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Clinical significance of STAT3 and MAPK phosphorylation,
and the protein expression of cyclin D1 in
skin squamous cell carcinoma tissues
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Abstract. The present study aimed to investigate the signifi-
cance of the phosphorylation of signal transducer and activator
of transcription 3 (STAT3) and mitogen-activated protein
kinase (MAPK), and the protein expression of cyclin D1, in
skin squamous cell carcinoma (SCC) tissues. SCC specimens
from the skin were collected from 30 patients, and normal
skin tissues were collected from 10 individuals as a control.
Immunohistochemistry was used to assess the protein expres-
sion levels of phosphorylated (p-)STAT3, p-MAPK and
cyclin D1 in the SCC tissues. The levels of p-STAT3 protein
were abnormally increased in SCC (P<0.05); however, no
significant differences in the protein expression of p-MAPK
were identified between the normal skin and the SCC
specimens. The extent of the upregulation of the expression
of p-STAT3 and cyclin DI correlated with the depth of tumor
invasion (P<0.05). A positive correlation existed between the
expression of p-STAT3 and cyclin D1 in SCC. However, no
association between the expression intensity of p-MAPK and
cyclin D1 was identified in SCC. It is postulated that the acti-
vation of STAT3 may induce the overexpression of cyclin DI,
which results in the persistent proliferation of these tumor
cells in SCC.

Introduction

Skin squamous cell carcinoma (SCC) occurs with a higher
rate of incidence compared with several other malignant skin
tumor types, and it occupies the largest percentage of the total
skin malignant tumors (routinely, 80-90%) (1,2). The rate of
incidence has increased on a year-by-year basis, particularly
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among the elderly. The formation and development of the
tumor occurs progressively, and is governed by multistep
processes, involving the comprehensive action of internal and
external factors (3,4). In the last few years, research efforts have
intensified in investigating the regulation of the disordering of
fragmentation of cell proliferation, and the association which
exists between cell signal transmission and the occurrence and
development of tumors.

As two typical signaling molecules, which are involved in
signaling cascades, signal transducer and activator of transcrip-
tion 3 (STAT3) and mitogen-activated protein kinase (MAPK)
are involved in the physical processes of cell growth, differen-
tiation, division and development, and exert an important role
in the malignant transformation of cells (5-7). STAT3 is an
essential member of the STAT family of proteins. STAT3 is
located in the cytoplasm in an unstimulated state, and upon
stimulation, the structural SH2 domain interacts with a phos-
phorylated tyrosine residue, which itself is phosphorylated by
Janus kinase (JAK).

In providing the axis for several types of signaling path-
ways, MAPK-cascaded activation exerts an important role
in receiving signals, which are transferred and carried by
membrane receptors and brought into the nucleus, which is an
essential process for numerous signaling pathways associated
with cell proliferation.

The overexpression of cyclin DI, which is one of the regu-
latory factors involved in the cell cycle, is a characteristic of
numerous types of human primary tumor, and it is vitally impor-
tant for the prognostication and the diagnosis of tumors (8,9).

To investigate whether the growth of skin SCC, as with
the majority of tumor types, comprises a cascade of molecular
abnormalities whereby the regulation of the proliferation of
the epidermal cells breaks down, and malignant transforma-
tion occurs (10,11), immunohistochemical staining techniques
were used to assess the phosphorylation of STAT3 and MAPK.
Additionally, the protein levels of cyclin D1 were assessed,
measured against normal skin tissue as a control, and the
associations between phosphorylated (p-)STAT3, p-MAPK
and cyclin D1 were investigated. The present study also aimed
to explore the mechanism underlying skin SCC and to identify
novel means by which an early diagnosis of the tumor may be
accomplished.
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Table I. Positive staining results of EnVision™ immunohistochemistry for p-STAT-3 in SCC and normal skin.

p-STAT3 positive

Group n + 2+ 3+ Negative (-) PR (%) SPR (%)
Normal 10 0 0 0 10 00 00
SCC 30 4 9 13 4 86.7 433
I 8 1 2 2 3 62.5 250
I 12 1 5 5 1 91.7 41.7
I 10 2 2 6 0 100.0 60.0

The ¥ test was used to compare the positive staining results between either the normal and SCC tissues, or between the SCC I and the SCC 11
or III group tissues (P<0.05). SCC, squamous cell carcinoma; PR, positive result; SPR, strong PR; SCC, squamous cell carcinoma; p-STAT3,

phosphorylated signal transducer and activator of transcription-3.

