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Abstract

Background Lung adenocarcinoma (LUAD) is the main pathological type of pulmonary malignant
tumors. Synaptojanin 2 (SYNJ2), a member of the synaptojanin family, is considered as an attractive
underlying therapeutic target in several types of cancer. The purpose of the current research was to
comprehensively investigate the molecular function and underlying mechanism of SYNJ2 in LUAD with
the goal of providing a promising therapeutic target for LUAD. Methods We applied tissue microarrays,
immunohistochemistry (IHC), high-throughput RNA sequencing (RNA-seq) data, and gene microarrays of
public databases to comprehensively examine the protein level, mMRNA expression, clinical significance,
and prognosis value of SYNJ2 in LUAD. The standard mean difference (SMD) and summary receiver
operating characteristic curves (SROC) were computed to evaluate the comprehensive expression value
of SYNJ2 in LUAD. Kaplan-Meier survival curves were plotted to determine the overall survival of SYNJ2
with different expression levels in LUAD. Univariate and multivariate cox regression analyses were
implemented to investigate the dependent prognostic ability of SYNJ2 expression and the clinically-
relevant traits of LUAD. Moreover, SYNJ2 co-expressed genes were screened for Gene ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) function analysis and protein—protein interactions
(PPI) network construction. Results SYNJ2 overexpression in LUAD was confirmed by 2,299 LUAD
samples and 1,387 non-tumor tissues obtained from tissue microarrays along with TCGA and public gene
microarrays. The pooled SMD was 1.29 (95% Cl: 1.09-1.48, I-square=78.6%, P<0.001) and the area under
the curve (AUC) of the SROC was 0.88 (95%Cl: 0.85-0.91). Compared to the upregulation of SYNJ2,
SYNJ2 downregulation could improve OS in LUAD patients to some extent. SYNJ2 may facilitate the
proliferation and progression of LUAD by modulating the cell cycle and TGF-beta signaling pathways.
The 10 SYNJ2 co-expressed key genes selected from PPI network were all prominently implicated with
the prognosis of LUAD patients. Conclusion SYNJ2 may contribute as an attractive and prospective
therapeutic target in LUAD.

Introduction

Lung cancer (LC) is the second-most-common malignant tumor and the first leading cause of malignancy
death among males and females around the world, and the 5 year overall survival (OS) rate of LC is
merely 19% for all stages combined [1]. In 2020, an estimated 228,820 new cases of LC will occur, and
135,720 individuals will die of this malignancy in the United States [1]. Lung adenocarcinoma (LUAD),
which accounts for nearly 45% of LC cases, is the main pathological type of pulmonary malignant tumors
[2-3]. Nearly 85% of LUAD cases eventually die of recurrence and/or metastasis within the first 5 years of
diagnosis despite the multiple therapeutic strategies (surgery, chemoradiotherapy, molecular targeted
therapy, and immunotherapy) that have been applied in clinical for LUAD patients [4-5]. Since the
pathogenesis of LUAD is a very complex pathological process, an in-depth study of this process is
essential to discover potential therapeutic targets and effectively treat the disease.

Synaptojanins are a family of phosphatidylinositol (Pl) phosphatases, and there are two main types of
synaptophysin in the human genome [6]. Synaptojanin 2 (SYNJ2), a member of the synaptojanin family,

Page 3/27



can specifically combine to the Rho family GTPase Rac1 and is expressed in a wide range of tissues [7-
8]. SYJN2 is an effector of Rac1 which is associated with the formation of lamellipodia and invadopodia
[9] as well as with tumor cell migration and invasion, making it an attractive underlying therapeutic target
in cancer. Chuang et al. [7] found that SYNJ2 played pivotal roles in glioma cell migration and invasion. A
previous study also reported an elevated expression of SYNJ2 in breast carcinoma, and it suggested the
gene was a potentially-druggable target to inhibit tumor cell migration [8]. However, there have been no
reports about the role of SYNJ2 in LUAD until now. Thus, it is necessary for us to comprehensively
investigate the molecular function and underlying mechanism of SYNJ2 in LUAD with the goal of
providing a promising therapeutic target to LUAD.

Considering the role of SYNJ2 in other malignancies, the purpose of the current research was to integrate
a variety of detection methods to comprehensively investigate the expression status and clinical value of
SYNJ2 in LUAD. We applied tissue microarrays, immunohistochemistry (IHC), high-throughput RNA
sequencing (RNA-seq) data, and gene microarrays of public databases to comprehensively analyze the
role of SYNJ2 in the development and progression of LUAD. Furthermore, in order to reveal the underlying
molecular mechanism of SYNJ2 in LUAD, SYNJ2 co-expressed genes were screened by gene ontology
(GO) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) function analyses. Then, a protein—
protein interactions (PPI) network was constructed to screen LUAD co-expressed key genes for further
analysis.

