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Abstract

Basal cell carcinoma (BCC) is a common, locally invasive tumor that arises within sun-damaged skin and rarely develops on the palms and
soles or mucous membranes. Men generally have higher rates of BCC than women. Incidence also increases with age and the median age
of diagnosis is 68 years old. Mortality from BCC is rare and cases of aggressive, local destructive, metastatic BCCs are more likely from tumors
with aggressive histopathological (HP) patterns. The aim of this study was to investigate and correlate the immunohistochemical expression
of p53, Ki67, alpha-smooth muscle actin (α-SMA), cluster of differentiation (CD)44 and CD31 with both aggressive and nonaggressive types
of BCCs. In our study, we observed a varied staining pattern for p53, with the highest reactivity noticed in the peripheral palisading zone.
The staining pattern for Ki67 was similar to p53, with a more pronounced reaction in the periphery of the tumor. We found different Ki67 and
p53 expression among the various subtypes of BCC. The CD31 reactivity, mostly seen in the stroma, was positive in all BCCs and varied
significantly between its different HP subtypes. Regarding stromal expression of α-SMA, the adenoid and basosquamous types had the most
intense reaction in our study. The CD44 tumor expression was correlated in our study to the aggressive pattern of BCCs.
Keywords: basal cell carcinoma, p53, Ki67, α-SMA, CD44, CD31.

 Introduction
Keratinocyte carcinomas, basal cell carcinoma (BCC)
and squamous cell carcinoma (SCC), are the most frequent
skin cancers in humans and the incidence of both continues
to rise. In individuals with fair skin, approximately 75–80%
of malignancies are BCCs.
BCC is a common, locally invasive tumor that arises
within sun-damaged skin and rarely develops on the palms
and soles or mucous membranes. Men generally have higher
rates of BCC than women. Incidence also increases with
age and the median age of diagnosis is 68 years old.
Mortality from BCC is rare and cases of aggressive,
local destructive, metastatic BCC are more likely from
tumors with aggressive histopathological (HP) patterns:
morpheaform, basosquamous. Perineural invasion may also
be an indicator of aggressive disease [1–3].
BCC is a frequently diagnosed cancer with variable HP

subtypes: nodular, the most common subtype; superficial,
the most common subtype in younger age groups;
morpheaform, the biological behavior is more aggressive;
basosquamous, histological features of both BCC and SCC;
micronodular, destructive behavior and high rates of
recurrence and adenoid [4, 5].
Exposure to ultraviolet radiation (UVR) can cause
mutations in the p53 gene, which is the most frequent
genetic abnormality in skin cancers. These mutations can
be identified in approximately 20% of melanomas, 50% of
BCCs, and more than 90% of SCCs [6].
Ki67 is frequently used as a marker of cell proliferation
and can be detected only in dividing cells. It is highly
expressed in malignant tissues [7].
Alpha-smooth muscle actin (α-SMA), an isoform of
actin, is a marker of epithelial-to-mesenchymal transition
and can predict aggressive behavior in BCC [8].
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CD44, an adhesion glycoprotein, is used as a marker
for cancer stem cell in epithelial tumors [9].
Platelet endothelial cell adhesion molecule-1 (PECAM-1),
also known as cluster of differentiation (CD)31, is a transmembrane glycoprotein and a specific and sensitive marker
of vascular differentiation [10].
Aim
The aim of this study was to investigate and correlate
the immunohistochemical (IHC) expression of p53, Ki67,
α-SMA, CD44 and CD31 with both aggressive and nonaggressive types of BCC.
 Materials and Methods
We investigated a number of 68 cases of BCC from
the Clinic of Plastic Surgery, Emergency County Hospital,
Craiova, Romania, of which 17 cases of adenoid subtype,
eight cases of basosquamous subtype, 10 cases of micronodular subtype, five cases of morpheaform subtype, 14
cases of nodular subtype and 14 cases of superficial subtype.
Selected formalin-fixed, paraffin-embedded (FFPE)
tissue blocks were processed and fresh 4 μm-thick sections
were cut and stained with Hematoxylin–Eosin (HE) or
prepared for immunohistochemistry. For the later, the
sections were deparaffinized in xylene, rehydrated in
increasing concentration of alcohol series, processed for
antigen retrieval by microwaving in 0.1 M citrate buffer
pH 6 for 20 minutes, incubated in 1% hydrogen peroxide
in distilled water for 30 minutes to block the endogenous
peroxidase activity, and further kept for another 30 minutes
in 3% skimmed milk in phosphate-buffered saline (PBS)
to block unspecific antigenic binding sites. The primary
antibodies were incubated on the slides at 4°C for 18 hours
(p53, mouse, diluted as 1:50; Ki67, mouse, diluted as 1:100;
α-SMA, mouse, diluted as 1:100; CD44, mouse, diluted
as 1:50; CD31, mouse, diluted as 1:100 – Dako, Glostrup,
Denmark), and the next day the signal was amplified for
60 minutes utilizing a goat anti-mouse peroxidase polymerbased system (Nichirei Bioscience, Tokyo, Japan). The
signal was then detected with 3,3’-Diaminobenzidine (DAB)
(Nikirei- Bioscience) and the slides were coverslipped
in DPX (Sigma-Aldrich, St. Louis, MO, USA) after a
Hematoxylin counterstaining. Images have been acquired
utilizing a Nikon Eclipse 55i microscope (Nikon Europe
B.V., Amsterdam, The Netherlands) equipped with a 5megapixel cooled charge-coupled device (CCD) camera
and the Image-Pro Plus AMS7 software (Media Cybernetics
Inc., Buckinghamshire, UK), and for semi-quantitative
purposes, the same illumination and exposure conditions
have been employed for all captures. Imaging data were
saved as uncompressed *.tiff files and a common red, green,
blue (RGB) signature profile was utilized to automatically
detect DAB signal and quantify it as area and integrated
optical density (IOD) for α-SMA and CD44. For p53 and
Ki67, positive nuclei were manually counted and reported
as percentages from the total number of nuclei in those
respective tumor areas (20× area). For CD31, the number
of vessels was manually counted and reported.
All recorded data were analyzed in MS Excel. For
each tumor subtype, data were expressed as average ±
standard deviation (SD), and the results were compared
utilizing analysis of variance (ANOVA) testing.

