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1.1. Callcer oflhe skill. 

The skin, which is the largest organ of the human body, has several important functions 
such as protection against infections and chemical and physical influences, regulation of 
temperature and water balance, vitamin D synthesis, etc. The skin consists of two layers, 
the dermis and the epidermis. The dennis contains fibroblasts, mast cells, macrophages 
and lymphocytes, blood and lymph vessels and skin adnexa such as hair follicles with 
sebaceous glands and arrector pili muscles, and sweat glands. The epidermis comprises 
four cell types: keratinocytes, melanocytes, Langerhans cells (LC) and Merkel cells. 
Keratinocytes are the major cell type and they play an important role in the protection 
against the external environment. They differentiate from the stratum basale towards the 
surface of the epidermis through the stratum spinosum, the stratum granulosum and 
finally the stratum corneum. Melanocytes are located in the stratum bas ale and their main 
function is the production of melanin. They also playa role in the detoxification of highly 
reactive molecules resulting from exposure to sunlight and other sources of UV irradiation 
(UVR). Epidermal LC are dendritic cells, which playa role in the skin immunology by 
presentation of antigens to T cells. Merkel cells represent neuroendocrine cells in the 
epidennis and hair follicles. Tumors from all these different cell types may develop as a 
result of mutations, either "spontaneously" or as a consequence of exposure to chemical, 
physical or viral carcinogens. Examples of physical carcinogens are X-rays, radioactivity 
and UVR. These carcinogens cause direct DNA damage, leading to mutations, 
chromosomal breaks and abnormal rearrangements [1]. 
Skin cancer, i.e. the sum of all malignant tumors of the epidermis and the dermis, can be 
regarded as a progressive "silent epidemic" of the present century. In 1990, it comprised 
one third of all cancers in the United States [2] and its incidence is still increasing 
throughout the world [3-8]. Therefore, considerable effort is being made worldwide to 
elucidate the etiology and pathophysiology and to improve clinical management of skin 
cancer. The most important and most common tumors of the skin are divided into 
malignant melanoma (MM), derived from melanocytes, and non-melanoma skin cancer 
(NMSC), of which the keratinocyte-derived tumors are far the most common ones. NMSC 
include basal cell carcinoma (BCC) and squamous cell carcinoma (SCC), and a smaller 
group consisting of premalignant lesions such as Bowen's disease and keratosis actinica. 
Of all skin cancers, the majority (±77%) is BCC, ±20% is SCC and the remainders are 
MM and a small group of rare tumors, such as fibro-epithelial tumors (Pinkus). 
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1.2. Basal cell carcinoma 

Clinical and histopathological appearances 
Bee is a malignant epithelial tumor, which grows invasively and may lead to extensive 
local tissue destruction, but it metastasizes in less than 0.1 % of the cases. Like see, it is 
predominantly seen in the fair-skinned population at the mean age of 65 years [9], but has 
also been noted in black patients [10-13]. In 1900, Krompecher [14], was the first to 
describe Bee and he speculated that it originated from the basal layer of the epidermis or 
from skin adnexa. Since then, much research into the clinical and histopathological 
characteristics, origin, genetics, risk factors, therapy and immunology has been 
undertaken. 
Different types of Bee have been described and the purpose of a proper classification of 
this tumor is that clinicians and pathologists are able to relate the types of the tumor to its 
behavior. In a recent review, discussing the histological classification of Bee, the main 
histopathological types of Bee recognized are: nodular, including micronodular; 
superficial, apparently multi focal; and infiltrative, including the morpheic type [15]. The 
nodular type (±50%) of Bee is characterized by rounded masses of tumor cells in the 
dermis, which show peripheral palisading of the nuclei. This type includes the 
micronodular type (±l5%), which is characterized by numerous very small noduli «0.15 
nun in diameter). The superficial type (±15%) of Bee shows small buds of tumor cells, 
which grow down from the epidermis into the superficial dermis [15]. This type occurs 
more commonly on the trunk [9]. The infiltrative type (±10-20%) shows groups of tumor 
cells of varying size with an irregular outline and spiky projections. The peripheral 
palisading of the nuclei is either absent or poorly developed. This type includes the 
morpheic type (±5%) which is characterized by small, irregular groups or cords of tumor 
cells. Finally, mixed types of Bee (±1O-15%) showing a combination of the above­
mentioned growth pattems may occur [15]. 
Nodular and superficial type of Bee are very often referred to as non-aggressive types; in 
contrast, the infiltrative type is referred to as an aggressive type of Bee. This subdivision 
is mainly based on the local growth characteristics of the tumor [16], metastases of Bee 
being vanishingly rare. However, several cases of metastatic Bee have been described 
[17-19]. The primary tumor in most of these studies lVas of the morpheic (aggressive) type 
and these were often extremely large (>20 em'). The majority of the metastases were 
found in the lymph nodes and the lungs. Bee have a tendency to recur after therapy. The 
recurrence rate depends on both the histopathological appearance, proliferation [20] and 
the type of treatment used. Incompletely excised tumors have a recurrence rate of ±33-
39%, whereas "completely" removed tumors show recurrences in only ±I %. Tumors of 
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the morpheic type have the highest recurrence rate [21]. However, the superficial type 
frequently shows positive margins after surgery. Examples of the nodular, micronodular, 
infiltrative and superficial type of Bee are shown in Figure 1. 
Tumors with clinical and histological features of both Bee and sec also occur. These are 
known as basosquamous or metatypical carcinomas [22,23]. Histologically, there are 
intermediate areas of differentiation, areas of squamous differentiation, and areas that 
resemble a Bee with focal keratinisation. Clinically, they grow as fast as sec (faster than 
BeC) and they also have their metastatic potential. 
Bee grow very slow and many speculations concerning this growth pattern have been 
made. The cell cycle of Bee cells is about 200 hours, which is comparable with that of 
normal cells. However, the S-phase in Bee cells is twice as long as that in normal 
epidermal cells because of prolonged DNA replication [21,24]. In addition, only some of 
the Bee cells replicate. Grimwood et al [25] showed that proliferating cells of nodular 
Bee are predominantly located at the periphery of the tumor nests. This finding was 
corroborated in other studies using proliferation markers such as BrdU incorporation [26], 
antibodies against proliferating cell nuclear antigen [27] and the Ki67-antigen [24,28]. 
However, heterogeneous expression of Ki67 was also reported [28,29]. This low amount 
of proliferating tumor cells and the prolonged DNA replication may explain the slow 
growth rate of Bee. 

Incidence and risk factors 
In the United Kingdom, a roughly 2.5 fold increase in the incidence of NMSe over a 14-
year period (1978-1991) was reported [3]. An increased incidence in NMSe, particularly 
Bee, was also reported in the Netherlands [4], other European countries [5-7], Australia 
[8], the United States [2] and British Columbia in Canada [30]. The male:female ratio is 
approximately 1: 1 [3], although there are reports that men are more at risk than women 
[21,23,31] Individuals who develop skin cancer often have evidence of chronic sunlight 
exposure such as collagenosis, irregular pigmentation, wrinkling, telangiectasis of the skin 
and histological signs of dyselastosis, basophilic collagen degeneration or solar keratosis 
on sites exposed to sunlight [23,32], indicating that chronic excessive exposure to UVR of 
sunlight [2,32,33] is an important risk factor for NMSe. UV light can be subdivided into 
uve (200-280 nm), which does not reach the earth, UVB (280-315 nm) and UV A (315-
400 nm). A high dose of UVB may result in DNA protein damage. The resultant damage 
in certain genes (proto-oncogenes and tumor suppressor genes) may lead to, or contribute 
to, tumor formation. The diminishing stratospheric ozone layer allows more UVR to reach 
the earth and thus may playa role in the recently increased incidence of NMSe [2]. 
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Figure 1: Hematoxylin and eosin (H&E)-stained paraffin-embedded sections of basal cell carcinoma; a, 

Nodular type; b, Micronodular type; c, Infiltrative type (arrows indicate the tumor cells); and d, Superficial type. 

UV A is not absorbed by proteins and DNA, but can penetrate to the dermis where it has a 
direct damaging effect on the matrix. Besides this direct effect on epidermal cells and 
extracellular matrix (ECM), UVR also has an effect on the immune response. After 
exposure to UVR, LC were morphologically altered and reduced in number and had a 
reduced antigen-presentation capacity [34]. This leads to a local and, in cases of high dose 
of UVR, even a systemic immune suppression [35]. The production of suppressive 
mediators such as prostaglandin [36] and interleukin (IL)-10 [37] due to UVBR may also 
play an important role in the immune suppression. This total effect of UVR facilitates 
tumor outgrowth [38]. Thus, UVR may affect carcinogenesis through both direct 
epidermal changes and immune-mediated mechanisms. 
It was shown that patients with SCC and those with BCC have different histories of 
sunlight exposure and therefore these tumors may have differences in their etiology. 
Development of BCC con·e1ates with recreational sunlight exposure in childhood, 
especially with the number of sunbums in the first two decades of life [6,33], combined 
with individual factors, such as skin type and hair- and eye color [32,33]. Individuals who 
always bum but never tan have a higher incidence rate of Bec than those who always tan 
but never bum [6,8]. In contrast, SCC was shown to correlate with cumulative sunlight 
exposure during the entire lifetime [6,7]. 
The DNA damage caused by UVR is normally subject to repair by DNA repair 
mechanisms [39]. Patients with Xeroderma Pigmentosum, an inherited DNA repair 
disorder, have a more than 2000 fold higher incidence of sunlight-related skin cancer [40]. 
Therefore, investigations into the DNA repair capacity (DRC) in skin cancer patients were 
initiated. A lower DRC was observed in patients with BCC compared with controls [32]. 
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Another important risk factor in the development of NMSC is iImnunosuppression. UVR 
has been shown to be immunosuppressive, which may inhibit selected cell-mediated 
immune responses directed against UVR-induced tumors [41]. Inununosuppressive 
therapy in organ transplant recipients appears to enhance the risk of skin cancer [42,43]. It 
was reported that a relatively high percentage of the patients developed SCC and/or BCC 
within 2-3 years after heart transplantation [42]. Similarly, in renal transplant recipients, 
an increased risk for the development of NMSC has also been reported, largely 
concerning SCC, followed by BCC. Itmnunosuppressive therapy and UVR are believed to 
be the most important risk factors in these patients [44,45]. Some of the other, minor, risk 
factors for Bee development are: bum scars, ionizing radiation, and prior skin cancer. 
[2,46-48]. 

Genetics 
Cancer arises from cells that escape normal growth regulation through a process involving 
activation of growth-promoting oncogenes and inactivation of tumor suppressor genes. 
An example of a proto-oncogene is the ras gene, which stimulates proliferation after 
activation. Three members of the tas gene family, H-ras, K-ras and N-ras, play an 
important role in the regulation of cell growth and proliferation. The highly homologous 
genes encode for 21 kD proteins with intrinsic GTPase activity. Point mutations in 
different codons of these genes convert them into active oncogenes, which have been 
identified in a wide variety of cancers [49]. The majority of the mutations, irrespective of 
the gene, are located in the codons for amino acid 12, 13 or 61 [49]. Several studies on tas 
oncogenes in BCC have been reported [26,50-54]. The gene product p21~; was not 
detected in any of the BCCs examined [26,52]. Although, point mutations in codon 12 
were reported in a minority of BCC in three early studies [51,53,54], Campbell et al [50], 
more recently, failed to detect a mutation in codon 12 in any of the 30 BCCs that were 
examined. Apparently, if mutational activation of ras genes occurs at all, it is not a 
common feature in Bee. 
The proto-oncogene BcI-2 encodes for a protein that inhibits programmed cell death 
(apoptosis) by binding to Bax [55]. Intracellular expression of BcI-2 in almost all BCCs 
was reported in several studies [28,55-61], which may point to inhibition of apoptosis in 
these tumors. In two studies [28,59] a decreased expression of BcI-2 was noted in 
aggressive types of BCC. 
The p53 gene, which is located on chromosome 17p, is known to be a tumor suppressor 
gene. Its gene product, a 53 kD phosphoprotein, plays a role in the regulation of the cell 
growth cycle [62]. Increased levels of p53 protein block cells in the G I/S stage of the cell 
cycle after UV-exposure, allowing DNA repair to occur prior to replication. In addition, 
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wild type p53 functions as a transcription factor of Bax, which induces apoptosis of cells 
with DNA damage [55]. Therefore, mutation of p53 results in inappropriate replication of 
damaged DNA and abolishes the apoptotic pathway, thereby enhancing tumor 
progression. Generally, normal levels of the wild type p53 gene product are too low to be 
detected immunohistochemically, whereas mutated p53 or increased levels of wild type 
p53 can often be detected. Polymerase Chain Reaction (PCR) analysis has shown, 
however, that immunohistochemically investigated expression may give false positive or 
false negative information concerning mutation of p53 [16,63,64]. In normal epidermis, 
chronically exposed to sunlight, significantly higher expression levels of p53 were 
detected compared with normal epidermis rarely exposed to sunlight. This could, 
however, either have been due to an increased level of wild type p53 or to an increased 
prevalence of mutations in the p53 gene [65]. Mutated p53 has been detected in many 
common tumors, including skin cancers [16,63,66-69]. Using both PCR and 
immunohistochemistry, p53 mutations were detected in different percentages of BCC 
[16,64,70,71]. Recently, using DNA sequencing, p53 mutations were detected in all 11 
BCCs examined [72]. 
BCCs occur predominantly as sporadic cases. However, familial cases such as those in 
Nevoid Basal Cell Carcinoma Syndrome (NBCCS) are also encountered. NBCCS 
predisposes to multiple BCCs during the entire lifetime. The gene involved in this 
syndrome has been mapped to the 9q22-31 region [73,74]. This finding led to 
investigations into this chromosome in sporadic BCC. Indeed, loss of heterozygosity 
(LOH) of 9q22-31 was shown in these tumors. This indicates that a tumor suppressor gene 
in this locus in both sporadic BCC and in NBCCS is inactivated. Recently, a gene was 
cloned which may be the suppressor gene. This candidate gene appeared to be the human 
homologue of a Drosophila developmental gene; patched (PTCH) [77,78]. PTCH is part 
of the hedgehog-signaling pathway, which is important in determining the embryonic 
pattern and cell fate in multiple structures of the developing embryo [76]. The PTCH gene 
encodes for a 12 transmembrane domain protein that physically binds to sonic hedgehog 
(Shh) with high affinity [79]. In addition, smoothened (SMO), a 7 transmembrane domain 
protein, of which the gene is located on chromosome 7, plays a role as signaling 
component of the Shh receptor complex. Transgenic mice constitutively expressing Shh in 
the skin develop BCC-like tumors. In addition, human epidermis, transgenic for Shh, 
transplanted on nude mice also showed BCC features [80]. BCCs consistently show 
activation of the hedgehog-signaling pathway, as judged by increased PTCH mRNA [81]. 
These findings indicate that the hedgehog-signaling pathway plays a role in BCC 
development. This activation can be caused by missense mutations in SMO, which have 
indeed been identified in BCC [76,81,82]. 
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In conclusion, it can be stated that inactivation or mutation of multiple suppressor genes, 
instead of proto-oncogenes, plays an important role in the development of BCe. 

1.3. Expressioll patterns of cytokeratills 

General expression 
The cytoskeleton of the cell is a complex network of protein filaments in the cytoplasm 
that serves as the "scaffolding" of the cell. It plays a role in the maintaining of the shape, 
the internal organization and in the movement of the cell. It consists of three different 
types of filaments, namely the microfilaments, actin, which have a diameter of 7 nm; 
micro tubules with a diameter of 25 nm, and intermediate filaments with a diameter of 8 to 
10 nm. These intermediate filaments are composed of polypeptides that vary between 
different cell types [83]. At least five different types can be distinguished, namely 
neurofilaments, which are typical for neuronal cells; vimentin filaments which occur in 
mesenchymal cells, astrocytes and in many cultured cells; desmin filaments which occur 
in most types of muscle cells; glial filaments which are typical for astrocytes; and keratin 
filaments, cytokeratins (Cks), which are most common in epithelial cells [84]. However, 
non-epithelial human tissues, such as smooth muscle cells, have also been reported to 
express low levels of Cks [85]. 
In 1982, Moll et al [84] catalogued 19 different human Cks on the basis of biochemical 
and immunological criteria. Several years later an additional Ck, Ck 20, was described by 
these authors [86]. The isoelectric pH of these Cks varies from 5 to 8 and their molecular 
mass from 40 kD to 68 kD. They can be subdivided into type I (small, acidic, including 
Ck 9 to Ck 20) and type II (large, basic, including Ck I to Ck 8) Cks and they are usually 
coexpressed in specific pairs formed by one member of each subfamily to form a filament 
[85,87]. 

In the epidermis the expression of Cks in the basal layer differs from that in the suprabasal 
layer. The Ck pattern changes during wound healing [87,88] and may be influenced by 
cytokines such as interferon (IFN)-y [89]. This indicates that epithelial cells can change 
their Ck profile during differentiation, proliferation and carcinogenesis. 

Cytokeratin expression in Bee 
Investigations into the expression of Cks in BCC have been pursued for several reasons. 
One was to establish the exact origin of BCC, because this still remains unclear. The 
current idea is that BCC may arise either from epidermal or from adnexal epithelium. The 
tissue of origin may vary between different histopathological types of the tumor. 
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Carcinomas tend to maintain the expression pattem of Cks typical of the epithelium they 
have arisen in [84]. Therefore, the Ck profile of BCC cells may point to the cell type of 
origin [84]. Another reason for investigating Ck patterns in BCC is to find a specific 
tumor marker or a suitable histopathological marker which may be used for the detection 
of residual tumor cells after excision or in Mohs' micrographic surgery (MMS) [92,93]. 
Table II shows the expression of Cks in BCC as reported in the literature. 

Table I: Distribution of the different Cks in normat tissue [84,85,86,90,91]. 

Type ofCk 

Type II, large, 

neutral to basic 

I and 2 

3 

4·6 

7 and 8 

Type I, small, acidic 

9·11 

12 

J3 

14·17 

18 

19 

20 

Type of tissue 

Stratified epithelia 

Corneal epithelia 

Non-keratinized stratified epithelia 

Keratinized squamous epithelia 

Epithelia of trachea 

Apocrine glands 

Diverse simple epithelia 

Transitional epithelia 

Stratified epithelia 

Corneal epithelia 

Non-keratinized stratified squamous 

epithelia 

Stratified epithelia 

Non-keratinized stratified epithelia 

Simple epithelia 

Simple epithelia 

Example of organ·associated 
tissue 

Epidennis 

Comea 

Tongue mucosa 

Epidermis, hair follicles 

Sweat glands, mammary glands 

UrotheHum 

Epidermis 

Cornea 

Tongue mucosa 

Epidermis 

Tongue mucosa 

Sweat glands 

Sweat glands 

Merkel cells. urothelium 
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Table II: Expression of Cks in BeC 

TypeofCk Expression Reference 

5 ++ [84,94-98] 

7 (+) [95] 

[99,100] 

8 + [98,101] 

(+) [84,97] 

10 (+) [102] 

[95-100] 

14 ++ [84,94-98] 

17 ++ [84,94,95,97,98] 

18 (+) [101] 

[95,98,100] 

19 + [95,96,98,101] 

[103] 

20 [104] 

- = No expression; (+) = Expression in only a few tumor cells; + = Expression in only a percentage of BeC; ++ 

= Strong expression in all BeC. 

104. lmll/ullo[ogicalmechallislI/s ill IUII/ors ill gelleral alld ill basal cell 
carcinoll/a 

TUlllor hlllIlUIIO!Ogy 

Several mechanisms are known to induce anti-tumor immune responses. Tumor­
associated antigens (TAA) play an important role in anti-tumor immunity. These antigens 
are (glyco)proteins that are either not expressed by normal cells; or in much lower 
quantities; or in a sequestered site; or qualitative alteration in protein due to mutation of 
the corresponding gene [105,106]. Therefore, TAA may act as targets for effectors of 
natural immunity. The best-known tumor antigens are melanoma antigen-I (MAGE-I) in 
MM and proto-oncogenes such as p21 and p53 in a variety of tumors [106J. TAA are 
usually intracellular molecules, that are broken down intracellularly, resulting in 
fragments, which are presented in association with major histocompatibility complex 
(MHC) class! molecules [105J. Different immunocytes are involved in the immunity 
against tumors. Peripheral blood (PB) comprises 75% T lymphocytes, 10% B 
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lymphocytes and 15% natural killer (NK) cells. The T lymphocytes can be divided into 
CD4+ helper T cells (Th) (70%) and CDS+ suppressor/cytotoxic T cells (CTL) (25%). 
The latter play an effector role in the cell-mediated cytotoxicity against malignant cells 
expressing peptides presented by MHC class I molecules, whereas the TIl cells may 
provide the necessary cytokines. Cytokines are intercellular signaling proteins that 
regulate local and systemic immune and inflammatory responses, as well as many other 
biologic processes [107]. Th cells can be subdivided into 3 categories, Thl, Th2, and ThO, 
based on the production of the cytokines [lOS]. Cytokines such as tumor necrosis factor 
(TNF)-a and IFN-y, produced by Thl cells, may induce an effective CTL development. 
IFNs were discovered in 1957 as soluble factors interfering with viral replication. They 
have the ability to regulate specific gene expression and metabolic activity in their target 
cells, leading to anti proliferative and immunomodulatory effects. Two types of IFN have 
been identified: type I includes IFN-a, -13 and -w, and type II includes IFN-y. Both types 
of IFN have specific receptors, which are expressed on nearly all cell types. Binding of 
type I IFN to the receptor leads to up-regulation of MHC class I expression, which in 
virally infected cells enhances the viral antigen presentation. It may also lead to growth 
arrest of the cell, but not to killing. IFN-a and -Ware produced by leukocytes, whereas 
IFN-f3 is produced by fibroblasts and most other non-leukocytic cells. Only small amounts 
of IFN-f3 are produced by leukocytes. IFN-y is an immunoregulatory cytokine, which is 
secreted by activated T cells and some NK cells. Binding of IFN-y to its receptor leads to 
up-regulation of MHC class I and MHC class II and it may induce de novo MHC class II 
expression. It activates macrophages to produce !L-l, !L-6, !L-S and TNF-a and enhances 
the Thl activity, leading to up-regulation of the cell-mediated immunity [107]. 
In addition to T lymphocytes, NK cells are also major contributors to the immune 
response against tumors [109]. They kill their targets in a MHC-unrestricted manner, 
although they do appear to have a degree of specificity. The tumoricidal capacity of NK 
cells is increased by cytokines such as IFN, TNF, !L-2 and !L-12. Macrophages secrete 
TNF-a, which may be directly toxic for the tumor cells or may enhance CTL activity 
[110]. CTLs use two independent pathways to lyse their target cells, namely by exocytosis 
of perforin and granzyme B, both cytotoxic effector molecules, or by cell-cell interaction 
with the target cells [109]. 
Despite the presence of constant immune surveillance, it is clear that many benign and 
malignant tumors manage to grow and develop. Several mechanisms may enable tumors 
to escape this immune surveillance. These mechanisms are: I) Down-regulation of MHC 
class I antigens on the tumor cells, which prevents antigen presentation and thereby 
recognition by the CTLs; 2) The absence of MHC class II antigens on the tumor cells, 
which prevents activation of tumor-specific CD4+ T cells; 3) The absence of 
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costimulatory molecules such as intercellular adhesion molecule (ICAM)-l, CD40 and 
B7.1 (CDSO) [109,111] on the tumor cells. This may cause Tcell anergy in tumor-specific 
T cells, and 4) The production of immunosuppressive cytokines such as transforming 
growth factor (TGF)-a, IL-I 0 and vascular endothelial growth factor (YEGF), which may 
inhibit the local immune response [109,110]. 

IlIllIlunological mechanisms in basal cell carcinoma 
Two decades ago, Dellon et al [112] was the first to investigate PB of BCC patients and 
these authors claimed that these patients had a significantly lower number of T cells in 
their PB compared with controls. This T cell count correlated with the tumor size and its 
reduction was transient in patients with small « 2 em') BCe. About 10 years ago, 
Myskowski et al observed a significantly reduced lymphocyte proliferation response to a 
non-specific mitogen, concanavolin-A, in PB of BCC patients [36]. However, more 
recently, similar percentages of T cell subsets and NK cells were reported in the PB of 
BCC patients and controls of similar age [113]. T cell counts and proliferative responses 
decrease with advancing age, which may explain the apparent decrease in the T and NK 
cells described in the early studies [36,1l2]. These findings in the PB of BCC patients 
indicate that immune suppression, if it occurs at all, is a local rather than a systemic 
phenomenon. [n the direct vicinity of BCC, a varying degree of inflammatory infiltrate, 
mainly consisting of T lymphocytes [114], is often present. The degree of this infiltrate 
does not correlate with the age and sex of the patient or with the size of the tumor. The 
presence of NK or B cells is very rare, but LC are often present around the tumor nests 
[36,114,115]. Such a T cell-mediated immune response is very common in most solid 
tumors [116]. Both CD4+ and CDS+ T cells are present in the peri tumoral infiltrate in 
BCC with a CD4/CDS ratio of ± 2 [l15,ll7,llS]. Most of the peritumoral inflammatory 
cells express HLA-DR [ll5] and other activation markers, such as CD25 ([L-2R), 
CD45RO and the transferrin receptor [117]. This indicates that at least a proportion of the 
T cells is activated. An effective T cell-mediated immune response requires a T cell-tumor 
cell interaction, for which expression of MHC class I molecules as well as costimulatory 
molecules, such as ICAM-I, on the tumor cells are necessary. In addition, it has been 
shown that MHC class II (HLA-DR) molecules play an imperative role in tumor 
immunology [110,119]. However, BCC cells do not express HLA-DR (MHC class II) and 
ICAM-l, and the expression of MHC class I antigen on tumor cells is inconsistent [120-
123]. The lack or down-regulation of the expression of these molecules may explain the 
lack of an effective T cell-mediated immune response. Despite this lack of efficacy of the 
immune response, spontaneous regression of superficial and nodular types of BCC has 
been observed [118]. This active regression of BCC is characterized by disruption of the 
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normal palisaded arrangement of the cells at the periphery of the tumor nests accompanied 
by a lymphocytic infiltrate penetrating and surrounding the tumor nests [1I8]. A 
significantly increased number of CD3+ and CD4+ T cells and a significantly increased 
expression of CD25 were observed in regressing compared with non-regressing BCC. 

1.5. Callcer illvasive growth alld metastasis 

Invasion and metastasis formation in general 
Invasive growth of a tumor is the penetration of tumor cells through the basement 
membrane (BM) into the underlying tissue, such as the ECM. This phenomenon is a 
prerequisite for the formation of metastasis. Tumor metastasis is the process by which 
tumor cells dislodge from the primary tumor, travel to a distant site via the circulatory 
system, and establish a secondary tumor [124]. Adhesion molecules (Table III) and 
proteolytic enzymes play a very important role in all these steps. The intercellular 
adhesion between epithelial cells may prevent the cell locomotion and thereby invasive 
growth into the ECM. In contrast, adhesion of the tumor cells to the ECM proteins may 
promote invasive growth. In the majority of carcinomas, the chance of metastasis is 
statistically related to the size of the tumor. Additional parameters are: tumor growth rate, 
morphology, kinetics, anatomic location [125] and tumor invasiveness [126]. The 
formation of blood vessels (angiogenesis) is necessary for the primary tumor to grow and 
for tumor cells to reach the bloodstream [124]. Angiogenesis is promoted by growth 
factors secreted by tumor cells, such as fibroblast growth factors, TGFs, angiogenin, 
VEGF and others [124,127]. 