Materials And Methods

In-house immunohistochemical detection for SYNJ2

Seven tissue microarrays (LUC481, LUC482, LUC483, LUC961, LUC962, LUC1021, and LUC1051) were
obtained from Fanpu Biotech, Inc. (Guilin, China), including 90 samples of LUAD tissue and 55 non-
cancerous lung tissues. An IHC analysis of these 145 samples was performed to examine the protein
expression level of SYNJ2 in LUAD tissues and non-tumor lung tissues. We also explored the correlation
between the SYNJ2 protein expression and clinical features. Two senior pathologists (Gang Chen and
Hui-Ping Lu) independently assessed the staining intensity and positive proportion of SYNJ2 by using a
semi-quantitative scoring system in a double-blind manner. The scores of staining intensity was divided
into 0 (negative), 1 (weak), 2 (medium), and 3 (strong), respectively. Positive staining proportion was
classified as <10%, 11%-25%, 26%-50%, 51%-75%, and 76%-100% graded as 0, 1, 2, 3, and 4 point,
respectively. The ultimate score was obtained in accordance with the product of the positive proportion
and the staining intensity [10-11].

LUAD data source and extraction of SYNJ2 expression

Public high-throughput RNA-seq and microarray data were derived from the Gene Expression Omnibus
(GEO), Oncomine, ArrayExpress, SRA, and The Cancer Genome Atlas (TCGA) databases. The search terms
we used to screen the database chips from the GEO were (cancer OR carcinoma OR tumour OR tumor OR

adenocarcinoma OR malignan* OR neoplas*) AND (lung OR pulmonary OR respiratory OR bronchi OR
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bronchioles OR alveoli OR pneumocytes OR “air way”). The search results were filtered by “series” and
"Expression profiling by array." The term “Homo sapiens [Organism]” was applied to limit the search
range. In the GEO dataset mining process, we utilized the following inclusion criteria: (1) The microarray
included LUAD and adjacent or normal samples, and (2) the chip provided data on the SYNJ2 mRNA
primitive expression profile in LUAD and the non-tumor control group. Those that met the following
criteria were ruled out: The study only involved only LUAD specimens and no controls, and samples were
considered insufficient in the LUAD or non-cancer groups (less than three, respectively).

Integrated analysis of SYNJ2 expression in LUAD

We integrated the tissue microarrays, high-throughput RNA-seq data, and gene microarrays to
comprehensively analyze the expression of SYNJ2 in LUAD. The expression of SYNJ2 in LUAD and
noncancerous samples was evaluated using the standardized mean difference (SMD). The I-squared
value was calculated to assess heterogeneity. When 1% < 50% meant low heterogeneity, the fix effect
model was chosen; when 1> = 50% manifested high heterogeneity, a random effect model was used [12-
13]. The outcome was visualized by a forest plot. The summary receiver operating characteristic (SROC)
curve was established based on the integrated data to evaluate the potential discrimination ability of
SYNJ2 in LUAD.

Detection of the SYNJ2 gene expression and prognosis value analysis

SYNJ2 expression data for different tumor types and different cancer cell lines were retrieved and
compared from The Cancer Cell Line Encyclopedia (CCLE) (https://portals.broadinstitute.org/ccle). The
ctcRbase (gene expression database of circulating tumor cells/microemboli) is a database to collect
expression data of circulating tumor cells (CTCs) and circulating tumor microemboli (CTM) in all kinds of
cancer types, including non-small cell lung cancer (NSCLC). We compared the mRNA expression level of
SYNJ2 between primary NSCLC and CTCs from ctcRbase (http://www.origin-
gene.cn/database/ctcRbase/index.html). SYNJ2 genetic alterations in LUAD were explored via the
cBioPortal (https://cbioportal.org/). For data sets that contained survival times and survival statuses,
Kaplan-Meier survival curves were plotted to determine the overall survival of SYNJ2 with different
expression levels in LUAD by using the survival R package. Furthermore, univariate and multivariate cox
regression analyses were implemented to investigate the dependent prognostic ability of SYNJ2
expression and the clinically-relevant traits of LUAD using R software.

Acquisition of differentially-expressed and co-expressed genes

The limma R package was applied to identify differentially-expressed genes (DEGs) between LUAD and
non-tumor specimens. False discovery rates (FDR) less than 0.05 and [log2 fold change (FC)| > 1 were the
standard requests for DEGs. Then, we overlapped the DEGs obtained from each data set included our
study by using VENNY 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/), and the genes that appeared
over seven times in all datasets were considered as the final DEGs of LUAD for next analysis. The
Pearson correlation coefficients between the SYNJ2 and protein-coding genes (PCGs) in LUAD from gene
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microarrays, found in the TCGA and CCLE databases, were calculated to define the co-expressed
relationship of SYNJ2 with PCGs. The genes that met the |Pearson correlation coefficient| greater than
0.5 and P-value lower than 0.001 and appeared more than two times in all datasets were selected as the
co-expressed genes of SYNJ2 in LUAD.

