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Abstract. The aim of the present study was to elucidate 
the significance of secreted protein acidic and cysteine rich 
(SPARC) expression in non‑small cell lung cancer (NSCLC) 
in terms of clinicopathology, immune‑cell infiltration and 
survival prognosis. A meta‑analysis and bioinformatics 
analysis were performed using studies retrieved with PubMed, 
Web of Science, Wanfang Data and the Chinese National 
Knowledge Infrastructure databases. The meta‑analysis 
suggested that, compared with normal tissues, SPARC 
expression was elevated in NSCLC tissues. The expression of 
SPARC was not significantly associated with TNM stage and 
lymph‑node metastasis, and was positively associated with 
patient gender. Regarding the differential expression of SPARC 
and the relationship between expression levels and survival, 
the Oncomine database was consulted and Kaplan‑Meier 
curves were drawn. It was indicated that SPARC mRNA 
expression levels were higher in NSCLC tissues than in normal 
tissues. Low expression of SPARC mRNA was negatively 
associated with overall survival, first progression survival and 
post‑progression survival of patients. Further exploration of 
the relationship between SPARC expression and survival by 
univariate analysis indicated that TNM stage, lymph node 
metastasis, distant metastasis and depth of infiltration of lung 
cancer were negatively associated with patient prognosis. Cox 
multifactorial analysis suggested that SPARC expression levels 
and TNM stage were risk factors significantly affecting the 
prognosis of patients with NSCLC. Analysis with the GEPIA 
and UALCAN databases further indicated that the mRNA 
expression level of SPARC in lung adenocarcinoma (LUAD) 
and lung squamous cell carcinoma (LUSC) was higher than 
that in normal lung tissue, and the SPARC expression levels 
were affected by factors such as the TNM stage of lung cancer. 

A lower the level of SPARC mRNA expression was associ‑
ated with a better relative survival prognosis of patients. In the 
Human Protein Atlas database, the expression level of SPARC 
protein was higher in LUAD and LUSC than in normal lung 
tissue. In the Timer database, the expression level of SPARC 
was closely linked to immune cells related to the occurrence 
of lung cancer, and the degree of immune‑cell infiltration and 
SPARC protein expression were closely related to the prognosis 
of patients with lung cancer. Immune cells were indicated to 
exhibit significant inhibition of DNA proliferation mutation 
mechanisms in lung cancer (P<0.05). In summary, SPARC 
expression may be used as a valuable indicator of prognosis in 
patients with NSCLC, which may provide new approaches for 
preventative treatment.

Introduction

Lung cancer is one of the most common malignant tumor 
types. According to the latest statistics from the World Health 
Organization in 2021, 2.2 million patients are living with lung 
cancer worldwide, among which 1.8 million die; lung cancer 
ranks highest in terms of death rate from cancer and the patients 
are mostly male (1). Non‑small cell lung cancer (NSCLC) is the 
most common type of lung cancer, accounting for 80‑85% of 
cases. These mainly include lung adenocarcinoma (LUAD) and 
lung squamous cell carcinoma (LUSC). NSCLC mostly spreads 
along the trachea and alveolar wall, and as these areas are rich 
in blood vessels, local infiltration and hematogenous dissemi‑
nation occur early, and it easily involves the pleura and causes 
pleural effusion, and numerous patients are diagnosed at this 
time; however, hematogenous and disseminated metastases have 
already occurred at that stage, and patients are no longer eligible 
for surgical treatment. Therefore, the 5‑year survival rate of 
patients with advanced NSCLC is only ~10% (1). The treatment 
of advanced lung cancer mainly comprises chemotherapy and 
targeted therapy. Targeted therapy has been a hot research topic 
in recent years. Genetic testing of patients with NSCLC is used 
to select targeted therapeutic drugs. Current common targets 
include EGFR, echinoderm microtubule‑associated protein‑like 
4‑anaplastic lymphoma kinase, VEGF, programmed death 
receptor 1, HER2 and KRAS (2).

The secreted protein acidic and cysteine rich (SPARC) gene 
is located on the human chromosome Sq31.3‑q32 and contains 
10 exons. It is a small‑molecule glycoprotein rich in cysteine ​​and 
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is closely related to cellular secretion. It is involved in various 
biological processes such as tumor angiogenesis and tissue repair 
and remodeling (3), and is able to regulate cell adhesion and 
proliferation through different signaling pathways. Members of 
the SPARC family all contain a special EC domain, and the EC 
domain contains the EF hand model. SPARC family members 
may be divided into different taxa: SPARC, Hevin, SMOC1 
and follistatin‑like protein, which are five taxa with sequence 
homology of different EC structural domains, of which the 
SPARC gene is the more important gene in the family (4). Studies 
have indicated that SPARC is abnormally highly expressed in 
liver cancer tissues and is related to the formation of microves‑
sels in tumor tissues (5). In gastric cancer, SPARC regulates the 
epithelial‑mesenchymal transition of gastric cancer through the 
Slug pathway, thereby promoting gastric cancer metastasis and 
leading to poor prognosis (6). Previous studies have indicated 
that the expression of SPARC in gastric cancer is correlated 
with the expression of E‑cadherin, Slug and Vimentin, and the 
positive expression of SPARC is negatively correlated with the 
survival rate of patients with gastric cancer. Positive expression 
of E‑cadherin is positively correlated with the survival rate of 
patients with gastric cancer (7). At the same time, it has been 
indicated that SPARC may affect the metastasis of lung cancer 
through the Wnt/β‑catenin signaling pathway. The expres‑
sion of β‑catenin, c‑myc and cyclin‑D1 in the Wnt/β‑catenin 
signaling pathway was increased in lung cancer tissues. After 
SPARC knockout, the expression of β‑catenin, c‑myc and 
cyclin‑D1 decreased. It is inferred that SPARC is able to affect 
the epithelial‑mesenchymal transition of NSCLC through the 
Wnt/β‑catenin signaling pathway and promote invasion and 
metastasis of NSCLC. The high expression of SPARC in liver 
cancer and bladder cancer may inhibit apoptosis of tumor cells 
through the PI3K/AKT signaling pathway, while promoting the 
proliferation, invasion and metastasis of tumor cells. SPARC 
is an upregulated gene in CHD1L‑induced hepatocellular 
carcinoma (8‑11). In human NSCLC cells expressing SPARC 
induced by TGF‑β, the expression of CDH1 did not change, 
while SPARC was strongly expressed in metastatic NSCLC. 
It is also expressed in triple‑negative NSCLC and intraductal 
carcinoma in situ. The intensity of SPARC expression is related 
to the stage of breast ductal carcinoma in situ. The expression 
of SPARC in poorly differentiated ductal carcinoma in situ is 
stronger than that in well‑differentiated cases, suggesting that 
SPARC may be related to the epithelial‑mesenchymal transition 
of NSCLC (12).

