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Background: S100 family of proteins is mainly involved in regulation of intracellular calcium homeostasis. Aberrant expres-
sion of S100 family members has been reported in many types of cancers. However, as a member of S100 fam-
ily, the prognostic value of S100A6 for lung squamous cell carcinoma (SCC) has not been well-studied.

Material/Methods: Using immunohistochemistry, we investigated the expression of S100A6 in 177 patients with SCC and further
divided the cohort into a high S100A6 expression group and a low S100A6 expression group. The chi-square test
was applied to analyze the correlation between S100A6 expression and clinicopathological factors. Univariate
analysis using the Kaplan-Meier method was performed to compare the difference in survival rates between
the high S100A6 expression group and the low S100A6 expression group; multivariate analysis with Cox re-
gression model was used to identify independent prognostic risk factors.

Results: In our experiment, we demonstrated that the expression of S100A6 was significantly associated with patient
age and tumor differentiation. High-expression of S100A6 was shown to be substantially related to the unfa-
vorable prognosis of SCC. Moreover, our results confirmed that S100A6 was an independent risk factor for SCC
prognosis, and could predict unfavorable prognosis.

Conclusions: High-expression of S100A6 was identified as an independent unfavorable prognostic factor for SCC, suggest-
ing that targeting S100A6 may result in the development of potential targeted drug for SCC.
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Background

Lung cancer is the most common malignancy in humans, and
results in the most cancer-related deaths worldwide [1]. Lung
cancer continues to be a medical and financial burden, as well
as a threat to people’s health, especially in air polluted coun-
tries such as India and China [2]. Lung cancer is classified into
small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLC), which have different treatment strategies and prog-
nosis [3]. NSCLC makes up about 85% of all lung cancers, and
is divided into subtypes, including adenocarcinoma (AC) and
squamous cell carcinoma (SCC) which account for approxi-
mately 40% and 35% of all lung cancers, respectively [2,4,5].
NSCLC tumors have remarkable molecular heterogeneity, re-
quiring customized therapy [1,6]. New prognostic biomarkers
of NSCLC are urgently needed and could help more precisely
stratify patients and identify high-risk patients.

The S100 family consists of at least 20 members, differenti-
ated by calcium-binding EF-hand motifs [7]. The S100 family
is involved in several biological processes, including immune
response and differentiation and growth, through regulating
cytoskeleton dynamics and enzyme activity. Most members
of the S100 family are believed to function via binding to dis-
tinct intracellular compounds, but the precise function is not
well-defined. Most S100 genes are confined on the human
chromosome 1qg21, which is repeatedly rearranged in human
tumors [4,8]. Many S100 family members are reported to be
aberrantly expressed in different kinds of tumors and tumor
stages, including lung cancer [9,10]. S100A6, also known as
calcyclin, can regulate the dynamics of cytoskeleton constitu-
ents, cell growth and differentiation, and calcium homeosta-
sis [11-13]. Although S100A6 has been shown to be overex-
pressed in several types of human tumors, its function and
clinical role in lung cancer is still unknown.

In our experiment, we investigated the expression of SI00A6
in 177 SCC patients, using immunohistochemistry (IHC), and
divided the patients into a high S100A6 expression group and
a low S100A6 expression group according to our study IHC-
based cutoff values. Furthermore, we evaluated the clinical sig-
nificance of S100A6 in SCC, including the correlation between
clinicopathological factors and survival rates.

Material and Methods

Patients and follow-ups

We enrolled patients who underwent radical surgery for SCC
from 2004 to 2015 at Linyi People’s Hospital. In all, 177 pa-
tients were included in the study based to the following cri-
teria: 1) available paraffin-embedded tissues; 2) no adjuvant
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chemotherapy or radiation therapy before or after surgery; and
3) underwent radical resection of tumor. All the resected sam-
ples were obtained from the Department of Pathology after the
consent of the patients. The study was approved and super-
vised by the Ethics Board of Linyi People’s Hospital. The stage
of SCC was identified by the 7t American Joint Committee on
Cancer/International Union against Cancer (AJCC/UICC) path-
ological tumor node metastasis (pTNM) stage system (2009).

Immunohistochemistry

The diagnosis of SCC was double confirmed and the area for
IHC was selected by two independent pathologists. The pro-
tocol for IHC staining was performed as described in previous
studies [14,15]. In brief, the slides were deparaffinized first
and then rehydrated with graded ethanol to deionized water.
Sodium citrate buffer at pH 6 was used to incubate the slides
to get the optimal antigen retrieval. The blockage of endog-
enous peroxidase enzyme was achieved by incubation in 3%
H,0, for 20 minutes. After rinsing with phosphate buffer saline
(PBS) three times the slides were incubated in 1% bovine se-
rum albumin for 20 minutes; then the samples were incubat-
ed in diluted primary antibody of S100A6 (1: 100) overnight at
4°C. The primary antibodies of S100A6 were purchased from
the Santa Cruz Biotechnology (sc-50409, CA, USA). Samples
were then rinsed with PBS, and the corresponding secondary
antibody was applied for incubation for 20 minutes, and the
streptavidin-peroxidase complex was used to react with the
samples for 30 minutes after rinsing. Then 3,3’-diaminobenzi-
dine solution was used for antigen visualization.

