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Abstract: Objectives: Prominin 2 (PROM2) gene has been reported as a molecular biomarker of human cancers; 
however, its role is still controversial. This study was therefore arranged to seek the role of PROM2 in different 
cancers with Bioinformatics and in vitro analyses. Methods: A combination of bioinformatics and molecular experi-
ments. Results: Through the utilization of Bioinformatics analysis, it was observed that in 19 out of the 24 human 
cancers studied, there was a significant increase in the expression of PROM2 compared to the respective control 
samples. Additionally, the overexpression of PROM2 was linked specifically to a decrease in overall survival (OS) 
among breast cancer (BRCA), lung adenocarcinoma (LUAD), and uterine corpus endometrial carcinoma (UCEC) pa-
tients. Furthermore, advanced molecular investigations were conducted, encompassing RNA sequencing (RNA-seq) 
as well as targeted bisulfite sequencing (bisulfite-seq) assessments of PROM2. These analyses were performed 
across an array of lung cancer cell lines (A549, ABC-1, EBC-1, and LK-2) and a normal control lung cell line (MRC-9). 
Results of these analysis revealed overexpression and reduced methylation of PROM2 within lung cancer cell lines, 
relative to the corresponding control cell line. This suggests that PROM2 assumes a substantial function in the 
advancement and course of BRCA, LUAD, and UCEC cancers. Subsequent pathway analysis revealed that genes en-
riched by PROM2 are actively engaged in four pivotal pathways. Additionally, intriguing associations were observed 
between PROM2 expression, tumor purity, infiltration of CD8+ T immune cells, and genetic modifications. Moreover, 
we also predicted a few MicroRNAs (miRNAs), transcription factors (TFs), and potential drugs that could help to 
understand and better manage these cancers via designing appropriate therapies targeting PROM2. Conclusion: 
Via this study, we effectively revealed PROM2 overexpression as a potential diagnostic and prognostic biomarker of 
survival in BRCA, LUAD, and UCEC.
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Introduction

Cancer is a group of lethal diseases. In 2021, 
the mortality rate due to cancer was ranked 2nd 
worldwide after cardiovascular diseases [1, 2]. 
In line with the cancer states of Surveillance, 
Epidemiology, and End Results Program’s 

(SEER), as well as Cancer Statistics Review 
(CSR), the number of cancer cases in the United 
States of America (USA) alone is 442.7 per 
100,000 (for both genders) per year [3]. 

Cancer is continuously introducing new and dif-
ficult challenges to researchers and medical 
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practitioners attempting to find sensitive and 
reliable health solutions [4, 5]. Although current 
treatment methods increased the cancer prog-
nosis, the five-year survival of various cancer 
patients remains very low [6-8]. The explana-
tion for this poor prognosis might be the limited 
number of available treatment options and the 
lack of effective biomarkers, especially for che-
motherapy-resistant patients [9-11]. Therefore, 
it is important to explore the more effective 
common diagnostic and prognostic molecular 
biomarkers to diagnose and monitor the prog-
nosis of cancer patients.

The prominin protein 2 (PROM2) belongs to  
the pentaspan transmembrane family, mainly 
enriched at plasma membrane protrusions. 
The PROM2 along with its other binding partner 
PROM1 has been known to directly bind with 
cholesterol to mainly associate with microdo-
mains of the membrane in some types of cells 
[12, 13]. The PROM2 is a rarely studied gene 
and its dysregulation exploration is previously 
only limited to epithelial cells [14, 15]. However, 
according to an earlier whole-genome expres-
sion profiling-based study, PROM2 was also 
overexpressed in endothelial cells in lung can-
cer [16]. Moreover, different other expression 
profiling-based studies have also explored the 
PROM2 up-regulation in several other cancers 
including liver cancer and chromophobe renal 
cell carcinoma [17-19]. Furthermore, to the 
best of our understanding, the literature cur-
rently lacks comprehensive coverage regarding 
the dysregulation of PROM2 and its potential 
diagnostic and prognostic implications across 
various distinct types of human cancer.

Within this investigation, the evaluation of 
PROM2 expression and its subsequent associ-
ations with various other parameters across 
diverse cancer types has been undertaken uti-
lizing publicly available databases, as well as in 
silico experiments. The outcomes of this study 
have provided novel information regarding 
PROM2 role in the pathogenesis of cancer. 
These outcomes are expected to facilitate the 
development of new anti-cancer approaches.

