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Background. Expression of human CD133 (human prominin-1) in cancer cells has been postulated to be a marker of stemness and
is considered as a putative marker of cancer stem cells (CSCs). We designed a study to describe the expression pattern of CD133 in
normal skin and in epithelial cutaneous neoplasms.Methods. The CD133 immunohistochemical expression of forty-three eccrine
and apocrine tumors was compared to that observed in other epithelial tumors of the skin. In addition, flow cytometry was used
to detect the CD133 expression of four epithelial skin neoplasms, including one porocarcinoma. Results. CD133 immunoreactivity
at the apical or at the apicolateral surface of cells forming glandular structures was observed. Cells from solid areas of benign or
malignant tumors were not stained. The porocarcinoma derived culture cells showed a 22% of CD133 positive cells using flow
cytometry, while squamous cell carcinoma cultures contained less than 0.1%. Conclusions. These observations indicate that CD133
is a specific marker of glandular differentiation that could be included in the diagnostic panel of cutaneous tumors with possible
eccrine or apocrine differentiation. However, the use of CD133 expression as a marker of CSCs should be interpreted with caution
in experiments of skin.

1. Introduction

In the last few years, a growing body of evidence has been
reported supporting the notion that the capability to sustain
tumor formation and growth exclusively resides in a small
population of cells called cancer stem cells (CSCs). Search
of markers that demonstrate the stem cell-like phenotype of
these tumor initiating cells is an active field of investigation,
and several stem cell markers have been described recently in
skin tumors [1, 2].

CD133 is the human homologue of mouse prominin-
1, a five transmembrane domain cell surface glycoprotein
that has received notable attention because of its expression
restricted to various somatic stem cell subpopulations [3].
This surface antigen was discovered as a target of a mono-
clonal antibody defined as Mab AC133, a marker expressed

by a subpopulation of CD34 positive hematopoietic stem cells
derived from human foetal liver and bone marrow [3–5].
Subsequently CD133 was detected in different human normal
tissues, including kidney, prostate, brain, and pancreas, and
found to be specifically associated with microvilli and other
plasma membrane protrusions [6–9]. Moreover, this antigen
has also been identified in haematological malignancies and
in several solid human neoplasms, including glial tumors,
prostate carcinoma, kidney carcinoma, hepatocarcinoma,
colorectal carcinoma, andmalignantmelanoma [7, 9–13].The
aim of many of these studies was to determine the existence
of CSCs, defined as a small group of cancer cells that have the
capacity for self-renewal, tumor initiation, and tumor growth
maintenance. Antibodies routinely used for purification of
AC133-positive cells target poorly characterized glycosylated
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epitopes of uncertain specificity. Although the functional
activity of CD133 is still controversial and its physiological
function is not yet determined [14], it is becoming clear that
this cell surface protein is a unique marker of both plasma
membrane protrusions and membrane microdomains [3]. It
has been suggested that in this cellular location CD133 may
act as a regulator of membrane lipid composition or it can
participate in the mechanisms of cell polarity and migration
[15].

In previous studies that report the CD133 immuno-
histochemical staining of human glandular epithelia, such
as salivary glands, lacrimal glands, pancreatic ducts, endo-
cervical glands, and sweat glands, a peculiar pattern of
CD133 expression has been described [8, 9, 14]. In these
epithelia, CD133 has been shown to be localized to plasma
membrane protrusions at the apical areas of polarized cells.
A similar CD133 apical cytoplasmic staining pattern of cells
surrounding a lumen has also been observed in carcinomas
from ovary, colon, or pancreas [14, 15].

The finding of the CD133 antibody staining sweat gland
cells prompted us to design a study that we now report, in
order to evaluate the expression of CD133 in skin eccrine and
apocrine tumors.

2. Materials and Methods

2.1. Cases. A retrospective search retrieved 43 previously
diagnosed skin eccrine and apocrine adnexal tumors from
the files of the Department of Pathology of the Albacete Uni-
versity Hospital. Glass slides, paraffin blocks, and histopatho-
logical reports from all the cases were obtained. Slides were
reviewed and adnexal skin tumors were diagnosed according
to the criteria of the World Health Organization (WHO)
classification [16], including eccrine spiradenoma (𝑛 = 3),
nodular hidradenoma (𝑛 = 5), eccrine hidrocystoma (𝑛 =
3), poroma (𝑛 = 6), porocarcinoma (𝑛 = 1), syringo-
cystadenoma papilliferum (𝑛 = 3), chondroid syringoma
(𝑛 = 4), syringoma (𝑛 = 6), cylindroma (𝑛 = 4),
hidradenoma papilliferum (𝑛 = 2), apocrine hidrocystoma
(𝑛 = 3), microcystic adnexal carcinoma (𝑛 = 2), and apocrine
carcinoma (𝑛 = 1). Cases of basal cell carcinoma (𝑛 = 5) and
squamous cell carcinoma (𝑛 = 4) were also included in this
study to compare the results obtained in these neoplasmswith
those obtained in sweat gland tumors. To evaluate the CD133
expression in normal skin, we analyzed skin from different
areas obtained from the margins of six surgically resected
tumors of the skin and from three autopsies.

