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Background

Introduction
Normal cells grow, divide and die in an orderly fashion. They have a limited 
lifespan and are contained within their own niche. Processes as differentia-
tion, proliferation and cell death (apoptosis) are tightly regulated by cell 
signaling, both within and between cells. Cancer is defined as a cellular dis-
ease, constituted by a transformed cell population, which displays a selective 
growth advantage and an anti-social behavior. The transformation of a nor-
mal to a malignant cell can be described as a multistep process. The steps are 
believed to constitute genetic or epigenetic changes, and sequentially confer 
an altered phenotype (Kinzler and Vogelstein, 1996). Six traits have been 
identified as common to most cancers, and are defined as; self-sufficiency in 
growth signals, insensitivity to anti-growth signals, evasion of apoptosis, a 
limitless replicative potential, sustained angiogenesis and the capacity of 
tissue invasion and metastasis (Hanahan and Weinberg, 2000). The heritabil-
ity of these new traits is a hallmark of clonal expansion in tumors.

Skin cancer is the most common cancer in the western world. The ultra-
violet spectrum of sunlight is known to induce DNA damage, and sun expo-
sure is accepted as a major risk factor (Green et al., 1999). Short-term effects 
of sun exposure include sunburn and tanning, while long term effects include 
photoaging and skin carcinogenesis. Another important risk factor is skin 
pigmentation. People who are at the greatest risk of developing skin cancer 
have blond or red hair and blue or green eyes. Skin color is primarily deter-
mined by the quantity and quality of synthesized melanin in the skin. 
Melanins absorb the UVR energy and prevent it from damaging cellular 
structures. Melanins are synthesized in melanocytes, and fall into two major 
classes: brown-black eumelanin and yellow-red phaeomelanin. Red hair has 
a low ratio of eumelanin to phaeomelanin, black hair has a high ratio of 
eumelanin to phaeomelanin, whereas blond hair contains little of either class 
of melanin (Rees, 2004). Eumelanin is believed to protect against UV-
induced DNA damage, while phaeomelanin is thought to be photosensitizing 
and thereby do more harm than good (Takeuchi et al., 2004). 

The aim of molecular studies is to characterize the genetic background or 
transcription profile determining a specific phenotype. The accuracy of gen-
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erated data is greatly dependent on the quality and purity of the cell popula-
tion analyzed, whether it is normal or tumor cells. Homogenates of crude 
tissue allow for contaminations, which potentially may mask genetic altera-
tions. Careful precautions to preserve the integrity of nucleic acids during 
tissue and sample handling in combination with optimized assays enables 
analyses of small and well-defined cell populations. The situation where a 
single cell is sufficient is in many respects ideal. The material is optimally 
defined, and the result can be directly coupled to the specific cell. However, 
for subsequent applications requiring more than one cell, a homogenous 
collection of cells is a valid alternative. Microdissection offers the possibility 
to select and retrieve pure cell populations with great precision. 

Skin
General
The skin is a dynamic interface between the body and its environment. It 
functions as a protective barrier against microorganisms, mechanical injury 
and fluid loss. Moreover, the skin is important for regulation of body tem-
perature, absorption of UV-light, metabolism of vitamin D and detection of 
touch, temperature and pain sensations. In addition to its ability to communi-
cate internal physiological information and external stimuli the skin also 
reacts to psychological stimuli (Ross et al., 2003). 

Three main layers constitute the skin: epidermis, dermis and subcutis. The 
outer compartment, epidermis, consists mainly of keratinocytes. To a lesser 
extent it also includes melanocytes (synthesizing melanin), Merkel cells 
(specialized sensory nerve endings) and Langerhans cells (antigen presenting 
cells). The boundary between epidermis and dermis is known as the base-
ment membrane, and consists of a thin and densely packed layer of proteins 
(e.g. collagens, proteoglycans and laminins). The basement membrane medi-
ates anchorage of the basal keratinocytes, and provides resistance to shearing 
forces on the skin. Dermis provides a structural and nutritional support, and 
is composed of a matrix of collagen and elastin fibers, with a scarce distribu-
tion of fibroblasts, macrophages, and mast cells. A vascular network pro-
vides nutrition, and nerve processes enable cutaneous sensation. Dermis is 
divided into papillary and reticular dermis. Papillary dermis is the more su-
perficial of the two, and includes the dermal and epidermal protrusions 
found at the junction between epidermis and dermis. Compared to papillary 
dermis, the reticular dermis is thicker and consists of coarser bundles of col-
lagen and elastin fibers. The specialized appendages of the skin, e.g. hair 
follicles, sebaceous glands and sweat glands, are found anchored in the sub-
cutis, often called hypodermis. Hypodermis consists mainly of fat, arranged 
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into lobules and separated by septa of connective tissue. For review see 
(Junqueira and Carneiro, 2003; Ross et al., 2003).

Epidermis
Epidermis is a multilayered keratinized epithelium, predominated by kerati-
nocytes. Keratinocytes produce keratins, which are the main structural pro-
teins of epidermis, hair and nails. The maturation and migration of epidermal 
cells begins in the basal layer (stratum basale). As basal cells divide, kerati-
nocytes accumulate and are pushed toward the surface. During the trek out-
wards, the cells go through phases of maturation (Figure 1). In the prickle 
cell layer (stratum spinosum), the shape of the cells changes from columnar 
to polygonal. The cells exhibit cytoplasmic processes or spines, to which the 
desmosomes are anchored. In the granular layer (stratum granulosum), en-
zymes induce degradation of nuclei and organelles. Granules attach to the 
cell membrane and release keratohyalin, which contributes to cell adhesion 
and to the cornified layer. The keratinocytes then no longer have a need for 
metabolic activity, and a process of self-destruction resembling apoptosis 
begins. The products of this process form the cornified layer (stratum 
corneum), which is the outermost epidermal layer consisting of neatly 
packed enucleated, flattened squames that are continually sloughed and re-
placed. The cornified layer is important for reflecting rays of UV-radiation, 
preventing dirt and microorganisms from entering the skin, and for limiting 
loss of body fluids. High-contact areas are provided with a thicker and 
thereby more durable cornified layer. For review see (Alonso and Fuchs, 
2003; Junqueira and Carneiro, 2003). 

