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Abstract
BACKGROUND 
Mesenchymal stem cells (MSCs) are promising candidates for regenerative therapy due to their self-renewal 
capability, multilineage differentiation potential, and immunomodulatory effects. The molecular characteristics of 
MSCs are influenced by their location. Recently, epidural fat (EF) and EF-derived MSCs (EF-MSCs) have garnered 
attention due to their potential benefits to the spinal microenvironment and their high expression of neural SC 
markers. However, their clinical applications are limited due to cell senescence and limited accessibility of EF. 
Although many studies have attempted to establish an immortalized, stable SC line, the characteristics of 
immortalized EF-MSCs remain to be clarified.

AIM 
To establish and analyze stable immortalized EF-MSCs.

METHODS 
The phenotypes of EF-MSCs were analyzed using optical microscopy. Cell immortalization was performed using 
lentiviral vectors. The biomolecular characteristics of the cells were analyzed by immunoblotting, quantitative PCR, 
and proteomics.

RESULTS 
The immortalized EF-MSCs demonstrated a significantly extended lifespan compared to the control group, with 
well-preserved adipogenic potential and SC surface marker expression. Introduction of human telomerase reverse 
transcriptase genes markedly increased the lifespan of EF-MSCs. Proteomics analysis revealed substantial increase 
in the expression of DNA replication pathway components in immortalized EF-MSCs.

CONCLUSION 
Immortalized EF-MSCs exhibited significantly enhanced proliferative capacity, retained adipogenic potential, and 
upregulated the expression of DNA replication pathway components.
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Core Tip: Epidural fat-derived mesenchymal stem cells (EF-MSCs) are potential candidates to treat neurodegenerative 
diseases. However, the clinical implication of EF-MSCs has encountered many limitations including difficulty in isolating 
the fat from the epidural region and limited proliferation ability of the SCs. Therefore, precise biomolecular characteristics of 
the EF-MSC remain unclear. To overcome these problems, we immortalized EF-MSCs through lentiviral transduction, and 
these stable EF-MSCs were analyzed by phenotypical interpretation and proteomics. In this study, immortalized EF-MSCs 
demonstrated notably increased lifespan and adipogenic potential. These findings suggest that stable EF-MSCs could be 
potential tools for developing effective regenerative medicine strategies.
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INTRODUCTION
Mesenchymal stem cells (MSCs) are multipotent cells capable of differentiating into mesodermal-derived tissues, 
including muscle, adipose tissue, fibrous tissue, chondrocytes, bones, and nerves[1]. Research has demonstrated that 
MSCs hold significant promise for regenerative cell therapy due to their multipotency, self-renewal ability, and 
immunomodulatory effects[2]. Consequently, there have been extensive efforts to isolate MSCs from sources such as bone 
marrow, umbilical cord, peripheral blood, and adipose tissue[3].

Adipose tissue-derived MSCs have been identified as promising candidates for cellular and regeneration therapy. 
Typically isolated from subcutaneous fat tissue, these MSCs offer significant advantages over those derived from other 
sources, including greater accessibility, abundance, and minimally invasive collection methods[4]. Research indicates that 
adipocytes undergo distinct metabolic processes based on their anatomical location. For example, Ibrahim[5] demon-
strated that visceral adipose tissue exhibits more active metabolic processes compared to subcutaneous adipose tissue. 
Similarly, Nahmgoong et al[6] found that MSCs isolated from different locations possess unique molecular properties. 

https://www.wjgnet.com/1948-0210/full/v17/i1/98777.htm
https://dx.doi.org/10.4252/wjsc.v17.i1.98777
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Rebelatto et al[7] further reported that while MSCs may share similar phenotypes, their differentiation potential varies 
depending on the region of origin. Collectively, these studies suggest that the biomolecular characteristics of adipose 
tissue-derived MSCs are likely influenced by their anatomical source. However, to the best of our knowledge, only a 
limited number of studies have specifically explored the relationship between MSCs and their sites of isolation.

