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Abstract

Objective: To investigate the clinical significance of serum S100 calcium-binding protein AlQ
(SI100A10) levels in lung cancer.

Methods: This prospective study enrolled patients with lung cancer, patients with benign lung
nodules and healthy control subjects. Serum SI00AI0Q levels and three biomarkers were mea-
sured and compared between the groups. Associations between serum SI00AI0 and clinical
characteristics in patients with lung cancer were investigated. The diagnostic efficacy of serum
SI00A10 and carcinoembryonic antigen for lung cancer was calculated.

Results: The study enrolled 82 patients with lung cancer, 21 with benign lung nodules and 50
healthy controls. Serum SI00AI10 levels were significantly higher in patients with lung cancer
compared with patients with benign lung nodules and healthy control subjects. Serum SI00A10
levels of patients with advanced lung cancer were significantly higher than those with early stage
disease. Patients with lymph node metastases had significantly higher serum SI00A10 levels than
patients without lymph node metastases. The cut-off serum SI00AIO value for lung cancer
detection was 1.34 ng/ml, which had a sensitivity of 48.2%, a specificity of 76.2% and an area
under the curve of 0.63.

Conclusion: Serum SI00AI0 was significantly correlated with disease stage and lymph node
metastasis. It has the potential to be a tumour biomarker for lung cancer.
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Introduction

Lung cancer is a common cancer and
approximately 80% of cases are non-
small-cell lung cancer (NSCLC)." Despite
multidisciplinary efforts to improve the
clinical outcomes of lung cancer, it is still
the leading cause of cancer-related mortali-
ty worldwide.! The low rate (<25%) of
early diagnosis of lung cancer is the key
reason for its high mortality rate.” Low-
dose computed tomography (LDCT) has
been used in screening for lung cancer,
resulting in a reduction of the mortality
rate by 20%.> However, high false positiv-
ity is the major drawback of LDCT.’
Although serum tumour markers such as
carcinoembryonic antigen (CEA), squa-
mous cell carcinoma antigen (SCC) and
cytokeratin 19 fragment (Cyfra2l-1) are
widely used for lung cancer diagnosis in
clinical practice, they lack sufficient sensi-
tivity and specificity.* Thus, new potential
markers for the early diagnosis of lung
cancer are urgently needed.

S100 calcium-binding protein  Al10
(S100A10), as a member of the S100
family, regulates a range of biological func-
tions such as maintenance of cell motility,
phosphorylation and transduction pathway
signaling.’Previous reports have indicated
that S100A10 acts as an oncoprotein in
ovarian cancer, gastric cancer, breast
cancer and renal cell cancer.®”’ In lung
cancer, S100A10 is likely involved in the
progression of invasion and metastasis
through regulation of plasmin production
and subsequent plasmin-dependent stimula-
tion of matrix metalloproteinase (MMP)-2
and MMP-9." A previous report demon-
strated that S100A10 tissue levels were
higher in cancer tissues.!! However, the
relationship between serum S100A10 and
lung cancer has not yet been reported.
This study aimed to investigate the clinical
significance of serum S100A10 in lung

cancer with a view to providing a new
tumour biomarker for lung cancer.

Patients and methods

Patients and specimens

This prospective study enrolled consecutive
patients with lung cancer and consecutive
patients with benign Iung nodules in
the  Department of  Cardiothoracic
Surgery, The First Affiliated Hospital of
Chongqing Medical University,
Chongqing, China between January 2021
and April 2021. Venous blood samples
(2.0ml) were collected from the patients
and from 50 healthy control subjects that
attended a clinic for a routine examination
at the Health Management Centre, The
First Affiliated Hospital of Chongqing
Medical University, Chongqging, China.
The healthy control subjects were age and
sex matched to the patients. Each blood
sample was separated by centrifugation at
2000 x g for 10 min at 25°C in a B600A cen-
trifuge (Baiyang Medical Device Company,
Beijing, China). Serum was stored at —80°C
until further analysis. Lung cancer was
diagnosed by pathological examination.
Lung cancer was staged in accordance
with the sixth edition of the International
Union Against Cancer: Tumor—
Node—Metastasis (TNM) Classification for
malignant tumors.'”The exclusion criteria
was as follows: (i) patients with renal or
liver disease; (ii) patients with infectious dis-
ease; (iii) patients with other cancers.

