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[mmunoglobulin A ([gA) mediated humoral defense mecha
nisms have been detected on all mucous membrane surfaces. 
There are only a few papers about the presence of [gA in 
human skin. In order to demonstrate the occurrence of lgA in 
sebaceous and sweat glands, biopsies of normal human skin 
were investigated and compared to intestinal mucosa. Two 
different commercially available anti-[gA antibodies were 
used. For light microscopy peroxidase-anti-peroxidase (PAP) 
or avidin-biotin complex (ABC) sraining was used, and for 
electron microscopy protein-A-gold (PAG) labeling was per
formed on tissue sections. Specifically decorated [gA was 
found in sebaceous glands as well as in various portions of 
eccrine glands. [n sebaceous glands, the maximum of 19A 

M 
:my of the skin's non-immunologic [1] and immu
nologic [2J functional properties serve as protec
tive principles of the body surface. During the last 
decade, intcrests were mainly focused on the cel
lular pare of the skin immune system. Strcileill 

[3-5) proposed the term "SALT" for a skin-associated lymphoid 
tissue in analogy [0 csrablished mucous membrane systems. He as
sumed that this system consisccd of Langerhans cells, recirculating 
T lymphocytes. kerarinocyrcs, and a set of draining lymph nodes. 
Bos and Kap coberg [2J extended this concept to other cellular 
elements and suggested a multicellular skin immunity system (SIS). 

In addition to the cellular constituents of SIS, humoral compo
nents are also relevant-Immunoglobulin-mediated humoral defense 
mechanisms have been derected on aU internal body surfaces [6,7]. 
The mucosa associated lymphoid tissue (MALT) is capable of local 
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concentration was seen near the mouth of pilosebaceous 
ducts. Sweat ducts exhibited a continuous coat of IgA, 
whereas secretory portions contained only singular scattered 
IgA positive cells. InllTIUnoe1ectron microscopy suggests eo
docytotic uptake and processing oflgA in the glandular cells. 
These results indicate strongly that [gA are secreted by nor
mal human sebaceous and sweat glands. Because it is well 
known that [gA plays an important role in inactivation of 
invading viruses. bacteria, and other antigenic structures on 
mucous membranes. it appears that IgA in sebum and sweat 
fulfil a similar funcrion on rhe outer body surface. J lllvesr 
DermaroI91 :13-17, 1988 

production of immunoglobulin A (IgA) [8J. A number of plasma 
cells in the lamina propria of the gut [91, bronchus, conjunctiva, and 
genitourinary tract, or in the mammary and salivary glands produce 
IgA dimers, which are released and bound to the secretory compo
nent (SC) of epithelial cells (10). Afccr endocytosis, the SC-IgA 
complex is further processed and secreted inco the lumen where it 
covers the respective surfaces [t 1- 13]. IgA is able to inactivate 
bacterial, viral, mycotic, or even other antigenic material [14] and 
inhibit their invasion. Polio and rubella vaccination; resistance 
against rhinovirus; neutralization of tOxins, e.g., of Vibrio cholerae 

1
61; inhibition of colonization with Strertococci 115}, Staphylococci 
16). Gonococci [t 7). or of absorption 0 milk and food antigens [t8) 

reflect the clinical relevance of mucosal immunity. 
In view of the importance of the skin as a protective organ, sur

prisingly few data have been reponed about similar mechanisms in 
human epidermal struCtures. K;meko et al [19,20] reponed on spo
radic IgA and SC positive areas in human epidermis and in eccrine 
glands. Lai A Fat et al [211 observed only illllnunogiobulin positive 
lymphocytes and plasma cells in the dermis. Tourville et al [22] 
detected the occurrence of SC in the eccrine glands, but no IgA 
there. Recently, our group presented preliminary data about the 
presence of IgA in human sebaceous glands 123]' Although the 
presence of 19A has been demonstrated biochemically in human 
sweat [24] and earwax [25], determination of IgA gave only incon
clusive results in extracts of comedones {26]. 

