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Esophageal cancer (EC) ranks among the eight most common malignancies worldwide. 

Long noncoding RNAs LINC00472 and LINC02381 are implicated in cancers, but their 

role in EC remains unclear. Therefore, this study investigates the roles of LINC00472 

and LINC02381 in EC. This study analyzed lncRNA, miRNA, and mRNA sequencing 

related to EC using TCGA. Then, the LINC00472, LINC02381, hsa-miR-7-5p, and 

FHIT genes were identified. Expression levels of these genes were assessed in 20 EC 

tissue pairs using RT‑ qPCR, while FHIT protein expression was examined by Western 

blot and Immunohistochemistry. Chi-square tests explored clinicopathological 

correlations, while ROC analysis evaluated their diagnostic potential. Bioinformatic 

analysis and RT-qPCR results demonstrated significantly decreased expression of 

LINC00472, LINC02381, and FHIT (p<0.01), alongside increased hsa-miR-7-5p 

expression in EC (p<0.0001). A significant reduction in FHIT protein expression was 

also observed (p<0.01). Correlations showed that LINC02381 and FHIT expressions 

were positively correlated, while LINC00472 and LINC02381 were negatively 

associated with hsa-miR-7-5p (p<0.05). Elevated levels of hsa-miR-7-5p were 

significantly linked to vascular invasion and deeper muscularis propria infiltration in EC 

(p<0.05). Higher FHIT levels were also linked to increased necrosis and decreased 

vascular invasion (p<0.05). The ROC analysis demonstrated measurable AUC values for 

each of the examined genes, suggesting potential diagnostic relevance that warrants 

further validation. This research revealed dysregulated genes LINC00472, LINC02381, 

hsa-miR-7-5p, and FHIT in EC, proposing a regulatory network through bioinformatic 

analyses and correlations. Results establish groundwork for functional studies, 

emphasizing their potential significance in understanding and controlling EC 

pathogenesis. 
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Introduction 

 

Esophageal cancer is the eighth most commonly 

diagnosed cancer worldwide and the sixth most 

frequent cause of cancer-related deaths. South and 

South-Central Asia exhibit the highest rates of both 

incidence and mortality associated with EC (1, 2).  

Over 95% of individuals with EC receive their 

diagnosis at a late stage (3). Consequently, gaining 

deeper insights into the molecular pathways 

underlying EC may enhance prognostic accuracy and 

facilitate earlier detection.  

Noncoding RNAs constitute a large class of 

transcripts that, despite lacking protein-coding 

capacity, play critical roles in regulating gene 

expression and mRNA translation (4, 5). Some of the 

ncRNAs that have been identified include long 

noncoding RNAs (lncRNAs), circular RNAs, and 

microRNAs (miRNAs) (6). Noncoding RNAs have 

emerged as key molecular players in cancer biology, 

functioning either as oncogenic drivers or tumor 

suppressors in malignancies such as breast cancer, 

lung cancer, and hepatocellular carcinoma (7).   

lncRNAs, which are RNA transcripts over 200 

nucleotides in length, contribute to various cellular 

mechanisms and regulatory pathways (8). According 

to the competing endogenous RNA (ceRNA) 

hypothesis (9), lncRNAs interact with miRNAs 

through multiple mechanisms. These mechanisms 

include sponging of miRNAs by lncRNAs, 

competition for mRNA binding, and direct targeting 

of miRNAs by lncRNAs. Among these interactions, 

sponging is one of the most effective ways to regulate 

miRNAs (10). In various malignancies, dysregulated 

lncRNA expression contributes to tumor 

development, with individual lncRNAs acting as 

either oncogenic or tumor-suppressive regulators (11). 

Dysregulated expression of lncRNAs has also 

been reported in the initiation and progression of EC, 

highlighting their importance as biomarkers and 

therapeutic targets (12). Upregulated lncRNA 

expression in malignant tissues correlates with 

increased tumor aggressiveness, driven by altered cell 

cycle control and reduced apoptosis (13). UCA1, 

classified as a lncRNA, acts as a ceRNA by interacting 

with miR-204, which prevents the downregulation of 

SOX4 and contributes to enhanced invasive and 

metastatic behavior in esophageal tumor cells (14). 

