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          Introduction 

  Adnexal tumors   are generally classifi ed accord-
ing to two principles: (1) benign versus malig-
nant, and (2) line of differentiation: that is, 
which normal  cutaneous structure   the lesion 
most resembles: hair follicle, apocrine/eccrine 
gland, or sebaceous gland. Although such a 
 classifi cation scheme seems simple at fi rst 
glance, the reality is that there is still consider-
able controversy on how to catalog many 
lesions [ 1 ]. Furthermore, tumors of cutaneous 
sweat glands are uncommon, with a wide histo-
pathological spectrum, complex classifi cation, 
and many different terms often used to describe 
the same neoplasm [ 2 ]. 

 It is important to understand the basic struc-
ture and the physiological function of human 
sweat glands in order to study the  neoplasms   
that  originate from them. Moreover, expression 
of  individual cytokeratins and other markers in 
normal eccrine and apocrine glands is outlined 
in Table  2.1 . The human body has 3–4 × 10 6  
sweat glands, two types of which are generally 

 recognized, namely, eccrine and apocrine sweat 
glands [ 3 ]. The average density of eccrine and 
apocrine sweat glands varies  according to the 
person and anatomic site. The sites of maxi-
mum distribution of eccrine glands are the 
palms, soles, axillae, and forehead, while apo-
crine glands are most numerous in the axilla 
and  anogenital area [ 4 ]. In addition to the 
eccrine and apocrine glands, two other skin 
sweat glands have recently been described: the 
apoeccrine and the mammary-like glands of the 
anogenital area [ 5 ,  6 ].

      Normal Apocrine Glands 

 Apocrine sweat glands, which are derived from 
the folliculo-sebaceous-apocrine germ, are 
restricted to the axillae, anogenital and inguinal 
regions, the periumbilical and periareolar areas, 
and, rarely, the  face and scalp  . Apocrine glands 
become active at puberty and secrete a protein-
aceous viscous sweat which has a unique odor. 
Specialized apocrine glands are found on the 
 eyelids (Moll’s glands) and in the auditory 
canal (ceruminous glands). The breast is some-
times regarded as a modifi ed apocrine gland 
[ 7 ]. Apocrine glands are composed of a secre-
tory glandular portion in the lower  dermis and 
subcutis  , a straight ductal component which is 
indistinguishable from the eccrine duct, and a 
terminal intra-infundibular duct which opens 
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into the  follicular infundibulum. The secretory 
part  consists of large tubules with large, round 
to oval lumina, sometimes containing homoge-
nous eosinophilic or pale basophilic material, 
the product of  apocrine secretion. The luminal 
cells show an ample, eosinophilic, and fi nely 
granular cytoplasm, and are immunoreactive to 
low molecular weight keratin (LMWK), epithe-
lial membrane antigen (EMA), and carcinoem-
bryonic antigen (CEA). A conspicuous feature 
of apocrine secretory cells is their “decapita-
tion” mode of secretion whereby an apical cap, 
formed at the luminal border of the apocrine 
cells, separates off from the cell and is dis-
charged into the lumen. Another typical feature 
of these cells is the presence of intracytoplas-
mic small, brightly eosinophilic granules 
(zymogen granules) in a supranuclear location. 
Zymogen granules are PAS-positive and dia-
stase resistant, and represent lysosomes that 
contain sialomucin, lipid, and iron. The cells in 
the secretory part are surrounded by a layer of 
 spindled myoepithelial cells   that express S-100 
protein, p63, smooth muscle actin (SMA), and 
calponin [ 4 ]. Their contraction aids in the deliv-
ery of their secretory products. Peripheral to the 
myoepithelial cell layer lies a distinct basement 

membrane. The ductal component of the apro-
crine glands is composed of an inner luminal 
layer of small cells with scant cytoplasm and a 
peripheral layer of small  cuboidal basophilic 
cells   with round nuclei that expresses p63. 
A deeply eosinophilic homogeneous cuticle is 
recognized. Finally, the glandular epithelium of 
the apocrine glands often expresses gross cystic 
disease fl uid protein 15 (GCDFP-15) and 
androgen receptors, which may be useful in the 
assessment of lesions suspicious of apocrine 
carcinoma [ 2 ].  

    Normal Eccrine Glands 

 Eccrine sweat glands, smaller than apocrine 
sweat glands in size, are distributed all over the 
body surface but not on the lips, external ear 
canal,  clitoris, or labia minora. Eccrine glands 
secrete hypotonic sweat consisting mostly of 
water and electrolytes. Their main function is the 
control of body temperature [ 3 ]. The eccrine unit 
is composed of a secretory portion and a ductal 
component. The secretory coil lies in the lower 
reticular dermis and is composed of two popula-
tions of  epithelial cells  : clear cells, which contain 

   Table 2.1    Expression of cytokeratins and other markers in normal eccrine and apocrine glands (Data from [ 4 ])   

 Eccrine gland  Apocrine gland 

 Dermal duct  Secretory coil  Dermal duct  Secretory coil 

 Markers 
 Luminal 
cells 

 Basal 
cells 

 Secretory 
cells 

 Myoepithelial 
cells 

 Luminal 
cells 

 Basal 
cells 

 Secretory 
cells 

 Myoepithelial 
cells 

 CK4  −  −  −  −  NA  NA  NA  NA 

 CK7  −  −  +  −/+  +  −  +  + 

 CK8  −  −  +  −  −  −  +  − 

 CK10  +  −  −  −  +  −  −  − 

 CK13  −  −  −  −  NA  NA  NA  NA 

 CK14  +  +  −  +  NA  +  NA  + 

 CK15  NA  NA  NA  NA  −  NA  +  NA 

 CK18  −  −  +  −  −  −  +  − 

 CK19  +  −  +  −  +  NA  +  NA 

 CK 20  −  −  −  −  NA  NA  NA  NA 

 CAM 5.2  −  −  +  +  NA  NA  +  + 

 CK 
1/5/10/14 

 +  +  −  −  +  +  NA  + 

 S100 
protein 

 −  −  +  +  −  −  −  + 
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glycogen in their cytoplasm, and dark cells, 
which contain vacuoles fi lled with mucin. Both 
types of  luminal cells   are surrounded by a discon-
tinuous myoepithelial cell layer that stains for 
S-100  protein, SMA,  calponin, and p63. S-100 
protein also stains the luminal epithelial cells [ 4 ]. 
The transition from the distal portion of the secre-
tory coil to the proximal fragment of the duct is 
abrupt and is known as the ampulla. The ductal 
component, indistinguishable from an apocrine 
duct, is composed of two parts: the intradermal 
duct and the intraepidermal component (acrosy-
ringium). The  intradermal duct   is composed of 
two layers of small  cuboidal basophilic cells   with 
round nuclei and there is an eosinophilic homo-
geneous cuticle lining the luminal aspect of the 
inner cell layer. The cells in the excretory coil 
express positivity for LMWK, EMA, and CEA, 
as well as S100 protein and p63 in the basal layer 
only. The intraepidermal duct (acrosyringium) 
has a characteristic spiraling course, is composed 
of a single layer of luminal cells, and has an ace-
lular eosinophilic cuticle. This intraepidermal 
duct is surrounded in the lower part by two or 
three layers of outer cells. In the middle squa-
mous layer, ductal cells comprising the acrosy-
ringium start to keratinize, demonstrating 
keratohyaline granules, and the cuticle is no lon-
ger visible. Acrosyringeal cells stain for high 
molecular weight keratin (HMWK) and cytoker-
atin (CK) 14. Finally, skin tumors with eccrine 
differentiation often express  positive immunohis-
tochemical staining for estrogen and progester-
one receptors [ 8 ], this has important clinical 
implications, as affected patients may be partially 
treated with hormonal therapy [ 9 ].  

     Apoeccrine Glands   

 Apoeccrine sweat glands have been proposed to 
represent a third, separate category of human 
sweat glands [ 10 ], although this is still controver-
sial and requires further study. It has been sug-
gested that these glands develop during puberty 
from the eccrine sweat glands (transformation or 

transgression of eccrine glands into apocrine 
glands) or from eccrine-like precursor sweat 
glands. Apoeccrine glands are mostly found in 
the axillary region, and within lesions of nevus 
sebaceus of Jadassohn (NSJ) [ 5 ]. Their presence 
would explain the existence of some adnexal 
lesions that have both eccrine and apocrine dif-
ferentiation, as has been proposed in some exam-
ples of syringocystadenoma papilliferum (SCAP) 
or Fox–Fordyce disease [ 11 ].  

    Mammary-Like Glands 

  Cutaneous mammary-like glands (MLG)      are 
now recognized to be a normal component of the 
skin in the anogenital region, including the peri-
anal skin. MLG are unique in having features of 
apocrine, eccrine and mammary glands, and the 
previous assumption that these glands represent 
ectopic/accessory breast tissue lying along the 
milk line (mammary ridge) is now believed to be 
incorrect. Many adnexal lesions of the anogeni-
tal area are now recognized to be of MLG origin, 
and a helpful feature in attributing MLG origin 
to an adnexal tumor is the presence of normal 
MLG in the deep dermis and subcutaneous fatty 
tissue, in the vicinity of the lesion of interest, 
with a transition zone between benign and 
lesional areas [ 12 ,  13 ]. 

 In this chapter a detailed practical approach 
to the most important general features of 
benign and malignant sweat glands tumors of 
the skin is intended, striving to maintain a 
common and acceptable terminology in this 
complex subject. For this purpose, we will 
 follow the classifi cation scheme outlined in 
Table  2.2 . Furthermore, a comprehensive and 
functional approach to the use of immunohis-
tochemistry in the diagnosis of sweat gland 
neoplasms is also described. The most relevant 
monoclonal antibodies, for use with immuno-
peroxidase techniques, in the  diagnosis and 
classifi cation of sweat gland tumors are listed 
in Table  2.3 . Finally,  molecular studies will  b  e 
discussed where appropriate.

2 Immunohistology and Molecular Studies of Sweat Gland Tumors
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   Table 2.2     Classifi cation   of sweat gland tumors   

 Differentiation  Benign  Malignant 

 Apocrine  Hidradenoma 
 Spiradenoma/Cylindroma 
 Syringocystadenoma papilliferum 
 Adenoma of the nipple 
 Ceruminous gland adenomas 
 Moll’s gland adenomas 
 Hidradenoma papilliferum 
 Myoepithelioma 

 Hidradenocarcinoma 
 Spiradenocarcinoma/Cylindrocarcinoma 
 Syringocystadenocarcinoma papilliferum 
 Apocrine carcinoma 
 Extramammary Paget’s disease 
 Mucinous carcinoma 
 Endocrine mucin-producing sweat gland carcinoma 
 Hidradenocarcinoma papilliferum 
 Aggressive digital papillary adenocarcinoma 

 Eccrine   Po  roma 
 Syringoma 
 Syringofi broadenoma 

 Porocarcinoma 

 Eccrine and 
apocrine 

 Apocrine/eccrine hidrocystoma 
 Apocrine/eccrine nevus 
 Tubular adenoma 
 Benign mixed tumor 

 Syringoid carcinoma 
 Microcystic adnexal carcinoma 
 Adenoid cystic carcinoma 
 Malignant mixed tumor of the skin 

   Table 2.3    Most relevant antibodies in the diagnosis of sweat gland tumors   

 Antibody  Role in the diagnosis of sweat gland tumors 

 Carcinoembryonic antigen 
(CEA) 

 Indicates ductal differentiation of both apocrine and eccrine type. It is expressed in the 
secretory and excretory portions of the eccrine gland. In apocrine glands is positive at 
the luminal edge of the excretory duct, but in negative the secretory portion 

 Epithelial membrane antigen 
(EMA) 

 Expressed in both the secretory portion and the excretory duct of eccrine and 
apocrine glands 

 CAM5.2  Reacts with the apocrine gland and supposedly the duct, and the eccrine secretory 
coils, but not the eccrine duct 

 MNF116  Detects the low and intermediate molecular weight keratins (5, 6, 8, 17, and 19), 
stains the basal cells of the epidermis and adnexae. It is found in all epithelial 
tumors, including adnexal ones 

 34βE12/CK903  It recognizes CK1, CK10, and CK14, which are expressed in ductal and squamous 
epithelia, basal cells, and myoepithelial cells. Reacts with basal cells from normal 
eccrine ducts and some apocrine gland tumors 

 Antibodies to individual 
keratins 

 Not of much assistance in routine diagnosis, but they have given a valuable insight 
into the possible derivation and/or differentiation of various eccrine tumors 

 Gross cystic disease fl uid 
protein 15 (GCDFP-15) 

 Intense immunoreactivity in the luminal edges of the secretory tubules and the 
excretory ducts of the eccrine and apocrine glands 

 Human milk fat globulin 1 
and 2 (HMFG-1, HMFG-2) 

 Expressed in the normal apocrine glands and tumors with apocrine differentiation 

 Vimentin, α-smooth muscle 
actin, s-100 protein, p63, 
calponin 

 Markers of myoepithelial cells which are seen in most sweat gland tumors 
considered to differentiate toward the secretory coil of sweat glands, and in most 
of the traditional apocrine tumors 

 Estrogen, progesterone and 
androgen receptors 

 Usually expressed in the apocrine sweat glands and tumors with apocrine 
differentiation 

 p53  Present in some sweat gland carcinomas; rarely present in benign tumors 

 Ki-67  The mitotic rate is an important indicator of malignancy 

 CD44  Strongly expressed in the eccrine coil secretory cells, it has not proved a useful 
marker of sweat gland differentiation in tumors 

 Ferritin  Demonstrates ferritin in the outermost layer of the eccrine and apocrine ducts 

 IgA and secretory component  Detect antigen in the lumen and on the surface of the epithelium of sweat glands 

 IKH-4, EKH-5, and EKH-6  Stain the secretory coil of the eccrine glands 

 SKH1  Reacts with the secretory portion and coiled duct of the eccrine gland and the 
secretory portion of apocrine glands 
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         Cysts and Hamartomas 

    Apocrine Hidrocystoma, Eccrine 
Hidrocystoma, and Apocrine 
Cystadenoma 

 According to the latest WHO classifi cation of 
cutaneous tumors, apocrine hidrocystomas are 
cystic adenomas that arise from the apocrine 
secretory coil, whereas eccrine hidrocystomas 
represent retention cysts of the eccrine duct [ 14 ]. 
It can be diffi cult to distinguishing between apo-
crine hidrocystoma and eccrine hidrocystoma in 
cases with compression of the epithelial lining of 
the  apocrine hidrocystoma   due to cyst distension 
by excessive secretions. 

