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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 1q21, 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 S100A6 
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 

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 7th 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% 
H2O2 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 S100A6 
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 0 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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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 

elderly patients (³60 years of age) accounted for 69.54%. The 
cohort was divided into a group with S100A6 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 

Characters Number Percentage

Gender

 Male 114 65.52%

 Female 63 36.21%

Age

 <60 56 32.18%

 ³60 121 69.54%

Tumor diameter (cm)

 £3 68 39.08%

 >3 109 62.64%

Differentiation

 Well 92 52.87%

 Moderately+Poorly 85 48.85%

Lymph node metastasis

 No (N0) 111 63.79%

 Yes (N1–3) 66 37.93%

TNM stage

 I 111 63.79%

 II 40 22.99%

 III 26 14.94%

Smoking

 No 81 46.55%

 Yes 96 55.17%

S100A6

 Low 119 68.39%

 High 58 33.33%

Table 1. Characters of patients.
S100A6 low expression S100A6 high expression

S100A6 high expression

A

B

Figure 1.  Representative immunohistochemical images of 
high-expression and low-expression of S100A6. (A) 
Representative image of S100A6 low-expression. 
Scale bar: 50 µm. (B) Representative image of S100A6 
high-expression.
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S100A6 may influence the differentiation-related cellular pro-
cesses. Interestingly, older patients also had a higher S100A6 
expression, suggesting S100A6 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, S100A6 was confirmed as an inde-
pendent prognostic factor of SCC in our study (p=0.016, 95% 

Characters
S100A6

P
Low High

Gender

 Male 72 42 0.135

 Female 47 16

Age    

 <60 44 12 0.038

 ³60 75 46  

Tumor diameter (cm)

 £3 47 21 0.743

 >3 72 37

Differentiation    

 Well 70 22 0.011

 Moderately+Poorly 49 36

Lymph node metastasis    

 No 76 35 0.741

 Yes 43 23  

TNM stage

 I 76 35 0.794

 II 27 13

 III 16 10

Smoking    

 No 56 25 0.634

 Yes 63 33  

Table 2. Correlation between S100A6 and clinicopathologic parameters.

* Chi-square test.
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CI=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% CI=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 

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 S100A2 could indicate poorer prognosis of 
patients with stage I 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 S100A6. The level of S100A2 and S100A6 in serum is 
significantly elevated in early stage NSCLC [32], showing the 
potential oncogenic role of S100A2 and S100A6 in early stage 
NSCLC. Moreover, S100A6 has been reported to be correlated 
with survival of patients with stage I 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 

Characters 5-year survival rate % P*

Gender

 Male 24.4 0.823

 Female 27.6

Age

 <60 32.9 0.205

 ³60 11.0

Tumor diameter (cm)

 £3 17.4 0.691

 >3 32.3

Differentiation

 Well 29.4 0.804

 Moderately+Poorly 31.9

Lymph node metastasis

 No 32.9 P<0.001

 Yes 11.0

TNM stage

 I 32.9 P<0.001

 II 23.1

 III 0

Smoking

 No 26.7 0.245

 Yes 23.8

S100A6

 Low 27 0.006

 High 19

Table 3. Univariate analysis.

* Log-rank test.
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Figure 2.  Prognostic significance of S100A6. The overall survival 
curve was drawn with Kaplan-Meier method and 
stratified with S100A6 expression. The group with 
S100A6 high-expression had poorer prognosis than 
those with S100A6 low-expression (p=0.006).
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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 S100A6 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 S100A6 may lead 
to the future development of potential targeted drugs for SCC.

Conflicts of interest

The authors have no conflicts of interest.

Characters HR 95% CI P*

Gender

 Male 1

 Female 0.95 0.623–1.457 0.830 

Age    

 <60 1

 ³60 1.14 0.731–1.793 0.556 

Tumor diameter (cm)

 £3 1

 >3 0.99 0.661–1.487 0.967 

Differentiation    

 Well 1

 Moderately+Poorly 1.14 0.754–1.724 0.535 

Lymph node metastasis

 No 1

 Yes 2.16 1.440–3.429 <0.001

Smoking    

 No 1

 Yes 0.76 0.513–1.130 0.176 

S100A6    

 Low 1

 High 1.66 1.101–2.517 0.016

Table 4. Multivariate analysis.