This paper followed the general ethical guidelines of
scientific research and has been approved by the Local
Ethics Committee.
 Results
IHC expression of p53
In the normal epidermis and underlying dermis adjacent
to the tumors, we noticed flattened dermo–epidermal
junction and papillary dermis with lymphocytes, plasma
cells, fibroblasts, and positive reaction to p53 may be seen
in the nuclei of the stratum basale of the epidermis, as well
as in the nuclei of the cellular component found in the
dermis (fibroblasts, lymphocytes, plasma cells and a few
eosinophils) (Figure 1A).
At the tumoral level, the highest expression was observed
in the superficial subtype of BCC, with a homogenous strong
positive reaction to p53 seen throughout the tumoral
basaloid lobules projecting from the stratum basale of the
epidermis, with irregular, well-defined margins without
signs of invasion in the underlying dermis. The peripheral
layer of cells pertaining to the basaloid nests display a
typical palisading architecture. Cytologically, the cells within
the tumor have large, hyperchromatic nuclei with scarce
cytoplasm. The overlying epidermis shows atrophy. An
inflammatory infiltrate, mainly composed of lymphocytes,
may be seen in the dermis adjacent to the basaloid lobules.
A positive reaction to p53 may also be seen in the epidermis,
as well as in the papillary dermis, nevertheless, the reaction
is much fainter than the one observed in the nuclei of the
cells comprising the basaloid lobules (Figure 1B).
Regarding nodular BCC, we noticed a solid, large,
relatively circumscribed basaloid lobule surrounded by a
thin layer of collagen bundles pertaining to the adjacent
stroma. Typical palisading basaloid cells may be seen at
the periphery of the lobule, however, in the center, the
cells display a chaotic arrangement. The nuclei are large,
hyperchromatic, and relatively uniform throughout the
tumor. The peripheral layer of basaloid cells showed marked
positive reaction to p53, compared to the cells located in
the center of the lobule (Figure 1C).
In the adenoid BCC, we observed a positive reaction to
p53 within the basaloid cells forming gland-like structures,
with some of the nuclei showing a more pronounced
staining than the others (Figure 1D).
The morpheaform subtype, observed as basaloid strands
with extensive spread into a sclerotic stroma made of
tightly packed collagen fibers, had a strong positive reaction
to the p53 nuclear marker in the basaloid strands (Figure 1E).
The micronodular subtype is seen as multiple small
nests made of basaloid cells with occasional palisading at
the periphery. The basaloid nests extend into the surrounding
stroma. A positive reaction to p53 is present especially
in the nuclei of the basaloid cells at the periphery of the
micronodules (Figure 1F).
The lowest p53 expression was observed in the
basosquamous carcinoma, with a few scattered basaloid
cells within the nests show a faint positive reaction to p53.
Few foci of squamous differentiation may be seen within
the basaloid nests, in which palisading at the periphery is
also present. A small cleft between one of the nests and the
adjoining stroma may be observed (Figure 1G).
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Comparing the percentages of p53-marked nuclei in
the total number of nuclei, between the different types of
BCCs, we found that there are no significant differences
between the values obtained for control areas (ANOVA
p=0.516>0.05), but there are highly significant differences
(ANOVA p=0.000<0.001) between different areas of the
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tumor, which proves that the mutational status of p53 differs
depending on the type of BCC. In addition, there were
significant differences between each HP subtype and the
corresponding peritumor control areas. From this point of
view, superficial and nodular subtypes of BCC had more p53positive cells compared to the other types (Figure 1H).