 Tumor suppressor lncRNAs inhibit cancer 

progression by suppressing cell proliferation and 

migration while promoting apoptosis. The lncRNA 

ADAMTS9-AS2, transcribed antisense to the tumor 

suppressor ADAMTS9, suppresses CDH3 expression 

in EC through epigenetic modulation of CpG island 

methylation, leading to reduced tumor cell 

functionality (15). Despite these studies, the role of 

lncRNAs in EC is not thoroughly characterized, and 

further research is needed to identify emerging 

lncRNAs in EC development.   

This research aimed to discover novel lncRNAs in 

EC using integrated bioinformatic and experimental 

approaches. By analyzing EC data from The Cancer 

Genome Atlas (TCGA) database, we sought to 

identify candidate lncRNAs and their potential 

downstream genes, such as miRNAs and mRNAs, that 

might participate in EC pathogenesis. Following the 

bioinformatic analysis, we designed and conducted 

experimental assays to validate these computationally 

derived hypotheses.  

 

Methods  

 

TCGA data preprocessing 

Esophageal cancer-related RNA and miRNA 

sequencing data, along with patient metadata, were 

sourced from the TCGA-ESCA project available on 

the GDC platform (https://portal.gdc.cancer.gov/). 

After excluding repeated samples, 184 samples with 

EC and 13 samples of tumor margin tissue were 

analyzed for all three categories of lncRNAs, 

miRNAs, and mRNAs.  

Raw count matrices were filtered to remove 

low‑ abundance transcripts, followed by 

normalization using the GDCRNAtools pipeline to 

ensure comparability across samples. Batch effects 

were corrected when necessary, and sample integrity 

was verified through metadata cross‑ checking 

(Figure 1). 

 

Collection of samples from patients with EC 

A total of 20 matched EC tissues and 

corresponding adjacent normal margins were obtained 

from the Iran National Tumor Bank, Tehran, Iran.  

All specimens were histologically verified by a 

certified pathologist. Patients who had undergone 

chemotherapy, radiotherapy, or presented with 

recurrent tumors were excluded from the study.  
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Figure 1. A flowchart demonstrating the bioinformatics methods applied in this research to discover the final 

regulatory axes for EC. 

 

Analysis of Differentially Expressed Genes (DEGs) 

in EC 

The raw data downloaded from the TCGA 

database were preprocessed and normalized using 

GDCRNAtools in R (V 4.3.2) as the initial analytical 

step. Differentially expressed lncRNAs, miRNAs, and 

mRNAs were identified using the limma package, 

applying thresholds of |log₂ FC|≥1.5 and adjusted p-

value<0.05 (16). lncRNA–miRNA interaction 

predictions were conducted using the DIANA-

LncBase v3 web tool, accessible at https://diana.e-

ce.uth.gr/lncbasev3. Then, common miRNAs were 

obtained between those analyzed from the TCGA-

ESCA and those predicted from DIANA-LncBase to 

determine each lncRNA target miRNA(s). miRNA–

mRNA interactions were inferred by comparing 

predictions from miRWalk and miRDB. 

 

PPI network and Functional enrichment analysis 

Using the StringApp plugin in Cytoscape version 

3.10.3, a protein-protein interaction network was 

constructed, revealing 20 proteins linked to the target 

mRNAs of differentially expressed lncRNAs. To 

explore the biological pathways and functional 

enrichment of mRNAs, Gene Ontology (GO) and 

Kyoto Encyclopedia of Genes and Genomes (KEGG) 

analyses were conducted using the clusterProfiler 

package in R. Statistical significance of the identified 

genes was confirmed based on p values less than 0.05. 

 

RT-qPCR Analysis   

Total RNA was extracted from EC tissues and 

adjacent margin samples using RNX Plus reagent 

(Sinaclone, Iran). 