Adhesion molecules 
Various adhesion molecules play an essential role in invasion and metastasis of tumors. 
The major families of adhesion molecules are cadherins, CD44, integrins, the 
immunoglobulin superfamily and selectins. 
Cadherills are calcium-dependent cell-cell adhesion molecules, which bind to each other 
via homophilic interactions. They playa very important role in tissue morphogenesis and 
homeostasis. Cadherin is now recognized as a superfamily, composed of an ever­
increasing number of members [128]. The three most common subclasses of cadherins are 
E-cadherin which is expressed on adult epithelial cells, P-cadherin which is expressed by 
placenta and epithelia where it is primarily concentrated in the basal layers, and N­
cadherin which is expressed by adult neural tissues and muscle [126]. E-cadherin is a 120 
kD transmembrane protein, expressed by the large majority of mature epithelia. The gene 
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is located on chromosome 16q [128]. Linkage between E-cadherin and the actin filaments 
of the cytoskeleton is necessary to form strong cell-cell adhesion. This linkage is localized 
in adherensjunctions and mediated by catenins (o:,fl, and y), vinculin and actin [129]. The 
catenins are noncovalently linked to the intracellular domain of E-cadherin. Functional 
catenins are necessary for normally functioning E-cadherin. Deletion of the o:-catenin 
gene leads to non-aggregating, non-adhesive cells, whereas phosphorylation of fl-catenin 
leads to diffuse membrane expression of E-cadherin and increased cell dissociation, 
motility and invasion [128,10,131]. Several functional studies into the role of E-cadherin 
in the invasiveness of carcinoma cells in vitro have been reported [126,130]. Blocking of 
E-cadherin with specific antibodies was found to increase the invasiveness of the cells 
[130]. Transfection of E-cadherin eDNA into a highly malignant and invasive cell line 
with low or no expression of E-cadherin led to suppression of the tumorigenicity and 
invasion, respectively [132,33]. In vivo studies showed that in several carcinomas such as 
breast cancer, prostate cancer, SCC of the head and neck and gastric cancer, down­
regulation of E-cadherin andlor o:-catenin was associated with increased metastasis 
formation and with a poor prognosis [130,134-136]. Recently, LOR of the E-cadherin 
gene locus 16q22.1 was noted in carcinomas of the breast, prostate and liver 
[128,129,134]. On the basis of those and similar findings, E-cadherin can be regarded as 
an invasion and metastasis suppressive molecule. 
CD44 designates a broadly distributed family of transmembrane glycoproteins that 
mediate cell-cell and cell-ECM adhesion, including lymphocyte homing, hemopoiesis, 
cell migration, and tumor metastasis [137,138]. It is a proteoglycan, which is known to 
bind to hyaluronate, collagen and fibronectin [138]. Alternative splicing results in at least 
10 different mRNAs, which are translated into functionally diverse, but structurally 
similar proteins [139]. The most prevalent form of CD44, CD44stalldard, has a molecular 
mass of 90 kD and is predominantly expressed on leukocytes. Other isoforms (150-160 
kD) are expressed by epithelial cells, including carcinoma cells and some hematopoietic 
cells [138]. In the skin, the different forms of CD44 are expressed in the basal and spinous 
cell layer of the epidermis and in the skin appendages [140], The expression of some 
CD44 isoforms is highly associated with tumorigenicity and metastasis formation in 
several carcinomas [126,140]. In rats, a region of CD44 encoded by variant exon 6 
(CD44V6) conferred metastatic potential to non-metastasizing pancreatic carcinoma cells 
and blocking with a CD44V6 specific antibody blocked the invasion of these cells [141]. 
Illtegrills are adhesion molecules, which consist of noncovalently associated 0:- and fl­
subunits. To date, 8 different fl and 14 0: subunits have been reported [142], Certain 0:­

subunits can combine with more than one fl-subunit and most integrins can bind to more 
than one ligand [126]. Integrins function as cell-cell adhesion molecules, as receptors for 
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BM components such as collagen and laminin, and as receptors for ECM proteins such as 
fibronectin, fibrinogen, vitronectin and thrombospondin. The specificity of ligand binding 
of integrins is provided by the a-subunit [143] and they predominantly interact with their 
ligands at sites containing an Arg-Gly-Asp region (RGD) [142]. Integrins are the prime 
mediators of interactions between cells and their surrounding ECM [139]. In general, loss 
of integrins on tumor cells is associated with loss of normal contact with the BM, leading 
to increased invasive growth and metastasis. Individual members of the 13. subfamily 
differ according to which one of the a-chains combines with the f3-subunit. They are 
designated very late activation antigens (VLA), because they appear on the lymphocyte 
surface very late (2-4 weeks) after activation with antigens [144]. In the normal epidermis, 
the expression of VLA-2 (0:,13.), VLA-3 (a3f3.), both receptors for laminin and collagen, 
and VLA-5 (a,f3.), a receptor for fibronectin, are located at the lateral-apical membrane of 
the basal cell layer [142,143]. Expression of VLA-2 and VLA-3 was also noted on the 
keratinocytes of the sweat glands and the cells of the outer root sheath of the hair follicle 
[145]. In the normal skin, the laminin receptor, a6f34, is restricted to the basal cell 
membrane of the basal keratinocytes and functions as a major linker of the epidermis with 
the BM and is strongly associated with hemidesmosomes [146]. The relation between the 
increased expression of C4;~4 and invasion of tumor cells was also shown in murine 
epidermal keratinocytes, intra-epithelial neoplasia of the cervix uteri in human and in SCC 
of the head and neck [142,146]. Integrin molecules may be involved in mediating the 
interaction between the neoplastic cells and the BM and the specialized stroma and may 
account for the peculiar growth and differentiation characteristics of tumor cells [145]. 
The immunoglobulin supe/family comprises a wide variety of molecules that share a 
common structure named the immunoglobulin homology unit. This structure consists of 
70 to 110 amino acids, organized into 7 to 9 f3-pleated sheets. Most members of this 
family are involved in cell-cell recognition and include molecules which participate in 
cellular immunity (MHC antigens, CD4, CDS and the T cell receptor (TCR», neural 
development (N-CAM), leukocyte trafficking (ICAM-!, ICAM-2, ICAM-3, vascular 
adhesion molecule (VCAM)-I) and signal transduction (colony-stimulating factor-I 
receptor and platelet derived growth factor receptor). VCAM-I is expressed on 
endothelial cells (EC) and acts as the counter-receptor of VLA-4. Up-regulation of VLA-4 
expression in melanomas has been correlated with an increased metastatic potential 
[137,144,147,14S]. In addition, in other tumor cell lines VLA-4NCAM-1 interaction has 
been described in metastasis formation [144]. 
Increased expression of ICAM-I on the tumor cells has been observed to correlate with 
increased tumor progression and increased risk of metastasis in melanoma, but the exact 
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mechanism of this phenomenon is unknown [149,150]. Normally, ICAM-l plays a role in 
cell-mediated immunity to tumors via T cell-tumor cell interactions. 
Selectins are adhesion molecules on the endothelial cells that normally playa role in the 
ftrst contact of leukocytes (rolling) with EC. Certain tumors such as colon carcinomas 
express the sialylated Lewisx antigen, the ligand of E-selectin. Its expression was 
correlated with the metastasis formation in these tumors [126]. 

Table III: Adhesion molecules and their involvement in metastasis formation. 

Adhesion molecule 

Cadherins 

CD44s 

Immunoglobulin superfamily 
VCAM-l 

Integrins 
VLA-l, VLA-2, VLA-3 

VLA-4 

VLA-5 

a.P, 

Selectins 

E-selectin 

P-selectin 

Type of adhesion 

Cell-cell 

Cell-ceIIlCell-ECM 

Cell-celVEC-Cell 

Cell-cell/Cell-ECM 

EC-Cell 

Ligand 

Cadherins 

Hyaluronate 
Collagen 

Fibronectin 

VLA-4 

Type IV collagen 

Laminin 
VCAM-l 

Fibronectin 
Laminin 

Siatyl Lewisx antigen 
Siatyl LewisA antigen 

CDl5 

Sulfatides 

This table only shows those adhesion molecules, which have been reported to playa role in invasive growth and 

metastasis formation. 
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Extracellular matrix proteins and proteolytic enzymes 
The ECM and its degradation play an important role in the invasion and metastasis of 
tumors. The ECM consists of the BM and the interstitial stroma, and contributes 
significantly to the tissue architecture. It has several biological functions and forms a 
mechanical barrier to infectious agents, host immune cells and invasion of tnmor cells 
[127]. In the skin, it plays a role in attachment, growth, spreading and regulation of 
differentiation and gene expression in epithelial cells [143]. 
Major components of the BM are type IV collagen and laminin, whereas fibronectin and 
proteoglycans are more prominent in the interstitial stroma [127]. The interaction of tumor 
cells with the ECM occurs in multiple stages of the metastatic cascade. Tumor cells may 
have various effects on the ECM. These are 1) degradation of matrix components by the 
production of proteolytic enzymes; 2) stimulation of fibroblasts to accumulate matrix 
components (desmoplasia) and 3) synthesis of matrix components [125]. 
Several enzymes such as interstitial collagenases, stromelysins, gelatinases and type IV 
collagenases playa role in the degradation ofECM [1271. Interstitial collagenase degrades 
type I, II and III collagen and is produced by fibroblasts and some tumor cell lines. 
Stromelysin 1 and gelatinase B, a type IV collagenase, degrade BM components and 
interstitial collagens. Stromelysin 3 is produced in the stroma of various malignant tumors 
but no structural substrate in the ECM has yet been identified. Gelatinase B (MMP2) 
degrades the type IV collagenous stuctnre of the BM and other ECM components such as 
fibronectin and interstitial collagen [1511. All these enzymes are metal ion-dependent 
proteases and therefore are referred to as matrix metalloproteases (MMP). Plasminogen 
activator (PA) converts the pro-enzyme plasminogen into plasmin. Plasmin plays a role in 
the conversion of procollagenase and prostromelysin into collagenase and stromelysin, 
respectively [134,152]. Inhibition of collagenase and stromelysin is regulated by tissue 
inhibitors of MMP (TIMPs) [124,1152]. Up-regulation of MMPs and/or down-regulation 
of TIMPs may lead to proteolysis of the ECM proteins. 

Adhesion molecules and proteolytic enzymes in Bee 
Although BCC is a malignant tumor, it rarely metastasizes, but it shows infiltrative 
growth. As already mentioned, several adhesion molecules playa role in invasive growth 
and metastasis formation in tumors. Therefore, the expression of various adhesion 
molecules in BCC has been investigated in a number of studies. 
E-cadherill expression was observed to be normal in superficial and nodular types of 
BCC, but was decreased in the infiltrative type in two studies [128,1531. In a different 
study also reduced expression of E-cadherin was observed in the tumor nests compared 
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with that in the normal epidermis in 28 out of 30 Bees [154]. TIlese findings of reduced 
E-cadherin expression, particularly in the infiltrative type [128,153], indicate that this may 
playa role in the growth pattern and the local aggressive behavior of some Bee. 
CD44 expression was observed to be reduced in Bee and sec compared with the normal 
epidermis [155-159]. Expression of CD44standard has been observed to be 
predominantly located in the central areas of the tumor nests [159,160]. In several 
carcinomas, increased expression of CD44 isoforms is highly correlated with the 
tumorigenicity [126,140]. In contrast, in BCC and sce, the expression of CD44stalldard 
and its variant isoforms, V3.6 and V9, was shown to correlate with proliferation and an 
undifferentiated phenotype [158]. In these tumors, no correlation has been observed 
between CD44 expression and increased invasive growth or metastasis formation. Based 
on these observations, CD44 expression probably does not playa major role in these 
events in BCC and SCC. 
Integrins: The expression of VLA-2 and VLA-3 is pericellular in BCC and sce in 
contrast with their expression in the normal epidermis, where it is located on the basal side 
of the basal cells [142,146,161,162]. In BeC, VLA-3 was predominantly observed on the 
peripheral cells of the tumor nests [143,145]. However, in BCC with partial regression, no 
expression of VLA-2 and VLA-3 was observed in the foci of regression [145]. This 
indicates that the decreased expression of these molecules correlates with a disruption of 
the basal membrane surrounding the tumor nests. 
VLA-5 (a,~I) was not observed in nodular BCC [142,162] and focal expression in 
superficial BCC was observed in only one study [161]. However, strong expression of this 
integrin was found in SCC [142,146]. The integrin a6~4 was absent in BCC, whereas in 
SCC, an invasive and metastasizing tumor, ao~4 was strongly expressed [146,162]. This 
may indicate a positive correlation between VLA-5 and ao~4 and invasive growth and 
metastasis formation. However, this has not been proven yet. 
Expression of the seiectinligands sialyl Lewisx, sulfatide-l, sialyl LewisA and CD15 were 
investigated in both BCC and SCC. Sialyl Lewisx and CD15 were observed to be 
expressed in SCC but sulfatide-l was expressed in only some of these tumors. Sialyl 
LewisA was not expressed in SCe. In Bee, none of these ligands were expressed. 
However, in both BCC and SCC endothelial E-selectin was noted [163]. 
As mentioned previously, angiogenesis plays a role in tumor metastasis. VEGF is a 
dimeric glycoprotein that induces microvascular hyperpermeability, and is a selective EC 
mitogen, which is suspected to play an important role in the angiogenesis associated with 
malignant tumors [164]. An immunohistochemical study showed that the expression of 
VEGF in sec was higher than that in BCC. The latter were always faintly positive [164]. 
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It may be suggested that the low expression of VEGF in BCC perhaps contributes to the 
non-metastatic behavior of these tumors. 
Investigations into the BM components in BCC showed variable results. Fetal antigen-2 
(FA-2) is it 26 kD BM associated antigen, which is originally isolated from second 
trimester human amniotic fluid. In normal skin, it is located along the BM of the dermal­
epidermal junction. In the dermis, it is located around blood vessels, hair follicles and 
eccrine glands [165]. FA-2 was identified as the aminopropeptide of the UI chain of type I 
procollagen [105]. In BCC, it was observed in the BM surrounding the tumor nests, 
except for areas with inflammatory infiltrate cells and degeneration of elastin [165]. In the 
same study, laminin and type IV collagen were found in the BM surrounding the tumor 
nests. However, Tanaka et al [166] showed that type IV collagen consists of 6 chains, UI 
(IV)-u, (IV), and that in normal skin, UI (IV), u,(lV), u,(IV) and u,(IV) are co-localized 
in the BM. 
In BCC, the expression of the different chains depended on the histopathological type of 
the tumor. In nodular BCC, the UI(IV) and u,(IV) chains were consistently present, but 
the staining for u,(IV) and u,(IV) chains was either very weak or totally absent. In 
superficial BCC, the ul(IV) and a,(IV) chains formed a thick continuous layer, whereas 
the u,(IV) and u,(IV) chains formed only a thin layer. In the morpheic type of BCC, 
staining for the UI(1V) and a,(IV) chains was predominantly continuous, but 
discontinuous in some areas, whereas the u,(1V) and u,(IV) chains were not observed at 
all. Recently, the presence of mRNA of different BM components was investigated in 
BCC [167]. The mRNA of bullous pemphigoid antigen (BPAG)-I (230 kO) and BPAG-2 
(180 kD), the u, and p, chain of the u,p, complex and the U3 chain of laminin 5 were all 
observed to be decreased in BCC compared with the normal epidermis. These 
observations are largely consistent with the immunohistochemical findings. 
All these alterations in the BM of BCC may lead to a structurally defective BM that 
facilitates the invasive growth of BCe. In addition, proteolytic enzymes such as gelatinase 
A [151], gelatinase B (type IV collagenase) [168,1691, matrilysin [1951, PA [171], 
stromelysin-3 [1721, interstitial collagenase [1731 and stromelysin-I [1731 were all 
detected iII BCC using different techniques. The presence of mRNA of a protease 
inhibitor (TIMP-2) has also been reported in BCC [1511. These observations indicate that 
the combination of expression of certain adhesion molecules, ECM components, 
proteolytic enzymes and their inhibitors plays a pivotal role in the growth and non­
metastatic behavior of BCC. However, the exact individual contribution of all these 
components remains to be elucidated. 
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1. 6. Therapy of basal cell carcinoma 

Physical intervention 
Different strategies are employed to treat BCC. The treatment that is chosen depends on 
the location, size and histological type of the tumor. Cosmetic aspects, particularly when 
the tumor is located on the face, play also a very important role in the choice of therapy. 
Furthermore, recurrent BCCs often require treatment different from the treatment of 
primary tumors. 
The most common treatment is surgical excision under local anesthesia, which is 
relatively rapid and usually definitive (Table IV). The entire resected specimen is 
available for pathological study to evaluate histological type and margins. MMS is 
undertaken to treat recurrent and aggressive types of BCC and for BCC located on 
difficult sites. Frederick E. Mohs developed this technique, which is very time consuming, 
in 1936 [174]. In MMS, the tumor is excised layer by layer and the entire depth of each 
layer is examined microscopically. Besides many advantages such as the low recurrent 
rate of the tumor, some serious disadvantages of this technique have been reported 
[175,176]. It has been described that sections obtained by MMS are difficult to interpret 
and may be misleading. 
In cryosurgery the tumor is treated with liquid nitrogen. Small BCCs « 2 cm in diameter) 
on certain sites, such as near the eye or on the auricle, are treated with cryosurgery. 
Although this technique is very rapid, a serious disadvantage is that pathological 
evaluation is not possible. Therefore, it is usually not used for treating infiltrative and 
recurrent BCCs [177]. However, recently the consequences of this therapy were 
investigated in 54 patients with 56 recurrent BCCs and favorable wound healing and 
excellent cosmetic results were observed. In only 2 patients recurrences were noted, 3 and 
7 years after therapy [178]. 
Other treatment modalities are radiotherapy and curettage. In both instances pathological 
evaluation is impossible. Avril et al [179], in a randomized study in which BCC were 
either treated with surgery or radiotherapy, concluded that surgery was more effective. 
Photodynamic therapy using aminolevulinic acid and laser irradiation has been used in 
BCC [180,181]. 

Recently, it was shown that the effect of photodynamic therapy for BCC depends on both 
tumor thickness and the duration of the photosensitizer application [182]. In addition to 
these routine treatments, new experimental therapies slich as with cis-platinum containing 
regimens [183] or with 5-f1uorouracil [184] have also been reported. 
The use of all these different therapies depends on the type of BCC and its location. 
However, surgical excision is still the most prominent therapy used. 



37 Chapter 1 

Table IV: The most common therapies for Bee and the percentage of recurrences after 5 
years [177,181], 

Therapy 

Surgical excision 

MMS 
Cryosurgery 

Radiotherapy 

Curettage 

Photodynamic surgery 

Immunotherapy 

Percentages of recurrences 5 after: 
Treatment of primary Bee 

4.8-10.1 

1.0 

7.5 

7.4-8.7 

7.7-13.2 

81 

Treatment of recurrent nee 
17.4 

5.6 
9.8 

40.0 

3.0 

The most important aim of immunotherapy is to stimulate the innnune system to destroy 
the tumor. In general, cytokine-based innnunotherapy aims to boost the anti-tumor 
immune response mainly by stimulating T cell responses. Such therapies involve different 
approaches: I) Direct administration of cytokines to the patients, either systemically or 
locally; 2) In vitro culture of immune cells from patients with cytokines, followed by re­
administration of the Iymphokine-activated killer (LAK) cells to the patients; 3) 
Transfection of cytokine genes into T cells in order to activate the local antitumor defense, 
and 4) Transfection of cytokine genes into tumor cells in order to stimulate and activate 
CTLs in vivo [185]. In addition, innnunoregulatory cytokines such as IFN-y and IL-2 have 
been used to overcome the effects of immunosuppressive cytokines [109]. 
In the last two decades, a number of clinical trials on intralesional treatment of Bee with 
IFN have been reported [186-198]. Such investigations were pursued in order to develop a 
treatment for Bees with more satisfying cosmetic and functional results or for treatment 
of Bees on body sites not easily accessible for surgery. Successful treatment of Bee with 
IFN-y has been reported in several studies [187,189-194,197,198]. A total dose of 9 x 106 
to 13.5 x 106 international units (IV) IFN-y was administered intralesionally 2 or 3 times a 
week for 2 or 3 weeks to nodular or superficial Bees. The percentage of complete tumor 
remission varied from 33 [189] to 100 [187]. The T cell-mediated immune response was 
enhanced after IFN-y therapy as indicated by an increased number of peri- and 
intratumoral activated T cells [189]. However, the exact mechanism by which IFN-y cures 
Bee is still unknown. 
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It was reported that IFN-y has a higher tissue affinity than IFN-y. This leads to higher 
levels of IFN-y in the tumor and lower levels in the systemic circulation. This property 
might constitute a significant advantage for the treatment of BCC. To our knowledge, 
only one study reported intralesional treatment of BCC with IFN-y [196]. In this study 
different doses and administration frequencies were used. A total dose of I x 10' IU and 
intralesional injections 3 times a week for 3 weeks led to complete remission in 12 of 14 
patients. This was determined 12 weeks after initiation of the therapy. 
Intralesional treatment of BCC with IFN-y was reported in several studies [186,188]. Tank 
et al [186] observed only flattening of the tumor and an increase in peritumoral 
inflammatory infiltrate, but no reduction of the tumor size. However, Edwards et al [188], 
using different doses and frequencies of application, observed complete remission in 50% 
of treated patients. 
From these studies it may be concluded that intralesional treatment with IFN-a or -~ may 
be a useful therapy on selected cases such as BCCs located at difficult sites not easily 
accessible for surgery or in cases of multiple BCCs. 

1. 7. Aims of the study 

The aims of the studies described in this thesis were, 

I. To clarify the cytokeratill expressioll pattei'll ill Bee. The results of studies published 
so far have been contradictory [95-101]. This may have been caused by the use of 
different immunohistochemical detection techniques and monoclonal antibodies (MAbs) 
with different epitope specificities. Therefore, in an attempt to resolve these discrepancies, 
we used a large panel of MAbs against Ck 7, 8, 18 and 19 in a comprehensive 
immunohistochemical study. In addition, an immunoelectron microscopic (!EM) study 
was undertaken to confirm the light microscopic (LM) findings on the expression of Ck 8 
and its potential significance as a histopathological marker of BCe. 

2. To obtaill additiollal insight illfo the obsen'ed lack of effective cell-lIlediated illllllllllity 
ill Bee ill spite of the presellce of valyillg degrees of peritllllloral illjlallllllatOlY ill filtrate, 
predominantly consisting of T cells. The aim was to investigate the possible reasons for 
the absence of or the rare presence of T cells within the tumor nests. These may be the 
absence or down-regulation of molecules on BCC cells, which play an essential role in the 
T cell-tumor cell interaction. These molecules are MHC class I & II antigens and the 
costimulatory molecules ICAM-I, CD40 and B7.1 (CD80). Furthermore, other factors 



39 Chapter 1 

such as immunosuppressive cytokine !L-lO and soluble (s) rCAM-l, both of which may 

contribute towards inhibition of the cellular immune response, were investigated. 

3. To obtaill a better illsight illlo the 1I01l-metastatic behavior of BCe. Despite the fact 

that Bee is a malignant tumor, metastases are very rare. In several tumors, such as 
carcinomas of the breast [136) and colon [131,199), the expression of certain adhesion 
molecules on the tumor cells is correlated with the metastatic behavior of these tumors. 

Loss of E-cadherin, u- and l3-catenin expression and increased expression of CD44V 6 is 
correlated with an increased invasive growth and metastasis formation. Therefore, the 
expression of these adhesion molecules in BCC was examined. In addition, the observed 
down-regulation of these molecules on BCC cells compared with the overlying epidermis 
was investigated using !EM. 

References 

1. Greenberg PD. ; Stites DP, Terr AI, Parslow TO, editors. Basic and Clinical Immunology. 8th ed. 

Connecticut: Appleton & Lange, 1994; 43, Mechanisms of tumor immunology. p. 569-77. 

2. Rhodes AR. Public education and cancer of the skin. What do people need to know about melanoma and 

nonmeianoma skin cancer? Cancer 1995; 75: 613-636. 

3. Ko CB. Walton S, Keczkes K, et aL The emerging epidemic of skin cancer. Br J Dermatol 1994; 130: 

269-272. 

4. Coebcrgh JWW, Neumann HAM, Vrints LW, et al. Trends in the incidence afnon-melanoma skin cancer 

in the SE Netherlands 1975-1988: a registry-based study. Br J Dermatol1991; 125: 353-359. 

5. Wallberg P, Skog E. The increasing incidence of basal cell carcinoma. Br J Dermatol1994; 131: 914-915. 

6. Zanetti R, Rosso S, Martinez C. et a!. The multicenter south European study 'Helios' I: skin characteristics 

and sunburns in basal cell and squamous cell carcinomas of the skin. Br J Cancer 1996; 73: 1440-1446. 

7. Rosso S, Zanetti R, Martinez C, et at. The multicenter south European study 'Helios' II: different sun 

exposure patterns in the aetiology of basal cell and squamous cell carcinomas of the skin. Br J Cancer 

t996: 73: t447-1454. 

8. Marks R, Slapies M, Giles GG. Trends in non-melanocytic skin cancer treated in Australia: the second 

national survey. Int J Cancer 1993; 53: 585-590. 

9. McCormack CJ, Kelly JW, Dorcvitch AP. Differences in age and body site distribution of the histological 

subtypes of basal cell carcinoma. Arch Dermatol1997; 133: 593-596. 

10. Abreo F, Sanusi I. Basal cell carcinoma in North American blacks. Clinical and histopathologic study of 

26 patients. J Am Acad Dermatol1991; 25: 1005-1011. 



IntrodllCHoll 40 

11. Beckenstein MS. Windle BH. Basal cell carcinoma in the groin of a black patient with femoral vessel 

invasion and a second primary malignancy. Plastic and Reconstructive Surgery 1996; 98: 872-875. 

12. Oram Y. Orengo I. Alford E, et al. Basal cell carcinoma of the scalp resulting in spine metastasis in a 

black patient. J Am Acad Dermatol1994; 31: 916-920. 

13. Frank W. Morris D. Large basal cell carcinoma in a black patient. Plastic and Reconstructive Surgery 

1995,96: 493-494. 

14. Krompecher E. Der drtlsenartige ober-flachenepithelkrebs (carcinoma epitheliale adenofdes). Zieglers 

Beitr Palhol Anatom 1900; 28: 1-41. 

15. Rippey n. Why classify basal cell carcinoma? Histopathol1998; 32: 393-398. 

16. de Rosa G. Staibano S, Barra E. et al. p53 protein in aggressive and non-aggressive basal cell carcinoma. J 

Cutan Pathol1993, 20: 429-434. 