Figure 1. Keratinocyte organization of epidermis. (GENES & DEVELOPMENT 
17:1189-1200 © 2003, Alonso and Fuchs)

In epidermis, homeostasis (the balance between stem cell renewal and dif-
ferentiation) is believed to be maintained through asymmetric division by 
stem cells, rendering one stem cell and one daughter transient amplifying 
(TA) cell. TA cells are committed to a limited number of cell divisions fol-
lowed by withdrawal from the cell cycle, and subsequent terminal differen-
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tiation. Epidermis is believed to be organized into "proliferative units" 
(Potten, 1974; Potten, 1981), consisting of a group of approximately ten 
basal cells beneath a differentiating column of cells (Figure 2). This is sub-
stantiated by the fact that when human (Kolodka et al., 1998) or mouse 
(Mackenzie, 1997) keratinocytes are genetically tagged by retroviral trans-
duction of a LacZ gene, and grafted onto mice, -galactosidase expression 
occurs in patches. The column is hexagonal and arranged with a minimal 
overlap with neighboring squames. A central cell in this group responds 
slightly earlier and more effectively than the rest to stimulation (Potten, 
1974), cycles more slowly and may spend significant time periods out of cell 
cycle (Mackenzie, 1970; Potten, 1974; Mackenzie et al., 1975). This is be-
lieved to be the stem cell, responsible for maintaining the high degree of 
organization of the unit. Although the presence of these columns is docu-
mented for species ranging from rodents to humans (Menton and Eisen, 
1971; Mackenzie et al., 1975; Potten, 1975), it appears to be restricted to flat 
and thin epithelium. 

Figure 2. Schematic drawing of Epidermal Proliferative Units (EPUs) 

Hair follicles 
The skin contains hair follicles except on lips, palms and soles. Hair follicles 
protrude from the epidermis down through dermis, and are composed of an 
outer root sheath (ORS) that is contiguous with the basal layer of epidermis, 
an inner root sheath (IRS) and the hair shaft (Figure 3). In the adult hair fol-
licle, the lower segment forms and regresses in a cyclic manner. The cycle is 
regulated by interactions between mesenchymal dermal cells and epithelial 
cells in the hair follicle. At the onset of growth phase, anagen, the hair folli-
cle grows down into the subcutis. A transiently dividing population of 
epithelial cells, matrix cells, give rise to the IRS and engulf specialized mes-
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enchymal cells, called the dermal hair papilla. This is followed by a regres-
sion phase, during which the proliferative capacity of the matrix cells is ex-
hausted. The follicle regresses, so that only the permanent portion of the 
follicle remains. The follicle then enters a resting phase, telogen, until a new 
cycle is induced. At initiation of a new anagen stage, follicular stem cells 
appear to respond to signals from the dermal hair papilla, and give rise to the 
new generation of proliferating matrix cells. For review see (Alonso and 
Fuchs, 2003; Paus and Peker, 2003). 

Figure 3. Hair follicle structure and the main steps in post-natal hair follicle cycle. 
(GENES & DEVELOPMENT 17:1189-1200 © 2003, Alonso and Fuchs) 

Members of the Wnt protein family are expressed in different regions of the 
epidermis, regulating the levels of -catenin. Regulation of -catenin signal-
ing by differential expression of Wnts appear to control the lineage selection 
in the skin, with high levels promoting hair follicle formation and low levels 
stimulating differentiation of interfollicular epidermis (IFE) and sebaceous 
glands (DasGupta and Fuchs, 1999; Reddy et al., 2001; Niemann et al., 
2003). -catenin associates with the T-cell factor (TCF)/lymphoid enhancer 
factor (LEF) family of transcription factors leading to the expression of tar-
get genes such as c-myc, c-jun, Fra and cyclin D1 (Karim et al., 2004). An-
other important pathway in the formation of epidermis involves the secreted 
protein Sonic Hedgehog (SHH) and its receptor Patched (PTCH). While -
catenin appears vital for initiation of hair follicle formation in adult mouse 
skin, SHH appears important for maintenance and morphogenesis (Chiang et 
al., 1999). SHH signaling is required for down growth of the hair, and the 
dynamic expression of SHH is upregulated in the matrix cells during anagen, 
and downregulated in telogen (Sato et al., 1999). -catenin and SHH path-
ways both play key roles in skin carcinogenesis, and both are known to be 
dysregulated in basal cell carcinoma (Oro et al., 1997; Hutchin et al., 2005). 



16

Keratinocyte stem cells 
Stem cells maintain homeostasis in the tissue by replenishing cells that die, 
and can be described as undifferentiated, slowly cycling cells with a high 
proliferative potential. All dividing cells can sustain oncogenic mutations. 
However, it is generally believed that only stem cells have the potential to 
accumulate the multiple mutations necessary for neoplastic conversion. This 
necessitates a sheltered stem cell compartment. Although it is accepted that 
epidermis is organized into a hierarchy of stem, TA and terminally differen-
tiated cells, the keratinocytes that best meet the stem cell criteria are found at 
the base of the telogen hair follicle, the bulge. These cells are the slowest 
cycling cells in the epidermis and also have the greatest colony forming effi-
ciency (Cotsarelis et al., 1990; Rochat et al., 1994). In addition, they have 
the capacity to regenerate not only hair follicle epithelia (IRS, ORS and hair 
shaft) but also interfollicular epidermis and sebaceous glands (Oshima et al., 
2001; Morris et al., 2004). This suggests that these cells may serve as the 
ultimate pluripotent reserve of keratinocytes. Clusters of stem cells in the 
hair follicle bulge and as well as single stem cells in the interfollicular epi-
dermis have been confirmed in whole epidermal mounts of BrdU-labled 
mice (Braun et al., 2003). 

Stem cells of the interfollicular epidermis are however self-renewing and 
possess substantial proliferative capacity (Dunnwald et al., 2001). Using
FACS sorting it has been found that cells enriched for integrin 1 have the 
greatest proliferative capacity, suggesting this integrin to be a candidate in-
terfollicular stem cell marker (Jones and Watt, 1993). Integrin-bright kerati-
nocytes are found in clusters in the epidermis, possibly reflecting a centrally 
located stem cell surrounded by a hierarchy of increasingly cycling cells. 
Interestingly, these clusters are distributed differently depending on localiza-
tion. In foreskin, breast and scalp stem cells appear to be located at the tips 
of the dermal papilla, whereas in the epidermis of the palm and sole the in-
tegrin-bright patches are found at the tips of the rete ridges (Jones et al., 
1995). The frequency of proliferating cells have been found to be greater in 
integrin-dull areas, as expected if slowly cycling stem cells are centered in 
the bright clusters (Jensen et al., 1999). Approximately 40% of basal cells 
have been shown to express high levels of 1 integrins (Jones et al., 1995). 
Considering the function of 1 integrin to transduce a signal “not to differen-
tiate” (Adams and Watt, 1991; Watt et al., 1993), the 1-integrin bright 
population of basal cells may consist of both stem and TA cells. Cultured 
basal keratinocytes fractionated on the basis of high or low 1 integrin ex-
pression show very minute differences in gene expression profiles 
(O'Shaughnessy et al., 2000). This may reflect that there are very few intrin-
sic markers distinguishing stem and TA cells, or that the profiles are not 
preserved in culture. The expression patterns of 6 integrin and a prolifera-
tion-associated cell surface marker termed 10G7 have been found to poten-
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tially distinguish immature basal cells, TA cells and a post-mitotic differen-
tiating fraction (Li et al., 1998; Kaur and Li, 2000). The selection of 

6bri10G7dim cells allows a more stringent isolation of putative stem cells 
than 1bri10G7dim cells, and Li and Kaur have estimated the frequency of 
stem cells in the basal layer to be approximately 10%. 