 Then, the purity and integrity of extracted RNA 

were confirmed using Nanodrop (Thermo Fisher 

Scientific Inc., USA) and 1% agarose gel. 

Furthermore, to ensure the absence of DNA 

contamination in the extracted RNA, we performed 

No RT (no reverse transcriptase) control reactions and 

verified that there was no amplification. cDNA was 

synthesized from one μg of RNA using a cDNA 

synthesis kit.  

Targeted reverse transcription for RNU6 and hsa-

miR-7-5p was performed using gene-specific primers 

(YT4500; Yektatajhiz, Iran). The Roche Light Cycler 

96 System was used to measure the relative expression 

levels of the selected target genes (Roche Life 

Science, Germany), employing RealQ Plus 2x Master 

Mix Green (Ampliqon, Denmark) for real-time PCR 

amplification. Expression levels were normalized 

using β-actin for mRNA targets and U6 small nuclear 
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RNA for miRNA quantification. The primer 

sequences used in this study are listed in Table 1. 

 

Western blotting 

Tissue samples were lysed using RIPA buffer 

containing a protease inhibitor cocktail obtained from 

Kiazist, Iran. Protein concentration was measured 

using the BCA assay kit provided by DNAbiotech, 

Iran.  

Following separation by SDS PAGE, proteins 

were transferred onto nitrocellulose membranes and 

blocked with five percent nonfat milk.

 

Table 1. The primer sequences utilized in RT-qPCR. 

Primer sequence (5´ to 3´) 

LINC02381 Forward AGACTGCCTGCCTAGAACA 

 Reverse AAGAACCCAAAGACGGAAG 

LINC00472 Forward ACCTCCTCTCCAACTTCACAGTA 

 Reverse TAAAGCAGCACACCCAAGTCTC 

FHIT Forward ACTACAGCCAGGTAGCAGAAA 

 Reverse GCATGTGGTCAGATGGTAAAG 

β-actin Forward CATGTACGTTGCTATCCAGGC 

 Reverse CTCCTTAATGTCACGCACGAT 

hsa-miR-7-5p Forward CACGCTGGAAGACTAGTGATT 

 Reverse GCGTATCCAGTGCAGGGT 

 stem-loop GCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGCAACAAC 

RNU6 Forward GCAAGGATGACACGCAAATTC 

 Reverse GCGTATCCAGTGCAGGGT 

 stem-loop GCGTATCCAGTGCAGGGTCCGTATTCGCACTGGATACGCAAAATATGGA 

 

 Membranes were incubated with primary 

antibodies targeting β-actin (sc-47778) and FHIT (sc-

390481) for 24 hours at 4°C, then with HRP-

conjugated secondary antibodies for 1 hour at room 

temperature. After thorough washing, protein bands 

were visualized using ECL advanced reagents. Protein 

band intensities were quantified in ImageJ (v1.41) by 

measuring the integrated density of each band after 

background subtraction. FHIT protein levels were 

normalized to β‑ actin by calculating the 

FHIT/β‑ actin ratio for each sample. Differences in 

FHIT protein expression between groups were 

calculated using the fold‑ change method and 

statistical comparisons were conducted using 

unpaired t‑ tests.  

 

Immunohistochemistry (IHC) 

Tissue fixation was performed with four percent 

formalin, followed by paraffin embedding to prepare 

blocks. Sections of five micrometers were cut and 

deparaffinized in xylene. FHIT primary antibody was 

applied for immunohistochemical staining (sc-

390481), followed by HRP-labeled streptavidin and a 

biotinylated anti-mouse secondary antibody kit 

(ab64264). Microscopic imaging was conducted at 

×200 magnification using the BM-600 LED EPI 

fluorescent microscope.The density of the target 

protein FHIT in tumor samples was quantified using 

ImageJ software (v1.41). The obtained values were 

normalized by dividing each measurement by the 

mean FHIT density observed in the control group, and 

the normalized results were subsequently reported. 