For culture of skin cancer cells, seven samples from
human skin tumors that corresponded to one eccrine poro-
carcinoma and six squamous cell carcinomas were obtained.
Fresh tissue from these cases was included in Dulbecco’s
ModifiedEagle’smedium (DMEM), supplementedwith peni-
cillin/streptomycin and fungizone, immediately after surgical
resection.

2.2. Immunohistochemistry. Formalin fixed, paraffin embed-
ded tissue sections 4 𝜇m wide were cut, deparaffinized in

xylene, and rehydrated in a graded series of ethanol. Endoge-
nous peroxidase activity was blocked with 3% H

2
O
2
for

5 minutes. Slides were treated with heat-induced epitope
retrieval and immunostained with three different anti-CD133
monoclonal antibodies: AC133 monoclonal antibody, 293C3
monoclonal antibody, and AC141 monoclonal antibody (all
from Miltenyi Biotec, Germany). Antibodies were tested at
different dilutions and times of incubation. CD133 detection
was performed by using the EnVision system-HRP (Dako,
Glostrup, Denmark) in a DakoCytomation Autostainer
platform, according to the manufacturer’s instructions.
Diaminobenzidine (DAB substrate system, Dako, Glostrup,
Denmark) was used as chromogen. From the three different
anti-CD133 antibodies tested, only one, the AC133 mono-
clonal antibody, worked in paraffin.The other two antibodies
tested failed because sections incubated with these antibodies
showed no staining or because the immunostaining observed
when high concentrations of the antibodies were used was
considered unspecific (similar staining was observed in neg-
ative controls).The AC133 monoclonal antibody gave reliable
results on the paraffin embedded sections tested.We establish
for this antibody a 1 : 10 dilution and 40minutes of incubation
at room temperature as the preferred working conditions.
Subsequently all the experiments were performed in those
conditions.

Sections of skin with normal sweat glands were used as
positive controls. In addition, when present in the sections,
normal sweat glands from the skin adjacent to the neoplasms
were used as internal positive controls.Negative controlswere
performed by omitting the anti-CD133 antibody during the
primary antibody incubation.

Immunohistochemical staining of solid areas and of
acinar or ductal structures from the tumors was separately
evaluated. CD133 staining was graded using a semiquanti-
tative scale. Acinar or ductal structures were evaluated as
follows: (−) no staining; (+) staining of secretory material
in the lumen of isolated ductules or acini and/or weak
staining of the apical or luminal border of few ductules or
acini; (++) clear staining of the apical or luminal border
of most ductules or acini present in the tumour; (+++)
staining of the apical or luminal border of all ductules or
acini present in the tumor. CD133 expressionwas evaluated by
two senior pathologists (EP and SYNC) in a blinded fashion
without knowledge of clinical and pathological information.
In cases of discrepant assessments, slides were reevaluated
by both pathologists under a multihead microscope, and an
agreement was obtained.

2.3. Culture of Cancer Cells from Skin Tumors. Tumor frag-
ments were mechanically and enzymatically disaggregated
by digestion with collagenase type IA (2mg/mL) (Gibco,
Invitrogen) in Hank’s balanced salt solution (HBSS) at 37∘C
for 2 hrs. Cells were filtered through a 40 𝜇m nylon mesh
and were further dissociated by serial passage through sero-
logical pipettes. Digested tissue was centrifuged at 1000×g
for 10min and the pellet washed several times to obtain
a single cell suspension. Isolated cells were plated into
culture flasks and grown at 37∘C in DMEM/F12 media
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containing 10% fetal bovine serum and supplemented with
penicillin/streptomycin and fungizone.