Materials and methods

Patients and controls. Over the course of 5 years,
samples of skin SCC were collected from 30 patients who
received surgical resection in The First People's Hospital
of Yancheng City (Yancheng, China), and who had been
diagnosed by pathological confirmation. Each case had
detailed clinical and pathological data, and no patient had
received preoperative chemotherapy or radiotherapy. The
patients with cancer included 20 males and 10 females,
aged between 39 and 73 years (mean age, 53.9+11.6 years).
According to Broders' pathological grading criteria for skin
SCC (12), eight cases were classified as grade I, 12 as grade II
and 10 as grade III. Normal tissue specimens were collected
by surgical resection from 10 individuals to serve as a control
group. These included five males and five females, aged
between 35 and 69 years (mean age, 49.5+£10.4 years). No
statistically significant differences were detected in age or
gender between the two groups. All specimens were obtained
following informed patient consent and were approved by the
Ethics Committee of The First People's Hospital of Yancheng
City [Identification no. HMU (Ethics) 20121103].

Immunohistochemical staining techniques. The EnVision™
staining immunohistochemical method (Dako, Carpinteria,
CA, USA) was used to detect the distribution of p-STAT3,
p-MAPK and cyclin D1. The immunohistochemical
procedures were performed strictly in accordance with the
manufacturer's instructions. The EnVision™ and 3,3'-diami-
nobenzidine (DAB) chromogenic reagent kits (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) were used for immu-
nohistochemical staining. All slice staining was performed
under identical conditions. The tissue was sliced to a diameter
of 4 ym prior to dehydration at room temperature for 60 min
and dewaxing (placed in xylene for 10 min, replacement of
xylene, and soaking for 5 min in anhydrous alcohol, 5 min in
95% ethanol and 5 min in 75% ethanol), and the slices were
subsequently antigen-repaired using 0.01 mol/I citric acid
(pH 6.0). Normal goat serum was dropped on to the slice and
incubated for 10 min at room temperature, and subsequently
the corresponding specific antibodies were added to the slice
and incubated for 1.5 h at room temperature. The following
antibodies were used: p-STAT3 (cat. no. SC1409; Santa Cruz

Biotechnology, Inc; 1:1,000) and p-MAPK (cat. no. SC1312;
Santa Cruz Biotechnology, Inc.; 1:1,000). The slices were
washed with phosphate-buffered saline (PBS) three times
(3 min/wash). The secondary antibody was dropped on to
the slice and incubated for 30 min at room temperature. The
slices were colored with DAB, the nuclei were stained using
hematoxylin (Cell Signaling Technology, Shanghai, China),
and the slices were subsequently dehydrated with gradient
ethanol, cleared by xylene (Dako North America, Inc.,
Carpinteria, CA, USA) and sealed with natural gum (Cell
Signaling Technology, Inc.). The staining of each batch was
accompanied by a positive control (with the known positive
section reagent, which was provided by Dako North America,
Inc.) and a negative control (where the corresponding specific
antibody was replaced with PBS).

Yellow- or tan-colored staining taken up by the nucleus or
tan-reactant particles, respectively, indicated a positive result.
Four independent experiments were performed for random
detection using an optical microscope (BH-2; Olympus,
Hamburg, Germany) at a high magnification (x200). According
to the degree of the positive staining and the percentage of
tumor cells present, the criteria for judgment were as follows: (-),
no expression identified (only a small quantity of cell shading
was present in <5% of the cells); (1+), a low level of expression
was identified (5-29% of the total cells were pale yellow, posi-
tively identified cells); (24), moderate expression was identified
(30-59% of the total cells were yellow, positively identified
cells); (3+4), high expression was identified (tan-coloured, posi-
tively identified cells were present at a level >60%).

Statistical analysis. SPSS 13.0 statistical software (SPSS,
Inc., Chicago, IL, USA) was used for the statistical analyses.
The ¥ test was used to compare the distribution of p-STAT3,
p-MAPK and cyclin DI between normal and cancer tissues,
and Spearman's rank correlation coefficient analysis was
used to analyze how the distribution of p-STAT3, p-MAPK
and cyclin D1 among the tissues was associated. P<0.05 was
considered to indicate a statistically significant difference.