GO and KEGG enrichment analyses

GO and KEGG enrichment analyses of the overlapping genes from SYNJ2 co-expressed genes and DEGs
were visualized using a clusterProfiler R function package. A P-adjust value < 0.05 was defined as a
significance enrichment.

Construction of a PPI network and hub genes selection

A PPI network was constructed by the overlapping genes that derived from the co-expressed genes of
SYNJ2 and DEGs in The Search Tool for the Retrieval of Interacting Genes (STRING v11.0) (https://string-
db.org/). Then, we utilized the Molecular Complex Detection (MCODE) in Cytoscape v3.7.1 to select
central modules from the PPI network with following threshold: degree cut-off is 2, node score cut-off is
0.2, max depth is 100, and k-score is 2. Additionally, cytoHubba in Cytoscape v3.7.1 was utilized to select
the top 10 hub genes ranked by degree.

The correlation and prognosis analysis of hub genes

The pheatmap and vioplot R packages were utilized to plot heatmaps and violin maps separately in order
to visualize the 10 hub genes expression between LUAD and noncancer tissues. Correlations between
SYNJ2 and the 10 hub genes were tested and shown using the corrplot R package. We compared the OS
rates between the different expression levels of the 10 hub genes using the survival and survminer R
packages.

Statistical analysis

All primitive data of the RNA-seq expressions were converted to log2. Statistical analyses were applied
using SPSS (v23.0, IBM Corp., Armonk, NY, USA), Stata (v12.0, Stata Corp LP, College Station, TX, USA),
GraphPad Prism (v8.0, GraphPad Software Inc., La Jolla, CA, USA), and R v3.6.1 software function
packages. SPSS 23.0 was used to compute the mean value and standard deviation (SD). The
paired/unpaired student’s t-test or the Mann-Whitney test were applied to compare SYNJ2 expression
between two groups. The Kruskal-Wallis test was implemented to analyze the distribution difference of
SYNJ2 in greater than two groups of clinicopathological traits. Stata 12.0 was executed to plot the SROC
curve and to calculate the SMD value. The receiver operating characteristic (ROC) curves and scatterplots
in each dataset were constructed by the GraphPad Prism 8.0. Pearson correlation coefficients were
utilized to analyze the correlation between SYNJ2 expression and PCGs using R 3.6.1 software.

Results
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SYNJ2 expression level based on in-house tissue microarray

Compared with non-tumor lung tissues, the protein expression of SYNJ2 in LUAD is significantly greater
based on in-house IHC with tissue microarrays (Figure 1A-1F). We also explored the relationship between
SYNJ2 protein expression and clinical traits based on tissue microarrays. The results implied that the
protein expression of SYNJ2 was notably elevated in pathologic T3-4 stage compared with T1-2 stage
(Figure 1G-1H). However, no differences of SYNJ2 protein expression in LUAD were found in other related
clinicopathological features, including age, gender, pathological stage, and N stage (all P > 0.05, Table S1,
Additional file 1).

SYNJ2 expression and clinical significance according to public databases

A total of 594 cases of (535 cancer and 59 normal tissues) LUAD patients’ data with a differential
expression of SYNJ2 were obtained from the TCGA database. The mean + SD was used to displayed the
calculated results. The results illustrated that the expression value of SYNJ2 in LUAD was notably greater
than that in non-tumor tissues (3.09+0.58 vs 1.59+0.67, P<0.001, Figure 2A). The underlying diagnostic
capability of SYNJ2 in LUAD was determined using the ROC curve (AUC=0.92, 95% CI: 0.89-0.94, P<0.001,
Figure 2B). We also investigated the relationship between the SYNJ2 expression and the clinical
parameters of LUAD patients. The expression of SYNJ2 in patients aged <60 years was clearly
upregulated (P=0.023, Figure 2C), and the AUC of the ROC curve was 0.758 (95% Cl: 0.651-0.865, P<0.001,
Figure 2D). No distinct differences were found in SYNJ2 expression with other relevant
clinicopathological traits (all P>0.05, Table S2, Additional file 2). In GEO, Oncomine, ArrayExpress, and
SRA databases, we screened out 46 chips related to LUAD RNA-seq, namely: E-MTAB-5321, GSE1037,
GSE1987, GSE2088, GSE4824 (GPL96), GSE4824 (GPL97), GSE7670, GSE10072, GSE10799, GSE11117,
GSE11969, GSE19188, GSE21933, GSE27262, GSE27489, GSE28835, GSE29249, GSE30219, GSE31210,
GSE31552, GSE32036 (GPL6684), GSE32665, GSE32863, GSE33532, GSE37759, GSE37764, GSE40275,
GSE40419, GSE40791, GSE43458, GSE46539 (GPL6883), GSE46539 (GPL14951), GSE51852, GSE62113,
GSE62949, GSE63459, GSE74706, GSE75037, GSE83213, GSE85716, GSE85841, GSE87340, GSE89593,
GSE103512, GSE118370, and GSE130779. The expression of SYNJ2 in 14 gene microarrays (including E-
MTAB-5321, GSE1987, GSE2088, GSE4824 [GPL96], GSE4824 [GPL97], GSE11117, GSE27489,
GSE28835, GSE29249, GSE37759, GSE40275, GSE89593, GSE103512, and GSE118370) contained no
significant difference in LUAD when compared to para-tumor tissues; however, the SYNJ2 expression in
32 other gene microarrays was clearly higher in LUAD than non-cancer tissues (Supplementary Figure 1,
Additional file 3). The AUC value of the ROC curve in each dataset was calculated respectively to assess
the diagnostic power of SYNJ2 in LUAD (Supplementary Figure 2, Additional file 4). The AUC value
ranged from 0.52 to 0.97 in all gene microarrays, indicating that SYNJ2 had a good ability to discriminate
LUAD and non-tumor tissues.