Nevertheless, biochemical analysis of sweat and sebum can nei
ther reveal the normal in situ situation nor elucidate the mode of a 
tentative IgA production and secretion. Therefore, light and elec
tron microscopic immunohistochemical studies were designed in 
order to study the assumed presence and distribution of 'gA in 
normal cutaneous tissue. The results were compared to the secretOry 
mechanism of IgA in the intestinal epithelium. 
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MATERIALS AND METHODS 

Tissue Processing Samples of nonnal human skin from five male 
surgery patients ranging in age from 16 - 78 years with a mean of 46 
years from different regions (forehead, shoulder, breast, back) were 
obtained under local or general anesthesia. In all cases electrophore
sis and immunoglobulin levels including IgA were within normal 
range. Intestinal Illucosa from the jejunum was obtained from a 
patient who was undergoing gastrectomy for peptic ulcer disease. 
One part of each specimen was immediately fixed in 7% buffered 
paraformaldehyde, dehydrated, and embedded in paraplast. The 
other part was cO[ into small pieces and fixed in a mixture of 4% 
pamformaldehyde and 0.5% glutaraldehyde in phosphate-buffered 
(0.01 M, pH 7.4) isotonic saline (PBS, Sigma, Munich, FRG) for 
4 h. After four rinsing steps in PBS the specimens were dehydrated 
in ethanol, embedded in LR-White (London Resin Compo Lt., 
Woking, England) and polymerized at 60°C. A skin biopsy from a 
17-year-old patient suffering from X-linked infantile agammaglo
bulinemia Bruton was routinely embedded in parablast for control 
purposes. 

Immunohistochemistry 

Liglrr Microscopy 10-pm-thick paraffin sections were deparaffillized 
in xylene and washed in 1 % methanolic hydrogen peroxide for 
30 min in order to block endogenous peroxidase activity. After PBS 
rinsing and 10-min preincubation with 4% ovalbumine (Sigma) 
specimens were incubated for 2 h with two different, Elisa tested, 
rabbit anti-human IgA (a-chain) antibodies diluted 1: 200 in PBS 
(Calbiochem Behring. San Diego, CAl and 1 : 50 (Dako, Glostrup, 
Belgium), respectively. The sections were subjected to the Avidin
biotin-complex (ABC) technique as described by Hsu [271 using the 
following reagents: phosphate-buffered isotonic saline (PBS; 
Sigma), biotinylated goat-anti-rabbit-antibody (diluted 1 : 300; 
Amersharn, Little Chalfont, England), peroxidase labeled avidin 
(diluted 1 : 70: Sigma), 0.01 % hydrogen peroxide, 3.3-di:uninoben
zidine (DAD, 0.05%; Serva, Heidelberg, FRG). Sections were 
counterstained with hematoxylin. 

Semithin sections [I - 2 ,urn] of resin embedded material were cut 
with glass knives on an ultramicrotome (Reichert, OMU2). After 
air drying, a modified double bridge Peroxidase-anti-Peroxidase 
method as described by Vacca [281 was used. Preincubation (15 min) 
with 1 % methanolic hydrogen peroxide was followed by careful 
washing in PBS (3 rimes for 5 min each), incubation for 10 minutes 
with 4% ovalbuminc, and then with the rabbit anti-human IgA 
antibody (diluted I: 100 in PBS; Calbiochem-Behring) for 12 h. 
Once the slides were treated with swine anti-rabbit sera (diluted 
1: 20; Dako) and peroxidasc-rabbit-anti-pcroxidase reageO( (diluted 
1: 10; Dako) each for two hours, these two incubation steps were 
repeated consecutively. Then the peroxidase molecules were Visual
ized by hydrogen peroxide (0.01 %)-DAB reaction (0.05%; Serva). 
Rinsing in PBS between the incubation steps was performed thor
oughly. Semithin sections were countersrained with toluidine blue. 
Light microscopic investigations and photography were performed 
using a Reichert Univar microscope. 

Electro" Microscopy Ultrathin sections (grey to silver) were cut on a 
Reichert OMU 2 ultramicrotome by diamond knives and mounted 
on uncoated gold grids. 

