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Abstract

Basal cell carcinoma (BCC) is one of the most common skin neoplasms in humans, accounting for almost 80% of all non-melanoma skin
cancers worldwide. The nodular and infiltrative-morpheaform are the most common BCC types in the head and neck region and together
with the micronodular subtypes are the most aggressive tumors, because of their tendency to infiltrate the deep subcutis, muscles and
even bones. To explain the local aggressive behavior and their metastatic potential, many studies have been performed to identify the
molecular determinants implicated in BCC tumor progression. For this reason, we investigated the immunohistochemical expression of
CXCR4, MMP-13 and B-catenin expression in six metatypical, eight infiltrative-morpheaform, six micronodular and five superficial facial
BCCs. For all three markers, the tumor reactivity varied with the histological type. The highest reactivity was observed in metatypical subtype,
especially at the level of areas with squamous cells differentiation. The lowest reactivity was recorded in micronodular and superficial BCC
subtypes. Regardless histological subtype, the tumor reactivity was higher at the advancing edge and additional a strong stromal reaction
was noticed for all investigated markers peculiar in fibroblasts, inflammatory cells and endothelial cells. All these data proved the utility of
CXCR4, MMP-13 and f-catenin immunohistochemical investigation in BCCs both for identification of high-aggressive tumors and to develop
novel more efficient therapeutic strategy for these patients by targeting these biomarkers.

Keywords: basal cell carcinoma, CXCR4, MMP-13, B-catenin, immunohistochemistry, histological subtypes.

=& Introduction

Basal cell carcinoma (BCC) is one of the most common
skin neoplasm in humans, accounting for almost 80% of
all no melanoma skin cancers worldwide [1, 2]. It is
slowly progressive and poorly metastasizing skin cancer
with propensity to be locally destructive [3]. Although
these patients have lower mortality, the tumors may
behave aggressively with deep invasion, recurrence, and
regional and distant metastasis [4]. These authors proposed
as prognostic markers of aggressiveness: tumor size,
duration of development, histology and perineural spread.
About 85% of metastatic BCC arise from primary lesions
in the head and neck region [5] and histological types
such as micronodular, infiltrative-morpheaform and mixed
type have been classified as aggressive because they more
frequently exhibit deep invasion [4, 6].

The invasion of tumor cells is a complex, multistage
process, which starts with the degradation of the extra-

cellular matrix (ECM) and the basement membranes
that surround the primary tumor by proteases, such as
matrix metalloproteinases (MMP). Further, to facilitate
the cell motility, invading cells need to change the cell-
cell adhesion properties, rearrange the ECM environment,
suppress anoikis and reorganize their cytoskeletons [7].
These processes are governed by complex interactions
between various biomarkers, especially MMPs (MMP-9,
MMP-13), cell—cell adhesion molecules (B-catenin) and
chemokine receptor-ligand complexes (peculiar the
SDF-1/CXCR4). In this regard, it seems that B-catenin
is a promising key factor of SDF-1/CXCR4 signaling to
regulate the metastasis, mainly in pancreatic cancer [8].
Moreover, several MMPs, including MMP-2, MMP-9,
and MMP-13, directly or indirectly interact with CXCR4,
which could alter MMP-mediated pericellular proteolysis
[9-11].

CXCR4 (C-X-C chemokine receptor type 4 or fusin
or CD184) is an alpha-chemokine receptor specific for
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stromal-derived-factor-1 (SDF-1, also called CXCL12),
being expressed in normal condition by hematopoietic cells
[12], vascular endothelial cells [13], neurons, microglia
and astrocytes [14] and functionally is linked to human
immunodeficiency virus-1 (HIV-1) infection, hemato-
poiesis, embryogenesis, organogenesis and angiogenesis,
along with its important roles in lymphocyte trafficking
and recruitment at sites of inflammation [15, 16]. Also,
its interaction with CXCL12 has been found to play an
important role in tumorigenicity, proliferation, metastasis,
and angiogenesis in many cancers, such as lung cancer,
melanoma, esophageal cancer, ovarian cancer, glio-
blastoma, pancreatic cancer, cholangiocarcinoma, and
basal cell carcinoma cells [17-24].

Given the limited information on BCC tumor
progression biomarkers, we were interested here in the
immunohistochemical investigation of CXCR4, MMP-13
and [-catenin expression in the aggressive type
(infiltrative-morpheaform, micronodular and metatypical)
versus superficial facial BCCs.

