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Abstract

Background: Effective means for early diagnosis are imperative to reduce death rate of non-small cell lung cancer (NSCLC)
patients. We aimed to find out high-performance serologic markers to distinguish early-stage NSCLC patients from benign
pulmonary nodule patients and healthy controls (HC). Cystatin-SN (CST1) is an active cysteine protease inhibitor of the CST
superfamily, involving in the processes of inflammation and tumorigenesis. This is the first exploration of the diagnostic and
prognostic values of serum CST1 in NSCLC.

Methods:We analyzed the transcriptome data from The Cancer Genome Atlas and the Gene Expression Omnibus database,
screened biomarkers for NSCLC, and verified the candidate markers via the ONCOMINE database. Then, we performed
ELISA, western blotting, and immunohistochemistry analysis to detect the expression levels of CST1 in NSCLC cell lines, tumor
tissues, and serum samples of clinical cohorts.

Results: We identified 3 up-regulated secreted protein-encoding genes, validated the expression levels of CST1 in NSCLC
tumor tissues and cell lines, and found that serum CST1 levels of NSCLC (4289 ± 2405 pg/mL) were significantly higher than
those of PBN patients (1558 ± 441 pg/mL, P < .0001) and healthy controls (1529 ± 416 pg/mL, P < .0001). The AUC of the
combination of CST1, Cytokeratin 19 fragment (Cyfra21-1), and Carcinoembryonic antigen (CEA) for distinguishing early-stage
NSCLC from PBN/HC was as high as .914/0.925. Furthermore, our results suggested that the NSCLC patient with low serum
CST1 level had a better survival rate.
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Conclusions: Serum CST1 may serve as a novel diagnostic marker for differentiating early-stage NSCLC from PBN and HC,
and could be used as a prognosis predictor in NSCLC patients.
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Introduction

Non-small cell lung cancer (NSCLC) is the most common
subtype of lung cancer, accounting for nearly 85% of lung
cancer cases.1,2 Most NSCLC patients were initially diag-
nosed at advanced stage, of which the 5-year survival rate
remains extremely poor; while the 5-year survival rate for the
patients diagnosed at an early stage was as high as 71%-
88%.3,4 Therefore, effective means for early diagnosis are
imperative to reduce death rate of NSCLC.

As the gold standard for the diagnosis of NSCLC, the
combination of bronchoscopy and pathological examination is
an invasive and traumatic examination, leading to the poor
compliance. Hematology testing is a convenient and safe
diagnosis method, which plays an important role in the di-
agnosis and prognosis prediction of various tumors. Currently,
serological markers including carcinoembryonic antigen
(CEA) and cytokeratin 19 fragment (CYFRA21-1) are being
employed extensively to diagnose NSCLC, as recommended
by the National Academy of Clinical Biochemistry.5 Although
these serum markers exhibit high specificity (90%), their
sensitivity is still quite low (50-60%),6 which cannot meet the
actual clinical needs. It is urgently necessary to develop in-
novative and high-performance diagnostic tumor markers.

Cystatin-SN (CST1), a secreted protein encoded by the
CST1 gene, plays an important role in regulating the pro-
teolytic activity of cysteine proteases and involving inflam-
mation and tumorigenesis.7 Numerous studies confirmed that
high expression of CST1 was an independent indicator of poor
prognosis in various cancers by multivariate analysis.8-12 In
NSCLC, a study revealed that high level of CST1 in tumor
tissue is associated with poor survival of patients through
immunohistochemistry (IHC) analysis.13 It has also been
reported that the secreted protein CST1 can be detected in
serum.14 However, whether serum CST1 can serve as an
independent predictor in NSCLC and aid the clinical diagnosis
remains to be addressed.

In the present study, we identified CST1 as a candidate
biomarker from the transcriptome data of TCGA and GEO
database, and validated its expression in cell lines, tumor
tissues and serum samples from NSCLC patients. We
further evaluated the feasibility of detecting serum CST1
for differential diagnosis of clinical patients with NSCLC or
benign nodules, and assessed its diagnostic efficacy and
prognostic value.

