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SPOCK2 Serves as a Potential Prognostic Marker and Correlates With Immune Infiltration in Lung Adenocarcinoma
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Lung adenocarcinoma (LUAD) is one of the major types of lung cancer. Tumor-infiltrating immune cells (TIICs) are positively associated with overall survival (OS) in LUAD. The SPARC/osteonectin, cwcv and kazal-like domains proteoglycan 2 (SPOCK2) is a complex type of secreted proteoglycan involved in forming a protective barrier against viral infection. The purpose of this study was to investigate the relationship between SPOCK2 and TIICs and the prognostic role of SPOCK2 in LUAD. The GEPIA2, GEO, CPTAC, and HPA databases were analyzed to examine both the mRNA and protein expression of SPOCK2 in LUAD. GEPIA2 and the Kaplan-Meier Plotter (KM Plotter) were used to evaluate the prognostic value of SPOCK2 in LUAD patients. TCGA data were examined for a correlation between SPOCK2 expression and clinical characteristics. Gene enrichment analyses were performed to explore the underlying mechanism of SPOCK2 based on LinkedOmics. RegNetwork was used to predict the regulators of SPOCK2. The correlation between SPOCK2 and TIICs, including immune infiltration level and relative proportion was investigated via TIMER. KM Plotter was also used to evaluate the prognostic role of SPOCK2 expression in LUAD with enriched and decreased TIIC subgroups. We found SPOCK2 was significantly downregulated in LUAD compared with that in non-tumor controls and was correlated with clinical parameters. Moreover, a high SPOCK2 expression level predicted better survival. The SPOCK2-associated regulatory network was constructed. SPOCK2 influenced the TIIC infiltration level and relative proportion in LUAD. Furthermore, a high SPOCK2 expression level was associated with a favorable prognosis in enriched CD4 + T cells and macrophage subgroups in LUAD. In conclusion, a high level of SPOCK2 expression predicted favorable prognosis and was significantly correlated with TIICs in LUAD. Therefore, the expression of SPOCK2 may affect the prognosis of LUAD partly due to TIICs.
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INTRODUCTION

Lung cancer has become the most common cancer type and causes the largest number of cancer-related deaths in the world (Siegel et al., 2019). Lung adenocarcinoma (LUAD) is a crucial histological phenotype of lung cancer (Testa et al., 2018). Immunotherapy is a promising treatment strategy for LUAD, and clinical trials of immunotherapy are underway. The effect of immunotherapy on LUAD progression and outcome depends on both the cancer phenotype and tumor-infiltrating immune cell (TIIC) subsets in the tumor microenvironment. It was reported that TIICs are positively associated with better survival in LUAD, which highlights the importance of TIICs in the clinical outcomes of LUAD patients (Vafadar, 2019).

SPARC (osteonectin), cwcv and kazal-like domains proteoglycan 2 (SPOCK2) is known as a secreted protein that is acidic and cysteine-rich, playing a significant role in the development and progression of ovarian cancer, endometrial cancer, and prostate cancer (Liu et al., 2019; Lou et al., 2019; Ren et al., 2019). It was reported that SPOCK2 can prevent viral infection in lung epithelial cells (Ahn et al., 2019). However, its association with prognosis in LUAD and its possible immune mechanisms are still elusive. In this study, we aimed to examine these immune mechanisms and the prognostic role of SPOCK2 in LUAD.

We first analyzed the differential mRNA expression of SPOCK2 between LUAD and normal lung tissues in the Gene Expression Profiling Interactive Analysis (GEPIA2) and Gene Expression Omnibus (GEO) databases. We also explored SPOCK2 protein expression via the Clinical Proteomic Tumor Analysis Consortium (CPTAC) and Human Pathology Atlas Project (HPA) databases. GEPIA2 and Kaplan-Meier (KM) Plotter were employed as online bioinformatics tools to study the prognostic correlation between SPOCK2 expression and LUAD. We observed SPOCK2 was related to tumor stage (TNM classification) in LUAD using The Cancer Genome Atlas (TCGA) data. Then, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted to assess the potential role of SPOCK2 in LUAD. Furthermore, the correlation between SPOCK2 and TIICs in LUAD was investigated in TCGA and GEO databases via TIMER. We also used the KM Plotter to examine the prognostic role of SPOCK2 with enriched and decreased TIIC subgroups. Our findings may shed light on the mechanism and role of SPOCK2 in LUAD.



