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Abstract Skin squamous cell carcinoma (SCC) is a subtype
of very aggressive skin cancers. To investigate if epithelial-
mesenchymal transition (EMT), a process for epitheloid cells
losing their polarity and cohesiveness and transform into
spindle-shaped cells, occurs in skin SCC. By using immuno-
fluorescence, we defined the immunolocalization of vimentin,
Keratin 17, β-catenin, E-cadherin, Ki-67 and involucrin, in
SCC samples. Our results show reduced activity of involucrin
and E-cadherin, and increased expression of Ki-67,β-catenin,
Keratin 17 and vimentin in SCC. These data propose that
EMT really occurs in poorly differentiated SCC and keratin
17 and involucrin may be another two biomarkers for EMT.
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Introduction

Skin squamous cell carcinoma (SCC) is a subtype of very
aggressive skin cancers that usually develops in sunexposed
body regions, but can also affect a large number of organs
such as the bladder, esophagus, lungs etc. However, little is
known about the biology of these cells, which consequently
makes difficult the generation of new specific therapies;

actually, the standard treatments are based on surgery and
subsequent radiotherapy. Epithelial-mesenchymal transition
(EMT) [1, 2], which is defined as epitheloid cells lose their
polarity and cohesiveness and transform into spindle-shaped
cells that are more fibroblast- or myofibroblast-like [3–7].

The EMT is a key developmental program that is often
activated during cancer invasion and metastasis [8]. A defining
characteristic of EMTis the loss of epithelial phenotypes and the
acquisition of a mesenchymal phenotype, including attenuation
of E-cadherin, ZO-1, cytokeratins, laminin 1 and microRNA-
200 family, and acquisition of N-cadherin, vimentin, β-catenin,
fibronectin, snail, slug and α-SMA, etc. [7]. To investigate the
possible role of EMT in development of SCC, SCC samples
from 26 patients and 12 normal skin biopsies were studied.

Through immunofluorescent analysis, we have examined
the expression of molecular biomarkers of EMT, including
Vimentin, Keratin 17, β-catenin and E-cadherin, and prolifer-
ation marker Ki-67, differentiation marker Involucrin, in SCC
samples.

Materials and Methods

Subjects

The study was approved by the Ethical Review Board of
Second Affiliated Hospital, Zhejiang University School of
Medicine. The experiments were undertaken with the under-
standing and written consent of each subject, and conforms
with Declaration of Helsinki. In 26 patients (9 females,
17 males; mean age: 68±15 years) and 12 normal controls
(5 females, 7 males, mean age 50±16 years). Biopsy spec-
imens of cSCC and control specimens from an healthy skin
site were obtained during surgical removal of the tumor and
cosmetic surgery. Specimens were immediately stored in
10 % buffered formaldehyde.
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Immunofluorescence

Immunofluorescence was performed according to previous pub-
lication [9]. In brief, cSCC and normal skin biopsies were fixed
in formalin, embedded in paraffin and cut into 4-μm serial
sections using amicrotome. Tissue sectionswere deparaffinized,
rehydrated and antigen retrieval was performed by heating at
95 °C for 20 min in sodium citrate buffer (10 mM, pH 8.5).
Blocking was performed with 10 % normal rabbit serum for 1 h
at room temperature. Sections were then incubatedwith amouse
anti-human Vimentin, Keratin 17, Ki-67, Involucrin, β-catenin
and E-cadherin antibody (Santa Cruz, CA, USA) overnight at
4 °C, followed by an Alexa Fluor 594-conjugated rabbit anti-
mouse secondary antibody (AF-594, Invitrogen) for 2 h at room
temperature. Immunofluorescent images were obtained using a
fluorescence microscope (Olympus B202; Carson Group Inc.,
Markham, ON) with a digital camera.

Results

Immunolocalization of Ki-67, Keratin 17, Vimentin,
E-Cadherin, β-Catenin and Involucrin in Normal Skin

In normal skin, Ki-67 were scattered in the nuclei of
epidermal keratinocytes (Fig. 1a). Little or no signal of
Keratin 17 (Fig. 1b) and Vimentin (Fig. 1c) is detected in
normal epidermis. In the dermis, no signal of Keratin 17
is displayed. However, for Vimentin, strong signal could
be seen in the dermis. Furthermore, intense homogenous
membranous immunofluorescent signal of E-cadherin
(Fig. 1d) and β-catenin (Fig. 1e) is stained in the whole layer
of the epidermis, but not in the dermis. In addition, in normal
skin, involucrin is exclusively detected in the granular
keratinocytes and upper stratum spinous keratinocytes
(Fig. 1f).