Preincubation of the ultrathin sections with millipore filtered 4% 
oval bum inc for 10 min was followed by overnight incubation with 
rabbit IgA antibody (diluted 1: 400 in PBS; Calbiochem-Behring). 
The grids were then rinsed in PBS and the antigen-antib?dy reac
tion site visualized with a protein-A gold (PAG) techntque (29) 
using Is-nm gold particles (dilured 1: 50 in PBS; Janssen. Beerse. 
Belgium). After final PBS rinsing and shorr air drying, ~Itrat.hin 
sections were counternained with uranyl acetate and examllled 111 a 
Zeiss EM 9 or a Jeol 100 S electron microscope. 

Controls Controls for light and electron microscopy included 
dilution series [comprising a wide range (1 : 30 up to 1: 2000)1 and 
omission of the anti-IgA antibody, replacement of the antisera by 
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diluted non-immune sera. and inactivation of the anti-IgA antibody 
by preincubation with normal human serum. Beyond that, the spec
ificity of the irnmunogold labding was assessed by application of 
pAG alone and by incubation with non labelled protein A before 
pAG application. 

RESULTS 

Light Microscopy Investigation of puaffin and semithin LR
White sections revealed specific binding of the immunoreactants in 
sweat glands, sebaceous glands, plasma cells, and lumina of blood 
vessels. No variations could be observed in the specimens taken 
from the different regions. 

In the sweat glands brownish precipitates were coating the lu
minal surfaces of many, but nor all dermal ducts (Fig 10). In some of 
the secretory portions the ducts and intercanaliculi between the 
secretory cells were positive. preferentially at the luminal borders 
(Fig 1 b). Few scattered cells in these portions showed positive cyto
plasmic staining (Fig 1b). 

Sebaceous glands were poorly preserved in paraffin sections and 
only faint positivity could be demonstrated. In semithin sections 
well-preserved sebocy~e~ revealed dist~nct J?Crip~e:a1 cytop!as~ic 
staining, sparing the lIpid vacuoles (FIg 2a). SUlmng density 111-

creased concomitantly with progressive differentiadon of sebocytes. 
The most intensive reaction appeared to be present at the opening of 
the glandular acini into the pilosebaceous duct within a mixture of 
horny lamellae and positive dissolving sebocytes (Fig 24). 

Lumina or inner surfaces of many blood vessels showed homoge
nous brown DAB precipitates intermingled with negative erythro
cytes. In the investigated biopsies, plasma cells were very tare and 
randomly scattered in the dermis, bur strongly positive. Keratino
cytes, hair follicles, connective tissue structures, and controls were 
consistenrly negative. In the specimen taken from the patient with 
agammaglobulinemia labeling for IgA could not be detected in any 
of the cutaneous glands or blood vessels. 

Electron Microscopy In general, a similar distribution of IgA 
could be demonstrated by PAG labeling. 

In sweat glands gold granules decorated the luminal surfaces of 
ducts and more intensely the microvilli of the secretory coils. The 
narrow intercanaliculi contained tracer particles coating the lumina 
(Fig 1 c). Intracytoplasmic deposition of gold granules adjacent to 
characteristic dense granules could be found in some mucous cells. 
In contrast, all serOliS cells were negative (Fig Ie). 

In sebaceous glands gold particles showed lineu arrangement 
along intercellular spaces between sebocytes (Fig 2~). I ntracytoplas
mic protein A gold labeling could be observed 111 all suprabasal 
differenriated sebocytes. but not in undifferentiated basal sebocytes. 
In close relation to the cell membranes and within the cytoplasm, 
sparing the lipid vacuoles, local granular accumulation of gold 
granules was detected (Fig 2b). In terminally differentiated cells 
ncar the mouth of the glandular acini this patchy aggregation disap
peared and a more diffuse inte~e stai~ing.was foun~ (Fig.2c). Kera
tinocrtes of sebaceous ducts, mfundlbult, and hair follicles were 
negative. 

Blood vessels revealed irregular positivity in their lumina. Plasma 
cells were not detected in the dermis. Interstitial compartements 
and fibroblasts were negative. 