MATERIALS AND METHODS


Data Collection

The datasets analyzed during the current study are available in the GEO1 (Barrett et al., 2013) and TCGA repositories2 (Tomczak et al., 2015). The RNA sequencing fragments per kilobase million (FPKM) data and the corresponding clinical information were downloaded from TCGA-LUAD database. There were 594 samples in LUAD-TCGA, including 535 tumor samples and 59 normal samples. There were in total 352 tumor samples with complete information on age, gender, survival time, tumor stage, and TNM classification that were analyzed by SPSS to evaluate correlations between SPOCK2 expression and different clinicopathological factors. The microarray data collected from GEO was normalized by BART (Amaral et al., 2018).



Detecting Differential Expression of SPOCK2

GEPIA2 (Tang et al., 2017) and the data downloaded from GSE32863 were used to evaluate the mRNA expression of SPOCK2. In the module “Expression DIY” of GEPIA2, differential expression between LUAD and normal controls were performed with the option of matching TCGA normal and GTEx data and log2(TPM + 1) for log-scale. GSE32863 met the criteria of gene expression profiling of LUAD and their matched histologically normal adjacent lung tissue samples which were applied for analyzing the differential expression of SPOCK2 between LUAD and normal lung tissues.

The CPTAC (Chen et al., 2019) database was applied to evaluate the total protein expression of SPOCK2 in LUAD. Log2 Spectral count ratio values were normalized within each sample profile and then across samples. The HPA (Ponten et al., 2011) database contains immunohistochemistry (IHC) data from 44 different normal tissue types and 17 major cancer types.



Analysis of Prognostic Potential

The GEPIA2 and KM Plotter (Gyorffy et al., 2013) bioinformatics tools were applied to evaluate the prognostic potential of SPOCK2 in LUAD. There are three options for “Group Cutoff” in GEPIA2: “Median,” “Quartile,” and “Custom.” We chose that stratifying patients according to the “Median” expression of SPOCK2 in GEPIA2. Then, by choosing the “auto select best cutoff” option in KM Plotter, all possible cut-off values between the lower and upper quartiles are computed, and the best performing threshold is used as a cutoff.



Gene Enrichment Analysis Based on SPOCK2-Coexpressed Genes

SPOCK2-coexpressed genes were displayed as a heatmap by LinkedOmics (Vasaikar et al., 2018) based on TCGA data and the genes were analyzed with the GO (Thomas, 2017) and KEGG pathway enrichment (Kanehisa et al., 2017) tools by R clusterProfiler (Yu et al., 2012) to visualize the mechanism of SPOCK2 in LUAD.



RegNetwork Analysis

RegNetwork (Liu et al., 2015) is an online platform collecting experimentally validated and predicted gene regulations. Combinatorial and synergic regulatory correlations among transcription factors (TFs), miRNAs, and genes can be queried and identified in this regulatory network repository. A TF-miRNA-gene regulatory network was constructed by Cytoscape (Shannon et al., 2003).



TIMER Database Analysis

The TIMER database (Li et al., 2017) is a bioinformatic web tool that can be applied to perform a comprehensive analysis of TIICs. The “Gene” module can evaluate the relationship between SPOCK2 mRNA expression and TIIC infiltration level using TCGA data, including data on B cells, CD8 + T cells, CD4 + T cells, neutrophils, macrophages, and dendritic cells. TIMER was also applied to explore the relationship between SPOCK2 mRNA expression and TIIC gene marker sets (Danaher et al., 2017; Siemers et al., 2017). Furthermore, the “Estimation” module in TIMER was used to measure the proportion of 22 immune cell subtypes in each LUAD sample from GSE37745, based on CIBERSORT3 (Newman et al., 2015). GSE37745 contains 106 LUAD samples. They were measured for the proportion of 22 immune cell subtypes of each LUAD sample. And then, they were evaluated for the correlation between SPOCK2 expression and the proportion of immune cell subtypes. The sample size is big enough and suitable for the bioinformatic tool “TIMER” and “Cibersort” to perform the calculation. CIBERSORT is a web portal which could characterize cell composition of complex tissues from the input gene expression profiles. It was used to measure the proportion of 22 immune cell subtypes in each LUAD sample from GSE37745.