2.4. Flow Cytometry Analysis. All experiments were per-
formed on cell suspensions prepared at first passage of
primary culture from tumours. Cells were detached using
0.02% EDTA in phosphate-buffered saline (PBS) for 15min at
37∘C and washed with PBS before staining. Cell suspensions
were adjusted to 1 × 106 cells/mL and incubated with the
recommended antibody dilution (1/10) for 20min in the
dark (4∘C). Samples without primary antibody were used
as negative controls. The antibody used was anti-CD133/1
(AC133)-APC (Miltenyi Biotec). Unbound antibodies were
removed by washing with PBS, and cells were resuspended
in a suitable volume of buffer. Analysis was performed on a
LSRII flow cytometer (BD Biosciences). Data were analyzed
using Summit V5.0.1. 5170 software (Dako).

3. Results

3.1. Clinical Findings. The patient cohort consisted of 29
males and 23 females, ranging in age from 24 to 90 years
(median, 49 years).The site of presentationwas variable,most
of them localized on the head and neck region. Clinical data
are summarised in Table 1. All patients underwent excisional
skin biopsy.

3.2. Immunohistochemical Findings. From the three different
monoclonal antibodies tested on formalin-fixed, paraffin-
embedded tissue sections, and in accordance with previous
reports [7], only the AC133 gave sensitive and reliable results.
The overall immunohistochemical staining pattern observed
with this antibody was closely related to tissue architecture.
The staining wasmainly localized to the apical surface of cells
that formed ductal or glandular structures. Immunohisto-
chemical findings observed in these structures using the anti-
CD133 antibody are summarized in Table 1 and are described
below. Solid areas from any of the adnexal tumors examined
or from the basal cell and squamous cell carcinomas tested
failed to demonstrate CD133 positivity.

3.2.1. Normal Tissue. CD133 expression was observed at the
endoluminal or apical surface of the cells of the acini and
terminal ductules of normal eccrine glands (Figure 1(a)).
Intercellular canaliculi formed at the lateral membrane of
eccrine cells located in the secretory portion of normal
sweat glands were clearly stained (Figure 1(b)), as well as
the secretion found in the lumen of eccrine ducts. Staining
of normal apocrine glands at the terminal ductules was
observed at the apical border of the cells, although with a
patchy distribution. In acinar areas of these glands, where the
apocrine decapitation secretion was obvious, CD133 showed
only a weak or negative staining.

3.2.2. Tumors. CD133 was not expressed in any of the
squamous or basal cell carcinomas tested. Using the AC133

antibody the adnexal tumors analyzed in this work showed
the following staining pattern (summarized in Table 1).

Benign Tumors with Eccrine or Apocrine Differentiation. All
the eccrine spiradenoma cases presented CD133 immunore-
activity at the apical membrane of the duct-like structures
present within the tumor nodules. The luminal surface of
the epithelial cells forming the unilocular cysts of all the
eccrine hidrocystoma cases analyzed was also positive. Ducts
and small cysts present in three of the six eccrine poroma
cases showed intense staining of the internal cell layer from
the proliferated tubules, and this staining was located at the
endoluminal border of the cells.The other three poroma cases
analyzed showed the same staining pattern in most tubules,
but with a (++) or (+) staining pattern of CD133 positivity.
Duct-like structures, present in the four cylindroma cases,
showed also immunoreactivity at the apical membrane of the
epithelial cells.The staining of the four chondroid syringomas
was prominent, and all the ductules present, which formed
occasional branching structures, showed intense positivity
at the apical membrane (Figure 2). The dilated and tortuous
ducts, which lead into cystic spaces of all the syringocystoade-
noma papilliferum cases, showed immunoreactivity at the
apical portion of the epithelial cells or at the luminal surface
of the cysts, with an intensity that ranged from (++) to (+++)
(Figure 3). The five cases diagnosed as nodular hidradenoma
showed isolated duct-like structures which were positive for
CD133 with an apical staining of the cells that formed the
tubules (Figure 4) that ranged in intensity from (++) to
(+++). The two hidradenoma papilliferum cases showed also
expression of CD133 at the apical portion of the glandular
structures. Only two of the six syringoma cases tested showed
consistent staining at the luminal surface of the small ducts
that formed the tumors, which were lined usually by two
layers of cubical epithelial cells. The apocrine hidrocystoma
cases failed to demonstrate any positive immunoreactivity.

Malignant Tumors with Eccrine or Apocrine Differentiation.
No immunoreactivity could be demonstrated at the luminal
surface of the cysts of the case diagnosed as apocrine carci-
noma. The two microcystic adnexal carcinomas analyzed in
this study showed strongCD133 positivity at the apical surface
of cells that formed the small and large lumina of the tubular
structures. CD133 immunostaining could be demonstrated at
the very atypical cells that surrounded the tubular structures
of the porocarcinoma case (Figure 5).

