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Abstract. We investigated the expression of FOXC2, PinX1,
Ki-67 and Cyclin D1 in cutaneous cell carcinoma. We
collected 30 cutaneous squamous cell carcinoma (SCC),
30 cutaneous basal cell carcinoma (BCC) and 30 normal skin
tissues. The protein expression and gene expression of FOXC2,
endogenous telomerase-inhibiting gene PinX1, Ki-67 and
Cyclin D1 was measured by immunohistochemistry (IHC)
and semi-quantitative reverse transcription polymerase chain
reaction (RT-PCR), respectively. In SCC and BCC tissues, the
positive rate of protein expression and mRNA level of PinX1
were both significantly lower than those in normal tissues.
However, the positive rate of protein expression and mRNA
level of FOXC2,Ki-67 and Cyclin D1 were significantly higher
than those in normal tissues (p<0.05). There was no significant
difference between SCC and BCC (p>0.05). In conclusion,
FOXC2 may participate in the carcinogenesis process of SCC
and BCC. It may also correlate with the expression PinX,
Ki-67 and Cyclin D1. However, FOXC2 alone cannot be used
as a diagnostic indicator of SCC.

Introduction

In the white population of European and American countries,
squamous cell carcinoma (SCC) is the second most common
skin morbidity after basal cell carcinoma (BCC) (1). In China,
there are ~1.5-2.0 million new cases a year, accounting for
around 5-12% of all malignant tumors (1). The overall effects
of various factors, such as ultraviolet (UV) exposure, auto-
immune disease, inflammation and bruising are thought to
play a role in the pathogenesis of cutaneous carcinoma (2).
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Tumorigenesis is closely related with aberrant expression of
transcription factors and proteins. The forkhead box (FOX)
protein family is a highly evolutionary conserved protein
family and includes a 7 same nucleotide core sequence
motif [5'-(G/A)(T/C)(A/C)AA(C/T)A-3'], which regulates the
expression of downstream target genes (3). FOXC2 regulates
cell proliferation, differentiation and invasion, and lymphan-
giogenesis and angiogenesis in a variety of malignant tumors,
including lung, breast and cervical cancers (4,5). The endog-
enous telomerase-inhibiting gene PinX1, is a potential tumor
suppressor that helps downregulate the activity of telomerase
and shorten the telomere, inducing apoptosis of cancer
cells (6). Ki-67, a proliferating cell nuclear antigen (PCNA),
may indirectly reflect the proliferation of tumor cells (7).
Cyclin D1, a positive regulator of cell cycle, also influences
the proliferation activity of tumor cells (8). We hypothesized
that the altered expression of FOXC?2 in the skin plays a role
in the underlying mechanism of SCC, and determined the
expression of possible downstream factors whose expressions
might also be changed in SCC tissues.

Materials and methods

Study objects. Pathology skin specimens from patients diag-
nosed with either SCC or BCC from October 2015 to October
2016 were used for experiments (thirty samples in each group).
Additionally, thirty normal skin tissue samples were included
as a control group.

Among SCC patients, there were 16 men and 14 women,
aged from 35 to 68 years, with an average of 52.5+13.6 years.
The tumors were located at the head and face in 20 patients
and in the limbs in 10 patients. TNM staging placed 6 patients
in stage I, 10 patients in stage II, 3 patients in stage III and
3 patients in stage IV. The largest diameter of the tumors
ranged from 0.3 to 3.5 cm (with an average of 1.6+0.9 cm).
According to classification by pathological grade, 3 patients
were grade I, 6 were grade II, 12 grade III and 9 grade IV.

Among BCC patients, there were 14 men and 16 women,
their ages ranged from 39-75, with an average of 54.4+16.7 years.
A total of 22 patients had tumors in the head and face and
8 patients in the limbs. According to TNM staging, there
were 5 patients in stage I, 8 patients in stage II, 13 patients
in stage III and 4 patients in stage IV. The largest diameter
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of the tumors ranged from 0.2 to 3.2 (1.4+0.7 cm on average).
According to pathological grading, there were 5 patients in
grade I, 8 in grade II, 11 in grade III and 6 in grade IV.

Finally,inthe control group there were 15 menand 15 women,
their ages ranged from 30 to 70 years (52.2+15.8 years on
average). A total of 16 normal tissues were taken from the head
and face and 14 from the limbs.

The baseline data of all groups is comparable. This study
was approved by the Ethics Committee of Affiliated Hospital
of Weifang Medical University. Signed written informed
consents were obtained from all participants before the study.