 

Statistical analysis 

Statistical analyses were conducted using 

GraphPad Prism version 8 and SPSS version 26 

software. Results are expressed as mean ± SEM, and 

differences were deemed statistically significant at a 

threshold of p-value<0.05.Group comparisons and 

correlations were analyzed with t‑ test and Pearson’s 

test for normally distributed data, or Mann–Whitney 

U and Spearman’s test for non‑ normal data. Receiver 

operating characteristic (ROC) curves were generated 
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to evaluate the diagnostic potential of the selected 

genes in EC.  

Results  

 

Determination of DElncRNAs, DEmiRNAs, and 

DEmRNAs 

Differentially expressed genes between EC tissues 

and adjacent margins were identified, revealing 81 

DElncRNAs, 45 DEmiRNAs, and 1,079 DEmRNAs. 

Among the DElncRNAs, those not investigated in 

previous EC studies were prioritized for further 

analysis (Figure 2). 

 

Prediction of lncRNA-miRNA-mRNA interactions 

According to the ceRNA theory, lncRNAs 

regulate the expression of their target miRNAs. 

Similarly, miRNAs can regulate the expression of 

their target mRNAs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The volcano plot displays differentially expressed (DE) (A) lncRNAs, (B) miRNAs, and (C) mRNAs. 

Gray dots represent genes that did not meet either threshold (|log₂ FC| ≥1.5 or adjusted p<0.05). Green dots 

indicate genes with |log₂ FC|≥1.5 but without statistical significance (adjusted p≥0.05). Blue dots represent 
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genes that were statistically significant (adjusted p<0.05) but had |log₂ FC|<1.5. Red dots highlight genes that 

met both criteria (|log₂ FC|≥1.5 and adjusted p<0.05). 

To identify miRNAs associated with up-regulated 

DElncRNAs, an intersection between the DIANA-

LncBase v3 predicted miRNAs and down-regulated 

DEmiRNAs obtained from the TCGA-ESCA analysis 

was conducted.  

Also, to identify the target miRNAs of down-

regulated DElncRNAs, an intersection between the 

DIANA-LncBase v3 predicted miRNAs and up-

regulated DEmiRNAs obtained from the TCGA-

ESCA analysis was conducted.  

miRNAs can cause degradation and non-

translation of their target mRNAs. The commonality 

between their target mRNAs in miRWalk, miRDB, 

and mRNAs with high expression in TCGA-ESCA 

analysis was obtained to determine the target of 

miRNAs with low expression. Conversely, to 

determine the target of highly expressed miRNAs, 

 the commonality between their target mRNAs in 

miRWalk, miRDB, and mRNAs found to be low 

expressed in TCGA-ESCA analysis was obtained. 

Finally, after analyzing the DElncRNAs and 

identifying downstream miRNAs and mRNAs, 

LINC00472 and LINC02381 were selected. These 

lncRNAs were selected because of their novelty, the 

absence of prior studies in EC, and their established 

significance in other cancer types, as indicated by 

previous research. Additionally, their interactions 

with common miRNAs further supported their 

relevance. 

 Among these miRNAs, hsa-miR-7-5p exhibited a 

higher log2FC compared to other candidates that met 

our selection criteria, making it particularly 

compelling for further investigation. 

 We also evaluated downstream molecules of hsa-

miR-7-5p using bioinformatic tools, and FHIT was 

selected due to exhibiting the most substantial 

negative log₂ FC among the identified candidates. As 

a result, the LINC00472/hsa-miR-7-5p/FHIT and 

LINC02381/hsa-miR-7-5p/FHIT axes were obtained 

based on bioinformatic analysis.  

 

Correlation analysis  

Significant positive correlations were observed 

between LINC00472 and FHIT, LINC02381 and 

FHIT (p-value<0.05). Box plots display expression of 

genes in TCGA-ESCA data, showing downregulated 

LINC00472, LINC02381, FHIT, and upregulated hsa-

miR-7-5p in EC (Figure 3). 

