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Abstract
The MECOM locus is a gene frequently amplified in high-grade serous ovarian carcinoma (HGSOC). Nevertheless, 
the body of research examining the associations among MECOM transcripts, patient prognosis, and their role in 
modulating the tumor immune microenvironment (TIME) remains sparse, particularly in large cohorts. This study 
assessed the expression of MECOM transcripts in 352 HGSOC patients and 88 normal ovarian tissues from the 
combined GTEx/TCGA database. Using resources such as the UCSC Genome Browser, Ensembl, and NextProt, two 
transcripts corresponding to classical protein isoforms from MECOM were identified. Cox proportional hazards 
regression analysis, Kaplan-Meier survival curves, and a comprehensive TIME evaluation algorithm were employed 
to elucidate the connections between the expression levels of these transcripts and both patient prognosis and 
TIME status. Chromatin Immunoprecipitation sequencing (ChIP-seq) data for the two protein isoforms, as well 
as RNA sequencing data post-targeted silencing, were analyzed to identify potential regulatory targets of the 
different transcription factors. Elevated expression of the MECOM isoform transcripts was correlated with poorer 
survival in HGSOC patients, potentially through the modulation of cancer-associated fibroblasts (CAFs) and 
immunosuppressive cell populations. In contrast, higher levels of EVI1 isoform transcripts were linked to enhanced 
survival, possibly due to the regulation of CD8+ T cells, macrophages, and a reduction in the expression of JUN 
protein, or its DNA-binding activity on downstream genes. Diverse protein isoforms derived from MECOM were 
found to differentially affect the survival and tumor development in ovarian cancer patients through specific 
mechanisms. Investigating the molecular mechanisms underlying disease pathogenesis and identifying potential 
drug target proteins at the level of splice variant isoforms were deemed crucial.

Keywords  Isoforms, MECOM, High-grade serous ovarian carcinoma (HGSOC), Regulatory targets, Transcription 
factors, Tumor immune microenvironment (TIME)
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Introduction
Ovarian cancer is the most lethal gynecological malig-
nancy, with a five-year survival rate below 45%, largely 
due to recurrence and chemoresistance despite initial 
treatment involving tumor debulking surgery and plati-
num/paclitaxel-based chemotherapy [1]. High-grade 
serous ovarian carcinoma (HGSOC) is the predominant 
and most aggressive subtype, often associated with poor 
outcomes [2]. The MECOM locus (MDS1 and EVI1 com-
plex locus) is amplified in over 20% of HGSOC cases and 
plays a pivotal role in disease progression [3]. MECOM, 
akin to BRCA1/2 and FOXM1, is a histotype-specific 
transcription factors (TF) that contributes to the patho-
genesis of HGSOC [4].

The MECOM gene, situated at cytoband 3q26.2, exhib-
its a gain in 65.8-75% of HGSOC cases, as determined 
by spatially distinct and temporally varied tumor biop-
sies from individual patients [5]. MECOM is the general 
gene symbol represented by a transcriptional unit origi-
nally constituted by two main promoters (separated by 
500  kb), orchestrates the production of the myelodys-
plastic syndrome 1 (MDS1) and ecotropic viral integra-
tion site 1 (EVI1) proteins [6]. Research indicates that 
MECOM are among the most extensively and frequently 
amplified transcripts among nine genes encoded within 
the 3q26.2 cytoband of HGSOC [7].

The biological roles of MECOM and its associated 
proteins in HGSOC have been extensively investigated. 
Nanjundan et al. demonstrated that MECOM and EVI1 
proteins enhance cellular proliferation, migration, and 
attenuate transforming growth factor-β-mediated plas-
minogen activator inhibitor-1 promoter activity in ovar-
ian epithelial cells [7]. Concurrently, they identified a link 
between increased MECOM transcript levels and favor-
able patient outcomes, whereas elevated EVI1 transcript 
levels correlated with poorer survival in a cohort of stage 
III/IV HGSOC patients [7]. Contrarily, Jazaeri et al. did 
not find a significant association between EVI1 protein 
expression and ovarian cancer cell growth [8]. Moreover, 
studies have suggested that the MECOM isoform serves 
as a pivotal transcription factor sustaining HGSOC in 
vivo growth, functioning as a cofactor for paired box 
8 (PAX8) and mediating a subset of PAX8’s oncogenic 
activities [6]. Thus, the influence of MECOM and EVI1 
transcripts and protein isoforms on ovarian cancer cells 
and patient prognosis remains contested. Addition-
ally, the tumor immune microenvironment’s (TIME) 
impact on cancer patient outcomes, particularly regard-
ing immune checkpoint therapy, has drawn significant 
attention [9–11]. Nonetheless, the potential influence of 
MECOM gene products on TIME regulation has yet to 
be explored.

