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of patients with non-small cell lung cancer

Ting Wang1,2 & Yiqian Liang1 & Asmitananda Thakur1,3,4 & Shuo Zhang1 & Tian Yang1 &

Tianjun Chen1
& Lei Gao1 & Mingwei Chen1

& Hui Ren1

Received: 15 June 2015 /Accepted: 4 September 2015 /Published online: 11 September 2015
# International Society of Oncology and BioMarkers (ISOBM) 2015

Abstract Biochemical markers play a significant role in the
diagnosis of lung cancer. Recent studies have demonstrated a
link involving S100 Calcium Binding Proteins (S100A2,
S100A6) and non-small cell lung cancer (NSCLC), but the
expediency of their serum levels in NSCLC has not been
established. In this study, we evaluate the potential of serum
S100A2 and S100A6 levels as diagnostic markers for
NSCLC. Enzyme-linked immunosorbent assay (ELISA) was
performed to detect the levels of S100A2 and S100A6 in 141
NSCLC patients and 150 healthy subjects. Serum levels of the
two proteins in patients with NSCLCwere higher compared to
healthy controls (P=0.0002 for S100A2 and P<0.0001 for
S100A6). Moreover, the levels of S100A2 and S100A6 were
higher in the sera of stage I/II NSCLC patients compared to
healthy controls with P=0.01 and <0.0001, respectively.
Receiver operating characteristic (ROC) analysis showed that
S100A2 could distinguish NSCLC patients from healthy con-
trols (AUC=0.646), and S100A6 could also identify NSCLC
(AUC=0.668). Meanwhile, these two proteins showed

notable capabilities for distinguishing stage I/II NSCLC from
healthy controls (AUC=0.708 for S100A2 and AUC=0.702
for S100A6). Our results indicate that serum levels of S100A2
and S100A6 are significantly elevated in early stage NSCLC
and may have the potential for NSCLC biomarker. Further
studies with large sample population would help validate our
findings.

Keywords Biomarkers .Calciumbindingprotein .Non-small
cell lung cancer . S100A2 . S100A6

Introduction

Lung cancer at its early stage is mostly asymptomatic and
radiologically occult. Screening using sputum cytology and
low-dose computed tomography has been used with partial
success [1]. Histological confirmation after biopsy serves as
the mainstay of lung cancer diagnosis, but majority of patients
are not willing to undergo biopsy unless presented with evi-
dence of a high probability of having lung cancer [2, 3]. Non-
small cell lung cancer (NSCLC) accounts for 85 % of all lung
cancer cases and has a poor outcome, which is primarily due
to advanced stage at diagnosis [4, 5]. Even in the USA, al-
though nearly 174,000 cases of NSCLC are diagnosed every
year, only 20 % of them undergo surgical resection [6, 7].
Serum biomarker levels are popular investigations in clinical
practice, but inadequate sensitivity and/or specificity [8, 9]
makes it essential to look for novel biochemical marker.

The S100 protein family is a multifunctional group com-
prising 25 known human members with common EF-hand
calcium-binding motifs [10, 11]. There are reports suggesting
their involvement in inflammatory responses [12] and cellular
processes like cell-cycle progression, differentiation, cell in-
vasion, and epithelial-mesenchymal transition (EMT) [13,
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14]. Several members of S100 proteins were found to have
atypical expression in a variety of tumors, including lung can-
cer [15–18]. S100A2 is an important member of S100 protein
family and thought to be a putative tumor suppressor, as early
studies showed decreased expression in some cancers [19,
20]. There is research confirming S100A2 over expression
in early stage NSCLC, thereby suggesting a link with in-
creased metastasis and dismal prognosis [14, 21, 22].
S100A6, also known as calcyclin, is another member of the
S100 family. Increased cytoplasmic S100A6 expression was
observed in NSCLC, hepatocellular carcinoma, and acute leu-
kemia [23]. S100A6 has been demonstrated in association
with a variety of biological processes, including cell-cycle,
intracellular calcium homeostasis and signaling, apoptosis,
cytoskeleton rearrangement, and ubiquitinated proteolytic
degradation [24, 25]. Therefore, the analysis of serum
S100A2/A6 (S100A2 and S100A6) expression may provide
us with an important idea in the development of diagnostic
biomarkers for lung cancer. In the present study, S100A2/A6
expression levels in the sera of patients with newly diagnosed
primary lung cancer and healthy subjects were first examined
by enzyme-linked immunosorbent assay (ELISA) and their
clinical diagnostic values were assessed.

