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Abstract. Phosphate-buffered saline (PBS) soluble ex­
tracts of human epidermis and dermis from secretor 
donors contain products with blood group antigenie activi­
ty, The predominant blood group found in a sample was 
the same as the red cell phenotype of the donor. H sub­
stance activity was present in all PBS-soluble products 
(from A, B and O donors). By gel filtration chromato­
graphy on a Bio-Gel A-1.5 m column. the epidermal 
and dermal PBS-soluble blood group substances frac­
tionate in the void volume. 

Key words: Blood group substance: lmmunofluores­
cence; Hemagglutination: Chromatography 

The intercellular substance (ICS) of human epi­

dermis contains blood group substances, as dem­

onstrated by mixed agglutination (2, 8, 19) and 

immunotluorescence (IF) techniques (5. 8, 14, 17). 

By contrast, the dermis contains blood group 

antigens in ils capillaries and blood vessels. as well 

as in sebaceous and sweat glands (8. 17). as de­

termined by IF technique. Homogenates of whole 

skin were found to absorb antibodies against blood 

group antigens A and B ( 13). 

In the present study, homogenates of pure epi­

dermal and dermal tissues were prepared in 

phosphate-buffered saline (PBS) from A, B, and 0 

secretor donors. The soluble products of both 

epidermis and dermis were chromatographed and 

then investigated for their content of blood group 

substances by inhibition of the hemagglutination 

(HA). 

MATERIALS AND METHODS 

Extraction proced11res. Fresh normal human skin was 
obtained from surgical specimens. The blood type (ABO, 
Rh, Lewis A and Lewis B) and the secretor status of the 
patient donor were determined. The subcutaneous tissue 
and reticular dermis were first carefully separated from 

the skin with a scalpel. The skin specimens were then 
washed in distilled water at 4°C and treated with 2 N 
NaSCN al 4°C for 3 10 5 hours. Treatmenl of lhe skin with 
2 N NaSCN produces a clean separation of the epidermis 
from the dermis (7). The clean epidermal and dermal 
shee1s were minced and homogenized separately ad 
rnod11m Fisher (3) in PBS at pH 7 .2 (0.14 M NaCI, 0.1 M 
phosphate). After centrifuga1ion the PBS-soluble products 
from the epidermis (Ex-1-E) and those of the dermis 
(Ex-1-D) were dialysed against distilled water and then 
lyophylized. 

From approximately 30 g of separated epidermis, I g of 
Ex-J-E was recovered, while 30 g of dermis yielded about 
4-5 of Ex-1-D.

Chromatography. The soluble products from the
epidermis and dermis were fractionated on 2.5 x l 10 cm 
column of Bio-Gel A 1.5 m (Bio-Rad Laboratories, Rich­
mond, Calif.) equilibrated with 1.0 M sodium chloride. 
Pools from representative peaks were dialysed against 
distilled water at 4°C overnight. lyophylized and tested for 
blood group substances and NHS components. 

Derecrion of blood group substances by direct HA and 
inhibition. The HA liter of human anti-A, anti-B (Ortho 
Diagnostics. Rariian. N .J .) and a PBS solution of crude 
hemagglutinin I of Ulex europeus seeds (12) against hu­
man A, B, and O erythrocytes was determined using a 
microtiter system. The end point titer is the equivalent of 
one HA unit. HA inhibition studies were performed ac-

Abbreviations 
ICS lntercellular substance 
IF Immunofluorescence 
PBS Phosphate-buffered saline 
Ex-1-E Extract of epidermis 
Ex-1-D Extract of dermis 
HA Hemagglutination 
BMZ Basement membrane zone 
S-XIV Type XIV pneumococcus polysaccharide 
NHS Normal human serum 
FITC Fluorescein isothiocyanat� 

1 This work was presented in part at the American Feder­
ation for Clinical Research. Atlantic City. New Jersey. 
May 4. 1975. 
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Fig. I. Chromatogram of the epidermal and dermal ex­
tract� on Bio-Gel A-1.5 m (120x2.5 cm) in 1.0 M NaCI. 

cording lo Kabat (10). A dilution of antisera or leclin 
defined in HA units was incubated with doubling dilutions 
of the test fractions (epidermal. dermal and controls). The 
mh1b1t1on of the HA by the antigenie fractions was re­
corded at the end of 3 and 24 hours. 

lmm11nodifli1sion. Double immunod1ffusion was carried 
out as describcd by Ouchterlony (15). 

