. Some sections were washed in PBS
for 1 h at room temperature before use.

Immunoglobulins

Antiserum to horseradish peroxidase (Type IV, Sigma, St. Louis, Mo.,
USA) was raised in rabbits, and IgG antibody to horseradish peroxidase
was purified as described elsewhere (10). Rabbit F(ab'), was prepared as
described by Stewart et al. (11). The MoAbs 32.2 (IgG1) against FetRI
(CD64) and IV.3 (IgG2b) against FerRII (CDw32) were kind gifts from
Dr. Anderson, Ohio State University, USA (12). The MoAb Leu 11b
(IgM) against FetRIII (CD16) was purchased from Becton and Dickin-
son, Sunnyvale, CA, USA. A murine MoAb (B1D6), isotyped as [gG1,
against a placental FctR was prepared according to the method de-
scribed by Kohler & Milstein (13). This antibody reacts with a 40 kD
low-affinity FcTR (14). MoAbs against IgG subclasses were purchased
from Calbiochem, La Jolla, CA, USA. Fluorescein isothiocyanate
(FITC)-conjugated IgG F(ab'), preparation of goat anti-mouse Ig, FITC-
conjugated F(ab'), of goat anti-rabbit Ig and rabbit anti-human Clgq
were purchased from Behringwerke, Marbure-Lahn, Germany. Pooled
native human IgG (Fraction II, 16.5% solution) was purchased from
Kabi AB, Stockholm, Sweden. To remove aggregates the immunoglo-
bulin preparations were centrifuged at 100000 x g for 1 h before use.
Aggregation of 1gG was performed by heating at 63°C for 15 min.

Immune complexes (IC)

IC were prepared by adding either dilutions of IgG-anti-horseradish
peroxidase or the preparation of F(ab'); fragments to equal amounts of
four-fold dilutions of horseradish peroxidase from 1 mg/ml in PBS. The
mixtures were incubated for 2 h at room temperature before use.
Complexes prepared at slight antigen excess were used (10).

Immunofluorescence staining

Cryostat sections were incubated with IC of horseradish peroxidase-
anti-horseradish peroxidase for 45 min at room temperature followed by
FITC-conjugated 1gG F(ab'), of goat anti-rabbit IgG diluted 1:30 in PBS
with 10% pooled human serum. Staining with MoAbs was performed
by incubating the sections overnight at 4°C with the MoAbs diluted in
PBS followed by incubation with FITC-conjugated F(ab'), of goat
anti-mouse g diluted 1:32 in PBS for 45 min. The dilutions of anti-

FetR MoAbs mostly used were 32.2 1:32, TV.3 1:16, Leu 11b 1:64 and
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Table L. Binding of soluble immune complexes to stratum granu-
losum in cryostat sections of normal skin pre-incubated with
human IgG (mg/ml), periodic acid (mM) and SJormaldehyde (%)

Pre-incubation Concentrations PBS
with
1 2 4 8 16

IeG

heat-aggregated 3+ 2+ 2+ 1+ 1+ 3+

native 3+ 3+ 3+ 2+ 2+ 3+
Periodic acid 2+ 2+ 1+ - n.L 3+
Formaldehyde 2+ 2+ 1+ - n.t. 3+
*Staining intensity
3+ = moderate
2+ = weak
I+ = very weak
= = not stained
n.t. = not tested

B1D6 1:64. The MoAbs against IgG subclasses were used in dilution
1:200-500. In some experiments the MoAbs were diluted in PBS
containing 1% rabbit IgG. Each incubation was followed by two gentle
washings for 10 min in PBS at room temperature, The sections were
finally mounted in PBS-glycerol with 0.1% paraphenylenediamine, pH
8.6, as anti-fading agent (15), and examined in a Zeiss fluorescence
microscope with an 150 W Xenon lamp.

Control sections were incubated with [C containing F(ab'), fragments
of IgG anti-horseradish peroxidase or horseradish peroxidase alone and
further processed as described above. In other control experiments the
sections were incubated with PBS instead of either IC of horseradish
peroxidaseanti-horseradish peroxidase or MoAb. Cryostat sections were
also incubated with other mouse MoAbs or with normal mouse serum
(1:16) as isotypic controls. As positive control the reactivity of IC with
cryostat sections of placental tissue was examined (10).

Characterization experiments

Cryostat sections were first incubated with two-fold dilutions (1-16 mg/
ml) of either heat-aggregated or native IgG at room temperature for 60
min and washed in PBS at room temperature for 30 min. Then the
sections were incubated with IC. Some sections were pre-incubated for
1 h at room temperature with rabbit antiserum to human Clq diluted 1:4
in PBS before staining with IC.

Cryostat sections were also pre-treated with 0.5, 1, 2, 4 and § mM
periodic acid in PBS for 30 min at room temperature, or with 0.5, 1, 2, 4
and 8% formaldehyde in PBS for 10 min. Control sections were treated

with PBS. The treated sections were washed in PBS for 20 min before
being examined for FcR activity as described above.

RESULTS

IC of horseradish peroxidase-anti-horseradish peroxidase gave
staining corresponding to stratum granulusum in sections from
all skin specimens (Fig. 1). IC prepared with F(ab'), fragments
of IgG anti-horseradish peroxidase did not bind, indicating that
the binding of IC is dependent on an intact Fc portion of the
antibody molecule.

32.2 gave granular and Leu 11b mainly linear staining corre-
sponding to stratum granulosum in all sections (Figs. 2 and 3).
There was only a minor difference in staining intensity between
sections from the 8 biopsies studied. The staining was strong,
present up to a dilution of 1:256 of 32.2 and 1:2048 of Leu 11b.