Immunohistochemistry (IHC). THC was used to measure the
protein expression of FOXC2, PinX, Ki-67 and Cyclin D1
in the skin specimens obtained. After fixing and paraffin
embedding, the tissues were cut at 5 ym, then de-paraf-
finized and hydrated. The samples were incubated with 3%
H,0, solution for 20 min at 27°C for blocking, then incubated
with normal goat serum working solution (Biosharp, Hefei,
China) for 30 min at 27°C. Next, the slices were incubated
overnight at 4°C with mouse monoclonal FOXC2 antibody
(dilution, 1:500; cat. no. SAB1412035), mouse monoclonal
PinX1 antibody (dilution, 1:500; cat. no. SAB2500795),
mouse monoclonal Ki-67 antibody (dilution, 1:500; cat.
no. WH0004288M1), mouse monoclonal Cyclin D1 antibody
(dilution, 1:500; cat. no. SAB4503500), all purchased from
Sigma (St. Louis, MO, USA). Goat anti-mouse IgG secondary
polyclonal antibodies (dilution, 1:1,000; cat. no. ab6789;
Abcam, Cambridge, MA, USA) were used next for incuba-
tion at 27°C for 20 min. Finally, the tissues were incubated
with horse-radish peroxidase labelled streptavidin working
solution at 27°C for 20 min. The slices were washed with
PBS 3 times, each for 5 min, and DAB solution was added.
The following procedures included hematoxylin staining,
dehydrating, and mounting of the slices with neutral balsam.
A microscope (BX-42; Olympus,Tokyo, Japan) was used to
observe the staining of the target proteins on the tissues.
Slices were evaluated according to the staining intensity
and the percentage of stained cells using semi-quantitative
method. The staining intensity in both cytoplasm and nucleus
was scored and stratified as follows: grade O (no staining or
negative), grade 1, (light yellow or weak positive), grade 2
(yellow or moderate positive) and grade 3 (yellow-brown
or strong positive). A staining score was defined as follows:
score 0 (the number of positive cells <5%), score 1 (6-25% of
cells were stained), score 2 (26-50% of cells were stained),
score 3 (51-75% of cells were stained) and score 4 (>76% of
cells were stained). A final immunoreactivity score (IRS) was
obtained for each case by multiplying the grade times the
score. Protein expression levels were defined as negative if the
IRS equaled 0-3, or positive if the IRS value equaled 4-12.

Reverse transcription polymerase chain reaction (RT-PCR).
Semi-quantitative RT-PCR was used to measure the gene
expression of FOXC2, PinX, Ki-67 and Cyclin DI.

Total RNA samples were extracted from each specimen
with TRIzol solution (ZSGB-Bio, Beijing, China). The
purity and concentration of total RNA samples were verified
with an ultraviolet spectrophotometer (Europe B.V., Venlo,
The Netherlands). cDNA was synthesized with a reverse
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Table I. RT-PCR primer sequences.

Genes Primer sequences

FOXC2 F: 5'-GCCGACGGATTCCTGCGCTC-3'
R: 5'-CGCTCCTCGCTGGCTCCA-3'

PinX1 F: 5-GGTGGTCTAAAGGAAAGGGTTT-3'
R: 5'-ATGGGCAATCCAGTTGTCTT-3'

Ki-67 F: 5'-GAGAATCTGTGAATCTGGGTAA-3'
R: 5-CAGGCTTGCTGAGGGAAT-3'

Cyclin D1 F: 5-GGTTTCATCCAGGATCGAGCAGG-3'
R: 5'-ACAAAGATGGTCACGGTCTGCC-3'

GAPDH F: 5'-CGCGAGAAGATGACCCAGAT-3'

R: 5-GCACTGTGTTGGCGTACAGG-3'

transcription kit (Takara Bio, Inc., Otsu, Japan) according to the
manufacturer's instructions. Primers were designed according
to the Gene Bank sequences and they were purchased from
Sangon Biotech (Shanghai, China). RT-PCR primer sequence
information is shown in Table I.

A total of 25 ul reactions were prepared for each RT-PCR
containing 2 ul cDNA, 3 ul of F-primer, 3 ul of R-primer,
0.5 ul of Taq DNA polymerase, 1 pl of dNTPs and 3 pl of
MgCl,. An initial amplification using primers was done with
a denaturation step at 95°C for 5 min, followed by 30 repeated
cycles of 95°C for 30 sec, 58°C for 30 sec and 72°C for 60 sec.
A final elongation step at 72°C for 10 min followed. Next,
2% agarose gel electrophoresis was used to identify the PCR
products by their predicted size. Analyze the grey level using
ultraviolet spectrometry imaging with gel imaging analysis
system (Applied Biosystems Life Technologies, Foster City,
CA, USA). The result was measured by the method of 2444,

Statistics analysis. SPSS 20.0 software (SPSS Inc., Chicago,
IL, USA) was used to conduct the statistical analyses. The
numeric data were expressed as mean =+ standard deviation.
One-way analysis of variance (ANOVA) was used to assess the
difference between groups. LSD t-test was used to compare
the mean between two groups. Case number or % was used
to indicate categorical data. x> test was used for comparison
between groups. It was considered as statistically significant
at p<0.05.