Evaluation of IHC staining and scoring system

Two senior pathologists evaluated the results of IHC with no
prior awareness of clinical data. The final IHC results for SI00A6
were defined as the product of the score of staining intensi-
ty multiplied by the score of positive cell percentage as de-
scribed in previous studies [16,17]. The score of positive cell
percentage was graded as: 0 (10% positive cells); 1 (10-30%
positive cells); 2 (30-50% positive cells); 3 (50% or more posi-
tive cells). The score of staining intensity was described as fol-
lows: score O for negative staining; score 1 for weak staining;
score 2 for moderate staining; and score 3 for strong staining.
The cutoff was generated by receiver operating characteristic
(ROC) curve and defined as the point with the highest speci-
ficity and sensitivity [18]. Based on the cutoff values, the co-
hort was divided into two groups: the group with high expres-
sion of S100A6 and the group with low expression of S100A6.

Statistical analysis

All the data was analyzed by the software SPSS 17.0 (Chicago,
IL, USA). Chi-square test was used to analyze the correlation
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Table 1. Characters of patients.

Characters Number Percentage
Gender
"""" Male 114 6552%
"""" Female 63 3621%
CAge
"""" € 56 3218%
o0 21 69.54%
© Tumor diameter (m)
s 68 3908%
"""" 3100 6264%
 Differentiation
Wl 2 5287%
"""" Moderately+Poorly 8 4885%
© lymph node metastasis
"""" NoNO) 111 6379%
CYes(N1-3) 66 3793%
 TNMstage
"""" o 6379%
"""" N 4 209%
"""" w26 1498%
smokng
"""" N 81 4655%
e % 55.17%
S sw0A6
"""" low 119 6839%
"""" Wgh 58 3333%

between the expression of S100A6 and clinicopathological fac-
tors. The overall survival curve was generated by the Kaplan-
Meier method; the log-rank test was used to compare the sta-
tistical difference between the group with high-expression of
S100A6 and the group with low-expression of S100A6. The
Cox regression hazard model was performed to identify the
independent prognostic factors. Statistically significant was
defined as p<0.05 in our study.

Results

Basic information of patients

A total of 177 patients were included in our cohort, which
consisted of 114 males and 63 females (Table 1). Consistent
with previous research, male and older patients were domi-
nant in our cohort. Male patients accounted for 65.52%, and
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Figure 1. Representative immunohistochemical images of
high-expression and low-expression of S100A6. (A)
Representative image of S100A6 low-expression.
Scale bar: 50 um. (B) Representative image of S100A6
high-expression.

elderly patients (>60 years of age) accounted for 69.54%. The
cohort was divided into a group with ST00A6 low-expression
and a group with S100A6 high-expression which account-
ed for 68.39% (119/177) and 33.33% (58/177), respectively.
Representative images are displayed in Figure 1A and 1B. In
most cases, S100A6 could be observed in the nucleus and cy-
toplasm of SCC cells (Figure 1).

The associations of S100A6 and clinicopathological factors

The chi-square test was performed to screen potential risks
affected by S100A6 (Table 2). The clinicopathological factors
included patient age, sex, smoking status, tumor diameter, tu-
mor differentiation, lymph node metastasis and TNM stage.
In our cohort, S100A6 high-expression was more frequent in
cases with poorer differentiation (p=0.011), indicating that
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Table 2. Correlation between S100A6 and clinicopathologic parameters.

S100A6

Characters
Gender
oM.
C kemale a7
""""" e
w0 2

<3 47
s
""""" Differentiation
e
 ModeratelyrPoorly a9

No 76
e ey
""""" W stage
T
oy
w1
""""" Smoking
N s

42 0.135
16
12 0.038
46
21 0.743
37
22 0.011
36
35 0.741
23
35 0.794
13
10
25 0.634
33

* Chi-square test.

S100A6 may influence the differentiation-related cellular pro-
cesses. Interestingly, older patients also had a higher S100A6
expression, suggesting ST00A6 may be involved in cell senes-
cence, which may be possible because S100A6 could regulate
intracellular calcium homeostasis.

The associations of S100A6 and the overall survival rate

The correlations between the overall survival rate and clin-
icopathological factors were analyzed by the log-rank test;
the survival curve was determined using the Kaplan-Meier
method (Table 3). S100A6 high-expression was demonstrat-
ed to be significantly correlated to a lower overall survival rate
(p=0.006) (Figure 2), suggesting S100A6 is a valid prognostic
biomarker. Moreover, the TNM stage (p<0.001) and lymphatic

invasion status (p<0.001) were also identified to be related
to the prognosis. Patients with positive lymph nodes and ad-
vanced TNM stage had a more unfavorable prognosis. No oth-
er clinicopathological factors were shown to be significantly
associated with survival rates.

