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Abstract 

Background: Dual-positive EpCAM⁺/CD45⁺ ovarian cancer cells in malignant ascites 

are proposed as ovarian cancer stem-like cells, yet their cellular origin and trans-

criptomic programs remain debated. 

Methods: In this work expression data from ascites-derived EpCAM⁺/CD45⁺ dual- 

positive ovarian cancer stem-like cells (DpOCSCs; GSE75036) and reference non- 

dual-positive ovarian cancer stem cells (OCSCs; GSE90125, GSE216627) was in-

tegrated. The workflow included cross-platform harmonization, differential expression 

analysis, pathway enrichment, protein–protein interaction mapping, and evaluation in 

independent cohorts (TCGA, CPTAC, survival databases). 

Results: DpOCSCs showed 347 up-regulated and 23 down-regulated genes (|log₂FC|>1, 

FDR<0.1). Enrichment analyses revealed overrepresentation of interferon-α/γ re-

sponses, TNF, NF-κB, IL-6, JAK-STAT3, and CXCR4 signaling, and pathways linked 

to natural killer cell-mediated cytotoxicity, indicating a distinct inflammatory signature. 

Network analysis identified 17 up-regulated hub genes; 10 had higher mRNA in ovarian 

tumors versus normal tissues (TCGA), and 3 (SYK, CD74, MX1) showed elevated pro-

tein in CPTAC. In bulk ovarian cancer cohorts, these hubs were exploratorily associated 

with copy-number amplifications, immune-checkpoint expression, immunosuppressive 

infiltration, and clinicopathological features, including lymphatic/venous invasion and 

therapy outcomes. Survival and ROC analyses indicated context-dependent associations 

of SYK, CD74, and MX1 with overall and progression-free survival; SYK achieved an 

AUC ≈0.7 for predicting 6-month relapse, particularly in paclitaxel-treated patients. 

Transcription-factor enrichment implicated Wnt/β-catenin, Hippo, and NF-κB as 

upstream regulators. 

Conclusion: These in silico findings are hypothesis-generating and nominate a 

SYK-associated inflammatory network for functional assessment in DpOCSCs and as a 

potential source of exploratory biomarkers for recurrent ovarian cancer. 
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Introduction 
 

Epithelial Ovarian Cancer (EOC) is a heterogeneous 

group of tumors, and High-Grade Serous Ovarian Car-

cinoma (HGSOC) is its most common histological sub-

type, accounting for approximately 70% of EOC cases 
1, yet five-year survival rates remain below 50% due 

principally to late-stage diagnoses 2. Strong evidence 

implicates precursor lesions in the distal fimbriae of the  

 

 

 

 

 

fallopian tube as the origin of HGSOC 3, although the 

Ovarian Surface Epithelium (OSE) has also been pro-

posed as a possible source 4. HGSOC progression in-

volves the development of malignant ascites and 

omental metastases 5, creating an ascites-rich tumor 

microenvironment that promotes cellular hetero-

geneity, chemoresistance, and recurrence 6. Chemo- 
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therapy-resistant Ovarian Cancer Stem Cells (OCSCs) 

have been isolated from malignant ascites and are 

thought to possibly contribute to relapse 7,8, yet their 

cellular origin remains debated. Proposed mechanisms 

include Epithelial-to-Mesenchymal Transition (EMT) 9 

and putative cell fusion between EpCAM⁺ tumor cells 

and hematopoietic populations, generating EpCAM/ 

CD45 dual-positive hybrids 10,11. However, it is im-

portant to note that the EpCAM⁺/ CD45⁺ phenotype 

alone does not constitute definitive proof of cell fusion; 

alternative explanations, such as trogocytosis, exo-

some-mediated marker transfer, phagocytic uptake, or 

flow-cytometric doublets, cannot be excluded based 

solely on surface-marker expression. 

At present, transcriptomic and genetic features of 

EpCAM/CD45 Dual positive Ovarian Cancer Stem-

like Cells (DpOCSCs) are incompletely defined, partly 

because available datasets contain only a small number 

of such samples. Here, the authors performed an in-

tegrated transcriptomic, network, and clinical- correla-

tion analysis to compare DpOCSCs with reference 

OCSC populations, identify robust hub genes and path-

ways, and explored their clinical and immunological 

correlates in large ovarian cancer cohorts. In particular, 

SYK, CD74, and MX1 as hub genes associated with the 

DpOCSCs were identified. 

 

Materials and Methods 
 

Data collection and processing 

 Gene expression datasets, including GSE90125, 

GSE216627, and GSE75036, were obtained from the 

NCBI GEO database. Details regarding platform, 

sample size, sample data, age, and related publications 

are presented in table 1. DpOCSC samples (n=2; 

GSM1941116, GSM1941118) were obtained from 

GSE75036, which was generated on the Illumina 

HumanHT-12 V4.0 Expression BeadChip platform 

(GPL10588). Comparator OCSC samples were obtain-

ed from GSE90125 (GSM2398960, GSM2398961) and 

GSE216627 (GSM6684690, GSM6684691), both gen-

erated on the Affymetrix Human Gene 2.1 ST Array 

platform (GPL17692). All three datasets are micro-

array-based human gene-expression profiling. The pro-

cessed expression matrices provided by the original 

submitters were used. Probe identifiers were mapped to 

gene symbols using the corresponding platform anno-

tation files, probes without valid gene annotations were 

removed, and when multiple probes mapped to the 

same gene, their expression values were summarized 

by taking the mean. To enable cross-platform integra-

tion, only genes shared across all datasets were re-

tained prior to batch correction. Batch effects were 

corrected using the ComBat function in the sva pack-

age, with dataset specified as the batch variable and 

cell type (DpOCSC vs. OCSC) retained as the biolo-

gical variable of interest. Sample quality was assessed 

using boxplots and Principal Component Analysis 

(PCA), and no samples were excluded after QC. 
 

Differential gene expression analysis 

Differentially Expressed Genes (DEGs) between 

DpOCSCs and OCSCs were identified using the Lim-

ma package. The limma pipeline with empirical Bayes 

moderation was applied to improve variance estimation 

despite the small sample size. Linear models were 

fitted to the normalized microarray expression data 

using the lmFit () function, followed by empirical 

Bayes moderation with the eBayes () function to im-

prove the estimation of gene-wise variances and in-

crease the statistical power of differential expression 

analysis, particularly given the relatively small sample 

size. Given the small number of DpOCSC samples, 

DEGs were defined using |log₂FC|>1 and FDR<0.1 to 

balance sensitivity and specificity. Volcano plots were 

generated using VolcaNoseR2 for visualization. 
 