Materials and methods

Study participants

We recruited 150 newly diagnosed and histologically con-
firmed cases of primary lung cancer admitted at the depart-
ment of respiratory and critical care medicine, the first affili-
ated hospital of Xi’an Jiaotong University. None of them had
any other malignancy or undergone chemotherapy and/or ra-
diotherapy. Controls were recruited from healthy unrelated
individuals who came to our medical center for routine yearly
health check-up. Age and gender matched control subjects
were free from malignancy and did not have any family his-
tory of tumor.

Our study was approved by the Human Research
Committee for Research Involving Human subjects at the first
affiliated hospital of Xi’an Jiaotong University. All the partic-
ipants were informed about the purpose of the study and ex-
perimental procedures. We obtained written consent from
each participant and used a standardized questionnaire to col-
lect demographic and personal data. Serum sample from each
subject was immediately separated from the clotted whole
blood by centrifugation at 1500×g for 10 min at 4 °C. After
centrifugation, the samples were divided into 100 μL aliquots
in cryotubes, stored at −80 °C and then analyzed for S100A2
and S100A6 using ELISA kits (USCN Life Sciences Inc.,
Hubei, China).

Quantification of serum S100A2/A6 using ELISA

ELISA kits for human S100A2 with catalog number
SEC009Hu and ELISA kits for human S100A6 with catalog
number SEB769Huwere used. Experimental procedures were
performed according to the instruction manual. Serum dilu-
tions for S100A2 and S100A6 were 1:1 and 1:10, respective-
ly. To determine the concentration of S100A2/A6, the absor-
bance at 450 nm of the plates was read using ELISA reader. A
standard curve was constructed by plotting absorbance values
versus S100A2 or S100A6 concentrations of calibrators.

For S100A2, the sensitivity is 0.124 ng/mL; assay range is
0.312–20 ng/mL.

For S100A6, the sensitivity is 32 pg/mL; assay range is 78–
5000 pg/mL.

Statistical analysis

Statistical analyses were performed usingMicrosoft Excel and
the SPSS 22.0 statistical package. The two groups with nor-
mally distributed variables (according to an independent
group’s t test) were compared with the others using the
Mann–Whitney U test. We used analysis of covariance signif-
icance of the mean to evaluate the age variables between the
two groups. Chi-square test was used to compare the gender
variables in the cases with that in controls. Three group com-
parisons of normally distributed variables and one-way
ANOVA for pair-wise comparisons were performed,
and others were evaluated with Kruskal-Wallis one-way
or Mann–Whitney U test. Two-tailed P<0.05 was con-
sidered significant. Receiver operating characteristic
(ROC) curves was constructed by plotting sensitivity
versus 1-specificity for every possible cut-off score
and area under the ROC curve (AUC) was calculated.
The linear relation between S100A2/A6 and levels of
present markers for lung cancer was assessed using
Pearson product-moment correlation coefficient.

Results

Population characteristics

We recruited a total of 141 NSCLC patients and 150 healthy
controls for this study. Table 1 lists the demographic, patho-
logic, and clinical details of the study population. The mean
age of patients (61.1 years) was not significantly different
from the controls (60.6 years) (P>0.05). Male gender
accounted for 78.7 % of the patients and 76 % of the control
group, respectively, and the difference was not significant
(P>0.05).
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Individual expression

The mean serum S100A2 level in the patients with NSCLC
was 15.02±0.79 ng/ml, while the mean level of serum
S100A2 in the control group was 11.18±0.64 ng/ml
(Table 2). The S100A2 serum levels were significantly higher
in NSCLC patients than in healthy controls (P=0.0002). The
mean serum S100A6 level was 12760±651.8 pg/ml in
NSCLC patients versus 8434±408.2 pg/ml in controls
(P<0.0001). Tumor staging was based on the International
Union against Cancer (UICC) staging system (Table 1).
Among the NSCLC patients, 16 (11.3 %) were at stage I, 14
(9.9 %) at stage II, 41 (29.1 %) at stage III, and 65 (46.1 %) at
stage IV. As showed in Fig. 1, the serum S100A2 levels were
significantly increased in NSCLC patients at both stage I/II
(P=0.01) and stage III/IV (P<0.001) compared with the

control group. Meanwhile, statistically significant differences
in S100A6 levels were observed between stage I/II NSCLC
patients and controls (P<0.0001) and between stage III/IV
NSCLC and controls (P<0.0001).