& Materials and Methods

We reviewed the medical records from the Laboratory
of Pathology, Emergency County Hospital, Craiova,
Romania, and identified 25 patients who had been
diagnosed with BCCs. The histopathological diagnosis
was made according to the WHO histological classification
of keratinocytic skin tumors [25]. The BCC growth pattern,
assigned as described [26] comprised six metatypical,
eight infiltrative-morpheaform, six micronodular and five
superficial tumors. The study cohort included 15 women
and 10 men aged 46 to 81 years (mean age 64 years). In
relation to the site of tumor origin, were selected only
the cases that developed in the facial skin and they
belonged to the following anatomic regions: nasal (nine
cases), lip (six cases), orbit (five cases) and frontal (five
cases). The study was carried out after approval by the
local ethics committee.

Immunohistochemistry was performed on 4 pm-thick
sections from one selected block for each case. The
sections were deparaffinized in xylene, dehydrated in
ethanol, and immersed in distillated water containing 3%
hydrogen peroxide for 30 minutes to block endogenous
peroxidase activity. Then, we performed an antigen-
unmasking step of 20 minutes heat-induced epitope
retrieval in DakoCytomation Target Retrieval solution,
code S1700. Subsequently, the unspecific binding sites
were blocked with a 5% Bovine Serum Albumin (BSA)
in PBS for one hour. Briefly, the primary antibodies were
used at a dilution of 1:1000 for CXCR4 (polyclonal rabbit
anti-human, SDIX, Cheminpress, Romania, code CAB
011447), 1:50 for MMP-13 (MMO0019-12E10, mouse
anti-human, monoclonal, Santa Cruz, Redox, Romania,
Code sc-101564) and 1:200 for B-catenin (B-Catenin-1,
mouse anti-human, monoclonal, Dako, Redox, Romania,
code M3539). The primary antibodies were amplified
with Dbiotinylated species-specific secondaries and a
LSAB2 (Dako, Redox, Romania, code K0675) system.
Visualization was done with 3,3’-Diaminobenzidine (DAB)
(Dako, Redox, Romania, code K3468). For counterstaining,

we used Mayer’s Hematoxylin. Negative-control stainings
were done by omitting the primary antibodies.

For the immunostaining assessment, we used the
immunoreactive score (IRS) of the Remmele W and
Stegner HE (1987) [27]. According to this, the intensity
of marker expression was quantified using the following
scores: 0 = negative, 1 = weakly positive, 2 = moderately
positive, 3 = strongly positive. The extent of marker
expression was quantified by evaluating the percentage
of the positive staining areas in relation to the whole
cancer areas in the core. A score of 0 point was given
for 1-10% reactivity, 1 point was assigned for 10-25%
reactivity, 2 points were assigned for 25-50% reactivity,
3 points were assigned for 50-75% reactivity, and 4 points
were assigned for 75-100% reactivity. The final immuno-
reactive score was determined by multiplying the positive
intensity and the positive area extent scores, yielding a
range from 0 to 12. B-Catenin reactivity was assessed in
tumor cell taking into account all cellular localizations
of this marker (membranous, cytoplasmic and nuclear).
The stromal reactivity was assed qualitatively noting the
presence or absence of immunoreactivity, noting the
reactive cellular type.

The images were acquired by utilizing a Nikon Eclipse
551 microscope (Nikon, Apidrag, Bucharest, Romania)
equipped with a 5-megapixel cooled CCD camera and
the Image ProPlus AMS7 software (Media Cybernetics
Inc., Buckinghamshire, UK). All recorded values were
exported and analyzed in Excel (Microsoft Corporation).
Data were expressed as average + standard deviation for
each tumor subtype, and all for subtypes were compared
utilizing ANOVA testing. Correlations between the
expression levels were thought utilizing Pearson’s
correlation coefficients. Statistical significance was
deemed for p-values <0.05.