 Apocrine hidrocystoma is a cystic lesion that 
despite its apocrine derivation it is rare at sites rich in 
normal apocrine glands. It is usually found as a 
 solitary lesion on the head and neck area of middle 
aged patients, although multiple lesions have also 
been documented sporadically or as a feature of 
ectodermal dysplasia (Schöpf- Schulz- Passarge syn-
drome) and focal dermal hypoplasia (Goltz syn-
drome) [ 15 – 17 ]. Similar lesions on the eyelids are 
also known as  Moll’s gland cysts   [ 18 ], and penile 
variants are now thought at least in part to represent 
median raphe cysts rather than true apocrine cysts. 
Apocrine hidrocystoma presents as an intradermal, 
dome-shaped, translucent, bluish-black cystic  nodule 
measuring up to about 1 cm. Some patients report 
worsening in summer months or with excessive heat 
that decreases  during the winter months [ 19 ]. 

 Microscopically, apocrine hidrocystoma 
 consists of a large unilocular or multilocular cystic 
space situated within the dermis. The cystic spaces 
are usually lined by a double layer of   epithelial 
cells  : an outer layer of fl attened vacuolated myo-
epithelial cells and an inner layer of tall columnar 
cells with eosinophilic cytoplasm and basally 
located, round or oval vesicular nuclei. Decapitation 
secretion is usually present, and papillary projec-
tions of epithelium into the lumen are found in 
about one-half of cases. Occasionally, the cyst 
 cavity is partially replaced by a papillary or  adeno-
matous   proliferation, and the term  “apocrine cyst-
adenoma” is used to refer to these lesions [ 20 ]. 

 Immunohistochemistry reveals that apocrine 
hidrocystoma is a complex tumor, and that lesions 

with a proliferative component (apocrine cystade-
noma) are different from the pure cystic form and 
have increased Ki-67 staining, especially in areas 
with a genuine papillary growth pattern. EMA and 
CEA are demonstrable in the luminal aspects of the 
epithelial cells, which themselves express various 
 cytokeratins  , including 34β E12 (CK1/5/10/14), 
CK7, CK8, CK18, CK19, and others [ 21 ]. It is said 
that simple epithelial cytokeratins are not expressed 
in the eccrine retention variant of hidrocystoma. 
Differentiation between eccrine and apocrine 
lesions is also said to be achieved by using human 
milk fat globulin 1 (HMFG-1) and GCDFP-15, 
which are usually only expressed by the apocrine 
sweat gland [ 22 ]. Finally, the myoepithelial layer 
can be  highlighted with SMA, calponin, and p63. 
Staining with S-100 protein is variable.  

    Apocrine and Eccrine Nevi 

 Eccrine nevus (nevus sudoriferous, sudoriferous 
hamartoma) is a rare hamartoma of the eccrine unit 
which typically presents in childhood or adoles-
cence and has a predilection for the upper extremi-
ties. Apocrine nevus is a congenital, benign, and 
persistent adnexal cutaneous hamartoma composed 
of ostensibly normal apocrine glands and ductal 
structures within a  fi brous stroma  . It is not uncom-
mon to fi nd an apocrine nevus component in lesions 
of nevus sebaceus of Jadassohn or SCAP. 

 Histologically, eccrine nevi have localized 
increased number and size of eccrine glands. The 
variant called eccrine angiomatous hamartoma has, 
in addition to the eccrine glands, adipose tissue and 
small capillaries. In apocrine nevi the apocrine 
glands are more numerous than in other areas of 
mature skin and display a disordered architecture. 
The overlying epidermis may be slightly hyperplas-
tic with papillomatosis, and it may contain buds of 
 basaloid cells  , occasionally forming similar aggre-
gates to basal-cell carcinoma (BCC). The apocrine 
glands proliferate in the reticular dermis and may 
extend into the  subcutaneous fat in a circumscribed 
but unencapsulated fashion, where they present 
within a delicate fi brous stroma [ 23 ,  24 ]. 

  Immunohistochemical   studies of apocrine nevi 
show similar features to those of normal apocrine 
sweat glands, thus being positive for EMA and 
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CEA, LMWKs, such as CK7, and GCDFP-
15,while negative for HMWKs and S-100 protein 
[ 25 ]. Moreover, p63 can be expressed by basal 
cells of excretory ducts and by myoepithelial cells 
of the  secretory coils   [ 24 ,  26 ]. Ki-67 demonstrates 
that apocrine nevi show a low proliferation poten-
tial, which is consistent with the clinically benign 
and stable nature of these hamartomas [ 24 ].  

    Syringocystadenoma Papilliferum 

 SCAP is a benign lesion that occurs most commonly 
on the scalp or forehead. About 30 % of cases are 
associated with a congenital lesion, usually a nevus 
sebaceous of Jadassohn, and for this reason it is not 
always possible to be certain at what age the SCAP 
component developed [ 27 ]. Probably half are pres-
ent at birth or develop in childhood [ 28 ]. It usually 
presents as one or several yellowish papules, 

 sometimes arranged linearly, and with reduced or 
absent hair growth. The lesions increase in size at 
puberty, becoming papillomatous and often crusted. 

 Microscopically, SCAP is composed of ducts 
and papillary projections lined by two layers of 
epithelial cells:  cuboidal   at the periphery and 
columnar cells with abundant, basophilic cyto-
plasm in the  luminal layer  . A connection to the 
preexisting follicular infundibula may usually be 
found. The stroma of the papillary processes 
characteristically contains numerous plasma 
cells. There may be a background of features of 
nevus sebaceus of Jadassohn. The main diagnos-
tic issues are the distinction from SCAP hidrade-
noma papilliferum and to detect features of 
associated nevus sebaceus of Jadassohn, because 
such lesions, although very rarely, may give raise 
to secondary malignant neoplasms 

 SCAP expresses AE1/AE3, CAM 5.2, 
EMA, and CEA (Fig.  2.1 ). The inner layer is 

  Fig. 2.1    ( a ): Syringocystadenoma papilliferum with 
prominent epidermal hyperplasia. ( b ) Papillary structures 
lined by two layers of  epithelial cells and plasma cells   in 

the stroma. ( c ) The same case immunohistochemically 
studied for CEA. ( d ) The epithelium lining the papillae 
exhibit CEA immunoexpression       
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positive for SMA. The results of markers of 
apocrine differentiation are variable. Some 
authors have found GCDFP-15 and HMFG-1 
negative, while others have found GCDFP-15 
and/or HMFG-2 present [ 29 ,  30 ]. The luminal 
cells constantly express CK7 and often CK19, 
whereas expression of other markers such as 
CK1/5/10/14, CK14, and CK5/8 is variable. 
The  plasma cells   secrete IgA and IgG and they 
are polyclonal.

   Finally, genetic analysis using polymorphic 
markers at 9q22 (locus for the  PTCH1  gene) and 
markers at 9p21 fl anking the tumor suppressor 
gene p16, showed LOH at 9q22 in 2 of 10 cases 
of SCAP, whereas 3 of 7 cases manifested allelic 
deletions at 9p21 [ 31 ].   

    Benign Tumors 

    Tubular Adenoma 

 According to the  late  st WHO classifi cation of 
cutaneous tumors, “tubular adenoma” is the term 
used to encompass a spectrum of tumors includ-
ing tubular apocrine adenoma and papillary 
eccrine adenoma, amongst others. Tubular ade-
nomas are slowly growing, circumscribed 
 nodules situated in the dermis or subcutaneous 
tissue, and have been described at a variety of 
sites including the scalp, face, eyelid, axilla, leg, 
and genitalia [ 32 ]. The last, however, may repre-
sent an adenoma of the anogenital MLG [ 33 ]. 
Those that present on the scalp often arise in a 
background of nevus sebaceus of Jadassohn and 
are sometimes associated with SCAP. 

 Histologically, tubular adenoma usually pres-
ents as circumscribed intradermal lobules of 
well-differentiated tubular structures that some-
times extend into the subcutis. Occasionally, the 
neoplastic tubules communicate with the overly-
ing epidermis through duct-like structures or 
dilated follicular infundibula. The tubules exhibit 
apocrine features with an inner layer of cylindri-
cal cells, often showing “decapitation” secretion, 
and a connective tissue stroma in which only 
small numbers of chronic infl ammatory cells are 
present, in contrast to SCAP in which numerous 
plasma cells are usually found. However, cases of 

tubular adenoma have been reported with  features 
of SCAP in the upper part of the lesion and 
 probably these two lesions are more related than 
previously was thought [ 34 ,  35 ]. 

 Immunohistochemical studies have shown 
that the luminal epithelial cells are positive for 
CEA, EMA, and various cytokeratins, including 
CK7 [ 36 ,  37 ]. The myoepithelial cells can be 
highlighted with SMA or S-100 protein. However, 
myoepithelial cell markers are often not expressed 
in the peripheral layer of atrophic distended 
tubules or in solid areas of immature squamous 
metaplasia. HMFG-1 and GCDFP-15 may also 
be  expr  essed [ 36 – 38 ].  

    Hidradenoma Papilliferum 

  Hidradenoma papilliferum   is a benign neoplasm 
that occurs almost exclusively in females, with 
predilection to the vulva and perianal region. 
Rare cases of hidradenoma papilliferum have 
been reported in males, and in extra-anogenital 
locations, particularly the head and neck area 
[ 39 ], but probably they represent examples of 
other adenomas with a prominent papillary com-
ponent. It usually presents as a solitary, small 
and asymptomatic lesion. Human papilloma 
virus (HPV) has been suggested as having a 
potential role in the histogenesis of this neo-
plasm [ 40 ], although this observation needs 
 further study. 

 Histopathologically, hidradenoma papil-
liferum arises from apocrine glands or possibly 
the anogenital MLG. It usually presents as a 
well-circumscribed solid or cystic dermal nodu-
lar lesion, not connected to the epidermis. It is 
formed of frond-like papillae or tubulopapillary 
structures that are lined by a two-cell layer: lumi-
nal cuboidal or low columnar epithelial cells with 
apical secretions, resting on an outer myoepithe-
lial cell layer. 

 Immunohistochemically, the tumor cells often 
express LMWKs, EMA, CEA, HMFG, and 
GCDFP-15 [ 41 ,  42 ]. Furthermore, estrogen, pro-
gesterone, and androgen receptors are commonly 
expressed in hidradenoma papilliferum [ 43 ]. 
This and the presence of histomorphological 
 features analogous to benign breast diseases 
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gives further evidence to a possible origin of 
hidradenoma papilliferum from MLG. The  myo-
epi  thelial cells express S-100 protein and SMA.  

    Ceruminous Gland and Moll’s Gland 
Adenomas 

 A ceruminous adenoma, also known as adenoma 
of the  ceruminous gland   and ceruminoma, is a 
benign neoplasm that arises from the   ceruminous 
glands     located in the external auditory canal. 
These tumors develop in a very specifi c location, 
as these glands are found within the outer one third 
to one half of the external auditory canal, more 
commonly along the posterior surface [ 44 ]. On the 
other hand, Moll’s glands are presumed to be the 
origin of the few lesions with apocrine differentia-
tion that occur on the eyelids. The most common is 
apocrine hidrocystoma, which has already been 
described above. But Moll’s glands are also the 
origin of much rarer benign tumors grouped under 
the term “Moll’s gland adenoma” [ 4 ]. 

 Ceruminous adenomas usually present as 
uncapsulated, but well circumscribed tumors. 
Connection to the epidermis is not usually seen 
unless the surface is ulcerated [ 44 ]. The tumor 
shows a dual or biphasic appearance, with glandu-
lar or cystic spaces showing inner luminal secre-
tory cells with abundant granular, eosinophilic 
cytoplasm subtended by basal,   myoepithelial cells     
at the periphery, adjacent to the basement mem-
brane. The luminal cells often show decapitation 
secretion and yellow-brown,   lipofuscin    - like 
 pigment granules (cerumen) in their cytoplasms 
[ 44 ]. Moll’s gland adenomas usually show benign 
architectural and cytologic features with solid, 
solid-cystic, cribriform, or tubular- papillary 
 patterns of growth. Remnants of Moll’s glands 
can sometimes be seen in the vicinity of the 
neoplasm. 

 In ceruminomas, immunohistochemistry con-
fi rms the biphasic nature of the tumor. All cells 
are positive with   pancytokeratin     and EMA. The 
luminal   cells     are positive with   CK7    , while basal/
myoepithelial cells are positive with   CK5/6    ,   p63    , 
  S100     protein, and SMA [ 44 ,  45 ].   CD117     can also 
be expressed in both populations. Finally, the 

tumor cells are negative with chromogranin, 
 synaptophysin, and   CK20     [ 44 ].  

     Nipple Adenoma   

 Nipple adenoma is a benign neoplasm that is 
often misdiagnosed as Paget’s disease of the 
breast clinically or as ductal breast carcinoma 
histopathologically. It usually occurs in women 
around 50 years of age as a nodule under the are-
ola or nipple. There is often erythema, erosion or 
ulceration of the epidermal surface, and some-
times, patients refer pain or discharge of a liquid 
material related to the menstrual cycle. 

 Microscopically, nipple adenoma presents as 
an endophytic, wedge shaped lesion, which 
 usually opens to the epidermal surface or the 
 follicular infundibulum. It consists of tubular 
 elements lined by a double layer of epithelial cells, 
separated by fi brous septa. Inside the tubules, there 
is often an eosinophilic and homogeneous material 
that seems to correspond to apocrine secretion, 
and decapitation secretion can also be observed in 
the luminal cells lining the tubules. 

 Immunohistochemical studies have demon-
strated that nipple adenoma does not express estro-
gen, progesterone, or androgen receptors, and the 
HercepTest is negative. SMA and p63 are expressed 
in the basal layer of the neoplastic tubules, support-
ing the benign nature of the lesion [ 46 ].  

     Apocrine Hidradenoma   

 Apocrine hidradenoma is a relatively common 
benign adnexal neoplasm which can have vari-
able histomorphological patterns, refl ected by the 
various terms that have been used to describe this 
entity: nodular hidradenoma, clear cell hidrade-
noma, eccrine acrospiroma, clear cell myoepithe-
lioma, clear cell papillary carcinoma, solid-cystic 
hidradenoma, and apocrine hidradenoma. 
Apocrine hidradenomas usually present as 
 solitary, skin-colored or reddish papules and/or 
 nodules. They may be large, measuring up to 
2 cm or more in diameter, and can occur at any 
anatomic location and any age. 

