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Summary. The expression of keratins 8 and 14 was inves- 
tigated immunohistochemically by the avidin-biotin-per- 
oxidase (ABC) method using formalin-fixed paraffin- 
embedded specimens from 42 tumours of human skin 
appendages. Results were compared with the staining 
of 34 specimens from normal skin and skin appendages 
adjacent to the tumours. Keratin 14 was detected by 
the monoclonal antibody (mAb) 312C8-1, and was 
found in the basal cells of the epidermis, the outer root 
sheaths of hair follicles, and the peripheral cells of seba- 
ceous glands. It was also detected in the inner and outer 
layers of cells in the ductal portion and the myoepithelial 
cells in the secretory portion of apocrine and eccrine 
sweat glands. Keratin 8 was detected by mAb 35BH11, 
and was present in the secretory cells of eccrine and 
apocrine sweat glands but not in myoepithelial or ductal 
cells. The pilosebaceous apparatus and the epidermis 
were uniformly negative. In benign skin appendage tu- 
mours, the staining patterns for both keratins generally 
resembled their distribution in the corresponding normal 
tissues. The demonstration of keratins 8 and 14 may 
be useful in the recognition, classification and diagnosis 
of skin appendage turnouts. 
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Introduction 

The classification of turnouts of the skin appendages 
is based on their resemblance to the normal tissues from 
which these lesions are thought to arise. Tumours of 
uncertain histogenesis are mainly designated according 
to their most probable adnexal origin. Enzyme histo- 
chemistry and electron microscopic studies have partial- 
ly clarified the histogenesis of such tumours (Hashimoto 
et al. 1987), but these methods are not readily applicable 
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to routinely fixed paraffin-embedded materials. Immu- 
nohistochemistry has shed new light in this area by dem- 
onstrating specific antigens on routinely processed speci- 
mens. Various immunological tools have been used to 
detect antigens in the epidermis and adnexal structures 
for classifying tumours as well as for elucidating their 
histogenesis. Carcinoembryonic antigen (CEA) is pres- 
ent in eccrine and apocrine sweat glands but not in the 
pilosebaceous apparatus or the overlying epidermis 
(Penneys et al. 1981); thus the detection of CEA helps 
to distinguish sweat-gland-derived tumours from those 
arising from pilosebaceous units (Penneys et al. 1982). 
The expression of MBrl, MBr2, and GCDFP-15 has 
been reported to be specific for apocrine glands and 
apocrine-derived turnouts (Menard et al. 1983; Mazou- 
jian and Margolis 1988). Other antigens, such as MAM- 
3 and MAM-6 against human milk fat globule mem- 
branes (Tsubura et al. 1987), have also been used to in- 
vestigate skin appendage tumours. 

Keratins are a group of proteins consisting of several 
different polypeptides. Moll et al. (1982a) catalogued the 
major human keratins and identified them numerically 
as keratins 1-19. Different keratins are expressed specifi- 
cally in different epithelial tissues and are considered 
to be good markers for epithelial differentiation; their 
study has allowed a number of advances in the classifica- 
tion of epithelial tumours. The generation of well-char- 
acterized monoclonal antibodies (mAbs) has facilitated 
progress in the field of immunohistochemistry and they 
have been used to demonstrate that different molecular 
weight keratins are localized to different domains within 
the human epidermis and skin appendages (Moll et al. 
1982b; Gown and Vogel 1984; Cooper et al. 1985; Dair- 
kee et al. 1985). Keratin expression in skin appendage 
tumours has been studied using mAbs that recognize 
keratin subsets (Noda et al. 1988; Zuk et al. 1988). How- 
ever, mAbs that are specific for individual keratins pro- 
vide more meaningful data. The present study investigat- 
ed the keratin staining reactions in routinely processed 
tissue samples of benign skin appendage tumours and 
compared them with those in normal structures using 
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t w o  d i f f e r e n t  m A b s ,  3 5 B H 1 1  a n d  3 1 2 C 8 - 1 ,  r e c o g n i z i n g  
k e r a t i n  8 a n d  14, r e s p e c t i v e l y .  