Materials and methods

UALCAN analysis

In the present work, we utilized the University of 
ALabama at Birmingham CANcer (UALCAN) web 
portal to conduct the pan-cancer differential 

mRNA expression analysis and clinicopatholog-
ical features-specific expression analysis of 
PROM2 across multiple human cancer sub-
types [20]. UALCAN is a valuable online plat-
form for cancer research, enabling easy explo-
ration of gene expression data across different 
cancer types. Utilizing TCGA datasets, UALCAN 
offers interactive analysis tools to assess gene 
expression, survival outcomes, and correla-
tions with clinical parameters [20]. For statisti-
cal purposes, a Student’s t-test was utilized 
within the UALCAN tool. 

Kaplan-Meier (KM) plotter and gene expres-
sion profiling interactive analysis based sur-
vival analysis

In the present study, we utilized the Kaplan-
Meier (KM) Plotter tool to determine the PROM2 
clinical significance in cancer patients of dis-
tinct subtypes [21]. KM Plotter is a powerful 
web tool that aids cancer research by assess-
ing the impact of gene expression on patient 
survival. It utilizes large patient datasets to 
generate Kaplan-Meier survival curves, reveal-
ing associations between gene expression lev-
els and prognosis. In addition, we also utilized 
Gene Expression Profiling Interactive Analysis 
(GEPIA) database [22] to validate the results  
of KM plotter. GEPIA stands as a valuable 
resource for cancer genomics, offering interac-
tive analysis of RNA sequencing data from 
thousands of tumors and normal samples. This 
web tool enables researchers to explore gene 
expression patterns, perform survival analy-
ses, and compare RNA expression between 
tumors and healthy tissues, aiding comprehen-
sive cancer research.

GENT2 and GEPIA

Gene Expression database of Normal and 
Tumor tissues 2 (GENT2) and GEPIA are cancer 
transcriptomics data analysis webservers  
[23]. In the current study, we used both these 
resources for the expression validation of 
PROM2 using independent cohorts of distinct 
cancer patients. For statistical purposes, a 
Student’s t-test was utilized by these tools.

Human Protein Atlas

The Human Protein Atlas (HPA) web port (https:/
www.proteinatlas.org/) is an online resource 
the immunohistochemistry (IHC) based pro-
teomic data obtained from the tissues or cells 
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of the different cancer subtypes [24]. HPA pro-
vides a comprehensive view of protein distribu-
tion in various tissues and cell types, aiding in 
the exploration of protein functions and their 
relevance in health and disease, particularly 
cancer research. This database was utilized in 
the current study to validate the PROM2 at the 
protein level in tissue samples of different can-
cer subtypes paired with normal control. 

MEXPRESS

MEXPRESS was developed to visualize The 
Cancer Genome Atlas (TCGA) expression data 
and identify the correlation between promoter 
methylation and expression level [25]. Offering 
an intuitive interface, it facilitates the explora-
tion of multi-dimensional data across various 
tumors, aiding researchers in identifying poten-
tial biomarkers, unraveling molecular mecha-
nisms, and gaining insights into the complex 
landscape of cancer biology. In this investiga-
tion, the relationship between PROM2 tran-
scriptional expression and the levels of promot-
er methylation in different cancer subtypes was 
evaluated using the mentioned tool, employing 
Pearson correlation analysis. For statistical 
purposes, a Student’s t-test was utilized by 
MEXPRESS.

cBioportal analysis

cBioPortal, a repository of cancer multi-omics 
data [26] was applied in the present study to 
investigate the PROM2-associated genetic 
alterations and copy number variations (CNVs) 
in distinct cancer subtypes. cBioPortal is a piv-
otal platform that empowers cancer genomics 
research. It offers a user-friendly interface for 
exploring complex genomic data from numer-
ous cancer studies. Researchers can analyze 
genetic alterations, mRNA expression, and clin-
ical data, aiding the identification of potential 
drivers of cancer and facilitating the discovery 
of novel therapeutic targets through compre-
hensive visualization tools and interactive 
features. 