Material and Methods

Patients and Specimens

In this retrospective clinical study, the NSCLC group in-
cluded 201 NSCLC patients pathologically diagnosed at
SYSUCC between December 2015 and February 2017. All
patients met the following inclusion criteria: A clear path-
ological diagnosis of primary NSCLC was confirmed by two
pathologists, and no surgery, chemotherapy or any other
treatment was received before serum collection. A total of 94
patients with pulmonary benign nodules (PBN) were en-
rolled from SYSUCC between March 2015 and February
2016, which met the following criteria: Pulmonary benign
nodules were identified by computed tomography (CT)
scans, and at least 2-year follow-up showed no progression in
the pulmonary nodules. Control samples were collected from
119 healthy volunteers without any malignant tumor or
benign nodules confirmed by chest CT between March 2015
and February 2016. Each subject was asymptomatic without
known disease, and underwent routine blood tests, serum
biochemistry tests, liver function and kidney function tests in
the PBN group and the healthy control (HC) group. A total of
19 NSCLC tumor tissues and adjacent non-tumor tissues
were collected for IHC analysis. Besides, serum samples
were retrospectively collected from 137 NSCLC patients
who were treated at SYSUCC from May 2002 until April
2004 for survival analysis. The pathological stage was based
on the American Joint Committee on Cancer (AJCC) 7th
edition staging criteria.15 Written informed consent was
obtained from the patient(s) for their anonymized informa-
tion to be published in this article. All the procedures per-
formed in this study were in accordance with the Declaration
of Helsinki (as revised in 2013).

Validation of Candidate Genes via the
ONCOMINE Database

To validate the expression of candidate genes, we consulted
the ONCOMINE database (http://www.ONCOMINE.org/),
selected “cancer type” as “Non-small cell lung cancer”,
chose all the transcriptome data of NSCLC, and we entered
the gene symbols to be verified to obtain the expression
levels in each study (the results of 32 studies were listed in
supplement files).
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Development of Enzyme-Linked Immunosorbent
Assay (ELISA) for CST1

After screening multiple antibody pairs, a double antibody
sandwich ELISA for CST1 antigen was developed using
rabbit polyclonal antibody (1:2000, 16025-1-AP, Proteintech)
as capture antibody and mouse monoclonal antibody (1: 6250,
MAB1285-SP, R&D Systems) labeled with biotin as detection
antibody. CST1 fusion protein (Ag9068, Proteintech) was
used as standard/positive control. Other materials included 96-
well plates (Corning), BSA (MPBio), PBS (Zhongshan Jin-
qiao), and TMB color reagent & stop solution (Kangwei
Century). Low or high CST1 expression was defined by the
median CST1 level (5463 pg/mL) determined in serum from
NSCLC patients.

IHC Staining

The protocols are listed in the supplementary appendix.

Cell Culture

Human epithelial cells (16HBE and Beas2-B), and different
NSCLC cell lines (A549, 95D, H1975, HCC827, PC-9, H358
and H460) were cultured in RPMI 1640 medium (Invitrogen)
supplemented with 5-10% fetal bovine serum (Thermo Fisher
Scientific) in a thermostatic incubator at 37°C with 5% CO2.

Western Blotting

Cells were lysed with sample buffer with proteinase/
phosphatase inhibitors. The protein samples were separated
by 6-15% SDS-PAGE, transferred to polyvinylidene difluoride
membranes and then blocked with 5% skim milk for 45 min.
The membranes were incubated with antibodies against CST1
(1: 400, 16025-1-AP, Proteintech) or β-actin (1:3000, A5441,
Sigma-Aldrich) overnight at 4°C, followed by a horseradish
peroxidase (HRP)-conjugated secondary antibody.

Statistical Analysis

Data was analyzed using Statistic Package for the Social
Science 20.0 (SPSS, IBM). Nonparametric Mann-Whitney
U-test or Kruskal-Wallis test were used to compare the dif-
ferences in CST1 expression between two or more than two
groups. The receiver operating characteristic curve (ROC) was
established using GraphPad Prism 5 (San Diego, USA); the
area under the curve (AUC), sensitivity, and specificity were
utilized to evaluate the diagnostic efficacy. ELISA Calc was
used to plot ELISA standard curve. Survival analysis was
performed using the Kaplan-Meier method, and survival
differences between the groups were determined by log-rank
test. Multivariate analysis was performed using a Cox re-
gression model. All statistical tests were two-sided and P < .05
was considered statistically significant.