A.M. Molina-Ruiz et al.

http://en.wikipedia.org/wiki/Ceruminous_glands#Ceruminous glands
http://en.wikipedia.org/wiki/Ceruminous_glands#Ceruminous glands
http://en.wikipedia.org/wiki/Myoepithelial_cell#Myoepithelial cell
http://en.wikipedia.org/wiki/Lipofuscin#Lipofuscin
http://en.wikipedia.org/w/index.php?title=Pancytokeratin&action=edit&redlink=1#Pancytokeratin (page does not exist)
http://en.wikipedia.org/wiki/Cell_(biology)#Cell (biology)
http://en.wikipedia.org/wiki/Keratin_7#Keratin 7
http://en.wikipedia.org/w/index.php?title=CK5/6&action=edit&redlink=1#CK5/6 (page does not exist)
http://en.wikipedia.org/wiki/TP73L#TP73L
http://en.wikipedia.org/wiki/S-100_protein#S-100 protein
http://en.wikipedia.org/wiki/CD117#CD117
http://en.wikipedia.org/wiki/Keratin_20#Keratin 20


35

 Microscopically, the predominant growth pat-
terns are solid and/or solid-cystic, seen together 
in about 90 % of cases, with variation in the ratio 
of the solid and cystic areas from case to case [ 4 ]. 
It is usually centered in the dermis and well 
 circumscribed, but large tumors may involve the 
subcutis. It is composed of lobules of uniform 
eosinophilic or clear, glycogen-rich cells. Ducts 
can be seen throughout the lesion, some of them 
dilated and forming cystic areas and “decapita-
tion” secretion is usually seen in some areas of 
the luminal border. In some cases, mucinous 
cells are also seen in that luminal border. Some 
areas may also show squamous differentiation 
(keratin pearls) or clear cell changes. The stroma 
is fi brous and may show extensive hyalinization 
or even keloidal appearance. 

 Ancillary studies are rarely needed for diagno-
sis, but immunostains may be helpful on occasions 

to highlight Glands and ducts when they are 
sparse, which helps in the distinction of hidrade-
noma from other clear cell tumors, such as tricho-
lemmoma or cutaneous metastasis from renal cell 
carcinoma. Apocrine hidradenoma is a heteroge-
neous tumor with different staining profi les within 
the main cellular subtypes and architectural 
regions of the neoplasm. Immunohistochemistry 
usually demonstrates variability in the expression 
of the various keratin subtypes in different parts of 
the tumor, however, CK7, CAM5.2 (Fig.  2.2 ), and 
EMA/CEA (luminal border) are expressed in 
most tumors [ 47 ,  48 ]. Tumor cells are usually 
negative for S-100 protein (which reveals only 
Langerhans cells) [ 49 ].

   Recent molecular studies have documented 
the presence of a chromosomal translocation 
 t (11;19) in hidradenomas, that results in fusion of 
the mucoepidermoid carcinoma translocated 1 

  Fig. 2.2    ( a)  Apocrine hidradenoma. ( b ) Most of the neoplastic aggregates are composed of clear cells. ( c ) The same 
case immunohistochemically studied for CAM 5.2. ( d ) Strong expression for CAM 5.2 in the neoplastic epithelial cells       
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( MECT1 ) gene on chromosome 19p13 with the 
mastermind-like 2 ( MAML2 ) gene on chromo-
some 11q21 [ 50 ,  51 ]. This translocation is said to 
be more common in cases with predominant clear 
cell differentiation, although it has also been 
observed in tumors with a mixed cell population, 
including cases completely devoid of clear cells. 
This translocation is not  restr  icted to hidradeno-
mas, and has also been described in salivary 
gland tumors, such as mucoepidermoid carci-
noma and Warthin’s tumor, as well as mucoepi-
dermoid carcinoma of the cervix [ 50 – 52 ].  

    Cutaneous Mixed Tumor 

 Cutaneous mixed tumor is a rare, benign adnexal 
tumor of sweat gland origin, which is most com-
monly seen in the head and neck region of 
patients in the sixth and seventh decades. These 
tumors usually present as asymptomatic, slow 
growing masses, mostly affecting the nose, cheek 
and upper lip [ 53 ,  54 ]. Because of the presence of 
cartilage, mixed tumor of the skin has also been 
called “ chondroid syringoma  ,” but this term is 
best avoided as the neoplasm bears no resem-
blance to a syringoma and cartilage is not a con-
stant feature. The etiopathogenesis of these 
tumors is unknown, and both an epithelial and a 
 mesenchymal   origin have been proposed [ 55 ]. 

 Microscopically, cutaneous mixed tumors 
show both an epithelial and a mesenchymal com-
ponent, similar to benign mixed tumors of the 
salivary glands, the so-called  pleomorphic adeno-
mas  . They usually present as circumscribed nod-
ules composed of bland epithelial cells, arranged 
in cords, ducts, or tubules. The stromal compo-
nent is most often myxoid-cartilaginous, but can 
also be hyaline/fi brous, fatty, osteoid, or be mini-
mal or absent. Cutaneous mixed tumors are clas-
sifi ed into  apocrine and eccrine   types based on the 
histopathological appearance of the neoplastic 
tubules, because the eccrine variant shows round 
ducts lined by a single layer of epithelial cells, 
while apocrine variant exhibits elongated tubules 
lined by two layers of epithelial cells. Areas of 
follicular and/or sebaceous differentiation have 
only been described in the apocrine variant. 

 In the eccrine type of mixed tumor the cells 
express CEA, pancytokeratins, CK7, and S-100 
protein [ 56 ], while in apocrine mixed tumor, hya-
line cells are an accepted feature of myoepithelial 
differentiation and express actins, S-100 protein 
(Fig.  2.3 ), p63, and calponin [ 57 ]. Calponin, 
actins and p63 are negative in the eccrine variant 
of mixed tumor [ 57 ]. Gonzalez Guerra et al. [ 58 ] 
found that the neoplastic epithelium of the  tubular 
structures of eccrine mixed tumor expressed 
strong immunoreactivity for calretinin, support-
ing a differentiation towards the secretory por-
tion of the eccrine glands, while apocrine mixed 
tumor expressed calretinin only in the most kera-
tinized areas of the ductal structures, which may 
represent areas of either ductal sebaceous differ-
entiation or tricholemmal differentiation.

   It has recently been demonstrated that rear-
rangement of pleomorphic adenoma gene 1 
( PLAG1 ) leads to aberrant expression of its pro-
tein and is pathogenically relevant in the develop-
ment of salivary pleomorphic adenomas. 
A genetic link between salivary pleomorphic 
adenoma and cutaneous mixed tumor has been 
subsequently established because most cutane-
ous mixed tumors express distinct nuclear immu-
nostaining for PLAG1, with moderate or strong 
intensity in a signifi cant number of  neoplastic 
cells   and positive gene rearrangement for  PLAG1  
[ 59 ] and for EWSR1 [ 60 ] have been detected in 
cutaneous mixed tumors and cutaneous myoepi-
theliomas. These fi ndings support the notion that 
salivary pleomorphic adenomas, cutaneous myo-
epitheliomas, and cutaneous mixed tumors are 
myoepithelial neoplasms, which are genetically 
related.  

    Syringoma 

  Syringomas   usually present as multiple small, 
skin-colored papules around the eyelids, mostly 
in young women. Other locations are axilla, 
abdomen, and vulva. Histologically, they present 
as symmetrical and well-circumscribed lesions, 
confi ned to the upper dermis with no connection, 
with the overlying epidermis. They are composed 
of monomorphous cuboidal cells with small 
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nuclei and inconspicuous nucleoli. Similar cells 
line ductal structures with small lumina, which 
may be empty or contain secretions. Calcifi cation 
and granulomatous infl ammation are sometimes 
observed [ 61 ,  62 ]. 

 Syringomas express CK6 and CK10, both are 
said to stain the straight duct, with CK6 being a 
marker for the inner ductal cells and CK10 being 
a marker for the middle tumor cells. Other cyto-
keratins variably expressed include CK1, CK5, 
CK11, CK19, and CK14 [ 63 ,  64 ]. Studies on 
expression of progesterone and estrogen recep-
tors in syringoma, including those located on the 
vulva, show confl icting results. Progesterone 
receptors are expressed in most syringomas, 
 supporting the view that they are under hormonal 
control, but the expression seems to be less fre-
quent in cases on the vulva. Syringomas usually 
express CEA and EMA (Fig.  2.4 ) in the lumina 

of the ducts, and are usually negative for 
GCDFP- 15 [ 65 ]. The expression of S100 protein 
family members has been also studied showing 
that syringomas are positive for S100A2, S1007, 
and S100P [ 66 ].

       Spiradenoma, Cylindroma, 
and Spiradenocylindroma 

 Although originally considered to represent sepa-
rate entities, the close relationship between  spirad-
enoma   and cylindroma became obvious after 
identifi cation of lesions with hybrid features of both 
neoplasms, for which the term spiradenocylindroma 
was proposed, and nowadays, spiradenoma, cylin-
droma, and  spiradenocylindroma   are viewed as a 
morphologic continuum [ 4 ]. Although traditionally 
thought to be eccrine neoplasms, apocrine and 

  Fig. 2.3    ( a)  Apocrine mixed tumor. ( b ) Elongated tubu-
lar structures lined by two layers of epithelial cells with 
evidence of “decapitation” secretion in the luminal bor-

der. ( c ) The same case immunohistochemically studied 
for S100 protein. ( d ) Strong S100 protein immunoexpres-
sion in  neoplastic myoepithelial cells         
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 follicular differentiation has subsequently been 
shown in these three neoplasms suggesting that they 
differentiate along the lines of the folliculo- 
sebaceous-apocrine unit. All three neoplasms occur 
either sporadically or as a part of the Brooke–
Spiegler syndrome in which they manifest as mul-
tiple lesions in various combinations with other 
adnexal neoplasms, mostly trichoblastoma [ 67 – 69 ]. 
They usually present as solitary, skin-colored or 
violaceous, small, asymptomatic nodules affecting 
adult to elderly patients in the head and neck area. 

 Microscopically, spiradenomas usually show 
one or several dermal circumscribed lobules of 
basaloid cells, with no connection to the  epidermis. 
The nests are composed of two types of epithelial 
cells; one with a small, dark nucleus, mainly at the 
periphery of the cellular aggregates, and a second 
type with large and pale nuclei, sometimes located 
around small lumina with eosinophilic, 
 PAS-positive, and diastase- resistant material. 

Spiradenomas tend to be more vascular and show 
more likely edematous and cystic stromal changes 
than cylindromas. Cylindromas typically show 
multiple small aggregates of basaloid cells sur-
rounded by pink hyaline basement membrane 
material. Cylinders of hyaline membrane are often 
seen in the center of such aggregates. Two types of 
epithelial cells are usually found: a peripheral cell 
with a large basophilic nucleus and a tendency for 
palisading, and a larger centrally located paler cell 
with a vesicular chromatin pattern. 

 Spiradenomas and  cylindromas   express iden-
tical cytokeratin patterns. Neoplastic cells 
express CK5/6. In areas with ductal differentia-
tion, luminal cells mainly express ductal markers 
(CK6, CK14, and CK19) and, less prominently, 
CK7 [ 70 – 74 ]. When immunostained for myoepi-
thelial markers, these three tumors usually reveal 
patchy reactivity, with areas showing positivity 
for some of these markers alternating with 

  Fig. 2.4    ( a)  Clear-cell syringoma. ( b ) Ductal structures are lined by clear-cells. ( c ) The same case immunohistochemi-
cally studied for EMA. ( d ) The outer layer of some neoplastic epithelial aggregates express EMA       
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 completely negative areas (Fig.  2.5 ) [ 74 ]. 
Basement membrane material seen around the 
nodules as well as intratumoral droplets stain for 
collagen IV [ 72 ,  73 ]. Staining for S-100 protein 
and CD1a reveals intratumoral dendritic cells 
thought to represent Langerhans cells [ 70 ]. Rare 
benign neoplasms manifest focal positivity for 
p53, limiting the use of this marker in the differ-
ential diagnosis from malignant lesions evolving 
from benign spiradenoma, cylindroma, and 
 spiradenocylindroma [ 75 ].

   Lesions occurring in the context of Brooke–
Spiegler syndrome are associated with germ line 
and somatic mutations in the  CYLD  gene located 
on chromosome 16q [ 76 ]. Somatic mutations 
detected in neoplastic tissue in syndrome- 
associated lesions include both a sequence 
 mutation and LOH at the gene locus. LOH at 16q 
has also been demonstrated in rare sporadic cylin-
dromas and spiradenomas.  

     Poroma Group   

 These tumors usually originate from the outer 
cells of the intraepidermal (acrosyringeal) excre-
tory ducts of eccrine the sweat gland. However, 
there are reports of poromas showing sebaceous, 
follicular and apocrine differentiation, and the 
term “apocrine” poromas has been used for those 
tumors [ 77 ]. Poromas usually occur in adults, 
with predilection to palms and soles, and less fre-
quently the head and neck, and trunk regions. 
They are usually solitary and rarely multiple, and 
may present as superfi cial plaques or dermal nod-
ules, with tendency to ulceration and bleeding. 

 Histopathologically, four main variants of 
poromas are recognized and distinguished 
according to their location in relation to the epi-
dermis and the size of the neoplastic aggre-
gates:(1) hidroacanthoma simplex, also known as 
intraepidermal poroma, composed of round nests 

  Fig. 2.5    ( a)  Spiradenoma. ( b ) Small ductal structures within the neoplastic aggregates. ( c ) The same case immunohis-
tochemically studied for calponin. ( d ) Strong calponin immunoreactivity for  neoplastic cells         

 

2 Immunohistology and Molecular Studies of Sweat Gland Tumors



40

of neoplastic cells confi ned within the epidermis; 
(2) classic poroma, composed of lobules of neo-
plastic cells involving both the epidermis and the 
dermis; (3) dermal duct tumor, characterized by 
small aggregates of neoplastic cells limited to the 
dermis, with few or no epidermal connection; 
and (4) poroid hidradenoma, characterized by 
single or few large solid neoplastic aggregates 
involving the dermis with cystic areas inside 
[ 78 ]. All poromas usually consist of solid sheets 
and nodules composed of two types of neoplastic 
cells: (1) Poroid cells, which are small basaloid 
cells, monomorphous and cuboidal, with a well-
defi ned cell membrane, round nuclei and scant 
cytoplasm; and (2) Cuticular cells, which are 
larger than poroid cells, with ample eosinophilic 
cytoplasm, vesicular nuclei and evidence of 
primitive ductal differentiation in the form of 
small cytoplasm vacuoles. Well-formed ductal 
structures are also lined by cuticular cells. Areas 
of necrosis  en masse  are also frequently found. In 

intraepidermal lesions, neoplastic aggregates are 
sharply delineated from adjacent keratinocytes. 
Foci of squamous differentiation and clear cell 
change are sometimes seen. The intervening 
 stroma shows abundant vascularization. 

 Immunohistochemical studies in poromas 
demonstrate positivity of ductal structures for 
EMA, CEA, and GCDFP-15. The neoplastic cells 
are immunoreactive for MNF116 and AE1/AE3 
cytokeratins, but not for CAM5.2. Staining for 
CK7 is variable (Fig.  2.6 ). Poroid cells are positive 
for CK14 and are negative for CK10. In contrast, 
cuticular cells are positive for CK10, CK6, CK1 
and /5/10/14, CK10/11, simple epithelial keratins 
(CK7, CK8/18, and CK19), and “basal” keratins 
(CK5/8 and CK14) [ 79 ]. The cuticular cells have 
been shown to have similar keratin expression pat-
terns in “eccrine” and “apocrine” poromas. 
Cuticular cells are often positive for p53, but this 
feature alone should not be interpreted as a sign of 
malignant transformation [ 80 ].