Ultraviolet radiation 
The sunlight includes a continuous spectrum of UV, visible, and infrared 
light, and is essential to our existence on earth. Although UV radiation is 
considered a major etiological factor for the development of skin cancer, it is 
not only harmful. The beneficial effects comprise killing pathogens on the 
skin, inducing vitamin D synthesis, and last but not least, rendering positive 
psychological effects. The UV spectrum is divided into UVC (200-280nm), 
UVB (280-320nm), and UVA (320-400nm), and while UVC is absorbed by 
the atmospheric ozone layer, UVB and UVA reach the surface of the earth. 
UVA penetrates through the epidermis, and is believed to exert its effects 
predominantly in the dermis. UVB emits most of its energy in the epidermis, 
and is considered the major cause of direct DNA damage (Rünger, 2003). 
UVB induces mutagenic photoproducts in DNA between adjacent 
pyrimidine residues (thymine and cytosine) in the form of cyclobutane 
pyrimidine dimers or (6-4) photoproducts. If not repaired, these lesions can 
become permanent mutations. C to T or CC to TT transitions at dipyrimid-
inic sites are considered “typical” mutations caused by UVB radiation 
(Brash et al., 1991). 

In addition to direct DNA damage, UVR can also cause cellular and DNA 
damage through the generation of free radicals. This is attributed mainly to 
UVR of longer wavelengths, such as those of UVA. It has been hypothesized 
that free radicals, including reactive oxygen species (ROS) may be major 
contributors to somatic mutations, mainly in the form of G to T and A to C 
transversions (Cheng et al., 1992; Persson et al., 2002). ROS has also been 
implicated in the formation of loss of heterozygosity (LOH) as a by-product 
of recombination repair (Turner et al., 2003). Inefficacy to reduce these 
compounds may result in an accelerated accumulation of DNA damage. 
Enzymes of the glutathione S-transferase (GST) supergene family are con-
sidered critical in detoxifying cytotoxic products of oxidative stress. This is 
exemplified by the fact that people with a GSTT1 null genotype have been 
reported to have lower minimal erythema doses than those who express a 
functional GSTT1 protein. In addition, both GSTM1 and GSTM3 genotypes 
influence the number of skin cancers in people with skin light skin pigmen-
tation (Strange et al., 2001). 

Furthermore, UV irradiation leads to local and systemic immunosuppres-
sion and thereby an increased tolerance against transformed keratinocytes 
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(Nishigori et al., 1996; O'Connor et al., 1996). UV is considered a complete 
carcinogen due to its initiating and promoting properties. 

Skin Cancer 
General

The human skin is extremely well adapted to continuous UV exposure. It 
responds to by tanning and thickening, which protects from further damage. 
However, chronic or excessive exposure to UV irradiation leads to 
photoaging, immunosuppression, and ultimately photocarcinogenesis. 
Photocarcinogenesis involves the accumulation of genetic changes, as well 
as immune system modulation, and ultimately leads to the development of 
skin cancers. The relevance of sunlight for the formation of skin cancer is 
well known, and ultraviolet-radiation (UVR) is recognized as the main car-
cinogen as it is known to cause DNA damage. Other major acute effects of 
UV irradiation on normal human skin comprise erythema, tanning, and local 
or systemic immunosuppression For review see (Pontén and Lundeberg, 
2003; Rünger, 2003). 

The skin is maintained by a pool of stem cells giving rise to daughter 
cells, which in turn differentiate along lineages. These stem cells are sub-
jected to mutagens in our environment and are therefore targets for neoplas-
tic conversion. Malignant melanoma, which is what people generally think 
of when they think about skin cancer, originates from the melanocytic cell 
lineage, while basal cell carcinoma (BCC) and squamous cell carcinoma 
(SCC) originate from keratinocyte stem cells, and are commonly grouped 
together as non-melanoma skin cancer (NMSC). Less common types of 
NMSC, e.g. Merkel cell carcinoma, skin adnexal tumors and cutaneous lym-
phoma, account for less than one percent of the NMSC cases. 

The incidence and mortality rates of skin cancers are dramatically increas-
ing and pose a threat to public health. During 2002, 800 000 cases of BCC, 
200 000 cases of SCC and 90 000 cases of malignant melanoma were re-
ported in the U.S. (American Cancer Society, http://www.cancer.org/). Al-
though less common, MM is the cause behind more than 75% of all skin 
cancer related deaths. BCC and SCC have a cure rate of more than 90%, but 
can cause substantial damage and disfigurement if left untreated (US Dept of 
Health and Human Services, http://www.cdc.gov/). While SCC is associated 
with a cumulative exposure to UV radiation, BCC development has been 
linked to early-age sunburn and recreational, intense exposure (Diffey et al., 
1979; Kricker et al., 1995; Rosso et al., 1998; Armstrong and Kricker, 2001). 
The mutation spectra of tumor suppressor genes p53 and PTCH in both BCC 
and SCC indicate that the mechanism of UV-induction may differ between 
BCC and SCC (Ling et al., 2001; Ping et al., 2001). SCCs display a higher 
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frequency of CC to TT mutations, while BCC show higher frequencies of 
transversions and deletions (Bolshakov et al., 2003). In analyzes of differen-
tially expressed genes in BCC, it has been found that genes involved in 
scavenging of oxygen radicals and cellular peroxidases are downregulated 
(Nogues et al., 2002; Welss et al., 2003). This may render BCC cells more 
susceptible to ROS-induced DNA damage, and offer a possible explanation 
to the differential mutation spectra. 

Basal cell carcinoma 
BCC is the most common cancer within the Caucasian population. It devel-
ops only in hair-bearing skin and predominantly on the head and neck in 
elderly fair-skinned people. The exact etiology of BCC is unclear although 
sun exposure, i.e. UV-radiation, is accepted as a major risk factor based on 
correlation between incidence and skin type, topographical location of the 
tumors and out-door work. Unlike SCC, which develops sequentially 
through actinic keratosis and cancer in situ, BCC appears to arise de novo,
since no precursor lesion has been identified (Lever and Schaumberg-Lever, 
1990).

BCC is a slowly growing tumor. The slow growth rate is believed to be 
attributed to a high rate of apoptosis compensating for the presence of nu-
merous mitoses (Weedon, 1997). Paradoxically, most BCC cells express 
high levels of the anti-apoptotic protein bcl-2 (Rodriguez-Villanueva et al., 
1995). The tumors consist of aggregates of basaloid cells, with palisading of 
the cells at the periphery. Consensus on the progenitor cell for BCC has not 
been reached. BCC tumors are often connected with the epidermis or hair 
follicles, and the progenitor cell is hypothesized to be a stem cell in interfol-
licular epidermis or in hair follicle bulge (Miller, 1991). BCCs are classified 
according to histological growth patterns, although consensus on classifica-
tion of BCC has not been reached. Three major subtypes are nodular, super-
ficial, and infiltrative (Lever and Schaumberg-Lever, 1990). Nodular is the 
most common subtype, and accounts for approximately 60% of all BCC 
tumors (McCormack et al., 1997)(Figure 4). Superficial and nodular tumors 
are indolent slow-growing tumors with high expression of bcl-2, while infil-
trative tumors show lower bcl-2 expression and higher rate of proliferation 
(Horlock et al., 1997; Ramdial et al., 2000). In addition, expression patterns 
of -catenin differ between the different BCC subtypes, with nuclear local-
ization correlating with increased proliferation in the more aggressive infil-
trative subtype and cytoplasmic staining in nodular and superficial BCCs 
(El-Bahrawy et al., 2003). 