Results

Distribution of p-STAT3, p-MAPK and cyclin DI in the
nuclei of SCC and normal skin as determined by the dye
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Table II. Positive staining positive results of EnVision™ immunohistochemistry for p-MAPK in the SCC and normal skin.
p-MAPK positive

Group n + 2+ 3+ Negative (-) PR (%) SPR (%)
Normal 10 0 0 0 10 0.00 0.00
SCcC 30 1 2 1 26 13.33 333

I 8 0 0 0 8 0.00 0.00

I 12 1 1 0 10 16.67 0.00
11 10 0 1 1 8 20.00 10.00

The ? test was used to compare the positive staining results between either the normal and SCC tissues, or between the SCC 1 and the
SCC II or III group tissues (P<0.05). PR, positive result; SPR, strong PR; p-MAPK, phosphorylated mitogen-activated protein kinase C; SCC,

squamous cell carcinoma.

Figure 1. Representative images illustrating the results of the EnVision™
immunohistochemical analysis for p-STAT3 in SCC and in normal skin.
The (A) markedly positive, (B) positive and (C) negative staining results for
p-STAT3 in normal skin (magnification, x200). p-STAT3, phosphorylated
signal transducer and activator of transcription 3; SCC, squamous cell car-
cinoma.

staining pattern. The positive result of p-STAT3 staining
in the SCC tissues of 86.7% of the patients (26/30) was
significantly higher compared with the normal skin tissue
(0; P<0.05). Furthermore, the staining intensity of p-STAT3
in patients with SCC at the pathological grades II and III

Figure 2. Representative images illustrating the results of the EnVision™
immunohistochemical analysis for p-MAPK in SCC. The (A) markedly
positive, (B) positive and (C) negative staining results for p-MAPK in SCC
(magnification, x200). p-MAPK, phosphorylated mitogen-activated protein
kinase; SCC, squamous cell carcinoma.

was significantly higher compared with grade I (P<0.05;
Fig. 1A-C; Table I). A positive result was identified for
p-MAPK in the SCC of 13.3%, although it was revealed to
be negative in normal skin tissues; in addition, no signifi-
cant differences in the statistics were identified (Fig. 2A-C;
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Table III. Positive staining positive results of EnVision™ immunohistochemistry for cyclin D1 in the SCC and normal skin.

Cyclin D1 positive

Group n + 2+ 3+ Negative (-) PR (%) SPR (%)
Normal 10 0 0 0 10 0.00 0.00
SCC 30 3 8 11 8 73.33 36.67
I 8 1 1 1 5 37.50 12.50
I 12 1 4 5 2 75.00 41.67
I 10 1 3 5 1 90.00 50.00

The y? test was used to compare the positive staining results between either the normal and SCC tissues, or between the SCC I and the SCC 11
or III group tissues (P<0.05). SCC, squamous cell carcinoma; PR, positive result; SPR, strong PR.

Table IV. Percentage staining results of p-STAT3, p-MAPK
and cyclin D1 in skin squamous cell carcinoma.

Positive staining result (%)

Number p-STAT3 p-MAPK Cyclin D1
1 50 5 5
2 45 8 5
3 85 10 2
B 4 45 30 35
5 23 12 20
6 85 10 6
7 45 65 8
8 65 15 60
9 53 4 3
10 75 8 57
11 50 7 5
12 75 4 3
13 49 5 3
C 14 4 10 60
15 45 8 30
16 60 20 60
17 58 35 30
18 90 8 5
19 50 8 4
20 82 5 5
21 40 75 15
22 90 2 5
Figure 3. Representative images illustrating the results of the EnVision™ 23 18 90 0
immunohistochemical analysis for cyclin DI in SCC. The (A) markedly ~ 24 42 30 15
positive, (B) positive and (C) negative staining results for cyclin D1 in SCC 25 80 10 10
(magnification, x200). SCC, squamous cell carcinoma. 26 45 10 55
27 50 70 8
Table II). Cyclin DI protein was scattered throughout the 28 20 > 0
. . . . 29 42 12 30
epidermis and cancerous tissue, and the positive result 30 8 28 P

of cyclin D1 in the SCC was determined to be 73.33%

(22/30 patients). Furthermore, the positive staining result p-STAT3, phosphorylated signal transducer and activator of tran-

of Cyc.linll?l in the .SCC at pathologic.al grades II and III scription-3; p-MAPK, phosphorylated mitogen-activated protein
was significantly higher compared with grade I (P<0.05;  yinase.

Fig. 3A-C; Table III).