= Results

Immunohistochemical expression of CXCR4

In the normal epidermis adjacent to the tumor lesions,
we observed an increased cytoplasmic CXCR4 expression
in the differentiated keratinocytes, the reactivity decreasing
form parabasal to the upper layer of the epidermis, a
low reactivity in the basal and parabasal layers, and it
was absent in the granulosum layer (Figure 1A). At the
level of hair follicles, the CXCR4 reactivity was present
especially in the bulb, and at the root sheaths, the
expression was more obvious in inner sheath (Figure 1B).
Also, the CXCR4 expression was noticed in the sebaceous
and sweats glands (Figure 1C), in endothelial cells and
in the inflammatory cell infiltrate (Figure 1D). The most
intense reaction was observed in the hyperplastic and
dysplastic lesions that were associated with BCCs
(Figure 1, E and F).

At the tumoral level, the highest reactivity was noticed
in metatypical subtype of BCCs especially at the level
of areas with squamous cells differentiation (Figure 2A).
All six investigated cases were positive with IRS scores
varying from 4 to 8 and score 6 as most frequently found.
On the second place as CXCR4 reactivity, we noticed
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the infiltrative-morpheaform subtype with both tumor
cells and adjacent fibroblasts positive to this marker
(Figure 2, B and C). In all eight investigated cases was
noticed this reactivity, with score 3 as the lowest IRS
score recorded and score 8 as the highest one (in half of
the cases being recorded score 6). These were followed
by superficial and micronodular subtype with the central

tumoral cells being more reactive than palisading
peripheral cells (Figure 2, D and E). Two micronodular
and one superficial BCCs were CXCR4 negative. The
lowest IRS scores were recorded in the micronodular
subtype. Regardless of histological subtype, we also noticed
CXCR4 reactivity at the level of endothelial cells and of
the associated inflammatory cell infiltrate (Figure 2F).

Figure 1 — Immunohistochemical reactivity to CXCR4 in normal skin adjacent to facial BCCs: (A) Positive reaction in
differentiated keratinocytes along skin spinosum stratum. DAB (brown), x100; (B) Positive reaction in follicle hair
structures and sweat glands. DAB (brown), x40; (C) Positive reaction in pilosebaceous follicle structures. DAB (brown),
x100; (D) Positive reaction in endothelial cells and in associated inflammatory cell infiltrate. DAB (brown), x100;
(E) Positive reaction in hyperplastic-associated lesions. DAB (brown), x40; (F) Positive reaction in dysplastic-associated
lesions. DAB (brown), x40.
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Figure 2 — Immunohistochemical reactivity to CXCR4 in facial BCCs: (A) Positive reaction in tumor cells of meta-
typical BCC subtype, with more intense reaction in areas with squamous cells differentiation. DAB (brown), x100;
(B and C) Positive reaction in tumor cells and adjacent fibroblasts of infiltrative-morpheaform BCC subtype. DAB
(brown), x100/%200; (D) Positive reaction in tumor cells of superficial BCC subtype. DAB (brown), x100; (E) Positive
reaction in tumor cells of micronodular BCC subtype. DAB (brown), x100; (F) Positive reaction in endothelial cells
and associated inflammatory cell infiltrate. DAB (brown), x100.

Immunohistochemical expression of MMP-13

Into the normal epidermis, the MMP-13 reactivity
was restricted to the basal, parabasal and spinous layers
with the latter showing the highest reactivity (Figure 3A).
Related to the cutaneous appendages, MMP-13 was
observed in the hair root sheaths (more intense in the
outer sheath) and sebaceous gland (more accurate in the
intact sebum-containing secretory cells) (Figure 3B). Also,
some reactivity was noticed in to the dermis, especially
in fibroblast and endothelial cells (Figure 3C). A more

extensive reactivity was observed in hyperplastic and
dysplastic lesions associated to the investigated BCCs
(Figure 3D).

All investigated BCCs specimens were positive for
MMP-13, but the cytoplasmic reaction varied from case
to case depending on the histological subtype. The most
reactive was the metatypical BCC subtype with the most
cases (50%) scored IRS as 8. The MMP-13 reactivity
predominates inside the tumor proliferations, especially in
the areas with squamous cells differentiation (Figure 4A).
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The second most reactive BCC subtype was the infiltrative-
morpheaform tumors mostly with IRS score 6 and 8
(Figure 4B). The least reactive was the micronodular
subtype with half of the cases scored as 1 and in which
MMP-13 was limited to few central tumor cells from
inside micronodular proliferations (Figure 4C). In all
these three types of facial BCCs, the MMP-13 reactivity
was more prominent at the tumor advancing edge. The
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superficial BCC cases had a heterogeneous MMP-13
reactivity with cases scored from 1 to 6. The MMP-13
staining was also observed in the cytoplasm of palisading
peripheral cells (Figure 4D). Regardless of histological
subtype in all investigated cases, we noticed a stromal
MMP-13 expression, peculiar in fibroblasts, inflammatory
cells and endothelial cells (Figure 4, E and F). Overall,
the stromal MMP-13 reaction exceeds tumor cell reactivity.
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along basal, parabasal and spinous layers with the latter showing the highest reactivity. DAB (brown), x100; (B) Positive
reaction in pilosebaceous follicle structures. DAB (brown), x100; (C) Positive reaction in fibroblast and endothelial