Microscopically, BCC often appears to consist of multiple tumors, with 
several separate tumor nests. A multicellular origin of BCC has previously 
been shown using cytogenetic analysis, where two unrelated clones were 
detected in 2/33 BCCs (Mertens et al., 1991). However, both genetic and 
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three-dimensional reconstructive studies suggest that the foci constitute parts 
of one and the same tumor (Madsen, 1965; Imayama et al., 1987; Pontén et 
al., 1997). 

Figure 4. Micrograph of nodular BCC. (Scale bar 200 m)

BCC stroma 
Tumor stroma is characterized by an accumulation of connective tissue, in-
creased microvessel density, inflammatory cells and proliferation of fibro-
blasts with a modified phenotype. This type of reactive stroma is also seen 
embedding BCC tumors (Weedon, 1997). Cell signaling between BCC tu-
mor and stroma resembles the interactions between hair follicle epithelium 
and papilla cells, with expression of PDGF in the epithelial cells and recep-
tors in mesenchymal cells (Pontén et al., 1994). In addition, the proliferative 
activity of BCC tumor cells has been found to be associated with increased 
expression of hyaluronan in the tumor stroma (Bertheim et al., 2004). This 
indicates an induction of fibroblasts by the tumor cells to create a suitable 
microenvironment, perhaps vital for development and growth of the tumor. 
This dependency upon a stromal component has been suggested to constitute 
a contributing factor to the inability of BCC to metastasize. Although BCC 
tumors appear to have the ability to recruit new supportive stroma (Stamp et 
al., 1988), according to transplantation experiments this ability is restricted 
to tumors transplanted in the dermis of the host (van Scott and Reinertson, 
1961). The results suggest that BCC tumors are unable to metastasize due to 
an incapability of inducing stroma from a tissue bed other than dermis. 

Sonic hedgehog/patched pathway
Although usually a sporadic tumor, BCC is also a major feature of the he-
reditary disorder Gorlin syndrome (Basal Cell Nevus Syndrome, BCNS). 
Gorlin syndrome is characterized by cancer susceptibility and developmental 
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abnormalities (Gorlin, 1995). Patients with Gorlin syndrome develop large 
numbers of BCC at an early age, and carry an inactivating germline mutation 
of one patched (PTCH) allele (Bale et al., 1995). The PTCH gene is sug-
gested to have a critical role in BCC development, since LOH and mutations 
of the PTCH gene often are identified also in sporadic BCC (Gailani et al., 
1996; Shen et al., 1999). PTCH is a transmembrane glycoprotein and a nega-
tive regulator of SHH signaling. The gene maps to 9q22.3 and codes for a 
membrane-spanning protein with two large hydrophilic extracellular loops 
where SHH ligand binding can occur. Binding of SHH frees Smoothened 
(SMO), an adjacent transmembrane protein for downstream signaling 
(Cohen, 2003). While signaling is restricted to anagen periods in normal 
follicle epithelium, the pathway is constitutively active in BCCs, with con-
stant signaling even in the absence of bound ligand (Bonifas et al., 2001). In 
vertebrates, transcriptional response to SHH signaling is mediated by mem-
bers of the Gli family of zinc-finger transcription factors e.g. Gli1, Gli2 and 
Gli3, which act in a combinatorial fashion to modulate target gene expres-
sion (Figure 5). In BCC, hedgehog signaling results in overexpression of 
Gli1 and Gli2, although the relative contribution of each factor to tumori-
genesis remains unclear (Regl et al., 2002). Gli-1 was originally identified as 
an amplified gene in glioma (Ruppert et al., 1991), and dysregulation of the 
PTCH/SHH signaling pathway and resulting over-expression of Gli-1 is 
believed to be important for BCC development (Undén et al., 1997; Nilsson 
et al., 2000). 

Figure 5. Simplified overview of the sonic hedgehog (SHH) signaling pathway 

Gli2 appears to be the key transcriptional activator of SHH signaling in the 
skin. It is believed to repress expression of genes associated with epidermal 
differentiation, and activate transcription of anti-apoptotic factor bcl-2 (Regl 
et al., 2004). Conditional overexpression of Gli2 in the basal layer of epi-
dermis in mice results in the development of multiple BCC-like tumors 
(Grachtchouk et al., 2000). Regl et al showed that there exists a positive 
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feedback loop between the two Gli members Gli1 and Gli2, leading to hy-
perproliferation and transcription of target genes PTCH, Wnt and bone 
morphogenetic proteins (BMPs) (Regl et al., 2002; Ikram et al., 2004; Regl 
et al., 2004). 

p53
The tumor suppressor gene p53 is the most commonly mutated gene in hu-
man cancers (Hollstein et al., 1996; Olivier et al., 2002), and the reported 
frequency in BCC ranges from 10 to 50% (Rady et al., 1992; Campbell et 
al., 1993; Moles et al., 1993; Backvall et al., 2005). A majority of mutations 
are found within exons 4-9, and more than 50% are CC to TT transitions, 
suggestive of UVB action (Ling et al., 2001; Zhang et al., 2001)(UMD-p53 
Database, http://p53.curie.fr/).

The p53 protein functions as an important transcription factor in the cellu-
lar response to various means of cytotoxic stress. Hypoxia and DNA damage 
resulting from UV radiation and ionizing radiation cause an increase in cel-
lular amounts of p53 protein. Crucial functions of wt p53 include prevention 
of cell division in cells harboring DNA damage to avoid manifestation of 
mutations, and to elicit a response to dysregulated growth signals. This is 
accomplished by induction of apoptosis or cell cycle arrest. Altered p53 
function may provide cells with a growth advantage and render them more 
susceptible to genetic alterations and malignant transformation (Brash et al., 
1996; Soussi, 2000; Melnikova and Ananthaswamy, 2005).

X-chromosome inactivation 
The karyotype (e.g. the complete set of chromosomes of a cell) of males and 
females differs in women having 46, XX and men 46, XY. In order to avoid 
double gene dosage of X-linked genes, one X-chromosome in each cell in 
the female body is inactivated (transcriptionally silenced) (Lyon, 1962). The 
inactivation represents a gross imprinting of the approximately 1500 genes 
on the X-chromosome. Although a majority of the genes are successfully 
silenced, 15-20% have been reported to escape inactivation (Carrel and 
Willard, 1999; Disteche, 1999).