* Cox-regression model; HR – means hazard ratio; 95% CI – means 95% confidential interval.

5016
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

He X. et al.: 
S100A6 is an unfavorable prognostic marker of SCC

© Med Sci Monit, 2017; 23: 5011-5017
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



References:

 1. Ding L, Getz G, Wheeler DA et al: Somatic mutations affect key pathways 
in lung adenocarcinoma. Nature, 2008; 455(7216): 1069–75

 2. Wang TL, Ren YW, Wang HT et al: Association of Topoisomerase II (TOP2A) 
and Dual-Specificity Phosphatase 6 (DUSP6) single nucleotide polymor-
phisms with radiation treatment response and prognosis of lung cancer in 
Han Chinese. Med Sci Monit, 2017; 23: 984–93

 3. Nicoletti F, Di Marco R, Barcellini W et al: Protection from experimental au-
toimmune thyroiditis in CBA mice with the novel immunosuppressant de-
oxyspergualin. Scand J Immunol, 1994; 39(3): 333–36

 4. Diederichs S, Bulk E, Steffen B et al: S100 family members and trypsino-
gens are predictors of distant metastasis and survival in early-stage non-
small cell lung cancer. Cancer Res, 2004; 64(16): 5564–69

 5. Bir F, Aksoy Altinboga A et al: Potential utility of p63 expression in differ-
ential diagnosis of non-small-cell lung carcinoma and its effect on prog-
nosis of the disease. Med Sci Monit, 2014; 20: 219–26

 6. Govindan R, Ding L, Griffith M et al: Genomic landscape of non-small cell 
lung cancer in smokers and never-smokers. Cell, 2012; 150(6): 1121–34

 7. Donato R: S100: A multigenic family of calcium-modulated proteins of 
the EF-hand type with intracellular and extracellular functional roles. Int J 
Biochem Cell Biol, 2001; 33(7): 637–68

 8. Bartling B, Rehbein G, Schmitt WD et al: S100A2-S100P expression profile 
and diagnosis of non-small cell lung carcinoma: Impairment by advanced 
tumour stages and neoadjuvant chemotherapy. Eur J Cancer, 2007; 43(13): 
1935–43

 9. Wang H, Zhang Z, Li R et al: Overexpression of S100A2 protein as a prognos-
tic marker for patients with stage I non small cell lung cancer. Int J Cancer, 
2005; 116(2): 285–90

 10. Feng G, Xu X, Youssef EM, Lotan R: Diminished expression of S100A2, a 
putative tumor suppressor, at early stage of human lung carcinogenesis. 
Cancer Res, 2001; 61(21): 7999–8004

 11. Cross SS, Hamdy FC, Deloulme JC, Rehman I: Expression of S100 proteins 
in normal human tissues and common cancers using tissue microarrays: 
S100A6, S100A8, S100A9 and S100A11 are all overexpressed in common 
cancers. Histopathology, 2005; 46(3): 256–69

 12. Emberley ED, Murphy LC, Watson PH: S100 proteins and their influence on 
pro-survival pathways in cancer. Biochem Cell Biol, 2004; 82(4): 508–15

 13. Tsoporis JN, Izhar S, Parker TG: Expression of S100A6 in cardiac myocytes 
limits apoptosis induced by tumor necrosis factor-alpha. J Biol Chem, 2008; 
283(44): 30174–83

 14. Xu YF, Yang XQ, Lu XF et al: Fibroblast growth factor receptor 4 promotes pro-
gression and correlates to poor prognosis in cholangiocarcinoma. Biochem 
Biophys Res Commun, 2014; 446(1): 54–60

 15. Xu Y, Yang X, Li Z et al: Sprouty2 correlates with favorable prognosis of gas-
tric adenocarcinoma via suppressing FGFR2-induced ERK phosphorylation 
and cancer progression. Oncotarget, 2017; 8(3): 4888–900

 16. Xu YF, Ge FJ, Han B et al: High-mobility group box 1 expression and lymph 
node metastasis in intrahepatic cholangiocarcinoma. World J Gastroenterol, 
2015; 21(11): 3256–65