In addition, the IC and MoAbs stained other parts of the
epidermis, as previously described (7). IC stained LC and a few
keratinocytes, and both 32.2 and Leu 11b gave a moderate
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strong staining of keratinocytes in the spinous and basal layer. In
the epidermis IV.3 stained LC only (Fig. 4). BID6 gave mem-
brane staining of keratinocytes in the lower part of the epider-
mis, but only weak staining in the stratum granulosum.

There was reduced binding of IC to sections pre-incubated
with human IgG (Table I). Heat-aggregated IgG had a stronger
inhibiting effect than native IgG. However, neither of the IgG
preparations gave complete inhibition. Incubation with anti-Clq
did not affect the binding of IC. The IC binding was completely
inhibited by pre-treating the skin sections with periodic acid or
formaldehyde at concentrations of 8 mM and 8%, respectively
(Table I). Both 32.2 and Leu 11b gave weaker staining with
sections pre-treated with 4 mM periodic acid or with 4% for-
maldehyde.

There was no staining of cryosections incubated with PBS
instead of IC. Nor was there any staining of sections incubated
with PBS or normal mouse serum instead of MoAbs. None of
the isotype control MoAbs gave epidermal staining. In sections
from human normal placenta IC bound to trophoblasts and to
endothelial cells of fetal stem vessels, as previously described
(10).

All MoAbs against IgG subclasses stained the subcorneal
layer. Anti-IgG1 gave the strongest staining, followed by anti-
IgG3 (Fig. 5). In addition, all anti-IgG subelass MoAbs gave
some staining in stratum corneum and occasional staining of
epidermal cells with a dendritic pattern. MoAbs diluted in PBS
with 1% rabbit 1gG gave similar staining.

DISCUSSION

The results presented strongly indicate that the subcorneal layer
of normal skin expresses FetR. This was shown by two different
methods: first, the binding of soluble IC, which is a functional
assay, and second. the use of MoAbs detecting epitopes on
FetR. The receptors have antigenic similarities with both the
high- and low-affinity type of FerR, since there was staining
with 32.2 (anti-Fe7RI) and Leu 11b (anti-FetRIID).

Human IgG did not completely inhibit the IC binding, in-
dicating that human IgG and IC of horseradish peroxidase-anti-
horseradish peroxidase have different binding affinity to FeTR
in stratum granulosum or partly bind to different receptor mole-
cules. Results of experiments with periodic acid and formalde-
hyde showed that FctR in the subcorneal layer share phy-
siochemical properties with FctR in other parts of the skin (6,
16, 17) and other organs (18-20).

FetR mediate several biological functions in the immune
system (21), and their presence close to the skin surface may
have important functional consequences. The receptors may be
involved in several ways under physiological as well as path-
ological conditions:

First, it is possible that with the capacity to bind IC and IgG
against harmful antigens the receptors are protective. This
would make the stratum granulosum not only a physicochemical
but also an immunological barrier preventing infection and the
penetration of microbial antigens and in particular superantigens
that may induce skin inflammation. Though the specificity of
[gG demonstrated in stratum granulosum of clinically non-
infected skin is unknown, the in vive presence of all IgG sub-
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classes in this skin layer favours the hypothesis of stratum
granulosum FctR as a front line of immune defence in hurnan
skin.

Circulating auto-antibodies against stratum corneum nor-
mally occur (22). Normal skin is protected against potentially
detrimental stratum corneum antibodies probably because the
stratum corneum antigens are hidden (23). The stratum granulo-
sum FctR might be part of this physiological barrier between
IgG stratum corneum antibodies and stratum corneum antigens.
An impaired stratum granulosum barrier caused by small trau-
mata would permit IgG stratum corneum antibodies to reach
stratum corneum and trigger the development of early pin-point
lesions in a skin disorder like psoriasis.

Bacteria and fungi from the surface of normal skin are
covered by immunoglobulins (24). Both [gA and secretory com-
ponent are probably brought to the surface through the eccrine
system (24). How IgG reaches the surface of normal skin has not
been determined. As FctR are probably involved in IgG trans-
port over other epithelial structures, e.g. trophoblasts in placenta
(19) and choroid plexus (20), it is also possible that the epider-
mal FcTR, most strongly expressed in stratum granulosum, may
play a role in transport of IgG through epidermis.

FerR binding may give unwanted staining in stratum granulo-
sum unless F(ab"), fragments are used or other precautions are
taken in order to avoid FetR binding. The presence of high- and
low-affinity FerR in stratum granulosum may be of significance
for the affinity of stratum granulosum for antibody-fluorescein
conjugates (25). The detection of FctR activity in stratum zra-
nulosum offers an explanation of the well-known antigen-rion-
specific affinity for labelled antibodies to the stratum granulo-
sum often found in routine immunofluorescence testing (25).
The dendritic epidermal cells positive for 1gG probably reore-
sent LC.

IgG binding to FctR can mediate the release of cytokines (2).
In addition to cells in stratum granulosum, there is FcTR activity
also on LC and keratinocytes. IgG binding to FctR could bz of
importance in the secretion of cytokines by these cells. The wide
distribution of receptors for IgG in normal epidermis, with the
strongest activity in the subcorneal layer, points to an active
physiological role of IgG and its receptors in the skin immunity
system. The surface IgG and the stratum granulosum Fer
could comprise a humoral defence system in normal skin, with a
parallel to the IgA secretory component system in the gut. How
the interaction between IgG isotypes and cytokines, connecting
humoral and cellular immunity, is co-ordinated is an important
question for further work.
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