Figure 1 – p53 immunoexpression in: (A) Control; (B) Superficial BCC; (C) Nodular BCC; (D) Adenoid BCC;
(E) Morpheaform BCC; (F) Micronodular BCC; (G) Basosquamous carcinoma. (H) Percentage values of p53 immunoreactive nuclei in tumor versus control in various BCC subtypes; error bars represent standard deviation of the means.
Anti-p53 antibody immunomarking: (A–G) ×200. BCC: Basal cell carcinoma.

IHC expression of Ki67
In the normal epidermis and the neighboring dermis
surrounding the tumor, we noticed positive reaction to
the Ki67 nuclear marker in the germinative layer of the
epidermis. The cellular component of the dermis is
represented by a few lymphocytes, plasma cells and
fibroblasts (Figure 2A).
Considering BCC subtypes, the highest expression was
observed in the superficial BCC, with positive reaction
within the basaloid nest with a homogenous distribution
in the center, as well as in the periphery of the lobule. The
basaloid nest is relatively well-defined, isolated, large, and
closely attached to the overlying epidermis. Palisading of
the basaloid cells may be seen at the periphery, as well as
a more chaotic arrangement in the center (Figure 2B).
The nodular BCC has a positive, pronounced reaction
to Ki67 especially in the nuclei located at the periphery
of the basaloid lobule, as well as in the nuclei of the cells
pertaining to the basaloid strand. A less marked positive
reaction to Ki67 may also be observed in the center of the

basaloid lobule, which has an irregular shape and in which
the typical pattern of palisading at the periphery is less
defined (Figure 2C).
In the adenoid BCC, basaloid cells form multiple pseudoglandular structures of different shapes and sizes. The stroma
around the gland-like structures is scarce and mucinous.
The positive reaction to Ki67 is heterogenous within the
basaloid pseudoglands, with some of the nuclei showing
pronounced positivity, while others displaying a weaker
positive reaction (Figure 2D).
The morpheaform subtype had a positive reaction to
Ki67 within some of the nuclei of the delicate strands
comprised of basaloid cells encased in a sclerotic, dense
stroma (Figure 2E).
The micronodular subtype had the lowest reactivity
with Ki67-positive reaction in only a few of the nuclei
pertaining to the basaloid micronodules, which are extending
into the adjoining stroma. Palisading may still be observed
(Figure 2F).
Basosquamous carcinoma shows basaloid lobules
representative for a BCC separated by a thin layer of stroma
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with apparent retraction spaces between the collagen fibers
and the lobules. The larger nest shows a biphasic aspect,
with foci of squamous differentiation, some of them in
particular displaying hyperkeratosis with orthokeratosis and
possibly keratin formation. There is a positive heterogenous
reaction to Ki67 in only some of the nuclei: some cells
show a strong staining, while others display a rather pale
appearance (Figure 2G).
Analyzing the number of Ki67 marked nuclei from the
total number of nuclei in the analyzed area, between the

different types of studied carcinomas, we found that there
were no significant differences between the values obtained
for the control areas (ANOVA p=0.302>0.05), but there
are significant differences (ANOVA p=0.009<0.05) between
areas of the tumor, which proves that the indices of cell
division are different for each tumor type. Furthermore,
there were significant differences between each HP subtype
and the corresponding control areas surrounding the tumor.
Superficial and nodular subtypes had also the highest levels
of marker expression in this case as well (Figure 2H).