Materials  and methods 

The 42 human skin appendage turnouts employed in this study 
were retrieved from the files of the Pathology Division of Osaka 
Red Cross Hospital. Thirty-four normal skin and skin appendage 
tissue samples adjacent to the tumour specimens were also exam- 
ined. All the tissues used had been routinely fixed in 10% formalin 
and embedded in paraffin. Sections were cut to 4 gm in thickness 
and stained with haematoxylin and eosin; other serial sections were 
subjected to the immunohistochemical studies. Specimens were 
classified from the haematoxylin and eosin stained sections using 
conventional histological criteria. The types of tumours and the 
numbers of cases investigated are listed in Table 2. 

The two mAbs used have been described previously, mAb 
312C8-1 identifies a keratin protein of molecular weight 51000 
daltons that  is catalogued as keratin 14 (Dairkee et al. 1985). mAb 
35BH11 (ICN Immunobiologicals, Lisle, Ill., USA) identifies a ker- 
atin of molecular weight 52 500 daltons and is catalogued as keratin 
8 (Gown and Vogel 1984). The immunoglobulin subclass of bo th  
mAbs is IgM. 

Immunoperoxidase staining was performed as described pre- 
viously (Tsubura et al. 1988). Following deparaffinization, sections 
were hydrated and incubated for 20 min in 0.3% HzO 2 to reduce 
endogenous peroxidase activity. Then the sections were digested 
with 0.1% (w/v) trypsin (Merck, Darmstadt ,  FRG)  diluted with 
0.01 M phosphate-buffered saline (pH 7.6) for 15 min at 37 ~ C to 
enhance the antigenic exposure (Pinkus et al. 1985; Battifora and 
Kopinski 1986). After digestion, sections were rinsed with 0.01 M 
Tris-buffered saline (pH 7.2) and incubated with normal horse se- 
rum to block non-specific staining. Sections were then incubated 
with the primary antisera. Both mAbs (ascitic fluid) were used 
at a 1 : 500 dilution and incubation was performed for I h at room 
temperature. Biotinylated anti-mouse immunoglobulin and avidin- 
biotin complex (ABC staining kit, Vector Laboratories, Burl- 
ingame, Calif., USA) were used according to the manufacturer 's  

instructions. Peroxidase activity was visualized with diaminobenzi- 
dine (Wako Pure Chemicals, Osaka, Japan) and counterstaining 
was carried out with haematoxylin. Preliminary trypsinization was 
necessary for demonstrating the immunoreactivity of keratin pro- 
teins in the formalin-fixed paraffin-embedded specimens, and after 
this preparatory step, similar staining was obtained to that  seen 
with the more optimal alcohol-fixed or frozen materials. For nega- 
tive controls, serial sections were incubated with non-immune 

Table 1. Distribution of keratins 8 and 14 in normal skin and skin 
appendages 

Antibody 35BHI 1 312C8-1 

Specificity Keratin 8 Keratin 14 

Epidermis - + a 
Eccrine sweat gland 

Duct cells 
Inner layer cells - + 
Outer layer cells - + 

Secretory coil 
Dark  cells + - 
Clear cells + - 
Myoepithelial cells - + 

Apocrine sweat gland 
Duct cells - + 
Acinar cells 

Luminal cells + - 
Myoepithelial cells -- + 

Sebaceous gland 
Duct cells - + ~ 
Secretory port ion 

Sebocytes - - 
Seboblasts - + 

Hair follicle _ ~_ b 

" Basal cells were positive 
b The outer root sheath cells were positive 

Table 2. Staining patterns of benign tu- 
mours of the skin appendages with the 
monoclonal antibodies 35BHl l  and 
312C8-1 

No. of Antibody 
tumours 35BHl i  312C8-1 

Specificity 
Keratin 8 Keratin 14 

Eccrine sweat gland 
tumours 

Eccrine poroma 4 
Syringoma 4 
Chondroid syringoma 11 

Apocrine sweat gland 
tumours 

Apocrine naevus 1 
Papillary hidradenoma 3 

Sebaceous gland tumours 
Sebaceous naevus 4 
Sebaceous adenoma 2 

Hair follicle tumours 
Trichoepithelioma 3 
Pilomatrixoma 5 
Trichilemmal cyst 2 
Proliferating 

trichilemmal cyst 1 
Epidermal cyst a 2 

Duct lining cells positive Diffusely positive 
Negative Outer layer cells positive 
Luminal cells positive Basal cells positive 