 

PPI analysis of FHIT 

A protein interaction network centered on FHIT 

revealed several key partners, including TP53, 

DAPK1, and MDM2. These interacting proteins form 

a closely connected cluster involved in the regulation 

of cellular apoptosis, underscoring the central role of 

FHIT within this functional network (Figure 4). 

 

GO and KEGG analysis 

Within the biological process (BP) category of 

GO, the most significantly enriched term was the 

intrinsic apoptotic signaling pathway by p53 class 

mediator (Figure 5A). Also, the top result in the 

cellular component (CC) is the ranscription repressor 

complex (Figure 5B). In addition, in molecular 

function (MF), these genes are involved in hydrolase 

activity, acting on carbon-nitrogen (Figure 5C). In the 

KEGG, FHIT-related genes were predominantly 

involved in Bladder cancer (Figure 5D).  

 

Expression and Correlation Analysis of 

LINC00472, LINC02381, hsa-miR-7-5p, and FHIT 

in EC  

RT-qPCR quantified the expression levels of 

LINC02381, LINC00472, hsa-miR-7-5p, and FHIT in 

EC tissues and adjacent margins. LINC02381 (p-

value<0.001) and LINC00472 (p-value<0.0001) were 

significantly downregulated in EC. Conversely, hsa-

miR-7-5p was upregulated in EC (p-value<0.0001). 

FHIT showed marked downregulation at both mRNA 

and protein levels (Figure 6), corroborated by IHC (p-

value<0.01) (Figure 7). Furthermore, correlations 

among the studied genes were evaluated in EC 

patients. 

 A statistically significant positive correlation was 

observed between LINC02381 and FHIT expression 

levels (p-value<0.05). In contrast, although 

LINC00472 expression showed a positive trend with 

FHIT expression, this association did not reach 

statistical significance (p-value>0.05). Both lncRNAs 

genes correlated negatively with hsa-miR-7-5p but 

FHIT and hsa-miR-7-5p correlation was non-

significant (Figure 6). 

 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
15

.1
.1

14
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

cm
ed

.o
rg

 o
n 

20
26

-0
6-

17
 ]

 

                             6 / 15

https://orcid.org/%200000-0003-3666-1620
http://dx.doi.org/10.22088/IJMCM.BUMS.15.1.1143
http://ijmcmed.org/article-1-2676-en.html


1149                                                            LINC00472, LINC02381, hsa-miR-7-5p, and FHIT in EC/ Marhamati S, et al    

International Journal of Molecular and Cellular Medicine. 2026; 15(1): 1143-1157 

Clinicopathological features of patients with EC 

This study included 20 individuals diagnosed with 

EC, of whom 60% were females and 40% males. The 

mean age of participants was 65.7 years, accompanied 

by a standard deviation of 11.56 years. In addition, 

among the 20 EC samples analyzed, 17 were 

esophageal squamous cell carcinoma (ESCC) and 

three were esophageal adenocarcinoma (EAC). A chi-

square test was employed to evaluate the association 

between gene expression and clinical pathology data. 

As a result, hsa-miR-7-5p correlated with muscularis 

propria involvement and vascular invasion (p-

value<0.05), while FHIT expression was linked to 

necrosis and vascular invasion (p-value<0.05). In 

contrast, LINC02381 and LINC00472 showed no 

significant clinical associations (p-value>0.05). These 

results suggest hsa-miR-7-5p and FHIT play key roles 

in EC progression, whereas LINC02381 and 

LINC00472 may act indirectly via regulation of these 

genes, supporting the ceRNA hypothesis. Given the 

limited number of samples within the clinical 

subgroups, the clinicopathological associations are 

interpreted within the context of this cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Correlation analysis and genes expression (n=197). (A) Correlation between LINC00472 and FHIT 

with Pearson's Test. (B) Correlation between LINC02381 and FHIT with Pearson's Test. (C-D) Decreased 
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LINC02381 and LINC00472 expression in EC samples relative to tumor margins, (E) Elevated hsa-miR-7-