3.3. Characterization of Primary Cultures from Human Skin
Tumors and Flow Cytometry Analysis. Seven samples derived
from human skin tumors were processed with the goal of
obtaining single cell suspensions. Due to an insufficient
number of cells obtained from the tumors or to fungal or
bacterial contamination, only four samples were success-
fully cultured and analyzed for cell surface CD133/1 epitope
expression. These successfully cultured biopsies include one
eccrine porocarcinoma and three squamous cell carcinomas.
Microscopic examination of the cultured cells revealed differ-
ent morphologies that varied consistently to the histological
tumor type. Cells from squamous cell carcinoma showed
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Table 1: Summary of clinical and immunohistochemical findings.

Diagnosis Age Location CD133

Eccrine spiradenoma (𝑛 = 3)
76 Nasal +++
52 Neck +++
58 Nasal ++

Hidradenoma (𝑛 = 5)

38 Unknown +++
77 Forehead +++
85 Face +++
48 Head ++
78 Unknown ++

Eccrine hidrocystoma (𝑛 = 3)
76 Nasal +++
52 Neck ++
58 Nasal +++

Poroma (𝑛 = 6)

34 Plantar ++
85 Forearm +++
51 Scalp +++
31 Leg +
59 Unknown +++
67 Unknown ++

Porocarcinoma (𝑛 = 1) 90 Back +++

Syringocystadenoma papilliferum (𝑛 = 3)
36 Scalp ++
60 Pectoral +++
28 Scalp +++

Syringoma (𝑛 = 6)

42 Unknown +
36 Forearm ++
32 Neck +
31 Eyelid +
67 Inferior eyelid −

36 Eyelid ++

Cylindroma (𝑛 = 4)

51 Scalp ++
51 Scalp +++
80 Scalp ++
47 Unknown +++

Hidradenoma papilliferum (𝑛 = 2) 75 Vulvar +
31 Vulvar +

Chondroid syringoma (𝑛 = 4)

38 Supralabial ++
36 Nasal +++
60 Forehead +++
53 Eyelid +++

Apocrine hidrocystoma (𝑛 = 3)
33 Eyelid −

79 Eyelid −

40 Face −

Apocrine carcinoma (𝑛 = 1) 62 Axilar −

Microcystic adnexal carcinoma (𝑛 = 2) 46 Upper lip +++
53 Upper lip +++

CD133 staining was graded using a semiquantitative scale. Acinar or ductal structures were evaluated as follows: (−) no staining; (+) staining of secretory
material in the lumen of isolated ductules or acini and/or weak staining of the apical or luminal border of few ductules or acini; (++) clear staining of the apical
or luminal border of most ductules or acini present in the tumour; (+++) staining of the apical or luminal border of all ductules or acini present in the tumor.



BioMed Research International 5

(a)

(b)

Figure 1: CD133 in normal eccrine glands stains the endoluminal
surface of the cells and the sweat gland secretion (a). Intercellular
canaliculi at the lateral membrane of eccrine cells are also observed
(b).

Figure 2: CD133 positivity at the inner surface of chondroid
syringoma branching tubules. No staining of the stromal cells or of
outer epithelial cells is noted.

epithelioid or spindle cell appearance while eccrine porocar-
cinoma derived cells had more rounded shape and grouped
together into islets of small and atypical cells. The presence
of epithelial cells in these cultures was confirmed through
E-cadherin and EpCam positive expression as epithelial
markers.

To determine whether skin tumor cell cultures contained
a population of CD133 positive cells, we used flow cytometry
to examine the expression of CD133/1 surfacemarker with the
AC133 antibody. All samples from squamous cell carcinoma
contained less than 0.1% of positive cells, while nearly 22%
of positive cells were detected in eccrine porocarcinoma.

Figure 3: Papillary projections of syringocystadenoma papilliferum
lined by pseudostratified columnar epithelium are CD133 positive.
The positivity is very intense at the endoluminal surface.

Figure 4: Linear CD133 staining of columnar cells lining tubules of
a hidradenoma case. Only cells that are located at the inner surface
of the tubules are stained.

Figure 6 shows representative histograms from the two skin
tumor types evaluated.