17. Lo JS, Snow SN, Reizner GT, et al. Metastatic basal cell carcinoma: Report of twelve cases with a review 

of the literature. J Am Acad Dermatol1991; 24: 715-719. 

18. Davies R, Harris Briggs J. Levine MR. et al. Metastatic basal cell carcinoma of the eyelid. Arch 

Opthalmol1995, 113: 634-637. 

19. Snow SN, Sahl W. LoJS. e! a1. Metastatic basal cell carcinoma. Cancer 1994; 73: 328-335. 

20. Healy E. Angus B. Lawrence CM. et a!. Prognostic value of Ki67 antigen expression in basal cell 

carcinomas. Br J Dermatol1995; 133: 737-741. 

21. Miller S1. Biology of the basal cell carcinoma (Part I). J Am Acad Dermatol1991~ 24: 1-13. 

22. Lopes de Faria J, Navarrete MA. The histopathology of the skin basal cell carcinoma with areas of 

intermediate differentiation. A metatypical carcinoma? Path Res Pmc! 1991; 187: 978-985. 

23. Goldberg LH. Basal cell carcinoma. The Lancet 1996; 347: 663-667. 

24. Baum H. Meurer I. Unteregger G. Ki-67 antigen expression and growth pattern of basal cell carcinomas. 

Arch Dermalol Res 1993; 285: 291-295. 

25. Grimwood RE. Ferris CF, Mercill SB, et al. Proliferating cells of human basal cell carcinoma are located 

on the periphery of tumor nodules. J Invest Dermatol1986; 86: 191-194. 

26. Kikuchi A, Amagai M, Hayakawa K. et aJ. Association of EGF receptor expression with proliferating 

cells and of ras p21 expression with differentiating cells in various skin tumours. Br J Dermatol 1990; 

123: 49-58. 

27. Stamp GWH, Nasim M, Cardillo M. et al. Transforming growth factor-f} distribution in basal cell 

carcinomas: relationship to proliferation index. Br J Derrnatol1993: 129: 57-64. 

28. Rossen K, Haerslev T, Hou-Jensen K, et al. BcI-2 overexpression in basaloid proliferations overlying 

dermatofibromas and basal cell carcinomas. APMIS 1997; 105: 35-40. 

29. Kamradt J, Reichrath J. Expression of retinoic acid receptor proteins in basal cell carcinomas: an 

immunohistochemical analysis. J Histochem Cytochem 1996; 44: 1415-1420. 

30. Gallagher RP, Ma B, Mclean 01, et aJ. Trends in basal cell carcinoma, squamous cell carcinoma, and 

melanoma of the skin from 1973 through 1987. J Am Acad Dermatol 1990; 23: 413-421. 



31. D'Errico M. Caicagnile AS, Corona R, et al. p53 mutations and chromosome instability in basal cell 

carcinomas developed at an early or late age. Cancer Res 1997; 57: 747·752. 

32. Wei Q, Matanoski GM, Farmer ER, et al. DNA repair capacity for ultraviolet light-induced damage is 

reduced in peripheral lymphocytes from patients with basal cell carcinoma. J Invest Dermatol1995; 104: 

933·936. 

33. Gallagher RP. Hill GB, Bajdik CD, et al. Sunlight exposure, pigmentary factors, and risk of 

nonmelanocytic skin cancer. I. Basal cell carcinoma. Arch Dermatol1995; 131: 157-163. 

34. Chen Y. Woods GM, Dandie GW, et al. Down-regulation of an established immune response via chemical 

carcinogen or UVB-altered skin. Immunol and Cell Bioi 1997; 75: 238-244. 

35. Bestak R, Halliday GM. Chronic low-dose UVA irradiation induces local suppression of contact 

hypersensitivity, Langerhans celJs depletion and suppressor cell activation in CsH/HeJ mice. 

Photochemistry and Photobiology 1996~ 64: 969-974. 

36. Myskowski P.L., Safai B. The immunology of basal cell carcinoma. Int J Dermatol 1988; 27: 601-607. 

37. Enk CD. Sredni D, Blauvelt A, et a!. Induction ofIL-lO gene expression in human keratinocytes by UVB 

exposure in vivo and in vitro. J Immuno11995; 154: 4851-4856. 

38. Kripke ML. Ultraviolet radiation and immunology: Something new under the sun-presidential address. 

Cancer Res 1994; 54: 6102-6105. 

39. Bootsma D. DNA-herstelmechanismen en kanker. Ned Tijdsch DermatoI Venereol1996; 6: 239-242. 

40. Grossman L, Wei Q. DNA repair and epidemiology of basal cell carcinoma. Clin Chem 1995~ 41: 1854-

1863. 

41. Krutmann J, Ahrens C, Roza L, ct at. The role of DNA damage and repair in ultraviolet B radiation­

induced immunomodulation: relevance for human photocarcinogenesis. Photochemistry and Photobiology 

1996; 63: 394·396. 

42. Espana A, Redondo P, Femandez AL. el a1. Skin cancer in heart transplant recipients. J Am Acad 

Dermatol 1995; 32: 458-465. 

43. Ferrandiz C, Fuente MJ, Ribera M, et aJ. Epidermal dysplasia and neoplasia in kidney transplant 

recipi!!nls. J Am Acad Dermatol1995; 33: 590-596. 

44. Bouwes Bavinck IN. Claas FlU. Hardie DR, et al. Relation between HLA antigens and skin cancer in 

renal transplant recipients in Queensland, Australia. J Invest Dermatol 1997; 108: 708-711. 

45. Hopfl R. Bens G, Wieland V, et al. Human papillomavinls DNA in non-melanoma skin canccrs of a rcnal 

transplant recipient: Detection of a new sequence related to epidermodysplasia vcrruciformis associated 

types. J Invest Dennatol1997; 108: 53-56. 

46. Marks R, Rennie G, Selwood T. The relationship of basal cell carcinomas and squamous cell carcinomas 

to solar keratoses. Arch Dermatol1988; 124: 1039-1042. 

47. Karagas MR. Occurrence of cutaneous basal cell and squamous cell malignancies among those with a 

prior history of skin cancer. J Invest Dermatol1994; 102: lOS-13S. 



Introduction 42 

48. Yamada M, Kodama K, Fujita S, et al. Prevalence of skin neoplasms among the atomic bomb survivors. 

Radiation Res 1996; 146: 223-226, 

49. Bos JL The ras gene family and human carcinogenesis. Mutation Res 1988; 195: 255-271. 

50, Campbell C, Quinn AO, Rees JL. Codon 12 Harvey-ras mutations are rare events in non-melanoma 

human skin cancer. Br JDermatol1993; 128: 111-114. 

51. Lieu FM, Yamanishi K, Konishi K, et al. Low incidence of Ha-ras oncogene mutations in human 

epidermal tumors, Cancer Lellers 1991: 59: 231-235. 

52, Tanikawa E. Mori 0, Hachisuka H, et al. Expression of ras proto-oncogene related to protein p21 in 

normal human skin and cutaneous tumours, Acta Histochemica 1992; 93: 282-289. 

53, van der Schroeff JO, Evers LM. Boot AJM, et al. Ras oncogene mutations in basal cell carcinomas and 

squamous cell carcinomas of human skin. J Invest Dennatol1990; 94: 423-425. 

54. White SI, Balmain A. Analysis of ras gene mutations in non-melanomil skin cancer by the polymerase 

chain reaction (PCR) and mutation-specific oligonucleotide probing. Br J Dermatol1990; 122: 271-272. 

55, Wikonkal NM, Berg RJW, van HaseJen CW, et al. BcI-2 vs p53 protein expression and apoptotic rate in 

human nonmelanoma skin cancers, Arch Dermatol 1997; 133: 599-602. 

56, Wrone-Smith T, Johnson T, Nelson B, et a!. Discordant expression of Bcl-x and BcI-2 by keratinocyte in 

vitro and in psoriatic keratinocytes in vivo, Am J Patho11995; 146: 1079-1088. 

57. Verhaegh MEJM, Sanders CJO, Arends JW. et al. Expression of the apoptosis-suppressing protein BcI-2 

in non-melanoma skin cancer. Br J Dermatol1995; 132: 740-744. 

58. Morales-Ducret CRJ, van de Rijn M, LeBrun DP, et a!. BcI-2 expression in primary malignancies of the 

skin. Arch Dennatol1995; 131: 909-912. 

59. Crowson AN, Magro CM, Kadin ME, et al. Differential expression of the bC/-2 oncogene in human basal 

cell carcinoma. Hum Patho11996; 27: 355-359. 

60. Cerroni L, Kefl H. Aberrant bcl-2 protein expression provides a possible mechanism of neoplastic cell 

growth in cutaneous basal·cell carcinoma. J Cutan Patho11994; 21: 398-403. 

61. Verhaegh MEJM. Arends J, Majoie 1M, et al. Transfonning growth factor-beta and bcJ-2 distribution 

patterns distinguish trichoepithelioma from basal cell carcinoma. Dermatol Surg 1997; 23: 695-700. 

62, Levine AJ, Momand J. Finlay CA. The p53 tumour suppressor gene, Nature 1991; 351: 453-456, 

63. Campbell C, Quinn AO, Angus B, et a!. The relation between p53 mutation and p53 immunostaining in 

non-melanoma skin cancer. Dr J Dermatol1993; 129: 235-241. 

64. Kubo Y, Urano Y, Yoshimoto K, et aL p53 gene mutations in human skin cancers and precancerous 

lesions: Comparison with immunohistochemical analysis. J Invest Dermatol1994; 102: 440-444. 

65. Urano y, Asano T, Yoshimoto K, et at. Frequent p53 accumulation in the chronically sun-exposed 

epidermis and clonal expansion of p53 mutant cells in the epidermis adjacent to basal cell carcinoma. J 

Invest Dermatol1995; 104: 928-932. 

66, Barbareschi M, Oirlando S, Cristofolini P, et al. p53 protein expression in basal cell carcinomas. 

Histopathol1992; 21: 579-581. 



43 Chapter 1 

67. van Zuylen A. Kankersuppressor 'molecuul van hetjaar'. Chemisch Magazine 1994; Febr: 44. 

68. Ro YS, Cooper PN. Lee lA, ct aL p53 protein expression in benign and malignant skin tumours. Br J 

Dermatol1993; 128: 237·241. 

69. Helander SD. Peters MS, Pittelkow MR. Expression of p53 protein in benign and malignant epidermal 

pathologic conditions. J Am Acad DcrmatoI 1993; 29: 741-748. 

70. van def Riet P, Karp D, Farmer E, et al. Progression of basal cell carcinoma through loss of chromosome 

9q and inactivation ofa single p53 allele. Cancer Res 1994; 54: 25-27. 

71. Matsumura Y, Nishigori C. Vagi T. et al. Characterization ofp53 gene mutations in basal cell carcinomas: 

comparison between sun-exposed and less-exposed skin areas. Int J Cancer 1996j 65: 778-780. 

72. Ponten F, Berg C, Ahmadian A, et a1. Molecular pathology in basal cell cancer with p53 as a genetic 

marker. Oncogene 1997j 15: 1059-1067. 

73. Holmberg E, Rozell BL, Toftgard R. Differential allele loss on chromosome 9q22.3 in human non­

melanoma skin cancer. Br J Cancer 1996; 74: 246-250. 

74. Takata M, Quinn AG, Hashimoto K. et al. Low frequency of loss of heterozygosity at the nevoid basal 

cell carcinoma locus and other selected loci in appendageal tumors. J Invest Dermatol1996; 106: 1141-

1144. 

75. Gailani MR. Leffel! OJ, Ziegler A, et al. Relationship between sunlight exposure and a key genetic 

alteration in basal cell carcinoma. J Natl Cancer Inst 1996; 88: 349-354. 

76. Gailani MR, Bale AE. Developmental genes and cancer: Role of patched in basal cell carcinoma of the 

skin. J Nail Cancer Inst 1997; 89: 1103-1109. 

77. Johnson RL, Rothman AL, Xie 1, et a!. Human homolog of patched, a candidate gene for the basal cell 

nevus syndrome. Science 1996; 272: 1668-1671. 

78. Hahn H, Wicking C, Zaphiropoulos PO, et at. Mutations of the human homolog of Drosophila patched in 

the nevoid basal cell carcinoma syndrome. Cell 1996; 85: 841-851. 

79. Aszterbaum M, Rothman A, Johnson RL, et al.ldentification of mutations in the human PATCHED gene 

in sporadic basal cell carcinomas and in patients with the basal cell nevus syndrome. J Invest Dermalol 

1998; 110: 885·888. 

80. Fan H, Oro AE, Scott MP, el al. Induction of basal cell carcinoma features in transgenic human skin 

expressing sonic hedgehog. Nature Med 1997j 1: 788-792. 

81. Xie 1, MUrone M, Luoh S. et al. Activating smoothened mutations in sporadic basal cell carcinoma. 

Nature 1998; 391: 90-92. 

82. Kallassy M, Toftgard R, Veda M, et a!. Patched (ptch)-associated preferential expression of smoothened 

(smoll) in human basal cell carcinoma of the skin. Cancer Res 1997; 57: 4731-4735. 

83. Alberts B, Bray 0, Lewis 1, et al.: Alberts B, Bray D, Lewis 1, Raff M, Roberts K, Watson 10. editors. 

Molecular biology of the cell. New York & London: Garland Publishing, Inc. 1983: 10, Cytoskeleton. p. 

549·610. 



Introduction 44 

84. Moll R, Franke WW, Schillcr DL, et al. The catalog of human cytokeratins: patterns of expression in 

normal epithelia, tumors and cultured cells. Cell 1982; 31: 11-24. 

85. Schaafsma HE, Ramaekers FCS. Cytokeratin subtyping in normal and neoplastic epithelium: basic 

principles and diagnostic applications. Pathol Annuals 1994; 29: 21-62. 

86. Moll R. Schiller DL, Franke WW. Identification of protein IT of the intestinal cytoskeleton as a novel 

type I cytokeratin with unusual properties and expression patterns. I Cell Bioi 1990; III: 567-580. 

87. KaIlionen M. Koivukangas V, Jarvinen M, et a1. Expression of cytokeratins in regenerating human 

epidermis. Be J Dermatol1995; 133: 830-835. 

88. Watanabe S, Osumi M, Ohnishi T. et ai, Changes in cytokeratin expression in epidermal keratinocytcs 

during wound healing. Histochem 1995; 103: 425-433. 

89. Vogel U, Btiuger BC. Control of cytokeratin 17 expression by interferon gamma. Immunobiol 1995; 193: 

322-327. 

90, van Muijen GNP, Warnaar SO, Ponec M. Differentiation-related changes of cytokeratin expression in 

cultured keratinocytes and in fetal, newborn, and adult epidennis. Exp Cell Res 1987; 171: 331-345. 

91. Moll I, Kuhn C, Moll R. Cytokeratin 20 is a general marker of cutaneous merkel cells while certain 

neuronal proteins are absent. J Invest Dermatol1995; 104: 910-915. 

92, Jimenez FI, Grichnik 1M. Buchanan MD, et a!. Immunohistochemical techniques in Mohs micrographic 

surgery: Their potential use in the detection of neoplastic cells masked by inflammation, J Am Acad 

Demlato11995; 32: 89-94. 

93. Ramnarain ND, Walker NPJ, Markey AC. Basal cell carcinoma: rapid techniques using eytokeratin 

markers to assist treatment by micrographic (Mohs') surgery. Br J Biomed Sci 1995; 52: 184-187. 

94. Moll R, Franke WW, Vole-Platzer B, et al. Different keratin polypeptides in epidermis and other epithelia 

of human skin: A specific cytokeratin of molecular weight 46,000 in epithelia of the pilosebaceous tract 

and basal cell epitheliomas. J Cell Bioi 1982; 95: 285-295. 

95. Markey AC. Lane EB, MacDonald DM, et al. Keratin expression in basal cell carcinomas. Br J Dennatol 

1992; 126: 154-160. 

96. Perkins W, Campbell I, Leigh W, et al. Keratin expression in normal skin and epidermal neoplasms 

demonstrated by a panel of monoclonal antibodies. J Culan Patho11992; 19: 476-482. 

97. Asada M, Schaart F. de Almeida HL, et al. Solid basal cell epithelioma (BCE) possibly originates from 

the outer root sheath of the hair follicle. Acta Dermatol Venereol (Stockh) 1993; 73: 286-292. 

98. Krekels GAM, Verhaegh MEJM, Wagenaar SS, et al. Keratins (K8 and K19) as potential markers of 

recurrent basal cell carcinoma, Eur J Dermatol1997; 7: 158-160. 

99_ Habets JMW. Tank B, Vuzevski VD, et a!. Immunoelectron microscopic studies on cytokeratins in human 

basal cell carcinoma. Anticancer Res 1989; 9: 65-70, 

100. Habets JMW. Tank B. Vuzevski YD. et al. Absence of cytokeratin 8 and inconsistent expression of 

cytokeratins 7 and 19 in human basal cell carcinoma, Anticancer Res 1988; 8: 611-616, 



45 Chapter 1 

101. Lavrijscn APM. Tichen LM. Ponee M, el a!. Expression of EGF receptor, involucrin, and cytokeratins in 

basal cell carcinomas and squamous cell carcinomas of the skin. Arch Dermalol Res 1989; 281: 83·88. 

102. Markey AC. Lane ED. Churchill U, et aJ. Expression of simple keratins 8 and 18 in epidermal neoplasia. 

J Invest Dermatol1991; 97: 763-770. 

103. Bartek J, Bdrtkova J, Schneider I, et al. Expression of monoclonal antibody-defined epitopes of keratin 19 

in human tumours and cultured cells. Eur J Cancer Clin 00co11986: 22: 1441-1452. 

104. Moll R, Lowe A, Laufer }, et a1. Differential expression of cytokeratin 20 in human carcinomas: a new 

histodiagnoslic marker detected by monoclonal antibodies. Am J Palho11992; 140: 427-447. 

105. Boon T. Coulie PG, van den Eynde B. Tumor antigens recognized by T cells. Immunology Today 1997; 

18: 267-268. 

106. van den Eynde BJ, van der Bruggen P. T cell defined tumor antigens. CUrr Opin Immunol 1997; 9: 684-

693. 

107. Oppenheim 11, Rusceui FW, FaJtynek C. ; Stites DP, Terr AI, Parslow TG, editors. Basic and clinical 

immunology. 8th ed. Connecticut: Appleton & Lange Paramount Publishing Business and Professional 

Group, 1994; 9, Cytokines. p. 105-23. 

108. Abbas AK, Murphy KM, Sher A. Functional diversity of helper T lymphocytes. Nature 1996; 383: 787-

793. 

109. Chouaib S, Asselin-Pature! C, Mami-Chouaib F, et al. The host-tumor immune conflict: from 

immunosuppression to resistance and destruction. Immunology Today 1997; 18: 493-497. 

110. Abbas AK, Lichtman AH, Pober JS. ; Sanders WB, editors. Cellular and molecular inununology. 2nd ed. 

Philadelphia: Sanders WB Company, 1994; 18, Immunity to tumors. p. 356-75. 

111. Alamartine E, Stauss HI, Beverley PCL. Both ICAM-l and B7.1 are required to convert non-stimulatory 

keratinocytes into T cell-stimulating APCs. Eur J Dennatol1997; 7: 481-486, 

112. Dellon AL, de Poivin C, Chrelten PB, et al. The immunobiology of skin cancer. Plastic and 

Reconstructive Surgery 1975; 55: 341-354. 

113. Elsasser-Beile U, von Kleist S, Stahle W, et al. Cytokine levels in whole blood cell cultures as parameters 

of the cellular immunologic activity in patients with malignant melanoma and basal cell carcinoma. 

Cancer 1993; 71: 231-236. 

114. Habets IMW, Tank B, Vuzevski VD, et al. Characterization of the mononuclear infiltrate in basal celJ 

carcinoma: A predominantly T cell-mediated inunune response with minor participation of Leu-7+ 

(Natural KiJler) cells and Leu-14+ (B) cells. J Invest Demlatol 1988: 90: 289-292. 

115. Kohchiyama A, Oka D, Ueki H. Expression of human lymphocyte antigen (HLA)-DR on tumor cells in 

basal cell carcinoma. J Am Acad Dermatol1987: 16: 833-838. 

116. Gocdegebuure PS, Eberlein TI. The role of CD4+ tumor-infiltrating lymphocytes in human solid tumors. 

Immunol Res 1995: 14: 119-131. 

117. Markey AC, Churchill U, Allen MH, et al. Activation and inducer subset phenotype of the lymphocytic 

infiltrate around epidennally derived tumors. J Am Acad DermatoI 1990; 23: 214-222. 



Introduction 46 

liS. Hunt MJ, Halliday GM, Weedon D, et a!. Regression of basal cell carcinoma: an immunohistochemical 

analysis. Br J Demlatol1994; 130: l-S. 

119. Cabrera T, Ruiz-Cabello F, Garrido F. Biological implications of HLA-DR expression in tumours. Scand 

J Immuno11995: 41: 398-406. 

120. Habets JMW, Tank B, Vuzevski YD. et al. An absence of human leukocyte antigen-DR and a decreased 

expression of jil-microglobulin on tumor cells of basal cell carcinoma: No influence on the peritumoral 

immune infiltrate. J Am Acad Dermatol19S9; 20: 47-52. 

121. Barker JNWN, Allen MH, MacDonald DM. Distribution of intercellular-adhesion molecule-l (!CAM-I) 

and Iymphocyte-function-associated antigen-l (LFA-1) in epidermal tumors. Clin Exp Dermatol1990; 15: 

331-334. 

122. Cabrera T. Garrido V, Concha A. et a!. HLA molecules in basal cell carcinoma of the skin. lmmunobiol 

1992: 185: 440-452. 

123. Kikuchi A. Sakuraoka K, Shimizu H. et a!. Immunohistochemical evaluation of epidermis overlying basal 

cell carcinomas. Br J Dermatol1993; 128: 644-649. 

124. Woodhouse EC. Chuaqui RF, Liotta LA. General mechanisms of metastasis. Cancer 1997; 80: 1529-1237. 

125. Liotta LA. Mechanisms of cancer invasion and metastases. Cancer Growth Prog 1989; 3: 58-71. 

126. Albelda SM. Biology of disease. Role of integrins and other cell adhesion molecules in tumor progression 

and metastasis. Lab Invest 1993; 68: 4-17. 

127. Kohn EC. Development and prevention of metastasis. Anticancer Res 1993; 13: 2553-2560. 

12S. Jiang WG. E-cadherin and its associated protein catenins, cancer invasion and metastasis. Br J Surgery 

1996: 83: 437-446. 

129. Tamura S. The E-cadherin-mediated cell-cell adhesion system in human cancers. Br J Surgery 1997; 84: 

899-900. 

130. Behrens J. Cadherins as detemlinants of tissue morphology and suppressors of invasion. Acta Anat 1994; 

149: 165-169. 

131. Takayama T. Shiozaki H, Shibamoto S. et al.ji-Catenin expression in human cancers. Am J Patho1996; 

148: 39-46. 

132. Miyaki M, Tanaka K. Kikuchi-Yanoshita R. et a!. Increased cell-substratum adhesion, and decreased 

gelatinase secretion and cell growth, induced by E-cadherin transfection of human colon carcinoma cells. 

Oncogene 1995; 11: 2547·2552. 

133. Wilding J, Vousden KH, Soutter WP. et a!. E·cadherin transfection down-regulates the epidermal growth 

factor receptor and reverses the invasive phenotype of human papilloma virus-transfected keratinocytes. 

Cancer Res 1996; 56: 5285-5292. 

134. Mareel MM, Brackc ME. van Roy F. Invasion promotor versus invasion suppressor molecules: the 

paradigm ofE-cadherin. Mol BioI Rep 1994; 19: 45-67. 

135. Matsui S, Shiozaki H, Inoue M. et a!. Immunohistochemical evaluation of alpha-catenin expression in 

human gastric cancer. Virchows Archiv 1994; 424: 375-381. 



47 Chapter 1 

136. Rimm DL, Sinard JH, Morrow JS. Reduced a·catenin and E-cadherin expression in breast cancer. Lab 

Invest 1995; 72: 506-512. 

137. G6rski A. The role of cell adhesion molecules in inmlUnopathology. Immunology Today 1994: 15: 251-

255. 

138. Mackay CR. Terpe H. Stauder R, et aI. Expression and modulation of CD44 variant IsofomlS in humans. J 

Cell Bioi 1994; 124: 71-82. 

139. Nigam AK, Pignatelli M, Boulos PB. Current concepts in metastasis. Gut 1994; 35: 996-1000. 

140. Terpe H. Stark H, Prehm P, et al. CD44 variant isoforms arc preferentially expressed in basal epithelia of 

non-malignant human fetal and adult tissues. Histochem 1994; 101: 79-89. 

141. GUnthert U, Hofmann M, Rudy W, et al. A new variant of glycoprotein CD44 confers metastatic potential 

to rat carcinoma cells. Cell 1991; 65: 13-24. 

142. Cerri At Berti E. Integrins and skin tumours. Eur J Dermatol1995; 5: 177-185. 

143. Peltonen J, Larjava H, Jaakkola S, et a!. Localization of integrin receptors for fibronectin, collagen, and 

laminin in human skin. J Clin Invest 1989; 84: 1916-1923. 

144. Baa L, Pigott R, Matsumura Y, et a!. Correlation of YLA-4 integrin expression with metastatic potential 

in various human tumour cell lines. Differentiation 1993; 52: 239-246. 

145. Stamp GWH, Pignatelli M. Distribution of Ph alt a2 and a3 integrin chains in basal cell carcinomas. J 

Patho11991; 163: 307-313. 

146. Savoia P, Trusolino L. Pepino E, et a!. Expression and topography of integrins and basement membrane 

proteins in epidermal carcinomas: basal but nor squamous cell cardnoas display loss of C4P4 and BM-

600/nicein. J Invest Dermatol1993; 101: 352-358. 

147. Saini At Seller Z. Davies D. et al. Activation status and function of the YLA-4 (a4pl) integrin expressed 

on human melanoma cell lines. Int J Cancer 1997; 73: 264-270. 

148. Danen EH, Marcinkiewicz C. Cornelissen Th1, et a!. TIle disintegrin eristotatin interferes with integrin 

a4pl function and with experimental metastasis of human melanoma cells. Exp Cell Res 1998; 238: 188-

196. 

149. Si A, Hersey P. Immunohistological examination of the relationship between metastatic potential and 

expression of adhesion molecules and 'selectins' on melanoma cells. Palhol 1994: 26: 6-15. 

150. Kraus A, Masa! L, Johnson JP. Analysis of the expression of intercellular adhesion molecule-l and 

MUC18 on benign and malignant melanocytic lesions using monoclonal antibodies directed against 

distinct epitopes and recognizing denatured, non-glycosylated antigen. Melanoma Res 1997: 7: S75-S81. 

151. Poulsom R, Hanby AM, Pignatelli M. et al. Expression of geiatinase A and TlMP-2 mRNAs in 

desmoplastic fibroblasts in both mammary carcinomas and basal cell carcinomas of the skin. J Clin Patho! 

1993; 46: 429-436. 