typical BCC subtype, with more intense reaction in areas with squamous cells differentiation. DAB (brown), x100;
(B) Positive reaction in tumor cells and adjacent fibroblasts of infiltrative-morpheaform BCC subtype. DAB (brown),
x100.
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Immunohistochemical expression of 3-catenin

In the normal epidermis, B-catenin reactivity was
predominant membranous and was observed throughout
basal, parabasal and spinous layers (Figure SA). The
reactivity decrease along superficial spinous layers and
disappears in the granulosum stratum. Occasionally we
noticed a nucleo-cytoplasmic staining in the basal layer
(Figure 5B). Also, B-catenin was expressed in the cell
membranes of the outer and inner root sheaths and in
matrix cells located at the base and periphery of the hair
follicle bulb (Figure SC). The same cell membrane pattern
reaction was observed in sebaceous and sweat glands
(Figure 5D).

All the investigated BCC cases were reactive to
B-catenin but with variable intensity from case to case
and even in the same tumor from one area to another.
The tumor B-catenin staining was influenced both by
histological grade and lesion topography (upper part
versus advancing edge). Thus, the highest IRS scores
were recorded in metatypical BCC subtype, most cases
being scored as 9. The reaction was more obvious in the
areas with squamous cells differentiation and inside tumor
proliferation compared with the more peripheral tumor
cells. The predominant pattern was the membranous one
especially in the areas with squamous cells differentiation,
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Figure 4 (continued) — Immunohistochemical reactivity to MMP-13 in facial BCCs: (C) Positive reaction in tumor
cells from inside islands of micronodular BCC subtype. DAB (brown), x100; (D) Positive reaction in tumor cells of
superficial BCC subtype. DAB (brown), x100; (E and F) Positive reaction in endothelial cells and associated
inflammatory cell infiltrate. DAB (brown), x100/%200.

while in the proliferative areas with basal cells differentiation
the staining was cytoplasmic and membranous (Figure 6A).
The cytoplasmic reaction was increased in the peripheral
palisading portion of proliferative islands (Figure 6B).
Few nuclear B-catenin reactive tumoral cells were observed
at the advancing edge. A moderate B-catenin staining
was noticed in infiltrative-morpheaform BCC subtype
with IRS scores ranging from 2 to 6 and score 3 as most
encountered (37.5% cases). In this type of BCC, we
observed a decrease in the membrane cells reactivity
and an increased cytoplasmic [-catenin expression
(Figure 6C). The nuclear staining was rarer than in
metatypical BCC subtype and was also observed at the
invasion front. A situation somewhat comparable to that
of infiltrative-morpheaform BCC subtype was also recorded
in the micronodular tumors. The IRS scores varied between
2 and 6 with score 2 and 3 as most encountered (each one
with 33.33%). The prevalent B-catenin staining pattern was
membranous, the cytoplasmic reactivity being seen in few
peripheral cells from the advancing edge (Figure 6D).
We did found any nuclear reactivity in the investigated
cases. The lowest reactivity we recorded in superficial
BCC subtype with only one cases scored as 3. In these
tumors, the B-catenin reactivity was predominant in the
cytoplasm and also some scattered peripheral cells from
the advancing edge had nuclear reactivity (Figure 6E).
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Excluding the superficial subtype, all other tumors reactivity adjacent to tumor cells (Figure 6F). Also, a weak
regardless of histological subtype presented high B-catenin  B-catenin reactivity was recorded in the endothelial cells
reactivity at the advancing edge. In addition, we observed  of tumor vessels and in the associated inflammatory cell
especially for the infiltrative-morpheaform BCC cases an  infiltrates.

increase number of stromal cells with B-catenin immuno-

along basal, parabasal and spinous layers with decreasing in the upper spinous layers. DAB (brown), x200; (B) Nucleo-
cytoplasmic reactivity in cells of epidermis basal layer. DAB (brown), x200; (C and D) Positive reaction in pilosebaceous
follicle structures and sweat glands. DAB (brown), x100.