4. Discussion

Progress in cutaneous stem cell biology, and in carcinogenesis
understanding, depends heavily on the availability ofmarkers
specific for distinctive stem cell populations [1]. Known
markers of skin stem cells [17, 18] or of stem cells that have
been identified in other organs or tumors [19]may be used for
detection of cutaneous CSCs. One of these markers that can
be tested in the skin is the CD133 protein (prominin-1). The
first data reporting CD133 expression using the monoclonal
antibody AC133, produced against a novel stem cell glycopro-
tein antigen, showed that CD133 was selectively expressed on
CD34 hematopoietic stem and progenitor cells derived from
human fetal liver and bone marrow, as well as from blood
[2, 3]. Since then, several reports have shown that prominin-
1 can be used to identify and isolate human stem cells from
various sources, including the hematopoietic system [3], the
prostate [7], the pancreas [9], or the kidney [6]. In addition,
monoclonal antibodies against CD133 have been used for
the identification and isolation of a putative population of
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(a) (b)

Figure 5: Ductal structures of porocarcinoma seen in H&E sections (a) are CD133 positive (b).
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Figure 6: CD133 expression profiles in human skin primary tumour cells. Analysis of CD133/1 expression in samples from eccrine
porocarcinoma (b) and from squamous cell carcinoma (a). Flow cytometry of porocarcinoma derived cell cultures show a 22% of CD133/1
epitope positive cells and CD133 immunostaining. Squamous cell carcinoma shows negative staining for CD133 and 0% positive CD133 cells
on flow cytometry.

tumor-initiating cells or CSCs in a number of human carci-
nomas [9, 11, 20] and in malignant melanoma [12]. In glioma,
the increased number ofCD133 positive cancer cells, aswell as
the presence of clusters of these cells, has been proposed as a
significant prognostic factor, independent of other factors like
tumor grade [21]. However, other studies, using different and
novel anti-CD133 clones, have suggested that the expression
of CD133 is not limited to stem and progenitor cells and
seems to be expressed in adult epithelial cells of mouse
and human tissues [8, 11, 14, 22, 23]. For instance, using

a CD133 clone, called 13A4, derived from mouse prominin-1,
Weigmann et al. [8] demonstrated expression of prominin-
1 at the apical surface of neuroepithelial cells and adult
kidney proximal tubules, and Karbanová et al. [14], using a
monoclonal antibody (80B258) generated against a human
prominin-1 polypeptide, observed immunoreactivity in adult
human tissues, particularly in glandular epithelia. These
results indicate the need for further studies to clarify whether
the AC133 antigen, previously found in flow cytometry to be
restricted to the CD34 positive progenitor cells, is expressed
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in adult epithelial cells [4, 5, 24, 25]. It has been suggested
that the variable CD133 expression observed is related to the
differential affinity of the diverse antibodies to various glyco-
sylated forms of CD133 [24].Themonoclonal antibodyAC133
recognizes a glycosylated epitope of prominin-1 [4], and,
interestingly, the glycosylation of this protein may change
depending on the state of cellular differentiation, or it can be
altered during the process of malignant transformation [11,
22, 24]. In our study on human skin tumors, we have observed
that CD133 expression is greatly dependent on the formation
of sweat gland ductules and sweat gland secretion. CD133
immunoreactivity was mainly seen at the apical/endoluminal
surface of duct-like structures or cysts of most benign and
malignant eccrine tumors. None of the tumors studied,
neither benign nor malignant, presented isolated or small
clusters of CD133 positive neoplastic cells in solid areas.
Similar CD133 staining pattern of the apical cell membrane
of secretory cells has been previously reported in normal
tubular structures such as kidney proximal tubules [8] or in
tumor glands of colorectal cancer [20]. CD133 staining was
also found at the apical/endoluminal surface of cells forming
a lumen in ovarian carcinomas [26]. In these cases, the apical
location of CD133 has been implicated in a possible secretory
function of this molecule. The morphological distribution
of the CD133 staining demonstrates a correlation with well
recognized secretory structures of normal tissues and glands,
suggesting a functional relation of CD133 with secretion. In
fact, in our study, tumors suspected to be originated in the
ductal areas of the sweat glands, like syringomas, showed a
less intense pattern of staining than those originated at the
acinar portions.

The CD133 expression on the cell surface of differentiated
tumor cells is an argument against CD133 as a specific cancer
stem cell marker in the skin. However, the existence of a small
CD133+ CSC population cannot be completely ruled out, as
it has been demonstrated in other organs, where CD133 is
expressed on the cell surface of both, CSCs, and differentiated
tumor cells [9, 14, 27].

Taken together, our findings demonstrate a specific
immunohistochemical expression of the AC133 antibody at
the secretory surface of differentiated normal and neoplastic
cells of eccrine glands. Experiments that use this antibody as
a marker of CSCs in skin should be interpreted with caution.
The AC133 antibody is a sensitive and specific marker of
cutaneous glandular differentiation, useful for the diagnosis
of tumors with possible eccrine or apocrine differentiation.
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