Multivariate analysis

Multivariate analysis was applied for the identification of inde-
pendent prognostic factors with Cox regression hazard model
(Table 4). All the factors in the univariate analysis were used
in the Cox regression hazard model except the TNM stage be-
cause of its important interaction with lymph node status.
In multivariate analysis, ST00A6 was confirmed as an inde-
pendent prognostic factor of SCC in our study (p=0.016, 95%
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Table 3. Univariate analysis.

Characters 5-year survival rate % P*
Gender
"""" male 244 0823
"""" Female 276
A
"""" ww 39 025
o0 mwo
Tumor diameter cm)
s 7a 0691
"""" 3 om3
Differentiation
"""" wel 294 o0soa
"""" Moderatelyspoorly 319
lymph node metastasis
"""" N 329  Pwool
e mwo
TNMstage
"""" 329 pwool
"""" G s
"""" T
Csmoking
"""" N 267 o5
e B8
s
"""" low 27 0006
"""" Wgh 19

* Log-rank test.

Cl=1.101-2.517, HR=1.66), which means S100A6 itself could
predict poorer prognosis of SCC. Additionally, lymph node
metastasis was also defined as a risk factor, predicting unfa-
vorable prognosis (p<0.001, 95% Cl=1.440-3.429, HR=2.16).

Discussion

The S100 family consists of many members with various het-
erogeneities. The oncogenic role of the S100 family has been
suggested in several types of cancers, but different S100
members have been reported to be differently expressed in
different tumors, indicating that S100 family members have
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Corellation between S100A6 survival curve
1.0 1 P=0.006
0.8
Z 061
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3
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0.00 20.00 40.00 60.00 80.00 100.00
Post-operational time

Figure 2. Prognostic significance of S100A6. The overall survival
curve was drawn with Kaplan-Meier method and
stratified with ST00A6 expression. The group with
S100A6 high-expression had poorer prognosis than
those with S100A6 low-expression (p=0.006).

distinct tissue specificities. For example, S100A4 was shown
to be linked with metastasis in breast cancer, but its expres-
sion had no relation with the melanoma metastasis [19,20].
The correlation between the S100 family and NSCLC has been
reported sporadically. Diederichs at al. compared the mRNA
level between primary tumors and metastasis, and demon-
strated that S100P overexpression was more frequent in the
metastasis of lung cancer and was associated with poorer
prognosis [4]. Additionally, S100A4 was also identified as a
prognostic marker of lung SCC [21]. Wang et al. showed that
overexpression of ST00A2 could indicate poorer prognosis of
patients with stage | NSCLC [9]. However, the role of S100A2
in lung cancer remains controversial. Some evidence has been
found to suggest that S100A2 is a suppressor of NSCLC, while
other evidence has considered S100A2 as a predictor of poor-
er prognosis of NSCLC [4,8,10,22,23].

In the S100 family, S100A6 has been shown to be overex-
pressed in several types of human tumors, including osteo-
sarcoma, hepatocellular carcinoma, gastric cancer, colorectal
cancer, cholangiocarcinoma, and pancreatic cancer [12,24-31].
In lung cancer, emerging evidence has indicated an oncogenic
role for ST00A6. The level of ST00A2 and S100A6 in serum is
significantly elevated in early stage NSCLC [32], showing the
potential oncogenic role of SI00A2 and S100A6 in early stage
NSCLC. Moreover, SI00A6 has been reported to be correlated
with survival of patients with stage | NSCLC [33], but this find-
ing was generated from a small sample size and AC and SCC
were not researched separately. Our finding that S100A6 could
predict unfavorable prognosis of SCC is valuable for the poten-
tial screening of drug targets for lung cancer, which is essential
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Table 4. Multivariate analysis.

Characters HR
Gender
""""""" male 1
C Femae 095
""""" Al
""""""" @ a1

<3 1
s 099
””””” Differentiation
””””””” wet 1
 ModeratelysPoory 114

No 1

Yes 2.16
Smoking

No 1

Yes 0.76
S100A6

Low 1

High 1.66
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95% Cl P*
L e e

* Cox-regression model; HR — means hazard ratio; 95% Cl — means 95% confidential interval.

for the development of new targeted drugs. Certainly, exper-
iments in vitro and research on underlying molecular mecha-
nisms are also necessary to explain why S100A6 leads to poor-
er prognosis of lung cancer. S100A6 could play a role in the
regulation of many cellular processes, and not be limited to
influencing the calcium homeostasis. The intracellular molec-
ular target of ST00A6 has not been well identified; it was not
the primary focus of our study to reveal the underlying mech-
anisms. However, we hope our study can trigger more inter-
est in this area and further the understanding of the molecu-
lar mechanisms involved.

Conclusions

We investigated the expression of S100A6 in 177 patients
with SCC and evaluated its clinical significance. We found that
S100A6 was significantly associated with patient age and tumor
differentiation. Our results identified S100A6 as an indepen-
dent prognostic risk factor in SCC; and it could predict unfavor-
able prognosis. This suggests that targeting SI00A6 may lead
to the future development of potential targeted drugs for SCC.
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