Epidural fat (EF) is a type of adipose tissue with a metameric distribution surrounding the spinal canal and dura mater
[8]. Traditionally, it is considered a clinically insignificant tissue, primarily serving as a space-filling material and 
reducing mechanical stress on the spinal cord, often leading to its removal during surgery. However, recent studies have 
challenged this view, suggesting that EF is more than just a filler tissue, with its volume positively correlating with the 
prognosis of various spinal disorders[9,10]. Consequently, there is a growing interest in EF-derived MSCs (EF-MSCs). 
Shah et al[11] highlighted the potential role of EF-MSCs in preserving the spinal region’s microenvironment. Similarly, 
Solmaz et al[12] reported that EF-MSCs exhibit significantly higher expression of neural SC markers (e.g., nestin, glial 
fibrillary acidic protein, and 2’,3’-cyclic nucleotide 3’-phosphodiesterase) compared to subcutaneous fat-derived MSCs. 
These findings led to the hypothesis that EF-MSCs could serve as promising candidates for regenerative or cellular 
therapy targeting degenerative spine diseases. Despite their potential, the clinical application of EF-MSCs is hindered by 
several challenges, including the complex anatomical location of EF and the limited lifespan of the SCs. EF is situated in 
the epidural space, making MSC isolation more difficult compared to sources such as subcutaneous fat[13]. Furthermore, 
MSCs isolated from EF typically exhibit limited passage ability because of cell senescence[14]. These limitations 
necessitate further research to overcome these obstacles. One promising approach is immortalization, a technique that 
involves the transduction of specific genes, such as human telomerase reverse transcriptase (hTERT) and human 
papilloma virus E6 and E7[15]. Immortalization enables SCs to bypass senescence and achieve unlimited proliferation, 
allowing the establishment of stable SC lines[16]. Building on these findings, we hypothesized that immortalizing EF-
MSCs represents a viable strategy for advancing cell therapy research.

MATERIALS AND METHODS
EF-MSC isolation
All procedures involving cell cultures derived from human samples were conducted with approval from the institutional 
review board and Ethical Committee of Yeungnam University Medical Center (IRB No. 2017-07-032-001). The isolated fat 
tissues were briefly disinfected with 70% ethanol and minced into smaller pieces, after which debris was removed using 
sterile surgical scissors. The remaining adipose tissue was digested with 2 mg/mL collagenase (17018-029; Gibco, 
Waltham, MA, United States) at 37 °C in a shaking incubator for 30 minutes. Following digestion, the collagenase was 
neutralized by adding an equal volume of Dulbecco’s Modified Eagle Medium (DMEM, 17018-029; Gibco) supplemented 
with 20% fetal bovine serum (FBS) (26140-079; Gibco) and 2% penicillin-streptomycin (15150-122; Gibco). The resulting 
homogenate was filtered through a 70 μm sterile nylon mesh cell strainer (93070; SPL Life Sciences, Pocheon-si, South 
Korea) and centrifuged at 3000 rpm for 5 minutes to isolate the stromal vascular fraction (SVF). Then the SVF was 
resuspended in DMEM and centrifuged again at 3000 RPM for 5 minutes to eliminate cell debris and other precipitates. 
The resulting cell pellet was carefully resuspended in 1 mL cell culture medium (DMEM supplemented with 10% FBS 
and 1% penicillin-streptomycin) and seeded onto sterile cell culture dishes (200100; SPL). After 2 hours, non-adherent 
materials, including cellular debris and red blood cells, were washed away with phosphate-buffered saline (PBS) 
(SH30256.01; Cytiva, Marlborough, MA, United States) and fresh cell culture medium. When the cells reached 70%-80% 
confluence, they were detached using 0.05% trypsin-ethylenediamine tetraacetic acid (25300-062; Gibco) and replated for 
further expansion.

Immortalization
Lentiviral vectors encoding hTERT and E6/E7 were obtained from Applied Biological Materials, Inc. (Richmond, British 
Columbia, Canada). Passage 5 EF-MSCs at 50%-60% confluence were transfected using a mixture of lentiviral vector 
suspension and fresh cell culture medium at a 1:1 ratio, supplemented with 8 μg/mL polybrene. The transfected EF-
MSCs were incubated overnight at 37 °C in a humidified atmosphere with 5% CO2, and the culture medium was replaced 
3 days post-infection. Following transfection, the immortalized EF-MSCs were naturally selected based on their ability to 
sustain continuous growth.

Quantitative polymerase chain reaction
To confirm immortalization, EF-MSCs are evaluated using quantitative reverse transcriptase polymerase chain reaction. 
RNA was extracted from the EF-MSCs using a commercial cell RNA Extraction Kit (9767A; Takara Bio Inc., Shiga, Japan) 
and quantified with the NanoDrop One spectrophotometer (Thermo Fisher Scientific, Waltham, MA, United States). 
cDNA synthesis was performed using a cDNA Synthesis Kit (6110A; Takara) following the manufacturer’s protocol. For 
quantitative polymerase chain reaction (qPCR), the cDNA samples were combined with TB Green Premix (RR071A; 
Takara) and 5 pmol primers. The amplification process was conducted on the CFX96TM Real-Time System (Bio-Rad, 
Hercules, CA, United States). β-Actin served as the internal control to normalize mRNA expression. The primer 
sequences used in this study are provided in Supplementary Table 1.