Previous studies have indicated that SPARC is highly 
expressed in gastric cancer, pancreatic cancer, cervical cancer 
and liver cancer, but the role of SPARC in lung cancer remains 
elusive. The present study confirmed the relationship between 
SPARC mRNA and protein expression levels and survival 
prognosis, clinicopathological factors and immune infiltration 
mechanisms in NSCLC by meta‑analysis and bioinformatics 
analysis. It provided a theoretical basis for the SPARC gene 
as a potential key factor in the occurrence and development 
of NSCLC.

Materials and methods

Literature search and data extraction. The PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed), Web of Science 

(http://webofscience.com), Wanfang database (https://www.
wanfangdata.com.cn/) and Chinese National Knowledge 
Infrastructure (CNKI) database (http://www.cnki.net/) were 
searched from inception until February 2022 by using the 
following key words: ‘SPARC’ and ‘lung cancer’ or ‘NSCLC’ 
or ‘lung adenocarcinoma’ or ‘lung squamous cell carcinoma’. 
The present study was conducted in strict accordance with 
the PRISMA guidelines  (13). A total of 173 articles were 
screened after an initial search by reading abstracts and 
excluding duplicate studies. After further screening (SS and 
YRZ), we continued the careful screening of 26 articles for 
full‑text reading. Ultimately, only 17 articles were included 
in the study of this paper and all case data were sourced 
from China. The study inclusion criteria were as follows: 
i) Patients with NSCLC; ii) immunohistochemical detection of 
SPARC; iii) articles containing SPARC expression and clini‑
copathological parameters; iv) none of the patients received 
chemotherapy or radiotherapy prior to surgery. The exclusion 
criteria were as follows: i) Abstracts, case reports, reviews and 
conference proceedings; ii) duplicate publications; iii) unclear 
diagnoses; iv) the expression of SPARC was investigated by 
western blot, reverse transcription‑quantitative PCR, cDNA 
microarray or transcriptome sequencing.

Data extraction and quality assessment. As presented in 
Table I, the eligible paper information was extracted by two 
reviewers (GYM and ZGZ), including the first author's name, 
publication year, patient's country, antibody company, number 
of cases and controls, cancer risk and follow‑up results. 
According to the Newcastle‑Ottawa Oncomine scale  (14), 
the quality of the studies was independently assessed by two 
reviewers. The criteria to judge the quality of the studies 
included sample selection, comparability and determination 
of results.

Meta‑analysis. SPARC expression was estimated according to 
the clinicopathological parameters and the odds ratio (OR) and 
its 95% CI were used to express the effect size in patients with 
NSCLC. First, the χ2 test was used to assess the heterogeneity 
of the original study. When heterogeneity was not significant, 
i.e., P≤0.1, a fixed‑effects model (Mantel‑Haenszel method) 
was used. When P>0.1, a random‑effects model (Der Simonian 
and Laird method) was used. I2 statistics were used to quantify 
the effect of heterogeneity at cutoffs of 25, 50 and 75%, respec‑
tively. Heterogeneity in the results was considered significant if 
P<0.1 and I2>50%. Meta‑analysis was performed based on the 
random‑effects model. If P>0.1 and I2<50%, it was considered 
that there was no significant heterogeneity among the study 
results and the fixed‑effects model was used for meta‑analysis. 
Funnel plots were used to evaluate publication bias, and 
Begg's test and Egger's test were used to evaluate whether 
the funnel plots were consistent. Furthermore, to perform a 
sensitivity analysis on the aggregated results, one study was 
deleted at a time and the impact of a single study on the results 
was thereby examined. In the sensitivity analysis, none of the 
studies affected the combined HR and OR, which indicated 
that the results were stable (results not shown). Meta‑analysis 
was performed using RevMan 5.2 software and SPSS software 
(version 10.0; SPSS, Inc.) with the t‑test. A two‑sided P<0.05 
was considered to indicate statistical significance.
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Bioinformatics analysis. The prognostic value of SPARC 
mRNA expression in NSCLC was analyzed using the 
Kaplan‑Meier plotter (KM‑plotter; http://www.kmplot.com). 
The influence of the expression of SPARC on overall survival, 
recurrence‑free survival, distant metastasis‑free survival and 
post‑progression survival in all patients was determined. The 
correlation of the expression of SPARC with clinicopatholog‑
ical features was also examined. To investigate SPARC gene 
expression, the Oncomine database (www.oncomine.org), 
an extensive database of tumor microarray data, including 
microarray and gene expression data, was used. The database 
may be used to analyze differences in gene expression and 
to classify clinical information about tumor patients. The 
expression differences of SPARC mRNA in cancer tissues and 
normal tissues were compared. The gene expression and clini‑
copathological data of SPARC were downloaded from The 
Cancer Genome Atlas (TCGA; www.cancer.gov) database 
using R software TCGA‑assembler. The data were collated 
and SPARC mRNA expression in NSCLC was analyzed. 
Furthermore, the clinicopathological data and prognosis of 
tumor patients were analyzed. Cox hazard regression models 
were used to perform univariate and multivariate analyses. 
The model analyzed the effects of risk factors, hazard ratios 
and 95% CIs. The TCGA data and GTEx data from the GEPIA 
online analysis website (http://gepia.cancer‑pku.cn/) were 
used to analyze the expression of SPARC mRNA in NSCLC 
tissues and normal lung tissues. SPARC mRNA expression 
was analyzed according to library online analysis and mining 

