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Souhrn

Merkelovy buÀky v adnexálních koÏních nádorech

Úvod: Merkelovy buÀky (MB) jsou neuroendokrinní buÀky pfiítomné v kÛÏi jak v bazální vrstvû epider-
mis, tak v zevní epitelové pochvû vlasového folikulu.

Imunohistochemické studie odhalily zv˘‰ení jejich poãtu v hyperplastick˘ch a nádorov˘ch koÏních
lézích. V této práci jsme zkoumali distribuci MB v nádorech koÏních adnex a jejich moÏn˘ vztah k prolife-
raãní aktivitû nádorového epitelu. 

Materiál a metody: Vy‰etfiili jsme 76 vzorkÛ nádorÛ s folikulární diferenciací. Parafínové a zmrazené
fiezy byly zpracovány imunohistochemicky metodou alkalická fosfatáza – anti-alkalická fosfatáza (APAAP)
s pouÏitím protilátek proti jednoduch˘m cytokeratinÛm identifikujících MB. Navíc byly pouÏity protilátky
proti MIB-1 a proliferujícímu nukleárnímu antigenu (PCNA) ke stanovení proliferaãní aktivity nádorové
tkánû.

V˘sledky: Nádory s nejvy‰‰í proliferaãní aktivitou jako infundibulom, névus vlasového folikulu („hair
follicle naevus“), trichofolikulom byly zároveÀ nádory s nejvy‰‰ím poãtem MB. V na‰í studii mûl trichoepi-
teliom zv˘‰enou proliferaãní aktivitu, ale nebyl prokázán zv˘‰en˘ poãet MB. Poãet MB v bazaliomu a tri-
chofolikulomu odpovídal proliferaãní aktivitû nádoru.

Závûr: Adnexální nádory s folikulární diferenciací ãasto obsahují MB. MB jsou pravdûpodobnû zapoje-
ny v kontrolních mechanismech proliferace. I kdyÏ lze uvaÏovat o vlivu uvolÀovan˘ch neuropeptidÛ
v lokální stimulaci proliferace, pfiesn˘ mechanismus, kter˘m MB stimulují bunûãné dûlení, zatím nebyl
objasnûn.
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Summary

Merkel Cells in Adnexal Neoplasias of Skin

Introduction: Merkel cells (MC) are neuroendocrine cells of skin present in both the epidermal basal
layer and the outer root sheath of hair follicles. Immunohistochemical studies revealed an increase of their
number in hyperplastic and neoplastic lesions of skin. In this paper, we investigated the distribution of MC
among adnexal skin tumors and their possible relationship to proliferative activity of the tumor epithelium.

Material and methods: We investigated 76 tumor specimens with hair follicle differentiation. Paraffin-
embedded tissue and cryo-preserved tissue samples were available for immunohistology using the alkaline
phosphatase – anti-alkaline phosphatase (APAAP) technique with antibodies against simple-type cytokera-
tins to identify MC. In addition, antibodies against MIB-1 and proliferating cell nuclear antigen (PCNA)
were applied to evaluate the proliferative activity of the tumors.

Results: The tumors with the highest proliferative activity like infundibular tumor, hair follicle nevus,
trichofolliculoma were also the tumors with the highest number of MC. In our hands, the trichoepithlioma
had an increased proliferative activity but not an increased number of MC. In basal cell carcinoma and
trichofolliculoma MC were found in close proximity to proliferating tumor cells.

Conclusion: Skin adnexal tumors of hair follicle differentiation often contain MC. MC seem to be invol-
ved in proliferation control. Though one might speculate about release of neuropeptides from MC to stimu-
late local growth the exact mechanism(s) by which the proliferation can be stimulated by MC remains to
be elucidated. 

Key word: adnexal tumors of skin – hair follicle differentiation – Merkel cell – proliferative activity
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INTRODUCTION

Merkel cells (MC) are neuroendocrine cells present in
the basal cell layer of the epidermis or within the hair fol-
licle. The follicular are localized within the outer root
sheath in the region of the nerve plexus and in the bulge
region (Wulst) (14). MC develop intracellular neuroen-
docrine granula of 80 to 120 nm size and express simple-
type cytokeratins 8, 18, and 20 (7, 16). MC are capable to
synthesize and secrete a variety of different neuropeptides
including substance P, vasoactive intestinal peptide or
calcitonin gene related peptide (5, 28, 29).

MC themselves do not proliferate but can be generat-
ed from epidermal keratinocytes by transdifferentiation
(3, 18, 19, 27, 31). Transdifferentiation stands for
a change in the programme of differentiation of cells
without a change in proliferative activity.

The normal MC density differs between 5/mm2 on the
glans penis to 103/ mm2 on the finger pulp (11). An
increase in the MC density has been reported from chron-
ic actinic damaged skin (15), hypertrophic actinic ker-
atoses (13), prurigo nodularis (17), and psoriasis plaques
(29). Therefore, it has been speculated about a relation-
ship between MC and proliferative activity of epithelial
cells (13).

In the present paper we investigated different skin
tumors with adnexal differentiation for presence of MC
and their relationship to proliferative activity.