In addition, we also explored the relationship between SYNJ2 expression and clinicopathological
characters of LUAD from gene microarrays which involved clinicopathological parameters. We discovered
that the SYNJ2 expression level was remarkably higher in female patients than in males in LUAD from
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the GSE33532 and GSE40791 datasets (Supplementary Figure 3A-3D, Additional file 5). The expression
of SYNJ2 in patients aged <60 years was also clearly overexpressed in GSE40419 (Supplementary Figure
3E-3F, Additional file 5), which was consistent with that in the TCGA dataset. According to the result from
GSE31210, the expression of SYNJ2 is significantly elevated in smokers compared with non-smokers
(Supplementary Figure 3G-3H, Additional file 5).

Validation of SYNJ2 expression in LUAD with an integrated analysis

In order to evaluate the expression status of SYNJ2 in LUAD, we comprehensively analyzed the
expression data of SYNJ2 acquired from high-throughput RNA-seq, tissue microarrays, and all gene
microarrays. Because the square value of | was 0.786>0.5, a stochastic effects model was carried out in
the current analysis. The forest plot showed that the SYNJ2 expression was clearly increased in LUAD
compared to that of non-tumor tissues according to random effects analysis (I-square=78.6%, P<0.001,
SMD=1.29, 95%Cl: 1.09-1.48, Figure 3A). The Begg's and Egger’s tests suggested that no obvious
publication bias was present (Begg's P=0.689>0.05, Egger’'s P=0.166>0.05, Figure 3B). The AUC value of
the SROC curve was 0.88 (95%Cl: 0.85-0.91), sensitivity was 0.79 (95%Cl: 0.74-0.83), and specificity was
0.83 (95%Cl: 0.79-0.87), which illustrated that SYNJ2 has a high potential diagnostic efficiency in LUAD
(Figure 3C).

Verification of SYNJ2 expression and prognosis value analysis

The intermediate expression value of SYNJ2 in certain LC cell lines was 2.58, based on CCLE, which is
basically consistent with that in the LUAD tissues (Figure 4A). Regrettably, no expression levels of SYNJ2
in normal lung epithelial cells were available for the comparison. After mining the OncoPrint data, it was
found that SYNJ2 altered in 16/518 (3%) of the sequencing samples, including one amplification, 11
deep deletions, one missense mutation, one mRNA high expression, and two mRNA down-regulations
(Figure 4B). The median expression value of SYNJ2 in primary NSCLC and CTCs is 1.96 and 2.62,
respectively (Figure 4C). The result in ctcRbase implied that SYNJ2 has potential value in the non-
invasive monitoring of advanced NSCLC, as well as early detection of NSCLC metastases. The Kaplan-
Meier survival curve demonstrated no significant difference in OS between a high and a low expression of
SYNJ2 based on the TCGA, GSE11969, and GSE87340 datasets (all P>0.05, Figure 5A-5C). However, the
patients with low expression of SYNJ2 in LUAD had better prognoses than that with high expression
according to the GSE31210 microarray (Figure 5D). The univariate cox analysis revealed that the
expression of SYNJ2 and the pathological stage in GSE31210 were all clearly associated with prognosis
of LUAD (Figure 6A). In the TCGA dataset, the pathological stage, the T and N stages were also notably
correlated with the prognosis on the basis of the cox univariate regression analysis (Figure 6B). However,
the multivariate cox analysis demonstrated that only the pathological stage could be an independent
prognostic marker in LUAD patients in accordance with the TCGA and GSE31210 datasets (Figure 6C-
6D).