site exploration subpopulations by performing TCGA number 
analysis on the UALCAN online website (http://ualcan.path.
uab.edu/). According to the mRNA expression value of each 
gene, cancer patients were automatically divided into a high 
expression group and low expression group for comparison. 
P<0.05 was considered to indicate a statistically significant 
difference. Based on the Human Protein mapping database 
[the Human Protein Atlas (HPA); https://www.proteinatlas.
org/], the SPARC mRNA and protein levels in NSCLC 
and normal lung tissues were analyzed and compared. 
Representative immunohistochemical images of NSCLC 
tissues with varying levels of SPARC protein expression were 
downloaded. Based on the website of the Timer database 
(http://http://timer.cistrome.org/), the relationship between 
immune cells and survival prognosis in NSCLC, as well as 
the relationship between lung cancer and related immune cell 
infiltration and SPARC gene expression, were analyzed. The 
scores were mainly calculated for 35% and a survival time of 
60 months. It was fitted automatically by software which uses 
the R language package and the main algorithms are based 
on genetic marker method and deconvolution. The R language 
package immunedeconv was used, which integrates the six 
algorithms TIMER, xCell, MCP‑counter, CIBERSORT, EPIC 
and quanTIseq.

Statistical analysis. Revman Version 5.3 (Cochrane 
Collaboration) was adopted to perform the meta‑analysis. 
Comparison between the case group and the control group was 

Table I. Main characteristics of eligible studies.

First		  Antibody	 Total		  Risk of	 Follow‑up	 Quality	
author, year	 Country	 supplier	 cases, n	 Events, n	 cancer	 outcome	 score	 (Refs.)

Andriani et al, 2018 	 Italy	 NS	 57	 28	 Raised	 NS	 8	 (17)
Duan et al, 2017	 China	 Invitrogen; Thermo	 32	 18	 Raised	 Negative	 7	 (19)
		  Fisher Scientific,
		  Inc.
Koumiya et al, 2016	 Japan	 Abcam	 200	 145	 Raised	 NS	 7	 (20)
Koukourakis et al, 2003	 Greece	 Abcam	 113	 107	 Raised	 NS	 9	 (28)
Zhang et al, 2012	 China	 Fuzhou Maixin	 89	 63	 Raised	 NS	 8	 (25)
		  Biotech Co., Ltd.
Zheng et al, 2014	 China	 Bostik 	 71	 44	 Raised	 NS	 8	 (29)
Zheng et al, 2015	 China	 NS	 71	 40	 Raised	 NS	 8	 (30)
Huang et al, 2012	 China	 R&D Systems, Inc.	 105	 57	 Raised	 NS	 8	 (26)
Xu et al, 2019	 China	 Abcam	 90	 54	 Raised	 NS	 8	 (31)
Kurtul et al, 2014	 Turkey	 BIOSS	 84	 NS	 Raised	 Negative	 8	 (22)
Fabrizio et al, 2020	 Italy	 Cell Signaling	 21	 NS	 Raised	 NS	 7	 (15)
		  Technology, Inc.
Yin et al, 2016	 China	 NS	 NS	 NS	 Raised	 NS	 7	 (24)
Gao et al, 2020	 China	 NS	 NS	 NS	 Raised	 NS	 8	 (16)
Li et al, 2018	 USA	 NS	 NS	 NS	 NS	 NS	 7	 (18)
Ma et al, 2006	 China	 NS	 NS	 NS	 NS	 NS	 7	 (27)
Zheng et al, 2016	 China	 NS	 NS	 NS	 Raised	 Negative	 8	 (21)
Grant et al, 2014	 USA	 Prolytix	 19	 7	 Raised	 NS	 8	 (23)

The quality score is based on the Newcastle‑Ottawa Oncomine scale. NS, not specified.
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indicated by OR and 95% CI. I2 statistics were used to deter‑
mine heterogeneity between study results. Publication bias was 
evaluated by funnel plots and the asymmetry of the funnel plot 
was tested by Begg's and Egger's tests. The Cox risk regression 
model was used for univariate and multivariate analysis. The 
model analyzed the impact of risk factors, risk ratios and 95% 
CI. P<0.05 was considered to indicate statistical significance. 
All data were analyzed using SPSS 19.0 software (IBM Corp).