Statistical Analysis

Correlation assessment were carried out using SPSS version 17.0 (SPSS Inc., Chicago, IL, United States). The associations between SPOCK2 expression and the clinicopathological parameters of the LUAD patients were analyzed using the chi-squared test. Bivariate correlations between study variables were assessed with the Spearman’s rank correlation coefficient. P < 0.05 was considered statistically significant. Low and high SPOCK2 expression groups for correlation assessment were established according to the 60%-low and 40%-high SPOCK2 mRNA expression value in selected LUAD-TCGA dataset. Statistical analysis of SPOCK2 expression and TIICs relative proportion in the GEO dataset (GSE32863 and GSE37745) were performed using the GraphPad Prism 7 software (GraphPad Software Inc., La Jolla, CA, United States). Differences between the two groups were calculated by unpaired t-tests (∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P < 0.001).




RESULTS


SPOCK2 Was Downregulated in LUAD

We analyzed SPOCK2 mRNA expression in LUAD and normal lung tissue RNA sequencing data from the TCGA database via GEPIA2. The results revealed that the SPOCK2 mRNA expression level was lower in LUAD than in non-tumor lung tissue (P < 0.05, Figure 1A). This was validated in GSE32863 (P < 0.001, Figure 1B). We then investigated SPOCK2 protein expression in LUAD compared with that in normal lung tissues. The SPOCK2 protein expression level was lower in LUAD than in normal lung tissue in the CPTAC database (Figure 1C). Furthermore, IHC staining data from HPA database indicated that medium levels of SPOCK2 expression were present in normal lung tissues, while low levels of expression were observed in LUAD tissues (Figure 1D). Taken together, these results indicated that SPOCK2 was more highly expressed at the transcriptional and proteomic levels in normal lung tissues than in LUAD tissues.
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FIGURE 1. SPOCK2 expression in LUAD tissue at the mRNA level. (A) Differential SPOCK2 mRNA expression between LUAD and normal lung tissues in the GEPIA2 database. TPM: Transcripts Per Kilobase of exon model per Million mapped reads. (B) Differential SPOCK2 mRNA expression between LUAD and normal lung tissues in the GSE32863 dataset. (C) Differential SPOCK2 protein expression between LUAD and normal lung tissues in the CPTAC database. (Z-values: standard deviations from the LUAD median across samples). (D) Immunohistochemistry staining of SPOCK2 protein in LUAD and normal lung tissues in the HPA database. (E) Differential mRNA expression of SPOCK2 in LUAD with different T stages. FPKM: Fragments Per Kilobase of exon model per Million mapped fragments. *P < 0.05; **P < 0.01; ***P < 0.001.




SPOCK2 Correlated With Clinical Parameters; High SPOCK2 Expression Correlated With Better Survival in LUAD Patients

We analyzed the relationship between SPOCK2 and the clinicopathological characteristics of LUAD in the TCGA database. Differences in SPOCK2 mRNA expression were observed according to T stage classification, as shown in Figure 1E. Furthermore, SPOCK2 expression was observed to have a strong association with age (P = 0.001), clinical stage (P = 0.037), T classification (P < 0.001) and N classification (P = 0.012). However, SPOCK2 expression was not associated with sex (P = 0.111) or metastasis (P = 0.755) (Table 1). Similarly, spearman correlation analysis between SPOCK2 and clinicopathological characteristics revealed that the expression of SPOCK2 was significantly related to age (P = 0.001) and clinical stage (P = 0.015), T classification (P = 0) and N classification (P = 0.001) (Table 2). Then, the prognostic value of SPOCK2 in LUAD was analyzed by GEPIA2 database employing transcriptomic sequencing data (Figure 2A) and we found that a high SPOCK2 expression level correlated with better OS (HR (high) = 0.73, P (HR) = 0.038) in LUAD. Further, we used the KM Plotter to assess the prognostic value of SPOCK2 in LUAD and we found the similar result (HR = 0.64, logrank P = 0.0047) (Figure 2B). These results indicated a significant association between SPOCK2 expression and LUAD progression and prognosis.