Figure 6 — Immunohistochemical reactivity to ff-catenin in facial BCCs: (A) Positive reaction with prevalent membranous
pattern in tumor cells of metatypical BCC subtype, with more intense reaction in areas with squamous cells differentiation.
DAB (brown), x200; (B) The cytoplasmic reaction was increased in the peripheral palisading portion of proliferative
islands from metatypical BCC subtype. DAB (brown), x200.
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Figure 6 (continued) — Immunohistochemical reactivity to f-catenin in facial BCCs: (C) Positive reaction with membranous
and cytoplasmic pattern in tumor cells of infiltrative-morpheaform BCC subtype. DAB (brown), x200; (D) Positive reaction
with prevalent membranous pattern in tumor cells of micronodular BCC subtype. DAB (brown), x200; (E) Positive
reaction with membranous and cytoplasmic pattern in tumor cells of superficial BCC subtype. DAB (brown), x100;

(F) Positive reaction in stromal cells adjacent to tumor cells of infiltrative-morpheaform BCC subtype. DAB (brown),
x200.

Statistically, we noticed significant differences between The Pearson tests proved a very strong correlation

IRS scores of different BCC histological subtypes for all ~ between CXCR4-MMP-13 IRS scores [r(21)=0.973,
three investigated markers with the metatypical as the  p<0.01] and a strong correlation between IRS pairs scores
highest reactive form for all markers and micronodular ~CXCR4—f-catenin [#(21)=0.785, p<0.01] and MMP-13—
as the lowest reactive subtype for CXCR4 and MMP-13  B-catenin [#(21)=0.737, p<0.01] (Figure 8).

while for B-catenin the superficial form was the less

reactive (Figure 7).
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Figure 7 — Comparative statistics of the averages of all Figure 8 — Correlation  analysis  showed  strong
expression levels. ANOVA testing showed very significant dependences between all three tested pairs on Pearson
variations between all three markers for the pathological testing (r>0.73, p<0.05).

subtypes. P<0.001 for all tests.
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= Discussion

BCC is a non-melanotic skin cancer locally invasive,
with slowly spreading which rarely metastasize, arising
in the epidermis or hair follicles and in which, in
particular, the peripheral cells usually simulate the basal
cells of the epidermis [28]. BCCs occurs most frequently at
sun-exposed sites, with the head and neck being the
common areas and more precisely develops on the face
with the nose and lip most commonly affected [29, 30].
According to the type of growth pattern, BCC can be
classified into: nodular, superficial, infiltrative-morphoeic,
micronodular and others [6]. The nodular and infiltrative-
morphoeic are the most common BCC type in head and
neck region and together with micronodular subtypes are
the most aggressive tumors, because of their tendency to
infiltrate the deep subcutis, muscles and even bones [31,
32]. Also, about 85% of metastatic BCC arise from
primary lesions in the head and neck region [5].

To explain the local aggressive behavior and their
metastatic potential many studies have been performed
to identify the molecular determinants implicated in
BCC tumor progression. For this reason we investigated
the immunohistochemical expression of CXCR4, MMP-13
and B-catenin expression in the aggressive type (infiltrative-
morpheaform, micronodular and metatypical) versus
superficial facial BCC.

In our study, we noticed CXCR4 reactivity in normal
epidermis at the level of stratum spinosum especially in
the lower layers, in the bulb and at the root sheaths of hair
follicles, in sebaceous and sweats glands, in endothelial
cells and in the inflammatory cell infiltrate form the
dermis. Following skin burns, Avniel S et al. observed an
increased CXCR4 expression in proliferating epithelial
cells as well as in eosinophils and mononuclear cells
infiltrate [33]. The authors found that CXCR4 inhibition
increase the rate of re-epithelialization following burn
injury, suggesting a regulatory role for CXCR4 in skin
repair or re-epithelialization. Moreover, Takekoshi T et al.
noticed a CXCR4 upregulation in the junctional region
at the border of human skin psoriatic plaques inhibiting
keratinocytes proliferation and mitigating the effects of
proliferative T-helper type 17 cytokines [34]. In the same
direction, given that stromal reactions surrounding BCC
proliferations mimic a wound healing process, it was
suspected that the CXCLI12 secretion of surrounding
fibroblasts might contribute in a paracrine manner to the
tumor invasion [35].