The inactivation process, called lyonization, is in the vast majority of 
women a random process with an equal probability that either X-
chromosome will be inactivated in a given cell. Extreme skewing is fairly 
rare, and only 7% of all women have a degree of skewing in blood that ex-
ceeds 90% (Racchi et al., 1998). The cell "senses" the number of X-
chromosomes present in the cell and inactivates all but one. The cis-acting
X-linked Xist gene appears to be implicated in both the counting of X-
chromosomes present in the cell and the initiation of inactivation (Penny et 
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al., 1996; Herzing et al., 1997). After establishment of the inactivated state, 
the inactivation pattern is stably maintained in the lineage following subse-
quent cell divisions. Although Xist is required for the initiation process, it is 
probably not necessary for the maintenance of the inactivated state. Methyla-
tion of cytosine residues in the 5'-regions of genes is hypothesized to be a 
factor involved in modulation of gene expression, and also to be the main 
mechanism for silencing the genes on the X-chromosome (Allen et al., 
1992).

Lyonization renders the tissues of the female body mosaics of two cell 
genotypes. One in which the maternal and one in which the paternal X-
chromosome is inactivated. What this mosaic looks like in the skin is not 
known. Certain X-linked cutaneous disorders give rise to linear skin lesions 
(Moss, 2003), and have been suggested to follow “the lines of Blaschko” 
(Jackson, 1976; Bolognia et al., 1994). This linear mosaic is believed to re-
sult from X-chromosome inactivation (Happle and Frosch, 1985). Two 
clones would exist- one in which the mutation is expressed and one in which 
the mutation is located on the genetically inert X-chromosome. 

Clonality
As a concept, a clone is a group of cells descended from one common ances-
tor. The clonality of tumors is a central issue in the understanding of the 
mechanism by which a tumor arises. Current views on tumorigenesis pro-
pose that a neoplastic tumor originates from a single cell that has acquired a 
series of somatic mutations (Knudson Jr et al., 1975; Weinberg, 1989). 
These mutations confer growth advantage, aberrant differentiation, invasive-
ness and the ability to metastasize upon the transformed cell. 

A suitable marker for clonality must be stably heritable in a cell lineage, 
easily analyzed and not influenced by differentiation or proliferation. In ad-
dition it must be neutral and not itself influence differentiation or prolifera-
tion. A clonal cell population is defined as cells resulting from the mitotic 
division of a single somatic cell. Although this definition is straightforward, 
it must be recognized that the assessment of clonality may be dependent on 
the technique used. For example, cells constituting a single clone are not 
necessarily genetically identical since evolution within the clone can result 
in subclones with various genetic alterations. In addition, two cell popula-
tions identified as independent by sequencing of highly variable VDJ regions 
of immunoglobulin genes, can be found to constitute a single clone by X-
linked DNA polymorphism analysis. This can be explained by the earlier 
occurrence of X-chromosome inactivation. 
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Tissue and sample preparation
An excised tumor, destined for microscopical evaluation and/or extended 
molecular analyses can be processed in different ways, each with distinct 
advantages and disadvantages. Fresh tissue can be placed in medium and 
cultured. The advantage is the possibilities to generate a limitless amount of 
cells, and to study cells under defined and various conditions. However, the 
culturing process may change characteristic features of the cells. Fresh tissue 
can also be directly placed in extraction buffer for retrieval of DNA, RNA or 
proteins. This will result in high quality material in terms of molecular integ-
rity, but in terms of purity the material will be composed of several different 
cell types. Microdissection is a method to selectively isolate and collect cells 
from tissue sections. It allows for preservation of molecular integrity, as well 
as high representativity. Development in techniques facilitating microdissec-
tion have made it possible to obtain representative and defined cell popula-
tions or even single cells (Schutze et al., 1998; Burgemeister et al., 2003). 
The disadvantage is that molecular analysis of nucleic acids from microdis-
sected samples is not possible today without an amplification step.

The specimen can be placed in a preservative buffer and analyzed his-
tologically with routine and/or immunohistochemical staining. Neutral buff-
ered formalin is the most widely used fixative in clinical pathology, since it 
has been found to preserve histology and cellular morphology allowing for 
microscopical evaluation in routine diagnostics. A prerequisite for immuno-
histochemistry is however not only preserved morphology but also preserved 
immunoreactivity. Formalin renders many epitopes inaccessible because of 
crosslinking and alterations of tertiary and quaternary structures (Mason and 
O'Leary, 1991). Different strategies for antigen retrieval, enzymatic or heat-
induced, have been developed to overcome these problems (Huang et al., 
1976; Shi et al., 1991). In addition, formalin has negative effects on nucleic 
acids, which renders the material suboptimal for extended molecular analy-
ses (Chaw et al., 1980; Bedford and Fox, 1981; Crisan and Mattson, 1993). 
It was shown that in formalin fixated material up to one artifact mutation per 
500 basepairs is recorded (Williams et al., 1999). This drawback may be 
compensated for, by using large enough cell samples. However, large sam-
ples limit the possibility of analyzing microdissected cell populations from 
complex tissues.

A number of authors have utilized zinc compounds as additives to for-
maldehyde fixatives to improve immunoreactivity (Mugnaini and Dahl, 
1983; Tome et al., 1990). In 1994, Beckstedt evaluated a solution of zinc 
acetate and zinc chloride in a Tris-Ca buffer as primary fixative. In addition 
to containing environmentally compatible chemicals, the fixative preserved 
excellent morphology and decreased the need for antigen retrieval 
(Beckstead, 1994; Gonzalez et al., 2001). 
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Aims of present investigation 

To
investigate the clonal arrangement in normal human epidermis 
analyze clonality of basal cell carcinoma including its cognate 
stroma using X-chromosome inactivation 
investigate the possible association of PTCH codon 1315 with de-
velopment of basal and squamous cell carcinoma 
evaluate a zinc-based fixative as alternative to neutral-buffered for-
malin for preservation of immunoreactivity and high quality nucleic 
acids.
compare expression profiles in basal cell carcinoma and putative 
progenitor cells in the basal layer of epidermis. 
identify genes and pathways important for BCC carcinogenesis 
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Methods

Tissue microarray 
The tissue microarray (TMA) technique was popularized after a publication 
in Nature medicine in 1998 (Kononen et al., 1998). Cores from tissues in 
conventional paraffin blocks are relocated to a common recipient TMA 
block (Figure 6). 

Figure 6. Tissue microarray 

Microdissection
The PALM® MicroLaser System system provides Laser Microdissection 
and Pressure Catapulting (LMPC) technology, which is an excellent method 
for retrieving a representative cell material from tissue sections (Schütze and 
Clement-Sengewald, 1994; Schutze et al., 1998). A fine-tuned 377nm pulsed 
nitrogen laser is used to ablate undesired material surrounding the cells of 
interest. The isolated sample is then retrieved in a non-contact fashion by 
catapulting it up into a microfuge tube cap (Figure 7). The material can be 
either fixated or frozen depending on subsequent applications. 
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Figure 7. Laser microdissection and pressure catapulting (LMPC). LMPC is a three-
step process consisting of a) marking cells of interest b) cutting with a fine-tuned 
laser, and c) catapulting the isolated tissue up into a tube-cap. (The catapulted cells 
identified in the buffer in the cap.) 