Results

Identification of DEGs in NSCLC from the TCGA and
GEO Database

To obtain potential diagnostic indicators for lung cancer, we
firstly screened and analyzed The Cancer Genome Atlas
(TCGA) database and the Gene Expression Omnibus (GEO)
database according to certain filter conditions by bio-
informatics methods (Supplematal Table S1). A total of 64
overlapped differentially expressed genes (DEGs) were
identified from early-stage (stage I and stage II) lung ade-
nocarcinoma patients in both TCGA and GEO datasets
(Figure 1A), of which 10 genes were up-regulated (Figure 1B)
and 54 genes were down-regulated; all the DEGs are shown in
Supplemenatl Figure S1. Considering that secreted proteins
are much more likely to be detected in serum than nuclear
proteins and membrane proteins especially under tumor
progression, we picked out three up-regulated secreted
protein-encoding genes as the candidate genes including
Cystatin-SN (CST1), secreted phosphoprotein 1-osteopontin
(SPP1) and a disintegrin and metalloproteinase with throm-
bospondin motifs 1 (ADAMTS1) from 64 DEGs.

Verification of the Candidate Genes via the
ONCOMINE Database

We validated the expression levels of three candidate genes in
NSCLC-related studies using the ONCOMINE database. The
results showed that CST1 (P < .0001) and SPP1 (P = .005)
were significantly highly expressed in the NSCLC group
compared with the HC group, while no significant difference
was observed in ADAMTS1 (P = .905) (Figure 1C).
Therefore, we speculated that CST1 and SPP1 may be suitable
for the diagnosis of NSCLC. However, in view of numerous
studies16,17 that had reported peripheral blood SPP1 was
associated with the diagnosis, metastasis and recurrence of
NSCLC, next we mainly focused on the diagnostic and
prognostic values of CST1 for NSCLC.

Validation of CST1 Expression in NSCLC Cell Lines and
Tumor Tissues

We further verified the expression of CST1 at the tran-
scriptome level and the proteomic level in NSCLC samples.
The expression of CST1 mRNA and protein in NSCLC
tumor tissues were both significantly higher than that in
adjacent tissues (Figure 2F-2G). Besides, IHC staining was
performed to detect the expression levels of CST1 in 19 pairs
of NSCLC tumor tissues and matched adjacent tissues. The
results showed that the expression of CST1 protein was
higher in 94.74% (18/19) of NSCLC tissues including lung
adenocarcinoma and lung squamous cell carcinoma, com-
pared with adjacent tissues (Figure 2A-2D), and the scores of
CST1 levels were significantly higher in NSCLC tissues (P <
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.0001). Furthermore, compared with normal lung epithelial
cells (16HBE and Beas2-B), there were significant differ-
ences observed in mRNA, cellular protein and supernatant
protein levels of CST1 in 7 NSCLC cell lines (A549, 95D,
H1975, HCC827, PC-9, H358 and H460) (Supplemenatl
Figure S2A-2C).

Serum CST1 Levels in NSCLC Patients

We recruited a total of 414 participants (201 NSCLC patients,
94 PBN patients and 119 healthy controls), of whom the main
characteristics were presented in Supplemenatl Table S2.

The level of serum CST1 in NSCLC patients (4289 ±
2405 pg/mL) was significantly higher than in PBN patients
(1558 ± 441 pg/mL, P < .0001) and healthy controls (1529 ±
416 pg/mL, P < .0001). No significant difference was ob-
served in serum CST1 level between the PBN group and the
HC group (Figure 3A).

In addition, we analyzed the correlation between serum
CST1 levels and the clinical characteristics of patients with
NSCLC.We found that patients with stage T3-T4, N1-3 or M1
exhibited significantly higher median serum CST1 levels
compared with patients with stage TIS-T2, N0 or M0, re-
spectively (Table 1 and Figure 3B). We also observed sig-
nificantly higher median serum CST1 levels in patients with
stage III-IV compared with patients with stage I-II (Table 1
and Figure 3C-3E).

Besides, we further analyzed the correlation between serum
CST1 levels and the PBN size. The 94 cases of PBN patients
were divided into two groups by the size of PBN: the longest
diameter of the nodule ≤4 mm (n = 49) and the longest di-
ameter of the nodule >4 mm (n = 45). The basic characteristics
were shown in Supplemenatl Table S3. There was no sig-
nificant difference in serum CST1 level between the two
group, while the serum CST1 levels of the NSCLC patients
with the longest diameter of the tumor <10 mm were sig-
nificantly higher than those in above two PBN groups (P <
.01) (Figure 3F).