 17. Liu H, Zhang Q, Li K et al: Prognostic significance of USP33 in advanced 
colorectal cancer patients: New insights into beta-arrestin-dependent ERK 
signaling. Oncotarget, 2016; 7(49): 81223–40

 18. Liu H, Xu Y, Zhang Q et al: Prognostic significance of TBL1XR1 in predicting 
liver metastasis for early stage colorectal cancer. Surg Oncol, 2017; 26(1): 
13–20

 19. Davies BR, Davies MP, Gibbs FE et al: Induction of the metastatic pheno-
type by transfection of a benign rat mammary epithelial cell line with the 
gene for p9Ka, a rat calcium-binding protein, but not with the oncogene 
EJ-ras-1. Oncogene, 1993; 8(4): 999–1008

 20. Maelandsmo GM, Florenes VA, Mellingsaeter T et al: Differential expres-
sion patterns of S100A2, S100A4 and S100A6 during progression of hu-
man malignant melanoma. Int J Cancer, 1997; 74(4): 464–69

 21. Tsuna M, Kageyama S, Fukuoka J et al: Significance of S100A4 as a prog-
nostic marker of lung squamous cell carcinoma. Anticancer Res, 2009; 29(7): 
2547–54

 22. Smith SL, Gugger M, Hoban P et al: S100A2 is strongly expressed in airway 
basal cells, preneoplastic bronchial lesions and primary non-small cell lung 
carcinomas. Br J Cancer, 2004; 91(8): 1515–24

 23. Zech VF, Dlaska M, Tzankov A, Hilbe W: Prognostic and diagnostic rele-
vance of hnRNP A2/B1, hnRNP B1 and S100 A2 in non-small cell lung can-
cer. Cancer Detect Prev, 2006; 30(5): 395–402

 24. Li Y, Wagner ER, Yan Z et al: The calcium-binding protein S100A6 accelerates 
human osteosarcoma growth by promoting cell proliferation and inhibit-
ing osteogenic differentiation. Cell Physiol Biochem, 2015; 37(6): 2375–92

 25. Wang XH, Zhang LH, Zhong XY et al: S100A6 overexpression is associated 
with poor prognosis and is epigenetically up-regulated in gastric cancer. 
Am J Pathol, 2010 ;177(2): 586–97

 26. Hua Z, Chen J, Sun B et al: Specific expression of osteopontin and S100A6 
in hepatocellular carcinoma. Surgery, 2011; 149(6): 783–91

 27. Kilanczyk E, Graczyk A, Ostrowska H et al: S100A6 is transcriptionally reg-
ulated by beta-catenin and interacts with a novel target, lamin A/C, in 
colorectal cancer cells. Cell Calcium, 2012; 51(6): 470–77

 28. Sato Y, Harada K, Sasaki M, Nakanuma Y: Clinicopathological significance 
of S100 protein expression in cholangiocarcinoma. J Gastroenterol Hepatol, 
2013; 28(8): 1422–29

 29. Duan L, Wu R, Zou Z et al: S100A6 stimulates proliferation and migration 
of colorectal carcinoma cells through activation of the MAPK pathways. Int 
J Oncol, Mar; 44(3): 781–90

 30. Chen X, Liu X, Lang H et al: S100 calcium-binding protein A6 promotes ep-
ithelial-mesenchymal transition through beta-catenin in pancreatic cancer 
cell line. PLoS One, 2015; 10(3): e0121319

 31. Lyu XJ, Li HZ, Ma X et al: Elevated S100A6 (Calcyclin) enhances tumorigen-
esis and suppresses CXCL14-induced apoptosis in clear cell renal cell car-
cinoma. Oncotarget, 2015; 6(9): 6656–69

 32. Wang T, Liang Y, Thakur A et al: Diagnostic significance of S100A2 and 
S100A6 levels in sera of patients with non-small cell lung cancer. Tumour 
Biol, 2016; 37(2): 2299–304

 33. De Petris L, Orre LM, Kanter L et al: Tumor expression of S100A6 corre-
lates with survival of patients with stage I non-small-cell lung cancer. Lung 
Cancer, 2009; 63(3): 410–17

5017
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

He X. et al.: 
S100A6 is an unfavorable prognostic marker of SCC
© Med Sci Monit, 2017; 23: 5011-5017

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