Immunohistochemistry
Immunohistochemistry is a method of detecting the presence in situ of spe-
cific proteins in tissue sections, and consists of the following steps: 1) pri-
mary antibody binding to specific antigen; 2) binding of secondary, enzyme-
conjugated antibody to antibody-antigen complex, and 3) in the presence of 
substrate and chromogen, the enzyme forms a colored deposit at the sites of 
antibody-antigen binding. 

Sequencing
Sanger sequencing 
Sanger sequencing, also known as the dideoxy chain termination method, is 
a widely used method of determining the order of bases in DNA. The 
method is based on cyclic synthesis of a complementary DNA strand, with 
random incorporation of dideoxynucleotides. Once a dideoxynucleotide is 
incorporated, synthesis ceases due to lack of a second oxygen atom that is 
necessary for extension of the DNA molecule. Fragments of various lengths 
are generated that can be separated on a polyacrylamid gel. With different 
fluorescent markers for each of the ddNTPs, the sequence can be read using 
a fluorescent scanner at the bottom of the sequencing gel. 

Pyrosequencing
Pyrosequencing has been most extensively used in single nucleotide poly-
morphism (SNP) genotyping, and is ideal for sequencing of intermediate 
read-lengths of 20-30 base pairs (Nyren et al., 1993). 

A sequencing primer is hybridized to a PCR amplified single stranded 
DNA template. Addition of dNTPs is performed one at a time, and if com-
plementary to the template strand, incorporation is accompanied by release 
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of pyrophosphate (PPi) in a quantity equimolar to the amount of incorpo-
rated nucleotide. In the presence of ATP sulfurylase, luciferase, adenosine 
5’phophosulfate (APS) and luciferin, PPi is converted to visible light that is 
detected by a charge coupled device camera and seen as a peak in a pyro-
gram. As the process continues, the complementary strand is built up and the 
nucleotide sequence is determined from the signal peak in the pyrogram. 
Apyrase continuously degrades unincorporated dNTPs and excess ATP. 

Analysis of loss of heterozygosity (LOH) 
Loss of heterozygosity represents a loss of genetic material. By studying a 
heterozygous marker, e.g. a differential sequence between the maternal and 
paternal copy of a given locus, these deletions can be detected. Microsatel-
lites (variable number of tandem repeats) are short segments of DNA that 
have a repeated sequence such as CACACACA, and tend to occur in non-
coding DNA. Microsatellite alleles of different lengths are often used as 
LOH markers. A PCR reaction with specific PCR primers flanking the re-
peated sequence generates differently sized products that can be separated 
by either gel or capillary electrophoresis. 

X-chromosome inactivation analysis 
X-chromosome inactivation analysis is based on the process of lyonization.
When analyzing clonality of a tumor, a mixture of XM- and XP- inactivated 
cells indicates a polyclonal origin since XM- and XP- inactivated cells cannot 
originate from the same cell. The assay requires means to distinguish be-
tween active and inactive as well as maternal and paternal X-chromosome. 
Methylation of the inactivated X-chromosome enables us to distinguish be-
tween the active and inactive X-chromosome. Consistent methylation of 
restriction sites on the inactive X-chromosome renders a selective digestion 
of only the active X-chromosome when a sample is treated with a methyla-
tion sensitive restriction enzyme (Allen et al., 1992). The inactive X-
chromosome functions as template in a subsequent PCR, while the active X-
chromosome is fragmented and cannot be amplified. 

Many genes on the X-chromosome are polymorphic and permit distinc-
tion between the two X-chromosomes. A short tandem repeat (STR), located 
within the first exon of the androgen receptor gene (Edwards et al., 1992), 
has been widely used as clonality marker for various tumors (Walsh et al., 
1996; Harada et al., 1997). Amplification of this microsatellite in heterozy-
gous cases yields products of different lengths that can be separated on a 
polyacrylamid gel (Figure 8). The two X-chromosomes are thereby repre-
sented and distinguished by a shorter or longer allele. 
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Figure 8. Fragment analysis results. a) Shorter allele inactivated, b) longer allele 
inactivated, and c) both genotypes present. Primary amplification products (indi-
cated by arrow) representing the STR, and secondary amplification products caused 
by "stutter" of the Taq Gold on the template are seen in all three examples. 

cDNA microarray 
cDNA microarray technology has become a standard tool in many research 
laboratories. This method is based on the exquisite, and mutually selective 
hybridization between complementary strands of nucleic acids. In a cDNA 
microarray experiment, a great number of gene-specific polynucleotides 
derived from the 3’-end of mRNA transcripts are arrayed on a single matrix. 
The matrix is then simultaneously probed with differentially fluorescently 
tagged cDNA representations of total RNA pools from test and reference 
samples. This allows for a determination of the amount of transcripts present 
in the test sample, relative to the amount of transcripts in the reference. 
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Results and discussion 

X-chromosome mosaic in human epidermis 
During early development of the female embryo, one X-chromosome is ran-
domly inactivated in each cell. As a result of growth, migration and differen-
tiation, the adult female becomes a mosaic of cells with either the paternal or 
the maternal X-chromosome inactivated (Lyon, 1962). Shave-biopsies from 
four volunteers were analyzed in order to elucidate the X-chromosome inac-
tivation pattern in normal skin. Two shave-biopsies (A1 and A2) from vol-
unteer A were extensively studied with multiple serial sections, covering a 
skin surface area of approximately 1.7mm2 and 3.9mm2, respectively. Sam-
ples, which were obtained from adjacently located areas along the epidermis, 
consisted of approximately 35 basal cells together with corresponding supra-
basal keratinocytes. Individual cell samples revealed a mosaic arrangement 
of tiles in epidermis from both arm (A1) and buttock (A2) with either the 
shorter (white) or the longer allele (black) exclusively inactivated. The inac-
tivation pattern was consistent in serial sections (Figure 9). The tiles contain-
ing cells with the longer allele inactivated (black) are between 0.5 -1.0 mm 
in diameter, whereas tiles with the shorter allele inactivated (white) appear 
larger.

Figure 9. Results from extensively studied biopsies A1 and A2. 
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A1 represents normal chronically sun-exposed skin, covering approximately 1.7 
mm2. A2 represents normal non sun-exposed skin, covering approximately 3.9 mm2.
The overlapping strips illustrate a three dimensional view of the analyzed sections. 
(black= inactivation of the longer allele, white= inactivation of the shorter allele, 
black/white= a mixture of the two genotypes, grey= no result) 

Analysis of shave-biopsies from three additional volunteers resulted in simi-
lar patterns as in A. Twelve sections were analyzed from six shave-biopsies, 
and adjacent samples forming X-chromosome inactivation tiles were seen in 
all sections. The slightly different patterns found in the 8 biopsies showed no 
clear relationship to age or skin location. 