IF 1echniq11es. Horse anti-type S-XIV (615. 1938 bleed­
ing) donated by Dr E. A. Kabat, was conjugated with 
lluorescein isorhiocyanate (FITC) following thc technique 
of Johnson & Holborow (9). The molar F/P ratio was 3.24. 
Cryostat sections of monkey esophagus and human skin 
were used as substrates. FITC-labeled horse anti-S-XIV 
serum absorbed in S-XIV was used as a control for 
specificity. 

Re.mlts 
Chromatography oj the soluble producrs from epidermis 
and dermis. The elution pattems of the epidermal (Ex-J­
E) and dermal (Ex-1-D) PBS-soluble material from the 
column of Bio-Gel A-1.5 m in 1.0 'vi' NaCI are shown in 
Fig. I. Tube\ were pooled as shown (P-1. P-2, P-3, P-4, 
P-5). 

Detec1io11 of NHS component.� and horse ami-S-XJV
reacth·e s11bsrances. By Ouchterlony analysis with goat 
anti-normal serum (NHS), components of NHS were 
found in pools 2 and 3 of both epidermal and dermal 
chromatographic fractions. Very weak reactions were 
found in pools I, 4, and 5 (Fig. 2). Neither the epidermal 
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nor the dermal fraction reacted with horse anti-S-XIV 
serum when 1es1ed by double immunodiffusion at room 
temperature. 

Detectio11 of blood woup s11bHa11ces by inhibition of rhe 
direcr HA. Both the epidermis and dermis of blood group 
0 secretor donors contained substances that produce in­
hibition of the HA of human O erythrocyres by hemag­
glutinin I of V/ex europe11J (Table I). The same epidermal 
and dermal products produce very little inhibition of HA 
in the A-anti-A and B-anti-B systems, as seen in Table I. 
The O inhibitory products were found in the exclusion 
volumc of the Bio-Gel A-1.5 m column (pool I) when the 
epidermal and dermal extracts were chromatographed. In 
ca�es where the donor was a blood type A or B secretor. 
�ubstances with A or B antigenie activity respectively 
were found in the same chromatographic fractions. These 
extracts or fraction� also contain small amounts of H 
inhibitory products. The relative amounts of these inhibi­
tory substances. in extracts of these donors. parallel those 
shown in Table I for an O secretor donor. The control 
antigen�. ovalbumin. NHS. chymotrypsinogen. did not 
produce inhibition of the agglutination. 

lmm1111oj111orescence. The direct IF staining using 
lluorescein-labeled horse anti-S-XIV serum on monkey 
csophagus rcvealed a weak gmnular staining of the ICS. 
On human skin substratc (Fig. 3) rhe same conjugate pro­
duced a bright fluorescence of the whole epidermis. With 
both monkey esophagus and human skin, a weak linear 
staining of segment of the basement membrane zone 
(BMZ) (Fig. 3) and outline of the basal cells are present. 
Absorption of hor�c anti-S-XIV serum with S-XJV 
abolishes the staining. 

DISCUSSION 

In the present study we have demonstrated that 
both human epidermis and dermis from secretor A, 
B and O donors contain PBS-soluble substanccs 
with blood group activity as demonstrated by inhi­
bition of the HA. By chromatography these prod­
ucts displayed a single peak in the exclusion volume 
of the Bio-Gel A-1.5 m column. Furthermore, they 

Epidermis Dermis 

Fig. 2. Double immunodiffusion of epidermal and dermal 
fractions (peripheral cells) against goat anti-N HS (center 
well). 