The lamina propria of jejunal mucosa revealed numerous plasma 
cells, most of which displayed staining for IgA. Gold granules deco
rated cisternae of the rough endoplasmatic reticulum and saccules 
associated with the golgi complex of plasma cells. Columnar epi
thelial cells in gland crypts ofLiebcrkuhn could be demonstrated w 
react with greater density than villous epithelium. Tracer particles 
were found in the interstitium near the epithelium, on basal and 
partly on lateral plasma membranes of columnar cells, and in many 
cywplasmic vesicles, preferentially i~ . apical 'posit~O~l and in c~ose 
relation to cell membranes. In addition. micrOVilli and lumll1al 
mucus were labeled. Goblet cells and other mucosal cell types were 
unstained. 
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Figure 1. Immunosraining of sweat glands and ducts (a,b) with anti- lgA-antibodies using ABC method on paraffin scctions and (e) PAG labeling on 
ultrathin sections. G! Some lumina of sweat ducts (0) arc imensely stained (arrol",s), preferentially at their luminal surfaces. Hematoxylin, X250. 
b: Intercana liculi and ducts of secretory portions conta.in DAB precipitates (arrows) . Notc the cytoplasmic staining of one secretory cell (a rrowhtGd). 
Hematoxylin, X 400. c: Intercanalicu li (1) reveal gold granules coating microvilli. Intracytoplasmic labeling cluS[cring around dense gra.nules (e) in mucous 
cells (M) . S: Serous cells; D: Desmosomes. Ura.nyl acetate. Btlr: I 14m 

Controls Higher dilution of th~ antisera resulted in diminution of 
background staining. No non-specific reactions, but weaker positiv
ity could be demonstrated at the lowest concentrations, even using 
gold labeling. All the other control experiments exhibit~d entirely 
negative results. 

DISCUSSION 

The results of our immunocytochemical studies indicate strongly 
that IgA 3Je secreted by cutaneous eccrine and sebaceous glands. 
The minor ;mention paid to this fact by traditional immunoderma
tology can only partly be explained by interests sharply focused 
upon cell-mediated immune mechanisms. Most of the positive 
staining reactions in routine immunocytochemistry have probably 
been disregarded as unspecific fluorescence or as freezing artifacts in 
the usually poorly preserved sebaceous glands. However, using 
modified fixation procedures. methacrylate embedding, and differ
ent imrnunolabeling techniques, we were able to visualize anti. IgA
binding sites in skin appendages. 

A possible loss of antigenic material during preparation proce
dures or [gA-antigen masking effects [30} cannot be excluded from 
our studies. Therefore, small amounts of IgA might still be present 
in the negative parts of sweat glands, basal sebocytes, or within lipid 
droplets, escaping our detection techniques. 

Specificity of the methods used seems to be high. Both immuno
his[Ochemical reactions showed comparable results. Multiple con
trols, including omission of different steps of the staining procedure 
and absorption of the an tibody by IgA containing human serum, 
were negative. Additionally, detection of IgA in plasma cells \9). 
intestinal epithelia [II], and in the serum of the blood vessels [31 in 
our sp~ci l1l ens served as positive control. In the gut, the small num-

ber of unstained plasma cells [9] confirms the reliability of the im
munohistochemical methods. Furthermore, the lack of scaining for 
the anti· IgA antibody in the biopsy taken from a person with agam
maglobulinemia underlines the significance of the staining proce
dures used. 

The distribution of lgA in the variow glandular portions seems of 
special interest. In sweat glands some dark mucous cells of secretory 
coils contained little IgA, whereas the clear serous cells were consis
tantly negative, Most of the inrercanalicular and ductal lumina were 
strongly positive. This could reflect a sequence of events starting 
with IgA secrerion by some functionally active mucous cells, collec
tion of these secretions in intercanalicular lumina. and, finaJiy, con
centration of [gA in the proximal dermal duct. 

In sebaceous glands minimal or no staining was observed in basal 
portions of the gland and poorly differentiated sebocytes. Linear 
intercellular arrangement and intracytoplasmic accumulation of 
tracer particles neat cell membranes resembling coated pits indicates 
endocycosis of IgA. Maximal staining density was present at the 
transitional zone, where terminal sebocytes are discharged into the 
pilosebaceous duct. Again. this could reflect 2. dynamic concentra
tion and excretion process. 