The major finding in this study was that there exists an epidermal pattern 
of keratinocyte tiles with either the paternal or the maternal X-chromosome 
inactivated. One explanation why X-chromosome inactivation tiles of kerati-
nocytes are larger than the size of one EPU could be that there exist clusters 
of epidermal stem cells with the same X-chromosome inactivation pattern. In 
a study by Taylor et al a hierarchy of stem cells is proposed. Stem cells in 
the hair follicle bulge are bipotent and can give rise to not only hair follicle 
but also serve as interfollicular stem cells (Taylor et al., 2000). The pattern 
of X-chromosome inactivation tiles is compatible with clusters of epidermal 
proliferative units dependent on bipotent hair-follicle-derived stem cells. It is 
possible that the clonal pattern in epidermis is highly variable and thus sizes 
could range from less than 35 cells to more than 300 cells in diameter. Due 
to the inborn process of random distribution it is inevitable that clones with 
the same X-chromosome inactivated will be positioned adjacent to each 
other and thus interfere with identification of separate clones. 

Clonality of BCC 
Two to four tumor samples were microdissected from each of thirteen indi-
vidual BCC tumors and analyzed for X-chromosome inactivation to assess 
clonality. Without compensating for skewing we found consistent mono-
clonal patterns, and the same X-chromosome inactivated, in all tumor cell 
samples microdissected from 12/13 cases, consistent with BCC originating 
from malignant transformation of one progenitor cell. One case (H) clearly 
displayed more than one clone. All four individual tumor samples from this 
case showed monoclonal patterns with respect to X-chromosome inactiva-
tion. However, one sample revealed an inactivation pattern distinctly differ-
ent from the other three. Morphologically, this BCC showed a uniform his-
tology without signs of phenotypic differences in the microdissected areas. 
The finding of two different clones was consistent in serial sections from the 
tumor, and was further supported by results from LOH analysis of the PTCH 
and p53 loci and from sequencing of the p53 gene (Figure 10). 
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Figure 10. Summary of results from case H. Case H displayed evidence of originat-
ing from at least two progenitor cells. 

In addition to epithelial tumor cells, 33 samples from adjacent tumor stroma 
were analyzed using the X-chromosome inactivation assay. 13 samples 
showed a cell population consistent with a non-clonal proliferation, and 20 
samples showed monoclonal inactivation of either the shorter or the longer 
allele.

Normal epidermis and dermis was analyzed for determination of the level 
of skewing in tissues harboring plausible progenitor cells of BCC and BCC 
stroma. After compensation for skewing in the clonality analyses of BCC 
and stroma, 5/50 tumor samples appeared polyclonal, while 19 stromal sam-
ples displayed monoclonal patterns and 14 polyclonal. 

According to our results, BCC appears to be a neoplastic growth of 
epithelial cells, while no firm conclusions could be drawn concerning clonal-
ity of BCC stroma. However, our data also shows that in at least 1/13 cases, 
two BCCs have developed in such close vicinity of each other that they ap-
pear to constitute one and the same tumor. This phenomenon may be the 
result of a field cancerization effect, rendering a small epidermal area sus-
ceptible to transforming mutations. The true number of “biclonal” tumors 
may be greater but is difficult to assess due to shortcomings in the assay. 
Human epidermis is organized in distinct stem cell-derived tiles with either 
the maternal or the paternal X-chromosome inactivated (Asplund et al., 
2001). Any proliferative disorder arising within such tile will appear clonal 
in an X-chromosome inactivation analysis regardless of the number of pro-
genitor cells. 
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Significance of Codon 1315 PTCH Polymorphism for 
NMSC
The PTCH tumor suppressor gene is inactivated in a majority of basal cell 
carcinomas (Kim et al., 2002; Reifenberger et al., 2005) and a fraction of 
cutaneous squamous cell carcinomas (Eklund et al., 1998). A nonconserva-
tive Pro/Leu nucleotide polymorphism within PTCH exon 23 at codon 1315 
was recently reported to be potentially important for the development of 
breast cancer (Chang-Claude et al., 2003). In this pilot study we analyzed the 
status of PTCH codon 1315 for possible association with development of 
nonmelanoma skin cancers. Genomic DNA from six human populations was 
analyzed using pyrosequencing. 

There was a significant trend for a reduced Pro/Pro frequency in popula-
tions having lighter skin and hair pigmentation across six normal human 
populations (p = 0.020 for Yoruba to Irish, chi-squared test)(Figure 11). The
pigmentation shift corresponds to a transition from eumelanin to phaeomela-
nin. A notable exception to the Pro/Pro trend is the Irish population, which is 
intriguing in view of the elevated skin cancer risk of individuals with Celtic 
backgrounds.

Figure 11. Population and case-severity differences in germline Pro/Pro allele fre-
quencies at PTCH codon 1315. Sample sizes (n) were: Yoruba, 79; African-
American, 86; Northern European American, 90; Danish, 27; Irish, 94; Swedish 
normal, 96; Swedish with SCC, 55; Swedish with BCC, 88; Swedish with multiple 
or early onset BCC, 20; U.S. with multiple adjacent BCC, 7. 

To assess the possible association of the proline variant of PTCH codon
1315 with development of NMSC in the Swedish population, we examined 
the polymorphism status in normal skin of 180 cases of NMSC and 20 cases 
of multiple sporadic BCC tumors, and compared to 96 healthy blood donors. 
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We found no statistically significant difference with regard to codon 1315 
germline genotype. In a U.S. patient population, we genotyped seven pa-
tients who had a history of multiple independent BCCs. Five of these pa-
tients were Pro/Pro genotype. The frequency of Pro/Pro genotypes showed 
an increasing trend with increasing tumor case severity, from Swedish nor-
mal to Swedish multiple and U.S. multiple adjacent BCC (p = 0.027, chi-
squared test), reaching a level as high as in the Yoruba population. Due to 
the small size of these pilot study populations, it is not possible to rule out 
false negative (type 1) errors or draw any firm conclusions. 

In order to investigate if the Pro allele is preferentially lost in NMSC tu-
mors, we analyzed tumor material for LOH. In the Swedish tumor samples, 
LOH of the PTCH gene was common in BCC (67%), less frequent in SCC 
(18%) and absent in SCC precursors. No preferential deletion of the PTCH
Leu allele was detected for either BCC or SCC. Only one of the seven U.S. 
patients with multiple adjacent BCC was heterozygous. Twenty independent 
tumors from this individual were examined for LOH. Eleven showed LOH. 
Of these, ten had lost the Leu allele and only one had lost Pro.

In conclusion, genotype assessment in six populations suggests an asso-
ciation between the eumelanin to- phaeomelanin shift across populations and 
a shift from the Pro/Pro genotype to Leu-containing genotypes. Failure to 
replace Pro in phaeomelanin-prevalent populations may be associated with 
an increased risk for BCC, as may be the case for Irish/Celtic populations. 
Replacement of Pro by Leu fits with Pro being the ancestral allele, as judged 
by the fact that the chimpanzee allele is Pro.