Same as normal 
Luminal cells positive 

Same as normal 
Same as normal 

Same as normal 
Negative 

Same as normal 
Same as normal 

Negative Most cells positive 
Negative Negative 
Negative All cells positive 

Negative All cells positive 
Negative Basal cells positive 

" Included for comparison 
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Fig. 1. a Eccrine poroma stained with 312C8-1. The poroma cells 
proliferating down towards the dermis are diffusely stained, x 200. 
b, c Eccrine poroma stained with 35BHI 1 and 312C8-1, respective- 
ly. The ductal lumens in the tumour cell nests are positive for 
35BH 11, while these cells are negative for 312C8-1. x 200 

Fig. 2. a Chondroid syringoma stained with 35BHI1. Positivity 
is restricted to the luminal cells, x 200. b Chondroid syringoma 
stained with 312C8-1. Positive reaction is seen in the basal cells 
and in cells intermingled with the cartilagenous matrix, x 200 

mouse serum instead of the primary antibodies (at a comparable 
dilution). In addition, the ubiquity of the normal epidermis and 
skin appendages served as a built-in positive control. 

Results 

The sites of  staining with 312C8-1 and 35BHl l  in the 
normal human skin are summarized in Table 1. In gener- 
al, the expression of  the keratin 8 and 14 epitopes was 
constant and no differences in the labelling patterns were 
observed among the normal tissue components. A com- 
pletely different pattern of  reactivity was seen for the 
two mAbs. In the epidermis, 312C8-1 stained the basal 
cell layer, whereas no 35BH11-positive cells were demon- 
strated. In eccrine sweat glands, 312C8-1 stained the in- 
ner and outer layers of  the intradermal duct epithelium 
as well as the cells of  the acrosyringium and the myoe- 
pithelial cells of  the secretory portion. 35BHll  invari- 
ably stained most of  the dark cells and clear cells of  

the secretory portion. Myoepithelial cells and ductal cells 
were completely negative for 35BH11. In apocrine sweat 
glands, 35BHll  stained luminal cells positively and 
312C8-1 stained the basal myoepithelial cells of  the se- 
cretory portion. Ductal cells revealed a similar pattern 
of reactivity as seen in the eccrine ducts. In the piloseba- 
ceous apparatus, 312C8-1 reacted with the peripherally 
located seboblasts as well as the basal cells of  the seba- 
ceous ducts. It also reacted with cells of the outer root  
sheath but not with any other hair components. With 
35BH11, the pilosebaceous apparatus was invariably un- 
stained. 

As summarized in Table 2, the pattern of  reactivity 
was similar in each type of  lesion. In eccrine poromas,  
the proliferating cells were generally attached to the epi- 
dermis reaching downwards to the dermis. Tumour cells 
were diffusely positive for 312C8-1 in the solid tumour  
areas (Fig. 1 a) and were negative for 35BH11. However, 
a single row of cells around the ductal lumens was posi- 
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Fig. 3. Papillary hidradenoma stained with 35BH11. Luminal cells 
are selectively stained while basal cells are unstained. • 200 

Fig. 4. Trichoepithelioma stained with 312C8-1. Positive staining 
of the tumour cells is seen, while several layers of cells surrounding 
the horn cyst are non-reactive, x 200 

Fig. 5. Trichilemmal cyst stained with 312C8-1. Palisading basal 
cells and ballooning cells are all positively stained. • 200 

Fig. 6. Epidermal cyst stained with 312C8-1. Only the basal cells 
are stained, x 200 

tive for 35BHl l  (Fig. lb )  and negative for 312C8-1 
(Fig. 1 c). Syringomas are composed of  several rows of  
epithelial cells. A reaction for 312C8-1 was restricted 
to the outermost layer of  the epithelial cords, while 
35BHl l  was completely negative. In chondroid syr- 
ingomas, glandular formations were usually composed 
of  double layers of  cells in which the luminal cells were 
cuboidal and the outer cells were spindle-shaped. These 
glands were embedded in a homogeneous cartilage-like 
connective tissue matrix. 35BH11 only reacted with the 
luminal cells (Fig. 2 a), while the outer layer cells includ- 
ing those streaming into the stroma exhibited a positive 
reaction for 312C8-1 (Fig. 2b). The staining observed 
in apocrine naevi resembled that seen in normal apocrine 
glands. Papillary hidradenoma is composed of apocrine- 
type luminal cells accompanied by basal cells. 35BHl l  
stained the luminal epithelial cells (Fig. 3), but 312C8-1 
failed to stain the basal cells. 