Table 1. Details of OCSC-associated datasets 
 

Dataset name Platform Sample size Samples data Age (yrs) Publication 

GSE75036 (Differential 
expression signature of 

EpiCAM/CD45 positive 

cells in ascitic fluid from 
serous ovarian cancer 

patients) 

GPL10558 

Illumina 
HumanHT-12 

V4.0 expression 

beadchip 

4 samples (2 populations 

of EpCAM/ CD45 dual-
positive cells and 2 

populations of EpCAM 

only positive cells) 

Ascites derived- 
serous ovarian 

cancer cells 

Patients 
median: 47 

(18-65) 

Akhter MZ, Sharawat SK, Kumar V, Kochat 
V, Equbal Z, Ramakrishnan M, et al. 

Aggressive serous epithelial ovarian cancer is 

potentially propagated by 
EpCAM(+)CD45(+) phenotype. Oncogene. 

2018;37(16):2089-103 

GSE90125 (Gene 

expression profiling of 

spheres from primary 
ovarian cancer cells and 

from primary fallopian 

tube epithelial cells) 

GPL17692 
[HuGene-2_1-

st] Affymetrix 

Human Gene 
2.1 ST Array 

7 HGSOCs (3-5 samples 

in each group), 9 
Fimbriae (3-5 samples in 

each group) 

Ascites derived- 
HGSOC (FIGO 

stage IIIC) and 

ovarian normal 
fimbriae 

Patients 

median: 55 
(42-72) and 

Fimbriae 

samples 
median: 48 

(39-67) 

Lupia M, Angiolini F, Bertalot G, Freddi S, 

Sachsenmeier KF, Chisci E, et al. CD73 

Regulates Stemness and Epithelial-
Mesenchymal Transition in Ovarian Cancer-

Initiating Cells. Stem Cell Reports. 

2018;10(4):1412-25 

GSE216627 (Matrix Gla 

Protein acts as a driver of 

stemness and tumor 
initiation in ovarian 

cancer) 

GPL17692 

[HuGene-2_1-

st] Affymetrix 
Human Gene 

2.1 ST Array 

4 Samples (2 ascites 
derived- HGSOC OCSC 

and 2 ascites derived- 

HGSOC bulk) 

Peritoneal ascites 

derived- HGSOC 
(FIGO stage IIIC) 

Patients 

median: 55 
(42-72) 

Nieddu V, Melocchi V, Battistini C, 

Franciosa G, Lupia M, Stellato C, et al. 

Matrix Gla Protein drives stemness and 
tumor initiation in ovarian cancer. Cell Death 

Dis. 2023;14(3):220 
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Protein-protein interaction (PPI) network and identification 

of hub genes  

The Protein-Protein Interaction (PPI) network was 

constructed from the DEG-derived input gene set using 

the STRING database plugin in Cytoscape (version 

3.10.2). The network was constructed from the DEG-

derived input gene set using a confidence score cutoff 

of 0.4 and combined evidence selected for interaction 

retrieval. Hub genes were prioritized using CytoHubba 

(version 0.1) by applying eight centrality algorithms, 

including Stress, Radiality, MNC, MCC, EPC, Degree, 

Closeness, and Betweenness. For each algorithm, the 

top 50 ranked genes were extracted, and genes appear-

ing in all eight ranked lists were defined as common 

hub genes. These candidates were further evaluated 

using CentiScape (version 2.1) to support topological 

prioritization. 
 

Gene ontology and pathway enrichment analysis 

Gene ontology analyses, including Biological Pro-

cess (BP), Cellular Component (CC), and Molecular 

Function (MF), as well as MSigDB Hallmark and 

KEGG pathway 12 enrichment, were performed with 

the Enrichr database. The top ten terms for each 

category were selected using a significance threshold 

of an adjusted p<0.05. Additional enrichment factor 

analysis and visualization were performed in R 

(version 4.3.1). 
 

Hub gene evaluation 

Hub gene expression was supported at the mRNA 

level using TCGA datasets via GEPIA for tumor (n= 

426) and normal (n=88) samples (TCGA normal and 

GTEx data), and at the protein level using UALCAN 

for tumor (n=100) and normal (n=25) samples. Expres-

sion across 33 cancer types was analyzed with GEPIA. 
 

Association of TCGA-supported hub genes with OvCa 

stages and genetic alterations 

Hub gene expression across ovarian cancer stages 

was analyzed in TCGA using GEPIA. Genetic alter-

ations were explored using cBioPortal in five ovarian 

cancer datasets: High-Grade Serous Ovarian Carcino-

ma (MSK, NPJ Genome Medicine 2021, n=45), TCGA 

Firehose Legacy (n=617), TCGA Nature 2011 (n=489), 

TCGA PanCancer Atlas (n=585), and TCGA GDC 

2025 (n=602). 
 

Kaplan-Meier survival analysis 

The impact of TCGA-supported hub genes on 

Overall Survival (OS) and Progression-Free Survival 

(PFS) was assessed with KM Plotter across multiple 

datasets. OS analysis included all cases of serous 

ovarian carcinoma (n=1207), GSE9891, GSE30161, 

GSE26193, GSE18520, and TCGA OvCa (n=557). 

PFS analysis included the same datasets, with GSE-

51373 and TCGA OvCa (n=522) included as well. Cut-

off values were selected using the default percentile-

based setting in KM Plotter. 
 

 

Assessment of predictive biomarkers 

Predictive biomarkers were evaluated using Re-

ceiver Operating Characteristic (ROC) curve analysis 

with ROC Plotter for ovarian cancer. The analysis 

focused on Relapse-Free Survival (RFS) at six months 

(n=1,347) in three treatment conditions: any chemo-

therapy, platinum-based therapy, and paclitaxel. Diag-

nostic performance was assessed individually and in 

multi-gene combinations, considering an Area Under 

the Curve (AUC) of 0.7 or higher as acceptable. AUC 

values were not corrected for multiple testing and are 

therefore exploratory. 
 

Correlation with immune checkpoint proteins and immune 

infiltrating cells 

Gene expression data for ovarian serous cystadeno-

carcinoma from the Cancer Genome Atlas (GDC- 

TCGA-OV) were retrieved from the UCSC Xena 

database in the form of STAR-TPM normalized RNA-

seq reads. Expression values were subsequently trans-

formed using a log2 (TPM+1) conversion. Pearson 

correlation coefficients, along with their corresponding 

p-values, were computed for the selected gene pairs. 