Protein interactions and enrichment analysis

The Search Tool for the Retrieval of Interacting 
Genes/Proteins (STRING) web port is a univer-
sal repository for analyzing and reviewing the 
protein-protein interactions between the genes 
of interest [27]. Researchers can explore physi-
cal and functional interactions, predict pro- 

tein partners, and unravel complex cellular  
processes. STRING aids in understanding bio-
logical pathways, protein functions, and dis-
ease mechanisms, serving as a cornerstone  
for advancing molecular research and drug dis-
covery efforts. In this current research, we 
employed this tool to establish the protein- 
protein interaction (PPI) network for the gene 
dataset enriched with PROM2. Additionally, the 
resultant PPI network was visualized using 
Cytoscape, and subsequent pathway analysis 
of the genes within the PPI network was con-
ducted utilizing DAVID [28]. DAVID assists in 
unraveling the biological significance of gene 
lists by offering comprehensive annotation, 
enrichment analysis, and visualization tools. 
Researchers can gain insights into gene func-
tions, pathways, and cellular processes, aiding 
in the interpretation of high-throughput data. 
For statistical purposes, a Student’s t-test was 
utilized by DAVID.

Tumor purity and immune analysis

In the present study, the Tumor Immune Es- 
timation Resource (TIMER) web port (https://
cistrome.shinyapps.io/timer/) [29] was utiliz- 
ed to investigate the Spearman correlation 
between Tumor purity, CD8+ T immune cells 
infiltration, and PROM2 expression in different 
cancers. The TIMER database is a critical tool 
for understanding the immune contexture of 
various cancers. It enables the assessment of 
immune infiltration in tumor tissues through 
gene expression data. Researchers can explore 
the abundance of different immune cell types 
and their potential impact on patient prognosis. 
For statistical purposes, a Student’s t-test was 
utilized by TIMER.

Enrichr database analysis

Enrichr [30] is used to explore different enrich-
ment terms such as KEGG (Kyoto Encyclopedia 
of Genes and Genomes), Gene Ontology (GO), 
gene-specific TFs, and miRNAs. Enrichr allows 
researchers to explore gene set enrichment 
analysis against an extensive collection of 
databases and resources. Enrichr facilitates 
the identification of enriched terms, pathways, 
and functional annotations, aiding in the inter-
pretation of high-throughput data. In the cur-
rent study, we utilized Enrichr to explore the 
PROM2-targeted miRNAs and TFs. The top ten 
significantly (P < 0.05) enriched items were dis-
played using Enrichr.
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Drug analysis

PROM2 is believed to hold potential as a viable 
therapeutic target. As a result, the Compara- 
tive Toxicogenomics Database (CTD) [31] was 
included in the current investigation to create  
a gene-drug interaction network for identifying 
some chemotherapeutic drugs that can chan- 
ge the expression of PROM2. CTD is a pivotal 
resource for understanding the intricate inter-
actions between chemicals, genes, and diseas-
es. By integrating curated data from various 
sources, CTD offers insights into the molecular 
mechanisms of toxicology and disease devel-
opment. Researchers can explore associations 
between chemicals and genes, aiding in the 
identification of potential hazards and under-
standing the underlying biological pathways.

RNA sequencing and targeted bisulfite se-
quencing analyses-based in vitro validation of 
PROM2 expression and methylation status

A total of 4 lung cancer cell lines, including 
A549, ABC-1, EBC-1, LK-2, and one normal con-
trol lung cell line (MRC-9) were purchased from 
the ATCC (American Type Culture Collection). 
The purchased cell lines were cultured in DM- 
EM (HyClone), supplemented with 10% fetal 
bovine serum (FBS; TBD), 1% glutamine, and 
1% penicillin-streptomycin in 5% CO2 at 37°C. 
Total RNA extraction from all these three cell 
lines was done using TRIzol® reagent method 
[32], while total DNA was extracted via organic 
method [33]. Finally, RNA and DNA samples 
were sent to Beijing Genomics Institute (BGI) 
Company for RNA sequencing (RNA-seq) and 
targeted bisulfite sequencing (bisulfite-seq) 
analyses.

After RNA-seq analysis, the gene expression 
values of the PROM2 were normalized using 
reads per kilo base million reads (RPKM) and 
fragments per kilo base million reads (FPKM). 
While methylation values were normalized as 
beta values. The obtained FPKM and beta val-
ues against hub genes in lung cancer and nor-
mal control cell line were compared to identify 
differences in the expression and methylation 
levels.

