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The SPARC gene plays multiple roles in extracellular matrix synthesis and cell shaping, associated with tumor cell
migration, invasion, and metastasis. The SPARC gene is also involved in the epithelial-mesenchymal transition

(EMT) process, which is a critical phenomenon leading to a more aggressive cancer cell phenotype. SPARC gene
overexpression has shown to be associated with poor survival in the mesothelioma (MESO) cohort from the TCGA

database, indicating that this gene may be a powerful prognostic factor in MESO.

SPARC epithelial-mesenchymal transition (EMT) mesothelioma (MESO) omics

1. SPARC Gene Expression and Its Prognostic Value in
Pancancer and Mesothelioma

SPARC gene expression in 32 types of cancer can be found in the TCGA database (http://www.emtome.org/

accessed on 1 May 2022) (Figure 1A). Gene expression of SPARC is associated with overall survival of MESO
and pancancer. Survival maps of 32 types of cancer show that SPARC gene is a strong prognostic indicator for
MESO (Figure 1B,C). Higher expression of SPARC gene is associated with poorer overall survival (Log rank p =
3.6 x 107°) and disease-free survival (Log rank p = 0.023) in the MESO cohort (Figure 1D,E) and in pancancer
(Figure 1F,G). The prognostic value of the EMT gene signature in MESO has been demonstrated elsewhere and

by researchers' group .
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Figure 1. SPARC gene expression and its association with survival in the MESO cohort and pancancer. (A)
SPARC gene expression in the pancancer TCGA database; (B,C) survival maps showing that SPARC gene
expression is associated with overall survival (OS) and disease-free survival (DFS) in pancancer; (D,E) SPARC
gene expression associated with OS and DFS in the MESO cohort; (F,G) SPARC gene expression associated with

OS and DFS in pancancer.

2. Previous Studies of SPARC/Osteonectin on Prognosis in
Mesotheliomaand Other Cancers

Previous studies demonstrated the prognostic significance of the secreted protein SPARC, which could be a
prognostic biomarker in MESO in a proteomics-based approach [&. Kao et al. used a proteomics-based approach
to identify secreted protein SPARC as a prognostic biomarker in MESO. The SPARC protein, also known as

osteonectin (ON, ONT) or basement-membrane protein 40 (BM-40), is a glycoprotein in the bone that binds
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calcium and collagen Bl An integrated gene expression analysis was performed on RNA-seq data of MESO
patients from the TCGA dataset and from cell lines, and results showed the SPARC gene to be overexpressed in
MESO &I,

Another study showed that high tumor cell platelet-derived growth factor receptor beta (PDGFRB) and stromal
SPARC expression remained independently associated with shorter survival in MESO, indicating that PDGFRB
and SPARC may be potential markers for risk stratification and as targets for therapy B. A meta-analysis
demonstrated that SPARC expression has prognostic significance in breast cancer [8. Methylation-mediated
SPARC expression was shown to correlate with tumor progression and poor prognosis of breast cancer.
Overexpression of SPARC may promote cancer cell migration and invasion, and thus function as an oncogene and
a potential therapeutic target for breast cancer . The relationship between stromal-cell-derived SPARC and its
clinicopathologic significance was reported in human gastric cancer tissue . The expression of SPARC together
with other genes such as FN1 and SERPINE1 may predict poor prognosis of gastric adenocarcinoma . SPARC
expression is also associated with tumor metastasis and poor prognosis in head and neck cancers. Exogenous
SPARC and SPARC overexpression enhances the EMT signaling pathway via AKT activation and may be
associated with tumor progression in head and neck cancers 19, SPARC is highly expressed in tumor stroma and
tumor-associated fibroblasts in pancreatic cancer, and its overexpression in this compartment is associated with

poorer prognosis 111,

A systemic research and meta-analysis showed prognostic value of SPARC in hepatocellular carcinoma 22, In
summary, SPARC expression is associated with worse survival in MESO, breast cancer, head and neck cancer,

gastric cancer, and hepatocellular carcinoma.

3. SPARC and the Immunosuppressive Tumor
Microenvironment

Stromal cells and extracellular matrix are the major components contributing to the interaction of tumor cells with
their microenvironment. The immunosuppressive microenvironment drives non-malignant cells to change
phenotypic plasticity, which promotes tumor cell aggressiveness and invasion 23!, Myeloid-derived suppressor cells
(MDSCs) are well-known key negative regulators of the immune response during tumor growth. SPARC was
considered a new MDSC marker licensing suppressive activities. SPARC is identified in both human and mouse
MDSCs with immune suppressive capacity and pro-tumoral activities, including the induction of EMT and
angiogenesis 14, TCGA data showed a strong positive correlation between gene co-expression of SPARC and
MDSC infiltration in MESO (Figure 2A). Considerable evidence has shown that SPARC mediates the TGF-1
signaling pathway in different cancer types. TCGA data also showed a strong positive correlation between gene co-
expression of SPARC and TGF-B1/TGF-BR1 (Figure 2B,C) in MESO and other cancer types (http://cbiolportal.org/

accessed on 1 August 2022). TGF-B1-induced EMT promotes targeted migration of breast cancer cells towards

lymphatic vessels 2. SPARC is a key mediator of TGF-B1-induced renal cancer metastasis 8. SPARC acts as a

mediator of TGF-B1 in promoting EMT in lung cancer &7,
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Figure 2. Gene expression of the EMT gene SPARC is correlated with immunosuppressive components. (A,B)
Infiltration levels of myeloid-derived suppressor cells (MDSCs) and cancer-associated fibroblasts (CAFs) are
positively correlated with SPARC gene expression; (C,D) TGFB1/TGFBR1 gene expression is positively correlated

with SPARC gene expression. The graphs were generated based on the TCGA database from www.cbiolportal.org

accessed on 1 May 2022 and http://timer.cistrome.org/ accessed on 1 May 2022.