To correct for multiple hypothesis testing, p-values 

were adjusted using the Benjamini–Hochberg False 

Discovery Rate (FDR) procedure. All correlation ana-

lyses and associated data visualizations were carried 

out in R (version 4.2.0). Additionally, the relationship 

between the identified hub genes and immune infil-

trating cell populations within the TCGA-OV cohort 

was explored using the Timer 2.0 platform. 
 

Analysis of transcriptional regulation of TCGA-supported 

hub genes  

Transcriptional regulation was investigated for six 

principal signaling pathways relevant to OCSC: 

STAT3, TGFβ/Smad2/3/4, Hippo-YAP1/TAZ-TEAD, 

NF-κB, Notch/RBPJ, and Wnt/β-catenin-TCF/LEF 13. 

The Enrichr transcription panel, including ChEA 2022 

and ENCODE TF ChIP-seq 2015 data, was used for 

analysis. Additional resources considered included 

TRUST Transcription Factors 2019, TRANSFAC, and 

JASPAR position weight matrices. TF–target relation-

ships compiled from these resources include predicted 

and ChIP-supported interactions and should be viewed 

as putative rather than experimentally confirmed in 

DpOCSCs. 
 

Clinico-pathological evaluation of DpOCSCs-related hub 

genes 

Associations between hub gene expression and cli-

nical features, such as lymphatic and venous invasion, 

neoplasm histologic grade, new neoplasm event type, 

and therapy outcome, were evaluated using UCSC 

Xena Browser (TCGA OV, n=308). Gene expression 

was dichotomized based on a Gaussian distribution-

derived cutoff, using Cut-off Finder 14, and chi-square 

tests were applied as appropriate. A comprehensive 

data table categorized patients by hub gene expression 

using TCGA IDs in R (version 4.3.1). 
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Statistical analysis 

All statistical analyses were performed in R (version 

4.3.1). Figures were generated using GraphPad Prism 9 

and the SRplot online tool. Differential expression 

analysis was conducted using the limma package, and 

False Discovery Rate (FDR) correction was applied to 

control for multiple testing. Unless otherwise specified, 

results from exploratory downstream analyses are re-

ported using nominal p-values and should be inter-

preted as hypothesis-generating. For exploratory ana-

lyses, nominal p-values are reported; however, given 

the hypothesis-generating nature of this study, all 

results should be interpreted with caution and require 

independent evaluation in external cohorts. 
 
 

Up-regulated genes in DpOCSCs are related to 

inflammatory pathways 

A total of 347 genes were up-regulated and 23 were 

down-regulated in DpOCSCs (EpCAM/CD45 dual- 
positive cells) compared with OCSCs, as revealed by 

transcriptome analysis of the GSE75036, GSE90125, 

and GSE216627 datasets (Figure 1A). Volcano plot 

and heatmap analyses showed a distinct molecular 

profile, with the top 10 up-regulated and top 5 down-

regulated genes in DpOCSCs and OCSCs (GSM-

1941116, GSM1941118; GSM2398960, GSM2398961, 

GSM6684690, GSM6684691) shown in figures 1B and 

1C. 

GO biological process enrichment analysis revealed 

overrepresentation of interferon-response terms, TNF, 

NF-κB, IL-6, JAK-STAT3, and CXCR4 chemokine 

signaling, as well as genes associated with reduced 

susceptibility to natural killer cell-mediated cyto-

toxicity, these terms might be interpreted as indicating 

an immune-evasive, cytokine-rich phenotype for 

DpOCSCs, along with potential innate immune 

dysregulation (Figure 2A). Functional studies will be 

required to determine whether these signatures reflect 

immune evasion or altered cytokine signaling at the 

Figure 1. Differential expression profile of EpCAM/CD45 dual‑positive ovarian cancer stem cells (DpOCSCs) compared with non‑fused OCSCs. (A) 

Boxplots show expression distributions before and after batch correction for two DpOCSC samples and four OCSC samples across three GEO 

datasets. (B) Volcano plot of all genes with thresholds |log₂FC| >1 and FDR <0.1; red, up‑regulated in DpOCSCs; blue, down‑regulated. (C) Heatmap 

of the top 10 up‑regulated and top 5 down‑regulated genes illustrates consistent expression differences between groups.  
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protein level. MSigDB Hallmark analysis highlighted 

interferon-γ and interferon-α responses as the most 

enriched signatures, together with TNF-α signaling via 

NF-κB, IL-6–JAK–STAT3 signaling, hypoxia, and 

broader inflammatory-response terms (Figure 2B). 

These modules are consistent with an interferon-in-

flamed, TNF-associated state in DpOCSCs. Down-

regulated genes were mapped to fibroblast growth 

factor receptor signaling and cellular responses to FGF 

(Figure S1). The top enriched biological process terms 

for both up- and down-regulated gene sets, together 

with the top hallmark pathways for up-regulated genes, 

are listed in table S1. Cellular component and mole-

cular function terms for these gene sets are provided in 

table S2. 
 

PPI network and hub genes 

The PPI network among Differentially Expressed 

Genes (DEGs) is shown in figure S2. The top 50 

ranked genes from eight CytoHubba centrality algo-

rithms were intersected, yielding 17 common hub 

genes that were all up-regulated in DpOCSCs. This 

intersection strategy was used to increase robustness 

and reduce algorithm-specific bias (Table S3). These 

analyses revealed 17 hub genes associated with Dp-

OCSCs, and notably, every single one of them was part 

of the up-regulated gene set (Figure 3A). Details of the 

relationships among these 17 hub genes, including 

network connectivity and key communication points, 

are presented in table S4. 

Gene Ontology (GO) analysis focused on ovarian 

cancer-relevant terms showed that these hub genes are 

primarily involved in processes such as chemokine and 

cytokine production, also immune cell activity. Terms 

related to macrophage activation and interleukin-6 (IL-

6) and interleukin-8 (IL-8) signaling were particularly 

prominent (Figure 3B). Cellular component terms were 

frequently linked to vesicle membrane localization, and 

molecular function terms were predominantly related 

to MHC class II binding, kinase binding, and GTPase 

activity (Table S5). 