  Fig. 2.6    ( a)  Poroma. ( b ) Ductal structures lined by cuticular cells within neoplastic aggregates of poroid cells. ( c ) The 
same case immunohistochemically studied for CK7. ( d ) Ductal structures show CK7 immunoreactivity       
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   Three of seven studied poromas showed loss 
of heterozygosity in the  APC  gene, but the 
 meaning of this genetic anomaly  rema  ins uncer-
tain [ 81 ].  

    Myoepithelioma 

  Myoepitheliomas   are exceedingly rare cutaneous 
tumors that arise in the dermis, subcutaneous fat 
or soft tissues. They are derived from myoepithe-
lial cells which are found in the skin as a discon-
tinuous peripheral layer around eccrine and 
apocrine glands. Analogous to salivary gland 
tumors, cutaneous myoepitheliomas are com-
posed of myoepithelial and stromal components 
of mixed tumors, but lack the ductal epithelial 
component. Cutaneous myoepitheliomas usually 
present as fi rm, well-circumscribed, skin-colored 
or violaceous nodules ranging in size from 0.5 cm 
to 2.5 cm [ 82 ], although tumors located within 

deeper soft tissue may present as larger masses 
measuring up to 12 cm. [ 83 ]. 

 Microscopically, cutaneous myoepitheliomas 
present as unencapsulated, circumscribed nodules 
consisting of a pure population of myoepithelial 
cells with no evidence of glandular or ductal dif-
ferentiation as is seen in the more commonly 
encountered mixed tumor. They are situated in the 
dermis or subcutis, and composed of a variety of 
cell types, including spindle-shaped, epithelioid, 
histiocytoid, and plasmacytoid  (hyaline) cells 
[ 84 ]. The cells usually have pale eosinophilic 
cytoplasm and relatively monomorphous ovoid 
nuclei with inconspicuous nucleoli. Some tumors 
have very little stroma, while others have a 
 myxoid or collagenous hyalinized stroma. 

 Immunohistochemistry shows that the tumoral 
cells often express vimentin, EMA, S100 protein, 
and a wide spectrum of cytokeratins, although 
keratin staining is quite variable [ 85 ]. Myoid 
 differentiation markers such as SMA (Fig.  2.7 ), 

  Fig. 2.7    ( a)  Cutaneous myoepithelioma. ( b ) Neoplastic cells showing eosinophilic cytoplasm and eccentric nuclei. ( c ) 
The same case immunohistochemically studied for SMA. ( d ) Strong immunoreactivity of neoplastic cells for SMA       
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muscle specifi c actin and calponin, as well as 
other markers like (HHF35) and glial fi brillary 
acid protein (GFAP) are seen inconsistently [ 86 ]. 
Desmin, synaptophysin, and chromogranin  ar  e 
usually negative [ 4 ].

        Malignant Tumors 

    Syringocystadenocarcinoma 
Papilliferum 

  Syringocystadenocarcinoma papilliferum (SCACP)      
is an extremely rare cutaneous adnexal neoplasm 
representing the malignant counterpart of SCAP 
from which it usually evolves [ 1 ]. To date, less 
than 30 cases have been reported, and of those, 
only three had locoregional metastases [ 87 – 89 ]. 
The majority of cases reported were located in 
the head and neck region, or less commonly the 
perineal area and extremities of middle aged to 
elderly individuals. Clinically, SCACP presents 
as an enlarging fl esh-colored to hyperpigmented 
exophytic nodule ranging in size from 0.5 to 
13 cm [ 90 ]. 

 SCACP is characterized histologically by dis-
orderly arranged papillary projections, cytologic 
atypia and loss of the double layered epithelium 
[ 2 ]. Most tumors have been associated with 
nevus sebaceus of  Jadassohn  . 

 Although there is no defi nitive immunohisto-
chemical profi le for SCACP, this tumor is often 
positive for CEA and GCDFP-15. The in situ 
component may be positive with calponin, SMA 
and p63, which stain the peripheral myoepithelial 
cell layer. Moreover, p63 expression favors a pri-
mary sweat gland neoplasm of the skin rather 
than a cutaneous metastasis from a visceral ade-
nocarcinoma [ 91 ,  92 ]. The epithelial cells stain 
with CK7 which may also be used to identify 
intraepithelial pagetoid spread [ 93 ]. An increased 
Ki-67 staining has been reported [ 4 ].  

    Cribriform Carcinoma 

  Cribriform carcinoma   is a rare but distinctive 
 histopathologic variant of cutaneous apocrine 

 carcinoma that was originally described by Requena 
et al. in 1998 in a series of fi ve cases [ 23 ,  94 ]. This 
neoplasm appears in adults and seems to be more 
common in females. The preferred sites of cribri-
form carcinoma are the lower and upper limbs. 

 On histopathology, the neoplasm usually 
shows no connection with the epidermis or 
adnexal structures and appears as a relatively 
symmetric, well-circumscribed dermal nodule, 
which involves the full thickness of the dermis 
and sometimes extends to the subcutaneous fat. 
The tumor is composed of multiple intercon-
nected solid aggregations of epithelial cells that 
are punctuated by small round spaces in the fash-
ion of a sieve. The cells show round or oval, 
hyperchromatic, slightly pleomorphic nuclei, 
inconspicuous or absent nucleoli, granular chro-
matin, and scant eosinophilic cytoplasm [ 23 ,  94 ]. 

 The neoplastic cells are positive for different 
cytokeratins including MNF116, AE1/AE3, 
CAM5.2, and CK7as well as for CEA and EMA 
(Fig.  2.8 ), the last two staining the ductal compo-
nent more intensely. However they are negative 
for CK20, GCDFP-15, and S-100 protein. Smooth 
muscle markers as SMA, muscle- specifi c actin, 
and calponin can be detected in the spindle cells 
of the stroma, which probably correspond to myo-
fi broblasts, but not in the neoplastic cells [ 94 ].

        Cutaneous Mucinous Carcinoma   

 Primary cutaneous mucinous apocrine carcinoma 
with neuroendocrine differentiation usually pres-
ents as a solitary papule, nodule, or plaque, typi-
cally affecting middle-aged or elderly individuals. 
It may occur anywhere, but has a predilection to 
involve the head and neck region, in particular 
the eyelids and scalp. The tumors are usually 
slow growing. 

 Hematoxylin and eosin-stained sections of 
this tumor show a nodular tumor involving the 
dermis with no connection to the epidermis. The 
tumor consists of solid, cystic or cribriform nests 
“fl oating” in pools of mucin, separated by thin 
fi brous septa. Neoplastic cells can show a low 
degree of atypia but mitotic fi gures are uncom-
mon [ 95 ,  96 ]. 
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 On immunohistochemistry, neoplastic cells 
show positive expression of CK7, EMA, estro-
gen and progesterone receptors, and are negative 
for CK20 [ 97 ,  98 ]. Neuroendocrine markers 
such as chromogranin, synaptophysin, or 
neuron- specifi c enolase, show variable and 
sometimes focal expression [ 99 – 101 ]. The dif-
ferential diagnosis with metastatic mucinous 
carcinoma, especially with metastatic mucinous 
breast carcinoma, may be extremely diffi cult, 
even with immunohistochemistry. Both tumors 
express CK7, hormone receptors, and some neu-
roendocrine markers. Some authors have sug-
gested that the presence of an in situ component 
surrounded by myoepithelial cells highlighted 
by p63 and CK5/6 at the periphery of the tumor 
may be an  additio  nal criterion in favor of a pri-
mary carcinoma [ 97 ,  102 ,  103 ].  

    Endocrine Mucin-Producing Sweat 
Gland Carcinoma 

  Endocrine mucin-producing sweat gland carci-
noma (EMPS)      is an uncommon low-grade 
sweat gland carcinoma with an infi ltrating 
growth  pattern. It develops mostly in women 
and shows a predilection for the periorbital 
region [ 104 – 113 ]. Histopathologically, the neo-
plasm shows analogous features to endocrine 
ductal carcinoma/solid papillary carcinoma of 
the breast. EMPS shares some clinical and mor-
phological similarities to primary mucinous 
carcinoma of the skin. The tumor is character-
ized by large monomorphous epithelial cells 
with little nuclear pleomorphism and only a 
few mitotic fi gures. In some areas, neoplastic 
cells are arranged in a rossete-like pattern. 

  Fig. 2.8    ( a)  Primary cutaneous cribriform carcinoma. 
( b ) Small ductal structures within solid aggregates 
resulting in a  cribriform pattern  . ( c ) The same case 

immunohistochemically studied for EMA. ( d ) EMA 
shows stronger expression in neoplastic cells lining 
ductal structures       
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This solid- cystic tumor shows mucin within 
cystic small spaces, cribriform areas and 
expresses the neuroendocrine markers synapto-
physin, chromogranin (Fig.  2.9 ) and neuron 
specifi c enolase in varying staining intensities 
[ 104 – 113 ]. The tumor cells are also positive for 
estrogen and progesterone receptors.

       Hidradenocarcinoma Papilliferum 

  Hidradenocarcinoma papilliferum   is an 
extremely rare neoplasm, with very few reported 
cases in the literature [ 114 – 116 ]. Owing to the 
paucity of observations, the clinical features of 
hidradenocarcinoma papilliferum are not well 
established, but there do not appear to be obvi-
ous differences from long-standing  hidradenoma 

papilliferum in which focal areas of ductal car-
cinoma in situ (DCIS) may be an incidental 
fi nding. 

 Histologically, DCIS ex-hidradenoma papil-
liferum appears as a typical hidradenoma papil-
liferum in which 1 or more foci of crowded 
epithelial cells may be found, showing pleomor-
phic hyperchromatic nuclei and abnormal mitotic 
fi gures. Retention of myoepithelial cells around 
such areas is indicative of DCIS. 

 Immunohistochemically, demonstration of a 
preserved peripheral myoepithelial layer around 
the dysplastic epithelium is a prerequisite for the 
diagnosis of DCIS. The proliferating index 
 (Ki- 67) is higher in the areas of DCIS compared 
with the benign portions of the neoplasm, but 
there has been no p53 expression in the few cases 
 ex  amined [ 117 ].  

  Fig. 2.9    ( a)  Endocrine mucin-producing sweat gland 
carcinoma. ( b ) Neoplastic aggregates showing ductal 
structures some of them containing mucin within the 
lumina. ( c ) The same case immunohistochemically 

stained for chromogranin. ( d ) Chromogranin is expressed 
in the cytoplasm of neoplastic cells and in a stronger way 
within the lumina       
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    Digital Papillary Adenocarcinoma 

  Digital papillary adenocarcinoma (DPA)   is an 
uncommon cutaneous malignancy fi rst described 
by Helwig in 1979 with the term “aggressive 
 digital papillary adenoma” [ 118 ,  119 ]. Because 
of the lack of histopathologic criteria to allow the 
distinction between adenoma and adenocarci-
noma and predict the clinical behavior of these 
tumors, the term “aggressive digital papillary 
adenoma” was later abandoned and the lesion 
was considered a carcinoma. However, the 
aggressive course of the neoplasm has also been 
questioned recentely [ 120 ,  121 ]. It often occurs 
as a single, mildly painful mass and almost exclu-
sively occurs on the volar site of the fi ngers and 
toes and on the adjacent skin of the palms and 
soles [ 120 ]. 

 Microscopically, the tumor usually involves 
both the dermis and the and/or subcutis, and the 
silhouette of the lesion may be nodular and/or 
infi ltrative. There is usually a combination of 
solid, solid cystic, cribriform, and tubular growth 
patterns. Papillary projections into luminal 
spaces are common, but may on occasion be rare 
or absent. The stroma may be variably fi brotic. 
The spectrum of histologic appearances ranges 
from obvious carcinoma to adenoma-like well-
differentiated tumors. 

 Immunohistochemical studies have shown 
positivity for S100 protein, CEA, and cytokera-
tins [ 119 ], and may be useful in the differential 
diagnosis of DPA from metastatic adenocarci-
noma. A recent immunohistochemical study of 
a series of 31 cases of papillary carcinoma 
demonstrated diffuse positivity for MNF116 
pan-cytokeratin, whereas CEA and EMA high-
light the luminal border of the tubules. SMA 
and calponin highlight a myoepithelial layer 
around tubular/glandular structures, as did p63 
and podoplanin [ 122 ]. One approach is to inves-
tigate the expression of basal epithelial markers 
such as 34βE12 and p63, which may serve as a 
good indicator for primary cutaneous origin as 
well as in situ  growt  h of this neoplasm. 
Proliferation index with Ki-67 is usually high 
(Fig.  2.10 ).

        Ceruminous and Moll’s Gland 
Carcinomas   

 Ceruminous carcinomas are rare malignancies 
usually presenting with a mass or pain in the 
outer ear canal of middle aged patients. Tumors 
are large for the anatomic site [ 123 ]. 
Histopathologically, the tumors are classifi ed as 
ceruminous adenocarcinoma, NOS, ceruminous 
adenoid cystic carcinoma, and ceruminous muco-
epidermoid carcinoma. The ceruminous adeno-
carcinoma may be diffi cult to distinguish from 
ceruminous adenoma. They usually demonstrate 
an infi ltrative pattern with moderate to severe 
nuclear pleomorphism, increased mitotic index 
and rarely necrosis. 

 Reported examples of Moll’s gland adenocarci-
nomas have shown variable features. Some have 
been predominantly solid, whereas others have dis-
played mostly tubular or ductal growth, but all have 
malignant architectural features. With respect to 
cytologic appearances, both low-grade and high-
grade lesions have been described. In rare exam-
ples, evolution from a preexisting benign Moll’s 
gland lesion has been suggested [ 4 ].  

    Malignant Mixed Tumor 

 Malignant apocrine mixed tumor is a rare tumor 
of the skin, most often found on the trunk and 
extremities, which are not the usual sites of the 
benign variant. Approximately 50 cases have 
been described to date. Although the majority of 
tumors have developed de novo, there are some 
documented examples which appear to have 
arisen within a preexistent benign mixed tumor. 
Clinically, the tumor is not distinctive and pres-
ents as a fl esh-colored or erythematous nodule, 
predominantly affecting the  distal extremities   
(the foot being the commonest site) [ 124 ]. 
Malignant mixed tumor is an extremely 
 high- grade neoplasm with a metastatic rate of 
approximately 60 % and a mortality of roughly 
25 % [ 124 ,  125 ]. The existence of a malignant 
counterpart of eccrine mixed tumor is controver-
sial. Some of the reported malignant eccrine 
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mixed tumors of the skin have been found to rep-
resent malignant mixed tumors of the  salivary 
glands   involving the skin, and further studies are 
needed to clarify this issue [ 4 ]. 