We also detected CST1 level in the serum of patients with
pulmonary chronic inflammation, including chronic pneu-
monia, chronic obstructive pulmonary disease, pulmonary
chronic granulomatous inflammation and so on. 40 patients
with chronic inflammation, age and sex-matched 32
NSCLC patients and 24 healthy controls were included. We
found that CST1 level in chronic inflammation patient
group was higher than in healthy control group (P < .05)
(Supplemenatl Figure S3), which suggested that inflam-
mation may lead to the slight upregulation of CST1.
However, the level of serum CST1 in NSCLC patients was
significantly higher than that in patients with chronic in-
flammation (P < .001), which indicates that serum CST1
could still be a potential diagnostic biomarker for dis-
tinguishing NSCLC from healthy controls, PBN or chronic
inflammation.

Figure 1. Selection and verification of potential serum diagnostic indicators for NSCLC from the TCGA, NCBI, and Oncomine databases. A,
in the TCGA and NCBI databases, 64 common genes were differentially expressed in early-stage lung adenocarcinoma patients, of which 10
genes were up-regulated and 54 genes were down-regulated; B, expression levels of 10 up-regulated genes in early-stage and advanced
NSCLC compared with healthy controls; C, validation of the 3 candidate genes in 32 NSCLC studies from the ONCOMINE database, with
ranking by the median expression levels of the genes in each study. s1, stage I; s2, stage II.
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Diagnostic Efficiency of Serum CST1 for
NSCLC Patients

The AUC of CST1 for differential diagnosis of NSCLC and
PBN/HC was .809/0.808, the sensitivity was 90.80%/
94.70%, and the specificity was 72.30%/66.30%, while
the AUC of Cyfra21-1 and CEA in diagnosing NSCLC and
PBN/HC was .799/0.788 and .758/0.783, respectively. The
AUC of CST1 + Cyfra21-1 + CEA was as high as .910/
0.919, the sensitivity was 83.20%/82.20%, and the speci-
ficity was 93.60%/93.30% (Supplemenatl Table S4, Figure
3G-3H).

CST1 identified early-stage NSCLC and PBN/HC patients
with an AUC of .734/0.733, a sensitivity of 52.60%/63.20%,
and a specificity of 94.70%/89.90%. Cyfra21-1 and CEA
identified early NSCLC and PBN/HC patients with an AUC of
.830/0.819 and .794/0.814, respectively. The AUC of CST1 +
Cyfra21-1 + CEA for distinguishing early-stage NSCLC from

PBN/HC was as high as .914/0.925, the sensitivity was
81.10%/88.40%, and the specificity was 90.40%/89.10%
(Supplemenatl Table S5, Figure 3I-3J).

Serum CST1 is Associated with the Prognosis of NSCLC

In order to evaluate the predictive power for the prognosis of
NSCLC, we examined the CST1 level in serum samples from
137 NSCLC participants. The characteristics of these patients
were summarized in Table 2. We used the Cox risk regression
model to investigate whether serum CST1 level can be used as
a prognostic predictor for NSCLC patients. Univariate anal-
ysis suggested that T stage, N stage, M stage, and serum CST1
levels were significantly associated with NSCLC prognosis (P
< .05) (Table 3). The above four factors were included in the
multivariate analysis. The results showed that serum CST1
(Hazard Ratio (HR) = 1.605; 95% confidence interval (CI) =
1.016 - 2.537; P = .043) and TNM stage (HR = 1.596; 95% CI

Figure 2. The expression of CST1 in NSCLC tumor tissues and adjacent tissues. Immunohistochemical (IHC) staining of CST1 in tumor
tissues (A, left: 40 × and right: 200 ×) and adjacent normal tissues (B, left: 40 × and right: 200 ×) from lung adenocarcinoma patients; IHC
staining of CST1 in tumor tissues (C, left: 40 × and right: 200 ×) and adjacent tissues (D, left: 40 × and right: 200 ×) from lung squamous cell
carcinoma patients; Brown or tan particles are positively stained; E, CST1 protein expression levels were scored in 19 pairs of NSCLC tumor
tissues and adjacent tissues; F, Western blotting of CST1 protein expression levels in 4 pairs of NSCLC tumor tissues and adjacent tissues
and relative quantification analysis; G, the mRNA relative expression of CST1 in 4 pairs of NSCLC tumor tissues and adjacent tissues. T, the
NSCLC tumor tissue; N, the adjacent normal tissue.
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= 1.293 - 1.969; P < .0001) are independent prognostic
predictors for overall survival (OS) of NSCLC patients (Table
3).