Further KEGG and MSigDB Hallmark enrichment  
 

analysis focused on ovarian cancer-relevant terms 

indicated that these hub genes are associated with in-

flammatory and immune processes. Significant 

pathways included NF-κB signaling, Toll-like receptor 

signaling, and PD-1/PD-L1 pathway (Table 2). These 

results were consistent with the MSigDB findings,  
 

which showed strong enrichment of interferon-γ re-

sponse, interferon-α response, TNF-α signaling via NF-

κB, and inflammatory response terms, as detailed in 

table 2. Collectively, these analyses indicate that the 

hub genes occupy central positions in inflammatory  
 

and immune-related networks and may contribute to 

the DpOCSC transcriptional program, although direct  

 

Figure 2. Functional enrichment of differentially expressed genes in DpOCSCs. (A) Bubble plot of top enriched GO biological‑p rocess terms for 

up‑regulated genes, highlighting immune and inflammatory pathways; bubble size reflects gene count and color indicates adjusted p value. (B) 
Hallmark gene‑set enrichment for up‑regulated genes shows strong enrichment of interferon α/γ response, TNF–NF‑κB, and IL‑6–JAK–STAT3 

signaling. 
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Table 2. Enrichment analysis of hub genes in KEGG pathways and MSigDB Hallmark 
 

Term Adjusted p-value Overlap Genes 

KEGG pathway 

Neutrophil extracellular trap formation 3.94E-08 6/159 ITGAM; SYK; ITGB2; RAC2; TLR4; NFKB1 

NF-kappa B signaling pathway 1.81E-07 5/104 NFKBIA; SYK; TNF; TLR4; NFKB1 

NOD-like receptor signaling pathway 2.31E-06 5/185 NFKBIA; TNF; TLR4; RHOA; NFKB1 

Chemokine signaling pathway 2.59E-06 5/191 NFKBIA; RAC2; CXCR4; RHOA; NFKB1 

Toll-like receptor signaling pathway 8.40E-06 4/109 NFKBIA; TNF; TLR4; NFKB1 

Pathways in cancer 1.25E-05 6/525 
NFKBIA; SPI1; RAC2; CXCR4; RHOA; 

NFKB1 

Natural killer cell mediated cytotoxicity 1.54E-05 4/131 SYK; ITGB2; RAC2; TNF 

RIG-I-like receptor signaling pathway 8.19E-05 3/71 NFKBIA; TNF; NFKB1 

cAMP signaling pathway 8.95E-05 4/222 NFKBIA; RAC2; RHOA; NFKB1 

PD-L1 expression and PD-1 checkpoint pathway in cancer 1.43E-04 3/88 NFKBIA; TLR4; NFKB1 

MSigDB hallmark 

Interferon gamma response 2.20E-07 6/200 NFKBIA; CD74; IL10RA; MX1; B2M; NFKB1 

TNF-alpha signaling via NF-kB 1.46E-04 4/200 NFKBIA; PLEK; TNF; NFKB1 

Interferon alpha response 3.76E-04 3/97 CD74; MX1; B2M 

KRAS signaling up 0.0018 3/200 IL10RA; ITGB2; CXCR4 

Complement 0.0018 3/200 C1QA; ITGAM; PLEK 

Inflammatory response 0.0018 3/200 NFKBIA; IL10RA; NFKB1 

Coagulation 0.0158 2/138 C1QA; PLEK 

Apical junction 0.0257 2/200 SYK; RAC2 

mTORC1 signaling 0.0257 2/200 ITGB2; CXCR4 
 

Results are limited to OvCa-related terms. 

Figure 3. Identification of DpOCSCs-related hub genes using distinct algorithms and GO analysis. (A) STRING-derived Protein-Protein Interaction 

(PPI) network displaying the 17 hub genes. The white to red color spectrum nodes indicate Log2FC (range 1.01-1.87), node size corresponds to the 
degree of each node and thickness of edges represents confidence score of interaction (>0.4). (B) Enrichment analysis of Biol ogical Process (BP) 

terms for hub genes (results limited to OvCa-related terms) (adj. p<0.05). 
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regulatory roles remain to be experimentally supported. 
 

Assessment of hub genes at mRNA and protein levels 

To assess the relevance of the identified hub genes, 

we examined their expression at both the mRNA and 

protein levels in OvCa tumors and normal ovarian 

tissue using TCGA and UALCAN. In TCGA-OV, the 

median log2(TPM+1) expression of each supported 

hub gene was at least 1 unit higher in tumors than in 

normal tissue (FDR <0.01 for all comparisons; Figure 

4). Analysis of TCGA datasets showed that 10 of the 

17 hub genes, namely SYK, CD74, SPI1, ITGB2, 

PLEK, TNF, RAC2, MX1, C1QA, and CXCR4, were 

expressed at substantially higher levels in OvCa tumors 

than in normal tissues (Figure 4). 

To further investigate protein-level expression of 

these TCGA-supported hub genes, we used UALCAN 

to analyze CPTAC proteomics data. A significant 

elevation in the protein expression of SYK, CD74, and 

MX1 was observed in ovarian tumors compared to 

normal tissues (Figure 5A), whereas CXCR4 showed a 

nonsignificant trend toward higher protein levels (p= 

0.74; Figure 5A). The remaining supported hub genes, 

ITGB2, PLEK, RAC2, and C1QA, showed lower pro-

tein expression in ovarian cancer tumors (Figure 5B). 

The discordance between mRNA and protein levels for 

several genes, such as ITGB2, PLEK, RAC2, and 

C1QA, may reflect post-transcriptional regulation or 

the contribution of immune and stromal cells in bulk 

tumor lysates, and therefore highlights the need for 

single-cell or sorted-cell evaluation. Protein expression 

data for TNF and SPI1 were not available in the 

UALCAN ovarian cancer dataset. 

Functionally, SYK is a non-receptor tyrosine kinase 

involved in key processes regulating both immune and 

non-immune cells 15. CD74, also known as the   in-

variant chain, is overexpressed in multiple cancers and 

promotes tumor cell survival by activating macrophage 

migration inhibitory factor-dependent signaling path-

ways such as NF-κB and PI3K/Akt 16. CD74 also 

modulates the tumor immune microenvironment, faci-

litating immune evasion and tumor progression, and is 

being explored as a therapeutic target in hematologic 

and solid tumors 16,17. MX1 is an interferon-induced 

dynamin-like GTPase with high GTP hydrolysis 

activity; elevated MX1 expression has been reported in 

various malignancies and is functionally linked to 

oncogenic processes 18. Beyond ovarian cancer, SYK 

and CD74 are up-regulated in 12 and 15 other cancers, 

respectively, and MX1 is increased in 10 distinct can-

cer types (Figures S3 A-C). Collectively, these mRNA, 

protein, and pan-cancer data support SYK, CD74, and 

MX1 as candidate components of immune-inflam- 
 

Figure 4. Overexpression of TCGA-supported DpOCSC‑related hub genes in ovarian tumors. Boxplots depict log₂(TPM+1) mRNA expression of 

SYK, CD74, SPI1, ITGB2, PLEK, TNF, RAC2, MX1, C1QA, and CXCR4 in TCGA‑OV tumors (T, n=426) versus normal ovarian tissue (N, n=88). 