152. Mitchell RN, Cottan RS. ; Kumar Y. Cotran RS. Robbins SL. editors. Basic Pathology. 6th ed. 

Philadelphia: \VB Saunders Company, 1997: 3, Repair: Cell regeneration, fibrosis. and wound healing. p. 

47-59. 



Introduction 48 

153. Pizarro A, Benito N, Navarro P, et at. E-cadherin expression in basal cell carcinoma. Br J Cancer 1994; 

69: 157-162. 

154. Fuller LC, Allen MH, Montesu M, et al. Expression of E-cadherin in human epidermal non-melanoma 

cutaneous tumours. Br J Dermatol1996; 134: 28-32. 

155. Yasaka N, Furue M, Tamaki K CD44 expression in nomml human skin and skin tumOrs. I Demlatol 

1995; 22: 88-94. 

156. Guuinger M, Sutli F, Barner C, et al. Expression of CD44 standard and variant forms in skin tumors. Loss 

of CD44 correlates with aggressive potential. Eur J Dermatol1995; 5: 398-406. 

157. Seiter S, Tilgen W, Herrmann K, et al. Expression of CD44 splice variants in human skin and epidermal 

tumours. Virchows Archlv 1996; 428: 141-149. 

158. Seelentag WKF, Gtlnthert V, Saremaslani P, et al. CD44 standard and variant isofonn expression in 

human epidermal skin tumors is not correlated with tumor aggressiveness but down-regulated during 

proliferation and tumor de-differentiation. Int I Cancer (Pred Oncol) 1996; 69: 218-224. 

159. Baum H, Schmid T. Schock G, et al. Expression of CD44 isofonns in basal cell carcinomas. Br J 

Dermato11996; 134: 465-468. 

160. Simon IC, Heider K, Dietrich A, et al. Expression of CD44 isoforms in human skin cancer. Eur I Cancer 

1996; 32A: 1394-1400. 

161. Daum H, Schmid T, Reichrath I. Integrin molecules: A clue to the non-metastasizing behaviour of basal 

cell carcinomas? Acta Dermatol Venereol (Stockh) 1996; 76: 24-27. 

162. Savoia p. Cremona 0, Trusolino L, et al. Integrins and basement membrane proteins in skin carcinomas. 

Path Res Pract 1994; 190: 950-954. 

163. Groves RW, Allen MH, Ross EL, et al. Expression of selectin ligands by cutaneous squamous cell 

carcinoma. Am I Patho11993; 143: 1220-1225. 

164. Viae J, Palacio S, Schmitt D, et aI. Expression of vascular endothelial growth factor in normal epidermis. 

epithelial tumors and cultured keratinocytes. Arch Dermatol Res 1997; 289: 158-163. 

165. Rasmussen HE, Teisner B. Andersen JA, et al. Immunohistochemical studies on the localization of fetal 

antigen 2 (FA2), laminin, and collagen type 4 in basal cell carcinoma. J Cutan Patho11991; 18: 215-219. 

166. Tanaka K, Iyama K, Kitaoka M, et al. Differential expression of al(IV), a2(IV), a5(IV) and a6(IV) 

collagen chains in the basement membrane of basal cell carcinoma. Histochem I 1997; 29: 563-570. 

167. Chopra A, Maitra D, Korman NI. Decreased mRNA expression of several basement membrane 

components in basal cell carcinoma. J Invest Dermatol1998; 110: 52-56. 

168. Stahle-Backdahl M, Sudbeck BD. Eisen AZ, et al. Expression of 92-kDa type IV collagenase mRNA by 

eosinophils associated with basal cell carcinoma. J Invest DermatoI1992; 99: 497-503. 

169. Slade N, Pavelie J. KrusHn D, et al. Type IV collagenase in squamous cell and basal cell skin carcinomas. 

Arch Dennatol Res 1995; 287: 512-514. 

170. Karelina TV, Goldberg GI, Eisen AZ. Matrilysin (PUMP) correlates with dermal invasion during 

appendageal development and cutaneous neoplasia. J Invest Dermatol1994; 103: 482-487. 



49 Chapfer 1 

171. Spiers EM, Lazarus GS, Lyons-Giordano B. Expression of plasminogen activators in basal cell carcinoma. 

IPatho11996; 178: 290-296. 

172. Unden AB, Sandstcdt B, Bruce K, et a!. Stromelysin-3 mRNA associated with myofibroblasts is 

ovcrcxpressed in aggressive basal cell carcinoma and in dermatofibroma but not in dermatofibrosarcoma. 

J Invest Dennlltol1996; 107: 147-153. 

173. Tsukifuji R, Sakai Y, Hatamochi A, ct al. Gcne expression of matrix metalloproteinase-l (interstitial 

collagenase) and matrix metalloproteinase-3 (stromelysin-l) in basal cell carcinoma by in situ 

hybridization using chondroitin ABC lyase. Histochem J 1997; 29: 401-407. 

174. Krekels GAM, Verhaegh MEJM. Neumann HAM. Mohs' micrografische chirurgie. Ned Tijdsch Dermatol 

Venereol 1996; 6: 90+96. 

175. Rosai J.; Ackerman, editors. Ackerman's Surgical Pathology. 8th cd. St Louis: Rosby, 1996; 4, Skin. p. 

63-222. 

176. Hitchcock MO, Leshin B, White WL. Pitfalls in frozen sections interpretation in Mohs micrographic 

surgery. Adv Dermatol1997; 13: 427-462. 

177. Neumann HAM. Behandeling van maligne, epidermale tumoren, een strategie. Ned Tijdsch Dermatol 

Venereol1996; 6: 250-256. 

178. Kuflik EO, Gage AA. Recurrent basal cell carcinoma treated with cryosurgery. J Am Acad Demtatol 

1997; 37: 82-84. 

179. Avril M, Auperin A, Margulis A, et aJ. Basal cell carcinoma of the face: surgery or radiotherapy? Results 

of a randomized study. Br J Cancer 1997; 76: 100-106. 

180. Svanberg K, Andersson T, Killander D, et al. Photodynamic therapy of non-melanoma malignant tumours 

of the skin using topical delta-amino levulinic acid sensitization and laser irradiation. J Dermn.lol 1994; 

130: 743-751. 

181. Meijnders PJN, Star WM, de Bruijn RS, et a!. Clinical results of photodynamic therapy for superficial 

skin malignancies or actinic keratosis using topical 5-aminolaevulinic acid. Lasers in Med Sci 1996; 11: 

123-13I. 

182. Morton CA, Mackie RM, Whitehurst C, et al. Photodynamic therapy for basal cell carcinoma: Effect of 

tumor thickness and duration of photosensitizer application on response. Arch Dermatol 1998; 134: 248+ 

249_ 

183. Pfeiffer p. Hansen 0. Rose C. Systemic cytotoxic therapy of basal cell carcinoma. A review of the 

literature. Eur J Cancer 1990; 26: 73-77. 

184. Orenberg EK, Miller BH, Greenway HT, et a!. TIle effect of intralesional 5-fluorouracil therapeutic 

implant (MPI 5003) for treatment of basal cell carcinoma. J Am Acad Dermatol1992; 27: 723-728. 

185. Yamamura M, Modlin RL, Ohmen JD, et al. Local expression of antiinflammatory cytokines in cancer. J 

Clin Invest 1993; 91: 1005-1010. 

186. Tank B. Habets JMW. Naafs B, et al. Intralesional treatment of basal cell carcinoma with low-dose 

recombinant interferon gamma. J Am Acad Dermatol1989; 21: 734-735. 



Introduction so 

187. Greenway HT, Cornell RC, Tanner DJ, et a!. Treatment of basal cell carcinoma with intralesional 

interferon, J Am Acad Dermatol 1986; 15: 437-443, 

188. Edwards L, Whiting D, Rogers 0, ct a!. The effect of intralcsional interferon gamma on basal cell 

carcinomas. J Am Acad Dermatol 1990; 22: 496-500. 

189. Mozzanica N, Cattaneo A. Boneschi V. et a!. Immunohistological evaluation of basal cell carcinoma 

immunoinfiltrate during intralesional treatment with alpha2-interferon. Arch Dermatol Res 1990; 282: 

311-317. 

190. Edwards L, Tucker SB, Perednia D, et a!. The effect of an intralesional sustained-release formulation of 

Interferon alfa·2b on basal cell carcinoma. Arch Dermatol1990; 126: 1029-1032. 

19l. Thestrup·Pedersen K, Jacobsen IE. Frentz G. Intralesional interferon-a2b treatment of basal cell 

carcinoma. Acta Dennatol Venereol (Stockh) 1990; 70: 512-514. 

192. Cornell RC, Greenway HT, Tucker SB, et a!. Intralesional interferon therapy for basal cell carcinoma, J 

Am Acad Dermatol1990; 23: 694·700. 

193. Buechner SA. Intralesional interferon alfa-2b in the treatment of basal cell carcinoma. 

Immunohistochemical study on cellular immune reaction leading to tumor regression. J Am Acad 

Dermatol1991; 24: 731-734. 

194. Ikic D, Padovan I, Pipie N, et al. Interferon therapy for basal cell carcinoma and squamous cell carcinoma. 

Int J Clin Pharmacol, Ther Toxieol 1991; 29: 342·346. 

195. DiLorenzo PA, Goodman N. Lansville F, et al. Regional and intralesional treatment of invasive basal cell 

carcinoma with interferon alfa·n2b. I Am Acad Dermatol1994; 31: 109-111. 

196. Kowalzick L, Rogozinski T, Schober C, et al. Treatment of basal cell carcinoma with intralesional 

recombinant interferon beta: a dose finding study. Eur J Dermatol1994; 4: 430-433. 

197. Dogan B, Harmanycri Y, BalogJu H, et aI. Intralesional alfa-2a interferon therapy for basal cell 

carcinoma. Cancer Letters 1995; 91: 215-219. 

198. van Mierlo PLHMJD. Het gebruik van interferon-a·2b bij de behandeling van carcinoma basocellulare. 

Ned Tijdsch Dermatol Vencrcol1997; 7: 246-247. 

199. Mulder JWR, Wielcnga VIM, Polak MM, et al. Expression of mutant p53 protein and CD44 variant 

proteins in colorectal tumorigenesis. Gut 1995; 36: 76-80. 



Chapter 2 

CYTOKERA TIN EXPRESSION IN 
BASAL CELL CARCINOMA 

2.1. Expression of cytokeratill 8 alld other low molecular weight c),fokeratills ill human 
basal cell carcinoma 

2.2. ErpressioJl of cytokeratill 8 ill basal cell carcinoma: A comparative 
immu1lo1ohistochemical and immllllOelectrOlI microscopic study 





CHAPTER 2.1 

Expression of cytokeratin 8 and other low molecular weight cytokeratins in 
human basal cell carcinoma 

Angela J. W. Kooy', Bhupendra Tank', Vojislav D. Vuzevski' and Theodoor van Joost' 

Departments of lDermato-Venereology and 2Pathology, Erasmus University Rotterdam, 
The Netherlands. 

Anticancer Res. 1995; 15: 241-247 



Cytokeratills ill BCC 54 

SUMMARY 

The expression of low molecular weight Cks 7,8,18,19 and high molecular weight Ck 10 
in 23 BCCs was investigated using a panel of 14 different commercially available MAbs 
with specific anti-Ck activity. Four of these MAbs were directed against Ck 8. The results 
showed that Ck 8 was detected in all 23 BCCs using MAb 4.1.18. Two of the MAbs 
showed inconsistent staining for Ck 8 and one of them did not show any staining at all. 
Cks 7 and 19 were detected inconsistently. Cks 18 and 10 were not detected in any of the 
23 BCCs that were examined. The inconsistent observations on the expression of Ck 8 in 
BCCs in this study could have been due to different epitopes of the different cytokeratins 
that were detected by the different MAbs. 
The results of this sttJdy lead to the recommendation that whenever possible a panel of 
different MAbs directed against the same Ck(s) should be used in order to minimize the 
risk of obtaining incorrect experimental results. 

INTRODUCTION 

BCC of the skin is one of the most common forms of skin cancer of which the incidence is 
still increasing worldwide. Its incidence in the United Kingdom was reported to be 
increased by 235% during the last 14 years [I]. BCC is a slowly growing malignant 
epithelial tumor, which fortunately rarely metastasizes. However, infiltrative growth 
leading to local destruction may occur if left untreated. There is no general consensus on 
the origin of BCC as yet. There are several speculations to its origin. It is thought to be 
derived from basal cells of the epidermis, pluripotent epidermal germ cells, surface 
epidermis, hair follicle epithelial cells, cells of the pilosebaceous tract, undifferentiated 
hair matrix [2], and the outer root sheath of the hair follicle [3]. Therefore, the availability 
of a specific histopathological marker for BCC would not only be helpful in elucidating its 
origin(s), but also for detecting residual tumor after treatment. 
Cytoskeleton proteins of epidermal cells may harbor such a marker. The cytoskeleton of 
epithelial cells is characterized by the presence of Cks. Specific Ck patterns are 
characteristic of certain epithelial cell types and reviewed in detail elsewhere [4]. 
During the past decade, various investigations focusing on the expression of low molecu­
lar weight Ck 8 in BCCs have been reported. However, the results of these investigations 
were rather discrepant. Using biochemical techniques, Moll et al [5] detected small 
amounts of Ck 8 in some BCCs, and Asada et al [6] detected trace amounts of Ck 8 in 6 
out of the 20 BCCs. The expression of Ck 8 in 15 out of the 19 BCCs was reported in only 
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a single immunohistochemical study [6], whereas the expression of Ck 8 was not observed 
in any of the other studies [3,7-12]. The discrepant results of these studies may be 
attributed to the differences in the MAbs and the techniques that were used. However, to 
date, it is still not clear whether Ck 8 (if expressed) is a suitable specific marker for BCCs. 
Therefore, the aim of this study was to resolve the reported discrepancies on the expressi­
on of Ck 8 in BCCs using four different commercially available specific anti-Ck 8 MAbs. 
The distribution of the other low molecular weight Cks 7,18,19 and the high molecular 
weight Ck 10 in BCCs was also examined. 

MATERIALS AND METHODS 

Twenty-three specimens of BCC were obtained by surgical excision from twenty-three 
patients, 14 males and 9 females, aged 33 to 95 years. A biopsy was taken and frozen in 
liquid nitrogen-cooled isopentane and stored in liquid nitrogen. The diagnosis was 
confirmed histologically by examination of hematoxylin and eosin (H&E)-stained 
sections. Twenty-two of these BCCs were located on the head and neck region and one on 
the shoulder. The histological classification of the BCCs showed that thirteen were 
nodular type, five were adenoid type, one was superficial type, one was nodular/morp­
hoeic type, one was nodular/adenoid type and two were superficiaVnodular type. 

1m m 1/1/ oft isloc ft em is try 
Cryostat sections were stained using the Avidin-Biotin complex method as described 
elsewhere [13]. Briefly, 5 flm cryostat sections were placed on glass slides, air dried and 
fixed in acetone for 10 minutes at room temperature. The sections were then rinsed in 
phosphate-buffered saline (PBS, pH 7.4) containing 0.05% Tween and were pre-incubated 
with 5% bovine serum albumin (BSA) in PBS for 30 minutes to minimize non-specific 
staining. Subsequently, the sections were incubated for 60 minutes with an optimal 
dilution of each of the specific MAbs shown in Table I. The sections were subsequently 
rinsed twice with PBS containing 0.05% Tween and then incubated for 30 minutes with 
1:200 diluted goat-anti-mouse (GAM) biotin containing 3% normal goat serum (NGS) 
and 3% normal human serum (NHS). 
The sections were again rinsed twice with PBS containing 0.05% Tween and incubated 
for 30 minutes with the Avidin-Biotin complex diluted 1:1:200 (DAKO-kits, DAKO AlS, 
Denmark) and then rinsed twice with PBS (without Tween). The peroxidase reaction was 
developed by incubating the sections with 3,3'-diaminobenzidine (DAB) at a 
concentration of 0.75 mg/ml and 0.25% hydrogen peroxide for 7 minutes in the dark. 
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The sections were rinsed with tap water and counter-stained for 15 seconds in 
Hematoxylin (Mayer) and rinsed with tap water again for 5 minutes. The sections were 
mounted in malinol after a step-wise dehydration in alcohol and xylol. 
The controls consisted of normal human skin, which was processed using the same 
procedure. Normal human skin was obtained from patients undergoing breast reductions 
at the department of plastic surgery. Punch biopsies of the normal skin were frozen in 
liquid nitrogen and kept at -80"C till use. The staining of the eccrine sweat glands was 
used as a positive control. The negative controls comprised the omission of primary anti­
body and the omission of GAM immunoglobulin. Relevant isotype controls were also 
always included. 

Table!: Dilution, specificity and source of the MAbs. 

MAb Dil Subclass SEec rtfanufacturer 
RCKI05 1:160 IgG, Ck7 Organon Technika, Doxte), The Netherlands 

CK7 1:160 IgG, Ck7 Boehringer Mannheirn, Mannheim, Oennaoy 

OVTLl2/30 1:50 IgG, Ck7 Sanbio. Uden, The Netherlands 

M20 I:SO IgG, CkS ICN Biomedicals, Cleveland, OH,USA 

4. US I: 1000 [gG, CkS Boehringer Mannheim. Mannheim. Germany 

RPNII66 1:5 IgG, CkS Amersham, Bucks, England, UK 

35BHlI 1:150 IgM CkS ITK diagnostics, Uithoorn, The Netherlands 

RKSE60 1:40 [gG, Ck 10 ICN Biomedicals, Cleveland, OH, USA 

CK2 1:20 IgG, Ck IS Boehringer Mannheim, Mannheim, Gennany 

RGE53 1:50 IgG, Ck IS ICN Biomedicals, Cleveland, OH, USA 

RCKI06 1:200 IgG, Ck IS Organon Technika, Doxte), The Netherlands 

NCL5D3 1:50 IgG2a CkS.lS.l9 Sanbio, Uden, The Netherlands 

Ks19.1 1:200 IgG 2a Ck 19 ICN Biomedicals, Cleveland, OH, USA 

RCKIOS 1:200 IgG, Ck 19 Organon Technika, Boxtel. The Netherlands 

Dil = dilution; spec = specificity 
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RESULTS 

The reactivity patterns of 9 out of the 14 MAbs with each of the 23 BCCs are shown in 
Table II. The reactivity pattenlS of the remaining 5 MAbs - RPN 1166, RKSE60, CK2, 
ROE53 and RCK106 - are omitted from Table II because no staining of tumor cells was 
observed with these MAbs in any of the 23 BCCs that were examined. 

Cytokeratill 8 
MAb 4. US stained more than 75% of the tumor cells in 21 (91 %) of the 23 BCCs. More 
than 25% of the tumor cells were stained in the remaining 2 cases. MAb 35PHII showed 
staining in more than 75% of the tumor cells in 17 (74%) of the 23 BCCs. More than 5% 
of the tumor cells were stained in 5 cases. An example of the staining pattern with these 
MAbs is shown in Fig. la and b. MAb M20 stained more than 5% of the tumor cells in 
only 6 (26%) of the 23 cases. MAb RPN1166, however, did not stain tumor cells in any of 
the 23 BCCs. 

Cytokeralill 7 

MAbs RCK105 and CK7 showed similar staining pattenlS. They both stained more than 
25% of the tumor cells in 3 (13%) of the 23 BCCs. MAb OVTLl2/30 stained more than 
75% of the tumor cells in 11 (4S%) cases. An example of the staining pattern is shown in 
Fig. Ie. In 1 case only 5% of the tumor cells were stained. 

Cytokeratill18 
MAbs ROE53, CK2 and RCK 106 did not stain any of the tumor cells in any of the 23 
BCCs that were examined. 

Cytokeratill19 
MAb Ks19.1 stained more than 5% of the tumor cells in 7 (30%) of the 23 BCCs and Ab 
RCKlOS stained more than 5% of the tumor cells in 11 (4S%) cases. All the tumors, 
which were stained with MAb Ks19.1 also, showed staining with MAb RCK1OS. 

Cytokeralills 8, 18 alld 19 
MAb NCL5D3 stained more than 75% of the tumor cells in IS (7S%) of the 23 BCCs. 
More than 25% of the tumor cells were stained in 4 cases. The only tumor, which did not 
show any staining, was also negative with both MAbs Ks19.1 and RCK1OS. All the MAbs 
directed against Cks 7, S, IS and 19 stained the eccrine sweat glands, but did not stain the 
epidermis. 
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Cytokeratill 10 

MAb RKSE60 did not stain tumor cells in any of the 23 Bees that were examined. It did 
stain the suprabasal layers of the epidermis in 20 (87%) of the Bees. An example of the 
staining pattern is shown in Fig. ld. The 3 Bees in which no staining was observed 
involved hyperplasia of the epidermis. 

Table II: The percentage of stained tumor cells in each Bee with the different MAbs. 

Sample 4.1.18 3s/lHll M20 RCK CK7 OVTL NCL Ks19.1 RCK 

No. lOS 12/30 sD3 108 

1. >75 >75 0 0 0 0 >75 0 0 

2. >75 >75 0 50·75 50·75 >75 >75 >75 >75 

3. >75 25-50 0 0 0 >75 25-50 0 0 

4. >75 >75 0 0 0 >75 25-50 0 5-25 

5. >75 >75 >75 >75 >75 >75 >75 25-50 25-50 

6. >75 >75 >75 0 0 0 >75 0 0 

7. >75 >75 0 0 0 0 >75 0 5-25 

8. >75 >75 0 0 0 0 0 0 0 

9. 50-75 >75 0 25-50 >75 >75 25-50 0 0 

10. 25-50 25-50 0 0 0 0 25-50 0 0 

II. >75 >75 0 0 0 >75 >75 50-75 50-75 

12. >75 >75 0 0 0 0 >75 0 0 

13. >75 0 5-25 0 0 >75 >75 0 0 

14. >75 >75 5-25 0 0 >75 >75 5-25 50-75 

15. >75 >75 0 0 0 0 >75 0 0 

16. >75 >75 5-25 0 0 0 >75 0 0 

17. >75 >75 0 0 0 0 >75 0 0 

18. >75 5-25 0 0 0 >75 >75 0 >75 

19. >75 >75 0 0 0 5-25 >75 5-25 >75 

20. >75 25-50 0 0 0 0 >75 >75 >75 

21. >75 50·75 >75 0 0 >75 >75 >75 >75 

22. >75 >75 0 0 0 0 >75 0 50-75 

23. >75 >75 0 0 0 >75 >75 0 0 
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Figure 1: Cryostat sections (5~lm) of nodular (a,c,d) and infiltrative (e) Iype of BCC. x 250. MAb 4.1.18 (a), 

MAb 35f3Hll (b), and MAb OVTLl2/30 (c) stained more than 75% of the tumor cells. MAb RKSE60 (d) 

stained the suprabasallayer of the epidermis, but the tumor cells remained negative. 

DISCUSSION 

The expression and the importance of Cks as potentially useful markers of various healthy 
tissues and diseases have been intensively investigated. Low molecular weight Cks were 
reported to be expressed in fetal epidermis, eccrine sweat glands of the adult skin [14J, in 
epithelia of the liver, gall bladder, intestine and trachea [15J and in different 
adenocarcinomas [16J. Immunoreactivity to Cks was recently reported in non-epithelial 
cells of deep gastric ulcers [17J. Cks 8 and 18 were also reported to be present in smooth 
muscle cells [18J. 
The search for a specific histopathological marker for human BCC has received 
considerable attention. The availability of such a marker would be helpful in elucidating 
the origines) of this tumor in humans. Although the histological diagnosis of BCC in most 
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cases is straight forward, a suitable specific marker would be very useful for establishing 
correct diagnosis in complicated cases and for detecting residual tumor nests after surgical 
intervention. Therefore, various investigations focusing on the expression of Ck 8 were 
undertaken. The results of previous biochemical and light microscopy investigations were 
both inconclusive and discrepant. The investigations reported here were pursued in an 
attempt to clarify these inconsistencies. The expression of low molecular weight Cks 7, 8, 
18 and 19 and high molecular weight Ck 10 was examined in 23 BCCs using a panel of 14 
different commercially available MAbs. 
The expression of Ck 8 was investigated using 4 different MAbs. The results showed that 
Ck 8 was expressed in all the 23 BCCs using MAb 4.1.18. Twenty-two (96%) out of the 
23 BCCs were observed to stain for Ck 8 using MAb 3513Hll, which was in contrast to 
the results reported by Murata et al [12] who did not observe any staining in any of the 
BCCs with this MAb. The difference may be attributed to the fact that those authors [12] 
had used paraffin-embedded sections and a higher dilution of the MAb. In this study, Ck 8 
was not observed to be expressed in any of the 23 BCCs that were examined using MAb 
RPN 1166. In a recent study, Asada et al [19] also failed to detect the expression of Ck 8 in 
any of the 20 BCCs with MAb RPN1l66 using the alkaline phosphatase anti-alkaline 
phosphatase technique. In a previous study, Habets et al [8] also failed to detect the 
expression of Ck 8 in any of the 21 BCCs with MAb RPN1166. The same authors also 
failed to observe the expression of Ck 8 in any of the 5 BCCs with the same MAb in an 
!EM study [9]. In the present study, 6 (26%) out of the 23 BCCs were observed to be 
stained with MAb M20. The inconsistent staining with this MAb was also reported by 
Lavrijsen et al [6] who observed Ck 8 expression in 15 (79%) out of the 19 BCCs, 
whereas in a recent study others [10] reported that Ck 8 was not expressed in any of the 15 
BCCs using the same MAb. At present, there is no satisfactory explanation for these 
inconsistencies except for the differences in the staining techniques that were used. The 
overall evaluation of the results on the expression of Ck 8 using the different MAbs in this 
study indicated that the discrepancies may be due to the different epitopes of Ck 8 that 
were detected by the different MAbs. Whether this is in fact the case still remains to be 
established. 
Three different MAbs were used to examine the expression of Ck 7 in this study. Tumor 
cells of 3 (13%) out of the 23 BCCs were stained with MAbs RCK 105 and CK7, 
indicating the expression of Ck 7. The intensity of staining varied and seemed to be more 
intense in the tumor cells situated in the deeper dermis. Similar varied staining within and 
between various tumor nests was also previously reported [8]. In the present study, 12 
(52%) out of the 23 BCCs were observed to be stained with MAb OVTLl2/30 indicating 
the presence of Ck 7 in BCC. This is in agreement with the results reported by Ramaekers 
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et al [16] who observed that relatively more cases were (partially) positive using MAb 
OVTLl2/30 than using MAb RCKI05. The different staining patterns observed could 
have been due to the different epitopes of Ck 7 that were detected by the different MAbs. 
Ck 18 is usually co-expressed with Ck 8 [5,18,20]. Using MAbs RGE53, RCKlO6 and 
CK2, no expression of Ck 18 was observed in any of the 23 BCCs either in this study or in 
any of the previous studies [8-10]. Lavrijsen et al [6] used MAbs LE61 and M9 directed 
against Ck 18 and noted only a rew positive cells in I (5%) out of the 19 BCCs. In the 
present study, MAb NCL5D3 which is directed against Cks 8, 18, and 19 showed staining 
in 22 (96%) out or the 23 BCCs. However, these results by no means establish the 
expression of Ck 18 because this MAb could have cross-reacted with other epitopes of 
Cks80r 19. 
In this study, Ck 19 was also observed to be inconsistently expressed. Ck 19 was observed 
to be expressed in 7 (30%) and Il (48%) out of the 23 BCCs using MAbs Ks19.1 and 
RCKlO8 respectively. All those BCCs, which were stained with MAb Ks19.1 also, 
showed staining with MAb RCKI08. A possible explanation for the observation that more 
BCCs were observed to express Ck 19 using MAb RCK 108 may well be that this MAb 
has additional activity against other epitopes of Ck 19. Habets et al [8] previously reported 
Ck 19 in 17 (81 %) out of the 21 BCCs using MAb Ks19.1. Discrepant observations using 
the same MAb have also been previously reported. Using MAb BAI7, Perkins et al [Il] 
reported Ck 19 to be expressed in 6 (30%) out of the 20 BCCs, whereas Bartek et al [21] 
observed no expression of Ck 19 in 2 BCCs using the same MAb. 
High molecular weight Ck 10 was not expressed in the tumor cells in any of the 23 BCCs 
using MAb RKSE60. This corroborates the results of previous investigations [8,9] in 
which the same MAb was used, but is in contrast to those reported in another study [6] in 
which only a rew tumor cells were observed to be stained with the same MAb in 3 (16%) 
out of the 19 BCCs. However, no firm conclusion can be drawn from that study [6], but it 
suffices to say that the results of the present study are also corroborated by those reported 
in a recent study [3] in which Ck 10 was not detected in any of the BCCs using SDS­
PAGE and immunoblotling techniques. 
The results reported here allow the conclusion that the expression of Ck 8 was detected 
using MAbs 4.1.18 and 35~HIl. However, it is advisable that, whenever possible and if 
available, a panel of different MAbs directed against the same Ck(s) should be used to 
minimize the risk of incorrect results. Thus, prior to assessing whether Ck 8 may serve as 
a specific immunohistological marker for BCC, its expression in BCC must be shown to 
be consistent. 
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SUMMARY 

The comparative study reported here was undertaken in order to resolve the discrepancies 
in the detection of Ck 8 reported in previous studies. The expression of Ck 8 was 
compared in 6 BCCs using immunohistochemical and rEM techniques and a panel of 4 
different commercially available MAbs. The results of this comparative study 
demonstrated not only that the consistent expression of Ck 8 using one of the MAbs in 
immunohistochemistry was confirmed by immunoelectron microscopy, but that the 
inconsistent expression of Ck 8 observed using two other MAbs was also confirmed. One 
of the MAbs did not show any staining at all. The inability of this MAb to detect the 
expression of Ck 8 using either LM or IEM also indicated that this MAb may be directed 
against an epitope of Ck 8 that is not detectable in BCC in situ. 