In our BCCs specimens, the CXCR4 reactivity varied
by histological type. Thus, the highest reactivity was
observed in metatypical subtype especially at the level
of areas with squamous cells differentiation. The lowest
IRS scores were recorded in the micronodular subtype,
two cases being negative. In the superficial and micro-
nodular subtypes, the central tumoral cells were more
reactive than palisading peripheral cells. Also, we noticed
CXCR4 reactivity regardless of histological subtype at
the level of endothelial cells and of the associated
inflammatory cell infiltrate. Chen GS et al. proved a
high significantly CXCR4 immunoreactivity in nodulo-
ulcerative and sclerosing type versus superficial type
BCC, suggesting that CXCR4 expression may vary with

different subtypes of BCC [18]. Also, the authors established
that increased CXCR4 expression enhances proliferation,
resistance to apoptosis, migration and angiogenesis of BCC
cells in vitro and, more importantly, BCC tumorigenesis
in vivo. Thus, they concluded that specific blockade of
CXCR4 leads to tumor regression of BCC in vivo and
may serve as a potential therapeutic strategy for more
aggressive BCC types.

Chu CY et al. observed no CXCR4 immunoreactivity
in seborrheic keratosis lesions but the tumoral lesions
were reactive, the recurrent BCC cases being the most
reactive (89.5%), followed by the invasive BCC cases
(72.7%) and non-invasive BCC cases (38.7%) [9].
Statistically, the authors found that CXCR4 expression
was significantly higher in invasive histological types
(micronodular, infiltrative and mixed) of BCC compared
to noninvasive types, indicating that CXCR4 may be
involved in BCC invasiveness.

Other studies had proved that CXCR4/CXCL12 play
an important role in BCC angiogenesis, the paracrine
effects of CXCL12 on human BCCs may induce the
expression and secretion of several angiogenesis-associated
factors and lead to higher MVD [36], which has been
found to correlate with the aggressive phenotype of
human BCC [37, 38].

Our study proved that MMP-13 reactivity in normal
epidermis was restricted to the basal, parabasal and spinous
layers with the latter showing the highest reactivity.
Also, the cutaneous appendages were reactive and some
MMP-13 staining was noticed in dermis, especially in
fibroblast and endothelial cells. Vaalamo M et al. proved
that MMP-13 was not expressed in normal epidermal
keratinocytes or in the acute skin wounds, but this
collagenase-3 was highly expressed by fibroblasts deep
in the chronic ulcer bed suggesting its involvement in
the remodeling of collagenous matrix in chronic wounds
[39]. In contrast, the expression of human MMP-13 by
fibroblasts has been noted in normal human gingival
and fetal skin wounds characterized by scarless wound
healing [40, 41]. Also, MMP-13 has been shown to enhance
the remodeling of three-dimensional (3D) collagen matrix,
cell morphology and cell viability of dermal fibroblasts
in vitro [42]. Moreover, Toriseva M et al. had showed the
importance of MMP-13 in wound healing by coordinating
cellular activities important in the growth and maturation
of granulation tissue, including myofibroblast function,
inflammation, angiogenesis, and proteolysis [43].

Matrix metalloproteinases (MMPs) have important
roles in the tumor invasion especially by their proteolytic
activities assisting in degradation of extracellular matrix
(ECM) and basement membrane [44, 45]. Since 1997,
Airola K et al. proved collagenase-3 mRNA expression
in focal areas of keratinized cells from BCCs suggesting
that its expression is associated with terminal differentiation
of epithelial cells in this type of skin neoplasia [46].

All BCCs specimens investigated by us were positive
to MMP-13, but the cytoplasmic reaction varied from case
to case depending on the histological subtype. The most
reactive was the metatypical BCC in which the MMP-13
reactivity predominates inside the tumor proliferations,
especially in the areas with squamous cells differentiation.
The least reactive was the micronodular subtype in which
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the MMP-13 was limited to few central tumor cells from
inside micronodular proliferations. The tumor reactivity
was more prominent at the tumor invading edge and
regardless of histological subtype, it was exceed by stromal
MMP-13 expression, recorded peculiar in fibroblasts,
inflammatory cells and endothelial cells.