Red boxes indicate tumors and blue boxes normal samples. Asterisks denote FDR‑adjusted p<0.05 (limma). 
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matory programs in OvCa that merit further functional 

investigation. 
 

Genetic alterations and clinical relevance of TCGA-

supported hub genes 

The authors next investigated genetic alterations 

affecting 10 of the 17 hub genes, including SYK, CD74, 

SPI1, ITGB2, PLEK, TNF, RAC2, MX1, C1QA, and 

CXCR4, all of which showed higher expression in 

ovarian cancer tumors than in normal tissue, using 

cBioPortal. Across five serous ovarian cystadenocar-

cinoma cohorts, these genes exhibited copy-number 

alterations in approximately 15-25% of tumors (Fig-

ures 6A and 6B). Deep deletions were less frequent 

(Figure 6A) but more common among non-supported 

hub genes (Figure S4). 

To further clarify the importance of these hub genes 

in OvCa progression, their expression across disease 

stages using TCGA OvCa tumor data was evaluated.  
 

Figure 5. Protein expression of TCGA-supported hub genes in ovarian cancer. (A) UALCAN analysis of CPTAC proteomics data showing increased 

Z‑score–normalized protein levels of SYK, CD74, MX1, and CXCR4 (non‑significant) in ovarian tumors (n=100) compared with normal ovari an 
tissue (n=25). (B) Decreased protein levels of ITGB2, PLEK, RAC2, and C1QA in tumors versus normal tissue. p values are based on UALCAN’s 

built‑in statistical tests and are indicated in each panel. 
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This analysis showed that TNF was significantly 

associated with OvCa stage (Figure 7A). In addition, 

the non-supported hub genes ITGAM and NFKBIA 

were significantly associated with distinct stages of 

OvCa (Figure S5A). These stage associations were 

statistically significant at p<0.05, but were not adjusted 

for multiple testing and should therefore be interpreted 

as exploratory. 
 

MicroRNA regulation of DpOCSC-related hub genes 

miRNA-target interactions were compiled from the 

Enrichr-linked miRTarBase resource and include both 

predicted and experimentally supported pairs. Also 

miRNA interactions with the TCGA-supported hub 

genes were explored. Figure 7B shows an interaction 

network of the top five miRNAs regulating these 

genes. Among the identified regulators, hsa-miR-203a-

3p and hsa-miR-187-3p were linked to TNF, which 

was associated with OvCa stage. Additionally, hsa-

miR-1468-5p and hsa-miR-203a-3p were linked to 

SYK. Notably, hsa-miR-146a-5p appeared to be an 

important epigenetic regulator of both supported and 

non-supported hub genes, including ITGB2, CXCR4, 

NFKB1, TLR4, and RHOA (Figure 7B and Figure 

S5B). Importantly, recent studies have reported over-

expression of hsa-miR-146a-5p in primary OvCa 

tumors and omental metastases 19. 
 

Correlation of DpOCSC-related hub genes with immune 

checkpoint proteins and immune-suppressive infiltrating 

cells 

Since DpOCSCs express the pan-hematopoietic 

marker CD45 10,11, we assessed the relationships 

between DpOCSC-related hub genes and immune 

checkpoint proteins to clarify their roles in ovarian 

cancer immunology. Pearson correlation analysis was 

performed between the 17 identified hub genes and six 

immune checkpoint proteins, including PD-L1 (CD-

274), PD-1 (PDCD1), CTLA-4 (CTLA4), TIGIT, 

LAG-3 (LAG3), and TIM-3 (HAVCR2), in GDC-

TCGA OvCa tumors 20. The GDC-TCGA-OV cohort 

showed predominantly positive associations among 

immune-related genes. The strongest correlations were 

observed between HAVCR2 and several myeloid/  
 

Figure 6. Somatic alterations of TCGA‑supported hub genes in serous ovarian cancer. (A) Barplot summarizing overall alteration frequencies 
(amplification, deep deletion, mutation, multiple alterations) for 10 hub genes across five TCGA/MSK cohorts. (B) Oncoprint o f gene‑level 

copy‑number and mutation events, with each column representing a tumor sample and colors indicating alteration type. Genes are ordered by total 

alteration frequency. 
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immune markers, including IL10RA, ITGAM, ITGB2, 

PLEK, and SPI1 (Pearson’s r up to 0.95). Most gene 

pairs remained statistically significant after Benjamini-

Hochberg FDR correction, whereas CXCR4, RHOA, 

and particularly SYK exhibited relatively weak correla-

tions with several immune checkpoint genes (Figure 

7C). 

Various immunosuppressive cell types, including 

regulatory T cells (Tregs), myeloid-derived suppressor 

cells (MDSCs), pro-tumoral macrophages (M2 macro-

phages), and Cancer-Associated Fibroblasts (CAFs), 

are known to contribute to tumor immune escape and 

progression 21. Using TIMER2.0, the correlation be-

tween infiltration levels of immune-suppressive cells 

and the expression of SYK, CD74, and MX1, which 

were prioritized in the present analysis was evaluated. 

Correlation coefficients for Tregs and M2 macrophages 

typically ranged from r ≈ 0.2-0.4 across algorithms, 

whereas negative correlations with CAFs and MDSCs 

were of similar magnitude but opposite direction (Fig-

ure 8 and Figure S6). These results indicate widespread 

positive correlations between DpOCSC-related hub 

genes and multiple immune checkpoint molecules, 

consistent with an immunosuppressive expression con-

text but not establishing causality. 
 

Survival analysis and prognostic value of hub genes in 

OvCa 

To evaluate the prognostic significance of Dp-

OCSC-related hub genes, univariate survival analysis 

for OS and Progression-Free Survival (PFS) using KM 

Plotter for ovarian cancer. The present analysis 

included data from all available datasets limited to the 

serous type, TCGA, and four additional datasets 

focused on advanced ovarian cancer, as described in 

table 3. Only those hub genes that showed consistent 

results across these datasets are report here. 

The analysis of OS revealed that SYK and CD74 

may contribute to improved OS, whereas MX1 was 

linked poorer OS (Table 3). In contrast, all three genes, 

SYK, CD74, and MX1, were associated with reduced 

progression-free survival in both serous ovarian 

carcinoma and advanced ovarian cancer. For chemo-

resistant high-grade serous ovarian cancer patients, 

SYK and MX1 were associated with better PFS out-

comes (Table 3). These context-dependent associations 

between SYK, CD74, and MX1 and OS or PFS may 

reflect differences in cohort composition, treatment 

history, or the limitations of univariate survival ana-

lyses, and should therefore be considered exploratory. 