The study was approved by the Ethics
Committee of the First Affiliated Hospital
of Chongqing Medical University (no.
2021-493). The study participants provided
written informed consent. The reporting of
this study confirms with STROBE
guidelines."?
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Serum SI00A 10 and tumour markers
measurement

Serum S100A10 levels were quantified using
an enzyme-linked immunosorbent assay
(ELISA) kit (CSB-EL020623HU; Wuhan
CUSABIO, Hubei, China). With regard
the reference data for the SI00A10 ELISA
kit, the regression equation for the standard
curve was as follows: y=10.118x-0.8064,
R?>=0.9952. The performance parameters
of the SI00A10 ELISA kit are summarized
as follows: intra-assay coefficient of varia-
tion <8%, inter-assay coefficient of varia-
tion <10%, detection range 0.312-20 ng/ml.

Serum SCC, Cyfra21-1 and CEA levels
were measured using electrogenerated
chemiluminescence immunoassays (cobas®
e 0602 module; Roche Diagnostics,
Mannheim, Germany). The minimum
detectable concentrations were 0.078 ng/ml
for S100A10, 0.1 ng/ml for SCC, 0.2 ng/ml
for Cyfra21-1 and 0.2 ng/ml for CEA.

Statistical analyses

All statistical analyses were performed
using the SPSS® statistical package, version
13.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. Serum S100A10 levels are pre-
sented as median (interquartile range).
Mann—Whitney U-test was used to compare
the results between groups. Receiver oper-
ating characteristic (ROC) curves were used
to determine the area under the curve
(AUC) and sensitivity and specificity of
serum S100A10 and serum CEA for lung
cancer. According to the reference, the
total AUC was an overall summary of the
diagnostic accuracy as follows: AUC > 0.9
indicates excellent diagnostic accuracy;
AUC between 0.71 and 0.9 indicates good
diagnostic accuracy; AUC between 0.5 and
0.7 indicates poor diagnostic accuracy;
AUC < 0.5 indicates the lack of diagnostic
value of the biomarker.'*A P-value <0.05
was considered statistically significant.

Results

This prospective study enrolled 82 patients
with lung cancer and 21 patients with
benign lung nodules. Of the 82 patients
with lung cancer (mean 4+ SD age, 59.3 +
9.6 years), 51 were male (62.2%) and 31
were female (37.8%). According to TNM
clinical staging, 48 patients (58.5%) were
in the early stage (I or II) and 34 patients
(41.5%) were in the advanced stage (III or
IV). Thirty-two of 82 patients (39.0%) had
lymph node metastases. The demographic
and clinical characteristics of the patients
with lung cancer are summarized in
Table 1. Of the 21 patients with benign
lung nodules (mean=+SD age, 53.2+8.6
years), 12 were male (57.1%) and nine
were female (42.9%). Blood samples were
also collected from 50 healthy control sub-
jects (25 males, 25 females; mean + SD age,
56.1 £ 7.8 years).

Table I. Demographic and clinical characteristics
of patients with lung cancer (n=82) that were
included in this prospective study of the clinical
significance of serum S100 calcium-binding protein
A10 (SI00A10) levels in lung cancer.

Patients with

lung cancer

Characteristic n=82
Sex

Male 51 (62.2)

Female 31 (37.8)
Tumour sizea

>l cm 27 (55.1)

<lcm 22 (44.9)
Lymph node metastasis

Absent 50 (61.0)

Present 32 (39.0)
Tumour stage

Early stage (1+ 1) 48 (58.5)

Advanced stage (Il +1V) 34 (41.5)
Histological typea

Squamous cell carcinoma 14 (19.4)

Adenocarcinoma 58 (80.6)