Degree of correlation among the p-STAT3, p-MAPK and
cyclin DI proteins in SCC. To analyze the mutual associa-
tions among the proteins, according to the expression of each
antigen in SCC, Spearman's correlation coefficient analysis
was used. p-STAT3 and cyclin D1 were positively correlated
with the intensity of positive staining (r=0.714; P<0.05),
whereas the intensities of p-MAPK and cyclin D1 bore no
positive correlation with the positive staining (r=0.234,
P>0.05; Table IV). Taken together, the results of the present
study demonstrated that p-STAT3 protein was abnormally
increased in SCC, however, no significant differences were
observed in the protein expression levels of p-MAPK between
normal skin and SCC. The positive rates of p-STAT3 and
cyclinD1 were correlated with the depth of tumor invasion

Discussion

The occurrence and development of cancer is always closely
associated with abnormalities in cellular signal transfer and
regulation (13-15).

Several signaling pathways, which involve carcinogenic
tyrosine kinases, converge onto STAT3, including those
mediated by the epidermal growth factor receptor, inter-
leukin-6/JAK and Src, and overactivation of these pathways
occur in diverse types of cancer cells and tissues (16,17).
Following activation, STAT3 subsequently induces the
anomalous expression of pivotal genes, which are crucial for
various cellular activities, which consequently accelerate cell
proliferation and a vicious transformation of the cells, and
inhibits the various anticarcinogenic functions mediated by
apoptosis; therefore, these genes are termed oncogenes (18,19).
The present study revealed that, compared with normal skin
tissues, the positive results exhibited by the patients with SCC
were indicative of clearly increased levels of p-STAT?3, and
the protein expression of STAT3 occurred in the nuclei in the
case of SCC, suggesting that the abnormal activation of the
signaling cascade mediated by STAT3 exerted an important
role in the occurrence and development of skin SCC. The
staining intensity of p-STAT3 for patients with skin SCC at
the pathological grades IT and III was notably increased, which
suggested that the overactivation of STAT3 may be closely
associated with the invasive growth of skin SCC.

MAPK remains in a static state in unstimulated cells, prior
to being activated by the sequential activity of the protein
kinases, MAPK kinase and MAP kinase kinase (20,21), which
follows a sequential step-by-step phosphorylation process in
cells stimulated by growth factors, among other stimulatory
agents. Upon activation, MAPK is transferred into the nucleus
and subsequently activates a target oncogene to stimulate
cellular proliferation, and apoptosis is thereby inhibited. The
results of the present study demonstrated a positive result
of 13.3% for MAPK in skin SCC tissues, although this is statis-
tically insignificant compared with the normal skin tissues,
suggesting that the MAPK signal transduction pathway may
not be the most important pathway in skin SCC.

Previous studies have indicated that the overexpression of
cyclin D1 may result in a decrease in the G1 mitotic growth
phase of the cells (22,23), pushing them into the phase of
synthesis, thereby completing the duplication of DNA. The
increase in the protein expression of cyclin D1 is typically
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observed in certain primary malignant tumor types, including
those of parathyroid adenoma, neck squamous cell carcinoma,
breast cancer, esophageal cancer and hepatocellular carci-
noma (24-28). Due to the fact that the expression of STAT3 and
MAPK occurs upstream of the gene expression of cyclin DI,
the expression of p-STAT3 in skin SCC increased directly in
proportion with the positive intensity of cyclin D1. The results
in the present study also revealed that the positive result of
cyclin D1 in skin SCC was clearly higher compared with that in
normal skin tissues, and the staining intensity of cyclin DI in
the case of skin SCC at pathological grades II and IIT was
higher compared with that in grade I. These results suggested
that there may an overexpression of cyclin D1 induced by the
p-STAT3-mediated signal transduction pathway, leading to an
increased level of cell proliferation in these tumor cells.

In conclusion, the present study has investigated the
extent in which p-STAT3, p-MAPK and cyclin DI were
stained positively in skin SCC tissues compared with normal
skin tissues. The association among the staining patterns
were explored, with a view to characterizing a biological
norm for diagnosing and prognosticating patients with cuta-
neous SCC. By disrupting the p-STAT3 signal transduction
pathway in cutaneous SCC, the effect of p-STAT3, which
leads to the overexpression of cyclin D1, on cutaneous SCC
may be efficiently prevented. These results may be useful for
future strategies of clinical drug antitumor therapy, and may
provide the groundwork for a novel and pivotal method in
this field.
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