Results

PROM2 expression profiling

We conducted an analysis of PROM2 gene tran-
scription expression levels across 24 distinct 

human cancer samples, each paired with its 
corresponding normal controls, utilizing Pan-
cancer analysis. A Pan-cancer view graph in 
Figure 1 visually depicts the PROM2 median 
expression in cancers and normal controls. The 
transcription level of PROM2 was found notice-
ably higher in 19 major types of human cancer 
tissues relative to the paired controls including 
breast cancer (BRCA), lung adenocarcinoma 
(LUAD), and uterine corpus endometrial carci-
noma (UCEC). However, the lower expression of 
PROM2 was also observed in 5 different other 
kinds of human cancers (Figure 1).

PROM2 prognostic potential

The KM analysis has helped us to evaluate  
the association between PROM2 transcription 
expression and OS in all 24 types of human 
cancers based on TCGA datasets. Results of 
the analysis showed that higher PROM2 ex- 
pression levels predicted significantly (P < 
0.05) poor prognosis in BRCA, LUAD, and UCEC 
patients (Figure 2A). In Addition, we further vali-
dated the findings of the KM plotter via GEPIA 
using new independent cohorts. Results of this 
cross-validation were consistent with the KM 
plotter results (Figure 2B). Collectively, these 
findings indicated a potential substantial in- 
volvement of PROM2 in the advancement and 
evolution of BRCA, LUAD, and UCEC. Con- 
sequently, the subsequent phase of our investi-
gation will be primarily centered on delineating 
the distinct role of PROM2 in these specific 
cancer types.

PROM2 correlated with clinical variables

Next, using UALCAN, we evaluated the status of 
PROM2 expression in BRCA, LUAD, and UCEC 
patients of different clinicopathological vari-
ables i.e. stratified by cancer stage, patient 
age, patient race, and TP53 mutational status. 
Our results revealed that PROM2 was also sig-
nificantly (P < 0.05) overexpressed in BRCA, 
LUAD, and UCEC patients relative to controls 
after stratifying by cancer stage, patient age, 
patient race, and TP53 mutational status 
(Figure 3). A clinicopathological distribution of 
the BRCA, LUAD, and UCEC cohort is given in 
Tables 1-3.

PROM2 overexpression validation 

To corroborate the elevated expression of 
PROM2 in BRCA, LUAD, and UCEC, we conduct-
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Figure 1. The pattern of PROM2 expression in 24 cancer tissues integrated with normal tissues via UALCAN. (A) 
Across 24 cancer tissues, and (B) Across 24 cancer tissues relative to controls. P-value < 0.05 = significant. PROM2 
= Prominin 2, TCGA = The Cancer Genome Atlas, UALCAN = University of ALabama at Birmingham CANcer.

Figure 2. UALCAN and GEPIA based OS analysis of the PROM2 across BRCA, LUAD, and UCEC. (A) UALCAN based 
OS analysis, and (B) GEPIA based OS analysis. P-value < 0.05 = significant. UALCAN = University of ALabama at Bir-
mingham CANcer, GEPIA = Gene Expression Profiling Interactive Analysis, OS = Overall survival, PROM2 = Prominin 
2, BRCA = Breast cancer, LUAD = Lung adenocarcinoma, UCEC = Uterine corpus endometrial carcinoma.
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Figure 3. Different clinicopathological features specific expression analysis of the PROM2 in BRCA, LUAD and UCEC. (A) Individual cancer stage, patient’s age, 
patient’s race, and TP53 mutational status specific expression analysis of PROM2 across BRCA samples, (B) Individual cancer stage, patient’s age, patient’s race, 
and TP53 mutational status specific expression analysis of PROM2 across LUAD samples, and (C) Individual cancer stage, patient’s age, patient’s race, and TP53 
mutational status specific expression analysis of PROM2 across UCEC samples. P-value < 0.05 = significant. PROM2 = Prominin 2, BRCA = Breast cancer, LUAD = 
Lung adenocarcinoma, UCEC = Uterine corpus endometrial carcinoma.
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Table 1. Clinical variables-wise categorization of the BRCA cohort analyzed via UALCAN

Sr. No Clinical variable Samples count 
per variable

Total samples 
count

Sample count having 
missing details

Final sample count 
subjected to analysis

1 Cancer stage
    Stage 1 n, 183 n, 32 n, 1065
    Stage 2 n, 615
    Stage 3 n, 247
    Stage 4 n, 20

2 Age
    years = 21-40 n, 97 n, 1097 n, 10 n, 1087
    years = 41-60 n, 505
    years = 61-80 n, 431
    years = 81-100 n, 54

3 Geographical distribution
    Caucasian n, 748 n, 109 n, 988
    African-American n, 179
    Asian n, 61

4 TP53 mutation status
    TP53-Mutatnt n, 334 n, 65 n, 1032
    TP53-NonMutant n, 698

BRCA = Breast Cancer, UALCAN = University of ALabama at Birmingham CANcer.