Figure 2 – Ki67 immunoexpression in: (A) Control; (B) Superficial BCC; (C) Nodular BCC; (D) Adenoid BCC;
(E) Morpheaform BCC; (F) Micronodular BCC; (G) Basosquamous carcinoma. (H) Percentage values of Ki67 immunoreactive nuclei in tumor versus control in various BCC subtypes; error bars represent standard deviation of the means.
Anti-Ki67 antibody immunomarking: (A–G) ×200. BCC: Basal cell carcinoma.

IHC expression of CD31
A positive reaction to CD31 may be seen in the papillary
dermis adjacent to the tumors. A uniform thinning of the
epidermis in which a few necrotic keratinocytes reside
may be observed. The dermal papillae and the rete ridges
intertwine to establish the dermo–epidermal junction
(Figure 3A).
Regarding superficial BCC, described as a basaloid
lobule projecting from an atrophic epidermis into the
underlying papillary dermis, a positive reaction to CD31 is
mostly seen in the stroma, in the endothelial cells padding
the dermal capillaries (Figure 3B).
The nodular BCC had the strongest positive reaction
to CD31 mostly seen in the stroma, corresponding to the
endothelial cells padding the stromal vessels. The stroma
surrounding the basaloid lobule is highly cellular, with a

great number of inflammatory cells (lymphocytes, plasma
cells, monocytes) dispersed between the fibroblasts. The
representative peripheral palisading of the basaloid cells
can also be noticed (Figure 3C).
Within the stroma separating the pseudoglands of adenoid
BCC, a marked positive reaction for CD31 is seen. Basaloid
cells form reticular, gland-like structures, some of them in
close contact, others separated by a rather mucinous stroma
(Figure 3D).
A heterogenous expression of CD31 is seen only in
some parts of the stroma in the case of morpheaform BCC
(Figure 3E). The lowest CD31 expression was observed in
the micronodular subtype, with a positive reaction mostly
in the endothelium of the stromal capillaries (Figure 3F).
The basosquamous carcinoma is defined by basaloid,
well-defined lobules with a squamous component extending
into the surrounding stroma. The main basaloid lobule
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presents with a circular area in which the cells become flatter,
a feature which may suggest squamous differentiation. A
retraction space between one of the basaloid lobules and
the stroma is present. A positive reaction to CD31 is mostly
seen in the stroma, with no positive reaction within the
basaloid lobules (Figure 3G).
Comparing the number of CD31 marked vessels from
the total number of vessels in the studied area, among the
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different subtypes of BCCs, we found that there are no
significant differences between the values obtained for
the control areas (ANOVA p=0.098>0.05), but there are
significant differences (ANOVA p=0.049<0.05) between
areas of the tumor, which proves the different sensitivity
of CD31 depending on the type of carcinoma. Nodular and
basosquamous subtypes had more CD31-positive vessels
compared to other forms (Figure 3H).

Figure 3 – CD31 immunoexpression in: (A) Control; (B) Superficial BCC; (C) Nodular BCC; (D) Adenoid BCC;
(E) Morpheaform BCC; (F) Micronodular BCC; (G) Basosquamous carcinoma. (H) Percentage values of CD31 immunoreactive vessels in tumor versus control in various BCC subtypes; error bars represent standard deviation of the means.
Anti-CD31 antibody immunomarking: (A–G) ×200. BCC: Basal cell carcinoma; CD31: Cluster of differentiation 31.

IHC expression of α-SMA
The study of α-SMA expression revealed positive reaction
in the papillary dermis surrounding BCCs, mostly around
the dermal capillaries. Within the epidermis, there are a
few apoptotic keratinocytes. The underlying papillary dermis
shows a pronounced cellular component, with lymphocytes,
plasma cells, monocytes (Figure 4A).
A positive reaction to SMA is encountered in the
fibroblasts and myofibroblasts of the peritumoral stroma,
as well as in the vascular smooth muscle cells. A fainter
positive reaction to SMA may be observed in the basaloid
lobule of the superficial subtype originating from the lower
part of the epidermis. The papillary dermis is rich in small
blood vessels located mostly around the basaloid lobule
(Figure 4B).
Regarding the nodular subtype, a positive reaction to
SMA is observed within the stroma surrounding the basaloid
lobules, particularly in the right lower part of the image,
most likely staining vascular smooth muscle cells pertaining