Results

Literature search and publication bias. The final 17 articles 
included in the present study discussed the relationship between 
SPARC expression and clinicopathologically or prognosti‑
cally relevant expression markers in NSCLC (Fig. 1) (15‑31). 
Clinicopathological characteristics of NSCLC included histo‑
logical grade, TNM stage, presence of lymph node metastasis 
and patient gender (Table I). As presented in Fig. 2, funnel plots 
were used to examine the heterogeneity among studies. The 
results of Egger's test indicated that there was no significant 
publication bias in the present meta‑analysis. It was indicated 
that SPARC expression was able to distinguish between cancer 
and normal tissue, and was related to the parameters of lymph 
node metastasis, TNM stage and gender (Fig. 2A‑D).

Association between SPARC expression and clinicopatho‑
logical characteristics of patients with NSCLC according 
to the OR forest plot. A total of 7 articles included data on 
633 patients with NSCLC and 576 normal controls. Compared 
with normal tissues, the expression of SPARC in lung cancer 
tissues was significantly upregulated (OR=10.09, 95%  CI 
2.09‑48.69, P=0.004; Fig. 2E). The SPARC gene was expressed 
at higher levels in NSCLC than in normal lung tissue. There 
was high heterogeneity among study results (P=0.004, 
I2=96%), which may be due to potential selection bias among 
study subjects and no medical history in the control group. 
The present meta‑analysis indicated that SPARC expression 
was not significantly associated with TNM stage and lymph 
node metastasis in patients with NSCLC (Fig. 2F and G). The 
expression of SPARC was closely related to the gender of the 
patients and males were more likely to develop NSCLC than 
females (OR=2.25, 95% CI 1.67‑3.03, P<0.00001; Fig. 2H).

Relationship between SPARC expression and prognosis 
of NSCLC. Using KM‑Plotter, it was indicated that SPARC 
expression levels were positively correlated with overall 
survival of patients with different stages of NSCLC. In addi‑
tion, there was a positive correlation with the survival rate of 
patients with different tumor types, gender and smoking history 
(P<0.05). Increased SPARC expression levels were positively 
associated with first progression survival and post‑progression 
survival (P<0.05). Patients with NSCLC and high SPARC 
expression levels had a longer survival time (P<0.05). These 
data suggested that the SPARC gene is closely associated with 
patient survival prognosis (P<0.05, Fig. 3A).

The association between SPARC expression and the bioin‑
formatics signature of NSCLC in the Oncomine database was 
then analyzed. The databases published by Hou and Talbot 
suggested that the mRNA expression of SPARC was higher 
in LUSC than in normal lung tissue; furthermore, according 

to the database by Hou, SPARC expression in LUAD was also 
higher than that in normal lung tissue (P<0.05, Fig. 3B).

In the GEPIA database, the mRNA expression of SPARC 
in LUAD tissue was higher than that in normal lung tissue 
(Fig. 4A and B), SPARC expression was not significantly asso‑
ciated with the stage of LUAD, but when it was analyzed in 
Stage I to Stage III, SPARC expression levels were enhanced 
with the increase in stage; however, the level of SPARC 
expression was slightly decreased again in Stage IV (Fig. 4C). 
Kaplan‑Meier analysis with the log‑rank test suggested that 
among 239 patients with LUAD, the SPARC gene was not 
significantly associated with OS. When SPARC expression 
levels were reduced, the survival and prognostic practices 
of LUSC patients tended to be prolonged (Fig. 4D). Higher 
SPARC expression levels were associated with a shorter 
survival time of patients. The mRNA expression levels of 
SPARC were not significantly different between normal lung 
tissues and LUSC, with an increasing trend of expression in 
LUSC (Fig. 4E and F). This indicates that the mRNA expres‑
sion levels of SPARC and protein expression levels in LUSC 
are in agreement with each other, suggesting that the analysis 
results are credible. SPARC expression is upregulated in 
LUSC. SPARC expression was associated with the staging 
of LUSC but this was not significant (P=0.0837). SPARC 
mRNA expression was higher in LUSC Stage  IV than in 
other stages (Fig.  4G). Kaplan‑Meier analysis with the 
log‑rank test indicated that among 241 patients with LUSC, 
the expression levels of the SPARC gene had a significant 
influence on OS (P=0.039; Fig. 4H), with a higher expression 
level of SPARC mRNA indicating a shorter survival time of 
patients.

In the UALCAN database, the TCGA dataset was 
analyzed, comprising 515 LUAD tissues and 59 normal 
lung tissues. SPARC mRNA expression levels were upregu‑
lated in LUAD compared with normal lung tissue (P>0.05; 
Fig.  5A). The level of SPARC gene expression was not 