Identification of DEGs and SYNJ2 co-expressed genes
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The limma R package was applied to perform a differential expression analysis in all of the high-
throughput RNA-seq datasets. The genes that not only met FDR less than 0.05 and [log2 FC| > 1 but also
appeared more than seven times in all of the datasets were considered as DEGs for LUAD. Finally, we got
2,552 DEGs, including 935 upregulation and 1617 downregulation genes. With the criterion of |Pearson
correlation coefficient| greater than 0.5 and P-value less than 0.001, we screened the co-expressed genes
of SYNJ2 from CCLE and all the high-throughput RNA-seq datasets using R software. Then, we
overlapped the results from each dataset to acquire a total of 2,056 SYNJ2 co-expressed genes, which
appeared more than two times in all of the datasets. Finally, we overlapped the 2,552 DEGs and 2,056
SYNJ2 co-expressed genes using the Venn diagram package of R software to acquire 694 genes, which
were not only LUAD DEGs but also co-expressed genes of SYNJ2 (Supplementary Figure 4A, Additional
file 6).

Go and KEGG enrichment analyses

The 694 overlapping genes were utilized for the GO and KEGG function analyses to explore their potential
molecular biological functions and signaling pathways in LUAD. The enrichment of the top-10-most-
significant biological processes (BP), cellular components (CC), and molecular functions (MF) of these
694 overlapped genes are displayed in Supplementary Figure 4B (Additional file 6). Extracellular structure
organization, extracellular matrix (ECM) organization, and cell-substrate adhesion were the most
significant in BP. Regarding CC, the overlapping genes were mainly enriched in the ECM, condensed
chromosome, kinetochore, and adherens junction. As for MF, the ECM structural constituent, amide
binding, growth factor binding, and peptide binding were the most significant enrichment categories.
Based on the KEGG pathway analysis, the TGF-beta signaling pathway and the cell cycle were tightly
implicated to a malignant tumor (Supplementary Figure 4C, Additional file 6).

PPI network and hub genes analysis.

The MCODE in Cytoscape was applied to select clusters in the PPI network which was acquired from the
STRING website. A total of four clusters were calculated according to k-core = 2. Cluster 1, which included
33 nodes and 489 edges, had the highest score of 30.56 (Supplementary Figure 5A, Additional file 7).
Then, cytoHubba in Cytoscape was applied to screen the top 10 hub genes ranked by degree from cluster
1 (Supplementary Figure 5B, Additional file 7). Ultimately, we obtained 10 genes (TOP2A, CCNB1, CCNA2,
CEPS55, KIF20A, NDC80, TPX2, MELK, KIF2C, and KIF11) as SYNJ2 co-expressed key genes. In order to
investigate the expression status of these 10 SYNJ2 co-expressed hub genes in LUAD, we analyzed the
genes’ expression data between LUAD tissues and non-cancer samples from the TCGA, GSE30219,
GSE33532, and GSE75037 datasets. The result indicated that the 10 SYNJ2 co-expressed genes were all
overexpressed in LUAD when compared to normal lung tissues (Figure 7A-7H). The correlations between
SYNJ2 and the 10 co-expressed key genes in the TCGA, GSE30219, GSE33532, and GSE75037 datasets
were presented in Figure 8A-8D, respectively. The results illustrated that there is a positive correlation
between SYNJ2 and its 10 co-expressed core genes (all Pearson correlation coefficient >0.5), and the
correlation between the 10 SYNJ2 co-expressed hub genes is very positive. We also analyzed the
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prognosis significance of 10 co-expressed key genes in the TCGA and GSE31210 datasets. The results
indicated that 10 SYNJ2 co-expressed key genes were all prominently implicated with the prognosis of
LUAD patients in the two datasets (Additional file 8: Supplementary Figure 6 and Additional file 9:
Supplementary Figure 8).

Discussion

As far as we know, there is no relevant research report on the role and mechanism of SYNJ2 in LUAD until
now, and the current research is the first to thoroughly explore the expression status, clinical significance,
and potential molecular mechanism of SYNJ2 in LUAD. In our study, we applied multiple methods and
collected a large number of cases and data to comprehensively examine the mRNA expression, protein
level, gene alternation, and prognosis value of SYNJ2 in LUAD. The discoveries of the present study will
provide a potential, new direction for future molecular studies on LUAD.