Given MECOM’s significance in HGSOC and the 
divergent findings in existing research, an in-depth 

investigation of the association between various tran-
scripts and clinical prognosis in a larger cohort is war-
ranted. This study integrates and examines different 
MECOM transcript expressions from RNA-sequencing 
(RNA-seq) data collated in the Genotype-Tissue Expres-
sion (GTEx) and The Cancer Genome Atlas (TCGA) 
databases. Furthermore, the study investigates the influ-
ence of these transcripts on patient prognosis and TIME 
in HGSOC using bioinformatics tools and identifies 
potential regulatory targets for the different protein iso-
forms acting as TF through Chromatin Immunoprecipi-
tation (ChIP) RNAseq data analysis.

Materials and methods
Data sources
Transcript expression data from RNA-seq in the GTEx 
(https://gtexportal.org/home/) TCGA (https://portal.gdc.
cancer.gov/) databases were retrieved from the “TCGA 
TARGET GTEx” study using the UCSC Xena Toil RNA-
Seq Recompute Compendium (htxxps://xenabrowser.
net/) on April 22, 2023. The RSEM TPM dataset for tran-
script expression was downloaded from UCSC Xena, and 
data specific to “Ovarian Serous Cystadenocarcinoma” 
of TCGA and “Ovary” tissues of GTEX were extracted. 
Furthermore, mRNA expression data along with corre-
sponding clinical information (age, stage, and additional 
patient details) for HGSOC samples were obtained from 
UCSC Xena (htxxps://xenabrowser.net/datapages/). 
Patients with incomplete RNA-Seq data (67 cases) or 
lacking complete overall survival information (1 case) 
were excluded from the analysis. The study ultimately 
included 352 HGSOC cases and 88 normal samples, with 
clinical characteristics detailed in Supplemental Table 1 
(Table S1).

Survival Analysis and Cox Regression Analysis
The optimal cutoff values for variables requiring analy-
sis were determined using the “surv_cutpoint” function 
from the “survminer” R package, and uses these values to 
divide patients into high-expression and low-expression 
groups. Kaplan-Meier curves, were generated to con-
trast survival rates between the two expression levels. 
The “survival_analysis” tools within Hiplot Pro (https://
hiplot.com.cn), a comprehensive service for the analy-
sis and visualization of biomedical data, enabled the 
graphical representation of this data. The association 
between MECOM transcript expression and the overall 
survival (OS) of HGSOC patients was evaluated using 
the Cox proportional hazards regression model. Both 
univariate and multivariate analyses were conducted 
using the “forestplot” R package to ascertain the poten-
tial of different isoforms’ expression as an independent 
prognostic marker for cancer patients. The multivariate 
analysis incorporated factors such as age, stage, tumor 
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grade, tumor residential, and transcript expression lev-
els, employing the “coxph” function in R for computation. 
Subsequently, the “forestplot” R package yielded forest 
plots that clearly depicted the P values, hazard ratios 
(HRs), and 95% confidence intervals (CIs) for each vari-
able under consideration.

Exploration of Immune-related signatures
The assessment of immune features and immune cell 
infiltration across different groups was performed using 
the Immuno-Oncology Biological Research (IOBR) R 
package [12]. The “IOBR” package aggregates 322 sig-
nature gene sets from the literature to evaluate immune 
suppression, exclusion, and exhaustion in the TIME, 
applying various evaluation algorithms and signature 
sets. Furthermore, six algorithms—CIBERSORT [13], 
ESTIMATE [14], TIMER [15], quanTIseq [16], MCP-
counter [17], and EPIC [18]—were employed to deter-
mine the composition of tumor-infiltrating immune cells 
using expression profiles from the “TCGA-OV” cohort, 
functionalities integrated within the “IOBR” package. 
Details on data coding and analytical methodologies are 
provided in the Supplemental Methods section.