Figure 1. Flow diagram of article selection. CNKI, Chinese National 
Knowledge Infrastructure. 
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Figure 2. Funnel plots of publication bias detected in NSCLC expressing SPARC. Publication bias was analyzed based on the relationship between SPARC 
expression and clinicopathological features of NSCLC. This included (A) the relationship between cancer and normal lung tissue, (B) lymph node metastasis, 
(C) TNM staging and (D) gender. Forest plot of SPARC expression and clinicopathological features of NSCLC. (E) Cancer and normal tissue, (F) lymph 
node metastasis, (G) TNM staging and (H) gender. SPARC, secreted protein acidic and cysteine rich; NSCLC, non‑small cell lung cancer; SE, standard error; 
OR, odds ratio; M‑H, Mantel‑Haentzel; LN, lymph node involvement; df, degrees of freedom. 
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Figure 3. KM‑Plotter (http://www.kmplot.com) was used to examine the effect of SPARC mRNA expression on prognosis of patients with NSCLC. (A) SPARC 
mRNA expression was positively associated with overall survival in patients with NSCLC. (B) Relationship between SPARC mRNA expression and overall 
survival in lung adenocarcinoma. (C) Relationship between SPARC mRNA expression and overall survival in AJCC N1. (D) Relationship between SPARC 
mRNA expression and overall survival in females. (E) Relationship between SPARC mRNA expression and overall survival in males. (F) Relationship between 
SPARC mRNA expression and overall survival when surgical margins are negative. (G) Relationship between SPARC mRNA expression and overall survival 
for patients who never smoked. (H) Relationship between SPARC mRNA expression and overall survival after excluding those who never smoked. (I) SPARC 
mRNA expression was positively associated with post‑progression survival in patients with NSCLC. (J) Relationship between SPARC mRNA expression 
and post‑progression survival in females. (K) Relationship between SPARC mRNA expression and post‑progression survival when surgical margins were 
negative. (L) SPARC mRNA expression was positively associated with first progression survival in patients with NSCLC. (M) Relationship between SPARC 
mRNA expression and first progression survival in lung adenocarcinoma. (N) Relationship between SPARC mRNA expression and first progression survival 
in AJCC stage N1. (O) Relationship between SPARC mRNA expression and first progression survival in females. (P) Relationship between SPARC mRNA 
expression and first progression survival in males. (Q) Relationship between SPARC mRNA expression and first progression survival when surgical margins 
were negative. (R) Relationship between SPARC mRNA expression and first progression survival after excluding those who never smoked. Effects of SPARC 
mRNA expression on patients with NSCLC according to the Oncomine database (www.oncomine.org). The datasets within the Oncomine database were 
used for bioinformatics analysis to examine the expression of SPARC mRNA during the development of NSCLC. SPARC expression in NSCLC tissues was 
higher than that in normal lung tissues. Values in the box plots are expressed as the median (interquartile range). (S) SPARC mRNA expression in Lung tissue 
vs Squamous cell lung Carcinoma. (T) SPARC mRNA expression in lung tissue vs. lung adenocarcinoma. (U) SPARC mRNA expression in lung tissue vs. 
squamous cell lung carcinoma. SPARC, secreted protein acidic and cysteine rich; NSCLC, non‑small cell lung cancer; HR, hazard ratio; AJCC, American 
Joint Committee on Cancer; KM, Kaplan‑Meier.
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significantly associated with the prognosis of patients with 
LUAD (Fig. 5B). Furthermore, 503 LUSC tissues and 52 
lung tissues included in the TCGA dataset were analyzed. 
In LUSC, SPARC mRNA expression levels were higher than 
those in normal lung tissue, but the differential expression 
was not significant (P>0.05; Fig.  5C). The SPARC gene 
expression level was not significantly associated with the 
prognosis of patients with LUSC (Fig. 5D), but the trends still 
indicated that patients with LUSC had a better prognosis when 
the SPARC mRNA expression level was lower. In the HPA 
database, the pathological morphology was compared among 
normal lung tissue, LUAD and LUSC (Fig. 5E‑G). Screening 
analysis suggested that the expression level of SPARC protein 
in normal lung tissue was lower than that in LUAD. In cancer 
tissue, positivity of immunohistochemical staining was 
observed in the membrane and cytoplasm (Fig. 5H and I); 
SPARC protein was highly expressed in LUSC tissue and low 
in normal lung tissue, and positivity of immunohistochemical 
staining was present in the cytoplasm (Fig. 5J). This trend of 
expression was closely related to the mRNA expression level 
and the analytic results were consistent with this regard.

In the Timer database, the infiltration of immune cells 
closely related to lung cancer tissue was as follows: B cells, 
NK, CD4+T, CD8+T, monocytes and granulocytes all had 
different degrees of infiltration in NSCLC and normal 
lung tissue (Fig. 6A and B). The difference in the degree of 

infiltration of malignant tumor tissue was statistically signif‑
icant (P<0.05). A correlation analysis of the proportion of 
liver immune cells in NSCLC patients according to SPARC 
levels was then performed. In LUAD, an inverse relationship 
between the proportion of B cells among immune cells and 
SPARC gene expression was observed. In LUSC, the eight 
most important immune cell types were positively correlated 
with the level of SPARC gene expression. Among immune 
cells, the infiltration of various cells was strongly correlated 
with the prognosis of patients with NSCLC. A higher degree 
of immune‑cell infiltration was linked to a longer survival 
time of patients with LUAD and LUSC, with a positive asso‑
ciation (Fig. 6C and D), among which B cells and dendritic 
cells exhibited the greatest association (P<0.05). It was 
observed that the expression of SPARC was closely related 
to the immune‑cell infiltration mechanism in NSCLC.