Table 2. Clinical variables-wise categorization of the LUAD cohort analyzed via UALCAN

Sr. No Clinical variable Samples count 
per variable

Total samples 
count

Sample count having 
missing details

Final sample count 
subjected to analysis

1 Cancer stage
    Stage 1 n, 277 n, 0 n, 515
    Stage 2 n, 125
    Stage 3 n, 85
    Stage 4 n, 28

2 Age
    years = 21-40 n, 12 n, 515 n, 232 n, 283
    years = 41-60 n, 90
    years = 61-80 n, 149
    years = 81-100 n, 32

3 Geographical distribution
    Caucasian n, 387 n, 73 n, 442
    African-American n, 51
    Asian n, 8

4 TP53 mutation status
    TP53-Mutatnt n, 233 n, 3 n, 512
    TP53-NonMutant n, 279

LUAD = Lung adenocarcinoma, UALCAN = University of ALabama at Birmingham CANcer.

ed an additional analysis using GENT2 and 
GEPIA on a new independent cohort of sam-
ples, including BRCA, LUAD, UCEC, and normal 
controls. Our findings, consistent with UALCAN, 

further underscored the noteworthy (P < 0.05) 
up-regulation of PROM2 in BRCA, LUAD, and 
UCEC samples when compared to their respec-
tive controls (Figure 4).
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Table 3. Clinical variables-wise categorization of the UCEC cohort analyzed via UALCAN

Sr. No Clinical variable Samples count 
per variable

Total samples 
count

Sample count having 
missing details

Final sample count 
subjected to analysis

1 Cancer stage
    Stage 1 n, 341 n, 0 n, 546
    Stage 2 n, 52
    Stage 3 n, 124
    Stage 4 n, 29

2 Age
    years = 21-40 n, 18 n, 546 n, 2 n, 544
    years = 41-60 n, 189
    years = 61-80 n, 292
    years = 81-100 n, 45

3 Geographical distribution
    Caucasian n, 374 n, 45 n, 501
    African-American n, 107
    Asian n, 20

4 TP53 mutation status
    TP53-Mutatnt n, 196 n, 4 n, 541
    TP53-NonMutant n, 345

UCEC = Uterine corpus endometrial carcinoma, UALCAN = University of ALabama at Birmingham CANcer.

Protein expression level validation of PROM2

In addition, we also validated the PROM2 trans-
lation expression in breast, lung, and endome-
trial cancers tissues relative to controls using 
the HPA database and in view of our results, 
PROM2 low expression was found in normal 
breast and endometrial tissues while it is not 
detected in normal lung tissues. However, rela-
tive to normal controls, PROM2 protein was 
found overexpressed (high) in breast, lung, and 
endometrial cancerous tissues (Figure 5). 

Promoter methylation of PROM2

To explore the influence of promoter methyla-
tion on PROM2 expression, we conducted an 
investigation of PROM2 promoter methylation 
patterns in BRCA, LUAD, and UCEC utilizing the 
MEXPRESS resource. The findings revealed a 
notable (P < 0.05) inverse correlation between 
PROM2 expression levels and the promoter 
methylation values obtained from various 
methylation probes in the context of BRCA, 
LUAD, and UCEC (Figure 6).

Genetic alteration in PROM2

PROM2 genetic alterations, including amplifica-
tion, deletion, mutation, and gene fusion across 

BRCA, LUAD, and UCEC were evaluated via 
TCGA PanCancer Atlas BRCA, LUAD, and UCEC 
datasets analysis using cBioPortal. Results 
revealed that PROM2 harbors genetic altera-
tions in the least proportions (1%, 2.2%, and 
4% samples) of the analyzed BRCA, LUAD, and 
UCEC samples, respectively (Figure 7A).