Web analysis
In this study, analyses were conducted on mutations, 
potential copy-number alterations identified through 
GISTIC, and structural variants of the MECOM gene 
using the cBioPortal platform ( https://www.cbioportal.
org/). Functions of protein isoforms were investigated 
via the UniProt (https://www.uniprot.org/) and Next-
Prot (https://www.nextprot.org/) databases. The corre-
spondence between gene mRNA transcripts and protein 
isoforms was determined through the Ensembl database 
(https://www.ensembl.org/index.html). Sequence speci-
ficity among different transcripts was compared using 
the BLAST database (https://blast.ncbi.nlm.nih.gov). 
The Clinical Proteomic Tumor Analysis Consortium 
(CPTAC) database (https://cprosite.ccr.cancer.gov/) was 
utilized to explore the correlation between protein abun-
dance and MECOM gene mRNA in human HGSOC. 
Furthermore, the Kaplan-Meier Plotter (https://kmplot.
com/analysis/), drawing data from the Gene Expres-
sion Omnibus (GEO) and TCGA databases, assessed the 
impact of JUN expression on the survival of patients with 
ovarian cancer.

ChIP-seq analysis
ChIP-Seq datasets pertaining to MECOM were retrieved 
from the Sequence Read Archive (SRA) database 
(PRJNA655844), and datasets including peak informa-
tion for EVI1 were sourced from the GEO database 
(GSE25210). These datasets have been mapped to the 
human genome (version hg19). The annotation and 

comparison of ChIP peak were conducted using “ChIP-
seeker” [19], an R/Bioconductor package. Annotation 
packages employed included “TxDb.Hsapiens.UCSC.
hg19.knownGene” and “org.Hs.eg.db” (Bioconductor). 
Promoters were defined as ± 3 kb from the transcription 
start site. Functions such as “annotatePeak”, “peakHeat-
map”, “plotAvgProf2”, “plotAnnoPie”, “plotAnnoBar” were 
utilized for visualizing the results.

RNAseq DEG analysis
Gene expression profiles of ovarian cancer cells were 
acquired from GEO dataset GSE25213 and SRA dataset 
PRJNA655836. Data analysis for identifying differen-
tially expressed genes (DEGs) utilized the R/Bioconduc-
tor software packages limma and DESeq2 respectively. 
The criteria selected for visualizing DEGs on volcano 
plots were |log2 fold change| > 0.5 and adjusted p-value 
(padj) < 0.05.

Pathway enrichment analysis
Genes intersecting between ChIP-seq and RNA-seq-
derived DEGs were extracted and underwent pathway 
enrichment analysis. Enrichment analyses for Gene 
Ontology (GO), Kyoto Encyclopedia of Genes and 
Genomes (KEGG) [20, 21], and WikiPathways were con-
ducted utilizing the “clusterProfiler” package in R. Sig-
nificant pathways related to cancer were identified using 
Reactome tools (https://reactome.org). GO analysis 
encompasses biological processes, cellular components, 
and molecular functions, serving as a bioinformatics 
approach for gene and protein annotation to elucidate 
characteristic biological attributes. The “simplify” func-
tion within the R package was employed to reduce redun-
dancy in the enriched GO terms output. Directed acyclic 
graphs (DAGs) illustrating the hierarchical relationships 
among GO terms were generated using the “topGO” R 
package, providing a tree-like visual representation. The 
circos plot were performed using the OECloud tools at 
https://cloud.oebiotech.com.

Statistical tests
Data analysis in the study was conducted primarily 
using R language (version 4.2.2). The “ggplot2” package 
facilitated figure creation. The Wilcoxon test estimated 
statistical significance for quantitative data compari-
sons between two types. Kaplan-Meier survival analysis 
employed the log-rank method to determine statistical 
significance. Values of p < 0.05 were deemed statistically 
significant, with significance levels denoted as *p < 0.05, 
**p < 0.01, ***p < 0.001, and ****p < 0.0001.

https://www.cbioportal.org/
https://www.cbioportal.org/
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https://kmplot.com/analysis/
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https://reactome.org
https://cloud.oebiotech.com
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Results
Expression of MECOM Transcripts in Normal and HGSOC
Genomic alterations in the MECOM locus have been 
implicated in various cancers, with mutations, deep 
deletions, structural variants, and amplifications docu-
mented (Fig. 1A). An analysis of the “TCGA PanCancer 
Alters Studies” within the cBioPortal database revealed 
a high incidence of such genomic alterations in ovarian 
epithelial tumors, with significant MECOM amplifica-
tion observed in up to 30% of cases (Fig. 1A, Figure S1A). 
Survival analysis of 352 HGSOC patients indicated that 
MECOM gene amplification did not serve as a direct 
prognostic indicator for OS (Figure S1B). The human 
MECOM gene is known to produce at least twenty 
mRNA transcripts (Fig.  1B, Figure S1C, Table S2), with 
nineteen variants quantified in the “TCGA TARGET 
GTEx” study of UCSC Xena Toil RNA-Seq Recompute 
Compendium. The expression levels (log2(tpm + 0.001)) 
of all MECOM transcripts in HGSOC and correspond-
ing normal tissues were delineated through a heatmap 
(Fig. 1C). Out of these transcripts, six variants were iden-
tified as being expressed in over 85% of the tissues (yel-
low shading in Fig. 1B-C), with their expression levels in 
tumor tissues significantly elevated compared to normal 
tissues (Fig. 1D).