To further estimate the influence on SPARC on survival, 
patients with lung cancer were automatically divided into 
two groups based on SPARC protein expression levels: 
High expression and low expression. The SPARC gene had 
a non‑significant effect on the survival rate of patients with 
LUAD (Fig. 7A). For LUAD copy number changes, deep 
deletions of immune cells (B cells, CD8+ T cells, neutrophils 
and dendritic cells) were greater than arm level deletions, 
diploid/normal, arm level gain and high amplification 
(Fig. 7B; Table SI). In LUSC, the SPARC expression level 

Figure 4. Analysis in the GEPIA database. (A) Association between mRNA expression of SPARC and lung tissue and (B) comparison of SPARC gene 
expression in LUAD and normal lung tissue. (C) Association between stage grading of LUAD and SPARC expression. (D) Trend relationship between SPARC 
expression and OS in patients with LUAD; effect of SPARC expression level on LUAD patient survival. (E) Association between mRNA expression of 
SPARC gene and lung tissue and (F) comparison of SPARC gene expression in LUSC tissue and normal lung tissue. Values in the box plots are expressed as 
the median (interquartile range). (G) Association between stage grading of LUSC and SPARC expression. (H) Trend relationship between SPARC expression 
and OS in patients with LUSC; effect of SPARC expression level on LUSC patient survival. SPARC, secreted protein acidic and cysteine rich; LUAD, lung 
adenocarcinoma; LUSC, lung squamous cell carcinoma; TPM, transcripts per million; T, tumor tissue; N, normal tissue. 
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had a significant influence on survival and prognosis (P<0.05; 
Fig. 7C). In patients with LUSC, a higher the expression of 
SPARC protein was associated with a shorter survival time 
and unfavorable prognosis (P<0.05). In terms of LUSC copy 
number changes, deep deletions of immune cells (B cells, 
CD8+ T cells, neutrophils, and dendritic cells) were greater 
than arm level deletions, diploid/normal, arm level gain and 
high amplification, and the copy number trends of LUAD and 
LUSC were consistent (Fig. 7D; Table SI). Cox univariate 
analysis of TCGA data indicated that TNM stage, lymph 

node metastasis, distant metastasis and depth of invasion 
were negatively associated with patient prognosis (P<0.05; 
Table II). Cox multivariate analysis suggested that SPARC 
expression levels and TNM stage were risk factors affecting 
the prognosis of patients with NSCLC (P<0.05; Table III).

Discussion

The incidence of NSCLC is increasing year by year world‑
wide and most patients are at the advanced stage when they 

Figure 5. (A‑D) Analysis in the UALCAN database. (A) Expression of SPARC gene in different samples of LUAD. (B) Relationship between SPARC mRNA 
expression level and survival level of patients with LUAD. (C) Expression of SPARC gene in different LUSC specimens. Values in the box plots are expressed 
as the median (interquartile range). (D) Relationship between SPARC mRNA expression level and survival of patients with LUSC. (E‑J) Analysis in the Human 
Protein Atlas database. H&E staining of (E) normal lung tissue, (F) LUAD and (G) LUSC. Immunohistochemical staining for SPARC in (H) normal lung 
tissue, (I) LUAD and (J) LUSC (scale bars, 200 µm). SPARC was positive in LUAD and LUSC. SPARC, secreted protein acidic and cysteine rich; LUAD, lung 
adenocarcinoma; LUSC, lung squamous cell carcinoma. 
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are diagnosed. At present, the clinical early diagnosis of 
lung cancer includes lung enhanced CT, position emission 
computed tomography and bronchoscopy. The improvement 
of diagnostic methods has increased the early diagnosis 
rate of lung cancer (32). The current treatment methods for 
lung cancer mainly include surgery, chemotherapy, targeted 
therapy, interventional therapy, immune cell infusion therapy, 
Traditional Chinese Medicine therapy and adjustment of 
living habits (33). At present, the five‑year survival rate of lung 
cancer is ~10% and the invasion and metastasis of lung cancer 
are the main causes of death of patients. Finding new lung 
cancer targets may help improve the rate of early diagnosis, 
find new directions for treatment and improve the survival rate 
of patients. Among the multiple pathways involved in epithe‑
lial‑mesenchymal transition are the Wnt/β‑catenin signaling 
pathway and the PI3K/AKT signaling pathway (2,34).

SPARC is a highly conserved extracellular mesenchymal 
protein. Its main role is to prevent cell adhesion, regulate cell 
differentiation, prevent cell spreading, inhibit cell response 
to specific growth factors and regulate the production of 

extracellular matrix and MMPs; SPARC may also directly bind 
to VEGF, inhibit the VEGF pathway and prevent the binding 
of VEGF and its receptors to each other (35). At the same time, 
SPARC is able to bind to the platelet‑derived growth factor 
and indirectly impair angiogenesis by downregulating MMPs 
and TGF‑β1, thereby inhibiting tumors. invasion and metas‑
tasis  (36). SPARC has an inhibitory role in various tumor 
types, including colorectal, pancreatic, prostate and ovarian 
cancer, while it has a promoting role in others such as liver 
cancer. In liver cancer and bladder cancer, highly expressed 
SPARC is able to inhibit tumor cell apoptosis through the 
PI3K/AKT signaling pathway, while promoting tumor cell 
proliferation, invasion and metastasis (37). SPARC overexpres‑
sion is associated with poor prognosis in urothelial carcinoma. 
Alterations in the TGF‑β signaling pathway may contribute 
to the dysregulation of SPARC, which in turn contributes to 
poor prognosis of adenocarcinoma. As a highly conserved and 
multi‑domain proteoglycan, SPARC has an acidic N‑terminal 
domain, including a chemosensitive N‑terminal region, a 
follistatin homology region and a C‑terminal Ca2+ binding 