 Histopathologically, the tumors are composed 
of an epithelial and a mesenchymal component, 
the latter consisting of  myxomatous and 
 cartilaginous areas  . The epithelial component pre-
dominates at the periphery of the tumor, where 
there are cords and nests of cuboidal or polygonal 
cells with some glandular structures. There is 
variable pleomorphism and scattered mitoses. 
Mesenchymal elements are  progressively more 
abundant towards the center. Ossifi cation is occa-
sionally present. The histological appearance may 
be a poor indicator of the biological behavior of a 
particular tumor in this category, and the identifi -
cation of a benign precursor lesion has only rarely 
been histologically documented [ 126 ,  127 ]. 

 Immunohistochemically, the epithelial cells 
express  pancytokeratin  , AE1/AE3, CAM 5.2, 
EMA, CEA, and variably S-100 protein [ 128 –
 130 ]. Intracytoplasmic lumina may be outlined 
with CEA. The luminal epithelial cells also show 
binding to the lectin  Ulex europaeus  [ 128 – 130 ]. 
The stromal cells are S-100 protein positive and 
variably express keratin. SMA and GFAP positiv-
ity has been variably reported as present or absent, 
while androgen receptors have not been detected.  

     Apocrine Adenocarcinoma   

 The term “primary cutaneous apocrine carci-
noma” is a generic term that encompasses a wide 
spectrum of primary cutaneous carcinomas show-
ing apocrine differentiation. Due to the complex 
nosology of apocrine carcinoma, in this chapter, 

  Fig. 2.10    ( a)  Digital papillary adenocarcinoma. ( b ) 
Papillary structures lined by atypical cells with hyper-
chromatic nuclei. ( c ) The same case immunohistochemi-

cally stained for Ki-67. ( d ) Numerous nuclei of  neoplastic 
cells   express Ki-67       
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the term cutaneous apocrine adenocarcinoma will 
be restricted to malignant epithelial neoplasms 
that manifest unequivocal signs of apocrine secre-
tion, but lack the defi ning microscopic features of 
the above mentioned well- defi ned lesions, such as 
digital papillary adenocarcinoma, mucinous car-
cinoma, syringocystadenocarcinoma papil-
liferum, and malignant apocrine mixed tumor. 
Also, the term will not be used to refer to other 
well-defi ned carcinomas associated with a spe-
cifi c glandular origin (Moll’s glands, ceruminous 
glands, or anogenital mammary- like glands). The 
clinical features of this tumor are not distinctive, 
and lesions have been reported to occur in several 
areas with the axilla appearing to be the most 
commonly involved site. 

 Microscopically, the majority of the reported 
examples are characterized by a glandular, tubu-
lar, papillary, tubulopapillary, diffuse, or solid 
growth pattern centered on the dermis and subcu-
taneous tissue. In contrast to apocrine adenoma, 
the tumor is usually poorly circumscribed and 
frequently presents an infi ltrating border. The 
epithelial cells have abundant eosinophilic cyto-
plasm, and decapitation secretion is invariably 
present. Pleomorphism and mitotic activity are 
variable features, but become more prominent in 
poorly differentiated variants. The tumor is com-
monly accompanied by a dense hyaline stroma. 

 Immunohistochemically, the tumor cells con-
sistently express cytokeratins, including CAM 
5.2, CK7, CK15, AE1/AE3, usually GCDFP-15 
and variably CEA [ 131 ]. Controversial informa-
tion has been published on the expression of 
S-100 protein, EMA, lysozyme, α 1 -antitrypsin, 
and α 1 -antichymotrypsin. In a signifi cant subset 
of tumors expression of estrogen, progesterone, 
or androgen receptors is seen [ 131 ]. An in situ 
component is best identifi ed by an intact periph-
eral basal/myoepithelial cell layer reactive for 
 calpo  nin, p63, and actin; however, this myoepi-
thelial layer is lost in some cases [ 4 ,  32 ].  

     Porocarcinoma   

 Porocarcinomas are aggressive tumors with poten-
tial for local recurrence, and nodal and  distant 

metastases [ 132 ]. They usually arise within preex-
isting benign poroid tumors, frequently located in 
the lower extremities. Histologically they are char-
acterized by an asymmetrical, solid, and nodular 
growth pattern, with infi ltrative or pushing bor-
ders. The neoplasm is composed of poroid and 
cuticular cells, similar to those of poroma, but with 
varying degrees of nuclear atypia, hyperchromatic 
nuclei, and prominent nucleoli. Both in situ and 
invasive forms have been described [ 2 ]. 

 Immunohistochemistry shows that poroid 
cells are positive for CK7. EMA and CEA 
(Fig.  2.11 ) have been reported to be positive in 
the lumina of ductal structures [ 133 ,  134 ], how-
ever, poorly differentiated porocarcinomas with 
no luminal differentiation did not express CEA 
[ 132 ,  134 ]. The presence of scattered dendritic 
melanocytes, positive for S-100 protein and 
HMB-45, has been reported in both poromas and 
porocarcinomas [ 135 ]. Some authors have pro-
posed that CK19 can be useful in the distinction 
of porocarcinoma from squamous cell carcinoma 
(SCC), as it is expressed in 67 % of porocarcino-
mas versus 18 % of SCC. S-100 protein is another 
useful marker in the differential diagnosis of this 
neoplasm from tumors with more prominent 
myoepithelial differentiation such as spirade-
noma, apocrine hidradenoma, and cutaneous 
mixed tumors. In these tumors neoplastic aggre-
gates of myoepithelial cells are positive with 
S-100 protein, whereas in porocarcinoma the 
positive cells are scattered dendritic cells [ 136 ]. 
The diagnostic role of other markers (p16, RB 
protein, beta-2-microglobulin) has been investi-
gated, but they seem to have  no   relevance in 
 routine practice [ 137 ,  138 ].

       Extramammary Paget’s Disease 

 Extramammary Paget’s disease ( EMPD)   is an 
uncommon cutaneous malignant neoplasm aris-
ing in areas with high density of  apocrine glands  , 
most commonly in the vulvar and perianal region 
of middle-aged females, and less commonly the 
axilla. It has also been reported in areas with 
modifi ed apocrine glands, such as the eyelids and 
external auditory canal. Apocrine gland origin or 
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apocrine differentiation of cells in EMPD has 
been generally accepted [ 2 ]. Lesions usually 
present as erythematous eczematoid slowly 
spreading plaques and erosive ulceration in older 
individuals. The size of the lesion usually corre-
lates with its duration. 

 Histologically, there is a proliferation of sin-
gle and small clusters of large cells within the 
 epidermis  , which have less defi ned intercellular 
bridges and exhibit glandular differentiation, 
occasionally showing intracytoplasmic luminal 
and ductal formation. The  tumor cells   in Paget’s 
disease have abundant pale cytoplasm and large 
pleomorphic nuclei. Mitoses are usually present 
[ 7 ]. The epidermis is usually hyperplastic and 
there is often overlying hyperkeratosis and para-
keratosis. A chronic infl ammatory cell infi ltrate 
is found in the upper dermis [ 8 ]. An underlying in 
situ or invasive  adnexal carcinoma   may be 

 present. This may show apocrine differentiation, 
but in other cases it is not possible to determine 
the cell of origin. 

 With  immunoperoxidase techniques   Paget’s 
cells stain for AE1/AE3, LMWK, and CK 7 
(Fig.  2.12 ), with variable positivity seen for EMA 
and CEA. GCDFP-15, androgen receptors, and 
Her2/neu are also commonly expressed in 
EMPD, whereas estrogen and progesterone 
receptors are not [ 139 – 141 ]. Variable staining of 
cells has been reported for HMFG [ 142 ]. HER-2 
protein is expressed in some cases. Prostate- 
specifi c antigen (PSA) is expressed in the paget-
oid cells of many cases associated with an 
underlying adenocarcinoma of the prostate, but it 
may also be expressed in cases without an associ-
ated  carcinoma [ 143 ]. Matrix metalloproteinases 
(MMP- 7, MMP-19) are often expressed in cases 
with an underlying carcinoma [ 144 ]. Other 

  Fig. 2.11    ( a)  Porocarcinoma. ( b ) Some of the neoplastic 
aggregates show necrosis en masse, pleomorphic nuclei 
and small ductal structures. ( c ) The same case immuno-

histochemically studied for CEA. ( d ) CEA is expressed 
by most of neoplastic cells       
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 proteins that can be expressed in Paget’s disease 
include insulin- like growth factor-1 receptor, 
p-AKT, p-ERK1/2, Stat3, Stat5a, E-cadherin, 
cyclin D 1 , and Bcl-xL [ 145 – 147 ]. Overexpression 
of p53 is correlated with stromal invasion. 
Ber-EP4 can aid in the differential diagnosis 
from Bowen’s disease as it labels all cases of 
extramammary Paget’s disease but none of the 
other pagetoid neoplasms [ 148 ].

   Immunohistochemical expression of apomu-
cin MUC1, MUC2, MUC5AC has been proposed 
as a helpful tool for histopathologic differential 
diagnosis among mammary Paget disease, extra-
mammary Paget disease, and epidermotropic 
metastasis in the anogenital skin from adjacent 
visceral adenocarcinomas [ 149 ]. MUC1 is com-
monly expressed in most cases of mammary 
Paget disease. In contrast, MUC5AC is a unique 
mucin that is expressed in most cases of extrama-
mmary Paget disease, but not in mammary Paget 
disease. In cases of mammary Paget disease 

 associated breast ductal carcinoma, both Paget 
cells and underlying ductal carcinoma exhibit the 
phenotype MUC1+MUC2−MUC5AC−. This 
mucin phenotype is also expressed by  Toker 
cells  . In patients with perianal Paget disease 
associated with rectal adenocarcinoma, Paget’s 
cells express MUC2 constantly, but the expres-
sion of MUC1 and MUC5AC is variable. Cases 
of vulvar and scrotal intraepidermal extramam-
mary Paget  disease with no identifi able underly-
ing malignancy express a uniform phenotype of 
mucin MUC1+MUC2−MUC5AC+, whereas 
cases of extramammary Paget disease associated 
with underlying apocrine carcinoma have a phe-
notype characterized by MUC1+MUC2−
MUC5AC−, identical to that of normal  apocrine 
glands  . Bartholin’s glands express a mucin phe-
notype identical to that of intraepidermal extra-
mammary Paget disease. These results support 
that: (1) Mammary Paget disease may arise from 
either mammary glands or epidermal Toker cells; 

  Fig. 2.12    ( a)  Extramammary Paget disease involving the glans penis. ( b ) Paget cells in pagetoid pattern involving the 
epithelium. ( c ) The same case immunohistochemically studied for CK7. ( d ) CK7 is expressed by  Paget cells         
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(2) Intraepidermal extramammary Paget disease 
in the anogenital areas may arise from ectopic 
MUC5AC+ cells originating from Bartholin’s or 
some other unidentifi ed glands; and (3). Unique 
expression of MUC2 in perianal extramammary 
Paget disease indicates its origin from colorectal 
mucosa. In conclusion, the study of mucin gene 
expression is useful in the histopathologic differ-
ential diagnosis among mammary Paget disease, 
extramammary Paget disease and epidermotropic 
metastasis in anogenital skin from an adjacent 
colon adenocarcinoma.  

     Spiradenocarcinoma 
and Cylindrocarcinoma   

 Malignant neoplasms arising in preexisting 
benign spiradenoma and cylindroma, are rare, and 
approximately 100 cases having been reported to 
date [ 4 ]. The most common benign neoplasm giv-
ing rise to a malignant tumor is spiradenoma, fol-
lowed by cylindroma. The microscopic 
appearances of these malignant tumors are 
 heterogeneous, as is the terminology used by dif-
ferent authors. The lesions mostly occur as spo-
radic solitary  neoplasms, or as a component of 
Brooke–Spiegler syndrome. Sporadic tumors 
occur mainly in elderly patients and usually 
involve the back, neck, and scalp, where they 
present as  solitary tumors ranging in size from 2 
to 17.5 cm. In Brooke–Spiegler syndrome 
patients, malignant lesions develop as large, rap-
idly growing, bleeding, or ulcerated tumors in a 
background of  multiple, smaller, either grouped 
or confl uent papules or nodules, which represent 
preexisting benign neoplasms [ 150 ,  151 ]. 

 Histopathologically, features suggesting pos-
sible malignant potential include an infi ltrating 
growth pattern and loss of mosaic appearance, 
hyaline sheaths, and biphasic cellular distribu-
tion. Nuclear pleomorphism, prominent nucleoli, 
and frequent or abnormal mitoses are also fea-
tures seen in these malignant neoplasms. 

 Immunohistochemistry may be of help in 
highlighting ductal differentiation, the latter 
expressing EMA and CEA. The background pop-
ulation of tumor cells express CAM5.2, S-100 

protein and GCDFP-15 expression with variable 
intensity [ 152 ]. Although immunostaining for 
p53 has been suggested to differentiate benign 
spiradenoma and cylindroma from their malig-
nant counterparts, its utility is limited by its het-
erogeneous pattern of expression, especially the 
occasional lack of staining in clearly malignant 
areas and the occurrence, of focal weak positivity 
in the benign residual tumor or in unequivocally 
benign neoplasms [ 76 ]. 

 Finally, cases associated with Brooke–
Spiegler syndrome usually show a germ-line 
mutation of the  CYLD  gene. There appears to be 
no correlation between the germ-line mutation 
type and the clinical phenotype that would sug-
gest malignant transformation [ 4 ]. Despite rela-
tively frequent immunopositivity for p53, 
 m  utations of the  TP53  gene are rare in malignant 
lesions [ 76 ].  

    Microcystic Adnexal Carcinoma 

  Microcystic adnexal carcinoma (MAC)  , also 
called sclerosing syringomatous carcinoma or 
sclerosing sweat duct carcinoma is an uncommon 
malignant neoplasm, which is widely believed to 
be of eccrine origin. However, the presence of 
infundibular keratinous cysts and the description 
of apocrine and sebaceous differentiation has 
been described in many cases [ 2 ,  153 ]. This may 
suggest that both eccrine and apocrine variants of 
this neoplasm do exist. It typically develops on 
the mid-face of young, middle-aged, or elderly 
woman, and has a tendency toward persistent and 
local recurrence (approximately 50 %) [ 154 ], but 
not to metastatic potential [ 155 ,  156 ]. In particu-
lar, the upper lip and the glabella are the com-
monest locations. 

 Histopathologically, MAC is composed of a 
poorly circumscribed proliferation of non-atypical 
epithelial neoplastic cells infi ltrating the dermis 
and subcutaneous tissue, with prominent peri-
neural and intraneural invasion. The neoplastic 
cells are small, uniform, and basaloid, and show 
no or minimal cytological atypia and mitotic 
activity. Keratin-fi lled microcysts are often pres-
ent in the superfi cial dermis. Tubular and ductal 
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structures lined by a single layer of neoplastic 
cells dominate the deeper parts of the lesion. The 
tumor stroma is characteristically sclerotic. 