Different MECOM gene transcripts often yield pro-
teins with variant domain compositions, thereby influ-
encing their biological functions. The proteins isoform 
1 (EVI1 isoform) and isoform 7 (MECOM isoform), 
derived from the MECOM gene, are the principal vari-
ants exerting biological functions, as indicated by Uni-
Prot and NextProt database searches. The shorter 
transcript ENST00000628990.2, detailed in ENSEMBL, 
encodes a 1051 amino acid, 145  kDa EVI1 protein iso-
form (UniProt ID: Q03112-1) (Table S2). A longer tran-
script, ENST00000494292.6, encodes a 1230 amino acid, 
185 kDa MECOM protein variant (UniProt ID: Q03112-
7) (Table S2). Consequently, the subsequent analysis 
primarily focuses on the effects of these two classical iso-
forms and their corresponding transcripts on HGSOC.

Association between Classical isoforms and patients’ 
survival of HGSOC
Sequence alignment analyses via BLAST revealed that 
the two classical MECOM transcripts share an identical 
3’ end sequence of 4747 nucleotides, differing only at the 
5’ end (Fig.  2A). The longer isoform, MECOM, repre-
sents a fusion protein, wherein MDS1 exon 2 is in-frame 
fused with EVI1 exon 2, contributing an additional 188 
amino acids to the EVI1’s normal starting codon in exon 
3. The EVI1 protein is characterized by two zinc-finger 
(ZF) DNA-binding domains, with the first containing 
seven ZF motifs at the amino terminus and the second 
comprising three ZF motifs at the carboxyl terminus 

(Fig. 2A). MECOM isoforms, featuring a PR domain from 
MDS1 at the N-terminus combined with ZF domains 
from EVI1, belong to the PRDM (PR/SET domain) pro-
tein family, also known as PRDM3 (Fig. 2A).

To assess the impact of expression levels of these vari-
ants on patient prognosis, patients were stratified into 
high- and low-expression groups using the optimal cut-
off (Fig. 2B-C). Kaplan-Meier survival analysis indicated 
that high expression of the MECOM isoform correlated 
with poorer survival (Fig.  2D), whereas high expres-
sion of the EVI1 isoform was associated with improved 
survival (Fig.  2E). Subsequent univariate and multivari-
ate Cox regression analyses, which included age, patho-
logical stage, grade, and postoperative residual tumor 
status, confirmed that MECOM transcript expression 
constitutes a prognostic risk factor (HR = 1.38, 95% CI: 
1.03–1.86), while EVI1 transcript expression serves 
as a protective factor (HR = 0.86, 95% CI: 0.77–0.96) 
(Fig. 2F-G).

The Effect of classical transcripts on TIME of HGSOC
In recent years, the TIME has garnered increased atten-
tion, with studies shifting focus from solely targeting 
tumor cell eradication to understanding the complex 
interplay within the TIME and its implications on 
therapeutic efficacy. Nevertheless, the potential role 
of MECOM in modulating TIME remains unexplored. 
Comparative analyses were conducted to examine TIME 
characteristics between high- and low-expression sub-
groups derived from two distinct MECOM transcripts. 
Utilizing the “IOBR” package for further TIME signa-
ture analysis, it was established that patients  with high 
MECOM isoform expression exhibited an immunosup-
pressive, exclusive, and exhausted TIME (Fig.  3A-C). 
Such patients presented elevated levels of exhausted 
CD8+ T cells (Fig. 3C), increased immune checkpoint sig-
nature scores (Fig. 3A), and higher presence of immuno-
suppressive cells, including myeloid-derived suppressor 
cells (MDSCs), M2-type tumor-associated macrophages 
(TAMs), and regulatory T cells (Tregs) (Fig. 3A-C). Con-
versely, patients with high expression of EVI1 isoforms 
displayed an opposing trend (Fig. 3D-F).