5p gene expression in EC samples, and (f) Decreased expression of FHIT in EC as a tumor suppressor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The PPI network of FHIT was constructed using the StringApp plugin within Cytoscape software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Bar plots illustrating Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) 

enrichment analyses were produced using the clusterProfiler package in R. These visualizations highlight 
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significantly enriched terms across GO categories, including (A) biological process (BP), (B) cellular 

component (CC), and (C) molecular function (MF), as well as (D) enriched pathways identified through 

KEGG analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Examination of genes expression in patients with EC (n = 20) and correlation between them. (A) 

LINC02381 expression, (B) LINC00472 expression, (C) hsa-miR-7-5p expression, (D) FHIT expression in EC 

tissue. (E-F) FHIT protein levels were assessed via Western blotting, with quantification presented as mean 

± SEM following normalization to β-actin. (G) Correlation analysis between LINC02381 and FHIT, (H) 

Correlation analysis between LINC00472 and FHIT, (I) Correlation analysis between LINC02381 and hsa-

miR-7-5p, (J) Correlation analysis between LINC00472 and hsa-miR-7-5p. (K) Correlation analysis between 

 [
 D

O
I:

 1
0.

22
08

8/
IJ

M
C

M
.B

U
M

S.
15

.1
.1

14
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
m

cm
ed

.o
rg

 o
n 

20
26

-0
6-

17
 ]

 

                             9 / 15

https://orcid.org/%200000-0003-3666-1620
http://dx.doi.org/10.22088/IJMCM.BUMS.15.1.1143
http://ijmcmed.org/article-1-2676-en.html


LINC00472, LINC02381, hsa-miR-7-5p, and FHIT in EC/ Marhamati S, et al                                                                1152 

International Journal of Molecular and Cellular Medicine. 2026; 15(1): 1143-1157 

FHIT and hsa-miR-7-5p genes expression. p<0.01 (**), p<0.001 (***), p<0.0001 (****). Statistical 

significance was assessed using unpaired t‑ tests for expression comparisons (A–F) and Pearson correlation 

analysis for panels (G–K). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Selected images from IHC staining of FHIT. (A) Tumor margin tissue at x200 magnification, (B) 

Tumor tissue at x 200 magnification. C FHIT protein expression in EC tumors is significantly reduced 

compared to tumor margins (**p <0.01). Statistical significance was assessed using Mann–Whitney U test 

for expression comparisons. 

 

 

ROC curve analysis 

ROC curve analysis was conducted using 2–ΔCt 

values to assess the diagnostic potential of 

LINC02381, LINC00472, hsa-miR-7-5p, and FHIT in 

distinguishing EC tissues from tumor margins. The 

AUCs were 0.73 (LINC02381), 0.8 (LINC00472), 

0.72 (hsa-miR-7-5p), and 0.75 (FHIT), indicating 

moderate to strong diagnostic accuracy. For each 

gene, the corresponding values of specificity, 
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sensitivity, and confidence intervals are presented in 

the respective figure.  

These findings suggest that all four genes, 

particularly LINC00472, may serve as effective 

biomarkers for EC detection (Figure 8).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. ROC curves were generated to assess the diagnostic accuracy of LINC02381, LINC00472, hsa-miR-

7-5p, FHIT, and their combined panel in distinguishing EC tumor tissues (n = 20).  

 

Discussion 

EC is a disease with a low survival rate in affected 

individuals. Current primary treatments for EC 

include surgery, radiotherapy, and chemotherapy, 

which are not satisfactory due to limited efficacy and 

severe side effects (17). Targeted therapy of genes and 

other components effective in EC, such as EGFR and 

VEGF, is growing as a new type of treatment in 

patients with this cancer (18). As a new biomarker, 

lncRNAs can help diagnose EC earlier, improve 

treatment effectiveness, and increase patients’ 

survival rates. lncRNAs can also be used as a target 

for targeted therapy methods (19).  