In this study, the Kaplan-Meier method was used to an-
alyze the relationship between serum CST1 levels and the
prognosis in 137 preoperative patients with NSCLC, and the
log-rank test was used to compare the difference of survival
curves of patients with high CST1 levels and low CST1
levels. All participants were followed up to 2017, of which
the median survival time and mean survival time were

19 months and 45 months, respectively. The 1-, 3-, 5-, and
10-year OS rates were 72.99%, 35.04%, 23.36%, and
12.41%, respectively.

Survival analysis showed that 1-, 3-, 5-, and 10-year OS
rates of NSCLC patients with high serum CST1 levels were
59.52%, 21.43%, 9.52%, and 7.14%, which were significantly
lower than those with low serum CST1 levels (75.79%,
38.95%, 28.42%, and 14.74%, respectively) (Figure 4A-4D).
These results suggested that serum level of CST1 was asso-
ciated with poor prognosis of patients with NSCLC.

Figure 3. Diagnostic efficiency of serum CST1 level for NSCLC. A, serum levels of CST1 in HC (n = 119), PBN patients (n = 94), and NSCLC
patients (n = 201); B-E, serumCST1 levels in patients with stage T0–2 (n = 150) versus T3–4 (n = 45), N0 (n = 88) versus N1–3 (n = 102), M0
(n = 143) versus M1 (n = 58), or stage I–II (n = 94) versus III–IV (n = 107); F, serum CST1 levels in the PBN patients with the longest diameter
of the nodule (Dmax) less than or equal to 4 mm (n = 49), PBN patients with Dmax more than 4 mm (n = 45), and NSCLC patients with Dmax
less than or equal to 10 mm (n = 9); The ROC analysis of serum CST1, Cyfra21-1, CEA, and three combined indicators in distinguishing
between NSCLC and PBN (G), NSCLC and HC (H), early-stage NSCLC and HC (I), early-stage NSCLC and PBN (J).
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Discussion

Although the strategy for early diagnosis of lung cancer has been
clinically recognized, the differential diagnosis of PBN and
NSCLC is still an important issue to be resolved.18 In the present
study, we selected and verified a candidate gene CST1 from
bioinformatics databases. We then validated the distinctions of
serum CST1 levels in NSCLC patients (4289 ± 2405 pg/mL)
compared with PBN patients (1558 ± 441 pg/mL) and healthy
controls (1529 ± 416 pg/mL). Further analysis showed that
serum CST1 levels of NSCLC patients in the early stage (I + II)
were significantly lower than those in the terminal stage (III +
IV), and meanwhile closely associated with the TNM stage.

CST1 is an active cysteine protease inhibitor of the CST
superfamily, involving in the processes of inflammation and
tumorigenesis. Numerous studies have reported that CST1
was a novel biomarker for several types of human cancer.
Yoneda et al. found that CST1 were elevated in tumor tissues,
serum samples and urine samples of patients with colorectal
cancer compared with healthy controls.14 Choi et al. have
shown that CST1 was highly up-regulated, and involved in
tumorigenesis of gastric cancer through T cell factor-mediated
proliferative signaling;9 clinical pathological analyses also
revealed that high CST1 expression was closely related to the
pTNM stage, which was consistent with our study. Further-
more, Cao et al. indicated that high expression of CST1 in

Table 1. Clinical characteristics and serum CST1 levels of 201 NSCLC patients.