Six algorithms (CIBERSORT, TIMER, quanTIseq, 
EPIC, MCP-counter, and ESTIMATE) were employed 
to estimate immune cell abundance using the “IOBR 
package” (Figure S2A, Table S3). The findings indicated 
divergent immune cell infiltration patterns within the 
high-expression groups of different transcripts (Figure 
S2A). Notably, EPIC and quanTIseq, recognized as the 
most reliable deconvolution algorithms, discern various 
immune cell proportions through the analysis of marker 
gene expression levels. A differential abundance of seven 
or ten infiltrating immune cell types was observed in 
patient groups stratified by transcript expression cutoff 
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Fig. 1  MECOM Transcript Variability and Expression Analysis. (A) Genomic alterations of MECOM across various tumor types were examined using the 
“TCGA PanCancer Alters Studies” in the cBioportal database. (B) Nineteen gene transcripts of MECOM, as cataloged by UCSC, were identified. (C) A heat-
map depicted the expression levels (log2(tpm + 0.001)) of these nineteen MECOM transcripts in HGSOC samples (n = 352) and normal ovarian tissues 
(n = 88), with six variants exhibiting expression in over 85% of tissues highlighted in yellow. (D) Violin plots compared the expression levels of the six 
predominantly expressed transcripts between ovarian cancer (blue) and normal tissues (orange)
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Fig. 2  MECOM Classical Transcripts and HGSOC Patient Survival Prognosis. (A) Schematic representations of two classic MECOM transcripts and their 
protein isoforms domains were presented. (B-C) Optimal cutoff values were determined for ENST000000494292.6 (B) and ENST000000628990.2 (C). (D-E) 
Kaplan-Meier survival curves, using the log-rank test, evaluated the association between the expression of MECOM-isoform (D) or EVI1-isoform (E) and OS 
in HGSOC patients. (F) Univariate COX regression analysis was conducted considering clinical features and the expression levels of two classical MECOM 
transcripts. (G) Multivariate COX regression analysis and forest plots incorporated clinical features and expression levels of these transcripts
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Fig. 3  Classical MECOM Transcripts Correlation with TIME in HGSOC. (A-C) Comparison of immune suppression (A), exclusion (B), and exhaustion (C) fea-
tures between two subgroups of MECOM-isoform. (D-F) These comparisons were similarly made for subgroups based on EVI1-isoform expression. (G-H) 
The abundance of various infiltrating cells was contrasted between the high- and low-expression groups for MECOM-isoform (G) and EVI1-isoform (H), 
respectively. (I-J) Stacked bar plots derived from the EPIC deconvolution algorithm displayed cell type proportions for the top 20 patients by expression 
level of MECOM-isoform (I) and EVI1-isoform (J) in the HGSOC samples
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values (Fig.  3G-H, Figure S2B-C). Specifically, the high-
expression group for MECOM isoforms was charac-
terized by a significant increase in cancer-associated 
fibroblasts (CAFs), M2 TAMs, and Tregs (p < 0.05) 
(Fig.  3G, Figure S2B). In contrast, high-expression 
groups for EVI1 isoforms were associated with a greater 
proportion of CD8+ T cells and reduced levels of CAFs 
and M2 TAMs (p < 0.05) (Fig. 3H, Figure S2C). To illus-
trate the immune cell composition within the tumor 
microenvironment  (TME), the top 20 patients with the 
highest expression levels of the two classical transcripts 
were selected, highlighting the cell abundance variation 
(Fig.  3I-J). Results demonstrated a significant increase 
in CAFs among patients with high MECOM transcript 
expression (Fig.  3I-J), possibly explaining why such 
transcript levels are considered a risk factor for patient 
prognosis. CAFs are implicated in extracellular matrix 
(ECM) production, tumor growth support, angiogenesis, 
and chemoresistance. In our cohorts, patients with high 
CAF abundance exhibited worse prognoses (Figure S2D-
E). It was thus hypothesized that the differential impact 
on prognosis could be ascribed to the varying associa-
tion between MECOM transcript expressions and the 
immune microenvironment.

Potential targets of MECOM Isoforms as TF in HGSOC
In prior results, the expression levels of two classical 
MECOM transcripts were found to differentially impact 
the prognosis of HGSOC patients. These transcripts 
encode proteins of varying lengths, yet both encompass 
the canonical ZF domains capable of DNA binding and 
function as TF that modulate gene expression (Fig. 2A). 
Analysis of ChIP-Seq data from OVCAR3 ovarian can-
cer cells was performed to identify targets and signaling 
pathways regulated by MECOM that contribute to ovar-
ian cancer malignancy. Remarkably, 838 of 7663 (10.94%) 
and 825 of 7642 (10.80%) peaks were discerned within 
promoter regions (Fig.  4A, Table S4). Investigation into 
the peak distribution and binding affinity around the 
transcription start site (TSS) revealed localized binding 
proximal to the TSS with high reproducibility in both 
samples (Fig. 4B, Figure S3A). After deduplication, these 
peaks corresponded to 780 and 771 distinct genes, with 
an overlap of 756 common genes (Fig. 4C).