TABLE 1. Correlation between SPOCK2 expression and clinicopathologic characteristics of LUAD.
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TABLE 2. Spearman correlation analysis between SPOCK2 and clinicopathological characteristics of LUAD.
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FIGURE 2. Prognostic role of SPOCK2 in LUAD. (A) Kaplan-Meier (KM) survival analysis of SPOCK2 in LUAD via GEPIA2. (B) KM survival analysis of SPOCK2 in LUAD via KM Plotter.




Functional Annotation and Pathway Enrichment of SPOCK2-Associated Genes and the SPOCK2 Regulatory Network

To examine the co-expressed genes of SPOCK2, the LinkedOmics bioinformatics tool was employed to analyze mRNA sequencing data from LUAD patients in the TCGA database. The top 50 significant gene sets positively (left) and negatively (right) correlated with SPOCK2 were shown in the heatmap (Figure 3A). The result showed that SPOCK2 expression showed a strong correlation with GTPases of immunity-associated proteins (GIMAPs) family, including GIMAP1 (positive rank #1, Pearson correlation = 0.69, p = 5.45e–73), GIMAP8 (Pearson correlation = 0.69, p = 1.89e–72), and GIMAP7 (Pearson correlation = 0.68, p = 1.25e–70), which are regulators of lymphocyte survival and homeostasis (Schwefel et al., 2013). The result displayed the significant SPOCK2-correlated gene sets which help us explore the potential function of SPOCK2 by performing the enriched GO terms (Figure 3B) and KEGG pathways (Figure 3C) analysis. We discovered that these SPOCK2-associated genes were mainly enriched in lymphocyte activation, differentiation, and signaling, especially of T cells, with regard to biological process (BP) terms and KEGG pathway analysis results. Additionally, SPOCK2 was enriched in ribosome subunit and immunological synapse with regard to cellular component (CC) terms. In addition, we observed that SPOCK2 was involved in GTPase activity and cytokine binding with regard to molecular function (MF) terms. These results indicate the potential role of SPOCK2 to regulate tumor immunity in LUAD patients. In addition, RegNetwork database was employed to predict the TF and miRNA that could potentially bind to SPOCK2. We also utilized RegNetwork database to predict the potential binding of SPOCK2-associated TF and miRNA. Finally, TF (green)-miRNA (orange) co-regulatory interactions of SPOCK2 (blue) were constructed to study the potential SPOCK2 regulatory system (Figure 4).
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FIGURE 3. Gene enrichment analysis of SPOCK2 in LUAD datasets. (A) Heatmaps showing genes positively and negatively correlated with SPOCK2 in LUAD (top 50). (B) Enriched GO terms of SPOCK2-associated genes. (C) Enriched KEGG pathways of SPOCK2-associated genes.
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FIGURE 4. TF-SPOCK2-miRNA regulatory network.




Relationship Between SPOCK2 Expression and TIICs

Functional annotation and pathway enrichment indicated the potential role of SPOCK2 in regulating TIICs, which are vital in the prediction of the overall survival (OS) rate of LUAD. Therefore, we used TIMER to analyze possible associations between SPOCK2 expression and the TIIC infiltration level in LUAD. As shown in Figure 5A, SPOCK2 expression was positively associated with the levels of B cells (cor = 0.415, P = 1.45e–21), CD8 + T cells (cor = 0.32, P = 4.31e–13), CD4 + T cells (cor = 0.533, P = 6.31e–37), macrophages (cor = 0.303, p = 9.05e–12), neutrophils (cor = 0.406, P = 1.24e–20), and dendritic cells (cor = 0.392, P = 2.34e–19). These results indicated that SPOCK2 was important in regulating immune infiltration in LUAD. In addition, we observed via the TIMER database that SPOCK2 expression was strongly associated with the immunomarkers of TIICs and that these correlations remained unchanged after tumor purity correction (Table 3).
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FIGURE 5. Correlation of SPOCK2 with TIICs in LUAD. (A) Correlation between SPOCK2 expression and immune infiltration in LUAD. (B) Based on 106 LUAD samples from the GSE37745 dataset, 22 kinds of TIICs are plotted according to the SPOCK2 expression level (horizontal lines indicate p-values <0.05; *P < 0.05; **P < 0.01).