PROM2 protein interaction and pathways 

A PPI network of 11 PROM2 enriched genes 
was downloaded using STRING, and later 
Cytoscape was applied to construct and visual-
ize the complete network (Figure 7B). We fur-
ther processed this PROM2-enriched set of 
genes for pathway enrichment analysis. Re- 
sults are listed in Table 1 and Figure 7C. Few 
PROM2-associated genes were involved in 4 
diverse pathways including “Post-translational 
modification: synthesis of GPI-anchored pro-
teins”, and “Phase 1 - inactivation of fast Na+ 
channels” (Figure 7C).

PROM2 has correlations with tumor purity and 
CD8+ T immune cells infiltration

The establishment of connections between 
tumor purity, infiltration of CD8+ T immune 
cells, and gene expression has paved the way 
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Figure 4. Transcription expression level validation of PROM2 via GENT2 and GEPIA database. (A) Via GENT2, and (B) 
Via GEPIA. P-value < 0.05 = significant. PROM2 = Prominin 2, GEPIA = Gene Expression Profiling Interactive Analy-
sis, GENT2 = Gene Expression database of Normal and Tumor tissues 2.

for advancements in current cancer immuno-
therapies (24). Thus, within our investigation, 
we explored the interrelations among tumor 
purity, CD8+ T immune cell infiltration, and 
PROM2 expression in the context of BRCA, 
LUAD, and UCEC, utilizing TIMER. The outcom- 
es revealed a noteworthy (P > 0.05) adverse 
correlation between tumor purity, CD8+ T 
immune cell infiltration, and mRNA expression 
of PROM2 in BRCA, LUAD, and UCEC (Figure 8).

Exploring potential MicroRNAs and transcrip-
tion factors capable to regulate PROM2

Via the Enrichr database, we predicted the 
PROM2-targeted potential miRNAs and TFs. A 
total of ten most significant miRNAs (hsa-miR-
1236-3p, hsa-miR-6736-5p, hsa-miR-4701-3p, 
hsa-miR-1267, mmu-miR-409-3p, mmu-miR-

3057-5p, hsa-miR-6515-3p, hsa-miR-4293, 
hsa-miR-1587, and hsa-miR-3620-5p) and ten 
TFs (ZEB1, SPDEF, IRF1, TRP63, ZEB1 [mouse], 
TP63, FOXM1, FOXA2, HDAC3, and TWIST2) 
were explored that actually regulate PROM2 
expression (Figure 9). As a whole, these pieces 
of evidence propose that the expression of 
PROM2 might be subject to regulation by a 
diverse array of factors.

Screening of PROM2-associated drugs

Considering the gene-drug interaction network 
established using CTD and Cytoscape, it came 
to our attention that the modulation of PROM2 
expression could be achieved through various 
drugs. For instance, compounds such as cal-
citriol, tretinoin, and valproic acid were found to 
potentially enhance PROM2 expression, while 
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Figure 5. Translation expression of PROM2 
across breast, lung, and endometrial cancers, 
and normal controls taken from Human Protein 
Atlas (HPA) database (×200). (A) Across breast 
cancer, (B) Across lung cancer, and (C) Across 
endometrial cancer.

substances like pyrene, bisphenol A, and 
undecane were associated with a potential 
reduction in PROM2 expression level (Figure 
10).

Experimental in vitro validation of the PROM2 
expression and methylation status

In the current study, by performing RNA-seq 
and targeted bisulfite-seq analyses of 4 lung 
cancer cell lines, including A549, ABC-1, EBC-1, 
LK-2, and one normal control lung cell line 
(MRC-9), the expression and methylation levels 
of PROM2 gene were validated. The expression 
levels of PROM2 were validated using FPKM, 
while methylation level was validated using 
beta values. Both FPKM and beta are quantita-
tive values with widespread use in the RNA-seq 
and bisulfite-seq analysis. As shown in Figure 
11A, it was noticed that PROM2 gene express 
in both normal and lung cancer cell lines and 
FPKM values of PROM2 were notably higher in 
lung cancer cell lines (A549, ABC-1, EBC-1, 
LK-2) as compared to normal cell line (MRC-9) 
(Figure 11A). Moreover, the beta values of 
PROM2 were higher in the normal (MRC-9) cell 
line while lower in lung cancer cell lines (A549, 
ABC-1, EBC-1, LK-2) (Figure 11B).