Subsequent differential gene expression analysis from 
RNA-seq data of five ovarian cancer cell lines (COV318, 
IGROV1, Kuramochi, OVISE, and OVCAR3) follow-
ing MECOM knockdown identified 4188 DEGs with 
an adjusted p-value < 0.05 and an absolute log2 fold 
change > 0.5 in any model (Figure S3 B - G, Table S4). The 
heatmap displayed 16 DEGs consistent across the five 
cell lines (Figure S3H). To pinpoint potential direct tran-
scriptional targets of MECOM isoforms, an intersection 
of MECOM-bound genes with DEGs across five cell lines 

was conducted (Fig. 4D), revealing 89 shared genes, with 
their log2 fold changes depicted in a heatmap (Fig.  4E). 
Gene function annotations and pathway involvement 
were cataloged using the GO and pathway databases 
(KEGG, Reactome, Wikipathways) (Table S4), with an 
adjusted p-value (q-value) threshold of 0.10 for significant 
gene set enrichment. GO analysis identified five highly 
overrepresented categories among the direct target genes 
of MECOM isoforms: response to auditory stimulus, cel-
lular response to steroid hormone stimulus, response 
to mechanical stimulus, detection of external stimulus, 
and detection of abiotic stimulus (Figure S4A). Pathway 
enrichment analysis highlighted significant gene involve-
ment in the CLEC7A/inflammasome pathway, regulation 
of NPAS4 gene expression, and interleukin-1 processing, 
among others (Figure S4A-B). Notably, IL1B emerged as 
a gene with the extensive functional roles across vari-
ous pathways (Figure S4B). In the cancer context, IL-1β 
exerts diverse effects on immune cells, angiogenesis, 
proliferation, migration, and metastasis of cancer cells. 
Additionally, MECOM isoforms likely regulate other key 
genes (such as GPR87, LY6K, TDO2, and FOXP2, Fig. 4E) 
that influence cytokine/chemokine production, immune 
checkpoint expression, and metabolic reprogramming, 
thereby modulating the function of immunosuppressive 
cells and cancer-associated fibroblasts (CAFs). Conse-
quently, the deleterious impact of this variant on patient 
prognosis may be mediated through the regulation of 
these molecules and their corresponding pathways, with 
infiltration of CAFs and immunosuppressive cells are also 
one of the manifestations.