Oncogenic lncRNAs promote tumor progression 

by sponging tumor-suppressive miRNAs, whereas 

tumor-suppressor lncRNAs exert opposing effects by 

sponging oncogenic miRNAs (4). Based on integrated 

bioinformatic analyses and experimental expression 
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profiling, this study suggests that LINC00472, 

LINC02381, and FHIT may act as 

tumor‑ suppressor‑ associated genes in EC, while 

hsa‑ miR‑ 7‑ 5p may exhibit oncogenic features. 

However, the proposed regulatory relationships are 

inferred from correlative evidence and require 

functional validation. To the best of our knowledge, 

the predicted interactions between LINC00472, 

LINC02381 and hsa‑ miR‑ 7‑ 5p have not been 

previously reported in EC, highlighting the novelty of 

the proposed regulatory axes. 

LINC00472 is located on chromosome 6q13 and 

has four exons. The LINC00472 expression pattern 

has been reported in various types of cancers (20), 

acute liver damage (21), and primary bile cholangitis 

(22). In alignment with our results, previous studies 

have identified LINC00472 as a tumor suppressor in 

various malignancies, underscoring its potential role 

in inhibiting cancer progression. 

Previous studies have shown that LINC00472 can 

sponge oncogenic miRNAs such as miR-4311 (20) 

and miR-23A-3p (23). Likewise, LINC00472 can 

regulate oncogenic signaling pathways, such as 

MEK/ERK, by inducing epigenetic modifications that 

suppress MCM6 expression, thereby contributing to 

tumor suppression (24). 

 While LINC00472 appears to act predominantly 

as a tumor suppressor in several malignancies, studies 

on LINC02381 are more contradictory. In some 

cancers, including cervical cancer (25), it plays an 

oncogenic role, but in breast cancer, LINC02381 has 

also been identified as a tumor suppressor, consistent 

with our findings (26).  

In cervical cancer, LINC02381, by sponge miR-

590-5p and miR-133b, increases cell migration and 

further survival of cancer cells (27). Conversely, 

LINC02381 has been shown to regulate the PI3K 

signaling pathway and exert notable tumor-

suppressive effects in colorectal cancer through 

modulation of this pathway (28). 

Based on our bioinformatic analyses, LINC00472 

and LINC02381 are predicted to interact with 

hsa‑ miR‑ 7‑ 5p. hsa‑ miR‑ 7‑ 5p plays a role in 

gene expression and post‑ transcriptional modulation 

in humans and other species (29). hsa-miR-7-5p 

expression across different cancer types have yielded 

inconsistent findings in the literature. 

 Recent investigations have highlighted the tumor-

suppressive function of hsa-miR-7-5p across various 

malignancies, including lymphoma, gastric 

carcinoma, and glioma (30). However, consistent with 

the results of our study, the expression of hsa-miR-7-

5p significantly increased in small intestinal endocrine 

neoplasia (31). We determined that expression of hsa-

miR-7-5p in EC is associated with muscularis propria 

involvement and vascular invasion levels. hsa-miR-7-

5p influences key cellular processes, including 

metastasis and cell proliferation, through the 

regulation of its downstream target genes. On the 

other hand, increased muscularis propria leads to 

increased tumor ability to invade surrounding tissues 

(32). Consistent with our integrative analysis, 

hsa‑ miR‑ 7‑ 5p is also predicted to target the Fragile 

histidine triad (FHIT) gene, a well‑ known tumor 

suppressor.   

FHIT belongs to the histidine triad (HIT) family of 

hydrolyzing proteins and is widely recognized for its 

tumor-suppressive properties. Aberrant 

downregulation of FHIT expression has been 

documented in various cancers, such as gastric, renal, 

cervical, lung, and head and neck carcinomas (33). In 

lung cancer, the FHIT protein induces apoptosis by 

inducing the Fas cell surface death receptor, caspase 

8, and on the other hand, it maintains apoptotic 

function by increasing cytochrome c from 

mitochondria (34). In our study, FHIT expression at 

both gene and protein levels significantly decreased in 

EC tissues compared to tumor margin tissues. Our 

findings indicate that hsa‑ miR‑ 7‑ 5p may 

contribute to FHIT downregulation; however, 

promoter hypermethylation has also been reported as 

a mechanism leading to FHIT suppression in EC (35). 