SYNJ2 overexpression in LUAD was confirmed by 2,299 LUAD samples and 1,387 non-tumor tissues
obtained from tissue microarrays along with TCGA and public gene microarrays, ensuring the reliability of
our results. The expression of SYNJ2 was prominently elevated in LUAD, suggesting that SYNJ2 may
play pivotal roles in LUAD development and progression. In the present study, the different expressions of
SYNJ2 in females aged <60 years—as well as smokers in some gene microarrays—indicates that the
gender, age, and smoking status may be important factors for aberrant expression of SYNJ2 in LUAD.
Moreover, the difference in the expression of SYNJ2 between T stages in our tissue microarray suggests
that the overexpression of SYNJ2 might stimulate the proliferation of LUAD tumor cells. Compared to the
upregulation of SYNJ2, SYNJ2 downregulation could improve OS in LUAD patients to some extent. This
observation revealed that the upregulation of SYNJ2 could promote the progression of LUAD. Clearly, the
hypotheses above require additional research in the future.

A single gene analysis has some deficiency in predicting the pathogenesis of diseases, as it ignores the
interactions between other genes. Therefore, to further reveal the potential molecular mechanism of the
SYNJ2 act on LUAD, we performed a functional analysis on SYNJ2 and its 694 co-expressed genes.

According to the GO enrichment analysis, these were mainly enriched in extracellular structure
organization, ECM organization, ECM, and ECM structural constituent. The ECM is a dynamic
compartment that can modulate cell functions such as migration, proliferation, and differentiation [14].
More and more studies show that ECM plays a pivotal role in the pathogenesis of multiple neoplasms.
For example, dynamic imbalance in the remodeling and homeostasis of ECM directly deregulates the
conduct of tumor cells and cancer associated fibroblasts (CAF) which leads to cancer progressions [15-
17]. Paolillo M et al. [18] pointed out that almost all cellular components of the tumor microenvironment
promote the invasion of metastatic cells through different mechanisms, these focused on ECM
modifications. Previous research has reported that SYJN2 is an effector of Rac1 which is involved with
the formation of lamellipodia and invadopodia; these seem to be the major cellular structures that are
responsible for the degradation of extracellular matrixes by cancer cells [9, 19-20]. Therefore, we
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speculated that SYNJ?2, acting as oncogene, could promote invadopodia formation in LUAD, thus
promoting ECM degradation and facilitating the migration and invasion of LUAD cells. Certainly, this
hypothesis needs to be verified further by future research.

Two pathways (the cell cycle and TGF-beta signaling pathway) were discovered to be closely correlated
with human cancers based on a KEGG pathway analysis of SYNJ2 and its co-expressed genes. Relevant
studies have confirmed that TGF-beta overexpression in LC [21-23], glioma [24], gastric carcinoma [25],
prostate cancer [26], and colorectal cancer [27], which associates with these tumors progression and
clinical prognosis. Furthermore, TGF-beta signaling facilitates epithelial to mesenchymal transition
(EMT); this is a trait of invasive and metastatic cells [28-29], and it has been confirmed that the systemic
inhibition of TGF-B can inhibit metastasis [30-31]. Considering the role of TGF-beta signaling pathways in
tumors, it is inferred that SYNJ2 and its co-expressed genes can promote LUAD cells’ infiltration and
migration by TGF-beta signaling pathways. Since cancer is characterized by the deregulation of cell cycle
activity that lead to aberrant cell proliferation [32-33], many authors have concluded that cancer can be
regarded as a disease of the cell cycle [34]. Previous studies reported that many genes can regulate cell
cycles to promote LC cell proliferations [35-38]. Disappointingly, there is no relevant study about the
molecular mechanism of SYNJ2 in LUAD. Hence, we speculated that one of the oncogenic mechanisms
of SYNJ2 in LUAD is promoting the proliferation and growth of LUAD cells by regulating the cell cycle
pathway.

To further investigate the interactions between SYNJ2 and its co-expressed genes, we constructed a PPI
network using the STRING database and screened out 10 SYNJ2 co-expressed hub genes (TOP2A,
CCNB1, CCNA2, CEP55, KIF20A, NDC80, TPX2, MELK, KIF2C, and KIF11) in Cytoscape. These 10 co-
expressed hub genes were all associated with LUAD prognosis. TOP2A has been reported in the
upregulation of various malignant tumors, including LUAD. For instance, Guo et al. [39] found that TOP2A
overexpression was correlated with poor prognosis of LUAD patients. Wang et al. [40] revealed that the
higher the CCNB1 expression level, the lower the OS rate and disease-free survival rate in LC patients. Our
study demonstrated that TOP2A and CCNB1 expression was all elevated in LUAD, implying a dismal
outcome in OS that was consistent with previous research. It has been proven that CCNA2 is prominently
related to cell cycles and cell proliferation [41-42]. Therefore, we have reason to believe that SYNJ2 and
CCNA2 both participate in the process of the cell cycle to promote LUAD cells’ proliferation and
progression. It has been reported that CEP55 can facilitate the proliferation, migration, and infiltration of
multiple neoplasms, including glioma [43], breast cancer [44], gastric carcinoma [45], and prostate cancer
[46]. Wu et al. [47] discovered that CEP55 is implicated with LUAD prognosis, which is also consistent
with our results. Therefore, we argue that SYNJ2 may act with CEP55 to promote the proliferation,
migration, and invasion of LUAD. KIF20A also has been detected as being overexpressed in numerous
types of human malignancies, including LUAD, and its overexpression can stimulate LUAD cells’
proliferation [48]. Matching our results, Sun et al. [49] also reported that NDC80 expression was strikingly
elevated in LUAD and related to prognosis. Interestingly, relevant studies about TPX2, MELK, KIF2C, and
KIF11 also have been reported in LUAD, and they are all implicated with the progression and poor