INTRODUCTION 

BCC is one of the most common forms of skin cancer. Together with solar keratoses and 
squamous cell carcinoma, it poses a major health problem in fair-skinned individuals [IJ. 
Its incidence in the United Kingdom was reported to be highly increased during the last 14 
years [2J. BCC is a slowly growing malignant epithelial tumor of unclear origin. It is 
thought to be derived from the epidermis, hair follicle epithelial cells, cells of the 
pilosebaceous tract, undifferentiated hair matrix [3J and the outer root sheath of the hair 
follicle [4]. Although this tumor rarely metastasizes, there is a potential risk for 
recurrences after surgical intervention. Residual tumor cells after therapy are a likely 
cause of recurrence. Therefore, a specific histopathological marker for BCC would not 
only be valuable for detecting these residual tumor cells, but also for elucidating its 
origines). The possibility of Ck 8 being such a histopathologic marker for BCC was 
investigated using different techniques in various studies [4-IIJ. 
Recently, we investigated the expression of Ck 8 in 23 BCCs using a panel of 4 different 
commercially available MAbs directed against Ck 8 [12J. The results showed that the 
expression of Ck 8 was inconsistent and ranged from being present in all the examined 
BCCs (100%) to none (0%) of the BCCs depending on the MAb. The discrepancies in the 
results may have been due to the different epitopes of Ck 8 that were detected by the 4 
MAbs or due to the limitations of the immunohistochemical technique that was used. 
In previous studies, Haftek et al [l3J and Habets et al [14J used IEM to investigate the 
expression of different Cks in normal epidermis and BCCs respectively. These authors 
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concluded that IEM is a sensitive and suitable confirmatory technique for 
immunohistochemistry. 
The aim of this study was two-fold. Firstly, to compare and to confirm the expression of 
Ck 8 in BCCs that was observed in our previous study [12] and secondly, to try and 
resolve the discrepancies that were observed in that study. Therefore, in the study reported 
here, we compared the detection of Ck 8 in 6 BCCs using both LM and IEM and the same 
panel of MAbs. The results were similar using both the techniques simultaneously. 

MATERIALS AND METHODS 

Six specimens of BCC were obtained by surgical excision from 6 patients, 3 males and 3 
females, aged 57 to 76 years. Two biopsies were taken from each BCC. The first was 
frozen in liquid nitrogen-cooled isopentane, stored in liquid nitrogen, and was processed 
further for immunohistochemistry. 
The second biopsy was processed using the method described previously [15] with some 
modifications. It was fixed in 4% paraformaldehyde in PBS (pH 7.4) for 24 hours and 
then transferred into 4% paraformaldehyde in 2.3 M sucrose in 0.1 M Sorrensen buffer 
and was processed further for IEM. The tissue blocks were transferred into 2.3 M sucrose 
30 minutes prior to sectioning. The diagnosis was confirmed histologically by examina­
tion of H&E-stained sections. 

Imlllullohistochemistry 
Cryostat sections were stained using the Avidin-Biotin complex method as described 
previously [16]. Briefly, 5 ~m cryostat sections were placed on glass slides, air dried, and 
fixed in acetone for 10 minutes at room temperature. The sections were then rinsed in PBS 
containing 0.05% Tween, and were pre-incubated with 5% BSA in PBS for 30 minutes to 
minimize non-specific staining. Subsequently, the sections were incubated for 60 minutes 
with an optimal dilution of each of the specific MAbs shown in Table I. The sections were 
subsequently rinsed twice with PBS containing 0.05% Tween and then incubated for 30 
minutes with 1:200 diluted GAM-biotin containing 3% NGS and 3% NHS. 
The sections were again rinsed twice with PBS containing 0.05% Tween and incubated 
for 30 minutes with the Avidin-Biotin complex, diluted 1:1:200 (DAKO-kits, DAKO NS, 
Denmark), and then rinsed twice with PBS (without Tween). The peroxidase reaction was 
developed by incubating the sections with DAB at a concentration of 0.75 mglntJ and 
0.25% hydrogen peroxide for 7 minutes in the dark. The sections were rinsed with tap 
water and counter-stained for 1 minute in hematoxylin (Mayer, Fluka A.G., Buchs, 
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Germany) and rinsed with tap water again for 5 minutes. The sections were mounted in 
malinol after a step·wise dehydration in alcohol and xylol. 
The controls consisted of normal human skin, which was processed using the same 
procedure. Normal human skin was obtained from patients undergoing breast reductions 
at the department of plastic & reconstructive surgery. Punch biopsies of the normal skin 
were frozen in liquid nitrogen and kept at -SO°C till use. The staining of the eccrine sweat 
glands was used as a positive control. 111e negative controls comprised the omission of 
primary antibody and the omission of GAM immunoglobulin. Relevant isotype controls 
were also always included. 

Immulloeiectroll microscopy 
Ulltrathin cryosections (± 50 nm) were cut with glass knives using a Reichert FCS 
Ultracut Ultramicrotome (Leica, Rijswijk, The Netherlands) at -90°C to ·100°C and 
transferred to carbon coated formvar filmed 200 mesh copper grids in 2 mm wire loop 
with a droplet of 2.3 M sucrose. The grids were then transferred to a droplet of 2% ('N N) 

gelatine solution in 0.1 M Sorrensen buffer for 5 minutes to remove the sucrose. Then 
they were rinsed thrice for 2 minutes in a droplet of PBS containing 0.15% ('NN) glycine 
and 0.5% (WN) BSA. The sections were then incubated for 2 hours with undiluted 
specific MAbs shown in Table I. Subsequently they were rinsed thrice for 2 minutes in 
PBS containing 0.15% glycine and 0.5% BSA. The sections were then incubated for 30 
minutes with 1 :25 diluted 10 nm gold-labeled GAM IgG/lgM or GAM IgG (Aurion, 
Wageningen, The Netherlands), depending on the isotype of the primary antibody used. 
Then they were rinsed 4 times for 5 minutes in PBS containing 0.15% glycine and 0.5% 
BSA, followed by 3 rinses of 1 minute each with distilled water. 
Sections were counter-stained with uranyl-oxalic acid (pH S.O) for 10 minutes, then rinsed 
for 1 second in distilled water and then they were transferred into uranyl acetate (pH 4.0) 
for another 10 minutes. The grids were subsequently floated on a 1.5% methyl cellulose 
solution for a few seconds and scooped up on wire loops of diameter 3·3.5 mm. Access 
fluid was then removed using a filter paper until gold to blue interference colors 
developed on the grids. The sections were air dried and examined in a Zeiss 902 electron 
microscope operated at SO KV. 
Control sections were treated with 10 nm GAM-gold probe only. Background labeling 
was negligible. Areas of sections showing dark gold granule deposits were regarded as 
positive for Ck S. The background labeling was very low and was similar to that in the 
controls in which the omission of the primary MAb resulted in the presence of sporadic or 
no gold granules. 
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Table I: The dilution and source of the MAbs against Ck 8 used for LM. 

MAb Dilution Subclass Manufacturer 
RPNIl66 1:5 IgG, Amersham, Bucks, England, U.K. 

M20 1:80 IgG, ICN Biomedicals, Cleveland, OR, U.S.A. 

35PRII 1:150 IgM DAKO (ITK diagnostics), Uithoorn, The Netherlands 

4.1.18 1:1000 IgG, Boehringer Mannheirn. Mannheim, Gennany 

For !EM the same MAbs were used undiluted. 

RESULTS 

The characteristics of the six patients, the individual location and the type of the BCC are 
shown in Table II. A comparison of the reactivity pattern of the 4 MAbs directed against 
Ck 8 in the six BCCs that were examined is also presented in Table II. It can be seen that 
identical results were obtained with the same MAb using either of the techniques. 
Two representative examples of the staining patterns of MAb 4.1.18 of the same tumor 
using immunohistochemistry and !EM are shown in Fig. la & band lc & d respectively. 
In Fig. la & c, it can be seen that all the tumor cells were stained indicating the expression 
of Ck 8. Fig. I b & d represent the respective electron micrographs of the same tumors as 
those in Fig. la & c and they clearly show that the distribution of the gold granules was 
specifically restricted to the intermediate filaments. No gold granules were observed in the 
nucleus. After immunohistochemistry, MAb 35f3Hll was observed to stain all the tumor 
cells in 5 (83%) out of the 6 BCCs that were examined. In the remaining tumor, about 
75% of the tumor cells were stained. A representative example of the staining pattern with 
MAb 35f3H11 indicating the expression of Ck 8 is shown in Fig. Ie. After !EM, the 
distribution of the gold granules was specifically observed to be restricted to the 
intermediate filaments in 4 (67%) out of the 6 BCCs indicating that Ck 8 was detected. 
Fig. If represents an electron micrograph of the same tumor as shown in Fig. Ie, which 
clearly shows that the distribution of the gold granules was specifically restricted to the 
intermediate filaments. In one of the BCCs there was inconsistent distribution of the gold 
granules, whereas no gold granules were observed in the remaining BCC. 

Figure 1: Cryostat (a,c,e,g; x 250) and ultracryotomy (b,d,f,h; bar = 0.4 11m) sections of Bee stained with anti­

Ck 8 MAbs 4.1.18 (a·d), 35~Hll (e,O and RPN1l66 (g,h). (see pa" 68) 
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Inconsistent staining at LM level and inconsistent distribution of gold granules at rEM 
level were observed with MAb M20 in only 1 (17%) of the six BCCs indicating an 
inconsistent expression of Ck 8, whereas no expression of Ck 8 was observed in the 
remaining 5 BCCs. 
The expression of Ck 8 was not detected in any of the BCCs that were examined with 
MAb RPN 1166 using both the techniques. It can be seen in Fig. Ig that none of the tumor 
cells were stained by immunohistochemistry. Fig. Ih represents an electron micrograph of 
the same tumor and shows the absence of gold granules on the intermediate filaments. 

Table II: Patients characteristics and a comparison of the results of the staining with the MAbs 
against Ck 8 in LM and IBM. 

Patient Age Sex Location 4.1.18 3SPHll M20 
LM EM LM EM LM EM 

1. 57 F Neck ++ ++ ++ ++ ± ± 
2. 70 F Right ear ++ ++ ++ ++ 

3. 76 F Right cheek ++ ++ ++ ++ 

4. 66 M Fore head ++ ++ ++ 

5. 66 M Lert tempte ++ ++ ±75% ± 
6. 71 M Left eye comer ++ ++ ++ ++ 

All Bee were of the nodular type. MAb RPNl166 did not show any staining at all in both LM and EM. + = all 

the tumor cells were stained (LM) and gold granules were present on the intermediate filaments (EM); 4 = no 

staining (LM) and no gold granules were observed (EM); ± = inconsistent staining (LM) and incidental gold 

granules were observed (EM). 

DISCUSSION 

Although the histological diagnosis of BCC in most cases is straight forward, a suitable 
specific histopathological marker would be very useful for establishing the correct 
diagnosis in complicated cases, for detecting residual tumor nests after surgical 
intervention and in elucidating the origin(s) of this tumor. BCC an epithelial tumor and 
the cytoskeleton of the epithelial cells is characterized by the presence of Cks. 
The search for a specific histopathological marker for human BCC has received 
considerable attention during the last decade. A number of investigations focusing on the 
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expression of Ck 8 were undertaken with different and confusing results [4-11,17]. In a 
recent study [12], the expression of Ck 8 was investigated in 23 BCCs using a panel of 4 
different connnercially available MAbs. The results showed that the expression of Ck 8 in 
BCC was inconsistent and dependent on the MAb that was used. 
In a previous study, Habets et al [14] used !EM to investigate the expression ofCks 7,8,18 
and 19 in BCCs in an attempt to confirm the results of their earlier reported LM study [8]. 
The results of their !EM study confirmed the absence of Ck 8 in BCC, but in contrast to 
the results of their LM study, Ck 19 was detected in the normal human epidermis. Their 
explanation was that it was possible that Ck 19 was expressed in low amounts in normal 
epidermis and that it was not detected in immunohistochemistry because of the limitations 
in the resolution of that technique. Their observation, together with the discrepancies in 
the expression of Ck 8 that were observed in our recent study [12], prompted us to 
undertake the investigation into the expression of Ck 8 in the same BCC using LM and 
!EM techniques simultaneously. 
To our knowledge, this is the first study of its kind in which the expression of Ck 8 has 
been investigated using both these techniques. The results of the immunohistochemistry 
showed once again that the expression of Ck 8 varied depending on the MAb that was 
used and ranged from expression in all six cases to none in all six cases, corroborating our 
recent observations [12]. The results of IEM were essentially the same and also confirmed 
those that were observed in LM using the same MAb. A comparison of the results 
obtained using the two techniques also confirmed the inconsistent expression of Ck 8 in 
BCCs. 
At present, there is no satisfactory explanation for the observed inconsistencies except that 
it may be due to different epitopes of Ck 8 being detected with the four MAbs that were 
used. Whether this is in fact the case still remains to be established. Evidence for the 
presence of more than one epitope of Ck 19 in human tumors and cultured cells was 
reported in an earlier study by Bartek et al [18]. 
A firm conclusion on the inconsistent expression of Ck 8 in BCCs cannot be drawn from 
the results reported here, as similar comparative studies on the expression of Cks are not 
available at present. A definite answer on the possible value of Ck 8 as a suitable and 
specific histopathological marker for BCC must therefore await additional investigations 
in which different approaches are compared. 
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SUMMARY 

The peri tumoral inflammatory infiltrate in BCC of the skin consists mainly of T 
lymphocytes, which hardly invade the tumor nests. The absence of ICAM-l on BCC cells 
may explain the lack of tumor-infiltrating cells and the lack of an active cell-mediated 
immune response in this tumor. In this study, the induction ofICAM-l was investigated in 
BCC biopsies using recombinant human (rHu)IFN-y. The expression of IFN-y receptors 
(IFN-yR) in the biopsies was also investigated. The results showed that BCC cells 
expressed ICAM-l after incubation with rHuIFN-y, but to a lesser degree than normal 
epidermal cells. The levels of shed ICAM-l were significantly increased in the culture 
supernatants of tumor biopsies as compared with those from normal skin biopsies, after 
culturing in the presence of rHuIFN-y. The expression of IFN-yR on the tumor cells and 
the shedding of ICAM-I into the peritumoral stroma may be a plausible mechanism by 
which the tumor cells are protected from an active cell-mediated immune response. 

INTRODUCTION 

BCC is the most common skin cancer in humans. The variable peritumoral inflammatory 
infiltrate in BCC mainly consists of T lymphocytes [1-3], but T cell invasion of tumor 
nests or T cells in close apposition with the tumor cells, are rarely observed. Together 
with molecules such as MHC class I & II antigens and B7, ICAM-I is an essential 
molecule in facilitating cytotoxicity towards tumor cells [4-6]. IFN-y and TNF-a have 
been shown to up-regulate ICAM-l expression on keratinocytes in vivo [7-9] and in vitro 
[10,11], both membrane-bound and sICAM-I [12]. Previous studies showed that BCC 
cells either did not express, or only occasionally expressed ICAM-I [8,13-16]. The lack of 
rCAM-I expression in BCC may explain the absence of an active cell-mediated immune 
response against this tumor. This absence of rCAM-I may be caused by low local levels 
of cytokines, such as IFN-y, as suggested by Kikuchi et al [14], or by a decreased 
expressio\, of IFN-yR on the tumor cells. It is also possible that BCC cells have an 
intrinsic inability to express rCAM-I, or that they shed it in a soluble form into the peritu­
mora1 stroma. 
The aim of this study was to examine whether ICAM-l expression could be induced on 
BCC cells by rHuIFN-y. The expression of IFN-yR on BCC and the shedding of ICAM-l 
in the culture supernatants of the short-term biopsy cultures were also investigated. 
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MATERIALS AND METHODS 

Short-term clIltllre 
At least 3 biopsies of 3 mm diameter each, from 20 BCCs, were obtained from 18 
patients, 11 males and 7 females, aged 43 to 97 years. Normal (control) skin was obtained 
from 15 of these patients. In 13 patients, biopsies were taken from the area adjacent to the 
BCC and from 7 of these patients biopsies were also taken from the inner side of the 
upper arm (non-sun·exposed). From 2 patients, skin was obtained from only non-sun­
exposed areas. Normal control skin was obtained from healthy patients undergoing breast 
reductions, in order to perform time- and dose-finding experiments. One of the biopsies of 
BCC and normal human skin was immediately snap-frozen in liquid nitrogen and stored at 
-80°C (t=O). The other biopsies were placed in a transwell·culture system (Costar, 
Badhoevedorp, The Netherlands) in a 2 mm perforation, such that the dermis was 
immersed in Iscove's Modified Dulbecco's Medium (IMDM, Gibco, Paisley, Scotland) 
containing 1 % NHS in the presence or absence of rHulFN-y (Boehringer Ingelheim, 
Alkmaar, The Netherlands), whereas the epidermis remained exposed to the air. The 
biopsies were cultured for 24, 48 and 72 h at 37°C in an atmosphere of 5% CO, and 98% 
humidity. After incubation, they were carefully removed, frozen in liquid nitrogen, and 
stored at ·80oe. The culture medium was centrifuged for 10 min at 1,500 g. The 
supernatant was transferred to a polypropylene tube and stored at _80°C. Pilot experiments 
showed that the viability and morphology of the biopsies cultured as described above 
remained unchanged at least for 72 h. 

11ll11l111l0staillillg 
For single-staining purposes, cryostat sections (6 11m) were cut and fixed for 10 min at 
room temperature in acetone containing 0.1 % hydrogen peroxide. The sections were 
stained using the immuno-peroxidase streptavidin-biotin complex method, as described 
previously [17]. The following MAbs were used: MAb LB-2, IgG'b isotype, (Becton 
Dickinson, Erembodegem-Aalst, Belgium), against ICAM- 1; MAb 4.1.18 (Boehringer 
Mannheim, Mannheim, Germany) against Ck 8, which has been shown to stain BeC cells 
[17], and a MAb against IFN-yR (Genzyme Diagnostics, Sanbio, Uden, The Netherlands), 
both IgG, isotype. The intensity of the staining was scored by two independent 
investigators and graded as shown in Tables I and II. 
A double-staining technique was used to confirm that ICAM-l was expressed on BCC 
cells. Cryostat sections (6 11m) were acetone-fixed, preincubated with 5% BSA, incubated 
with MAb LB-2, and stained using the streptavidin-biotin complex method with 13-
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galactosidase as the substrate (0.72% ferry/ferro cyanide, 2.5% 5-bromo-4-chloro-3-
indolyll3-galactoside, 0.11% magnesium chloride in PBS (pH 7.4)). After the sections had 
been rinsed with PBS (20 min), they were incubated with MAb 4.1.18 and stained with 
the alkaline phosphatase/anti-alkaline phosphatase method (Dako) using new fuchsine 
(Chroma Gesellschaft) as the chromogen. The sections were embedded in Kaiser's 
glycerol-gelatin (Merck, Darmstadt, Germany). They were rinsed twice with PBS between 
antibody incubations. Negative controls comprised the omission of primary MAbs. Rel­
evant isotype controls were also always included. 

Ellzyme-lil/ked [mmllllOsorbelll Assay (ELISA) for soillble [CAM-1 
The level of sICAM-l was determined in the supernatants of the biopsy culture media 
collected after culturing a biopsy in the presence or absence of rHuIFN-y, using a specific 
and sensitive «0.35 ng/mI) human sICAM-I ELISA (R&D systems, Abingdon, U.K.). 
IMDM containing either 1 % NHS or 1% NHS and 600 U/mi rHulFN-y was also stored 
and assayed in parallel as blank controls. 

Statistical allalysis 
The results were analyzed using the Wilcoxon test for paired observations (WT) or the 
Mann-Whitney U test (MWUT). The level of significance, representing two-tailed testing, 
and the number of samples (n) are given in the Results. 

RESULTS 

Killetics al/d illdllCtiOIl of [CAM-1 expressioll illllormal hllmall skill 
In normal uncultured human skin (t=O), ICAM-l expression was limited to dermal EC. 
The up-regulation of ICAM-I expression on epidermal cells of normal human skin, 
obtained from patients undergoing breast reductions, using various doses of rHuIFN-y, 
was examined in order to establish optimal culturing conditions and dose of rHulFN-y 
(Fig. I). In the presence of rHuIFN-y, a dose-dependent up-regulation of ICAM-I on the 
epidermal keratinocytes was observed, with no obvious difference between 24 hand 48 h 
of incubation. Optimum ICAM-I expression in the epidermis was reached at doses of 
500-700 Ulmi rHuIFN-y. A dose of 600 U/mi rHuIFN-y was therefore chosen to 
investigate the induction ofiCAM-l in BCC biopsies. 
Normal skin biopsies from non-sun-exposed areas from patients with BCC, and biopsies 
from skin adjacent to BCC were also investigated. A highly significant increase in ICAM-
1 expression on epidermal cells of normal skin biopsies adjacent to BCC (P";O.Ol, n=13, 
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WT) and on epidermal cells of normal skin biopsies from non-sun-exposed sites from 
patients with BCC (P~O.OI, n=9, WT) was seen after culturing in the presence ofrHuIFN­
y, compared with that on epidermal cells of the biopsies cultured in the absence of 
rHuIFN-y. 

,,-----------------------------------------------, 
A ---
B 

"I " , 
~ ~ ~ ~ .. ~ .. :;.".."' .. ~ ..•••.... 

...... ''''' .. 
n' 

"',7 ,," .... 
. ~~.: .•... 

o+-------~~------~------~------~~------~. o 200 400 600 800 1000 
dose rHulFN-gamma (U/ml) 

Figure 1: ICAM-l expression in the epidermis of normal skin biopsies obtained from patients undergoing 

breast reductions. The staining of ICAM-J was scored from 0 to 6 as follows: 0 = no staining; 1 = part of the 

stratum basale; 2 = stratum basale and the lower layers of the stratum spinosum: 4 = stratum basale and stratum 

spinosum; 5 = all viable layers of the epidermis; 6 = entire epidermis. The results of three separate experiments 

are shown. In experiment A, the biopsies were cultured for 24 h, and in experiments Band C for 48 h. 

IlIdllctioll of ICAM-l expressioll ill BCC biopsies 
At baseline (t=O), the tumor cells and the overlying epidermis were almost entirely 
negative for ICAM-1. Infiltrating cells, endothelial cells, fibroblasts and the peritumoral 
stroma expressed ICAM-1. ICAM-I expression in BCC biopsies after culturing for 24 h in 
presence or absence of 600 U/ml rHuIFN-y is shown in Table I. A highly significant 
increase in ICAM-l expression in the presence of rHuIFN-y in the overlying epidermis 
(P~O.OI, n=14, WT) was observed, compared with that in BCC biopsies cultured in the 
absence of rHuIFN-y. In 17 of the 20 BCC biopsies (85%) cultured in the presence or 
rHuIFN-y, the ICAM-I expression on the tumor cells, mainly at the periphery of the 
tumor nests, was significantly increased (P~0.05, n=20, WT) compared with tumor cells 
in the biopsies cultured in the absence of rHuIFN-y. Fig. 2a and 2b show double-stained 
sections of BCC after culturing for 24 h in the absence and presence of rHuIFN-y, 
respectively. It can be seen that ICAM-l is indeed also expressed on the tumor cells, 
which are stained for Ck 8 [17]. ICAM-I staining in the peritumoral stroma was also 
increased when the biopsies were cultured in the presence of rHuIFN-y. 
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Table I: The expression of ICAM-l in the epidennis overlying the tumor nests and on the tumor 

cells after 24 h of culture 

Sample In the absence of In the presence of rHuIFN-y-induced 

No_ RHuIFN-y rHuIFN-y increase 

Epidermis TUlllor Epidermis TUlllor Epidermis Tumor 

1. 3 2 2 I 

2. 3 3 2 2 

3. NP 0 3 2 

4. 0 4 2 4 

5. I 3 2 2 

6. 2 0 4 2 2 2 

7. 0 0 2 2 2 2 

8. 2 0 3 I 

9. 0 0 2 -I 2 

10. 0 I 2 2 2 

11. 0 I 0 

12. 3 0 2 

13. 0 0 3 2 3 2 

14. 0 I 2 I 

15. 0 2 I I 

16. I 3 NP 0 -3 

17. 0 I 0 -I 

18. 3 4 3 -2 

19. NP 2 NP 3 I 

20. NP 0 NP 3 3 

Mean 0.765 0.850 2.176 1.850 1.563 1.000 

SE 0.161 0.209 0.324 0.209 0.316 0.324 

Expression of ICAM-l was scored from 0 to 4 as follows: 0 = no staining; I = 0-25% stained; 2 = 25-50% 

stained; 3 = 50-75% stained and 4 = >75% stained. NP = not present in the biopsy; - = could not be calculated; 

SE = standard error. 
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Table II: The expression of the IFN-yR in the epidennis overlying the tumor nests and on the 
tumor cells 

Sample No. Epidermis overlying the tumor nests Tumor 

Basal Su~rabasal 

I. 3 3 

2. 3 3 2 

3. 3 3 

4. 0 0 

5. 3 

6. 2 

7. 2 2 

8. 3 2 2 

9. 2 2 I 

10 2 2 
II. 3 3 0 
12. 3 3 2 

13. 2 2 2 

14. 2 2 

15. 3 2 

16. 3 2 2 

17. 3 2 

18. 3 2 

19. 3 2 

20. 3 2 

Mean 2.55 2.05 1.20 

SE 0.169 0.169 0.1l7 

Expression of the IFN-yR was scored from 0 to 3 as follows: 0 ::: no expression; 1 ::: weak expression; 2 = 

moderate expression; 3 = strong expression. SE::: Standard error, 
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Expressi01l of IFN-yreceplors ill BCC 
In Table II, it can be seen that IFN-yRs were expressed both in the overlying epidermis 
and on the tumor cells in 19 out of the 20 BCC biopsies examined by immunostaining. 
However, their expression on the tumor cells was significantly lower than that in the basal 
layer (P';O.OOI, n=19, WT) and the suprabasallayers (P';O.Ol, n=15, WT) of the overlying 
epidermis. There were no differences in the expression of IFN-yR between biopsies from 
the same tumor cultured in the presence or absence of rHuIFN-y. A representative 
example of the staining pattern is shown in Fig. 3. IFN-yR expression in the overlying 
epidermis was comparable to that observed in normal skin biopsies. 