Functional enrichment analysis also revealed that 

FHIT and proteins that interact with it are more 

involved in cell death and apoptosis pathways. 

Increased FHIT expression increased necrosis in 

patients with EC in our study. FHIT has been 

demonstrated to promote apoptosis and cell cycle 

arrest, thereby suppressing tumor cell proliferation. 

Additionally, FHIT influences tumor-associated 

inflammatory responses and may activate necrotic cell 

death pathways (36, 37).  

This study also associated increased FHIT 

expression with decreased vascular invasion. 

Consistent with these findings, loss of heterozygosity 

at the FHIT locus in gastric cancer has been associated 

with pathological primary tumors, regional lymph 

node involvement, and vascular invasion (38).  These 
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clinicopathological correlations should be considered 

preliminary and require validation in larger, more 

balanced cohorts. 

The interactions among LINC00472, LINC02381, 

hsa‑ miR‑ 7‑ 5p, and FHIT have not yet been fully 

characterized. In our cohort, a statistically significant 

positive correlation was identified between 

LINC02381 and FHIT expression, whereas 

LINC00472 exhibited a positive but non‑ significant 

trend with FHIT. 

 Furthermore, a negative correlation was observed 

between hsa‑ miR‑ 7‑ 5p and both LINC02381 and 

LINC00472, supporting the notion of a potential 

ceRNA‑ like regulatory relationship. The ROC 

curves for LINC00472, LINC02381, 

hsa‑ miR‑ 7‑ 5p, and FHIT demonstrated notable 

AUC values, suggesting their potential relevance as 

diagnostic indicators in EC. Among these, 

LINC00472 showed the highest AUC value and the 

lowest p‑ value. While these results highlight possible 

biomarker roles, further validation is required before 

considering their clinical utility or therapeutic 

implication.  

This study demonstrated a significant 

downregulation of LINC00472 and LINC02381 

expression in EC. Furthermore, we examined 

potential downstream genes of these lncRNAs and 

identified hsa‑ miR‑ 7‑ 5p and FHIT as likely 

candidates. Given these observations, and while our 

experimental validation utilized 20 paired EC, future 

studies with larger cohorts would provide additional 

confirmation of these expression patterns and 

strengthen the statistical robustness of the observed 

associations. 

 Additionally, investigations incorporating blood 

samples from EC patients, with separate examinations 

of the two subtypes ESCC and EAC, could further 

validate the clinical utility of these biomarkers. In 

addition, mechanistic experiments such as luciferase 

reporter assays will be essential for verifying the 

regulatory interactions within these axes. Functional 

studies, including gene knockdown or overexpression, 

will also be valuable in clarifying how these axes 

contributes to cancer development. 

This study demonstrates expression patterns of 

LINC00472, LINC02381, hsa-miR-7-5p, and FHIT in 

EC and proposes a putative ceRNA network based on 

bioinformatic predictions and correlative expression 

analyses. The downregulation of LINC00472 and 

LINC02381, alongside the upregulation of hsa-miR-

7-5p in EC, supports their involvement in a ceRNA 

network. FHIT expression was also reduced in EC at 

both mRNA and protein expression. ROC analysis 

suggested diagnostic potential, particularly for 

LINC00472.  

Statistically significant associations were found 

between hsa-miR-7-5p and muscularis propria 

involvement, as well as between FHIT expression and 

necrosis and reduced vascular invasion. These 

findings suggest that these genes may serve as 

promising exploratory biomarkers and potential 

therapeutic targets in EC and provide a foundation for 

future functional investigations.  

In particular, mechanistic studies aimed at 

validating the hypothesized ceRNA interactions 

among LINC00472, LINC02381, has-miR-7-5p, and 

FHIT are warranted to clarify their precise roles in EC 

pathogenesis. 
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