Results

Protein expression of FOXC2, PinX, Ki-67 and Cyclin DI.
The expression levels of PinX1 in SCC and BCC were signifi-
cantly lower than that in normal skin tissues. However, the
protein expression levels of FOXC2, Ki-67 and Cyclin D1 were
significantly higher than those of normal tissues (p<0.05).
There was no significant correlation between SCC and BCC
(p>0.05, Fig. 1 and Table II). The expression level of PinX1
in SCC and BCC tissues was significantly lower than that of
normal tissues, while the protein expression levels of FOXC2,
Ki-67 and Cyclin D1 were significantly higher than those
in normal tissues. No significant correlation was observed
between SCC and BCC.
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Table II. Protein expression of PinX1, FOXC2, Ki-67 and Cyclin D1 [n (%)]

Group n PinX1 FOXC2 Ki-67 Cyclin D1
SCC 30 6 (20.0) 22 (73.3) 20 (66.7) 18 (60.0)
BCC 30 8 (26.7) 21 (70.0) 18 (60.0) 16 (53.3)
Normal 30 24 (80.0) 10 (33.3) 6 (20.0) 8(26.7)
¥ 26.599 12.208 15.296 7.500
P-value <0.001 0.002 <0.001 0.024

SCC, squamous cell carcinoma; BCC, basal cell carcinoma.

Figure 1. IMC for expression of PinX1, FOXC2, Ki-67 and Cyclin D1.
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Figure 2. mRNA expression of PinX1, FOXC2, Ki-67 and Cyclin DI by
RT-PCR.

The gene expression of PinX1, FOXC2, Ki-67 and Cyclin DI.
The mRNA expression level of PinX1 in SCC and BCC was
significantly lower than that in normal tissues, while the
mRNA expression levels of FOXC2,Ki-67 and Cyclin D1 were
significantly higher than those in normal tissues (p<0.05). No
significant correlation between SCC and BCC was observed
(p>0.05, Fig. 2).

Discussion
Researchers have found FOXC2 expressed in the vascular endo-

thelium of human and murine melanomas (9). After hypodermic
injection of malignant melanoma tumor cells into wild-type
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and FOXC2 heterozygous mutant (FOXC2*") B16 mice, it was
clear that the tumor growth and angiogenesis in the mutant
mice was significantly slower than the same in the wild-type
mice, suggesting that FOXC2 plays critical roles in tumor
angiogenesis. FOXC2 inhibits apoptosis of vascular endothe-
lium by increasing the expression of vascular endothelium
growth factor A (VEGF-A) (10). In addition, FOXC2 sets
up a local tumor microenvironment by enhancing the secre-
tion and expression of matrix metalloproteinase-2 (MMP-2),
stromal-derived factor-1 (SDF-1) and some other active mole-
cules (11). Moreover, FOXC2 has been shown to be involved in
tumor invasion and metastasis, as well as in the development
of the epithelial-mesenchymal transition (EMT) observed in
many tumors (12).

In this study, both the protein and mRNA levels of PinX1
in SCC and BCC were significantly lower than those in
normal skin tissues, while the expression rates of FOXC2,
Ki-67 and Cyclin D1 were higher than those of normal tissues
(p<0.05). However, no significant differences were found
when comparing levels between SCC and BCC (p>0.05).
This evidence indicates that FOXC2 may be involved in the
development of SCC and BCC and (based partly on prior
literature) it may do so by changing the levels of PinX1, Ki-67
and Cyclin DI in turn. However, FOXC2 cannot be used as a
specific biomarker to diagnose SCC. Nevertheless, the levels of
FOXC2 combined with clinical features of various malignant
tumors, may serve as a valuable biomarker for early diagnosis
and prognosis (13).

PinX1 can directly interact with human telomerase reverse
transcriptase (hTERT), which is a key speed-limiting enzyme
for the activity of telomerase (6). PinX1 is widely expressed in
human tissue and mostly locates in the cell nucleolus and telo-
mere proximity. However, the expression of PinX1 in tumor
tissues is limited at best (14). Ki-67 correlates with the aggres-
siveness of a tumor (15), and can thus be used as an objective
indicator of the proliferation activity of an SCC. Cyclin DI,
on the other hand, is a key factor regulating cell cycle of both
normal and tumorigenic cells and its expression correlates
with tumor proliferation and differentiation (16).

We hypothesized that the altered expression of FOXC2 in
the skin plays a role in the underlying mechanism of SCC,
and determined the expression of possible downstream factors
whose expression might also be changed in SCC tissues. The
aim of this investigation was to show the role of FOXC2 in
the development of SCC and BCC. Additionally FOXC2
may promote the tumor development by affecting the expres-
sion level of PinX1, Ki-67 and Cyclin D1, which could be
an important mechanism of oncogenesis and be used as an
early intervention in SCC. We intend to further analyze the
correlation between FOXC?2 and the clinical features of SCC
and BCC. The reason why there is no significant difference
of FOXC2 expression between SCC and BCC remains to
be explored. The small sample size of this study may influ-
ence the results. We plan to adopt methods of in vitro gene
expression silencing or the overexpression of genetic vectors
to further explore the specific mechanism of FOXC2-induced
tumorigenesis.
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