Sheddi1lg of ICAM-] i1l Ihe C1l1/Ilre sllpert/alallis 
The levels of sICAM-l determined by ELISA in the culture supernatants of biopsies of 
normal skin and BCC are summarized in Fig. 4. The level of sICAM-l in the supernatant 
of BCC biopsies cultured for 24 h in the presence of 600 U/ml rHulFN-y was significantly 
increased compared with supernatants from biopsies cultured in the absence of rHuIFN-y 
(P';O.OI, n=19, WT). The degree of peritumoral inflammatory infiltrate was graded as 
mild, moderate, or heavy in H&E-stained cryosections of all 20 tumors (results not 
shown). As shown in Fig. 5, no correlation was observed between rHuIFN-y-induced 
increase in sICAM-l and the degree of peri tumoral inflammatory infiltrate (Spearman's 
rank correlation test, correlation coefficient = 0.353, n=20). 
The rHuIFN-y-induced increase in sICAM-l in the culture supernatants of BCC biopsies 
(n2) was significantly higher than that induced in normal skin biopsies from non-sun­
exposed sites from patients with BCC (n,) (P=0.046, n,=9, n2=20, MWUT). The culture 
supernatants of biopsies of normal skin adjacent to BCC cultured in the presence of 
rHulFN-y also showed a significant increase in the level of sICAM-I (P=0.05, n=6, WT) 
compared with those of biopsies cultured in the absence of rHuIFN-y. However, the 
increase in the level of sICAM-l was lower than that in the supernatants of BCC biopsies. 

Figure 2: Double-stained cryostat section of a Bee cultured for 24 h without (a) and with (b) 600 U/ml 

rHuIFN-y. The tumor cells are stained red (MAb 4.1.18, alkaline phosphatase) and the blue staining shows 

ICAM-I expression (MAb LB-2, p-galactosidasc) 

Figure 3: Cryostat section of a Bee and the overlying epidemlis stained for lFN-yR (MAb IFN-yR). The 

staining of the epidermis (arrow) was more intense than that on the tumor cells. 
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Figure 4: Level of sICAM-l in the culture media of BCC biopsies and biopsies of nomml skin after culturing 

for 24 h in the absence or presence of rHulFN-y 
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Figure 5: Correlation between the degree of infiltration and the lFN-y-induced sICAM-l after culturing in the 

presence of 600 U/ml rHulFN-y. There is no correlation between these parameters (Spearman's correlation 

coefficient = 0.3530, n = 20) 
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DISCUSSION 

The investigations described in this report were undertaken in order to explore the reasons 
for the lack of ICAM-I expression in BCC in vivo. The results showed that BCC cells did 
not have an intrinsic inability to express ICAM-1. ICAM-I was observed to be expressed 
on the tumor cells of BCC biopsies that were cultured in the presence of rHuIFN-y using a 
novel culture system. However, ICAM-\ expression was significantly higher both in the 
epidermis overlying the tumor nests and in the epidermis of normal skin, compared with 
the tumor cells. In addition, it was also confirmed that ICAM-\ was indeed expressed on 
BCC tumor cells by double staining. 
There are two possible explanations for the difference in the up-regulation of ICAM-\ 
expression between the tumor cells of BCC, the overlying epidermis, and the epidermis of 
normal skin. First, there may be decreased expression of IFN-yR on the tumor cells 
compared with the overlying epidermis and the epidermis of normal skin. At present, to 
our knowledge, no studies are available on the expression of IFN-yR in BCe. However, 
the presence of this receptor in normal and psoriatic skin has been reported in two differ­
ent studies [18,19]. The results of our study showed that the expression of IFN-yR on the 
tumor cells of BCC was significantly decreased compared with the overlying epidermis 
and the epidermis of normal skin. The low expression of IFN-yR, or a differential defec­
tive intracellular signaling of the receptor complex on BCC cells, may account for rednced 
responsiveness of these cells to rHuIFN-y. This, in tum, may be an explanation for the 
observed reduced up-regulation of ICAM-\ by rHuIFN-y on BCC cells compared with the 
overlying epidermis. 
Secondly, ICAM-\ may be shed as a soluble form, sICAM-I, into the peritumoral stroma. 
The results showed that sICAM-I was present in supernatants collected after culturing 
BCC biopsies in the absence of rHuIFN-y. This may represent the level of sICAM-\ that 
was already present in the peritumoral stroma at the time that the biopsies were taken and 
probably had leaked out spontaneously into the media during culturing. The presence of 
sICAM-I in the peritumoral stroma in situ at baseline (t=O) was also confirmed by 
immunohistochemical staining (Figure 2). The level of sICAM-\ in the supernatants was 
significantly increased after culturing BCC biopsies in the presence of rHuIFN-y. It may 
well be that the sICAM-\ is derived from keratinocytes in the overlying epidermis [12] 
and/or peritumoral inflammatory infiltrating cells. However, the rHuIFN-y-induced 
increase in sICAM-I in the supernatants collected after culturing BCC biopsies was 
significantly higher than after culturing non-sun-exposed healthy skin biopsies from 
patients with BCC under the same conditions (Figure 4). The level of sICAM-I in the 
supernatants after culturing these nonml skin biopsies in the absence of rHuIFN-y was 
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negligible. The degree of inflanunatory infiltrate was greater in the normal skin adjacent 
to BCC than in non-sun-exposed normal skin. These infiltrating cells could have been the 
source of the observed higher rHuIFN-y-induced level of sICAM-l in the supernatants of 
these biopsies after culturing, compared with that of non-sun-exposed skin biopsies. 
However, there was no correlation between the increase in sICAM-I and the degree of 
peri tumoral inflammatory infiltrate in BCC biopsies, indicating that it is less likely that 
the observed increase in sICAM-I was derived from infiltrating cells. Budnik et al [20] 
reported that shedding of ICAM-l occurred by proteolytic cleavage of membrane-bound 
ICAM-J. Proteolytic enzymes such as gelatinase A and stromelysin were reported to be 
present in the peritumoral stroma in BCC [21-23]. Although, at present, there is no direct 
evidence, it is plausible that these or other enzymes may cleave membrane-bound ICAM­
Ion the tumor cells ofBCC to form sICAM-J. 
It can be stated that sICAM-I probably plays an important role in the lack of effective 
cell-mediated immunity in BCC by trapping T cells in the stroma [24,25], whereby 
interaction with tumor cells is prevented [26]. A specific local cocktail of cytokines may 
also be responsible for the lack of ICAM-I expression on the tumor cells in situ. To date, 
there have been no reports on the presence of IFN-y in BCe. However, it was reported 
that T cells in the peritumoral infiltrate in BCC expressed high levels of IFN-y and 11.-2 
rnRNA, whereas tumor cells predominantly expressed JL-4 and JL-IO mRNA. High levels 
of 11.-10 in culture supernatants of BCC cell lines [27] and TGF-~ [28,29] in BCC have 
been reported. These may have an immunosuppressive effect on the T cells in the 
peritumoral inflaIrunatory infiltrate. 
In conclusion, the decreased expression of IFN-yR and the increased levels of sICAM-l 
observed in the present study may be means by which local T cell-mediated immune 
response is evaded in BCe. Other factors might include a low local amount of IFN-y and 
the presence of immunosuppressive cytokines. 
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SUMMARY 

BCC of the skin shows varying degrees of peritumoral inflammatory infiltrate, mainly 
consisting ofT cells, but lack an effective T cell-mediated immune response. This may be 
caused by the absence of key molecules known to play an important role in T cell-tumor 
cell interactions, like the MHC class I & II antigens and the costimulatory molecules 
ICAM-I, CD40 and CD80 (B7.1). All these molecules have been shown to be induced or 
up-regulated by IFN-yon epithelial cells, while their expression can be down-regulated by 
IL-lO. In this study, we investigated the induction and up-regulation of HLA-ABC, HLA­
DR, ICAM-I, CD40 and CD80 in BCC and normal skin from BCC patients in a culture 
system using rHuIFN-y. The levels of IL-lO were determined in the supematants after 
culture. The results showed that only ICAM-I expression was significantly up-regulated 
on BCC cells. However, in the normal epidermis of BCC patients and in the epidermis 
overlying the tumor nests significant up-regulation of ICAM-I, CD40 and CD80 and a 
slight up-regulation of HLA-DR were observed. No changes in HLA-ABC expression 
were observed in either normal skin or BCe. High levels of IL-lO were present in the 
supematants of BCC biopsies cultured for 48 hours without rHuIFN-y. Culturing with 
rHuIFN-y resulted in a significant inhibition of the IL-lO levels in the supematants of both 
BCC and normal skin biopsies from BCC patients. It may be concluded that it is highly 
likely that the presence of IL-lO in BCC is directly or indirectly responsible for the 
complete lack of expression of HLA-DR, ICAM-l, CD40 and CD80 and the inconsistent 
expression of HLA-ABC on BCC cells in situ and may be a way for escaping immune 
surveillance. 

INTRODUCTION 

BCC is the most common form of skin cancer. The tumor nests of BCC are surrounded by 
a varying degree of inflammatory infiltrate mainly consisting of T cells [1,2]. These T 
cells are only sporadically seen in close apposition to or within the tumor nests indicating 
the lack of an effective cell-mediated immune response against this tumor. MHC class I & 
II antigens and costimulatory molecules such as ICAM-l, CD40 and CD80 (B7.1) have 
all been shown to play an important role in T cell activation and proliferation [3-6]. 
Normally, MHC class I antigens are expressed on all somatic cells; MHC class II antigen 
expression is restricted to B cells, activated T cells and antigen-presenting cells (APC); 
ICAM-I is expressed on EC; CD40 is expressed on APC and its expression has also been 
observed on activated keratinocytes [7-9]; CD80 is not expressed on keratinocytes. In 
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inflammatory skin diseases, like psoriasis and lichen planus, expression of HLA-DR and 
ICAM-I [10] and up-regulation of CD40 expression on keratinocytes [7] has been obser­
ved. This is induced by pro-inflammatory cytokines such as IFN-y and TNF-C(. The effect 
of IFN-y on the expression of HLA-DR and ICAM-I on keratinocytes [10,11] and of 
CDSO on gastric carcinoma cells [12] has been confirmed in vitro. 
In BCC, absence or down-regulation of MHC class I & II antigens [13-16], ICAM-I 
[17,IS] and CD40 [7,9] has been reported, but to our knowledge, the expression of CDSO 
in BCC has not yet been investigated. In addition to this lack or low expression of these 
molecules on BCC cells, the production of IL-1O may inhibit an effective cell-mediated 
immune response. IL-1O has been shown to down-regulate the expression ofICAM-I and 
HLA-DR on melanoma cells [19] and of CD SO on gastric carcinoma cells [12]. Therefore, 
the presence of IL-1O may be the cause of the discrete level of expression of these 
molecules in BCe. At present, studies on the cytokine pattern in BCC are scarce. Kim et 
al [20] reported the presence of IL-IO mRNA in the BCC cells and high levels ofIL-1O in 
the culture media of BCC cell lines. In contrast, Yamamura et al [21] did not detect IL-IO 
mRNA in BCC cells, but instead in the peri tumoral T cells. 
The aim of our study was to investigate the expression of adhesion molecules and the 
function of cytokines in BCC using a novel biopsy-culture system [22]. In this system, 
BCC and normal skin biopsies from BCC patients were cultured with rHuIFN-y to induce 
the expression ofMHC class I (HLA-ABC) & II (HLA-DR) antigens, ICAM-I, CD40 and 
CDSO on the tumor cells. In addition, the levels of IL-IO in the supernatants after 
culturing the BCC and normal skin biopsies from BCC patients for 4S h with or without 
rHuIFN-y were measured. 

MATERIALS AND METHODS 

Shorl-Ierm culture 
At least 3 biopsies of 3 mm each, from 20 BCCs, were obtained from 20 patients, 9 males 
and II females, aged 39 to 94 years. Normal skin was obtained from the inner side of the 
upper arm from 10 of these patients. Time-kinetic and dose-finding experiments were 
performed using normal (control) skin obtained from healthy patients undergoing breast 
reductions. One of the biopsies of BCC and normal skin was immediately snap-frozen in 
liquid nitrogen and stored at -SO°C (t=O). The other biopsies were placed in a transwell­
culture system (Costar, Badhoevedorp, The Netherlands) and were cultured in IMDM 
(Gibco, Paisley, U.K.) containing 1% NHS as described previously [22]. After culturing 
the biopsies for 4S h with or without rHuIFN-y (Boehringer Ingelheim, AIkmaar, The 



IlIlllllln%gicall'esponses in BCC 94 

Netherlands), they were carefully removed, snap-frozen in liquid nitrogen and stored at -
80°C. The culture medium was centrifuged for 10 minutes at 1,500 g. The supernatant was 
transferred to a polypropylene tube and stored at -80°C. 

I 111111ll llOS lai 11 ing 
For single-staining purposes, cryostat sections (6 Ilm) were cut and stained using the 
immunoperoxidase streptavidin-biotin complex method as described previously [23]. The 
following MAbs were used: LB-2 (ICAM-l), IgG2b isotype (Becton Dickinson, 
Erembodegem-Aalst, Belgium); HLA-DR, IgG" isotype (Becton Dickinson, Erembode­
gem-Aalst, Belgium); NCL-HLA-ABC (HLA-ABC), IgG" isotype (Novocastra Laborato­
ries Ltd, Newcastle, U.K.); MAb 104 (CD80), IgG, isotype (Immunotech, Marseille, 
France) and MAb 5DI2 (CD40), IgG, isotype (PanGenetics BY, Amsterdam, The 
Netherlands). The intensity of the staining was scored by two independent investigators 
and graded from 0 to 5 as follows: 0 = no staining; I = up to 20% stained; 2 = 21-40% 
stained; 3 = 41-60% stained; 4 = 61-80% stained and 5 = more than 80% stained. 
Double staining was used to determine the cell type expressing the particular molecule. 
Cryostat sections (6 Ilm) were cut and stained using the double-staining technique with ~­
galactosidase and new fuchsine as substrates as described previously [22]. The above 
MAbs were used in addition to CD3, IgG, isotype (Becton Dickinson, Erembodegem­
Aalst, Belgium) and MAb 4.1.18, IgG, isotype (Boehringer Mannheim, Mannheim, 
Germany) against Ck 8, which was reported to stain BCC cells [23]. 

Enzyme-linked imlllllllosorbent assay (ELISA) for IL.] 0 
The levels of IL-IO were determined in the supernatants of the biopsy culture media 
collected after culturing a biopsy for 48 h in IMDM containing 1% NHS with or without 
rHuIFN-y, using a specific and sensitive «1.5 pglml) human IL-IO ELISA (R&D 
systems, ITK Diagnostics, Uithoorn, The Netherlands). IMDM containing 1% NHS was 
assayed in parallel as blank control. 

Statistical allalysis 
The results were analyzed using the WT, the MWUT or the Spearman's rank correlation 
test (SRCT). The level of significance, representing two-tailed testing, and the number of 
samples (n) are mentioned in the Results. A p value of lower than 0.05 was considered to 
be statistically significant. 
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RESULTS 

Illdl/cliOIl al/d expressioll of RIA-ABC, RIA-DR, ICAM-I, CD40 alld CD80 ill Ilorlllal 
skill biopsies 
Time-kinetic and dose-finding experiments were performed with normal (control) skin, 
obtained from healthy patients undergoing breast reduction, to determine optimal 
conditions for the investigations into the induction and up-regulation of HLA-ABC, HLA­
DR, ICAM-I, CD40 and CD80 on BCC cells. Immunohistochemistry showed that in 
normal uncultured skin, HLA-ABC was expressed in all epidermal layers; HLA-DR was 
expressed on infiltrating cells in the dermis and on langerhans cells in the epidermis; 
ICAM-l expression was restricted to dermal EC; CD40 expression was observed only in 
the basal layer of the epidermis and CD80 expression was not detected at all. 
HLA-DR expression on keratinocytes was up-regulated after 48 h of culture with rHuIFN­
y (Fig. I) and therefore, the expression of all molecules was examined after 48 h of 
culture. The optimal dose for the up-regulation of all the relevant molecules was 900 U/mi 
rHuIFN-y as is shown in Fig. 2. Therefore, this dose was used in all further experiments in 
this study. 

dose rllulFN-gamma (xlOO U/ml) 

FJgure 1: HLA-DR expression in the epidermis of normal (control) skin biopsies cultured for 24 hand 48 h 

with different doses of rHulFN-y varying from 0 to 1500 U/ml. The expression was scored as described in 

Materials and Methods 
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Figure 2: The expression of HLA-ABC, HLA-DR. ICAM-l. CD40 and CD80 in the epidermis of normal 

(control) skin biopsies cultured for 48 h with different doses of rHuIFN-y varying from 0 to 1200 U/ml. The 

expression was scored as described in the Materials and Methods. 

Figure 3: Double-stained cryoscction of Bee cultured for 48 h with 900 U/ml rHuIFN-y stained for HA-DR 

(p-gaiactosidase, blue) and CD3 (alkaline phosphatase, red). The stained cells within the tumor nests express 

both molecules, indicating the incidental presence ofT lymphocytes within the tumor nests. 
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Al baseline (1=0), the expression of all the relevant molecules in the epidermis of normal 
skin from BCC patients before culture was comparable with that in the normal (control) 
skin described above. Table I shows the increase in the expression of the examined 
molecules after 48 h of culture with 900 U/m! rHuIFN-y compared with the expression 
after culturing without rHuIFN-y. The increase in both ICAM-I and CD40 expression in 
the epidermis was highly significant (p~O.QI, n=9, WT). Only a trend was seen in the 
increase in the expression of HLA-ABC (p~0.2, n=4, WT), HLA-DR (p=0.2, n=4, WT) 
and CD80 (p=O.I, n=5, WT). However, induction of CD80 expression on the cells of 
inflammatory infiltrate in the dermis was observed. 

Table I: Relative increase in the expression of HLA-ABC, HLA-DR, ICAM-I, CD40 and CD80 

in the epidermis of normal skin biopsies from Bee patients cultured for 48 h with 900 U/ml 

rHuIFN-y compared with that of unstimulated biopsies. 

Sample No. HLA·ABC HLA·DR ICAM·! CD40 CD80 

I. -2 4 3 0 

2. 0 4 3 I 

3. 0 0 3 0 

4. 0 3 3 

5. 4 3 

6. ND 2 5 5 

7. I 0 5 

8. 2 2 4 2 I 

9. 2 4 2 0 

Mean 0.29 1.17 3.78 2.78 0.63 

SE 0.44 0.37 0.38 0.34 0.17 

The expression of HLA-ABC, HLA-DR, ICAM-l, CD40 and C080 was scored from 0 to 5 as described in the 

Materials and Methods. - = could not be calculated; SE = standard error; ND = not done. 
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II/dl/ctiol/ al/d IIp-regl/latiol/ of HLA-ABC, HLA-DR, ICAM-I, CD40 al/d CD80 iI/ 
BCC biopsies 
At baseline (t=O), strong staining for HLA-ABC, HLA-DR, ICAM-I and CD40 was 
observed on peritumoral infiltrate cells. Keratinocytes in all layers of the epidermis 
overlying the tumor nests showed strong membrane staining for HLA-ABC in II (84.6%) 
of the 13 cases. In the other 2 cases the epidermis was only partly stained. HLA-DR 
expression in the overlying epidermis was restricted to the LC. In 10 (62.5%) of the 16 
cases weak staining for ICAM-I was observed on the keratinocytes in the basal layer of 
the overlying epidermis. Strong staining for CD40 was observed on the keratinocytes in 
the basal layer of the overlying epidermis in all cases. No staining at all was observed for 
CD80. Highly variable HLA-ABC expression on the BCC cells was observed in 7 
(46.7%) of the IS cases. This expression varied between 10% to 100% of the tumor cells. 
In all cases, the staining of the tumor cells was more diffuse and of a lower intensity than 
that observed in the overlying epidermis. In several BCC biopsies, a few cells stained for 
HLA-DR, CD40 and ICAM-I were observed within the tumor nests. However, double 
staining showed that these stained cells were all CD3-positive, indicating that they were 
activated T cells. Thus, at baseline, there was no expression of HLA-DR, ICAM-I, CD40 
and CD80 on BCC cells. 
Table II shows the increase in the expression of the different molecules in BCC biopsies 
stimulated for 48 h with 900 Ufml rHuIFN-y in relation to unstimulated biopsies. There 
was no difference in HLA-ABC expression in the epidermis overlying the tumor nests 
after culturing the BCC biopsies with or without rHuIFN-y. HLA-DR expression in the 
epidermis overlying the tumor nests was not significantly up-regulated and an increased 
expression of HLA-DR on cells in the tumor nests was observed in only one case. Double 
staining showed that these were incidental tumor infiltrating T cells (Fig. 3). The increase 
in ICAM-I expression in both the epidermis overlying the tumor nests (n=lO) and on the 
BCC cells (n=16) was highly significant (p";O.D1, WT). CD40 expression in the epidermis 
overlying the tumor nests was significantly up-regulated (p";0.05, n=8, WT). However, its 
expression was only slightly increased on the tumor cells in 4 (26.7%) of the IS cases. An 
example of positively stained BCC cells for CD40 after incubation with rHuIFN-y is 
shown in Fig. 4. The CD80 expression in the epidermis overlying the tumor nests was 
significantly increased (p=O.OI, n=8, WT) after culturing with rHuIFN-y, but BCC cells 
remained negative. An increase in CD80 expressing peri tumoral infiltrate cells was noted. 
The increase in the expression of all molecules in the epidermis overlying the tumor nests 
was not significantly different from that in the epidermis of the normal skin biopsies from 
the BCC patients (MWT). 
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Table II: Relative increase in the expression of HLA-ABC, HLA-DR, ICAM-I, CD40 and CDSO 

in Bee biopsies cultured for 48 hours with 900 V/ml rHuIFN-y compared with that in unstimulated 
BCC biopsies. 

Sample lILA·ABC lILA·DR ICAM·l CD40 CD80 

No. Epi, Tum. Epi. Tum. Epi. Tum, Epi. Tum, Epi. Tum. 

I. 0 ·1 2 0 0 

2. 0 0 I 0 2 1 1 2 1 0 

3. 0 2 0 4 2 4 2 

4. -5 0 3 

5. I 0 4 3 0 

6. 0 0 0 0 2 -1 0 0 

7. ND ND 2 0 4 3 0 0 

S. 0 0 -2 0 -2 0 0 0 

9. 0 0 1 0 1 3 2 0 0 

10. 0 0 2 0 3 2 1 0 1 0 

I!. ND ND 0 0 2 0 0 0 0 

12. 0 0 ·1 0 I 2 0 0 

13. 0 0 

14. 0 0 3 0 2 0 

15. 0 0 0 4 2 0 1 0 

16. 0 0 0 0 

Mean 0 -0.33 0.55 0 2.55 1.25 1.25 0.53 O.OS 

SE 0 0.41 0.37 0.09 0.41 0.26 0.43 0.25 0.16 0.07 

The expression ofHLA-ABC, HLA-DR, IeAM-I, CD40 and CD80 was scored from 0 to 5 as described in the 

Materials and Methods. Epi = epidermis; Tum = tumor; - = could not be calculated; SE = standard error; NO = 

not done. 
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Figure 4: Cryostat section of BCC cultured for 48 h with 900 U/ml rHuIFN·y stained for CD40. Expression 

of CD40 can be seen on the tumor cells (fat arrow) and in the epidermis (thin arrow). 

Levels of [L-lO ill the SlIperllatallts 
Table III shows the IL-IO levels in the supernatants of the Bee and the normal skin 
biopsies from Bee patients after culturing for 48 h with and without rHuIFN-y. The IL-l 0 
levels in the supernatants of the Bee biopsies (n,) were significantly higher than those in 
the supernatants of the corresponding normal skin biopsies (nl) from the same patients 
(p=0.00067, nl=IO, n,=12, MWT). The latter were comparable with those from normal 
(control) skin (results not shown). There was no correlation between the IL-IO levels in 
the supernatants and the degree of inflammatory infiltrate in both the Bee (r,=0.19, 
p=0.55, n=12, SRCT) and the normal skin biopsies from Bee patients (r,=0.18, p=0.62, 
n=IO, SRCT). Culturing with rHuIFN-y for 48 h significantly reduced the IL-IO levels in 
the supernatants of both the Bee (p~O.Ql, n=12, WT) and the normal skin biopsies from 
Bee patients (p=O.OI, n=IO, WT). The IL-IO levels in the supernatants of the Bee biop­
sies after culturing for 48 h with rHuIFN-y (n,) were not significantly higher than those in 
the supernatants of normal skin biopsies from Bee patients cultured without rHuIFN-y 
(nl) (p=0.36, nl=IO, n,=12, MWT). This indicated that culturing with rHuIFN-y reduces 
the level ofiL-1O practically to normal. 
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Table III: Levels ofll..-l0 (pg/ml) in the supematants ofBCC and normal skin biopsies from the 

same patients after culturing for 48 hours with and without 900 U/ml rHuIFN-y. 