The function of SPARC has been shown to act as a mediator of fibrosis [X&. A recent study demonstrated that
SPARC in cancer-associated fibroblasts (CAFs) is an independent indicator for poor prognosis in non-metastatic
triple-negative breast cancer and exhibits pro-tumor activity, suggesting that patients with SPARC-expressing CAFs
could be eligible for anti-SPARC targeted therapy 12. TCGA data also showed a strong positive correlation
between gene co-expression of SPARC and CAF infiltration in MESO (Figure 2D). TGF-B1l-activated CAFs
promote breast cancer invasion, metastasis, and EMT 24, EMT is induced by various signaling pathways, including
TGF-B1, NOTCH, and receptor tyrosine kinases. EMT is a crucial mechanism governing the current classification
of epithelioid, biphasic, and sarcomatoid diffuse MESO. The mesenchymal epithelial transition factor gene (c-MET)
encodes a transmembrane protein c-MET receptor tyrosine, which is primarily activated by its ligand, hepatocyte

growth factor (HGF), also known as scatter factor. HGF binding to the c-MET receptor leads to the activation of
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PISK/AKT, MAPK/ERK, and STAT pathways involved in cell proliferation, motility, and angiogenesis in MESO and
other types of cancer. Upregulation of MET and mutation in the c-MET Semaphorin (SEMA) domain was observed
in more aggressive epithelioid MESO [21l, Moreover, the association of MET and SPARC has been observed in
different tumors such as esophageal carcinomas, as described by H. Porte et al. [22. Using single-cell RNA
sequencing to investigate EMT signaling cross-talk and gene regulatory networks, Deshmukh et al. found that the
NOTCH signaling pathway acts as a key driver of TGF-B-induced EMT (23],

Dysregulated fatty acid metabolism may contribute to tumorigenesis through interaction with oncogenic signaling.
Bellenghi M et al. demonstrated that the stearoyl-CoA desaturating enzyme SCD5 overexpresses in a metastatic
clone of 4T1 murine breast cancer cells. Their results showed SCD5-driven reprogramming of fatty acid
metabolism was able to block SPARC secretion and eventually reverse the EMT process. More intriguingly,
variation in the fatty acid profile by SCD5-gene transduction or the direct administration of oleic acid reduced the
immune suppressive activity of MDSCs, eventually enhancing T cell activation. A less immunosuppressive
microenvironment generated by SCD5 overexpression was enhanced in SPARC-KO mice, indicating that both

extracellular and endogenous SPARC additively regulate MDSCs’ suppressive activities 241,

| 4. SPARC and Cancer Cell Stemness

The SPARC-secreted glycoprotein is produced in various tissues and cells 22, Studies have shown that SPARC is
associated with increased cell motility, invasion, and migration, as well as increased resistance to chemotherapy
and radiation 28, Additionally, SPARC is believed to be involved in the invasion and metastasis of MESO and is
known to be upregulated in MESO tumors [&l. Evidence has shown that SPARC promotes self-renewal of limbal
epithelial stem cells (LESCs) and ocular surface restoration through JNK and p38-MAPK signaling pathways. Zhou
et al. confirmed that the secreted protein SPARC was able to promote the proliferation and suppress the
spontaneous differentiation of LESCs in vitro 22, On the contrary, loss of SPARC could protect hematopoietic stem
cells from chemotherapy toxicity by accelerating their return to quiescence 8. As a matricellular protein SPARC,
secreted by a clonal tumor cell subpopulation displaying non-cancer stem cell (CSC) properties in prostate cancer,
is a paracrine factor exerted on a distinct tumor cell subpopulation enriched in CSCs. This paracrine interaction
enhanced metastatic behavior of the CSC-enriched cancer cell subpopulation. SPARC is expressed in primary
prostate cancer cells and metastatic samples, and thus could be a tumor progression biomarker and a therapeutic

target in advanced prostate cancer 29,

Mesenchymal stem cells induce tumor stroma formation and epithelial-mesenchymal transition (EMT) through
SPARC expression in colorectal cancer Y. Targeting cancer stem cell signature gene SMOC-2 overcomes
chemoresistance and inhibits cell proliferation of endometrial carcinoma B, However, it remains unknown whether

the SPARC gene is a promoter of mesothelioma cell stemness.

5. SPARC May Be a Potential Therapeutic Target in
Mesothelioma
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The SPARC protein has two calcium binding sites. A study showed that treatment of calcium glucoheptonate
resulted in increased proliferation and calcium uptake in the MG-63 cells and elevated expression of osteopontin
and osteogenic genes such as collagen-1, SPARC, and osteocalcin 52,

Small molecules such as calcium citrate and calcium phosphate have been used to target SPARC by inducing

overexpression (https://go.drugbank.com/drugs/ accessed on 1 May 2022). Therefore, inhibition of SPARC gene by

interrupting the EMT process would be a therapeutic approach to MESO treatment.

As stated above, some miRs may target the SPARC gene, leading to an inhibition of its function. For instance,
MIR193A and MIR652 genes’ knock-in may function as a tumor suppressor by inhibiting SPARC function in the
EMT phenotype of MESO. Neutralization of SPARC function by monoclonal antibody could be another potential
MESO treatment 12
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