prognosis of LUAD [50-53]. In summary, all the 10 SYNJ2 co-expressed key genes were overexpressed in
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LUAD and were clearly correlated with the prognosis of LUAD. We have reason to believe that SYNJ2

might act cooperatively with these 10 co-expressed gens to promote the proliferation, migration, and

progression of LUAD. Of course, the mechanism of interaction between these 10 genes and SYNJ2 in
LUAD requires further study.

There are some limitations of the current research. First, retrospective, selective, and confounding biases
were inevitable. Second, the protein and mRNA expression levels of SYNJ2 could be further validated
using a Western blot analysis, enzyme-linked immunosorbent assay (ELISA), and quantitative real-time
PCR (RT-qPCR). Third, the interactions between SYNJ2 and its co-expressed genes should be further
confirmed by an experiment such as RNA Binding Protein Immunoprecipitation.

Conclusion

The expression level of SYNJ2 was significantly elevated in LUAD, and the upregulation of SYNJ2 may
facilitate the proliferation and progression of LUAD by modulating the cell cycle and TGF-beta signaling
pathways. SYNJ2 may contribute as an attractive and prospective therapeutic target in LUAD.
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Additional file 1: Table S1. Relationship between SYNJ2 expression and clinicopathological parameters
of LUAD from tissue microarray.

Additional file 2: Table S2. Relationship between SYNJ2 expression and clinicopathological parameters
of LUAD from TCGA.
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Additional file 3: Supplementary Figure 1. SYNJ2 expression in LUAD and non-tumor tissues based on
gene microarrays. The scatter plots display the differential expression levels of SYNJ2 in LUAD and non-
cancer tissues for each of the included microarray datasets. Data are expressed as means * SD, and
P<0.05 indicates a statistically significant difference when compared to the normal control.

Additional file 4: Supplementary Figure 2. ROC curves based on gene microarray datasets. A panel of ROC
curves shows the diagnostic ability of SYNJ2 for LUSC in each of the included gene microarray datasets.
AUC: 0.5-0.7 (low), 0.7-0.9 (moderate), and 0.9-1.0 (high). P<0.05 indicates a statistically significant
difference. ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval.

Additional file 5: Supplementary Figure 3. The relationship between SYNJ2 expression and related clinical
features in different datasets. A-B. The expression levels of SYNJ2 between female and male patients
based on GSE33532 dataset. C-D. SYNJ2 expression level in female and male patients according to
GSE40791 dataset. E-F. Expression levels of SYNJ2 between patients of different ages based on
GSE40419 dataset. G-H. SYNJ2 expression in patients with different smoking statuses in accordance
with GSE31210 dataset.

Additional file 6: Supplementary Figure 4. GO and KEGG analyses of the overlapping genes from SYNJ2
co-expressed genes and DEGs. A. Venn diagram of overlapping genes from the intersection of two
independent datasets. B. GO enrichment analysis bar diagram. C. KEGG pathway enrichment analysis bar
diagram. The x-axis represents the numbers of involved genes, and the y-axis represents the GO and
KEGG terms. Each bar represents a term. The length of the bar indicates the number of involved genes.
The color hue indicates the P-adjust value. Red indicates higher degrees of significance of gene
enrichment analysis than blue. DEGs, differentially expressed genes; GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes; BP, biological process; CC, cellular component; MF, molecular
function.

Additional file 7: Supplementary Figure 5. Module analysis and hub genes selection. A. Module rank 1
obtained from PPI network using Molecular Complex Detection (MCODE) in Cytoscape. This cluster
consists of 33 nodes and 489 edges and has the highest score of the clusters. B. Ten SYNJ2 co-
expressed hub genes screened from module cluster 1 using cytoHubba in Cytoscape.

Additional file 8: Supplementary Figure 6. Survival analysis of 10 SYNJ2 co-expressed hub genes based
on TCGA dataset. The result indicates that they are all related to the prognosis of patients with LUAD.
P<0.05 indicates a statistically significant difference.