Sample Supernatants of Bee biopsies Supernatants of normal skin biopsies 

No. - rHuIFN-y +rHuIFN-y - rHuIFN-y + rHuIFN-y 

1. 188.0 31.9 10.0 0 

2. 17.4 5.4 0 0 

3. 69.3 73.4 17.5 16.4 

4. 51.0 3.8 9.5 0 

5. 402.0 311.1 33.0 0 

6. 67.0 0 2.7 0 

7. 16.4 17.7 7.0 0 

8. 155.0 0 10.0 0 

9. 37.0 20.4 1.9 2.1 

10. 326.8 50.6 30.5 4.5 

11. 29.5 19.5 ND ND 

12. 189.0 8.0 ND ND 

Mean 129.0 45.3 12.2 2.3 

SE 35.2 23.9 3.4 1.6 

- = without; + = with; SE = standard error; ND = not done. 

DISCUSSION 

BCC of the skin may escape immune surveillance by several mechanisms. First, it has 
been shown that MHC class I & II antigens, ICAM-I, C040 and C080, which are 
essential for an effective cell-mediated immune response, are either completely lacking or 
inconsistently expressed on BCC cells [7,9,13-18]. Second, the shedding of ICAM-l as a 
soluble form into the surrounding stroma was recently reported [22]. Soluble ICAM-I 
may then interact with peri tumoral T cells and may inhibit T cell-tumor cell interaction 
[24]. Third, IFN-yR expression on the BCC cells is down-regulated [22] and fourth, 
increased expression of immunosuppressive cytokines such as TGF-p [25] and !L-JO [20] 
have been reported in BCe. 
In the present study, the induction andlor up-regulation of HLA-ABC, HLA-OR, ICAM· 
I, C040 and C080 were investigated in BCC biopsies. Using a MAb against HLA-ABC, 
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47% of the tumors showed weak and diffuse staining for MHC class I similar to that 
reported in other studies using different MAbs [14,15]. A relatively high dose of rHuIFN­
y failed to up-regulate the HLA-ABC expression on BCC cells. In this and a recent study 
[22], we showed that BCC cells are able to respond to rHuIFN-y, since ICAM-I 
expression was induced on the BCC cells after culturing BCC biopsies with rHuIFN-y. 
We also observed that the induction of HLA-DR expression on normal epidermal 
keratinocytes required both an increased dose of rHuIFN-y and culture time compared 
with those required for ICAM-I induction. This is in agreement with the results reported 
by Griffiths et al [10], who observed different responses to IFN-y for ICAM-I and HLA­
DR induction. The expression of HLA-DR in BCC was investigated in several studies, in 
which the results were inconsistent. Its expression was not observed on BCC cells in one 
study [14]. However, it was reported to be expressed on BCC cells in two other studies 
[13,15], in which HLA-DR expressing tumor cells were observed in close apposition to 
HLA-DR expressing infiltrate cells. This may indicate the presence of local pro­
inflammatory cytokines, which may have induced the expression of HLA-DR on the BCC 
cells. It is also possible that the cells expressing HLA-DR within the tumor nests were 
tumor infiltrating T cells, which were difficult to distinguish from the tumor cells. In the 
present study, it was observed that the cells expressing HLA-DR within the tumor nests 
after culturing for 48 h with rHulFN-y were indeed CD3-positive (Fig. 3), indicating that 
these cells were activated T lymphocytes. These results suggest that BCC cells have an 
intrinsic inability to express HLA-DR. 
CD40 expression on keratinocytes has been shown to play an important role in 
costimulation of T cell proliferation [26]. To our knowledge, CD40 expression in BCC 
has been reported in only two studies with inconsistent results. Wrone-Smith et al [7] 
reported a weak to moderate cytoplasmic expression of CD40 in tumor nests of BCC, but 
without any expression in the normal epidermis. In contrast, using a different MAb, Viae 
et al [9] reported strong expression of CD40 in the basal layer of the epidermis overlying 
the tumor nests and a drastic loss of expression in the tumor nests. The results of the 
present study using a MAb that was different from those used in the above two studies 
cOlToborate the findings of the latter. In our study, culturing with rHuIFN-y did not 
significantly increase the CD40 expression on the BCC cells, although its expression was 
sporadically observed in a few cases. However, a highly significant increase in CD40 
expression was observed in the epidermis overlying the tumor nests and in the epidermis 
of normal skin from BCC patients. At present, it suffices to say that the precise role of 
CD40 in the defense against BCC walTants additional investigations. 
In murine tumor cell lines, it was shown that the co-expression of CD80 (B7.1) and 
ICAM-I was necessary to induce an efficient tumor-specific immune response [5] and 



103 Chapter 3.2 

MHC-nonrestricted cytotoxicity [27]. It was also shown that human tumor cells 
expressing B7 after transfection with a B7 retroviral vector induced strong proliferative 
and cytotoxic T cell responses [28]. In the present study, CD80 expression was not obser­
ved on BCC cells. This was also the case after culturing with rHuIFN-y, indicating that 
BCC cells were unable to express CD80. However, CD80 was observed to be induced in 
the overlying epidermis. IL-lO, an immunosuppressive cytokine, has been shown to 
inhibit the expression of MHC class I & II [19] and CD80 [12] in different tumor cell 
lines. The results of studies on the IL-IO production by normal human keratinocytes are 
inconsistent [29-31], but its expression was reported in melanoma [30]. The presence of 
IL-IO mRNA in BCC was reported in a single study in which also IFN-y mRNA was 
observed in the peritumoral T cells [20]. However, in another study, IL-IO mRNA was 
detected in the tumor infiltrating T cells, but not in BCC cells [21]. In our study, high 
levels of IL-IO were present in the supernatants of all BCC biopsies. These levels were 
about 12 times higher than those in the supernatants of normal skin biopsies from BCC 
patients. Both in BCC and in normal skin from BCC patients there was no correlation 
between the degree of inflammatory infiltrate and the IL-IO levels. Therefore, it seems 
highly likely that in normal skin biopsies the keratinocytes and in BCC biopsies the tumor 
cells are responsible for the production of IL-IO. Immunohistochemical investigations 
using a specific MAb against IL-IO to establish the exact source of IL-IO were 
unsuccessful. Culturing with rHuIFN-y reduced the IL-IO levels in the supernatants of 
BCC biopsies practically to normal. Further studies on the effects of IFN-y andlor IL-IO 
on transplanted BCC in immunodeficient (SCID) mice may provide a definite answer. At 
present, it may be concluded that it is highly likely that the production ofIL-lO in BCC is 
directly or indirectly responsible for the complete lack of expression of HLA-DR, ICAM-
1, CD40 and CD80 and the inconsistent expression of HLA-ABC on BCC cells in situ and 
may be a way for escaping immune surveillance. 
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SUMMARY 

BCC of the skin is a locally invasive, rarely metastasizing epithelial tumor. In the present 
study, the expression of E-cadherin, 0:- & ~-catenin and CD44V6 in normal epidermis and 
on BCC cells were investigated using LM. A reduced expression of E-cadherin, o:-catenin 
and CD44V6 on BCC cells was observed compared with the overlying epidermis. !EM 
was used to investigate whether this decreased expression of E-cadherin and CD44V6 was 
due to either an absence or down-regulation of specific membrane structures or due to an 
overall down-regulation of these adhesion molecules in all membrane structures in BCe. 
The results showed that E-cadherin and CD44V6 were expressed in adherens junctions, 
desmosomes and complex interdigitating membrane structures both in normal epidermis 
and in BCC. A quantitative analysis showed that only a percentage of desmosomes was 
stained, indicating that these adhesion molecules are not essential for maintaining the 
integrity of these structures. In addition, the effect of pro-inflammatory cytokines, such as 
IFN-y and TNF-a, which may be produced by the peritumoral inflammatory infiltrate, 
was investigated in biopsies of normal skin and BCC using a biopsy culture system and 
immunohistochemistry. The expression of E-cadherin and CD44V6 was not significantly 
decreased after culturing BCC or normal skin biopsies for 48 h with or without rHuIFN-y 
or rHuTNF-a. 
It may be concluded that the decreased expression of both E-cadherin and CD44V 6, 

observed in LM, was not due to the absence of specific specialized structures in BCC and 
most likely also not due to down-regulation by local cytokines, but rather due to generic 
down-regulation of both these adhesion molecules during malignant transformation. 

INTRODUCTION 

Cell-cell adhesion plays an important role in organ morphogenesis, cell growth and 
differentiation. Desmosomes and adherens junctions are structures, which connect 
intermediate filaments and actin to the plasma membrane, respectively [1]. 
Ultrastructurally, adherens junctions are difficult to recognize and were described by 
Kaiser et al [2] on the basis of the perfectly parallel arrangement of the plasma 
membranes at the sites of cell-cell contact. They can be distinguished from desmosomes 
by the absence of associated electron-dense keratin bundles. An important component of 
adherens junctions is E-cadherin. E-cadherin interacts with catenins through which it is 
linked to actin [1-4] and plays a key role in keratinocyte intercellular junction 
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organization and epidermal morphogenesis [3,5]. Functional catenins are required for 
normal E-cadherin function [I]. Reduced expression of E-cadherin and u- & [3-catenin in 
carcinoma cells is associated with tumor dedifferentiation, increased invasiveness and 
metastasis development [1,6-11]. Cytokines, such as TNF-u, have been shown to down­
regulate the expression of cadherinlcatenin complexes, causing dyscohesion of epithelial 
cells [12]. 
Adhesion molecule CD44, of which at least ten different variant isoforms have been 
identified [13], also plays a role in keratinocyte-keratinocyte adhesion [14]. In contrast to 
E-cadherin and u- & [3-catenin, CD44V6 expression was positively correlated with 
invasive growth and metastasis development in some tumors [15-17]. The expression of 
CD44 has been shown to be up-regulated by IFN-y [18J. 
BCC of the skin is a common, locally invasive, rarely metastasizing epithelial tumor. A 
possible role for cell-cell adhesion molecules in the growth and aggressive: behavior of 
this tumor has been investigated in several LM studies [19-25J. E-cadherin expression on 
BCC cells was reported to be especially reduced in the infiltrative type of BCC [22,23]. 
The expression of CD44V6 in BCC was generally reduced and varied within tumor nests 
[19-21,24,25J. To our knowledge, the exact ultrastructural localization of E-cadherin and 
CD44V 6 in BCC is still unknown. 
The aim of this study was to investigate the expression of E-cadherin, u- & [3-catenin and 
CD44V6 on BCC cells and normal keratinocytes in situ and after culturing biopsies of 
BCC and normal skin with rHuIFN-y and/or rHuTNF-u. In addition, the subcellular 
localization of both E-cadherin and CD44V6 in normal epidermis and BCC was 
investigated to elucidate whether the decreased expression of both E-cadherin and 
CD44V 6 on tumor cells observed in LM was due to a specific down-regulation of these 
molecules in specialized membrane structures. 

MATERIALS AND METHODS 

lllllllllllOhistochelllistry 
Fifteen specimens of BCC, 9 nodular, 2 nodular/adenoid, 2 nodular/superficial and 2 
superficial type, were obtained by surgical excision from 13 patients. A biopsy was taken, 
snap-frozen immediately in liquid nitrogen-cooled isopentane and stored in liquid 
nitrogen. The diagnosis was confirmed histologically by examination of H&E-stained 
sections. 
Cryostat sections (6 !lm) were stained using the immunoperoxidase-streptavidin-biotin 
complex (ABC) method as described previously [26]. MAbs against E-cadherin (Organon 
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Technika, Boxtel, The Netherlands) and CD44V6 (R&D Systems, ITK Diagnostics, Uit­
hoorn, The Netherlands), both IgG, isotype, and polyclonal antibodies (PAbs) against u­
& p-catenin (kindly provided by Prof. dr. M. Mareel, Gent, Belgium) were used. DAB 
was used as substrate. 
The stained sections were scored as follows: levels of expression of E-cadherin, u -& P­
catenin and CD44V6: 0, 0%; 1,0-25%; 2, 25-50%; 3, 50-75%; 4, >75% positively stained 
tumor cells and the staining intensity: -, no staining; +/-, weak diffuse staining; +, diffuse 
staining; ++, membranous staining comparable with that in the normal epidermis. 

Short-term culture 
At least 3 biopsies of 3 mm diameter each from 12 BCCs were obtained from 12 patients, 
5 males and 7 females, aged 46 to 90 years. Normal (control) skin was obtained from 
healthy patients undergoing breast reductions. One of the biopsies of BCC and normal 
skin was immediately snap-frozen in liquid nitrogen and stored at _80°C. The other 
biopsies were placed in a transwell-culture system (Costar, Badhoevedorp, The 
Netherlands) and were cultured in IMDM (Gibco, Paisley, U.K.) containing 1% NHS as 
described previously [27). After culturing the biopsies for 48 hours with or without 
rHuIFN-y (Boehringer Ingelheim, Alkmaar, The Netherlands) and/or rHuTNF-u 
(Amersham, s' -Hertogenbosch, The Netherlands), they were carefully removed, snap­
frozen in liquid nitrogen and stored at -80°C. Cryosections (6 fAm) were cut and stained as 
described above. 

Immulloeieciroll microscopy 
Six biopsies of BCC, 5 nodular and I nodular/adenoid type, obtained from 5 patients and 
3 biopsies of normal skin were fixed in 4% paraformaldehyde overnight at 4°C. Then they 
were rinsed in PBS, embedded in Tissue Tec (Klinipath, Duiven, The Netherlands) and 
frozen for cryosectioning. Cryosections of 60 fAm were cut and collected in PBS. The 
sections were then rinsed in 0.5 M ammoniumchloride (NH4CI) for I h at room tempe­
rature to minimize aspecific staining. They were subsequently incubated with optimal 
dilutions of the above MAbs, peroxidase-conjugated GAM immunoglobulin and DAB as 
substrate. Then they were rinsed in distilled water and incubated with 1 % osmium­
potassiumferrocyanide for I h, rinsed in distilled water again and subsequently in PBS 
overnight at 4°C. After a step-wise dehydration in increasing percentages of ethanol they 
were impregnated with a 1:1 mixture of ethanol and epoxy resin (LXI12, Carl Zeiss, 
Weesp, The Netherlands) for I h at room temperature and then with pure epoxy resin for I 
hour at 37°C. Then they were embedded in Beem capsules (Norticon, Breda, The 
Netherlands) and polymerized at 60°C for a minimum of 12 hours. Ultrathin sections (±40 
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nm) were cut and examined without counter-staining in a Zeiss Electron Microscope 902 
(Carl Zeiss, Weesp, The Netherlands) operated at 80 kV. The percentages of stained 
membrane structures were determined at a magnification of 30,000 by counting the total 
number of specific structures and the number of structures that were positively stained in 
the same area. Negative controls included the omission of primary antibody and a MAb 
against CD20 (Becton Dickinson, Erembodegem-Aalst, Belgium), IgG, isotype, was used 
as isotype control at identical protein concentrations. 

Statistical analysis 
The results were analyzed using the WT. The level of significance, representing two-tailed 
testing, and the number of samples (n) are mentioned in the Results. A p value of lower 
than 0.05 was considered to be statistically significant. 

RESULTS 

Light microscopy 
The results of immunohistochemistry are summarized in Table I. Both normal epidermis 
and the epidermis overlying the BCC cells showed similar membrane expression of E­
cadherin and CD44V. in the stratum bas ale and the stratum spinosum. No expression of 
either of these molecules in the stratum granulosum and the stratum corneum was 
observed. u-catenin was detected on the membranes of the upper part of the stratum 
spinosum and the stratum granulosum in both normal and overlying epidermis. However, 
the stratum bas ale and the lower part of the stratum spinosum showed a more diffuse 
staining. Strong staining of the membranes in all layers of both normal and overlying 
epidermis was observed for /J-catenin. 
More than 70% of the BCC cells showed E-cadherin expression in all the examined 
biopsies. In only 2 (13.3%) of the 15 samples the staining of the tumor cells was weak and 
diffuse compared with the overlying epidermis (Fig. I). In 14 (93.3%) of the 15 samples 
all BCC cells were staihed for u-catenin, although the staining was less intense compared 
with the overlying epidermis (Fig. 2a). /J-catenin was observed to be expressed in all BCC 
cells in all the examined. biopsies. In II (73.3%) of the 15 samples strong membrane 
staining of the BCC cells was observed (Fig 2b) and only I (6.7%) of the 15 tumors 
showed weak and diffuse staining for /J-catenin. CD44V. expression on BCC cells was 
considerably more heterogeneous compared with E-cadherin and u- & /J-catenin 
expression. The percentage of CD44V. positive tumor cells varied between 0% and 100%. 
No correlation was found between the percentage positive tumor cells and the 
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histopathological types of the BCC. Representative examples of the staining pattern are 
shown in Fig. 3a & b. The staining intensity varied between no staining at all to strong 
membrane staining of the tumor cells. 

Table I: The expression of E-cadherin, u- & {3-catenin and CD44V 6 on Bee cells. 

E·cadherin a·catenin f3.catenin CD44V, 

Expr. Int. Expr. Int. Expr. Int. Expr. Int. 
4 ++ 4 +/- 4 + 4 + 
4 + 4 +/- 4 ++ +/-

3 + 4 +/- 4 + I + 
4 ++ 4 + 4 ++ 3 + 
4 ++ 4 +/- 4 +/- + 

4 ++ 4 ++ 4 ++ 4 ++ 
4 ++ 4 +/- 4 ++ 3 +/-

4 ++ 4 + 4 ++ I ++ 
4 ++ 4 + 4 ++ 0 
4 +/- 4 + 4 ++ 4 +/-

4 +/- 4 +/- 4 ++ I + 
3 + 4 +/- 4 ++ I +/-

4 ++ 4 + 4 ++ 2 +/-

3 ++ 4 + 4 + 4 + 
4 ++ 4 +/- 4 ++ ++ 

TIle levels of expression (Expr.) and the intensity (Int.) of the staining for the adhesion molecules are scored as 

described in the Materials and Methods. 

Short-term cllitllre 
Normal skin and BCC biopsies were cultured for 48 h with doses of rHuIFN-y and/or 
rHuTNF-a varying from 0 to 1200 U/ml. The expression of E-cadherin and CD44V6 on 
normal keratinocytes and BCC cells after culturing with rHuIFN-y and/or rHuTNF-a was 
not significantly different from that observed after culturing without these cytokines 
(n=12. WT). (Results not shown) 
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Figure 1: Nodular type of Bee stained for E-cadherin. x250. Staining of the tumor cells is diffuse compared 

with the overlying epidermis. 

Figure 2: Cryosections of superficial type of Bec stained for «-calenin (a) and fl-calenin (b), x 400; n, the 

staining of the tumor cells is weak and diffuse (arrow) compared with the overlying epidermis; h, both the tumor 

cells (arrow) and the overlying epidemus show strong membrane staining 
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Figure 3: Cryosections of nodular (a) and nodular/superficial (b) type of Bee stained for CD44V6 , x 250; a, 

all tumor cells are stained (arrows); b, only a small proportion of the tumor cells are stained (arrow). 

Iml1l111l0eieclroll microscopy 
In normal epidermis, the basement membrane, stratum corneum and stratum granulosum 
completely lacked immunolabelling for both E-cadherin and CD44V6• However, varying 
proportions of desmosomes, complex interdigitating membrane structures and adherens 
junctions were stained for both molecules. The percentages of E-cadherin and CD44V 6 

positive desmosomes in normal epidermis were highly reproducible and are shown in 
Table II. The mean percentage of E-cadherin positive desmosomes in normal epidermis 
ranged from 12.6% in the upper third to 69.3% in the lower third of the stratum spinosum. 
However, only 57.9% of the desmosomes in the basal layer were stained. Representative 
examples of the staining pattern of the desmosomes and the adjacent cell membrane 
structures are shown in Fig. 4a & b. The percentage of CD44V 6 positive desmosomes in 
normal epidermis ranged from 37.8% in the upper layer of the stratum spinosum to 65.5% 
in the basal layer. An example of the staining pattern is shown in Fig. 5a. The interdigita­
tions, representing complex structures of cell-cell contact as shown in Fig. 5b, were most 
prominent in the stratum basale and decreased in size and staining intensity towards the 
upper layers. The percentage of stained adherens junctions is difficult to determine, 
because the unstained junctions are difficult to identify [2]. In BCC, membrane structures 
similar to those in normal epidermis were stained for both E-cadherin and CD44V6 (Fig. 
6a & b, respectively). The percentages of the stained desmosomes and interdigitations in 
BCC are shown in Table III. The mean percentage of the E-cadherin positive desmosomes 
(53.8%) was higher than that of CD44V6 positive desmosomes (32.6%) in BCe. 
However, the mean percentage of E-cadherin positive interdigitations (35.3%) was lower 
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than that of those expressing CD44V6 (45.8%). Not all BCC cells were stained for 
CD44V6 and the mentioned percentages of CD44V6 expressing specialized membrane 
structures were based only on stained BCC cells. No immunoreactivity in normal 
epidermis and in BCC was observed when an IgG I isotype control antibody replaced the 
E-cadherin or CD44V6 specific MAb. 

Figure 4: Electron micrographs of normal epidermis stained for E-cadherin. Both the desmosomes (thin 

arrows) and the adjacent membrane structures (arrowhead) were stained. Also negative desmosomes were 

observed (h, fat arrow). The desmosomes can be easily recognized by the presence of associated keratin bundles 

(a. asterix). Bar = 0.6 Jtm. 
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b 

Figure 5: Electron micrographs of basal keratinocytes, indicated by the presence of melanosomes (small 

arrows) in the nomlai epidermis, stained for CD44V6. a, both the desmosomes (arrow) and adjacent structures 

(arrowhead) were stained; h, complex membrane interdigitation strongly positive for CD44V6, Bar = 0.6 ).tm. 
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a 

Figure 6: Electron micrographs of membrane structures in BeC stained for E-cadherin (a) and CD44V6 (b). 

Both stained (thin arrows) and negative desmosomes (arrowheads) were observed. Structures, which may be 

described as adherens junctions also express both molecules (fat arrows). 
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Table II: Percentages of stained desmosomes in normal epidermis. 

Epidermal layer E-cadherin (n=3) CD44V, (n=2) 

12.6 37.8 

II 43.2 56.7 

III 69.3 58.7 

IV 57.9 65.5 

I = Upper third part of the stratum spinosum; II = Central part of the stratum spinosum; III = Lowest third part of 

the stratum spinosum; IV = Stratum basalc. 

Table III: Percentages of stained desmosomes and interdigitations in Bee. 

Sample Desmosomes Interdigitations 

No. E·cadherin CD44V, E'cadhel'in CD44V, 

1. 55.7 4.8 48.0 35.4 

2. ND 36.4 ND 32.0 

3. 48.2 ND 49_0 ND 

4. 66.6 48.7 0 42.8 

5. 47.7 13.9 50.0 66.6 

6. 50.8 59.2 29.4 52.3 

Mean 53.8 32.6 35.3 45.8 

SE 3.5 10.3 9.6 6.3 

NO = not done; SE = Standard error. 

DISCUSSION 

The expression of E-cadherin, CI.- & ~-catenin and CD44V6 in both normal epidermis and 
on BCC cells was investigated at LM ievel and E-cadherin and CD44V6 at ultrastructural 
level in the present study. E-cadherin and CD44V6 were observed in all viable layers of 
the normal epidermis, except in the stratum granulosum and on the dermal side of basal 
cells, corroborating the results of previous LM studies [22,24,28]. Others, however, did 
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detect CD44V6 expression in the stratum granulosum [19-21]. Haftek et al [3], described 
the presence of vinculin, which is homologous to a-catenin, and ~-catenin in all viable 
layers of the epidermis. The staining for vinculin was the strongest in the upper part of the 
stratum spinosum and stratum granulosum, corroborating our results. 
The ultrastructural localization of E-cadherin, known as a component of adherens 
junctions [1,3,4] was described both in keratinocytes [3] and in intestinal epithelium [28]. 
Horiguchi et al [28], reported that besides adherens junctions, E-cadherin was also 
expressed in desmosomes of normal keratinocytes. This was in contrast with that reported 
by Haftek et al [3]. In our study using a pre-embedding peroxidase immunolabelling 
technique, comparable with that used by Horiguchi et al [28], E-cadherin was observed in 
adhere!lS junctions, desmosomes and complex interdigitating cell membrane structures. 
Haftek et al [3] used a post-embedding technique and immunogold labeling. The lower 
sensitivity of their technique may well explain the differences between their results and 
those reported here. 
Quantitative analysis showed a decreased percentage of E-cadherin expressing desmoso­
mes from the lowest to the upper layer of the stratum spinosum in normal epidermis. This 
finding suggests that down-regulation of E-cadherin expression in desmosomes is 
associated with terminal differentiation of normal epidermal keratinocytes. CD44V 6 

appeared to be expressed in similar subcellular structures as E-cadherin. In addition, a 
decrease in CD44V6 expressing desmosomes from the basal layer to the superficial layers 
was observed. This finding corroborates the observations by Seiter et al [19], who showed 
a gradient of CD44 expression and its splice variants at LM level. The decrease in CD44 
expression was previously observed to correlate with terminal differentiation of 
keratinocytes [14]. The fact that only a proportion of the desmosomes was stained for E­
cadherin and CD44V 6 indicates that expression of these molecules is not a prerequisite for 
maintaining the integrity of the desmosomal structure. 
Skerrow et al [29] reported an increase in desmosome frequency from a minimum in the 
basal layer towards a maximum in the granular layer. Combining their observations with 
ours, it may be stated that the decrease in staining intensity for CD44V 6 and E-cadherin in 
the upper layers of the normal epidermis observed at LM level was not due to a reduced 
number of desmosomes, but due to the diminished percentage of desmosomes and other 
specialized membrane structures expressing both these molecules. Although we did not 
quantitate the percentage of immunostained adherens junctions and interdigitations, it 
seemed that there was also a decrease in staining for these adhesion molecules in these 
structures in the upper part of the normal epidermis. 
At LM level, we observed a decreased expression of E-cadherin and a-catenin on BCC 
cells compared with the overlying epidermis similar to that observed in other studies 
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[22,23,30]. This is in agreement with the fact that reduced E-cadherin expression is 
associated with tumor de-differentiation and increased invasiveness [10]. BCC has a de­
differentiated phenotype as was shown by the presence of simple epithelial Ck such as Ck 
7,8,18 and 19 [26] and although metastasis is rare in BCC, there is definitely invasive 
growth. In addition, preserved expression of ~·catenin was observed in this study. The 
expression of CD44V6 was heterogeneous and strongly down-regulated on BCC cells 
compared with the overlying epidermis, corroborating the findings in several studies 
[19-21,24,25]. 
The expression of E-cadherin and CD44V 6 has been shown to be influenced by pro­
inflammatory cytokines such as TNF-(.( and IFN-y [12,18]. Since varying degrees of 
inflammatory infiltrate, mainly consisting of T cells [31] surrounds the tumor nests of 
BCC, the down-regulation of E-cadherin and CD44V 6 may be caused by the local 
presence of the cytokines. In the present study, incubation of biopsies of normal skin and 
BCC with relatively high doses of rHuIFN-y and rHuTNF-(.( or combinations of these did 
not significantly alter the expression of E-cadherin and CD44V 6 on keratinocytes of 
normal epidermis or on BCC cells. However, the expression of ICAM-l was up-regulated, 
indicating that the epidermal and BCC cells were able to respond to rHuIFNy as reported 
previously [27]. Therefore, it is unlikely that the presence of IFN-y and TNF-(.( in situ 
plays a role in the down-regulation of E-cadherin and CD44V6 on the BCC cells. 
Similar to that in the normal epidermis, in BCC, E-cadherin and CD44 V 6 were localized 
in desmosomes, adhere.lS junctions and interdigitations, indicating that the decreased 
expression of both these molecules observed in BCC at LM level was not due to the loss 
of a specific subcellular structure, but was suggestive of a general down-regulation in their 
expression. The mean percentage of E-cadherin positive desmosomes in BCC cells was 
higher than that of CD44V6 positive desmosomes, whereas the percentage of CD44V6 

expressing complex interdigitations was higher than the percentage of those expressing E­
cadherin. 
In contrast to E-cadherin, CD44V6 expression was positively correlated with 
tumorigenesis and the development of metastasis in colon and breast carcinomas [15,16]. 
However, in NMSC such a correlation was not observed. In these cancers, CD44V6 

expression on tumor cells was shown to be reduced compared with that on normal 
keratinocytes [19,20,25]. In SCC of the skin, down-regulation of CD44V6 was described 
to correlate with a higher degree of differentiation [24]. This is analogous with our 
findings in normal epidermis in which the upper layers showed a reduced expression of 
CD44V6. However, in BCC, CD44V6 does not appear to correlate with the degree of 
differentiation. In fact, BCC represents a poorly differentiated phenotype, but nevertheless 
shows decreased expression of CD44V6. 
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In the present study, it was observed that both E-cadherin and CD44V6 were expressed in 
all subcellular structures related to cell-cell adhesion both in normal epidermis and in 
BCC. In particular, the hitherto less prominent role of complex interdigitations in cell-cell 
adhesion is emphasized by their intense labeling for E-cadherin and CD44V6• However, 
the expression of neither E-cadherin nor CD44V6 was obligatory in any of these struc­
tures. The structures expressing both these molecules in BCC were similar to those in 
normal epidermis. It was also observed that the decrease in expression of these molecules 
was not caused by the presence of pro-inflammatory cytokines such as IFN-y and TNF-a. 
This allows the conclusion that the decreased staining for E-cadherin and CD44V 6 in BCC 
observed at LM level is not related to the absence or down-regulation of specialized 
membrane structures or due to the presence of pro-inflammatory cytokines, but because of 
a non-specific lowering in their expression. Whether this is in any way related to the non­
metastatic behavior of this tumor still remains to be established. 
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SUMMARY AND DISCUSSION 

In the studies described in this thesis, three different aspects of BCC were investigated, 
namely; I) The expression of Cks; 2) The immunological defense against this tumor, and; 
3) The expression of some of the adhesion molecules generally involved invasive growth 
and metastasis of epithelial tumors. Investigations into these aspects may contribute to a 
better insight into the pathogenesis and pathophysiology of BCe. 