to the stromal microvessels. At the periphery of the lobule,
there are portions in which the basaloid cells form a
palisade (Figure 4C).
A pronounced, positive reaction for SMA is observed
within the stroma of adenoid subtype, probably due to the
presence of myofibroblasts, which are activated fibrillogenic
cells. The stroma is scarce between basaloid lobules, which
have pseudoglandular pattern (Figure 4D).
In the morpheaform subtype, the dense, sclerotic stroma
surrounding the basaloid strands shows a strong positive
reaction to SMA. The basaloid cell within the strands,
however, do not stain positive to SMA (Figure 4E).
Compared to the above-mentioned subtypes of BCC,
some of the cells in the basaloid nests of micronodular
subtype show positive staining for SMA. A positive reaction
to SMA is also observed within the stroma. Nests comprised
of basaloid cells form a palisade at the periphery. However,
there is a chaotic arrangement of the cells in the center of
the micronodules (Figure 4F).
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Basosquamous carcinoma shows basaloid nests, with
foci of squamous differentiation. These are surrounded
by thin strands of stroma. A notable, positive reaction to
SMA with homogenous staining is seen within the stroma
adjacent to the basaloid nests (Figure 4G).
Comparing the expression levels of α-SMA, expressed
mainly in myofibroblasts, from the total analyzed area,
between the different types of studied carcinomas, we found
that there are no significant differences between the values
obtained for the control areas (ANOVA p=0.248>0.05), but

there is highly significant difference between the values
obtained for the areas in the tumor (ANOVA p=0.000
<0.001), and highly significant differences (ANOVA
p=0.000<0.001) between the areas in the stroma. The
highest values were recorded for tumor epithelium in the
micronodular and superficial forms, the lowest values being
recorded for morpheaform subtype. On the other hand,
regarding stromal expression, the highest α-SMA reactivity
was recorded by the adenoid and basosquamous types
(Figure 4H).

Figure 4 – α-SMA immunoexpression in: (A) Control; (B) Superficial BCC; (C) Nodular BCC; (D) Adenoid BCC;
(E) Morpheaform BCC; (F) Micronodular BCC; (G) Basosquamous carcinoma. (H) Percentage values of α-SMA
immunoreactive tumor area versus immunoreactive stromal area versus control; error bars represent standard deviation
of the means. Anti-α-SMA antibody immunomarking: (A–G) ×200. α-SMA: Alpha-smooth muscle actin; BCC: Basal
cell carcinoma.

IHC expression of CD44
Considering CD44 reactivity in the area adjacent to the
tumor, keratinocytes show a positive reaction, the stain
strongly highlighting their contour and shape. A positive
reaction to CD44 is also seen among the fibroblasts within
the dermis. The epidermis shows a reduction in the number
of keratinocyte layers, particularly at the level of the
stratum spinosum, which results in an overall thinning
of the epidermis. The dermo–epidermal junction is rather
flattened, with no rete ridges and an isolated dermal
papilla. Within the papillary dermis, inflammatory cells
(lymphocytes, plasma cells, a few monocytes, and
neutrophils) and numerous fibroblasts may be found
(Figure 5A).
The superficial subtype appears as a large, isolated