Figure 6. (A) Correlation of SPARC expression levels with immune cells (CD4+ T cells, macrophages, B cells, CD8+ T cells, neutrophils and dendritic cells) 
in LUAD. (B) Correlation of SPARC expression levels with immune cells (CD4+ T cells, macrophages, B cells, CD8+ T cells, neutrophils and dendritic cells) 
in LUSC. The infiltration level is displayed on the X‑axis and the expression of SPARC on the Y‑axis. (C) Relationship between the degree of immune‑cell 
infiltration and survival prognosis of patients with LUAD. (D) Relationship between the degree of immune‑cell infiltration and survival prognosis of patients 
with LUSC. The time to follow‑up (months) is presented on the X‑axis and the cumulative survival on the Y‑axis. SPARC, secreted protein acidic and cysteine 
rich; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; TPM, transcripts per million; cor, correlation coefficient. 
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region. SPARC is able to pass through the folic acid‑containing 
structure. Domain and EC domain proteins have an effect on 
the activity of membrane‑type MMP (38), and serum MMP‑9 
levels in patients with lung cancer with lymph node metas‑
tasis were significantly higher than in those without lymph 
node metastasis. SPARC may have a role in the treatment of 
NSCLC, which is mostly treated with chemotherapy regimens 
such as paclitaxel, and studies have indicated that high SPARC 
gene expression has an important impact on the drugs used to 
treat NSCLC (39‑41). The experimental results of the present 
study also suggested that the protein expression level of 
SPARC was higher in NSCLC than in normal lung tissues and 
that patients in the high SPARC expression group had unfavor‑
able prognosis, which is consistent with the trends indicated 
by previous studies (24,42). At present, the commonly used 
immunohistochemical indicators for the diagnosis and 
differential diagnosis of lung cancer mainly include NapsinA, 
TTF‑1, P40 and CK5/6. However, since the above indicators 
cannot achieve a high level of specificity and sensitivity at the 
same time, they are generally used in combination for detec‑
tion (43,44), and it is necessary to find more suitable detection 
indicators. In primary pancreatic cancer, aberrant methylation 
of the SPARC gene promoter region leads to silencing of gene 
expression. SPARC mRNA was indicated to be expressed in 

non‑neoplastic pancreatic duct epithelial cells, but not found 
in pancreatic cancer cell lines, which indirectly suggests that 
silencing of the SPARC gene may be one of the processes 
leading to the occurrence of pancreatic cancer (15,45), which 
may be used for initial screening of early pancreatic cancer. 
SPARC increases the phosphorylation level of AKT in 
gliomas through the PI3K/AKT pathway and significantly 
inhibits the activity of EGF in ovarian cancer  (46,47). In 
gastric cancer, SPARC expression was negatively correlated 
with the degree of differentiation, lymph node metastasis and 
Lauren classification. Cox analysis indicated that lymph node 
metastasis was an independent prognostic factor in patients 
with gastric cancer (48,49). Furthermore, the SPARC gene 
was observed to be overexpressed in oral squamous carci‑
noma and hepatocellular carcinoma and to have a significant 
effect on the prognosis of patients with hepatocellular 
carcinoma (50,51). Various studies reported that the mRNA 
expression level of SPARC in cancer tissue was significantly 
higher than that in normal adjacent tissue. SPARC was 
indicated to be highly expressed in NSCLC tissues  (52), 
and its expression is related to the gender and TNM stage 
of patients. The Cox analysis performed in the present 
study suggested that TNM stage and lymph node metas‑
tasis were risk factors affecting the prognosis of patients. 

Figure 7. (A) Association between SPARC gene expression and survival prognosis in patients with LUAD. (B) The relationship between copy number variation 
in LUAD and immune cell infiltration. (C) Association between SPARC gene expression and survival prognosis in patients with LUSC. (D) The relationship 
between copy number variation in LUSC and immune‑cell infiltration. *P<0.05; **P<0.01; ***P<0.001 vs. diploid/normal immune cells. SPARC, secreted protein 
acidic and cysteine rich; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma. 
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Furthermore, PCR results indicated that SPARC mRNA was 
highly expressed in NSCLC tissues. SPARC expression was 
increased in mouse models with an epithelial‑mesenchymal 

transition phenotype and SPARC expression had an effect 
on lung function in both human bronchial epithelial cells 
and mouse models (53,54). The SPARC fragment binding 
with the present ligand protein inhibited tumor cell adhe‑
sion, while promoting spreading and stimulating tumor cell 
migration and invasion, suggesting an important effect of 
SPARC expression on lung cancer development and progres‑
sion (55‑57). Univariate analysis suggested that TNM stage, 
lymph node metastasis, distant metastasis and smoking 
history were associated with poor prognosis in patients 
with NSCLC. Cox proportional hazards regression model 
analysis indicated that SPARC expression and TNM stage 
were important factors affecting the survival time of patients 
with NSCLC. The expression of SPARC at the protein and 
mRNA levels indicated the same trend in NSCLC, and the 
expression levels of the two had a negative effect on survival 
and prognosis of patients. A linear relationship (positive or 
negative correlation) is expected for the following reasons: 
First, gene expression is regulated at different levels. Genes 
may have carcinogenic or tumor‑inhibitory effects, while the 
regulation of the transcription level is only an intermediate 
link  (58). Furthermore, post‑transcriptional, translational 
and post‑translational regulation all contribute to the expres‑
sion of the final protein. Finally, mRNA degradation, protein 
degradation and modified folding may lead to inconsistent 
mRNA and protein expression levels for a given protein. In 
addition, the population selected in the dataset for clinical 
pathological data statistics and survival prognosis analysis 
may exhibit regional or genetic differences and certain 
differences in human physique and living environment are 
likely to be present. Increases in the serum levels of SPARC 

Table III. Multivariate analysis of clinicopathological vari‑
ables influencing the survival of patients with lung cancer in 
TCGA dataset.