Fluorescence-activated single cell sorting
To assess the phenotypic characteristics of SCs, positive and negative SC surface markers were analyzed using 

https://f6publishing.blob.core.windows.net/7e8fc4fe-4b49-41ac-a217-c88e1d1fd3bd/98777-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/7e8fc4fe-4b49-41ac-a217-c88e1d1fd3bd/98777-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/7e8fc4fe-4b49-41ac-a217-c88e1d1fd3bd/98777-supplementary-material.pdf


Lee SW et al. Establishment of the stable immortalized EF-MSCs

WJSC https://www.wjgnet.com 4 January 26, 2025 Volume 17 Issue 1

fluorescence-activated single cell sorting (FACS). Briefly, EF-MSCs were seeded in 6-well plates and harvested using 
0.05% trypsin-ethylenediamine tetraacetic acid once they reached 60%-70% confluence. Then the cells were washed with 
ice-cold FACS buffer (PBS containing 10% FBS and 1% sodium azide) and incubated with primary antibodies diluted in 
PBS containing 3% bovine serum albumin (BSA) (A0100-010; GenDEPOT, Katy, TX, United States) for 30 minutes at room 
temperature. After incubation, the cells were washed three times with ice-cold PBS and subsequently incubated with 
fluorescently labeled secondary antibodies, also diluted in 3% BSA/PBS, in the dark for 30 minutes at room temperature. 
Following this, the cells were washed three times with ice-cold PBS, resuspended in 3% BSA/PBS, and analyzed using the 
BD Accuri C6 flow cytometer (BD Biosciences, Franklin Lakes, NJ, United States). Detailed information about the 
antibodies used for FACS analysis is provided in Table 1.

Adipogenic differentiation assay
We conducted a SC adipocyte differentiation assay to assess the stemness of EF-MSCs. The cells were differentiated into 
adipocytes using the commercial StemPro Adipogenesis Differentiation Kit (A1007001; Gibco). Briefly, EF-MSCs were 
seeded EF-MSCs in a 12-well cell culture plate at 50%-60% confluency and incubated with the adipocyte differentiation 
medium, as recommended by the manufacturer, for 1 week. To visualize lipid droplets, the EF-MSCs were fixed in 4% 
paraformaldehyde at room temperature for 20 minutes and then stained using an Oil Red O kit (LL-0052; Lifeline, 
Oceanside, CA, United States). Images were captured with the Leica DM 5000 optical microscope (Leica, Wetzlar, 
Germany) and Oil Red O quantification by measuring five random fields using ImageJ software (version 1.54k).

Immunoblot analysis
Normal and adipogenic EF-MSCs were seeded as previously described. The cells were harvested using protein lysis 
buffer containing 1 × Laemmli’s sodium dodecyl sulfate (SDS) sample buffer (GenDepot; L1100-001). Equal volumes of 
the samples were then heated at 95 °C for 10 minutes and subjected to 10% SDS polyacrylamide gel electrophoresis. After 
protein separation, the proteins were electrotransferred to nitrocellulose membranes using a semi-dry blotting system 
(Bio-Rad). The membranes were blocked in EveryBlot blocking buffer (12010020; Bio-Rad) for 10 minutes at room 
temperature, followed by overnight incubation with primary antibodies, including anti-β-actin (1:2000, #MA5-15739; 
Thermo Fisher Scientific) and anti-CCAAT/enhancer-binding protein alpha (C/EBPα) (1:2000, 2295; Cell Signaling 
Technology, Danvers, MA, United States) at 4 °C. Then the membranes were washed three times with Tris-buffered saline 
with Tween buffer and incubated with horseradish peroxidase-conjugated secondary antibodies (goat anti-rabbit and 
goat anti-mouse) in antibody dilution buffer for 1 hour at room temperature. Finally, the protein bands were visualized 
using Clarity Western Enhanced Chemiluminescence substrate (#1705061; Bio-Rad) and captured with the ChemiDoc MP 
Imaging System (Bio-Rad). Protein expression intensity was measured using ImageJ software.

β-galactosidase staining
To evaluate the senescence of EF-MSCs, β-galactosidase staining was performed following the manufacturer’s 
instructions (#9860; Cell Signaling Technology). Briefly, EF-MSCs were washed three times with Dulbecco’s PBS, fixed at 
room temperature for 20 minutes, and then incubated overnight in β-galactosidase staining solution in a 37 °C dry 
incubator. The cells were subsequently mounted in 70% glycerol. Images were captured using the Leica DM 5000 optical 
microscope, and β-galactosidase activity was quantified from five random fields using ImageJ software (version 1.54k).