Discussion

PROM2 dysregulation is reported to be involved 
in the development of a few human cancers 
including liver cancer and chromophobe renal 
cell carcinoma [17-19]. In addition, some stud-
ies have also shown that PROM2 target-based 
therapies are more beneficial for the treatment 
and prevention of cancer development [17, 34]. 
However, the role of PROM2 dysregulation in 
several other human cancers is still not eluci-
dated. Therefore, in the current study, we com-
prehensively explored the oncogenic role of 
PROM2 in various cancers using in silico 
approach.

Our findings have shown that PROM2 was high-
ly expressed in 19 types of human cancers 
while down-regulated in 5 different other types 
of human cancers. Further, we observed that 
PROM2 overexpression was significantly asso-
ciated with different clinical variables and 
decreased OS durations of the BRCA, LUAD, 
and UCEC patients. Altogether, these results 
supported the idea that PROM2 maybe play a 
key role in the initiation and development of 
BRCA, LUAD, and UCEC, therefore, in the pres-
ent study, our main focus were these 3 
cancers. 
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Figure 6. A MRXPRESS based correlation analysis 
between PROM2 expression and its promoter meth-
ylation in BRCA, LUAD, and UCEC. (A) In BRCA, (B) In 
LUAD, and (C) In UCEC. P-value < 0.05 = significant. 
A minus sign represents the negative correlation. 
PROM2 = Prominin 2, BRCA = Breast cancer, LUAD = 
Lung adenocarcinoma, UCEC = Uterine corpus endo-
metrial carcinoma.
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Figure 7. Genetic alterations, PPI network, and enrichment analysis of PROM2. (A) Genetic alterations analysis across TCGA BRCA, LUAD, and UCEC TCGA datasets, 
(B) A PPI network of the PROM2, and (C) Enrichment analysis results. P-value < 0.05 = significant. PPI = Protein-protein interaction, PROM2 = Prominin 2, BRCA = 
Breast cancer, LUAD = Lung adenocarcinoma, UCEC = Uterine corpus endometrial carcinoma.
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Figure 8. TIMER based Spearman correlations between the PROM2 expression, tumor purity, and CD8+ T immune cells levels in BRCA, LUAD, and UCEC. (A) Correla-
tions between tumor purity, and PROM2 expression in BRCA, LUAD, and UCEC, and (B) Correlations between CD8+ T immune cells levels, and PROM2 expression in 
BRCA, LUAD, and UCEC. A p-value < 0.05 was used to indicate the significant scores. PROM2 = Prominin 2, BRCA = Breast cancer, LUAD = Lung adenocarcinoma, 
UCEC = Uterine corpus endometrial carcinoma.
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Figure 9. PROM2 targeted miRNAs and TFs predicted via Enrichr. (A) PROM2 targeted miRNAs, (B) PROM2 targeted TFs. P-value < 0.05 = significant. miRNAs = 
MicroRNAs, TFs = Transcription factors, PROM2 = Prominin 2.
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Figure 10. Gene-drug interaction network of PROM2. Red arrows: chemotherapeutic agents that can increase the 
expression of PROM2; green arrows: chemotherapeutic agents that can decrease the expression of PROM2. The 
count of arrows in this network between chemotherapeutic drug and gene represents the number of researches 
that have supported the interaction. PROM2 = Prominin 2.

To identify the potential cause of PROM2 up-
regulation, we analyzed its promoter methyla-
tion levels and genetic alterations. The results 
indicated that the minor identified percentages 
of the genetic alterations (1%, 2.2%, and 4%) 
across the analyzed BRCA, LUAD, and UCEC 
samples respectively show no role in the 
expression regulation of PROM2. Therefore, 
PROM2 overexpression might be the outcome 
of significant hypomethylation in BRCA rather 
than genetic alterations and CNVs. However,  
we also observed the significant hypermethyl-
ation of PROM2 in LUAD and UCEC which chal-
lenges the classical view of promoter methyla-
tion. Thus, additional work should be conducted 
on the PROM2 promoter methylation in LUAD 
and UCEC to verify our hypothesis.