Cytokeratill expressioll 
Since the exact origins of the various types of BCC still remain unknown and because 
patterns of Ck expression are often preserved after tumor cell transformation, many 
investigations have focussed on the expression pattern of epithelial Cks in BCC [1-8]. 
These investigations were also undertaken in the hope that a suitable histopathological 
tumor marker for BCC might be identified. Such a specific tumor marker would be of 
significant practical value in the determination of surgical margins [9]. either in a 
conventional setting or as part of a MMS procedure [10]. Epithelial Cks 8, 18 and 19 have 
been used as tumor markers to identify metastases of small cell lung cancer [11,12] and 
SCC of the lung [13]. In healthy human skin these Cks are expressed in the sweat glands 
and sebaceous glands and the outer root sheath of the hair follicle, but they are not 
expressed in the epidermis. Conflicting results on the expression of Cks 8, 18 and 19 in 
BCC have been reported in previous studies [1-8]. Therefore, we investigated their 
expression in BCC, using a large panel of MAbs against these Cks. The results are 
described in chapter 2. 
In the study described in chapter 2.1, 23 BCCs were investigated, using a panel of 13 
different MAbs against epithelial Cks 7, 8, 18, 19 and one against the high molecular 
weight Ck 10. Expression of Ck 8 was detected in all 23 BCCs with MAb 4.1.18. Two 
other MAbs showed inconsistent staining of Ck 8 and a third one did not show any 
staining at all. (Table II, 2.1). Cks 7 and 19 were detected inconsistently, whereas Cks 18 
and 10 were not detected in any of the BCCs. In the study described in chapter 2.2 we 
investigated, whether the observed conflicting differences in the staining for Ck 8 
described in chapter 2.1 may have been caused by variations in the technique. Therefore, 
the same MAbs against Ck 8 were used in a comparative LM and IBM study. The results 
of this study confirmed the staining patterns observed in the LM investigations (Table II, 
2.2). Since only MAb 4.1.18 showed consistent staining for Ck 8 in all samples in both 
studies (2.1 and 2.2), it was used to detect Ck 8 as a marker for BCC cells in the 
subsequent investigations, described in this thesis. 
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Recently, Krekels et al [14] reported expression patterns of Cks in recurrent and primary 
BCC. Those authors observed that the expression of Cks 5, 14 and 17 was similar in both 
types, whereas simple epithelial Cks 8 and 19 were increased in the recurrent BCCs 
compared with the corresponding primary tumors. The expression was predominantly 
located at the tumor invasion fronts. However, Krekels et al only used anti-Ck 8 MAb 
M20, but did not use MAbs 4.1.18 and 3513HII, which in our study stained a high 
percentage of BCC cells (chapter 2). These latter two MAbs were also used in other 
investigations into the expression ofCk 8 in SCC [15] and sebaceous carcinoma [7,16]. In 
the first study [15], well differentiated SCC were not stained wilh MAb 4.1.18, whereas 
only some tumor cells were stained in poorly differentiated SCC. MAb 3513HII did not 
stain any of the 35 investigated SCCs. Therefore, these MAbs were suggested to be useful 
in distinguishing BCC from SCC [15]. However, one should be very cautious indeed in 
using Cks as specific tumor markers. The latter studies [7,16] reported the expression of 
Ck 8 using MAb 3513HII in about 80% of the sebaceous carcinomas, but in none of the 
BCC and SCC examined. The authors suggested that the use of MAb 3513HII may be 
useful immunohistochemically for ruling out both SCC and BCC in the differential 
diagnosis. However, the results of our studies (chapter 2) are clearly at variance with 
these reports. In addition, they illustrate that the use of different MAbs against the same 
Ck may lead to significant differences in results obtained. Therefore, the use of more than 
one MAb directed at anyone Ck to investigate the Ck expression is strongly 
recommended. It would appear possible, however, to use a MAb against a specific Ck as 
an adjunct in the evaluation of surgical margins or to locate tumor cells amidst a dense 
inflammatory infiltrate. The differences in staining between the different MAbs against 
Cks are most probably caused by differences of epilopes, detected by the antibodies. 
Recently, detailed information on the epitopes recognized by different MAbs against Cks 
8, 18 and 19 have been reported [17]. In Cks 8 and 19, at least 2 closely related major 
immunogenic epilopes are identified, whereas 4 different epitopes of Ck 18 are noted. 
This indicates that selective epitope specificities ofCks 8,18 and 19 can be detected. This 
is of obvious importance in inununohistochemical investigations. 
The exact origin of BCC still remains unknown, but on the basis of Ck expression pattern 
different suggestions were made [7,8]. It may be possible that different types of BCC have 
different origins such as the outer root sheath of the hair follicle (nodular andlor adenoid 
type) and the basal layer of the epidermis (superficial type). Further investigations are 
necessary to characterize the cell type (or all types) of origin. 
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The immulle respollse agaillst basal cell carcilloma 
The tumor nests of BCC are surrounded by varying degrees of inflammatory infiltrate. 
This infiltrate consists mainly of T cells and a small number of macrophages, LC, NK 
cells and B cells, indicating a T cell-mediated immune response [18]. The T cells are 
predominantly CD4+ with a CD4/CD8 ratio of ±2.0, which is a common feature of 
inflammatory infiltrates associated with solid tumors (19). A proportion of the T cells is 
activated, because they express HLA-DR [20), CD25, CD45RO and the transferrin 
receptor (21). Despite the presence of these activated T cells the cell-mediated immune 
response against BCC would appear to be ineffective. In this respect, it is of interest that 
even though a few cases of spontaneous tumor regression have been reported [22), hardly 
any T cells are present within or in close apposition to the tumor nests. In an effective T 
cell-mediated immune response the T cell-tumor cell interaction, which is comparable 
with the interaction between a T cell and an APC, is of crucial importance for the T cell 
activation. This interaction requires several molecules on the T cell and the tumor cell 
(Table I). 

Table I: Molecules that playa pivotal role in T cell-tumor cell interaction. 

Tumor cell (APC) 

MHC class I 

MHC class II 

ICAM­

CD40 
CD80 (B7.1) 

T cell 

T cell receptor (TCR) 

LFA-I 

CD40 Ligand 
CD28 

BCC cells are known not to express ICAM-I and HLA-DR, whereas MHC class I 
expression is inconsistent [23-26). The expression of CD40 was reported to be down­
regulated on BCC cells [27,28), and to our knowledge, CD80 expression in BCC has not 
yet been investigated. The lack or down-regulation of these molecules on BCC cells may 
preclude T cell-tumor cell interaction and an effective immune response. Pro­
inflammatory cytokines such as TNF-a and IFN-y can induce these molecules on 
epithelial cells, including keratinocytes [29,30), whereas the immunosuppressive cytokine 
IL-lO may inhibit their expression [31). 
The studies reported in chapter 3 focus on the lack of an effective T cell-mediated 
inunune response against BCe. In chapter 3.1, we report on a transwell-culture system in 
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which tumor biopsies could be cultured for at least 48 hours. The system was optimized 
and used to investigate rHuIFN-y-induced expression and shedding of ICAM-I in BCC 
and whether that correlated with the IFN-yR expression. We found that both ICAM-l 
expression on the BCC cells (Table I, 3.1) and the level of sICAM-l in the culture media 
(Fig 4, 3.1) were significantly up-regulated by rHuIFN-y. The induction of ICAM-I on 
the epidermis overlying the tumor nests was significantly higher than that on the BCC 
cells. This could have been caused by differences in the expression of the IFN-yR, since 
immunohistochemistry showed a significant down-regulation of these receptors on the 
tumor cells (Table II, 3.1). These results allow the conclusion that down-regulation of 
IFN-yR expression in combination with the shedding of ICAM-l may be the way by 
which a local T cell-mediated immune response is evaded in BCC. 
In the study described in chapter 3.2, the induction and/or up-regulation of MHC class I 
& II antigens, CD40 and CD80 by rHuIFN-y were investigated. In addition, the level of 
IL-IO in the culture supernatants was determined. The results showed that in the tranwell­
culture system under optimal culture conditions, in the epidermis only CD40 and ICAM-I 
were significantly up-regulated, whereas a trend was noted in the up-regulation of HLA­
DR and CD80. On the BCC cells, a significant up-regulation of ICAM-l expression was 
observed and CD40 expression was only slightly up-regulated. The expression of MHC 
class I, HLA-DR and CD80 in BCC biopsies was not altered by rHuIFN-y (Table II, 3.2). 
The levels of IL-lO were significantly increased in the culture supernatants of tumor 
biopsies compared with normal skin (Table III, 3.2), indicating the presence of IL-lO in 
BCC in vivo. Kim et al [32] observed high levels of IL-IO mRNA in BCC cells and high 
levels of IL-lO in culture media of BCC cells, indicating that IL-IO was most likely 
produced by BCC cells. These findings may contribute towards a better understanding of 
the lack of an effective T cell-mediated immune response in BCC, despite the presence of 
peritumoral T cells. The absence or down-regulation of MHC class I & II antigens on 
BCC cells may preclude effective T cell-tumor cell interaction. Indeed, in those instances 
where this interaction does take place, the absence of costimulatory molecules on BCC 
cells may lead to T cell anergy [33]. In an anergic state the T cells are refractory to stimuli 
and unable to produce cytokines such as IFN-y, TNF-o:, IL-12, IL-2, etc. The production 
of IL-IO by BCC cells may also induce T cell anergy [34]. In addition, IL-IO has been 
shown to inhibit growth of tumor reactive T cells [35]. 
To summarize, the following mechanisms have been identified in BCC that may preclude 
an effective T cell-mediated immune response against these tumors (Fig I); 
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* Inconsistent expression of HLA-ABC (MHC l) and complete lack of HLA-DR on 
BCC cells (1). 

Absence of the costimulatory molecules, ICAM-!, CD40 and CD80, on BCC cells (1), 
inducing T cell anergy after TCR-MHC interaction (2). 

* Production of IL-lO by the BCC cells (3), which may be responsible for the complete 
lack ofHLA-DR, ICAM-!, CD40 and CD80 and the inconsistent expression of HLA­
ABC (4) on BCC cells and the induction of T cell anergy (5). 

* Lack or low production of pro-inflammatory cytokines, such as fFN-y by T cells due 
to inhibition by fL-lO (6). 

* Down-regulation ofIFN-yR on BCC cells. 
* Shedding of ICAM-! into the surrounding stroma which may trap the T cells and 

prevent T cell-tumor cell interaction (7). 

~ MHCI 

s:9 MHCII j,. ru,'''''' &. ICAM-! 

IIID CD40 
(IFN-y) 

@3 CD80 
(7) @ 

~ 

~ TCR 

Teell LFA-! 

:ID CD40L 

T cell anergy DO CD28 

CDS'T cell 

Figure 1: Mechanisms in nee that may contribute to the lack of an effective T cell-mediated immune 

response against the tumor. 
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Adhesion lIIoleclIles alld lIIetastasis 

Although BCC is a malignant tumor capable of invasive growth and it has the potential to 
cause extensive destruction of underlying tissues including bone, the percentage of 
metastasis is very low. Indeed, only several cases have been reported so far [36-38]. In 
invasive growth and metastasis formation, adhesion molecules, such as E-cadherin and 
CD44 have been described to play an important role in carcinomas of the breast [39,40] 
and colon [41]. These molecules are involved in cell-cell adhesion, and in normal skin 
they are expressed on the cell membranes in the viable epidermal layers. E-cadherin has 
been identified in adherens junctions, where it plays a role in cell-cell contact via 
homotypical interaction. It is connected to the actin cytoskeleton through binding with a-, 
p- and y-catenin. Functionally intact catenins are required for normal E-cadherin function 
[42]. The exact localization of CD44V6, to our knowledge, has so far remained elusive. 
The expression ofE-cadherin, a- and p-catenin and CD44V6 at LM level was investigated 
in the study reported in chapter 4. This study was pursued in order to obtain a better 
insight into the non-metastatic behavior of BCe. The results showed that the expression of 
E-cadherin, a-catenin and CD44V6, but not of p-catenin, was down-regulated on the 
tumor cells compared with the overlying epidermis. It has become more clear that p­
catenin plays a role in signal transduction and stimulation of the expression of a number 
of genes involved in apoptosis and cell proliferation [43]. These observations have led to 
the idea that in tumors, the cadherin-catenin complex is not only important for cell 
adhesion and migration, but probably also reflects on neoplastic cell growth and survival 
[43]. 

Stimulation with the pro-inflammatory cytokines, rHuIFN-y and rHuTNF-a, did not alter 
the expression of E-cadherin and CD44 V 6 in normal skin and BCC biopsies. 
In order to evaluate the differences in expression between normal keratinocytes and BCC 
cells, an IBM study was undertaken. The results showed that E-cadherin and CD44V. 
were expressed in essentially all structures involved in cell-cell adhesion, such as 
desmosomes, adherens junctions and complex interdigitations, both on normal 
keratinocytes and on BCC cells. These findings indicate that the down-regulation of these 
molecules on BCC cells in vivo, observed at LM level, is not related to a specific absence 
or down-regulation of any specialized membrane structure and is most likely not caused 
by the presence of pro-inflanunatory cytokines in situ. 
Recently, the ultrastructural localization of CD44stalidard in normal epidermis has been 
reported by Tuhkanen et al [44]. In that study, its expression was most prominent in the 
spinous layers, which is in agreement with our results (Table II, chapter 4). In addition, 
in our study described in chapter 4, the expression of CD44V 6, instead of CD44stalidard, 
was investigated and a different lEM technique was used. We observed CD44V6 
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expression in structures related to cell-cell adhesion, such as desmosomes and adherens 
junctions. Tuhkanen et al [44], however, observed expression of CD44stalldal'd 
predominantly on the plasma membrane facing the open intercellular spaces, but only 
minor expression in the desmosomes. These findings may indicate a different role for 
CD44stalldard and the for the different CD44 variant isoforms in cell-cell adhesion. 
Gebauer et al [45] rep0l1ed that proteolytic enzymes degrade CD44 epitopes on malignant 
cells of mammary carcinoma and malignant melanoma cell lines. The enzymes reduced 
both the concentration and the function of these molecules on the malignant cells. Since 
the presence of proteolytic enzymes has been described in BCC [46,47], it is conceivable 
that they may be involved in the observed down-regulation of CD44V6 on the BCC cells. 
Further investigations are necessary to clarify the exact role of down-regulation of E­
cadherin, a-catenin and CD44V 6 in the different types of BCC. 

Main conclusions and future directions 

Cytokeratin 8 is expressed in BCC and MAb 4.1.18 is very suitable to detect it. This 
MAb can be used to distinguish tumor cells from the peri tumoral infiltrate. In future, this 
marker may be used to establish the exact origin of Bee in in vivo experiments. 

The absence or inconsistent expression of important molecules on the tumor cells, the 
presence of IL-lO, the shedding of ICAM-l, and the down-regulation of IFN-yR 
expression may preclude an effective T cell-mediated immune response in BCe. Future 
experimental investigations into the immunology of BCC may involve the recently 
developed scm mouse model for BCC [48]. In this ill vivo model, BCC are grafted into 
healthy human skin previously transplanted on scm mice. The major advantage of this 
model is that the take-rate of BCC is considerably improved and that the transplanted 
tumors preserve their morphological features. The ex-vivo studies previously described, as 
well as new therapeutic approaches may be validated using this model. Several 
possibilities are; I) intralesional injection of IFN-y; 2) prevention of shedding of ICAM-I; 
3) strategies to inhibit IL-lO, such as administration of Abs, to neutralize the 
immunosuppressive state in BCC; 4) localization of the cytokine-producing cell types 
present in BCC; 5) isolation and culturing of the autologous T cells and investigations into 
their state of activation and their ability to recognize and adhere to tumor cells after 
stimulation. 



Summmy alld discussion 136 

Investigations into these different aspects of BCC would eminently provide better insight 
into tumor immunology in general. For these purposes BCC is suitable because it is a 
common tumor and fresh samples are easily available. 

The adhesion molecules E-cadherin, a-catenin and CD44V6, are down-regulated on 
BCC cells compared with the overlying epidermis. E-cadherin and CD44V 6 are expressed 
in all structures involved in cellwcell adhesion such as desmosomes, "adherens junctions" 
and "complex interdigitations". Ultrastructural investigations showed that the observed 
down-regulation in vivo is not related to a specific absence or down-regulation of any 
specialized membrane structure. 

COllcludillg remarks 
As a result of the attenuation of the stratospheric ozone layer, the amount of UVR 
reaching the earth is increasing, which has significant consequences for the human skin. 
In addition, the changes in recreational sun-exposure on holidays or on sunbeds may 
account for the increasing incidence of skin cancer, including BCC. 
The investigations into BCC described in this thesis may provide a better understanding of 
the pathogenesis and pathophysiology of this tumor. Certain questions were answered, but 
new interesting questions have arisen. Therefore, it is imperative that more effort is 
undertaken for further research into the origin, development, immunological, and 
pathophysiological aspects of BCC and for developing new and more effective treatment 
modalities for these usually relatively innocuous, but sometimes devastating tumors. 
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SAMENV ATTING 

Het basaalcelcarcinoom (BCC) is de meest voorkomende vonn van huidkanker van dit 

moment. Het is een maligne tumor, die zelden metastaseert, maar wei invasief groeit en 
daarbij kan leiden tot ernstige weefselbeschadiging. De belangrijkste risicofactor voor het 
ontstaan van deze tumor is blootstelling aan zonlicht in combinatie met een lichte huid 
(type 1 of2). 
Er bestaan meerdere histopathologische typen BCC met verschillende groei­
eigenschappen. Er wordt nog steeds gespeculeerd over de cel van oorsprong van deze 

tumoren. 
In hoofdstuk 1 wordt een uitgebreide beschrijving gegeven van de belangrijkste 

eigenschappen van BCC, zoals de expressie van cytokeratinen en adhesiemoleculen en de 
immunologische aspecten. Tevens worden de doelstellingen van deze dissertatie 
beschreven. 

Deze zijn kart samengevat: 
I. Het vaststellen van het cytokeratine expressie patroon met het oog op het vinden van 

een geschikte histopathologische tumonnarker. 
2. Het verkrijgen van een beter inzicht in het ontbreken van een effectieve T cel­

gemedieerde irmnuunrespons. 

3. Het verkrijgen van een beter inzicht in het niet-metastaserende gedrag van BCe. 

Hoofdstuk 2,1 beschrijft de resultaten van een immunohistochemish, lichtmicroscopisch, 

onderzoek waarin het cytokeratine (Ck) patroon van BCC wordt bekeken met behulp van 
een panel van monoklonale antilichamen (MAl). De expressie van Ck 8 werd 
waargenomen in alle 23 BCCs na kleuring met MAl 4.1.18. Twee andere MAls tegen Ck 

8 toonden inconsistente aankleuring en kleuring met een vierde MAl was geheel negatief. 
Cks 7 en 19 werden inconsistent lVaargenomen en Cks 18 en 10 werden in geen van de 
BCCs gedetecteerd. 
Hoofdstuk 2.2 beschrijft het onderzoek lVaarin de kleuringen met de vier MAls tegen Ck 
8 werden vergeleken in licht- en electronen microscopie. De resultaten van dit onderzoek 
kwamen overeen met die van hoofdstuk 2.1. 

We kunnen concluderen, dat Ck 8 tot expressie komt in BCC en dat MAl 4.1.18 het meest 
geschikt is om dit aan te tonen. Oil antilichaam kan tevens worden gebruikt om BCC 
cellen in coupes te onderscheiden van bijvoorbeeld infiltraatcellen. 
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In Hoofdsluk 3 wordt ingegaan op het ontbreken van een effectieve T eel gemedieerde 
immuunrespons, ondanks de aanwezigheid van geactiveerde T cellen rondom de 
tumorvelden. Voar cen effectieve T eel gemedieerde inunuunrespons is cen interactie 
tussen de T eel en de tumorcel noodzakelijk. De expressie van de verschillende moleculen 
op zowel de T eel als de tumorcel is daarbij van groot belang. De afwezigheid dan wei 
verminderde expressie van deze moleculen kunnen de oorzaak zijn van het ontbreken van 
een effectieve immuunrespons. Bepaalde cytokinen, zoals TNF-u en IFN-y kunnen de 
expressie van deze moleculen op epitheelcellen induceren of verhogen. 
Immunosuppressieve cytokinen daarentegen, zoals IL-lO, knnnen deze expressie juist 
verhinderen of afremmen. 
In hoofdsluk 3.1 wordt het effect van recombinant humaan (rHu)IFN-y op biopten van 
BCC beschreven. Nadat de biopten 24 uur gekweekt waren met een relatief hoge dosis 
rHulFN-y werd op zowel de tumorcellen als de bovenliggende epidermis een significante 
toename van ICAM-l expressie waargenomen. Tevens werd in het kweekmedium cen 
significante toename van sICAM-I gemeten. De opregulatie van ICAM-I op de 
epidermale keratinocyten boven de tUlllorvelden was significant hoger dan die op de 
tumorcellen. Een "down-regulatie" van IFN-y receptoren op de tumorvelden werd 
waargenomen. Dit zou een mogelijke verklaring kunnen zijn voor het verschil in ICAM-I 
opregulatie. 
In hoofdsluk 3.2 wordt het effect van rHulFN-y op de expressie van MHC klasse I & II, 
CD40 en CD80 op de tumorcellen onderzocht. Tevens werd de hoeveelheid IL-lO bepaald 
in het kweekmedium. De expressie van ICAM-I en CD40 was significant verhoogd op de 
epidermale keratinocyten na 48 uur kweken in de aanwezigheid van een hogere dosis 
rHulFN-y dan werd gebruikt in hoordsluk 3.1 Echter, slechts een trend werd 
waargenomen in de opregulatie van HLA-DR en CD80 expressie. Op de tumorcellen was 
aileen de ICAM-I expressie significant verhoogd. CD40 expressie wasslechts matig 
verhoogd en de expressie van MHC klasse I, HLA-DR en CD80 op de tumorcellen bleef 
onveranderd. De hoeveelheid IL-lO in het kweekmedium van BCC biopten was 
significant groter dan in dat van de biopten van de normale huid. Dit geeft de 
aanwezigheid van IL-lO in BCC aan. 
We kunnen concluderen, dat de afwezigheid van de essentiole moleculen, de verlaagde 
expressie van IFN-y receptoren op BCC cellen, de "shedding" van ICAM-! en de 
aanwezigheid van IL-lO mogelijke oorzaken kunnen zijn voor het ontbreken van een 
effectieve inunuunrespons tegen BCC. 

In hoofdsluk 4 wordt een immunohistochemisch onderzoek beschreven, dat zich richt op 
de expressie van E-cadherine, u- en ~-catenine en CD44V. (een vorm van CD44) in BCC 
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om een beter inzicht te verkrijgen in het feit dat BCC zelden metastaseert, maar weI 

degelijk invasief groeit, Op lichtmicroscopisch niveau werd een verlaagde expressie van 
E-cadherine, a-catenine en CD44V 6 op de tumorcellen gezien ten opzichte van de 
bovenliggende epidermis. De expressie van ~-catenine was vergelijkbaar in de tumor en 
de epidermis. De invloed van eventueel aanwezige cytokinen op de verlaagde expressie 
van bovengenoemde moleculen werd bekeken met behulp van het kweeksysteem dat werd 
beschreven in hoofdstuk 3. Echter, IFN-y en TNF-a hadden in dit systeem geen effect op 

de expressie van de adhesiemoleculen. Om de verschillen in de expressie tussen normale 
keratinocyten en tumorcellen te evaluereo, werd met behulp van immunoelectronen 
microscopie gekeken naar de ultrastructurele lokalisatie van E-cadherine en CD44V6• 

Expressie van deze moleculen werd waargenomen in aile structuren die betrokken zijn bij 
de eel-eel interactie, zoals desmosomen, uadherens junctions" en "complexe 
interdigitaties", zowel in keratinocyten als in de tumorcellen. 
Derhalve kan worden geconcludeerd dat de zwakkere kleuring van E-cadherine en 
CD44V6 in BCC op licht microscopisch niveau, niet wordt veroorzaakt door een 
specifieke afwezigheid of "down-regulatie" van bepaalde gespecialiseerde 
membraanstructuren. Tevens wordt het hoogstwaarschijnlijk niet veroorzaakt door de 
aanwezigheid van cytokinen. 
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