All survival analyses were performed using univariate  
 

Figure 7. Clinical and regulatory features of DpOCSC‑related hub genes. (A) Violin plot of TNF expression across FIGO stages II–IV in 

TCGA‑OV. (B) Network of selected miRNAs predicted or reported to regulate TNF, SYK, ITGB2, CXCR4, and PLEK; hexagons, hub genes; cyan 
nodes, miRNAs. (c) Pearson correlation coefficients were calculated using log2(TPM+1)-transformed RNA-seq expression data obtained from 

UCSC Xena. Color intensity represents the strength and direction of the correlation (blue, weaker; red, stronger positive correlation). The numerical 

values within each cell indicate Pearson's correlation coefficient (r), and asterisks denote statistical significance after Benjamini–Hochberg False 

Discovery Rate (FDR) correction (p-value adjusted for multiple testing; adjusted p-value <0.05*, <0.01**, <0.001***). 
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log-rank tests in KM Plotter; therefore, these associa-

tions should be regarded as hypothesis-generating and 

require evaluation in multivariable models. 
 

SYK as a biomarker reveals higher diagnostic value in 

OvCa 

SYK, CD74, and MX1 were evaluated as biomar-

kers for 6-month recurrence-free survival. SYK alone 

approached significant diagnostic performance in any- 

and platinum-based chemotherapy, with AUC >0.7 un-

der paclitaxel (PTX) (Figure 9A). Multi-gene combina-

tions (SYK+CD74, SYK+MX1, SYK+CD74+MX1) 

did not outperform SYK alone in any- or plat-

inum-based chemotherapy. Under PTX, the SYK–

CD74 combination improved diagnostic performance  
 

Figure 8. Association of SYK, CD74, and MX1 with immune‑suppressive cell infiltration. Scatter plots show correlations between (A) SYK, (B) 

CD74 and (C) MX1 gene expression (log₂TPM) and estimated levels of tumor purity, Tregs, CAFs, MDSCs, and macrophage M2 across TCGA‑OV 

tumors using representative algorithms (e.g., QUANTISEQ, XCELL, TIDE). Blue lines indicate fitted regression; r and p values are reported in each 

panel. 

Table 3 Association of mRNA- and protein-evaluated hub genes with overall survival and progression-free survival 
 

Hub genes HR Logrank p Dataset Samples 

Overall Survival (OS) 

CD74 0.82 (0.71-0.96) 0.012 All Serous ovarian carcinoma (n=1207) 

SYK 0.59 (0.41-0.86) 0.0053 
GSE9891 

Frozen tissue of ovary, Fallopian tube, or peritoneum carcinoma 
(n=285) CD74 0.66 (0.45-0.96) 0.028 

CD74 0.41 (0.22-0.77) 0.0041 GSE18520 Advanced stage ovarian carcinoma (n=53) 

MX1 2 (1.02-3.92) 0.04 GSE30161 Treated OvCa patients with III-IV stages (n=54) 

MX1 1.58 (1-2.5) 0.049 GSE26193 High-grade ovarian carcinoma (n=107) 

Progression-Free Survival (PFS) 

SYK 1.32 (1.12-1.56) 0.00084 
All Serous ovarian carcinoma (n=1104) 

MX1 1.2 (1.04-1.4) 0.014 

MX1 1.58 (1.01-2.46) 0.043 GSE26193 High-grade ovarian carcinoma (n=107) 

SYK 0.7 (0.52-0.93) 0.013 
GSE9891 

Frozen tissue of ovary, Fallopian tube, or peritoneum carcinoma 

(n=285) MX1 1.86 (1.33-2.61) 0.00026 

SYK 0.53 (0.3-0.93) 0.026 

GSE30161 Treated OvCa patients with III-IV stages (n=54) CD74 1.99 (1.11-3.58) 0.02 

MX1 1.98 (1.1-3.56) 0.021 

SYK 0.09 (0.02-0.33) 6.50E-06 
GSE51373 

Including 12 chemoresistant and 16 sensitive chemotherapy 
HGSOCs (n=28) MX1 0.28 (0.1-0.74) 0.007 

 

HGSOC: High-Grade Ovarian Serous Carcinoma. 
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(Figure 9B), suggesting utility for predicting 6-month 

relapse in this context. 
 

Clinico-pathological evaluation of hub genes 

To assess the clinical relevance of DpOCSC-related 

hub genes, we examined their associations with se-

lected clinicopathological variables in TCGA ovarian 

cancer data using chi-square tests of independence. 

SPI1, ITGB2, PLEK, C1QA, and CXCR4 were signi-

ficantly associated with lymphatic invasion, whereas 

ITGB2, PLEK, C1QA, and CXCR4 were also asso-

ciated with venous invasion (Table 4). SYK was 

associated with new neoplasm event type, and SYK, 

TNF, and MX1 were associated with primary therapy 

outcome success. Because these analyses were based 

on dichotomized expression values and univariate cate-

gorical comparisons, the findings should be considered 

exploratory. Association for non-supported DpOCSC-

related hub genes with these features are presented in 

Table S6. 

Given the clinical challenges posed by ovarian can-

cer, especially recurrence and chemoresistance, these 

associations may be relevant to disease progression and 

treatment response. However, because these analyses 

were based on dichotomized expression values and 

univariate comparisons, they should be interpreted as 

Figure 9. Diagnostic performance of SYK and its combinations as predictors of 6‑month relapse. ROC curves from ROC Plotter for (A) SYK alone 

and (B) and its combination with CD74 under paclitaxel, respectively. AUC, P value, and optimal cut‑off with corresponding True‑Positive Rate 

(TPR) and True‑Negative Rate (TNR) are shown in each panel. 

Table 4. Association of TCGA-supported hub genes with clinico-

pathological features 
 

Clinical significance Hub genes 

Lymphatic invasion a SPI1 **, ITGB2 ***, PLEK ****,  

C1QA ***, CXCR4 * 

Venous invasion a ITGB2 **, PLEK ****, C1QA **, 
CXCR4* 

New neoplasm event 

type b 
SYK * 

Primary therapy 

outcome success c SYK *, TNF *, MX1 ** 

 

a: Yes/No, b: Metastatic/Locoregional disease/Progression of disease/ 

Recurrence, c: Partial remission/Stable disease/ Progressive disease/Complete 

remission (* p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001). 
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exploratory and hypothesis-generating rather than as 

evidence of causality. 
 