Further support for such an endocytotic mechanism is provided 
by the demonstration of secretory component in human keratino
cytes [I9.32) and sweat glands [22). Binding of IgA to secretory 
component expressed on cell membranes seems to occur predomi
nantly on differentiating sebocytes and mucous sweat gland cells. 

Demonstration of a similar vesicular arrangement of IgA in the 
intestinal epithelium strongly corroborates the concept of an active 
glandular secretion of IgA in human skin. Investigations showing a 
higher fractional concentration of IgA in relation to IgG in sweat 
than in sera [24] and extensive amounts of gold granules within 
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Figure 2. Demonstration of immunoglobulin A in ~baceous glands (a) light mIcroscopically by modified PAP cechniqueand (b,lj electron microscopically 
by PAG labeling. a: Sebocytes (S) reveal distinct peripheral cytoplasmic scuning (arrows) . Note the incense reaction near the pliosebaceous duct (D) between 
horny lamellae (arrouJ/ltods) . Semithin ~ction . toluidine blue. X 325. b: Lineararr:angemcnt of gold panicles (arrowheath) within incercdlularspaces between 
suprabasal differenl,anng sebocytcs (S). Local granulu accumulation of encer partlclrs (arrows) near the cell membr:lones and within the cytoplasm. V: Lipid 
vacuoles. Ultrathin section, unnyl acetate. Bar; I pm c: Higher differentiated sebocytes (S) cont:l.i n more d istributed and less :accumula ted gold gr.mules 
sp:lnng the !:irge lipid v:lcuoles (V) . Ultrathin section. uranyl .. eetate. BQ' ~ 1 pm. 

ducrallumina indicare a selective transport of IgA. Thus. only pas
sive leakage of this immunoglobulin tOgether with other serum 
components is very unlikely. 

Nevertheless, the origin of 19A molecules cannOt be elucidated 
from our studies. They could either be rccruited from circulating 
plasma 131 J or be loca lly secreted from peri glandular B lymphocytes 
(33J . Especially near the periorificial locations and within inflam
Illatory lesions these mechanisms could also be operative. 

Our findings correlatc well with present knowledge about the 
significance of IgA antibodies in other biologic secretions, such as 
saliva 1341. colostrum [35], urine. or gastrointestinal fluid 18J. These 
antibodies possess antibacterial , antiviral, antimycotic, and even an
titoxic activities 16.15.36] and thus represent a primary speci fic de
fense sysrem against invading microorganisms and other antigenic 
matcrial on all mucosal surfaces. It appears reasonable, therefore, 
that ' gA antibodies in sebum and sweat fulfil similar functions on 
the outer body surface. thus contributing a humoral component to 
the complex immunologic cutaneous barrier system. 

Several biologic or pathologic phenomena suppOrt such a concept 
of IgA-mcdiatcd cutaneous immunity. In [he pilosebaceous region, 
where resident microbial flora is abundant, these organisms arc usu-

ally not able to penetrate below the mouth of the sebaceous duct 
[37J. Thus, IgA antibodies might, in parallel to their activity in 
gastro in testinal epithelia [8]. prevent their adhesion and/or pene
tration. Similar considerations could be true for sweat ducts, where 
IgA could be most useful in warding off microorganisms already at 
the surface. 

Vdrium forms of IgA-deficiency syndromes provide models for 
[h" clinical relevance of IgA secretion [38-4 1]. In many of the 
affected individuals. incidence of skin infections is markedly in
creased and patients suffer from folliculitis, furunculosis. and simi
lar affections of bacterial , viral, or mycotic o rigin [38,40,41 J. In 
some cases 19A-substitution resulted in remission of the disease [40J. 

Our observations on sweat glands indicate [hat only few cells of 
the secretory coils secrete IgA under physiologic conditions. How
ever, in sebaceous glands higher differentiated cells were consist
ently positive. Considering the enormous number of sweat and 
sebaceous glands in skin. the total quantity of IgA excreted in sebum 
and sweat should be remarkable. This could well match tite amount 
secreted by internal mucous membrane epithelia and thus play an 
important role in rhe complex immunologic defense system of the 
skin . 
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