Potential targets of EVI1 isoforms as TF in HGSOC
To elucidate the targets and signaling pathways regu-
lated by EVI1 in ovarian cancer, ChIP-seq and RNA-seq 
data from SKOV3 ovarian cells were examined. Analysis 
revealed that 4390 of 12,864 (34.12%) EVI1-associated 
peaks localized to promoter regions (Fig. 5A, Table S5). 
The distribution of distances between EVI1 ChIP peaks 
and adjacent genes was depicted in Fig. 5B. Subsequent 
analysis of DEGs in SKOV3 cells with EVI1 knockdown 
identified 116 upregulated and 119 downregulated genes, 
meeting the threshold of an adjusted p-value < 0.05 and 
absolute log2 fold change > 0.5 (Fig.  5C, Table S5). Inte-
gration of ChIP-Seq and DEGs yielded 50 putative EVI1 
target genes (Fig.  5D-E). Gene functions and pathways 
were annotated using GO and Pathway databases, with 
redundancy in enriched GO terms minimized using the 
`simplify` function. Molecular function analysis overrep-
resented four predominant categories: protein tyrosine/
threonine phosphatase activity, cell-cell adhesion media-
tor activity, sulfur compound transmembrane transporter 
activity, and MAP kinase tyrosine/serine/threonine 
phosphatase activity (Fig.  5F, Table S5). Hierarchical 
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Fig. 4  Regulatory Targets of MECOM Isoforms in HGSOC Explored. (A) The MECOM ChIP-Seq (two replicates: R1 and R2) peak distribution pattern was 
analyzed in OVCAR3 cells. A total of 838/7663 (10.94%) or 825/7642 (10.80%) peaks were located at the promoter region of downstream genes. (B) The 
distribution and binding strength of peak in the upstream and downstream of TSS. (C) A venn diagram illustrated 756 genes shared between two ChIP-
Seq replicates. (D) A venn diagram between 756 genes from ChIP-Seq and 4188 DEGs from transcriptome data showing 89 predicted MECOM targets. (E) 
A heatmap showed the log2fold changes in mRNA expression of the 89 target genes
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Fig. 5  Potential EVI1 Isoform Regulatory Targets in HGSOC Investigated. (A) The EVI1 ChIP-Seq peak distribution pattern in SKOV3 cells was analyzed, with 
4390/12,864 (34.12%) of peaks located at promoters of downstream genes. (B) Peak distribution and binding intensities were examined around the TSS. 
(C) A volcano plot displayed DEGs following EVI1 knockdown in SKOV3 cells, highlighting significantly up- and down-regulated genes (padj < 0.05 and 
|log2foldchange| > 0.5). (D) Integration of ChIP-Seq and RNA-Seq data identified 50 potential EVI1 targets. (E) A heatmap depicted the log2fold changes 
in mRNA expression of the 50 EVI1 target genes. (F-G) Enrichment analyses of the GO terms (F) and pathways (G) for the 50 target genes were conducted
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relationships among GO terms were visualized using 
DAGs generated by the bioconductor package “TopGO” 
(Figure S5A-B). Pathway enrichment analysis demon-
strated significant gene enrichment in nuclear events 
(kinase and transcription factor activation), MAPK tar-
gets/ nuclear events mediated by MAP kinases, ERKs are 
inactivated, and Toll Like Receptor 2/5/10 (TLR2/5/10) 
Cascade (Fig.  5G). Further, genes involved in various 
pathways were identified, with JUN emerging as the most 
functionally diverse (Figure S6A). Concordantly, elevated 
JUN expression was associated with poor prognosis 
in ovarian cancer patients (Figure S6B-C). This analy-
sis indicates that EVI1 may confer a protective effect by 
diminishing JUN protein expression or by modulating its 
DNA binding to downstream gene targets.

Discussion
MECOM, a pivotal TF in HGSOC [22], produces numer-
ous gene products. While the involvement of MECOM in 
HGSOC pathogenesis has been investigated, the findings 
remain inconsistent. This study investigates the association 
between two key MECOM gene products, prognosis, and 
the TIME signature in a large HGSOC cohort. Our analy-
sis demonstrated that elevated MECOM transcript levels 
were associated with poor survival in HGSOC patients, 
potentially by modulating CAFs and immunosuppressive 
cells such as MDSCs, M2 TAMs, and Tregs. In contrast, 
increased EVI1 transcript levels correlated with better sur-
vival, potentially by influencing CD8+ T cells, reducing JUN 
protein expression, or altering its DNA binding to down-
stream genes.

High somatic copy number alterations (CNA) fre-
quency is a hallmark of HGSOC [3, 23]. The 3q26 region, 
frequently amplified in ovarian cancers, contains the 
MECOM gene [5, 24, 25]. This study analyzed CNAs in a 
substantial TCGA cohort (n = 1691), identifying MECOM 
amplification in roughly 30% of HGSOC samples. Addi-
tionally, elevated MECOM gene transcripts were noted 
in HGSOC compared to normal tissues. Nanjundan et al. 
designed several qPCR probes to assess the level of EVI1, 
MDS1, and the fusion transcript MECOM. They found 
MECOM and EVI1 exon III (represent EVI1 + MECOM) 
RNA levels are increased up to 540- and 125-fold in the 
majority (98% and 83%) of ovarian cancers, respectively 
[7]. In addition, they found that the increases in EVI1 
DNA copy number and MDS1/EVI1 transcripts are asso-
ciated with improved patient outcomes [7]. However, the 
present study found no impact of MECOM gene amplifi-
cation on patient survival.

Gene function is typically mediated by protein products 
synthesized via mRNA translation. Analysis of the CPTAC 
database revealed a positive correlation between the abun-
dance of MECOM gene proteins and their mRNA in human 
ovarian cancer, with a correlation coefficient of 0.7489. 