lobule, with irregular, well-circumscribed margins emerging
from the stratum basale of the epidermis. The underlying
dermis contains fibroblasts and scattered macrophages and
lymphocytes. Regarding CD44 expression, the stratum
spinosum of the peritumoral epidermis stands out showing
a positive reaction to CD44, as well as the cellular component
of the surrounding stroma, compared to the basaloid lobule,
in which a notable positive reaction to CD44 is not found
(Figure 5B).
A positive reaction to the CD44 surface marker is seen
among the fibroblasts of the peritumoral stroma, rather than
in the basaloid nest of nodular subtype. Within it, the
basaloid cells at the center display a chaotic arrangement,
however, at the periphery, they form the typical palisade.
The peritumoral stroma is rich in fibroblasts (Figure 5C).
Regarding adenoid subtype, a faint, positive reaction to
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CD44 on the surface of the basaloid cells may be observed,
compared to the surrounding stroma, in which a less
pronounced staining is seen. Basaloid cells are arranged in
a pseudoglandular, reticular pattern, with delicate glandlike structures that are either in close contact or separated
by a thin layer of mucinous stroma containing a few
fibroblasts (Figure 5D).
A positive reaction to CD44, with notable surface
staining, is observed within the basaloid cells of the
morpheaform subtype nests and strands. Nevertheless,
the positive reaction to CD44 within the stroma is less
pronounced. The surrounding stroma is dense and numerous
fibroblasts are present (Figure 5E).
The stromal fibroblasts show a strong positive reaction
to CD44 compared to the basaloid cells of the micronodular
nests. The solid basaloid nests have different shapes and
sizes and irregular margins which coalesce to form larger
structures (Figure 5F).
The basosquamous carcinoma is described as large
lobules, with a biphasic appearance, with both a basaloid
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morphology, as well as foci of squamous differentiation.
At the periphery of some lobules, the basaloid cells form
a palisade. Similar to the morpheaform subtype presented
above, there is a positive reaction to CD44 with marked
staining of the basaloid cells compared to the surrounding
stroma, which displays a weaker reaction to CD44
(Figure 5G).
The CD44 adhesion molecule was expressed in both
tumor cells and stromal elements. Comparing the percentage
value of CD44 signal area from the total analyzed area,
between the different BCC subtypes, we found that there
are significant differences between the values obtained for
the control areas (ANOVA p=0.005<0.05) and for those
in the tumor (ANOVA p=0.003<0.05), and that there are
highly significant differences (ANOVA p=0.000<0.001)
between the areas in the stroma. Regarding tumor cells, the
highest CD44 expression was recorded for the morpheaform
and basoquamous subtypes, while in the case of stromal
expression, the highest expression of CD44 was recorded
for the adenoid and morpheaform subtypes (Figure 5H).

Figure 5 – CD44 immunoexpression in: (A) Control; (B) Superficial BCC; (C) Nodular BCC; (D) Adenoid BCC;
(E) Morpheaform BCC; (F) Micronodular BCC; (G) Basosquamous carcinoma. (H) Percentage values of CD44 immunoreactive tumor area versus immunoreactive stromal area versus control; error bars represent standard deviation of the
means. Anti-CD44 antibody immunomarking: (A–G) ×200. BCC: Basal cell carcinoma; CD44: Cluster of differentiation 44.

 Discussions
BCC is the most common skin cancer. Considering that
metastasis is rare, it has an excellent prognosis but can
cause local destruction [11, 12].
To evaluate the biological behavior of BCC, the
architectural pattern is the only indicator of histological
prognosis. Therefore, depending on the growth pattern,

BCC can be divided into two broad categories: nonaggressive (indolent) and aggressive. Indolent subtypes,
including superficial and nodular BCC, are described
as well demarcated nodules, either small or large, with
peripheral palisading. Aggressive subtypes, including
morpheaform, micronodular and metatypical, are less
demarcated and have mitotic activity, increased cell
necrosis and deeper growth [13–18].
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Because of its contribution in maintaining genetic
integrity, p53 is known as the “guardian of the genome”.
In BCC carcinogenesis, the mutations in the Hedgehog (Hh)
pathway are primarily involved. Besides these mutations,
the tumor protein p53 (TP53) gene is also one of the most
frequently mutated in BCC. The p53 mutation is closely
correlated with UVR exposure, its over expression can be
found not only in cancers, but also in premalignant skin
lesions and on longtime sun-exposed normal skin. Therefore,
p53 mutation can be considered an early modification in
skin carcinogenesis [19–25].
Similar to other studies, we found positive reaction to
p53 in the epidermal keratinocytes adjacent to the tumor
and also in the cellular component of the dermis [26, 27].
This may be due to the BCC affinity for sun-exposed areas
[28].
In our study, we observed a varied staining pattern for
p53, with the highest reactivity noticed in the peripheral
palisading zone. Histologically, we remarked that the
superficial and nodular subtypes were the most reactive,
followed by the adenoid subtype. By contrast, the
basosquamous carcinomas had the lowest p53 reactivity.
Consequently, we found no relation between p53 reaction
and BCC aggressiveness as the indolent types had a more
intense reactivity.
Other authors have also found no correlation between
p53 expression and aggressiveness of BCCs [29, 30].
Likewise, Karagece Yalçin & Seçkın failed to report any
significant link between p53 reactivity and aggressive
patterns of BCC [31].
On the contrary, several studies have shown significantly
higher expression of p53 in the aggressive category [32–
34]. In other studies, the micronodular subtype had the
most intense p53 immunoreactivity, while the morpheaform
subtype was the least reactive [35].
The biological behavior of tumors is substantially
influenced by proliferation markers. The Ki67 nuclear
antigen is primarily associated with cell proliferation and
is only expressed in cycling cells [36].
Regarding normal epidermis adjacent to the tumor, we
observed that the positive reaction to Ki67 was present in
only a few of the keratinocytes. In other studies, Ki67
immunoreactivity was also limited to a small number of
keratinocytes in the normal skin [37].
In our study, the staining pattern for Ki67 was similar
to p53, with a more pronounced reaction in the periphery
of the tumor. Similar to other studies, we found different
Ki67 expression among the various subtypes of BCC [38].
We noticed that the superficial subtype was the most reactive,
followed by the nodular and morpheaform subtypes. At the
opposite pole, the micronodular subtype had the lowest
reactivity. Considering that non-aggressive subtypes showed
a higher reactivity to Ki67 than aggressive subtypes, no
connection between Ki67 reactivity and BCC aggressive
growth patterns could be established.
Kramer et al. also found no correlation between the
proliferative index and the aggressive patterns of BCC
[39].
Other studies reported that Ki67 expression was positive
in all of the BCC subtypes but varied in intensity between
recurrent BCCs and non-recurrent ones, with a higher
expression of Ki67 in the recurrent cases [40, 41].