Balbin M et al. noticed the production of MMP-13
by a variety of malignant tumors including BCCs of the
skin and its expression was associated with aggressive
tumors [47]. Also, the authors found that MMP-13
expression was not restricted to tumor cells, this enzyme
being produce also in stromal cells surrounding epithelial
tumor cells. The same aspect was observed by Alvarez
Sudrez ML et al. in 65% of the eyelids BCCs, which
also noticed an MMP-13 up-regulation in the epithelial
tumoral cells located at the advancing edge, which could
explain the aggressive behavior of this kind of tumors
[48]. In the same location of BCCs, Zlatarova ZI et al.
found an MMP-13 overexpression both in tumor cells
(57% of cases) and surrounding stroma (86%) but with
various intensity in all subtypes of investigated tumors
[49]. Tumor MMP-13 reactivity was more prominent at
the invading edge of the BCC, but it was exceeded by
the stroma where the MMP-13 expression was noticed
in fibroblasts, inflammatory cells and endothelial cells.
In other study, MMP-13 was detected in the vasculature
from 17 of 20 human BCCs of unknown origin as well in
the capillaries of normal human skin taken from the wound
margin [50]. The authors conclude that endothelial cells
in the skin are a source of MMP-13 and that enzyme
expression is upregulated under conditions that promote
endothelial cell growth and vascular differentiation. In
BCCs, as in other solid cancers, matrix metalloproteinases
enable tumor angiogenesis as they allow endothelial cells
to invade through basement membrane to form new
blood vessels and also by regulation of endothelial cell
attachment, proliferation, migration and growth, either
directly or by the release of growth factors [51, 52]. In
the study of Zlatarova ZI et al., inflammatory cells form
connective tissue surrounding the BCCs were also positive
for MMP-13 together with MMP-1, MMP-9, and TIMP-1,
indicating an important role of inflammation in the
regulation of tumor progression [49]. Related to the
aggressiveness of some BCCs, Chu CY et al. found that
the CXCR4 ligand (CXCL12), directed BCC invasion and
that this was mediated by time-dependent upregulation of
mRNA expression and gelatinase activity of MMP-13
[9].

B-Catenin is a multifunctional protein that controls a
number of cell activities, both at the membrane and the
nuclear level [53]. Bridging between cytoskeleton and
cadherins B-catenin regulate cell-cell interactions [54].
In the nucleus, p-catenin mediates the Wnt/TCF signaling
[55-57], regulating a number of gene transcription, such
as cyclin D1 [56, 58], metalloproteinase matrilysin [59],
survivin [60], MITF [61], TCF-1 [62, 63] and AXIN2
[64], that are involved in the control of cell proliferation
and differentiation.

In the normal epidermis, we noticed predominant
membranous [-catenin reactivity throughout basal,
parabasal and spinous layers. Occasionally, we noticed
a nucleo-cytoplasmic staining in the basal layer. Also,

B-catenin was expressed in all the skin appendages.
Doglioni C et al. proved a B-catenin membrane immuno-
reactivity of epithelial cells of epidermis, eccrine, apocrine,
and sebaceous glands of normal human skin [65]. Overall,
the differentiated structures of hair follicles displayed a
membrane reaction pattern, but in hair matrix cells were
also observed an intense nucleo-cytoplasmic staining.
Occasionally, B-catenin nucleo-cytoplasmic reactivity
was noticed in basal cell of epidermis, in scattered
differentiated keratinocytes of the upper layer of the
epidermis and in luminal cells of sebaceous glands. In
dermis, mainly the fibroblasts and endothelial cells showed
membranous reaction pattern with some nuclear reactivity,
especially in mesenchymal cells of the dermal papilla [65].
Fukumaru K et al. observed that B-catenin expression
in normal epidermis was restricted on the keratinocyte
cell membrane facing adjacent keratinocytes and as the
keratinocytes differentiated, the expression became
significantly weaker, suggesting that 3-catenin is associated
with keratinocyte differentiation as well as cell adhesion
in normal keratinocytes [66].