TABLE 3. Correlation analysis via TIMER between SPOCK2 and related genes and markers of immune cells in LUAD.

[image: Table 3]Further, we tried to examine whether the tumor immune microenvironment was different in LUAD patients with high SPOCK2 levels compared to those with low levels. The 106 LUAD samples from GSE37745 were divided into 2 groups based on median expression value of SPOCK2 expression value, with 53 samples in the high expression group and 53 samples in the low expression group. We used CIBERSORT by TIMER to examine the proportions of 22 types of immune cells by analyzing the gene expression profiles of these samples. We found that the proportions of several subtypes of T cell and activated lymphocyte subsets were significantly increased in the SPOCK2 high expression group compared with those in the SPOCK2 low expression group, including CD8 + T cells, activated memory CD4 + T cells, regulatory T cells, M1 macrophages, activated myeloid dendritic cells, and neutrophils (Figure 5B). Together, these results indicated that SPOCK2 plays a significant role in regulating TIICs in LUAD.



Prognostic Analysis of SPOCK2 Expression in LUAD Based on TIICs Subsets

We confirmed that SPOCK2 expression was positively correlated with favorable prognosis and TIICs in LUAD. Therefore, we speculated that the expression of SPOCK2 affects prognosis partly due to TIIC infiltration. We conducted prognostic analysis based on the SPOCK2 expression in enriched or decreased immune cell subgroups via KM Plotter. We observed that high expression levels of SPOCK2 in enriched CD4 + T cell (HR = 0.59) and enriched macrophage (HR = 0.57) cohorts were associated with a better prognosis, while there was no significant association among decreased subgroups (Figures 6A,B). These results supported our prediction that a high SPOCK2 expression level in LUAD affected prognosis partly because of the TIIC infiltration level.
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FIGURE 6. Comparison of Kaplan-Meier survival curves of SPOCK2 in LUAD based on enriched or decreased CD4 + T cells (A) and macrophage (B) subgroups.





DISCUSSION

Due to the poor outcomes reported in the latest cancer statistics released in 2019, there is an urgent need to identify novel prognostic markers for LUAD (Siegel et al., 2019). Cancer growth and spread are not only dependent on the characteristics of tumor cells but also on the interactions with components of the tumor microenvironment, especially TIICs (Hanahan and Weinberg, 2011; Matsushita et al., 2012; Steven et al., 2016), which positively correlate with better survival in LUAD (Iglesia et al., 2016). SPOCK2 correlates with the development and progression of various human cancers (Ren et al., 2011, 2019; Liu et al., 2019; Lou et al., 2019). SPOCK2 mRNA and protein are present in the lungs and are involved in alveolar development (Hadchouel et al., 2020) and bronchopulmonary dysplasia susceptibility (Hadchouel et al., 2011). However, the prognostic role of SPOCK2 in LUAD and the mechanism of the relationship between SPOCK2 and TIICs are still largely unknown.