Data presented as n of patients (%).
’Data from some patients were missing.
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Serum S100A10 levels were significantly
higher in patients with lung cancer than in
the healthy control subjects and patients
with benign lung nodules (median [inter-
quartile range] 1.27 [0.9-1.72]ng/ml versus
1.13 [0.75-1.37] ng/ml, P=0.018; 1.27 [0.9—
1.72]ng/ml versus 1.04 [0.76-1.28] ng/ml,
P=0.039], respectively)  (Figure 1).
Significantly higher serum CEA levels were
also found in patients with lung cancer than
in the healthy control subjects and patients
with benign lung nodules (median [inter-
quartile range] 2.59 [1.59—4.69] ng/ml versus
2.15 [1.43-3.10] ng/ml, P=0.03; 2.59 [1.59—
4.69]ng/ml  versus 1.8 [1.6-2.3]ng/ml,
P =0.023], respectively). No significant dif-
ferences were found between the three
groups in terms of serum Cyfra2l-1 and
SCC levels (median Cyfra2l-1 [interquartile
range] 3.20 [2.00-6.00]ng/ml versus 2.20
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Figure 1.

[1.84-3.55]ng/ml versus 2.20 [1.85-3.15]ng/
ml, respectively; median SCC [interquartile
range] 1.00 [0.80-1.40]ng/ml versus 1.02
[0.79-1.4]ng/ml versus 1.30 [0.80-1.60]ng/
ml, respectively).

Significantly higher serum S100A10
levels were found in patients with lung
cancer at the more advanced stages than
those in the early stages (median [interquar-
tile range] 1.65 [1.20-1.76] versus 1.12
[0.75-1.45]ng/ml, respectively, P <0.01)
(Figure 2). Patients with lymph node metas-
tases showed significantly higher S100A10
levels than patients without lymph node
metastases (median [interquartile range]
1.47 [1.21-1.75] versus 1.07 [0.76—-1.40]ng/
ml, respectively, P<0.01). No significant
differences in serum SI00A10 levels
between squamous cell carcinoma and

adenocarcinoma were found (median
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Levels of serum S100 calcium-binding protein A10 (SI00A10) and three tumour markers in the

three groups of study participants: patients with lung cancer (n=82), patients with benign lung nodules
(n=21) and healthy control subjects (n=50). (a) SI00A10; (b) carcinoembryonic antigen (CEA); (c) cyto-
keratin 19 fragment (Cyfra2l-1); (d) squamous cell carcinoma antigen (SCC). The colour version of this

figure is available at: http://imr.sagepub.com.
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Figure 2. Relationship between the levels of serum S100 calcium-binding protein A10 (SI00A10) and
clinical characteristics in patients with lung cancer (n=82): (a) Tumor—Node—Metastasis (TNM) stage; (b)
lymph node metastasis; (c) histological type; (d) tumour size. The colour version of this figure is available at:

http://imr.sagepub.com.

[interquartile range] 1.52 [1.10-1.73]ng/ml
versus 1.27 [0.85-1.69] ng/ml, respectively).
Serum S100A10 levels in patients with
tumour size >1cm and tumour size <I cm
were not significantly different (median
[interquartile range] 1.35 [1.00-2.42] ng/ml
versus 1.15 [0.90-2.00] ng/ml, respectively).

The ROC curve analysis for serum
S100A10 for diagnosing lung cancer had
an AUC of 0.63 (95% confidence interval
[CI] 0.54, 0.72) (Figure 3). Youden’s index
was calculated to set an optimum cut-off
value of 1.34ng/ml with a sensitivity of
48.2% and a specificity of 76.2%. The
AUC of serum CEA for lung cancer was
0.62 (95% CI 0.53, 0.71) with a sensitivity
of 42.2% and a specificity of 86.2%. Using
a combination of serum S100A10 and
serum CEA for lung cancer diagnosis pro-
duced an AUC of 0.67 (95% CI 0.59, 0.76)
with a sensitivity of 36.1% and a specificity
0f 96.9%.
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Figure 3. Diagnostic efficacy of serum S100 cal-
cium-binding protein A10 (SI00A10) and carcino-
embryonic antigen (CEA) for lung cancer. The
colour version of this figure is available at: http://
imr.sagepub.com.