Statistical analysis
Data from each experiment are expressed as the mean ± standard deviation, and P values among the samples were 
determined using the unpaired t-test (MS Excel).

RESULTS
Isolation of EF-MSCs
Human adipose tissue-derived MSCs were successfully isolated from EF using the methods outlined in this study. The 
cells from the SVF were seeded into cell culture plates (Figure 1A). The isolated EF-MSCs exhibited a spindle-shaped 
morphology and demonstrated continuous growth up to passage 10 (Figure 1B). The cells were characterized for SC 
surface markers using FACS analysis. Approximately 90% of the cells expressed cluster of differentiation 73 (CD73), 
CD90, and CD105, which are common markers for SCs, whereas fewer than 4% exhibited hematopoietic cell markers, 
including CD34, CD45, and human leukocyte antigen-DR (Figure 1C). Differentiation assays and Oil Red O staining 
revealed a significant increase in lipid droplets in EF-MSCs incubated in differentiation medium compared to control cells 
(Figure 1D). Consistently, immunoblot analysis showed increased C/EBPα expression in the EF-MSCs incubated in 
adipogenic medium compared to those in the control group (Figure 1E). These findings demonstrate that EF-MSCs 
isolated from human patients possess both proliferative and adipogenic potential.

Immortalization of EF-MSCs preserves proliferation ability and SC characteristics
For SC immortalization, immortalization genes were transfected into passage 5 EF-MSCs using lentiviral vectors with 
polybrene. Following transfection, the cells exhibited vacuolar degeneration, indicating mild cell injury due to the 
lentiviral vectors (Figure 2A). To confirm gene expression in the transfected EF-MSCs, qPCR analysis was performed 
(Supplementary Figure 1). These results confirmed successful transfection with the viral vectors. As expected, the prolif-

https://f6publishing.blob.core.windows.net/7e8fc4fe-4b49-41ac-a217-c88e1d1fd3bd/98777-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/7e8fc4fe-4b49-41ac-a217-c88e1d1fd3bd/98777-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/7e8fc4fe-4b49-41ac-a217-c88e1d1fd3bd/98777-supplementary-material.pdf
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Table 1 Details of antibodies used in the fluorescence-activated single cell sorting analysis

Name Sources Dilution Catalog number Company

CD105 Mouse 1:200 NB110-58718 Novus

CD90 Mouse 1:200 14-0909-82 Thermo Fisher Scientific

CD73 Mouse 1:200 NBP2-48480 Novus

CD45 Rabbit 1:200 GTX116018 GeneTex

CD34 Rabbit 1:200 60180-1-Ig Proteintech

HLA-DR Rabbit 1:200 bsm-52535R Bioss Antibodies

Alexa Fluor 488-donkey anti-mouse IgG Donkey 1:500 ab150105 Abcam

Alexa Fluor 555-donkey anti-rabbit IgG Donkey 1:500 ab150066 Abcam

CD: Cluster of differentiation; IgG: Immunoglobulin G.

erative ability of EF-MSCs was well preserved until the cells reached a senescent state, around passage 30 (Figure 2B). 
FACS analysis further showed that immortalized passage 20 EF-MSCs retained the expression of SC surface markers 
(Figure 2C). Moreover, differentiation assays and western blot analysis demonstrated that the adipogenic potential of the 
EF-MSCs remained intact, despite the transfection of immortalization genes (Figure 2D and E). These findings indicate 
that the immortalization did not alter the SC characteristics of the EF-MSCs.

Retransfection of hTERT prolongs the proliferation ability of SCs along with conserving adipogenic potential
In the present study, the proliferative ability of the immortalized EF-MSCs gradually declined around passage 30. To 
restore the cell growth capacity, we transfected the cells with hTERT. Following transfection, the retransfected EF-MSCs 
(hTERT Re) maintained their proliferative ability for more than 100 passages without exhibiting signs of senescence or 
morphological changes (Figure 3A). These cells also retained the expression of SC surface marker proteins (Figure 3B). 
Consistent with this finding, the adipogenic differentiation assay performed on retransfected passage 100 EF-MSCs 
showed that their differentiation ability was preserved, even after prolonged culture (Figure 3C and D). Given that the 
parent EF-MSCs stopped proliferating around passage 15, we hypothesized that immortalization successfully extended 
the lifespan of the EF-MSCs. In line with this, the β-galactosidase assay showed a significantly reduced positive area in 
the immortalized EF-MSCs (Figure 3E). These data suggest that immortalization, combined with retransfection of hTERT, 
can significantly increase the lifespan of EF-MSCs without inducing tumorigenesis or compromising their stemness.