Clinicopathological	 Hazard ratio
parameter	  (95% CI)	 P‑value

SPARC expression
  (+/‑)	 0.697 (0.547‑0.887)	 0.003
Sex
  (female/male)	 0.966 (0.954‑1.242)	 0.786
Age
  (≥60 vs. <60 years)	 1.234 (0.926‑1.645)	 0.152
TNM stage
  (III‑IV/I‑II)	 1.684 (1.230‑2.306)	 0.001
Depth of invasion
  (+/‑)	 1.316 (0.966‑1.794)	 0.082
Lymph node metastasis
  (+/‑)	 1.282 (0.978‑1.681)	 0.072
Distant metastasis
  (+/‑)	 1.273 (0.781‑2.254)	 0.408

CI, confidence interval; TNM, tumor‑nodes‑metastasis; SPARC, 
secreted protein acidic and cysteine rich.

Table II. Univariate analysis of prognostic risk factors in patients with lung cancer from TCGA database.

Characteristics	 Patients, n (%)	 Hazard ratio (95% CI)	 P‑value

Sex		  1.090 (0.879‑1.352)	 0.433
  Male	 593 (59.8)
  Female	 398 (40.2)
Age, years		  1.203 (0.940‑1.541)	 0.142
  <60	 268 (27.0)
  ≥60	 724 (73.0)
TNM staging		  2.058 (1.639‑2.584)	 <0.001
  I‑II	 782 (79.9)
  III‑IV	 197 (20.1)
Depth of invasion		  1.486 (1.153‑1.912)	 0.002
  ‑	 285 (28.7)
  +	 708 (71.3)
Lymph node metastasis		  1.695 (1.374‑2.092)	 <0.001
  ‑	 636 (65.2)
  +	 339 (34.8)
Distant metastasis		  2.001 (1.244‑3.247)	 0.004
  ‑	 375 (92.4)
  +	 31 (7.6)

CI, confidence interval; TNM, tumor‑nodes‑metastasis.
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may occur as part of biological functions and processes 
such as tumors and obesity; of note, SPARC expression 
levels were upregulated in the lung during hypoxia induc‑
tion in a mouse model, and the hypoxia‑inducible factor 2A 
signaling pathway induces SPARC expression, which in turn 
has an effect on proliferation and apoptosis of tumor cells in 
humans (59‑61). It has also been indicated that the SPARC 
signaling pathway induces albumin‑bound paclitaxel, which 
enhances initial chemoresistance of patients with lung 
cancer and this may also be used to optimize individual 
gene therapy regimens, which are important for mechanistic 
studies, animal models and clinical treatment evaluation in 
NSCLC (62). At the same time, it was confirmed that the 
expression level of SPARC and the immune cells related 
to the occurrence and development of lung cancer interact 
with each other and the infiltration degree of immune cells 
is closely related to the prognosis of patients with NSCLC.

In summary, the available evidence suggested that SPARC 
protein expression is significantly associated with NSCLC 
and its different clinicopathological features, and is also 
positively correlated with SPARC mRNA expression. The 
expression levels of SPARC mRNA may be used to predict 
the corresponding protein levels, suggesting that SPARC 
may have an important role in the development of NSCLC 
and is closely associated with the molecular mechanisms 
of immune infiltration. Thus, the present systematic evalua‑
tion enhances the current knowledge on the pathogenesis of 
NSCLC and may provide a new target for screening and gene 
therapy of NSCLC. However, due to the limited number and 
quality of included studies, the above findings require to be 
validated by further high‑quality, large‑sample, rigorously 
designed studies. The present meta‑analysis has several limi‑
tations. First, the potential publication bias comes from the 
fact that the published results were predominantly positive. 
Furthermore, the patients analyzed in the study were from 
Asia only. Due to the different level of medical development 
in different regions, the experimental methods to detect SPARC 
expression may also be different, which may affect the results. In 
addition, survival data were extracted from the survival curves, 
which may have affected the results. Finally, the small sample 
size may have affected the statistical weight of certain articles. 
SPARC protein expression was indicated to be upregulated 
during the development of NSCLC. Overall, SPARC had an 
inhibitory effect on lung cancer development and progression, 
while being associated with favorable prognosis. Therefore, 
SPARC protein expression may be used as a potential marker 
to predict the prognosis of patients with NSCLC and, combined 
with chemotherapeutic agents such as paclitaxel, it may be a 
new clinical treatment option, which is expected to provide a 
new therapeutic strategy.

In conclusion, SPARC was indicated to have a complex role 
in the development of tumors. Furthermore, SPARC expression 
levels were upregulated in patients with NSCLC. mRNA and 
protein expression of the SPARC gene were positively associ‑
ated with immune‑cell infiltration. In NSCLC, differences in 
SPARC expression levels and TNM stage may be used as inde‑
pendent prognostic factors. SPARC expression may be used as a 
marker to estimate the prognosis of tumor patients and is closely 
related to the molecular mechanisms of immune cells, which 
provides a new approach and idea for gene immunotherapy.
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