Evaluation of a Zinc-Based Fixative 
Neutral buffered formalin (NBF) is the most widely used fixative in clinical 
pathology. However, a drawback is its detrimental effect on DNA and RNA 
quality. In this study we evaluated a zinc-based fixative (ZBF) regarding its 
effects on tissue morphology and immunoreactivity, as well as quality and 
quantity of nucleic acids. Six modes of tissue processing were compared: 

ZBF-1, fixation in ZBF for 24 hours, 
ZBF-10, fixation in ZBF for 10 days, 
NBF-1, fixation in NBF for 24 hours, 
NBF-10, fixation in NBF for 10 days, 
ZBF-F, fixation in ZBF for 2 hours followed by snap-freezing 
I-F, immediate snap-freezing. 

Samples fixated in ZBF and NBF were subsequently paraffin-embedded. 
Amplification of the 2-microglobulin and transferrin receptor gene was 

used as an assessment of DNA quality and quantity. Material for PCR was 
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laser microdissected from six tonsil specimens, representing the six modes of 
tissue processing. Quantification of PCR products showed that frozen tissue 
yield the highest concentrations of DNA, regardless of prior ZBF fixation. 
Paraffin-embedded tissue fixated in ZBF yielded PCR products close to that 
of frozen tissue, while only incremental amounts of PCR fragments were 
observed for tissues fixated in NBF. 

To test the integrity of RNA in the differentially treated tissues, thin sec-
tions were crudely scraped off glass slides and processed. Total RNA was 
extracted and analyzed using microchip gel electrophoresis. I-F and ZBF-F 
yielded equal amounts of intact RNA, while all paraffin-embedded samples 
displayed clear patterns of degradation. 

For evaluation of morphology and immunoreactivity, one tissue microar-
ray, including three punches of 14 normal and 5 tumor tissues, was con-
structed for each mode of NBF and ZBF fixation. The TMAs were sectioned 
and stained with Hematoxylin/Eosin or using immunohistochemistry. Only a 
slight impairment of morphology in tissues fixated in ZBF compared to NBF 
was found. For frozen tissue specimens, ZBF generated a more crisp cellular 
morphology and distinct cohesive histology compared to no prior ZBF fixa-
tion. Differences in immunoreactivity between tissues fixated in either NBF 
or ZBF are summarized in table 1 and Figure 12. For eight antibodies in the 
panel, NBF-fixated tissue required heat induced or enzymatic epitope re-
trieval to restore immunoreactivity. For six of these eight antibodies, immu-
noreactivity was preserved without epitope retrieval in ZBF-fixated tissues. 

Table 1. Immunoreactivity in paraffin-embedded tissues fixated in ZBF and NBF. 
The table summarizes the semi-quantitatively judged differences in immunoreactivity 
between the two modes of fixation. Only tissues with antigen expression for the re-
spective antibody are represented in the table. 

Comparison of immunoreactivity* 
Antibodies ZBF NBF 

Evaluated tissues 
(n)***

Ki67 =** = 18
Cyclin B1  ++ 10 
p53 = = 6
p27KIP1  +++ 6 
Epithelial-
cadherin

+++** 17

CD31 ++**  18 
EGFR ++**  17 
HER-2 +++**  13 
Pan Cy-
tokeratin

+**  18 

* Taking both the extent and intensity into consideration, immunoreactivity was compared 
and judged according to the following scoring system: = the staining is equally good in ZBF 
and NBF; + the staining is slightly better in the assigned fixative; ++ the staining is moder-
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ately better in the assigned fixative; and +++ the staining is considerably better in the assigned 
fixative.
** Immunoreactive without antigen retrieval. 
*** Selected tissues only.

Figure 12. Comparison of immunostaining of ZBF- and NBF-fixated tissue. Left 
panel (A, C, E) represents ZBF-fixation, and right panel (B, D, F) NBF-fixation. 
Immunostaining for A, B) epithelial cadherin in glandular epithelium of the prostate, 
C, D) HER-2 receptor in gall bladder epithelium, and E, F) p27KIP27 in a skin biopsy. 
All images represent paraffin sections. 

We conclude that ZBF preserves high yield and quality of genomic DNA 
without negative effects on RNA. In addition, ZBF allows for high quality 
immunohistochemistry, and for some antibodies, abrogates the need for anti-
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gen retrieval. ZBF offers a useful strategy when analyzing the same tissue 
specimen for morphology, protein expression, DNA and RNA. 

Expression Profiles in BCC and the Basal Layer of 
Epidermis
To investigate the molecular differences between basal cell carcinoma and 
basal cells in normal epidermis we performed a gene expression analysis 
using a 46 k human cDNA microarray. Pairwise microdissections of epider-
mal basal cells and BCC tumor cells were performed in five cases of spo-
radic BCC. In order to control introduction of amplification biases, two indi-
vidual amplifications for each microdissected sample were performed. Tech-
nical replicates displayed high correlation coefficients (0.94-0.99), demon-
strating that RNA amplification did not contribute significantly to 
experimental variance. Similar amounts of upregulated (M>0) and down 
regulated genes (M<0) were observed in the normal vs. tumor comparison. 
Data analysis with cutoff B  4, |M|  1 (Fold change  2) yielded 202 
upregulated and 161 downregulated genes (Figure 13). The gene list were 
further grouped and ranked according to their Gene Ontology (GO) annota-
tion, and several GO terms deal with differentiation, cell adhesion and im-
mune response (Table 2). 

Figure 13. B-value distribution for normal epidermis versus tumor comparison. The 
x-axis shows the M-value for each gene and the y-axis the corresponding B-value 
(calculated by an empirical Bayes moderated t-test) for that gene. 

Dysregulated signaling of the SHH pathway is considered necessary and 
perhaps even sufficient for BCC transformation. The most common genetic 
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alterations are deletions and truncating mutations in the PTCH gene. PTCH 
is a reliable marker for both physiologic and pathologic SHH signaling, 
since it is consistently upregulated when this pathway is activated. Although 
we did not see overexpression of PTCH, several downstream proteins 
showed differential expression in the tumor cells. We found both Gli1 and 
Gli2 to be upregulated along with a member of the Wnt family (Wnt 6), two 
receptors for the Wnt family of proteins (Frizzled homolog 8 and lymphoid 
enhancer-binding factor 1), and -catenin. Wnt proteins are known target 
genes of Gli regulation (Mullor et al., 2001), and are believed to cause ac-
cumulation of -catenin, a protein known to be overexpressed in BCC 
(Saldanha et al., 2004). Also evident from our results is the absence of epi-
dermal differentiation, the downregulation of MHC class II molecules, the 
altered synthesis of basal membrane constituents, and the downregulation of 
proteins scavenging hydroperoxides and other reactive oxygen species. In 
conclusion, the results obtained elucidate mechanisms that may be important 
for BCC development. In addition to discovering unknown genes, we also 
identified pathways previously known to be dysregulated in BCC. 
Table 2. Differentially expressed genes classified in Gene Ontology groups. 
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