In this study, we attempted to systematically explore the expression, prognostic value, correlation with TIICs, and potential mechanism of SPOCK2 in LUAD. In recent studies, SPOCK2 has been shown to be highly expressed in ovarian cancer (Lou et al., 2019) and lowly expressed in prostate cancer (Liu et al., 2019). Its expression increases during lung development (Hadchouel et al., 2020). We observed a significant decrease in SPOCK2 expression in LUAD compared with that in normal lung tissue at the mRNA level in the GEPIA2 and GEO databases (dataset GSE32863). We also found that SPOCK2 was downregulated in LUAD at the protein level in the CPTAC and HPA databases, indicating that SPOCK2 might be closely related to the occurrence and development of LUAD. To further study the potential role of SPOCK2 in lung cancer, we downloaded datasets from the TCGA database. We identified differential SPOCK2 expression in LUAD with T classification and SPOCK2 was negatively correlated with several clinical features including the pathological stage, tumor status, and lymph node status in LUAD patients. We then performed prognostic analysis using GEPIA2 and KM Plotter, and the results revealed that a high level of SPOCK2 expression was associated with better OS. SPOCK2 was previously reported to inhibit cancer cell invasion and migration in prostate cancer (Liu et al., 2019). Our findings indicated that SPOCK2 could constitute a promising prognostic biomarker in LUAD. However, the biological involvement of SPOCK2 in LUAD still needs to be explored.

To elucidate the molecular mechanisms underlying the role of SPOCK2 in LUAD, we explored the function of SPOCK2 and its coexpressed genes using LinkedOmics via GO and KEGG analysis with clusterProfiler. Most of the GO and KEGG categories were enriched in regulating lymphocytes, especially T cells based on LinkedOmics. TFs (Lambert et al., 2018) and miRNAs (Hayes et al., 2014) are central regulators of genes, functioning at the transcriptional and posttranscriptional levels, respectively (Le et al., 2015). We constructed a TF-SPOCK2-miRNA regulatory network using Cytoscape based on the RegNetwork database that may be greatly valuable for studying SPOCK2 regulatory systems because of its integration of prior knowledge.

SPOCK2 was reported to enhance anti-viral ability by inhibiting the cellular attachment and entry of the influenza virus (Ahn et al., 2019). In addition, the expression of SPOCK2 can be induced by interferon (IFN), which plays a vital role in immune responses in lung cancer. We speculated that viral infection-induced SPOCK2 expression may also be the result of immune system activation (Galani et al., 2017; Ahn et al., 2019). Therefore, we examined the correlation of SPOCK2 expression with the tumor immune system in LUAD.

We found that SPOCK2 was positively associated with the TIIC infiltration level among TCGA data, using TIMER. Moreover, the association between SPOCK2 expression and the marker genes of TIICs validated the role of SPOCK2 in LUAD tumor immunity.

TIIC subpopulations are different among cancer patients. For example, M1 macrophages and activated TIICs correlate with a relatively better prognosis (Pan et al., 2020). Likewise, in our study, significant correlations were found between SPOCK2 expression and several markers of TIICs in LUAD, which indicated that SPOCK2 plays a significant role in regulating the tumor immune microenvironment. Furthermore, we observed that the proportions of CD8 + T cells, activated memory CD4 + T cells, regulatory T cells, M1 macrophages, activated myeloid dendritic cells, and neutrophils increased in the SPOCK2 high expression group compared with those in the SPOCK2 low expression group in the GSE37745 dataset. Together, these results suggested that SPOCK2 played a vital role in regulating TIICs in LUAD.

Prognostic analysis of SPOCK2 expression levels based on immune cells in LUAD was performed using the KM Plotter. We observed that a high SPOCK2 expression level in the enriched CD4 + T cells and macrophage subgroups in LUAD was associated with a favorable prognosis. T cells and macrophages are closely associated with clinical outcome in LUAD (Iglesia et al., 2016) and our analysis results suggested that a high level of SPOCK2 expression in LUAD may affect the prognosis of LUAD cancer patients partly due to TIICs, indicating that SPOCK2 may have potential applications in immunotherapy.

To the best of our knowledge, the present study confirmed for the first time that SPOCK2 greatly affects LUAD prognosis. We found that a high expression level of SPOCK2 favored better survival in LUAD and correlated with TIICs. Therefore, SPOCK2 may affect prognosis partly due to its relationship with TIICs. Nonetheless, there were some limitations in our study. More LUAD patient samples are needed to confirm the prognostic value of SPOCK2, and the function of SPOCK2 in TIIC regulation in cancers as well as its influence on the response to immunotherapy should be verified in future clinical trials. In conclusion, SPOCK2 may be a useful biomarker and therapeutic target for LUAD prognosis and treatment, respectively.
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