 With immunohistochemistry, the tumor cells 
express AE1/AE3, and the ductal differentiation 
and intracytoplasmic lumen formation are posi-
tive for EMA and CEA [ 157 ]. LeuM1 is usually 
positive as wells as CD15, while Ber-EP4 
(Fig.  2.13 ) and S100 protein show variable 
expression [ 158 ,  159 ]. The proliferation rate, as 
determined by Ki-67, is usually low [ 160 ].

       Adenoid Cystic Carcinoma 

  Primary cutaneous adenoid cystic carcinoma 
(ACC)   is a very rare malignant neoplasm affecting 
older adults, with a female predominance. It can 
occur in different anatomical sites, most com-
monly in the scalp [ 161 ]. The tumor has a 50 % 

local recurrence rate, but metastasis to regional 
lymph nodes and distant organs is rare [ 162 ]. 

 Histopathologically, ACC is indistinguishable 
from its salivary gland counterpart, and it usually 
presents as a dermal tumor that forms tubuloal-
veolar structures lined by atypical basaloid epi-
thelia and associated with the formation of 
basophilic “cylinders” of myxoid matrix 
 substance. Globules and cylinders of brightly 
eosinophilic basement membrane-like material 
complete the picture [ 163 ,  164 ]. Mitoses are typi-
cally inconspicuous. An important criterion in 
ACC in any anatomical location is the striking 
propensity of these tumors to manifest perineural 
infi ltration. 

 Immunohistochemically, the tumor cells 
express low and high molecular weight keratin 
and broad-spectrum keratins. The presence of 
ductal differentiation can be confi rmed with EMA 
and CEA, which are frequently expressed in the 

  Fig. 2.13    ( a)  Punch biopsy of a microcystic adnexal carcinoma. ( b ) Solid aggregates and small keratinous cysts. ( c ) 
The same case immunohistochemically studied for BerEp4. ( d ) Weak immunoexpression of neoplastic cells for BerEp4       
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luminal surfaces and secretions. Myoepithelial 
differentiation (S-100 protein, actin, positivity) is 
a constant feature. The basement membrane 
material is composed of a mixture of collagens IV 
and V and laminin [ 165 ].      

  Disclosures   We do not have any confl ict of interest to 
declare. 

 We do not have any fi nancial support.  

   References 

     1.   Prieto VG, O’shea CR, Celebes JT, Busam KJ. Adnexal 
Tumors. In: Busam KJ, editor. Dermatopathology. 1st 
ed. Philadelphia: Saunders Elsevier; 2010. p. 381–436.  

         2.    Obaidat NA, Alsaad KO, Ghazarian D. Skin adnexal 
neoplasms-part 2: An approach to tumours of cuta-
neous sweat glands. J Clin Pathol. 2007;60:145–59.  

     3.    Saga K. Structure and function of human sweat 
glands studied with histochemistry and cytochemis-
try. Prog Histochem Cytochem. 2002;37:323–86.  

                 4.    Kazakov DV, Michal M, Kacerovska D, Mckee 
PH. Lesions with predominant apocrine and eccrine dif-
ferentiation. In: Kazakov DV, Michal M, Kacerovska D, 
Mckee PH, editors. Cutaneous adnexal tumors. 1st ed. 
Philadelphia: Wolters Kluwer Health; 2012. p. 1–171.  

     5.   van der Putte SC. Apoeccrine glands in nevus seba-
ceus. Am J Dermatopathol. 1994;16:23–30.  

    6.    van der Putte SC. Mammary-like glands of the vulva 
and their disorders. Int J Gynecol Pathol. 
1994;13:150–60.  

     7.    Weedon D. Tumors of cutaneous appendages. In: 
Weedon D, editor. Skin pathology. 3rd ed. Edinburgh: 
Churchill Livingstone; 2010. p. 398–440.  

     8.    Busam KJ, Tan LK, Granter SR, Kohler S, Junkins- 
Hopkins J, Berwick M, Rosen PP. Epidermal growth 
factor, estrogen, and progesterone receptor expres-
sion in primary sweat gland carcinomas and primary 
and metastatic mammary carcinomas. Mod Pathol. 
1999;12:786–93.  

    9.    Mirza I, Kloss R, Sieber SC. Malignant eccrine spi-
radenoma. Arch Pathol Lab Med. 2002;126:591–4.  

    10.    Sato K, Leidal R, Sato F. Morphology and develop-
ment of an apoeccrine sweat gland in human axillae. 
Am J Physiol. 1987;252:166–80.  

    11.    Kamada A, Saga K, Jimbow K. Apoeccrine sweat 
duct obstruction as a cause for Fox-Fordyce disease. 
J Am Acad Dermatol. 2003;48:453–5.  

    12.    Abbott JJ, Ahmed I. Adenocarcinoma of mammary- 
like glands of the vulva: report of a case and review of 
the literature. Am J Dermatopathol. 2006;28:127–33.  

    13.    Nishie W, Sawamura D, Mayuzumi M, Takahashi S, 
Shimizu H. Hidradenoma papilliferum with mixed 
histopathologic features of syringocystadenoma 
papilliferum and anogenital mammary-like glands. 
J Cutan Pathol. 2004;31:561–4.  

    14.    Sarabi K, Khachemoune A. Hidrocystomas-a brief 
review. Med Gen Med. 2006;8:57.  

    15.   Monk BE, Pieris S, Soni V. Schöpf-Schulz-Passarge 
syndrome. Br J Dermatol. 1992;127:33–5.  

   16.    Mallaiah U, Dickinson J. Photo essay: bilateral mul-
tiple eyelid apocrine hidrocystomas and ectodermal 
dysplasia. Arch Ophthalmol. 2011;119:1866–7.  

    17.    Buchner SA, Itin P. Focal dermal hypoplasia syn-
drome in a male patient. Report of a case and histo-
logic and immunohistochemical studies. Arch 
Dermatol. 1992;128:1078–82.  

    18.    Alessi E, Gianotti R, Coggi A. Multiple apocrine 
hidrocystomas of the eyelids. Br J Dermatol. 
1997;137:642–5.  

    19.    Fariña MC, Piqué E, Olivares M, Escalonilla P, 
Martín L, Requena L, Sarasa JL. Multiple hidrocys-
toma of the face: three cases. Clin Exp Dermatol. 
1995;20:323–7.  

    20.    Sugiyama A, Sugiura M, Piris A, Tomita Y, Mihm 
MC. Apocrine cystadenoma and apocrine hidrocys-
toma: examination of 21 cases with emphasis on 
nomenclature according to proliferative features. 
J Cutan Pathol. 2007;34:912–7.  

    21.    Ohnishi T, Watanabe S. Immunohistochemical 
 analysis of cytokeratin expression in apocrine cyst-
adenoma or hidrocystoma. J Cutan Pathol. 1999;
26:295–300.  

    22.    de Viragh PA, Szeimies RM, Eckert F. Apocrine 
cystadenoma, apocrine hidrocystoma, and eccrine 
hidrocystoma: three distinct tumors defi ned by 
expression of keratins and human milk fat globulin 
1. J Cutan Pathol. 1997;24:249–55.  

      23.   Requena L, Kiryu H, Ackerman AB. Neoplasms 
with apocrine differentiation. Philadelphia, PA: 
Lippincott-Raven; 1998.  

      24.    Kanitakis J, Kyamidis K, Toussinas A, Tsoïtis 
G. Pure apocrine nevus: immunohistochemical study 
of a new case and literature review. Dermatology. 
2011;222:97–101.  

    25.    Neill JS, Park HK. Apocrine nevus: light micro-
scopic, immunohistochemical and ultrastructural 
studies of a case. J Cutan Pathol. 1993;20:79–83.  

    26.    Cordero SC, Royer M, Rush WL, Hallman JR, 
Lupton GP. Pure apocrine nevus: a report of 4 cases. 
Am J Dermatopathol. 2012;34:305–9.  

    27.   Koga T, Kubota Y, Nakayama J. Syringocystadenoma 
papilliferum without an antecedent naevus sebaceus. 
Acta Derm Venereol. 1999;79:237.  

    28.    Karg E, Korom I, Varga E, Ban G, Turi S. Congenital 
syringocystadenoma papilliferum. Pediatr Dermatol. 
2008;25:132–3.  

    29.    Ishida-Yamamoto A, Sato K, Wada T, Takahashi H, 
Iizuka H. Syringocystadenocarcinoma papilliferum: 
case report and immunohistochemical comparison 
with its benign counterpart. J Am Acad Dermatol. 
2001;45:755–9.  

    30.    Yamamoto O, Doi Y, Hamada T, Hisaoka M, 
Sasaguri Y. An immunohistochemical and ultra-
structural study of syringocystadenoma papil-
liferum. Br J Dermatol. 2002;147:936–45.  

A.M. Molina-Ruiz et al.



53

    31.    Boni R, Xin H, Hohl D, Panizzon R, Burg 
G. Syringocystadenoma papilliferum: a study of 
potential tumor suppressor genes. Am J Dermatopathol. 
2001;23:87–9.  

     32.    Calonje E, Brenn T, Lazar A, McKee PH. Tumors of 
the sweat glands. In: Calonje E, Brenn T, Lazar A, 
McKee PH, editors. McKee’s pathology of the skin. 
4th ed. Philadelphia: Saunders Elsevier; 2012. 
p. 1508–70.  

    33.    Konohana I, Niizeki H, Ikutomi M. A case of tubular 
apocrine adenoma located on the genital area. 
Rinshouhifuka. 1991;45:809–12.  

    34.    Ishiko A, Shimizu H, Inamoto N, Nakmura K. Is 
tubular apocrine adenoma a distinct clinical entity? 
Am J Dermatopathol. 1993;15:482–7.  

    35.    Kazakov DV, Bisceglia M, Calonje E, Hantschke M, 
Kutzner H, Mentzel T, Michal M, Mukensnabl P, 
Spagnolo DV, Rütten A, Rose C, Urso C, Vazmitel 
M, Zelger B. Tubular adenoma and syringocystade-
noma papilliferum: a reappraisal of their relation-
ship. An interobserver study of a series, by a panel of 
dermatopathologists. Am J Dermatopathol. 
2007;29:256–63.  

     36.    Mizuoka H, Senzaki H, Shikata N, Uemura Y, 
Tsubura A. Papillary eccrine adenoma: immunohis-
tochemical study and literature review. J Cutan 
Pathol. 1998;25:59–64.  

    37.   Requena L, Peña M, Sánchez M, Sánchez 
Yus E. Papillary eccrine adenoma. Light micro-
scopic and immunohistochemical study. Clin Exp 
Dermatol. 1990;15:425–8.  

    38.    Megahed M, Hölzle E. Papillary eccrine adenoma. A 
case report with immunohistochemical examination. 
Am J Dermatopathol. 1993;15:150–5.  

    39.    Loane J, Kealy WF, Mulcahy G. Perianal hidrade-
noma papilliferum occurring in a male: a case report. 
Ir J Med Sci. 1998;167:26–7.  

    40.    Handa Y, Yamanaka N, Inagaki H, Tomita Y. Large 
ulcerated perianal hidradenoma papilliferum in a 
young female. Dermatol Surg. 2003;29:790–2.  

    41.    Pelosi G, Martignoni G, Bonetti F. Intraductal carci-
noma of mammary-type apocrine epithelium arising 
within a papillary hidradenoma of the vulva. Report 
of a case and review of the literature. Arch Pathol 
Lab Med. 1991;115:1249–54.  

    42.    Tamaki K, Furue M, Matsukawa A, Ohara K, 
Mizoguchi M, Hino H. Presence and distribution of 
carcinoembryonic antigen and lectin-binding sites in 
benign apocrine sweat gland tumours. Br J Dermatol. 
1985;113:565–71.  

    43.   Ansai S, Koseki S, Hozumi Y, Kondo S. An immu-
nohistochemical study of lysozyme, Cd-15 (Leu 
M1), and gross cystic disease fl uid protein-15 in 
various skin tumors. Assessment of the specifi city 
and sensitivity of markers of apocrine differentia-
tion. Am J Dermatopathol. 1995;17:249–55.  

        44.    Thompson LD, Nelson BL, Barnes EL. Ceruminous 
adenomas: a clinicopathologic study of 41 cases 
with a review of the literature. Am J Surg Pathol. 
2004;28:308–18.  

    45.    Lott Limbach AA, Hoschar AP, Thompson LD, 
Stelow EB, Chute DJ. Middle ear adenomas stain for 
two cell populations and lack myoepithelial cell dif-
ferentiation. Head Neck Pathol. 2012;6:345–53.  

    46.    Fernandez-Flores A, Suarez-Peñaranda JM. Immuno-
phenotype of nipple adenoma in a male patient. Appl 
Immunohistochem Mol Morphol. 2011;19:190–4.  

    47.    Ohnishi T, Watanabe S. Histogenesis of clear cell 
hidradenoma: immunohistochemical study of kera-
tin expression. J Cutan Pathol. 1997;24:30–6.  

    48.    Biernat W, Kordek R, Woźniak L. Phenotypic hetero-
geneity of nodular hidradenoma. Immunohistochemical 
analysis with emphasis on cytokeratin expression. Am 
J Dermatopathol. 1996;18:592–6.  

    49.    Vodovnik A. Coexpression of S-100 and smooth 
muscle actin in nodular hidradenoma. Am 
J Dermatopathol. 2003;25:361–2.  

     50.    Behboudi A, Winnes M, Gorunova L, van den Oord 
JJ, Mertens F, Enlund F, Stenman G. Clear cell 
hidradenoma of the skin-a third tumor type with a 
t(11;19)-associated TORC1-MAML2 gene fusion. 
Genes Chromosomes Cancer. 2005;43:202–5.  

    51.    Winnes M, Mölne L, Suurküla M, Andrén Y, Persson 
F, Enlund F, Stenman G. Frequent fusion of the 
CRTC1 and MAML2 genes in clear cell variants of 
cutaneous hidradenomas. Genes Chromosomes 
Cancer. 2007;46:559–63.  

    52.    Behboudi A, Enlund F, Winnes M, Andrén Y, 
Nordkvist A, Leivo I, Flaberg E, Szekely L, Mäkitie 
A, Grenman R, Mark J, Stenman G. Molecular 
classifi cation of mucoepidermoid carcinomas- 
prognostic signifi cance of the MECT1-MAML2 
fusion oncogene. Genes Chromosomes Cancer. 
2006;45:470–81.  

    53.    Kallam AR, Krishna R, Thumma RR, Setty 
VK. Mixed tumour of ala-nasi: a rare case report and 
review. J Clin Diagn Res. 2013;7:2019–20.  

    54.    Alsaad KO, Obaidat NA, Ghazarian D. Skin adnexal 
neoplasms—part 1: an approach to tumours of the 
pilosebaceous unit. J Clin Pathol. 2006;60:129–44.  