Characteristics No. Percentage, % CST1 (pg/mL) P value

Age (years) .130
<60 111 55.22 3472 (492.4-11940)
≥60 90 54.78 4033 (378.3-9984)
Gender .072
Male 124 61.69 4134 (378.3-11940)
Female 77 38.31 3255 (416.3-11290)
Type .134
AD 159 79.10 7098 (416.3-11940)
SCC 28 13.93 5299 (378.3-10260)
Others 14 6.97 5233 (1151-9580)
Grade .455
Well differentiated 3 1.49 3990 (1535-7847)
Middle differentiated 66 32.84 3607 (530.4-9984)
Poorly differentiated 98 48.76 3800 (378.3-10420)
missing 34 16.92 4112 (416.3-11940)
pT stage .003
pTis 2 1.00 3312 (2024-4599)
pT1 64 31.84 3295 (416.3-11940)
pT2 84 41.79 3594 (378.3-10260)
pT3 28 13.93 5553 (1438-11940)
pT4 17 8.46 5763 (1045-11290)
missing 6 2.99 4004 (1724-8215)
pN stage .023
pN0 88 43.78 3245 (378.3-9984)
pN1 26 12.94 4274 (760-10260)
pN2 60 29.85 3960 (1282-11290)
pN3 16 7.96 6544 (3169-11940)
missing 11 5.47 3885 (1045-9922)
pM stage .002
pM0 143 71.14 3586 (378.3-10260)
pM1 58 28.86 4762 (1045-11940)
TNM stage .001
I 67 33.33 2974 (416.3-9547)
II 27 13.43 3472 (378.3-10260)
III 49 24.38 4168 (1438-9984)
IV 58 28.86 4762 (1045-11940)

The CST1 level was expressed as the median with the range. Mann-Whitney U-test or Kruskal-Wallis test were used to compare the differences in CST1 levels
between two or more than two groups. AD, adenocarcinoma; SCC, squamous carcinoma.
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Table 2. Clinical characteristics and serum CST1 levels of 137 NSCLC patients for survival analysis.

Characteristics No. CST1（pg/mL） P value1 No. of low CST1 expression No. of high CST1 expression P value2

Age .016 .020
≤60 82 3560 (1123-17706) 63 19
>60 55 4638 (1510-20000) 32 23
Gender .510 .617
Male 99 4119 (1123-20000) 72 27
Female 38 3469 (1227-20000) 26 12
Type .546 .826
AD 83 3536 (1123-20000） 56 27
SCC 46 4338 (1201-12374) 33 13
Others 8 4107 (2949-8065) 6 2
pT stage .067 .704
pT1 18 3074 (1227-12374) 13 5
pT2 70 4261 (1253-20000) 47 23
pT3 27 3916 (1201-12730) 19 6
pT4 19 3386 (1123-20000) 15 4
missing 3 6854 (5331-10434) 1 2
pN stage .147 .028
pN0 53 3401 (1227-12370) 41 11
pN1 14 3724 (1489-10375) 11 3
pN2 53 4119 (1201-20000) 35 18
pN3 15 6381 (1123-20000) 6 9
missing 2 3091 (1704-6854) 1 1
pM stage .085 .004
pM0 111 3818 (1123-12730) 83 28
pM1 26 5745 (1201-20000) 12 14
TNM stage .038 .038
I 32 3371 (1227-11271) 25 7
II 27 3782 (1253-12730) 22 5
III 53 4119 (1123-11135) 36 17
IV 25 5510 (1201-20000) 12 13

The CST1 level was expressed as the median with the range.
1Mann-Whitney U-test or Kruskal-Wallis test were used to compare the differences in CST1 levels between two or more than two groups. Low or high CST1
expression was defined by the median CST1 level (5463 pg/mL).
2Statistical significance was analyzed by chi-square test. AD, adenocarcinoma; SCC, squamous carcinoma.

Table 3. Univariate and multivariate analysis for OS prediction of NSCLC patients.

Characteristics

Univariate analysis Multivariate analysis

HR 95% CI P value1 HR 95% CI P value1

Age 1.032 .687-1.548 .881 — — —

Gender 1.067 .695-1.639 .766 — — —

T stage 1.564 1.211-2.018 .001 1.154 .867-1.536 .325
N stage 1.420 1.153-1.749 .001 1.484 .577-3.814 .842
M stage 3.516 1.885-6.559 <.0001 1.040 1.293-1.969 .413
TNM stage 1.622 1.316-2.000 <.0001 1.596 1.293-1.969 <.0001
Serum CST1 1.747 1.112-2.742 .015 1.605 1.016-2.537 .043