Discussion

The findings of this current study demon-
strated that serum S100A10 levels were sig-
nificantly higher in patients with lung
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cancer than in those with benign lung nod-
ules and healthy control subjects. Previous
reports have indicated that SI100A10
expression was increased in leukaemia,
colorectal cancer and melanoma."> 7 In
pancreatic ductal adenocarcinoma,
S100A10 has been found to be overex-
pressed in tumours when compared with
normal ducts and nonductal stroma;'® and
S100A10 expression was upregulated in
lung cancer tissue.!' These findings are in
accordance with those of the current study
and suggest that serum S100A10 might be
marker for lung cancer.

An ideal tumour marker is associated
with clinical characteristics.'” These current
results demonstrated that serum S100A10
levels were associated with tumour TNM
stage and lymph node metastasis. In lung
cancer, SI00A10 participates in metastasis
through regulation of plasmin production
and subsequent plasmin-dependent stimula-
tion of MMP-2 and MMP-9."° MMPs are
capable of the degradation of the extracellu-
lar matrix and basement membrane, a criti-
cal step in tumour progression.'” S1I00A10
has been found to be correlated to histolog-
ical subtype, histological grade and
International Federation of Gynecology
and Obstetrics stage in epithelial ovarian
cancer.”® In addition, univariate Cox regres-
sion analysis indicated that S100A10 was
correlated with short overall survival.?* In
a study of breast cancer, SI00A 10 expression
was significantly elevated in high-grade,
triple-negative tumours and tumours with a
high proliferative index.® In a study of lung
squamous cell carcinoma tissue, SI00A10
levels were significantly associated with
higher TNM stage, tumour size, lymphatic
invasion and lymph node metastasis.'' The
results of these studies were consistent with
literature reporting that serum SI100A10 is
related to cancer characteristics.'’

Serum CEA, Cyfra2l-1 and SCC are
widely used for lung cancer diagnosis in
clinical practice, but their diagnostic

efficacy is limited.>' ROC curve analysis is
the most useful tool for evaluating diagnos-
tic efficacy. The AUC ranges from 0.5-1.0,
with values close to I indicating a high diag-
nostic efficacy. In the present study, the
AUC (0.63) for S100A10 and the AUC
(0.62) for CEA in lung cancer diagnosis
indicated that the diagnostic accuracy was
unsatisfactory. When serum S100A10 and
serum CEA were combined for Iung
cancer detection, the AUC was increased
to 0.67 with a sensitivity of 36.1% and a
specificity of 96.9%. The diagnostic values
were similar for serum CEA and serum
S100A10 levels. Although serum CEA is a
tumour biomarker for lung cancer in the
clinic, its specificity is not strong and its
sensitivity is not high.* Thus, serum
S100A10 might be useful as a complemen-
tary marker for CEA in lung cancer.

In conclusion, elevated serum S100A10
levels in lung cancer correlated positively
with TNM stage and lymph node metasta-
sis, suggesting that serum S100A10 level has
the potential to be a tumour biomarker for
lung cancer.

Declaration of conflicting interest

The authors declare that there are no conflicts of
interest.

Funding

The authors disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This study was
supported by grants from the National Nature
Science Foundation of China (no. 81972011)
and the Chongqing Health Commission (no.
2021MSXM095, no. 2020MSXMO009).

ORCID iD

Yu-Lei Hou (® https://orcid.org/0000-0002-
8438-4333

References
1. Siegel RL, Miller KD and Jemal A. Cancer
statistics, 2019. CA Cancer J Clin 2019;

69: 7-34.


https://orcid.org/0000-0002-8438-4333
https://orcid.org/0000-0002-8438-4333
https://orcid.org/0000-0002-8438-4333

Hou et al.

10.

11.

12.

. Wood DE, Kazerooni EA, Baum SL, et al.

Lung Cancer Screening, Version 3.2018,
NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw 2018;
16: 412-441.

. Snowsill T, Yang H, Griffin E, et al. Low-

dose computed tomography for lung cancer
screening in high-risk populations: a system-
atic review and economic evaluation. Health
Technol Assess 2018; 22: 1-276.