    55.    Satter EK, Graham BS. Chondroid syringoma. Cutis. 
2003;71:49–52.  

    56.    Metze D, Grunert F, Neumaier M, Bhardwaj R, 
Amann U, Wagener C, Luger TA. Neoplasms with 
sweat gland differentiation express various glyco-
proteins of the carcinoembryonic antigen (CEA) 
family. J Cutan Pathol. 1996;23:1–11.  

     57.    Kazakov DV, Kacerovska D, Hantschke M, et al. 
Cutaneous mixed tumor, eccrine variant: a clinico-
pathologic and immunohistochemical study of 50 
cases, with emphasis on unusual histophatological 
features. Am J Dermatopathol. 2011;33:557–68.  

    58.    González-Guerra E, Kutzner H, Rutten A, Requena 
L. Immunohistochemical study of calretinin in nor-
mal skin and cutaneous adnexal proliferations. Am 
J Dermatopathol. 2012;34:491–505.  

    59.    Bahrami A, Dalton JD, Krane JF, Fletcher CD. A 
subset of cutaneous and soft tissue mixed tumors are 
genetically linked to their salivary gland counterpart. 
Genes Chromosomes Cancer. 2012;51:140–8.  

2 Immunohistology and Molecular Studies of Sweat Gland Tumors



54

    60.    Flucke U, Palmedo G, Blankenhorn N, Slootweg PJ, 
Kutzner H, Mentzel T. EWSR1 gene rearrangement 
occurs in a subset of cutaneous myoepithelial tumors: 
a study of 18 cases. Mod Pathol. 2011;24:1444–50.  

    61.    Seo SH, Oh CK, Ks K, Kim MB. A case of milium- 
like syringoma with focal calcifi cation in Down 
 syndrome. Br J Dermatol. 2007;157:612–4.  

    62.    Schepis C, Siragusa M, Palazzo R, Batolo D, Romano 
C. Perforating milia-like idiopathic calcinosis cutis 
and periorbital syringomas in a girl with Down syn-
drome. Pediatr Dermatol. 1994;11:258–60.  

    63.    Eckert F, Nilles M, Schmid U, Altmannsberger 
M. Distribution of cytokeratin polypeptides in 
 syringomas. An immunohistochemical study on 
paraffi n- embedded material. Am J Dermatopathol. 
1992;14:115–21.  

    64.    Ohnishi T, Watanabe S. Immunohistochemical anal-
ysis of keratin expression in clear cell syringoma. A 
comparative study with conventional syringoma. 
J Cutan Pathol. 1997;24:370–6.  

    65.    Mazoujian G, Margolis R. Immunohistochemistry of 
gross cystic disease fl uid protein (GCDFP-15) in 65 
benign sweat gland tumors of the skin. Am 
J Dermatopathol. 1988;10:28–35.  

    66.    Zhu L, Okano S, Takahara M, Chiba T, Tu Y, Oda Y, 
Furue M. Expression of S100 protein family mem-
bers in normal skin and sweat gland tumors. 
J Dermatol Sci. 2013;70:211–9.  

    67.    Saggar S, Chernoff KA, Lodha S, Horev L, Kohl S, 
Honjo RS, Brandt HR, Hartmann K, Celebi 
JT. CYLD mutations in familial skin appendage 
tumours. J Med Genet. 2008;45:298–302.  

   68.    Szepietowski JC, Wasik F, Szybejko-Machaj G, 
Bieniek A, Schwartz RA. Brooke-Spiegler syndrome. 
J Eur Acad Dermatol Venereol. 2001;15:346–69.  

    69.    Weyers W, Nilles M, Eckert F, Schill 
WB. Spiradenomas in Brooke–Spiegler syndrome. 
Am J Dermatopathol. 1993;15:156–61.  

     70.    Tellechea O, Reis JP, Ilheu O, Baptista AP. Dermal 
cylindroma. An immunohistochemical study of thir-
teen cases. Am J Dermatopathol. 1995;17:260–5.  

   71.    Penneys NS, Kaiser M. Cylindroma expresses 
immunohistochemical markers linking it to eccrine 
coil. J Cutan Pathol. 1993;20:40–3.  

    72.    Pfaltz M, Bruckner-Tuderman L, Schnyder UW. Type 
VII collagen is a component of cylindroma basement 
membrane zone. J Cutan Pathol. 1989;16:388–95.  

    73.    Bruckner-Tuderman L, Pfaltz M, Schnyder 
UW. Cylindroma overexpresses collagen VII, the 
major anchoring fi bril protein. J Invest Dermatol. 
1991;96:729–34.  

     74.    Kurokawa I, Nishimura K, Tarumi C, Hakamada A, 
Isoda K, Mizutani H, Tsubura A. Eccrine spirade-
noma: co-expression of cytokeratin and smooth 
muscle actin suggesting differentiation toward myo-
epithelial cells. J Eur Acad Dermatol Venereol. 
2007;21:121–3.  

    75.    Sima R, Vanecek T, Kacerovska D, Trubac P, Cribier 
B, Rutten A, Vazmitel M, Spagnolo DV, Litvik R, 
Vantuchova Y, Weyers W, Pearce RL, Pearn J, 

Michal M, Kazakov DV. Brooke-Spiegler syndrome: 
report of 10 patients from 8 families with novel 
germline mutations: evidence of diverse somatic 
mutations in the same patient regardless of tumor 
type. Diagn Mol Pathol. 2010;19:83–91.  

      76.    Kazakov DV, Carlson JA, Vanecek T, Vanecek T, 
Vazmitel M, Kacerovska D, Zelger B, Calonje E, 
Michal M. Expression of p53 and TP53 mutational 
analysis in malignant neoplasms arising in preexist-
ing spiradenoma, cylindroma, and spiradenocylin-
droma, sporadic or associated with Brooke-Spiegler 
syndrome. Am J Dermatopathol. 2010;32:215–21.  

    77.    Kamiya H, Oyama Z, Kitajima Y. “Apocrine” 
poroma: review of the literature and case report. 
J Cutan Pathol. 2001;28:101–4.  

    78.    Kakinuma H, Miyamoto R, Iwasawa U, Baba S, 
Suzuki H. Three subtypes of poroid neoplasia in a 
single lesion: eccrine poroma, hidroacanthoma sim-
plex, and dermal duct tumor. Histologic, histochemi-
cal, and ultrastructural fi ndings. Am J Dermatopathol. 
1994;16:66–72.  

    79.    Yamamoto O, Hisaoka M, Yasuda H, Kasai T, 
Hashimoto H. Cytokeratin expression of apocrine 
and eccrine poromas with special reference to its 
expression in cuticular cells. J Cutan Pathol. 
2000;27:367–73.  

    80.   Tateyama H, Eimoto T, Tada T, Inagaki H, Nakamura 
T, Yamauchi R. p53 protein and proliferating cell 
nuclear antigen in eccrine poroma and porocarci-
noma. An immunohistochemical study. Am 
J Dermatopathol. 1995;17:457–64.  

    81.    Ichihashi N, Kitajima Y. Loss of heterozygosity of 
adenomatous polyposis coli gene in cutaneous 
tumors as determined by using polymerase chain 
reaction and paraffi n section preparations. 
J Dermatol Sci. 2000;22:102–6.  

    82.    Hornick JL, Fletcher CD. Cutaneous myoepitheli-
oma: a clinicopathologic and immunohistochemical 
study of 14 cases. Hum Pathol. 2004;35:14–24.  

    83.    Hornick JL, Fletcher CD. Myoepithelial tumors of 
soft tissue: a clinicopathologic and immunohisto-
chemical study of 101 cases with evaluation of 
 prognostic parameters. Am J Surg Pathol. 2003;27:
1183–96.  

    84.    Fernández-Figueras MT, Puig L, Trias I, Lorenzo 
JC, Navas-Palacios JJ. Benign myoepithelioma of 
the skin. Am J Dermatopathol. 1998;20:208–12.  

    85.    Requena L. Cutaneous myoepithelioma? Am 
J Dermatopathol. 2000;22:360–1.  

    86.   Mentzel T, Requena L, Kaddu S, Soares de Almeida 
LM, Sangueza OP, Kutzner H. Cutaneous myoepi-
thelial neoplasms: clinicopathologic and immuno-
histochemical study of 20 cases suggesting a 
continuous spectrum ranging from benign mixed 
tumor of the skin to cutaneous myoepithelioma and 
myoepithelial carcinoma. J Cutan Pathol. 
2003;30:294–302.  

    87.    Numata M, Hosoe S, Itoh N, Munakata Y, Hayashi 
S, Maruyama Y. Syringadenocarcinoma papil-
liferum. J Cutan Pathol. 1985;12:3–7.  

A.M. Molina-Ruiz et al.



55

   88.    Arslan H, Diyarbakrl M, Batur S, Demirkesen 
C. Syringocystadenocarcinoma papilliferum with 
squamous cell carcinoma differentiation and with 
locoregional metastasis. J Craniofac Surg. 
2013;24:38–40.  

    89.    Satter E, Grady D, Schlocker CT. Syringo-
cystadenocarcinoma papilliferum with locoregional 
metastases. Dermatol Online J. 2014;20:22335.  

    90.    Leeborg N, Thompson M, Rossmiller S, Gross N, 
White C, Gatter K. Diagnostic pitfalls in syringo-
cystadenocarcinoma papilliferum: case report and 
review of the literature. Arch Pathol Lab Med. 
2010;134:1205–9.  

    91.    Peterson J, Tefft K, Blackmon J, Rajpara A, Fraga 
G. Syringocystadenocarcinoma papilliferum: a rare 
tumor with a favorable prognosis. Dermatol Online 
J. 2013;19:19620.  

    92.   Park SH, Shin YM, Shin DH, Choi JS. Kim KH. 
Syringocystadenocarcinoma papilliferum: A case 
report. J Korean Med Sci. 2007;22:762–5.  

    93.    Woestenborghs H, Van Eyken P, Dans 
A. Syringocystadenocarcinoma papilliferum in situ 
with pagetoid spread: a case report. Histopathology. 
2006;48:869–70.  

      94.    Rütten A, Kutzner H, Mentzel T, Hantschke M, 
Eckert F, Angulo J, Rodríguez Peralto JL, Requena 
L. Primary cutaneous cribriform apocrine carci-
noma: A clinicopathologic and immunohistochemi-
cal study of 26 cases of an under-recognized 
cutaneous adnexal neoplasm. J Am Acad Dermatol. 
2009;61:644–51.  

    95.    Standley E, Dujardin F, Arbion F, Touzé A, Machet 
L, Velut S, Guyétant S. Recurrent primary cutaneous 
mucinous carcinoma with neuroendocrine differen-
tiation: case report and review of the literature. 
J Cutan Pathol. 2014;41:686–91.  

    96.    Karimipour DJ, Johnson TM, Kang S, Wang TS, 
Lowe L. Mucinous carcinoma of the skin. J Am 
Acad Dermatol. 1997;36:323–6.  

     97.    Kazakov DV, Suster S, LeBoit PE, Calonje E, 
Bisceglia M, Kutzner H, Rütter A, Mentzel T, 
Schaller J, Zelger B, Baltaci M, Leivo I, Rose C, 
Fukunaga M, Simpson RH, Yang Y, Carlson JA, 
Cavazza A, Hes O, Mukensnabl P, Vanecek T, 
Fidalgo A, Pizinger K, Michal M. Mucinous carci-
noma of the skin, primary, and secondary: a clinico-
pathologic study of 63 cases with emphasis on the 
morphologic spectrum of primary cutaneous forms: 
homologies with mucinous lesions in the breast. Am 
J Surg Pathol. 2005;29:764–82.  

    98.    Kwatra KS, Prabhakar BR, Jain S. Oestrogen and 
progesterone receptors in primary mucinous carci-
noma of skin. Australas J Dermatol. 2005;46:246–9.  

    99.    Han S-E, Lim SY, Lim HS. Neuroendocrine differ-
entiation of primary mucinous carcinoma of the 
cheek skin. Arch Plast Surg. 2013;40:159–62.  

   100.    Kim J-B, Choi J-H, Kim J-H, Park HJ, Lee JS, Joh 
OJ, Song KY. A case of primary cutaneous muci-
nous carcinoma with neuroendocrine differentiation. 
Ann Dermatol. 2010;22:472–7.  

    101.    Bellezza G, Sidoni A, Bucciarelli E. Primary muci-
nous carcinoma of the skin. Am J Dermatopathol. 
2000;22:166–70.  

    102.    Levy G, Finkelstein A, McNiff JM. Immunohisto-
chemical techniques to compare primary vs. meta-
static mucinous carcinoma of the skin. J Cutan Pathol. 
2010;37:411–5.  

    103.    Ivan D, Nash JW, Prieto VG, Calonje E, Lyle S, 
Diwan AH, Lazar AJ. Use of p63 expression in dis-
tinguishing primary and metastatic cutaneous 
adnexal neoplasms from metastatic adenocarcinoma 
to skin. J Cutan Pathol. 2007;34:474–80.  

     104.    Flieder A, Koerner FC, Pilch BZ, Maluf 
HM. Endocrine mucin-producing sweat gland carci-
noma. A cutaneous neoplasm analogous to solid 
papillary carcinoma of the breast. Am J Surg Pathol. 
1997;21:1501–6.  

   105.    Zembowicz A, Garcia CF, Tannous ZS, Mihm 
MC, Koerner F, Pilch BZ. Endocrine mucin- 
producing sweat gland carcinoma. Twelve new 
cases suggest that it is a precursor of some inva-
sive mucinous carcinomas. Am J Surg Pathol. 
2005; 9:1330–9.  

   106.    Bulliard C, Murali R, Maloof A, Adams S. Endocrine 
mucin-producing sweat gland carcinoma: report of a 
case and review of the literature. J Cutan Pathol. 
2006;33:812–6.  

   107.    Emanuel PO, De Vinck D, Waldorf HA, et al. 
Recurrent endocrine mucin-producing sweat gland 
carcinoma. Ann Diagn Pathol. 2007;11:448–52.  

   108.    Mehta S, Thiagalingam S, Zembovicz A, et al. 
Endocrine mucin-producing sweat gland carcinoma 
of the eyelid. Ophthal Plast Reconstr Surg. 
2008;24:164–5.  

   109.    Inozume T, Kawasaki T, Harada K, et al. A case of 
endocrine mucin-producing sweat gland carcinoma. 
Pathol Int. 2012;62:344–6.  

   110.    Salim AA, Karim RZ, McCarthy SW, et al. 
Endocrine mucin-producing sweat gland carcinoma: 
a clinicopathological analysis of three cases. 
Pathology. 2012;44:568–71.  

   111.    Dhaliwal CA, Torgersen A, Ross JJ, Ironside JW, 
Biswas A. Endocrine mucin-producing sweat gland 
carcinoma: report of two cases of an under- 
recognized malignant neoplasm and review of the 
literature. Am J Dermatopathol. 2013;35:117–24.  

   112.    Hoguet A, Warrow D, Milite J, et al. Mucin- 
producing sweat gland carcinoma of the eyelid: 
diagnostic and prognostic considerations. Am 
J Ophthalmol. 2013;155:585–92.  