1Statistical significance was analyzed by Cox regression model; - means the data was not given; HR, hazard ratio; CI, confidence interval.
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tumor tissues was a significant prognostic indicator of re-
currence, metastatic risk, and poor survival in patients with
surgically resected NSCLCs.13

This is the first exploration of the relationship between
serum CST1 and NSCLC, and whether serum CST1 can serve
as an independent diagnostic indicator for distinguishing
between early-stage NSCLC and PBN. We performed the
ROC analysis to clarify the role of serum CST1 in the di-
agnosis of NSCLC. The serum CST1 levels could be used to
distinguish early-stage NSCLC patients from healthy subjects
and PBN patients with the AUC of .733 and .734, respectively.
Considering that the single indicator CST1 may not meet the
needs of clinical diagnosis, we combined Cyfra21-1, CEA and
CST1 to improve the diagnostic efficacy for early-stage
NSCLC, with the AUC of combined indicators for differen-
tial diagnosis between early-stage NSCLC and PBN/HC
patients reaching .914 and .925, respectively. Therefore,
CST1-based combined indicators provided a great potential to
recognize early-stage NSCLC and PBN cases.

We also explored the mechanisms involved in the rela-
tionship between CST1 and the prognosis of NSCLC. It has
been previously reported that Cathepsin B (CTSB) concen-
tration and activity were positively correlated with poor
prognosis of tumors.19,20 CST1 can counteract the inhibitory
effect of Cystatin C (CST3) on CTSB activity and indirectly
lead to enhanced CTSB activity.21Moreover, CST1 and CTSB
could delay cell senescence by inhibiting abnormal accu-
mulation of glycogen. Overall, CST1 may be involved in
regulating of CST3 and CTSB activity, thus indirectly af-
fecting the prognosis.

In this study, we found that high serum CST1 levels were
positively correlated with the poor prognosis of NSCLC
patients, and the correlation was likely to persist throughout
the course of disease progression. Our results also showed
that 1-, 3-, 5-, and 10-year OS rates for NSCLC patients
with high serum CST1 levels were 59.52%, 21.43%,
9.524%, and 7.143%, which were significantly lower than
those with low serum CST1 levels (75.79%, 38.95%,
28.42%, and 14.74%). Moreover, we provided evidence
that serum CST1 (HR = 1.605; P = .043) was an inde-
pendent risk factor affecting OS of patients with NSCLC.
These findings suggested that CST1 expression may reg-
ulate the malignant properties of tumor cells, leading to a
poor prognosis in NSCLC patients.

We also acknowledged the limitations of the present study.
All participants in this study were enrolled from the single
center, which may cover a narrower range. Multicenter cohort
should be conducted in future to further strengthen these
results. The expression levels of upstream and downstream
effectors of CST1 should be examined, which could provide
further evidence of the functions of CST1. Additional in-
vestigations of the detailed mechanisms of CST1 expression
acting on NSCLC should be performed.

Conclusions

Serum CST1 was a prognostic predictor for NSCLC, and
could be combined with Cyfra21-1 and CEA for dis-
tinguishing early-stage NSCLC patients from PBN cases and
healthy controls. However, whether serum CST1 will become
a novel clinical biomarker for NSCLC still needs to be val-
idated in a larger sample size of cohorts in future.

Appendix

Abbreviations

ADAMTS1 a disintegrin and metalloproteinase with
thrombospondin motifs 1

AJCC American Joint Committee on Cancer

AUC area under the curve
CEA Carcinoembryonic antigen
CST1 Cystatin-SN
CST3 Cystatin C
CT computed tomography
CTSB Cathepsin B
Cyfra21-1 Cytokeratin 19 fragment

Figure 4. Survival analysis of NSCLC patients stratified by median
serum CST1 protein expression level. Kaplan-Meier curves show
that patients with low CST1 expression had higher survival rates,
including the total (A), 3-year (B), 5-year (C), and 10-year (D) OS
rates. Red line, NSCLC patients with low CST1 expression; green
line, NSCLC patients with high CST1 expression.
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DEGs differentially expressed genes
ELISA enzyme-linked immunosorbent assay
GEO Gene Expression Omnibus
HC healthy controls
HRP horseradish peroxidase
NSCLC non-small cell lung cancer
PBN pulmonary benign nodule
ROC receiver operating characteristic curve
SPP1 secreted phosphoprotein 1-osteopontin
TCGA The Cancer Genome Atlas
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