Predicted upstream regulatory context of DpOCSC-related 

hub genes 

To explore potential upstream regulatory contexts, 

we analyzed predicted transcription factor binding for 

the TCGA-supported hub genes using six signaling 

pathways relevant to ovarian cancer stem cells: 

STAT3, TGFβ/Smad2/3/4, Hippo-YAP1/TAZ-TEAD, 

NF-κB, Notch/RBPJ, and Wnt/β-catenin-TCF/LEF 

(13). TF–target relationships were compiled from 

ChEA 2022, ENCODE TF ChIP-seq 2015, TRUST 

2019, TRANSFAC, and JASPAR PWM databases 

(Table 5; Supplementary Table S7). Among the in-

ferred regulators, Wnt/β-catenin signaling was the most 

frequently predicted, with LEF1, TCF3, TCF4, and 

TAL1: TCF3 motifs detected in the promoters of SYK, 

CD74, ITGB2, PLEK, TNF, RAC2, MX1, and C1QA 

across TRANSFAC, JASPAR, and JASPAR PWM 

human 2025. NF-κB was also strongly implicated, with 

NFKB1/NFKB2 sites predicted for CD74, TNF, 

C1QA, and CXCR4 in TRUST 2019 and TRANSFAC/ 

JASPAR. Hippo/YAP1-TEAD components (TEAD1-

4) showed predicted interactions with SYK, ITGB2, 

TNF, RAC2, C1QA, and CXCR4, whereas Notch 

(RBPJ) and STAT3 appeared less frequently, targeting 

SYK, CD74, CXCR4, and ITGB2. TGFβ/Smad2/3/4 

predictions were sparse, limited to RAC2 (SMAD4 via 

ChEA 2022 in A2780 cells), MX1 (SMAD4 via 

TRANSFAC/JASPAR), and ITGB2/CXCR4 (SMAD2 

via JASPAR PWM). These predictions should be in-

terpreted cautiously, because several source ChIP-seq 

datasets derive from non-ovarian and non-CSC cell 

lines, and the motifs themselves are database-based 

inferences rather than direct experimental evidence in 

DpOCSCs. Thus, while these analyses suggest possible 

involvement of Wnt/β-catenin, NF-κB, Hippo, and, to a 

lesser extent, TGFβ and Notch pathways, they remain 

hypothesis-generating. Experimental follow-up, such 

as ChIP-qPCR, reporter assays, or CRISPR-based per-

turbation in DpOCSC or relevant ovarian cancer mo-

dels, will be required to confirm direct transcriptional 

regulation. 

 

Discussion 

OCSCs are a biologically important subpopulation 

within ovarian tumors and have been implicated in 

tumor initiation, metastasis, chemoresistance, and re-

currence 22,23. In this context, stem-like EpCAM/ CD45 

dual-positive ovarian cancer cells isolated from malig-

nant ascites may represent a rare and aggressive sub-

population associated with recurrent disease, although 

their biological origin and emergence remain incom-

pletely defined 11. Recent pilot data further suggested 

that circulating EpCAM⁺/CD45⁺ extracellular vesicles 

were associated with platinum response in high-grade 

serous ovarian cancer 24. This recent study may suggest 

that post-chemotherapy increases in EpCAM⁺CD45⁺ 

EVs may not only relate to tumor cell death and debris 

release but could also be influenced by therapy- 

associated enrichment of resistant EpCAM⁺CD45⁺ 

tumor subsets and by immune-tumor interactions that 

generate EVs carrying both epithelial and leukocyte 

markers 24. Ascites may further shape this biology by 

providing a permissive and immunologically active 

microenvironment that supports tumor adaptation and 

stemness-associated programs 25,26. 

The present transcriptomic analysis suggests that 

this DpOCSC population is enriched for inflammatory 

and immune-related signaling. The prioritized hub 

Table 5. Predicted modulation of TCGA-supported hub genes by signaling pathways in OCSCs 
 

Signaling pathways Evidence source/ Platform Hub genes 

Wnt/β-catenin-TCF/LEF 

TRANSFAC and JASPAR 
SYK (LEF1); CD74 (TCF, LEF1); ITGB2 (LEF1); PLEK (LEF1); TNF 

(TAL1::TCF3); RAC2 (TCF3); MX1 (TCF3, LEF1); C1QA (TCF4) 

JASPAR PWM human 2025 
SYK (TCF3); CD74 (TCF4); SPI1 (TCF3); PLEK (TAL1::TCF3); RAC2 (TCF3); 

MX1 (TCF4) 

STAT3 JASPAR PWM human 2025 ITGB2 (STAT3) 

TGFβ/Smad2/3/4 

ChEA 2022 and ChIP-seq 2015 RAC2 (SMAD4 in A2780) 

TRANSFAC and JASPAR MX1 (SMAD4) 

JASPAR PWM human 2025 ITGB2 (SMAD2); CXCR4 (SMAD2) 

NFκB 

TRUST 2019 CD74 (NFKB1); TNF (NFKB1); CXCR4 (NFKB1) 

TRANSFAC and JASPAR TNF (NFKB1); C1QA (NFKB1); CXCR4 (NFKB1) 

JASPAR PWM human 2025 CD74 (NFKB2); TNF (NFKB1, NFKB2); C1QA (NFKB1); CXCR4 (NFKB1) 

Notch 
TRANSFAC and JASPAR SYK (RBPJ); CD74 (RBPJ) 

JASPAR PWM human 2025 SYK (RBPJ); CXCR4 (RBPJ) 

Hippo-YAP1-TEAD 

TRANSFAC and JASPAR ITGB2 (TEAD2); TNF (TEAD1); C1QA (TEAD2); CXCR4 (TEAD4) 

JASPAR PWM human 2025 
SYK (TEAD1, TEAD3); RAC2 (TEAD4); C1QA (TEAD1); CXCR4 (TEAD3, 

TEAD4) 
 

Note: Predictions were generated using motif- and database-based resources, and one ChIP-seq-supported interaction was identified in A2780 ovarian cancer cells. A2780 is an 

ovarian cancer cell line derived from an untreated patient. These results are predictive and require experimental evaluation in DpOCSCs. 
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genes were linked to interferon- and TNF/NF-κB-as-

sociated pathways, and several genes showed positive 

associations with immune-cell subsets and immune-

related markers, consistent with the highly immuno-

modulatory nature of the ovarian cancer ascites micro-

environment 25. Rather than implying a specific 

mechanism, these findings support a model in which 

DpOCSCs occupy an immune-inflamed and therapy-

resistant state. 