Additional file 9: Supplementary Figure 7. Survival analysis of 10 SYNJ2 co-expressed hub genes based
on GSE31210 dataset. The result demonstrates that they are all related to the prognosis of patients with
LUAD. P<0.05 indicates a statistically significant difference.
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Figure 1

SYNJ2 protein overexpression in lung adenocarcinoma (LUAD) base on in-house tissue microarrays. A.
The protein expression of SYNJ2 between LUAD and non-cancerous tissues. B. ROC curve of SYNJ2
protein expression in LUAD. C, E. Normal lung tissues (400x). D, F. LUAD tissues (400x). G-H. Expression
level of SYNJ2 protein between patientsin T1, T2 and T3, T4 stages. LUAD, lung adenocarcinoma; ROC,
receiver operating characteristic; AUC, area under the curve; Cl, confidence interval.
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Expression of SYNJ2 in LUAD and its association with clinicopathological parameters from TCGA. A. The
expression of SYNJ2 in LUAD and non-tumor tissues. B. The ROC curve was generated to assess the
diagnostic ability of SYNJ2 in LUAD and non-cancerous lung tissues (AUC=0.92, 95%Cl: 0.89-0.94,
P<0.001). C. Expression of SYNJ2 for age of LUAD patients. D. ROC curve of SYNJ2 for age of LUAD
(AUC=0.56, 95%Cl: 0.50-0.61, P=0.045). LUAD, Lung Adenocarcinoma; TCGA, The Cancer Genome Atlas;
ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval.
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Figure 3

Integrated analysis of the tissue microarray, TCGA dataset, and public gene microarrays. A. Forest plot of
SMD to validate the high expression of SYNJ2 in LUAD. B. The Begg’s funnel plot of the publication bias.
C. SROC curve of SYNJ2 in the diagnosis ability of LUAD data from all involved datasets (AUC=0.88,

95%Cl: 0.85-0.91). P<0.05 indicates a statistically significant difference. SMD, standard mean difference;
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TCGA, The Cancer Genome Atlas; Cl, confidence interval; SROC, summary receiver operating
characteristic; AUC, area under the curve.
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SYNJ2 mRNA expression levels and gene alteration. A. Histogram of SYNJ2 expression levels in LC cells,
which were the median between those of several cancer cell lines. The histogram was downloaded from
The Cancer Cell Line Encyclopedia. Different colors represent the expression level of SYNJ2 in different
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cell types. B. The OncoPrint schematic revealed that the SYNJ2 gene became altered in 16/518 (3%)
sequenced samples. C. Boxplot of SYNJ2 expression levels in primary non-small cell LC, circulating tumor
cell (CTC), and white blood cells (WBC). The boxplot downloaded from gene expression database of
CTCs. LUAD, Lung Adenocarcinoma.
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Figure 5

Kaplan-Meier survival curves of SYNJ2 in different datasets. A-C. The Kaplan-Meier survival curve
demonstrated no significance difference in OS between a high and a low expression of SYNJ2 based on
the TCGA, GSE11969, and GSE87340 datasets. D. The patients with low expression of SYNJ2 in LUAD
had a better prognosis than that with high expression according to the GSE31210 microarray.
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Univariate and multivariate cox regression analyses for the prognostic value of SYNJ2. A-B. Univariate
cox regression analysis (A: GSE31210, B: TCGA). C-D. Multivariate cox regression analysis (C: GSE31210,

D: TCGA).
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Expression of 10 SYNJ2 co-expressed hub genes in LUAD samples based on different datasets. A-B.
Heatmap and violin diagram of the 10 SYNJ2 co-expressed hub genes expression level in LUAD and
normal samples based on TCGA dataset. C-D. Heatmap and violin diagram of the 10 SYNJ2 co-expressed
hub genes expression level in LUAD and normal samples based on GSE30219 dataset. E-F. Heatmap and
violin diagram of the 10 SYNJ2 co-expressed hub genes expression level in LUAD and normal samples
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based on GSE33532 dataset. G-H. Heatmap and violin diagram of the 10 SYNJ2 co-expressed hub genes
expression level in LUAD and normal samples based on GSE70537 dataset. In heatmap, the depth of red
represents the level of high expression, and the depth of green represents the level of low expression. In
violin diagram, red represents LUAD, blue represents normal samples, and the positions of the white spots
represent the median values of expression. N, normal; T, tumor.
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Figure 8

Correlation between SYNJ2 and its 10 co-expressed hub genes in different datasets. A. Spearman
correlation analysis of SYNJ2 and its 10 co-expressed hub genes in the TCGA dataset. B. Spearman
correlation analysis of SYNJ2 and its 10 co-expressed hub genes in GSE 30219 dataset. C. Spearman
correlation analysis of SYNJ2 and its 10 co-expressed hub genes in GSE33532 dataset. D. Spearman
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correlation analysis of SYNJ2 and its 10 co-expressed hub genes in GSE70537 dataset. Red: positive
correlation; blue: negative correlation; all P<0.001.
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