However, distinct protein molecules encoded by a single 
gene may exhibit diverse functions [26]. Thus, investigating 
the molecular mechanisms underlying disease pathogenesis 
and identifying potential drug target proteins at the level of 
splice variant isoforms are of paramount importance [27]. 
Our findings confirmed that transcripts corresponding to 
MECOM isoforms were predictors of poor patient out-
comes, echoing findings in lung squamous cell carcinoma 
[28]. It was observed that forced expression of MECOM iso-
forms in cell lines promoted cancer stem cell properties [28]. 
Our research has preliminarily revealed that the MECOM 
isoforms regulate genes such as IL1B, GPR87, TDO2, LY6K, 
and FOXP2, which have been closely linked to pathway 
activation, metabolic reprogramming, and immune check-
point expression in prior studies [29–33]. In ovarian cancer, 
the MECOM isoforms may promote immunosuppression 
and remodeling of the tumor microenvironment through 
these mechanisms, ultimately driving tumor growth and 
immune evasion. This may provide a potential explanation 
for the association between MECOM transcripts and poor 
prognosis.

For another classic variant, numerous studies have indi-
cated that EVI1, an oncogenic TF, is overexpressed in 
myeloid malignancies and several solid tumors, including 
prostate and colon cancer, contributing to disease progres-
sion and an aggressive phenotype [34–36]. In HGSOC, 
research has suggested that EVI1 targets the PDZ-binding 
kinase to promote metastasis and confer cisplatin resis-
tance through the induction of autophagy [37]. Further-
more, EVI1 has been shown to regulate estrogen signaling 
by directly activating transcription of estrogen receptor 1, 
promoting cell proliferation and invasion in vitro as well 
as tumor growth in xenograft models [38]. However, our 
study demonstrated that the presence of transcripts corre-
sponding to the EVI1 isoforms is linked to a better progno-
sis in HGSOC patients. Additionally, analyses of the TIME 
revealed that patients with high levels of these transcripts 
exhibited an increased proportion of CD4+ T and CD8+T 
cells, and a decreased proportion of CAFs and M2 TAMs, 
supporting the prognostic implications of earlier findings. In 
the study of Bard Chapeau EA et al., they showed that more 
than 25% of EVI1-occupied genes contain linked EVI1 and 
activator protein-1 complex DNA binding sites, and they 
indicate that EVI1 synergizes with FOS in invasive tumors 
[39]. JUN and FOS are components of the activator pro-
tein-1 (AP-1), which plays a crucial role in multiple cancer-
related signaling pathways [40]. Our analysis suggests that 
EVI1 may have a protective role in patients by downregulat-
ing the expression of the JUN protein or altering its DNA 
binding activity to downstream genes. Consistent with these 
findings, Jazaeri AA et al. observed that EVI1 inhibited the 
growth of 293T and ES2 cells, and selective knockdown of 
EVI1 isoforms did not impact cell proliferation, cisplatin-
induced apoptosis, or γ-H2AX levels in ovarian cancer cells 
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[8]. Furthermore, they found that transcripts of EVI1 were 
nearly ubiquitously expressed in ovarian cancer samples and 
benign tissues thought to be the origin of these malignan-
cies, such as the normal ovaries and fallopian tube fimbriae 
[8]. In contrast, the protein levels of EVI1 isoforms were 
undetectable in normal ovarian tissues, displaying similar 
patterns between serous ovarian cancer samples, fallopian 
tube fimbriae, and benign neoplasms [8]. This suggests that 
the expression of EVI1 in serous cancers may reflect the 
histopathological tissue of origin rather than represent an 
oncogenic event.

Our research is subject to certain limitations. Primarily, 
the analyses were founded upon the mRNA expression lev-
els of various MECOM transcripts. While database analyses 
have demonstrated a robust correlation between the mRNA 
and protein expression of this gene, the levels of individual 
transcripts may not precisely reflect the protein isoform’s 
expression or functional activities. RNA editing, transla-
tion efficiency, post-translational modifications, and protein 
localization can influence the functionality of distinct pro-
tein isoforms within cancerous contexts. Presently, a com-
prehensive protein database cataloging the expression levels 
of different protein isoforms from identical genes does not 
exist; however, such a resource might be developed in the 
future, leveraging advancements in sequencing technolo-
gies and the accumulation of research data. In summary, the 
study advances our understanding of MECOM gene prod-
ucts in HGSOC, highlighting their complex roles in progno-
sis and the TIME, while acknowledging the need for further 
experimental validation.

Conclusion
The diverse protein isoforms derived from MECOM 
exhibit distinct impacts on the survival and tumori-
genesis in HGSOC patients via specific mechanisms. 
Investigating the molecular mechanism of disease patho-
genesis and searching for drug target proteins at the level 
of splicing homologous isoforms are critical.
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