Fig. 1 Immunolocalization of a
Ki-67, b Keratin 17, c Vimentin,
d E-cadherin, e β-catenin, f
Involucrin in normal skin
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Immunolocalization of Ki-67, Keratin 17, Vimentin,
E-Cadherin, β-Catenin and Involucrin in cSCC

In cSCC tissues, we also examined the immunolocalization of
Ki-67, Keratin 17, Vimentin, E-cadherin, β-catenin and
Involucrin. An obvious overexpression of Ki-67 in the nuclei
of cSCC cells could be observed, especially in the poorly
differentiated carcinoma cells. No signal of Ki-67 could be
detected in these well differentiated cells, such as keratin pearl
(Fig. 2a). In contrast to Ki-67, immunofluorescent signal of
Keratin 17 is homogenous distributed in the whole cSCC
tissue, not only in poorly differentiated cells, but also in
well-differentiated cells (Fig. 2b). For Vimentin and β-
catenin, little signal is visualized in well differentiated cells,
but intense signal could be observed in poorly differentiated
cells (Fig. 2c and e). However, E-cadherin and involucrin are

reduced or absent in the poorly differentiated cells, but strong
in well differentiated cells (Fig. 2d and f).

Discussion

SCC is generally a proliferative exophytic tumor growing
moderately rapidly over months [10]. There are many factors
that contribute to the aggressiveness, recurrence rate, and
metastatic potential of squamous cell carcinomas. The nuclear
Ki-67 protein is a cellular marker for proliferation [11, 12].
Previous studies had defined the expression of Ki-67 in cSCC
[13]. Our study also demonstrated increased expression of Ki-
67 in cSCC, as compared with normal epidermis. Further-
more, most Ki-67 localized in the poorly differentiated cells,

Fig. 2 Immunolocalization of a
Ki-67, b Keratin 17, c Vimentin,
d E-cadherin, e β-catenin, f
Involucrin in squamous cell
carcinoma
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not in the well differentiated cells. This indicates that Ki-67
could be a marker for differentiation of SCC.

cSCC can express vimentin, especially in the poorly differ-
entiated cells [14]. This finding underscores the need for caution
in the use of immunohistochemical stains for tumor typing [14].
Vimentin is molecular marker for EMT. Acquisition of vimentin
in SCC suggests that EMT really occurred in cSCC.

To further confirmed EMT in SCC, other two biomarkers of
EMT, E-Cadherin and β-catenin, were investigated. Expres-
sion of E-cadherin is only limited in well differentiated cells,
but reduced or absent in the poorly differentiated cells. On the
contrary, β-catenin is strong in poorly differentiated cells, and
absent in well differentiated cells. Increased β-catenin predis-
poses SCC patients to poor prognosis and survival [15]. These
data further confirms that EMT may occur in SCC.

Keratin 17 could promote epithelial proliferation and tumor
growth by polarizing the immune response in skin [16]. Ker-
atin 17 expression may prove prognostically helpful when
assessing dysplasia in epidermal tumors [17]. Our results
show that in normal epidermis, no keratin 17 is detected.
However, in SCC, a very strong expression of keratin 17 is
demonstrated. This is in accordance with previous studies of
oral SCC [18–20]. Therefore, Keratin 17 is a marker for
proliferation and may be a biomarker for EMT.

Involucrin is identified as a protein precursor of the cross-
linked envelope which turns out to be an early differentiation
marker of the epidermal keratinocytes [21, 22]. Low or no
quantity of involucrin is detected in poorly differentiated
SCC. Therefore, involucrin is not only a marker for differen-
tiation, but also may be a biomarker for EMT.

In conclusion, our results show reduced activity of
involucrin and E-cadherin, and increased expression of Ki-
67, β-catenin, Keratin 17 and vimentin. These cellular pro-
cesses, including loss of differentiation, increase in prolifera-
tion and increase in invasive capacities, is similar to many
endpoints of EMT. These data propose that EMT really occurs
in poorly differentiated SCC and keratin 17 and involucrin
may be another two biomarkers for EMT.
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