Among the prioritized hub genes, SYK, CD74, and 

MX1 were particularly notable because they integrated 

inflammatory signaling, immune regulation, and cli-

nical associations in OvCa. SYK is a non-receptor 

tyrosine kinase involved in immune signaling and is 

being explored as a therapeutic target in malignancies 
15. In this analysis, SYK was overexpressed and fre-

quently amplified in ovarian tumors, was associated 

with immune-related marker expression and immune-

cell infiltration and showed exploratory associations 

with overall and progression-free survival, as well as 

AUC values around 0.7 for short-term relapse pre-

diction. These results are compatible with emerging 

evidence that SYK contributes to chemoresistance and 

may regulate stem-like properties in ovarian cancer, 

but our data remains correlative and hypothesis-genera-

ting 27-29. Recent work also showed that SYK overex-

pression promotes resistance to DNA-targeted therapy 

in high-grade serous ovarian cancer, further supporting 

its relevance to aggressive disease biology 30. CD74, 

the invariant chain and receptor component for MIF 

signaling, is overexpressed in ovarian cancer and has 

been linked to poor clinical outcome and invasion 
16,17,31. CD74 can engage PI3K/Akt and ERK/MAPK 

pathways and may promote survival programs relevant 

to chemoresistance, EMT, and spheroid maintenance 
32,33. MX1, an interferon-induced GTPase, was simi-

larly overexpressed, enriched in interferon-response 

modules, and has been associated with poor outcome 

or treatment resistance in prior cancer studies 18,34. 

Spatial profiling data from ovarian cancer further 

supports an interferon-rich and immune-suppressive 

microenvironment, with MX1 appearing within that 

broader interferon-stimulated context 35. Together, 

these findings support a model in which SYK, CD74, 

and MX1 participate in an inflammatory, immune-

modulated transcriptional state associated with 

DpOCSC biology. 

The observed copy-number patterns are consistent 

with an association between genomic alteration and 

aggressive biology. Prioritized DpOCSC-related hub 

genes were more amplified, whereas genes outside this 

core set more frequently harbored deep deletions, a 

pattern consistent with prior reports linking copy-

number changes to chemoresistance in ovarian cancer 
36,37. Although our cross-sectional cBioPortal analysis 

cannot establish causality, it is consistent with the idea 

that inflammatory signaling, genomic instability, and 

aggressive disease biology may co-occur in DpOCSC-

enriched tumors. 

The prioritized hub genes also showed associations 

with invasion-related features. Enhanced migratory and 

invasive behavior is a recognized property of aggres-

sive OCSC populations, and in this analysis several 

hub genes correlated with lymphatic and venous. This 

observation is consistent with prior evidence that 

EpCAM+/CD45+-positive ovarian cancer cells can 

exhibit invasive and stem-like traits 11. 

 

Conclusion 
 

Taken together, the literature and the present in 

silico results point to SYK-associated inflammatory 

signaling as a candidate pathway for further investi-

gation in DpOCSCs. However, the current study does 

not establish direct functional roles for SYK, CD74, or 

MX1 in stemness, and their elevated expression may 

reflect an aggressive immune-inflamed state rather than 

a direct contributing mechanism. Functional studies in 

DpOCSCs will be required to determine whether these 

genes regulate stem-like behavior, invasion, or therapy 

resistance. 

This study has limitations that should be considered 

when interpreting the findings. The DpOCSC group 

was small, and the analyses were therefore exploratory. 

In addition, the use of public datasets from different 

platforms and cohorts may introduce residual hetero-

geneity despite normalization and batch correction. 

The observed survival, immune, and clinicopatho-

logical associations are therefore best regarded as 

supportive signals that warrant evaluation in larger 

cohorts. Moreover, the EpCAM+/CD45+ phenotype 

identifies a distinct ascites-derived cell population, but 

its precise biological origin and functional significance 

remain to be clarified. Future experimental work will 

be essential to define the mechanistic roles of SYK, 

CD74, MX1, and related hub genes in DpOCSC 

biology. 

In summary, comparative transcriptomic analysis of 

stem-like DpOCSCs versus other ascites-derived 

OCSC populations identified an interferon- and TNF-

dominated inflammatory module containing 17 up-

regulated hub genes. Among these, SYK, CD74, and 

MX1 were consistently overexpressed in our analyses 

and may contribute to frequent copy-number gain, 

immune-related features, and exploratory clinical out-

come metrics in large OvCa cohorts (Figure 10). These 

findings nominate SYK-associated inflammatory sig-

naling as a candidate axis for mechanistic and trans-

lational studies in recurrent, ascites-rich ovarian can-

cer. 
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Figure S1. Enrichment analysis of down-regulated genes in DpOCSCs. Selected GO biological Process (BP) terms for down‑regulated genes (adj. p-

value <0.05). 

Figure S2. Construction of a protein-protein interaction (PPI) network for differentially expressed genes.Red to pink and lilac to dried lilac color 

spectrum nodes indicate up-regulated (Log2FC range 3.5512 - 1.0002) and down-regulated (Log2FC range -1.884- -1.093) genes, respectively, with 

node size representing the degree of each node thickness of edges represents confidence score of interaction (>0.4). 
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Figure S3. Expression of SYK, CD74, and MX1 across various cancers based on TCGA. (A) SYK (B) CD74 and (C) MX1. Red indicates significant 

up-regulation, green signifies considerable down-regulation (|Log2FC|>1 and qvalue <0.01), while black denotes non-considerable expression in 

various cancers. 



312 

Ovarian Cancer, Stem-like Cells and SYK 

Avicenna Journal of Medical Biotechnology, Vol. 18, No. 4, October-December 2026     312 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. Genetic alterations of non-supported hub genes. (A) Summary of genetic alterations (B) OncoPrint panel illustrating genetic alterations. 

Figure S5. Stage plots and miRNA-hub gene interaction network of non-supported hub genes. (A) Stage plots (B) Top 5 miRNA-non-supported hub 
gene interaction network. 
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Figure S6. Association of SYK, CD74, and MX1 with immune‑suppressive cell infiltration. Scatter plots show correlations between (A) SYK, (B) 

CD74 and (C) MX1 gene expression (log₂TPM) and estimated levels of tumor purity, Tregs, CAFs, MDSCs, and macrophage M2 across TCGA‑OV 

tumors using representative algorithms (e.g., CIBERSORT, CIBERSORT-ABS, MCPCOUNTER, TIDE and XCELL). Blue lines indicate fitted 

regression; r and P values are reported in each panel. 
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