. Villalobos P and Wistuba II. Lung cancer

biomarkers. Hematol Oncol Clin North Am
2017; 31: 13-29.

. Santamaria-Kisiel L, Rintala-Dempsey AC

and Shaw GS. Calcium-dependent and
-independent interactions of the S100 pro-
tein family. Biochem J 2006; 396: 201-214.

. Noye TM, Lokman NA, Ochler MK, et al.

S100A10 and cancer hallmarks: structure,
functions, and its emerging role in ovarian
cancer. Int Mol Sci 2018; 19: 4122.

. Wang C, Zhang C, Li X, et al. CPT1A-medi-

ated succinylation of S100A10 increases
human gastric cancer invasion. J Cell Mol
Med 2019; 23: 293-305.

. Bharadwaj AG, Dahn ML, Liu RZ, et al.

S100A10 has a critical regulatory function
in mammary tumor growth and metastasis:
insight using MMTV-PyMT Oncomice and
clinical patient sample analysis. Cancers
(Basel) 2020; 12: 3673.

. Xiao Y, Zhao H, Tian L, et al. SI00A10 is a

critical mediator of GAS6/AXL-induced
angiogenesis in renal cell carcinoma.
Cancer Res 2019; 79: 5758-5768.
LiC,Ma, Fei F, et al. Critical role and its
underlying molecular events of the plasmin-
ogen receptor, SIO0A10 in malignant tumor
and non-tumor disease. J Cancer 2020; 11:
826-836.

Sato K, Saiki Y, Arai K, et al. SIO0A10
upregulation associates with poor prognosis
in lung squamous cell carcinoma. Biochem
Biophys Res Commun 2018; 505: 466-470.
Sobin LH, Gospodarowicz MK and
Wittekind C. International Union against

Cancer. TNM classfication of malignant

13.

14.

15.

16.

17.

18.

19.

20.

21.

tumors. Chichester, West Sussex, UK:
Wiley-Blackwell, 2010, p.309.

von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) statement: guidelines for report-
ing observational studies. Ann Intern Med
2007; 147: 573-5717.

Stanciu AE, Zamfir-Chiru-Anton A, Stanciu
MM, et al. Clinical significance of serum
melatonin in predicting the severity of oral
squamous cell carcinoma. Oncol Lett 2020;
19: 1537-1543.

Gopalakrishnapillai A, Kolb EA, Dhanan P,
et al. Disruption of Annexin II/p11 Interaction
Suppresses Leukemia Cell Binding, Homing
and  Engraftment, and Sensitizes the
Leukemia Cells to Chemotherapy. PLoS One
2015; 10: e0140564.

Liu G, Fei F, Qu J, et al. iTRAQ-based pro-
teomic analysis of DMH-induced colorectal
cancer in mice reveals the expressions of
p-catenin, decorin, septin-7, and S100A10
expression in 53 cases of human hereditary
polyposis colonrectal cancer. Clin Transl
Oncol 2019; 21: 220-231.

Xiong TF, Pan FQ and Li D. Expression
and clinical significance of S100 family
genes in  patients with melanoma.
Melanoma Res 2019; 29: 23-29.

Bydoun M, Sterea A, Liptay H, et al
S100A10, a novel biomarker in pancreatic
ductal adenocarcinoma. Mol Oncol 2018;
12: 1895-1916.

Hou YL, Chen JJ, Zhang X, et al
Evaluation of serum insulin-like growth
factor 1 and its significance in thyroid
cancer: An observational study. Medicine
( Baltimore) 2021; 100: ¢26165.

Christensen MV, Hegdall C, Jensen SG,
et al. Annexin A2 and SI00A10 as candidate
prognostic markers in epithelial ovarian
cancer. Anticancer Res 2019; 39: 2475-2482.
Jia HM, Zhang L and Wang BL. The value
of combination analysis of tumor bio-
markers for early differentiating diagnosis
of lung cancer and pulmonary tuberculosis.
Ann Clin Lab Sci 2019; 49: 645-649.



	table-fn1-03000605211049653
	table-fn2-03000605211049653