In pilosebaceous tumours, 35BHl l  was uniformly 
non-reactive. In the case of  sebaceous naevi and seba- 

ceous adenomas, the staining pattern with 312C8-1 was 
similar to that observed in normal sebaceous glands. 
For trichoepitheliomas, 312C8-1 stained proliferating 
cells, but no labelling was seen in a few layers of  cells 
surrounding the horn cyst wall (Fig. 4). No 312C8-1 
staining was seen in pilomatrixomas. For trichilemmal 
cysts (including proliferating trichilemmal cyst), all the 
layers of  cells were stained by 312C8-1 but not the horny 
material (Fig. 5), whereas only basal cells were labelled 
in epidermal cysts (Fig. 6). 

Discussion 

Our immunohistochemical studies have clearly shown 
that human skin and skin appendages had different pat- 
terns of  staining with the two mAbs, 35BHl l  and 
312C8-1. Epithelial-derived tumours maintain the same 
expression of  keratin as the tissue of  origin, so such 
tumours can be identified and classified by the use of  
mAbs for the different keratins. 
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Expression of  keratin proteins in sweat gland tu- 
mours may reflect their origin from different segments 
of the normal sweat gland. Electron microscopic and 
enzyme histochemical studies of  eccrine poromas have 
shown that the predominant cells of these tumours have 
features similar to those of  the acrosyringium (Hashimo- 
to and Lever 1964), and the ductal lumens seen in such 
tumours have the characteristic features of  eccrine acro- 
syringeal ducts (Hashimoto et al. 1987). The 312C8-1- 
positive staining that we observed in solid turnout cell 
nests corresponded to that observed in the acrosyr- 
ingium, while the 35BH11 positivity of  the duct lining 
cells may reflect the embryonic character of  the acrosyr- 
ingium. Syringomas may arise from the eccrine ducts, 
since the staining pattern of  several eccrine-specific 
mAbs (EKH4, EKH5, and EKH6) (Hashimoto et al. 
1987) as well as our current results support previous 
ultrastructural and enzyme histochemical findings 
(Lever and Schaumburg-Lever 1983). In chondroid syr- 
ingomas, duct-like structures usually consist of  two rows 
of  cells. Our findings indicate that the 35BHll-posit ive 
luminal cells and the 312C8-1-positive outer layer cells 
may arise from the secretory portion of  sweat glands. 
Papillary hidradenomas consist of luminal cells and 
myoepithelial cells. Although myoepithelial cells have 
been identified by the Alkaline phosphatase reaction and 
by the detection of  myofibrils (Tappeiner and Wolfe 
1969), the reason why 312C8-1 did not stain the basal 
cells remains unclear. 

In trichoepitheliomas, several layers of  cells around 
the horn cyst were negative for 312C8-1. These probably 
represented cells similar to the inner root  sheath. Kera- 
tinization in trichilemmal cysts is analogous to the kera- 
tinization that takes place in the outer root sheath of  
the hair (Pinkus et al. 1981). The 312C8-1-positive cells 
seen in all layers of  the cyst wall indicate its outer root 
sheath origin, in contrast to epidermal cysts which origi- 
nate from the follicular infundibulum or from epidermal 
inclusions where basal cells were only labelled by 312C8- 
1. 312C8-1 staining is thus useful in differentiating trichi- 
lemmal cysts from epidermal cysts. The lack of 312C8-1- 
positive cells in pilomatrixomas is in accordance with 
the differentiation of  this tumour in the direction of  the 
hair cortex cell (Lever and Schaumburg-Lever 1983). 

Keratins 8 and 14 can be demonstrated in routinely 
processed tissue specimens, and the findings may be of  
assistance in the diagnosis or assessment of  the histogen- 
esis of  benign tumours of  the skin appendages. 
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