ROC analysis

ROC curve analysis was performed to evaluate the value of
S100A2/A6 as potential biomarkers for NSCLC (Fig. 2). The
serum levels of S100A2 had an AUC of 0.646 with a speci-
ficity of 82 % at a sensitivity of 49.3 % for distinguishing
NSCLC from healthy controls (the cut-off of was
13.81 ng/ml). The serum levels of S100A6 resulted in an
AUC of 0.668 with a specificity of 64 % at a sensitivity of
61.7 % (the cut-off of was 10152 pg/ml). In differentiating
early stage NSCLC from healthy controls, the serum level of
S100A2 had an AUC of 0.708 with a specificity of 71.8% at a
sensitivity of 75 % for detecting early stage NSCLC (the cut-
off was 12.42 ng/ml), while the serum levels of S100A6 had
an AUC of 0.702 with a specificity 99.6 % and a sensitivity
42.9 %, respectively, and the cut-off was 16829 pg/ml.

Table 1 Characteristics of patients and controls

Characteristics Lung cancer
(n=141)

Control
(n=150)

P value

No. % No. %

Age (means±SD, year) 61.11±0.74 60.57±0.55 >0.05

Sex >0.05

Male 111 78.7 114 76.0

Female 30 21.3 36 24.0

Smoking status <0.05

Never 36 25.5 90 60.0

Ever 105 74.5 60 40.0

Histology

Adenocarcinoma 71 50.4

Squamous cell carcinoma 67 47.5

Unspecified lung cancer 3 2.1

Stage

I 16 11.3

II 14 9.9

III 41 29.1

IV 65 46.1

Data uncertain 5 3.6

Family history of cancer

N 127 90.1

Y 14 9.9

Differentiation

Well 10 7.1

Moderate 59 41.8

Poor 64 45.4

Data uncertain 8 5.7

Location of tumor

Central 84 59.6

Peripheral 57 40.4

Table 2 S100A2 and S100A6 serum levels of patients and controls

Biomarker Patients Controls P value

S100A2 (ng/ml) 15.02±0.79 11.18±0.64 0.0002*

S100A6 (pg/ml) 12760±651.8 8434±408.2 <0.0001*

(Mean±SD) were indicated; *P<0.05 indicates statistical significance.

Fig. 1 S100A2/A6 serum levels (determined using ELISA) protein
levels with significant changes between pair wise comparisons were
indicated (P<0.05)
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Correlation of S100A2/A6 with clinical parameters

Table 3 provides the serum S100A2/A6 levels of patients with
NSCLC according to the clinicopathologic variables, and the
correlation between marker levels and clinical features.
S100A2/A6 serum levels did not show significant correlation

to age, gender, smoking status, histology, stage, differentia-
tion, and tumor diameter. Linear regression analysis was per-
formed to ensure the correlation of serum S100A2/A6 levels
with the present lung cancer biomarkers including
carcinoembryonic antigen (CEA), neuron-specific enolase
(NSE), and cytokeratin 19 (CYFRA21-1). Serum S100A6
levels positively correlated with CEA levels, Pearson correla-
tion coefficient was 0.212 (P=0.014) (Fig. 3). S100A6 levels
did not correlate with NSE and CYFRA21-1, and S100A2
levels did not correlate with any of the three markers for lung
cancer (data not shown).

Discussion

In this study, we focused on the diagnostic and early detection
value of the two members of S100 protein family, S100A2
and S100A6, in NSCLC. Our results firstly validate the asso-
ciation between the serum levels of S100A2/A6 and NSCLC
and support the hypothesis that the expression of both these
proteins is higher in the serum of NSCLC patients.

The S100 protein family comprises 25 known members,
each coded by a separate gene and 22 of these genes are
clustered at chromosome locus 1q21 [26]. Upon calcium bind-
ing, most S100 proteins undergo a conformational change,
which allows the protein to interact with various protein tar-
gets, thereby exerting a broad range of intracellular and extra-
cellular functions [10]. S100A2 and S100A6, members of the
S100 protein family, have been reported to be associated with
many types of cancers including lung cancer. A recent study
by Naz et al. suggested that S100A2 increased invasion of
A549 lung cancer cells by inducing EMT, loose colony mor-
phology in soft agar and enhanced Akt phosphorylation, and
modulated TGF-β/Smad-3 mediated transcriptional activity
of target genes involved in tumor promotion [14].
Diederichs et al. found S100A2 to be over expressed in early
stage NSCLC tissue that metastasized during the course of the
disease [22]. A study by Bulk et al. also demonstrated that
high mRNA expression levels of S100A2 were associated
with poor survival in surgically resected NSCLC patients
[21]. In this study, we found S100A2 was increased in the sera
of patients with NSCLC and could be used as a promising
marker to differentiate NSCLC from healthy subjects.
Moreover, the serum levels of S100A2 were increased in pa-
tients with early stage NSCLC, which is consistent with the
results of previous research in tissues.