     113.    Koike T, Mikami T, Maegawa J, et al. Recurrent 
endocrine mucin-producing sweat gland carcinoma 
in the eyelid. Australas J Dermatol. 2013;54:e46–9.  

    114.    Castro CY, Deavers M. Ductal carcinoma in-situ 
arising inmammary-like glands of the vulva. Int 
J Gynecol Pathol. 2001;20:277–83.  

   115.    Shah SS, Adelson M, Mazur MT. Adenocarcinoma 
in situ arising in vulvar papillary hidradenoma: 
report of 2 cases. Int J Gynecol Pathol. 2008;27:
453–6.  

2 Immunohistology and Molecular Studies of Sweat Gland Tumors



56

    116.    Vazmitel M, Spagnolo DV, Nemcova J, et al. 
Hidradenoma papilliferum with a ductal carcinoma 
in situ component: case report and review of the lit-
erature. Am J Dermatopathol. 2008;30:392–4.  

    117.    Kazakov DV, Spagnolo DV, Kacerovska D, Michal 
M. Lesions of anogenitalmammary-like glands: an 
update. Adv Anat Pathol. 2011;18:1–28.  

    118.    Duke WH, Sherrod TT, Lupton GP. Aggressive digi-
tal papillary adenocarcinoma. (Aggressive digital 
papillary adenoma and adenocarcinoma revisited.). 
Am J Surg Pathol. 2000;24:775–84.  

     119.    Kao GF, Helwig EB, Graham JH. Aggressive digital 
papillary adenoma and adenocarcinoma. A clinico-
pathological study of 57 patients, with histochemical 
immunopathological and ultrastructural observa-
tions. J Cutan Pathol. 1987;14:129–46.  

     120.    Hsu HC, Ho CY, Chen CH, Yang CH, Hong HS, 
Chuang YH. Aggressive digital papillary adenocarci-
noma: a review. Clin Exp Dermatol. 2010;35:113–9.  

    121.    Chen S, Asgari M. Is aggressive digital papillary 
adenocarcinoma really aggressive digital papillary 
adenocarcinoma? Dermatol Pract Concept. 
2014;4:33–5.  

    122.    Suchak R, Wang WL, Prieto VG, Ivan D, Lazar AJ, 
Brenn T, Calonje E. Cutaneous digital papillary ade-
nocarcinoma: a clinicopathologic study of 31 cases 
of a rare neoplasm with new observations. Am 
J Surg Pathol. 2012;36:1883–91.  

    123.    Crain N, Nelson BL, Barnes EL, Thompson 
LD. Ceruminous gland carcinomas: a clinicopatho-
logic and immunophenotypic study of 17 cases. 
Head Neck Pathol. 2009;3:1–17.  

     124.    Kazakov DV, Belousova IE, Bisceglia M, Calonje 
E, Emberger M, Grayson W, Hantschke M, Kempf 
W, Kutzner H, Michal M, Spagnolo DV, Virolainen 
S, Zelger B. Apocrine mixed tumor of the skin 
(‘mixed tumor of the folliculosebaceous-apocrine 
complex’). Spectrum of differentiations and meta-
plastic changes in the epithelial, myoepithelial, 
and stromal components based on a histopatho-
logic study of 244 cases. J Am Acad Dermatol. 
2007;57:467–83.  

    125.    Schulhof Z, Anastassov GE, Lumerman H, 
Mashadian D. Giant benign chondroid syringoma of 
the cheek: case report and review of the literature. 
J Oral Maxillofac Surg. 2007;65:1836–9.  

    126.    Nather A, Sutherland IH. Malignant transformation 
of a benign cutaneous mixed tumor. Br J Hand Surg. 
1986;11:139–43.  

    127.    Scott A, Metcalf JS. Cutaneous malignant mixed 
tumor. Am J Dermatopathol. 1988;10:335–42.  

     128.    Trown K, Heenan PJ. Malignant mixed tumor of the 
skin (malignant chondroid syringoma). Pathology. 
1994;26:237–43.  

   129.    Metzler G, Schaumburg-Lever G, Hornstein O, 
Rassner G. Malignant chondroid syringoma: immuno-
histopathology. Am J Dermatopathol. 1996;18:83–9.  

     130.    Kiely JL, Dunne B, McCabe M, McNicholas 
WT. Malignant chondroid syringoma presenting as 
multiple pulmonary nodules. Thorax. 1997;52:395–6.  

     131.    Robson A, Lazar AJ, Ben Nagi J, Hanby A, Grayson 
W, Feinmesser M, Granter SR, Seed P, Warneke CL, 
McKee PH, Calonje E. Primary cutaneous apocrine 
carcinoma: a clinico-pathologic analysis of 24 cases. 
Am J Surg Pathol. 2008;32:682–90.  

     132.    Robson A, Greene J, Ansari N, et al. Eccrine poro-
carcinoma (malignant eccrine poroma): a clinico-
pathologic study of 69 cases. Am J Surg Pathol. 
2001;25:710–20.  

    133.    Claudy AL, Garcier F, Kanitakis J. Eccrine porocar-
cinoma. Ultrastructural and immunological study. 
J Dermatol. 1984;11:282–6.  

     134.    Wollina U, Castelli E, Rülke D. Immuno-
histochemistry of eccrine poroma and porocarci-
noma more than acrosyringeal tumors? Recent 
Results Cancer Res. 1995;139:303–16.  

    135.    Kurisu Y, Tsuji M, Yasuda E, Shibayama Y. A case of 
eccrine porocarcinoma: usefulness of immunostain 
for S-100 protein in the diagnoses of recurrent and 
metastatic dedifferentiated lesions. Ann Dermatol. 
2013;25:348–51.  

    136.    Mahalingam M, Richards JE, Selim MA, 
Muzikansky A, Hoang MP. An immunohistochemi-
cal comparison of cytokeratin 7, cytokeratin 15, 
cytokeratin 19, CAM 5.2, carcinoembryonic anti-
gen, and nestin in differentiating porocarcinoma 
from squamous cell carcinoma. Hum Pathol. 
2012;43:1265–72.  

    137.    Gu LH, Ichiki Y, Kitajam Y. Aberrant expression of 
p16 and RB protein in eccrine porocarcinoma. 
J Cutan Pathol. 2002;29:473–9.  

    138.    Holden CA, Shaw M, McKee PH, et al. Loss of 
membrane B2 microglogulin in eccrine porocarci-
noma. Its association with the histopathologic and 
clinical criteria for malignancy. Arch Dermatol. 
1984;120:732–5.  

    139.    Diaz de Leon E, Carcangiu ML, Prieto VG, McCue 
PA, Burchette JL, To G, Norris BA, Kovatich AJ, 
Sanchez RL, Krigman HR, Gatalica Z. Extramammary 
Paget disease is characterized by the consistent lack of 
estrogen and progesterone receptors but frequently 
expresses androgen receptor. Am J Clin Pathol. 
2000;113:572–5.  

   140.    Liegl B, Horn LC, Moinfar F. Androgen receptors are 
frequently expressed in mammary and extramam-
mary Paget’s disease. Mod Pathol. 2005;18:1283–8.  

    141.    Goldblum JR, Hart WR. Vulvar Paget’s disease: a 
clinicopathologic and immunohistochemical study 
of 19 cases. Am J Surg Pathol. 1997;21:1178–87.  

    142.    Ohnishi T, Watanabe S. Immunohistochemical anal-
ysis of human milk fat globulin expression in extra-
mammary Paget’s disease. Clin Exp Dermatol. 
2001;26:192–5.  

    143.    Inoguchi N, Matsumara Y, Kanazawa N, Morita K, 
Tachibana T, Sakurai T. UtaniA, Miyachi 
Y. Expression of prostate-specifi c antigen and andro-
gen receptor in extramammary Paget’s disease and 
carcinoma. Clin Exp Dermatol. 2007;32:91–4.  

    144.    Kuivanen T, Tanskanen M, Jahkola T, Impola U, 
Asko-Seljavaara S, Saarialho-Kere U.  Matrilysin-1 

A.M. Molina-Ruiz et al.



57

(MMP-7) and MMP-19 are expressed by Paget’s 
cells in extramammary Paget’s disease. J Cutan 
Pathol. 2004;31:483–91.  

    145.    Liu H, Moroi Y, Yasumoto S, Kokuba H, Imafuku S, 
Koga T, Masuda T, Tu Y. FurueM, Urabe 
K. Expression of insulin-like growth factor-1 recep-
tor, p-AKT and p-ERK1/2 protein in extramammary 
Paget’s disease. Br J Dermatol. 2006;155:586–91.  

   146.    Liu H, Urabe K, Uchi H, Takeuchi S, Nakahara T, 
Dainichi T, Tu Y, Furue M, Moroi Y. Expression and 
prognostic signifi cance of Stat5a and E-cadherin in 
extramammary Paget’s disease. J Cutan Pathol. 
2007;34:33–8.  

    147.    Liu HJ, Moroi Y, Masuda T, Yasumoto S, Kokuba H, 
Imafuku S, Koga T, Tetsuya T, Tu YT, Aburatani H, 
Furue M, Urabe K. Expression of phosphorylated 
Stat3, cyclin D1 and bcl-xl in extramammary Paget 
disease. Br J Dermatol. 2006;154:926–32.  

    148.    Sellheyer K, Krahl D. Ber-EP4 enhances the differ-
ential diagnostic accuracy of cytokeratin 7 in paget-
oid cutaneous neoplasms. J Cutan Pathol. 2008;
35:366–72.  

    149.    Kuan SF, Montag AG, Hart J, Krausz T, Recant 
W. Differential expression of mucin genes in mam-
mary and extramammary Paget’s disease. Am J Surg 
Pathol. 2001;25:1469–77.  

    150.    Pizinger K, Michal M. Malignant cylindroma in 
Brooke-Spiegler syndrome. Dermatology. 2000;201:
255–7.  

    151.    Durani BK, Kurzen H, Jaeckel A, Kuner N, Naeher 
H, Hartschuh W. Malignant transformation of mul-
tiple dermal cylindromas. Br J Dermatol. 2001;145:
653–6.  

    152.    Argenyi ZB, Nguyen AV, Balogh K, Sears JK, 
Whitaker DC. Malignant eccrine spiradenoma: a 
clinicopathologic study. Am J Dermatopathol. 
1992;14:181–390.  

    153.    Crowson AN, Magro CM, Mihm MC. Malignant 
adnexal neoplasms. Mod Pathol. 2006;19:93–126.  

    154.    Ohtsuka H, Nagamatsu S. Microcystic adnexal car-
cinoma: review of 51 Japanese patients. Dermatology. 
2002;204:190–3.  

    155.    Callahan EF, Vidimos AT, Bergfeld WF. Microcystic 
adnexal carcinoma (MAC) of the scalp with 

 extensive pilar differentiation. Dermatol Surg. 
2002;28:536–9.  

    156.    Ongenae KC, Verhaegh ME, Vermeulen AH, 
Naeyaert JM. Microcystic adnexal carcinoma: an 
uncommon tumor with debatable origin. Dermatol 
Surg. 2001;27:979–84.  

    157.    Hoang MP, Dresser KA, Kapur P, High WA, 
Mahalingam M. Microcystic adnexal carcinoma: an 
immunohistochemical reappraisal. Mod Pathol. 
2008;21:178–85.  

    158.    Krahl D, Sellheyer K. Monoclonal antibody BerEP4 
reliable discriminates between microcystic adnexal 
carcinoma and basal cell carcinoma. J Cutan Pathol. 
2007;34:782–7.  

    159.    Requena L, Marquina A, Alegre V, Aliaga A, 
Sanchez YE. Sclerosing-sweat-duct (microcystic 
adnexal) carcinoma—a tumor from a single eccrine 
origin. Clin Exp Dermatol. 1990;15:222–4.  

    160.    Smith KJ, Williams J, Corbett D, Skelton 
H. Microcystic adnexal carcinoma. An immuno-
histochemical study including markers of prolifer-
ation and apoptosis. Am J Surg Pathol. 2001;
25:464–71.  

    161.    van der Kwast TH, Vuzevski VD, Ramaekers F, 
Bousema MT, Van Joost T. Primary cutaneous ade-
noid cystic carcinoma: case report, immunohisto-
chemistry, and review of the literature. Br J Dermatol. 
1988;118:567–77.  

    162.    Chu SS, Chang YL, Lou PJ. Primary cutaneous ade-
noid cystic carcinoma with regional lymph node 
metastasis. J Laryngol Otol. 2001;115:673–5.  

    163.    Eckert F, Pfau A, Landthaler M. Adenoid cystic 
sweat gland carcinoma: a clinicopathologic and 
immunohistochemical study. Hautarzt. 
1994;45:318–23.  

    164.    Matsumura T, Kumakiri M, Ohkaware A, Yoshida 
T. Adenoid cystic carcinoma of the skin: an immu-
nohistochemical and ultrastructural study. 
J Dermatol. 1993;20:164–70.  

    165.    Fukai K, Ishii M, Kobayashi H, et al. Primary cuta-
neous adenoid cystic carcinoma: ultrastructural 
study and immunolocalization of types I, II, IV, V 
collagens and laminin. J Cutan Pathol. 1990;17:
374–80.      

2 Immunohistology and Molecular Studies of Sweat Gland Tumors



http://www.springer.com/978-3-319-30588-2


	2: Immunohistology and Molecular Studies of Sweat Gland Tumors
	 Introduction
	 Normal Apocrine Glands
	 Normal Eccrine Glands
	 Apoeccrine Glands
	 Mammary-Like Glands

	 Cysts and Hamartomas
	 Apocrine Hidrocystoma, Eccrine Hidrocystoma, and Apocrine Cystadenoma
	 Apocrine and Eccrine Nevi
	 Syringocystadenoma Papilliferum

	 Benign Tumors
	 Tubular Adenoma
	 Hidradenoma Papilliferum
	 Ceruminous Gland and Moll’s Gland Adenomas
	 Nipple Adenoma
	 Apocrine Hidradenoma
	 Cutaneous Mixed Tumor
	 Syringoma
	 Spiradenoma, Cylindroma, and Spiradenocylindroma
	 Poroma Group
	 Myoepithelioma

	 Malignant Tumors
	 Syringocystadenocarcinoma Papilliferum
	 Cribriform Carcinoma
	 Cutaneous Mucinous Carcinoma
	 Endocrine Mucin-Producing Sweat Gland Carcinoma
	 Hidradenocarcinoma Papilliferum
	 Digital Papillary Adenocarcinoma
	 Ceruminous and Moll’s Gland Carcinomas
	 Malignant Mixed Tumor
	 Apocrine Adenocarcinoma
	 Porocarcinoma
	 Extramammary Paget’s Disease
	 Spiradenocarcinoma and Cylindrocarcinoma
	 Microcystic Adnexal Carcinoma
	 Adenoid Cystic Carcinoma

	References