Currently, various BRCA, LUAD, and UCEC-
associated molecular biomarkers have been 
suggested for the diagnosis and predicting the 

prognosis of BRCA, LUAD, and UCEC patients. 
These biomarkers include the abnormal ex- 
pression behavior of the different genes such 
as ADH1A, IGSF10, BRCA1, BRCA2, APC, TPX2, 
KIF2C, CDCA8, BUB1B, and CCNA2 in BRCA 
[35-37], PITX3, MELTF, GJB3, RHOV, BAIAP2L2, 
GABRA2, KRT18, ARF3, TRIM7, ZNF710, SFTPB, 
AS1, DKK1, and CRCT1 in LUAD [38-41], and 
NLRP9, CLEC1B, CTSB, CLEC3A, IRF7, FCN1, 
NLRP10, RIPK2, and SARM1 in UCEC [42-44]. 
However, to our current understanding, no  
such biomarkers, including the mentioned 
ones, have been universally established across 
BRCA, LUAD, and UCEC patients encompassing 
diverse clinicopathological characteristics. In 
our research, we presented compelling evi-
dence of PROM2’s significant up-regulation 
across various clinicopathological features 
among BRCA patients (including cancer stages, 
patient age, race, and TP53 mutation status) 
compared to normal controls. Furthermore, the 
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Figure 11. Validating PROM2 expression and methylation status using (MRC-9) and (A549, ABC-1, EBC-1, LK-2) cell lines via RNA-seq and targeted bisulfite-seq 
analyses. (A) FPKM values based expression plots of PROM2, and (B) Beta values based methylation plots of PROM2. PROM2 = Prominin 2, RNA-seq = RNA se-
quencing, Bisulfit-seq = Bisulfite sequencing, FPKM = Fragments per kilo base million reads.
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PROM2 promoter methylation levels and sur-
vival information have also demonstrated their 
promising utility as potential novel prognostic 
biomarkers in BRCA, LUAD, and UCEC patients.

Moreover, in order to assess the potential 
involvement of miRNAs and TFs in the aberrant 
regulation of PROM2, we utilized Enrichr to pre-
dict the plausible miRNAs and TFs associated 
with PROM2. Results demonstrated 10 most 
significant miRNAs and TFs that can potentially 
regulate the PROM2 expression, including  
hsa-miR-1236-3p, hsa-miR-6736-5p, hsa-miR-
4701-3p, hsa-miR-1267, mmu-miR-409-3p, 
mmu-miR-3057-5p, hsa-miR-6515-3p, hsa-
miR-4293, hsa-miR-1587, and hsa-miR-3620-
5p miRNAs and ZEB1, SPDEF, IRF1, TRP63, 
ZEB1 [mouse], TP63, FOXM1, FOXA2, HDAC3, 
and TWIST2 TFs. This important information 
might also help to understand the PROM2 
oncogenic role in more detail.

Tumor purity and CD8+ T immune cell infiltra-
tion are the two most important aspects of 
immunotherapy [45]. To further uncover the 
potential role of up-regulated PROM2 in cancer 
immunotherapy, we performed the correlation 
analysis between PROM2 overexpression and 
CD8+ T cells immune cells infiltrates using 
TCGA data through TIMER. Impressively, we 
have observed negative correlations between 
tumor purity, CD8+ T immune cell infiltration, 
and PROM2 expression in BRCA, LUAD, and 
UCEC, suggesting that tumors having overex-
pression of PROM2 might be considered as 
CD8+ T immune subtypes. Moreover, these 
findings also suggested how BRCA, LUAD, and 
UCEC patients could benefit from CD8+ T 
immune concerning immunotherapy combined 
with chemotherapy and other targeted drugs.

Via PPI network analysis, we further observed 
that PROM2 shows interactions with ten other 
genes involved in different signaling pathways 
including “Post-translational modification: syn-
thesis of GPI-anchored proteins”, and “Phase 1 
- inactivation of fast Na+ channels”. Moreover, 
through the CTD database, we have also pro-
vided a new insight regarding a few potential 
drugs that can be used for treating BRCA,  
LUAD, and UCEC by regulating the PROM2 
expression. 

Conclusion

In this study, we explored the PROM2 expres-
sion level, prognostic values, methylation level, 

tumor immune infiltration, protein interaction, 
signaling pathways, targeted miRNAs, TFs, and 
gene-drug interaction network in different 
human cancers. In summary, PROM2 was sig-
nificantly up-regulated and hypomethylated in 
BRCA, LUAD, and UCEC patients and also 
decreased the OS durations of these patients. 
Thus, PROM2 might be used as a potential bio-
marker and a therapeutic target across BRCA, 
LUAD, and UCEC patients.
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