Horlock et al. observed that the morpheaform, infiltrating
and superficial subtypes of BCC had the most intense Ki67
reactivity and highlighted the association between high
levels of proliferation and BCC subtypes [42].
Tumor angiogenesis has an important role in tumor
growth and also in determining its invasive behavior. There
is considerable data suggesting that angiogenesis is essential
in switching from hyperplasia to invasive growth. CD31,
also known as PECAM-1, is a sensitive and specific marker
of endothelial differentiation [43].
In the epidermis overlying BCCs, we observed positive
reaction to CD31 in the papillary dermis, suggesting an
upregulation in the vascular cell adhesion system. Kikuchi
et al. also described CD31 immunoreactivity of the
endothelial cells located in the dermis around the BCCs
[44].
In the current study, the CD31 reactivity, mostly seen
in the stroma, was positive in all of the BCCs subtypes
and varied significantly between the different HP subtypes,
with the nodular, basosquamous and morpheaform subtypes
as the most reactive. The micronodular subtype had the
lowest reactivity. The aim of the study conducted by Chin
et al. was to investigate if the different behavior of BCCs
and SCCs, could be explained by their different pattern of
vascularization. To achieve that, they used IHC staining for
CD31 and found a significant difference in their angiogenic
patterns. Similar to our findings, in the case of BCCs, they
reported positive reaction to CD31 only in the stroma, with
no intratumoral blood vessels. Regarding SCC reactivity
to CD31, they noticed positive reaction both in the stroma
and intratumoral. They correlated these differences with
these tumors’ different behavior regarding both metastatic
and invasiveness potential [43].
The basosquamous and morpheaform variants, also
known as aggressive subtypes, are more likely to recur
than the non-aggressive ones [45, 46]. Regarding tumoral
aggressive behavior, some authors found that the average
value of microvessel count, determined by CD31, was
significantly higher in the recurrent group of BCCs [40].
To establish if angiogenic rate is related with biological
behavior of BCCs, Staibano et al. examined it using antiFactor VII antibody, a less sensitive marker for angiogenesis
than CD31, and their study reported a link between tumor
vascularization and the BCC aggressiveness [47].
The existence of myofibroblast differentiation, identified
by α-SMA reactivity, has been described as a potential marker
for BCC aggressiveness in previous studies. Actin is
occasionally found in normal epithelial cells and plays
an important role in cell motility [48]. Regarding the
surrounding tissues of BCCs, we found α-SMA reactivity
in the papillary dermis.
To determine if there is a link between α-SMA
immunoreactivity and the invasive behavior of BCC,
previous studies analyzed its expression both in the
surrounding stroma and in the tumor [35].
Adegboyega et al. highlighted that stromal expression
of α-SMA is an accurate marker of aggressiveness in BCC,
while nonaggressive types of BCC express α-SMA in the
tumor cells [49].
Regarding stromal expression, the adenoid and
basosquamous types had the most intense reaction in our
study. Similar results were also reported by other authors,
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with all basosquamous cases being positive [35]. Motegi
et al. also suggested that the stromal reactivity to α-SMA
could be an indicator of aggressive behavior and reported
its expression in 67% of micronodular subtypes and 62%
of morpheaform subtypes compared with 0% of nodular
subtypes [50]. Law et al. compared actin expression in seven
nodular subtypes versus 13 nodular-infiltrative subtypes
and reported no reactivity in the stroma of the nodular
BCCs and positive reaction in 62% of nodular-infiltrative
BCCs stroma [51].
Christian et al. indicated that the presence of α-SMA
in the surrounding stroma of BCC or in the tumor cells,
may be an indicator of aggressive behavior. The authors