Table I. Hemagg/11ti11atio11-i11hibitiona 

Skin donor: blood group 0, Rh-, Let(A)-, Le(B)+, se-
cretor 

V/ex 

e11mpe11.1-0 A-Anti-A B-Anti-8
Antigens System System System

Ex-I-Epidermis 125 500 500 

P-1 31.25 250 500 

P-2 250 500 500 
P-3 500 NI NI 
P-4 NI NI NI 
P-5 Nl NI NI 

Ex-1-Dermis 3 I .25 100 100 
P-1 4.1 25 50 

P-2 62.5 50 100 
P-3 500 NI NI 
P-4 NI NI NI 
P-5 NI NI NI 

" Amounts (in µ.g) of epidermal and dermal antigens 
which produce complete inhibition of the agglutination in 

the 0-Anti-O System (4 HA units), A-Anti-A System (8 
HA units), B-Anti-B System (8 HA units). NI: No inhibi­
tion, up to 500 µ.g. 

contain very few NHS contaminants. The strongest 

blood group activity in the PBS-soluble products of 
epidermis and dermis seems to correlate with thc 
red cell phenotype of the skin donar. The presence 

of a certain blood group activity different from that 
of the skin donor. may be a result of cross reactivity 
between these substances (I). The donors of skin in 

the present study were all secretors. Cun-ently we 

are investigating the presence of blood group activ­
ity in the PBS-soluble products of skin from non­
sccrctor inclividuals. 

Blood group antigens [A. B, H. Le(A). Le(B)] in 

man exist in two forms (6, 11 ). one as a glycolipid 

present in red cell and other cell membranes which 

cannot be extracted with water or salt solutions, but 
which are dissociahle from the red cell membrane 
by extraction with organic solvents. They consti­

tute the so-called alcohol-soluble blood group 
antigens. A second population of high molecular 
weight compounds having blood group activity is 
found in body fluids and secretions. These com­

pounds are water-soluble glycoproteins composed 

of carbohydrate and peptide moieties. Which type 
of blood group substance, either glycoprotein or 
glycolipid. is distributed in different tissues and 

cells is not well known (6). In fact. both blood group 
glycolipids and glycoproteins coexist in many or­
gans and tissues (6). It is also known that the 
glycoprotein blood group antigens present in secre­
tions or other cells are inherited as a Mendelia.: 
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character (16). In individuals carrying the Se gene 

(homozygous and hctcrozygous), secretion of these 

glycoproteins occurs. whereas no secretion of these 

antigens occurs in those individuals homozygous 
for the allele Se. Some recent studies (4) have sug­
gested that the glycolipid blood group antigens rnay 
be independent of the secretor genes. 

Szulman (17) found in IF �tudies that stratified 

epithelia and sweat glands display blood group 

antigens in thc walls of epithelial cells, irrespective 

of the secretor status of the donor. Furthermore. 

the staining seen with IF was unaffected by water 

treatment of the skin. though incubation of the skin 

in ethanol abolishes this specific staining (8, 17). 
The origin and relation of the PBS-soluble skin pro­
ducts with the known blood group antigens [A. B. 

H, Le(A), Le(B)] remain to be determined. Con­
tamination of both tissues by red cell antigens re­

leased during the extraction procedure must be 

taken into consideration. However. we believe that 
these antigens are native to the epidermis and der­
mis because of the relatively constant amounts of 

PBS-soluble antigens extracted from the tissues of 

these secretor donors. In the case of the dermis, 

sweat and sebaceous g]ands, blood vessels. and 
hair follicles (8, 17) may have contributed to some 
extent. but in addition, the ground substance may 

also be an important source of the PBS-soluble 

products ha ving blood group activity, as described 

here. It was mentioned previously that human skin 
contains blood group substances A. B and H. The 
possibility thut this tissue muy u.bo contain prc­

cursor molecules for these blood group antigens 

was investigated by direct IF using a FlTC-labeled 

Fig. 3. Direct IF stainiog with horse anti-S-XIV serum 
(molar F/P,,,,3.24) on normal human skin substrate. Arrow 
indicates BMZ stainiog. 
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horse anti-S-XIV serum. It is known that horse anti­
S-XIY serum cross reacts with precurso,· molecules 
of blood group substances (6. I J, 18). The direct IF 
studies described here, using fluorescein-labeled 
horse anti-S-XTV. demonstrate a staining of the skin 
ICS and BMZ having an unusual granular pattern, 

which is in agreement with the general distribution 

of blood group antigens in the ICS of the epidermis. 

The absence of reactivity in the epidermal and der­

mal fractions with horse anti-S-XIV when tested by 

immunodiffusion is not understood at present bm 
may be explained by several factors that affect the 
sensitivity of this technique. This phenomenon is 
presently under investigation. 
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