In our study, we noticed B-catenin reactivity in all
tumor specimens but with variable intensity from case
to case and even in the same tumor from one area to
another. The tumor B-catenin staining was influenced
both by histological grade and lesion topography (upper
part versus advancing edge). The highest reactivity was
observed in metatypical BCC subtype, especially in the
areas with squamous cells differentiation and inside tumor
proliferation. The predominant pattern was membranous
and the cytoplasm reactivity was noticed in the proliferative
areas with basal cells differentiation, more obvious in
the peripheral palisading tumor cells. In infiltrative-
morpheaform BCC subtype was observed an increased
cytoplasmic B-catenin expression. The nuclear staining
was rare and was recorded at the invasion front of
metatypical and infiltrative-morpheaform BCC subtypes.
The lowest reactivity was recorded in superficial BCC
subtype where the -catenin staining was predominant and
in some scattered peripheral cells from the advancing
edge that had nuclear reactivity. In addition, we observed
peculiar for the infiltrative-morpheaform BCC cases an
increase number of stromal cells with B-catenin immuno-
reactivity adjacent to tumor cells and also regardless
histological subtype’s weak [-catenin reactivity was
recorded in the endothelial cells of tumor vessels and in
the associated inflammatory cell infiltrates.

In literature, data regarding the B-catenin reactivity in
BCCs are controversial. Thus, while El-Bahrawy M et al.
observed nuclear staining in 55% (n=56) of their BCC
casuistry [67], Saldanha G et al. noticed such immuno-
localization in only 23% of the 86 BCC examined [68],
but Fukumaru K et al. (33 cases) and Boonchai W et al.
(195 cases) showed only membrane expression [66, 69].
The same ambiguity was observed regarding the correlation
between B-catenin localization and histological subtype.
Thus, El-Bahrawy M et al. showed that the immuno-
histological localization of f-catenin gives a degree of
credence to the histological classification of BCCs currently
used by pathologists with all subtypes having their own
characteristic pattern of membranous, cytoplasmic and
nuclear staining [67]. The nuclear localization was most
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notable in the infiltrative and morphoeic variants, followed
by the superficial variant, and seen least in nodular BCC.
Also, the authors showed that micronodular BCC emerged
as a distinct subtype, with strong membranous staining,
weak cytoplasmic and no nuclear B-catenin staining [67].
Contrariwise, Brinkhuizen T et al., Saldanha G et al
and Fukumaru K et al. could not find any correlation
between B-catenin localization and histological subtype
[66, 68, 70]. Also, contrary to El-Bahrawy M ef al., Oh ST
et al. observed an increased B-catenin expression in the
tumor cells of micronodular BCC, and the reaction
localization was also seen in the nucleus [71]. It seems
that the absence of nuclear B-catenin in many cases may
be due to high E-cadherin levels, which would also be
consistent with the general inability of BCC to metastasize
[72]. Nuclear localization of B-catenin was most notably
seen at the advancing edge of the infiltrative BCCs and
also at the periphery of the nodules in the more indolent
variants, strongly supports the hypothesis that -catenin
plays a role in tumor invasion [67, 71]. Nuclear B-catenin
translocation directly mediate the downstream Wnt signaling
pathway events through transactivation of transcription
factors of the lymphocyte enhancer factor (LefyT-cell
factor (Tcf) family, increasing the MMP production,
especially the membrane type-1 matrix metalloproteinase
(MT1-MMP) in high-risk BCC [68, 71]. On the other
hand, it seems that the CXCR4/SDF-1 axis is correlated
with E-cadherin/B-catenin complex expression in invasion
and metastasis at least in colorectal cancers [73, 74].

= Conclusions

The expression of CXCR4, MMP-13 and B-catenin
varied between different types of investigated BCCs. The
highest reactivity was observed in metatypical subtype
especially at the level of areas with squamous cells
differentiation. The lowest reactivity was recorded in
micronodular and superficial BCC subtypes. Regardless
histological subtype the tumor reactivity was higher at
advancing edge and additional a strong stromal reaction
was noticed for all investigated markers peculiar in
fibroblasts, inflammatory cells and endothelial cells. Thus,
we suggest that immunohistochemical investigation in
BCCs of all these three markers it can be useful both for
identification of high aggressive tumors and to develop
novel more efficient therapeutic strategy for these patients
by targeting these biomarkers.
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