related the presence of α-SMA in more than half of the
cases of micronodular and morpheaform subtypes and in
none of the cases of nodular subtype [52].
The α-SMA tumor expression was correlated by some
authors with the aggressive histological subtypes of BCC
[51, 53]. In our study, we noticed that tumors with the
highest expression belonged to micronodular subtypes,
followed by superficial and nodular tumors. The lowest
immunoreactivity was obtained in the morpheaform subtype.
Tsukamoto et al. noticed the highest actin reactivity in
the adenoid, solid and sclerosing subtypes [53]. Uzquiano
et al. related actin reactivity in three of 12 of the nodular
subtypes, three of 10 of the metastatic BCCs and in all
cases of infiltrative BCCs [54].
CD44, a transmembrane glycoprotein, is known as a
marker for cancer stem cells. Hyaluronic acid (HA) is the
main ligand for CD44. The activation of various signaling
pathways, a result of the activation of CD44 by its ligand,
leads to cell adhesion, proliferation, invasion, and migration.
The standard CD44 (CD44s) and its isoforms (CD44v) seem
to play a role in promoting tumorigenesis and, therefore,
may be a target for cancer therapy [55].
Previous studies suggested that CD44v promotes cell
migration and proliferation in the case of head and neck
SCC and has also been associated with resistance to Cisplatin
therapy in these cases [56, 57].
Karvinen et al. reported a completely different CD44
expression in BCCs versus SCCs, describing a low level or
total absence of CD44 in BCCs, and suggested that this may
be due to their different capacity of metastasis. However,
the study did not consider the HP subtypes of BCC [58].
As previously reported, we found CD44 expression in
the area adjacent to the tumors, in epidermis keratinocytes
and dermis fibroblasts [59]. Except for adenoid types of
BCC, the normal epidermis adjacent to the tumors showed
higher CD44 expression compared to the tumor epithelium.
These differences suggested a decreasing trend of CD44
expression in the tumor epithelium versus surrounding
epidermis. Other authors also highlighted reduced staining
for CD44 in BCC samples compared to the normal epidermis
[58, 60]. On the contrary, in the study leaded by Milosevic
et al., the expression of CD44 was higher in tumor cells
compared to normal epidermis and margins [61].
We analyzed CD44 expression for the different subtypes
of BCC, both in the tumor and in the surrounding stroma.
The CD44 tumor expression was correlated in our study to
the aggressive pattern of BCCs. Thus, the highest level of
CD44 was observed in the morpheaform and basosquamous
subtypes of BCC. In contrast, the micronodular subtype
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had the lowest expression of CD44. On the other hand,
regarding stromal expression, the most intense reaction
was noticed in the adenoid and morpheaform subtypes.
The micronodular subtype had the lowest reaction in this
case as well.
Dingemans et al., using an antigen retrieval procedure,
found that CD44 expression in tumor areas is lower
compared to the normal epidermis. In the same study, CD44
expression was linked to BCCs growth patterns. Similar
to our study, they found higher CD44 expression in cases
with infiltrative and adenoid growth pattern compared to
cases with nodular and superficial growth pattern [62].
 Conclusions
The expression of p53, Ki67, CD31, α-SMA and CD44
varied between the different subtypes of BCC. The highest
reactivity was noticed in superficial and nodular subtypes
for p53 and Ki67 markers. The nodular subtype also had
the highest CD31 expression, followed by basosquamous
subtype. Regarding α-SMA and CD44 tumor expression,
the highest levels were observed in the aggressive subtypes
of BCC and therefore demonstrated a tendency to indicate
the severity of BCC. Thus, our study suggests that IHC
investigation of these markers may be useful for the
development of a new targeted therapy.
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