S100A6 was initially identified to be up-regulated in acute
leukemia and has been related with prognosis and risk of
metastasis in several tumor types [27–29]. It has been reported
that S100A6 induced EMT and promoted cell migration and
invasion in aβ-catenin-dependent mannerin pancreatic cancer
[30]. S100A6 was demonstrated to interact with p53 and en-
hance p53 transcriptional activity, consequently facilitating

Fig. 2 ROC analyses for S100A2/A6 to differentiate NSCLC from
healthy controls
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the apoptotic action of p53 [31]. By performing tissue micro-
arrays containing 103 stage I surgically resectedNSCLC cases
and 14 normal lung parenchyma specimens, Petriset al. found
S100A6 was positively expressed in 25 % of early NSCLC
cases while S100A6 expression was negative in all compo-
nents of normal lung tissue [24]. Consistent with these

findings, we verified the increased levels of S100A6 in the
sera of early NSCLC patients in this study. Our results indicate
that S100A6 could be a potential serum biomarker to detect
NSCLC. S100A6 could distinguish early stage NSCLC from
healthy controls (AUC=0.702), the marker may be able to
assist clinicians in detecting lung cancer at its early stage.
Moreover, the present study firstly found that serum S100A6
levels positively correlated with CEA levels, which suggested
that the combination of S100A6 and CEA could improve the
diagnostic efficiency of lung cancer. Since the positive corre-
lation is very weak and there are very few studies on the
relationship of S100A6 and CEA, the exact role it plays and
the specific mechanism involved could be better elucidated by
further study.

Cumulatively, our results suggest that the levels of S100A2
and S100A6 were increased in the sera of NSCLC patients.
Our data also indicate that S100A2/6 is up-regulated during
the early phase carcinogenesis of NSCLC, and the levels of
serum S100A2/6 may be useful for early detection and screen-
ing of NSCLC. The relatively low sensitivities (specificity
82 %, sensitivity 49.3 % for S100A2, and specificity 99.6 %
and sensitivity of 42.9 % for S100A6) in our study diminish
their clinical significance. Combining S100A2 and S100A6

Table 3 Serum S100A2/A6 levels and clinicopathological variables of the patients

S100A2 (ng/ml)a P value S100A6 (pg/ml)a P value

Age 0.46 0.64

≤60 years 13.46 (9.127, 21.05) 13140±1032

>60 years 14.15±0.91 12510±844.4

Sex 0.45 0.13

Male 14.70±0.866 12240±695.5

Female 16.16±1.877 14680±1640

Smoking status 0.56 0.99

Never 14.24±1.406 12750±1409

Ever 15.29±0.949 12770±732.2

Histology 0.30 0.99

Adenocarcinoma 14.33±1.093 12770±870.6

Squamous cell Carcinoma 16.02±1.171 12790±1002

Stage 0.41 0.60

Early stage (I+ II) 15.26±1.334 13710±1569

Advanced stage (III+ IV) 13.00 (8.669, 18.98) 12860±726.1

Differentiation 0.92 0.88

Poor 13.26 (8.954, 19.26) 12144 (7109, 17200)

Moderate 13.67 (9.105, 19.1) 13130±1035

Well 14.02±2.871 12580±2734

Diameter of tumor 0.31 0.54

≥3 cm 14.67±0.919 13040±759.7

<3 cm 16.56±1.525 12090±1290

a The data with normally distributed variables were described by mean±standard deviation (SD), and the data with abnormal distribution were described
using median (P25, P75).
*P<0.05 indicates statistical significance.

Fig. 3 Linear correlation of serum S100A6 levels with CEA levels.
Pearson correlation coefficient (r) was given along with the probability
that serum S100A6 concentration was correlated with CEA levels
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with commonly used tumor markers in the diagnosis of
NSCLC can also increase the sensitivities, which should be
evaluated in future study. Experiments using larger patient
cohorts could determine whether these two S100 proteins
are truly reliable markers and help elucidate the precise bio-
logical roles of S100A2 and S100A6 in the development of
lung cancer.
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