MATERIAL AND METHODS

Of 78 adnexal skin tumors paraffin-embedded and/ or
cryo-preserved material was available for this study
(Table 1). Tissue sections of about 5 µm were stained
with monoclonal antibodies against simple-type cytoker-
atins (CK20 against cytokeratin 20 from DAKO; Cam 5.2
against cytokeratins 8 and 18 from Becton Dickinson)
and antibodies against antigens associated with prolifera-

tive activity (MIB-1 – DIANOVA, proliferation cell
nuclear antigen – PCNA from MEDAC) on parallel sec-
tions. We used the alkaline phosphates-anti alkaline phos-
phatase (APAAP) technique developed with naphthol As-
Mx phosphate according to Schaumburg-Lever (24). The
MC density was calculated according to Moll et al. (15).

Statistical analysis: Mann-Whitney-U-test, correla-
tions according to Pearson (22).

RESULTS

Within the tumor parenchyma MC were identified in
trichofolliculoma, trichoepithelioma, trichilemmal cyst
and basal cell carcinoma. The MC density varied between
0.2 and 1.2/ mm2. In the tumor stroma MC were observed
in all tumor entities at a density between 1.0 and 21.4/
mm2. The details are given in Table 2.

Table 1. Tumor specimens investigated

Tumor type n

Trichofolliculoma 10

Trichoepithelioma 13

Inverted follicular keratosis 9

Infundibular tumor 1

Nevoid bundle hair 1

Proliferating trichilemmal cyst 5

Hair follicle nevus 8

Nevus sebaceous 2

Pilomatrixoma 3

Basal cell carcinoma 26

solid type 24

morpheiform type 2

Total 78

Table 2. MC density within the tumor parenchyma 
(as measured by Cam 5.2-positive cells)

Tumor type MC density (MC/ mm2)

Trichofolliculoma 1.2

Trichoepithelioma 0.7

Inverted follicular keratosis 0.0

Infundibular tumor 0.0

Nevoid bundle hair 0.0

Proliferating trichilemmal cyst 1.0

Hair follicle nevus 0.0

Nevus sebaceous 0.0

Pilomatrixoma 0.0

Basal cell carcinoma 0.2

Table 3. Proliferative activity of adnexal tumors

Tumor type Proliferative density/ mm2)

MIB-1 PCNA

Trichofolliculoma 4.3 0.4

Trichoepithelioma 3.4 1.3

Inverted follicular keratosis 1.0 1.6

Infundibular tumor 7.5 0.0

Nevoid bundle hair 0.0 0.0

Proliferating trichilemmal cyst 0.5 0.0

Hair follicle nevus 4.8 0.0

Nevus sebaceous 0.0 0.0

Pilomatrixoma 0.0 0.0

Basal cell carcinoma 2.1 2.2

Proliferative activity was higher with MIB-1 than
PCNA for either tumor parenchyma and stroma (Table 3).
There was a positive correlation of the count of MIB-1
positive tumor cells and MC counts within the tumor
parenchyma (p = 0.0018).

Cam 5.2 but not CK20 also stained single cells within
the tumor stroma. We observed a density of Cam 5.2-pos-
itive dermal cells between 1.0 mm-2 (inverted follicular
keratosis) to 21.4 mm- 2 (basal cell carcinoma) [Table 4;
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Fig. 1]. Considering all adnexal tumor entities investigat-
ed there was a positive correlation between stromal Cam
5.2-positive cells and tumor cell proliferation as meas-
ured by MIB 1 but not PCNA (p = 0.0018). This was not
the case for basal cell carcinoma despite they had the
highest number of dermal MC (p = 0.15).

Proliferative activity was calculated by immunostain-
ing for two different proliferation-associated antigens, i.e.
MIB-1 and PCNA. MIB-1 is a monoclonal antibody
reacting with the Ki67-antigen that is expressed through-
out the cell cycle with the exception of G0 and early G1
(4). PCNA is a co-protein of DNA polymerase δ that is
expressed in particular during late G1 and S phase (26).
We observed a better reactivity of the tumor specimen
with MIB-1 (see Table 3). The Pearson correlation sug-
gests an association of MC density with proliferative
active (MIB-1).

The density of dermal MC as measured by Cam 5.2
positivity was higher than that of MC within the tumor
parenchyma (see Table 4). Dermal MC are well known to
react with Cam 5.2 (8, 19). The different immunoreactiv-
ity of epidermal and dermal MC with CK20 cannot be
explained from our study. Dermal MC density was corre-
lated with tumor cell proliferation. 

This might be explained by paracrine activity. Some of
the neuropeptides found within MC, like substance P or
VIP are stimulating for epidermal keratinocytes in vitro
(9, 22, 30, 32). 

Whether neuropeptides might also be a stimulus for
adnexal tumor cells remains to be elucidated.
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Fig. 1. Demonstration of dermal Merkel cells beneath
a basal cell carcinoma (APAAP staining with Cam 5.2; ori-
ginal magnification x 400)

DISCUSSION

In previous studies MC were identified in hair follicle
tumors of human skin. By means of immunohistochem-
istry, MC have been identified in sebaceous nevus, tri-
chofolliculoma, trichoepithelioma – especially of the
desmoplastic type (20, 25), trichoblastoma (2), fibrous
papules of the face (10), chondroid syringoma (23), mor-
pheiform basal cell carcinoma (1), and lymphadenoma
(12). Some authors conclude from their work that CK20-
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quently found in trichoblastomas. Therefore this might be
of value in differentiating both tumor types (25). 

We observed MC within the tumor parenchyma of tri-
chofolliculoma, trichoepithelioma and trichilemmal cysts
and in a low density also within basal cell carcinomas
(see Table 2). 
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