Proteomics analysis of the isolated EF-MSCs
We analyzed the protein expression patterns of each EF-MSCs subtype (mother, E6E7, hTERT/E6E7, and hTERT-retrans-
fected) using proteomics analysis. The heatmap revealed distinct protein expression profiles in the immortalized EF-
MSCs (e.g., E6E7, hTERT/E6E7, and hTERT-Re) compared to the mother cell group (Figure 4A). Consistently, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis showed a significant increase in the 
expression of genes associated with DNA replication, the cell cycle, and tricarboxylic acid (Figure 4B). Next, we 
performed principal component analysis to visualize the differences between the mother and immortalized EF-MSCs. 
Principal component analysis demonstrated that the immortalized EF-MSCs formed a distinct cluster, with increasing 
separation from the mother group, and the distances between the mother and immortalized cells generally expanded 
with the number of transfected genes (Figure 4C). Furthermore, Venn diagram analysis revealed that the number of 
differentially expressed proteins increased in response to the transfection of immortalizing genes (Figure 4D). These 
findings indicate that immortalized EF-MSCs exhibit significantly higher expression of proteins involved in DNA 
replication and metabolic pathways, and that gene transfection substantially altered the gene expression patterns 
compared to the mother cells.

DISCUSSION
Recently, there has been growing interest in adipose tissue-derived MSCs due to their easy accessibility and multilineage 
differentiation potential. However, several challenges hinder their clinical application, including cell senescence and 
limited self-renewal capacity[17]. Moreover, many researchers have suggested that the limited lifespan of SCs is a 
significant barrier to their practical use[18,19]. As a result, various studies have focused on establishing immortalized cell 
lines to enhance the clinical applicability of stable cell lines[20]. Immortalized human fetal neural SCs (CTX0E03) are 
already being used in clinical applications, showing promising therapeutic effects on preclinical and clinical trials for 
various neurodegenerative syndromes[21-25]. Additionally, immortalized MSCs are promising candidates for 
regenerative medicine due to their therapeutic potential[26]. Chiu et al[27] demonstrated that immortalized bone marrow 
MSCs significantly enhance muscle regeneration in mice, while Kim et al[28] demonstrated that immortalized adipose 
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Figure 1 Isolation and characterization of epidural fat-derived mesenchymal stem cells. Mesenchymal stem cells were successfully isolated from 
human epidural fat. A: Graphical representation of the mesenchymal stem cell (MSC) isolation protocol; B: Representative images of epidural fat-derived MSCs (EF-
MSCs), scale bars = 200 μm and 50 μm; C: Fluorescence-activated single cell sorting analysis results showing the expression of SC surface markers; D: 
Representative images and quantification of Oil Red O staining of EF-MSCs, scale bar = 50 μm; E: Expression levels of adipogenesis marker protein 
CCAAT/enhancer-binding protein alpha. Data are presented as the mean ± standard deviation for each group. bP < 0.01.
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Figure 2 Preserved stem cell characteristics in immortalized epidural fat-derived mesenchymal stem cells. Immortalized epidural fat-derived 
mesenchymal stem cells (EF-MSCs) maintained their SC surface markers and adipogenic potential. A: Representative images of immortalized EF-MSCs, showing 
vacuolar degeneration in the transfected MSCs (black arrow), scale bars = 50 μm; B: Representative images demonstrating the prolonged lifespan of EF-MSCs, scale 
bar = 200 μm; C: Fluorescence-activated single cell sorting analysis results showing the expression of stem cell surface markers in immortalized EF-MSCs (passage 
20); D: Representative images and quantification of Oil Red O staining in immortalized EF-MSCs, scale bar = 50 μm; E: Expression levels of adipogenesis marker 
protein CCAAT/enhancer-binding protein alpha. Data are presented as the mean ± standard deviation for each group. bP < 0.01, cP < 0.001. hTERT: Human 
telomerase reverse transcriptase.

tissue-derived MSCs reduce systemic inflammation and improve cardiac function in patients with infarcted myocardium. 
These findings highlight that immortalization is a valuable strategy for improving the clinical applicability of SCs. 
However, to the best of our knowledge, no comprehensive proteomics analysis of signaling pathway in immortalized 
MSCs has been conducted.

In this study, we successfully isolated EF-MSCs that demonstrated in vitro proliferation and adipogenic potential 
(Figure 1). However, by passage 15, most EF-MSCs showed signs of senescence, included inhibited proliferation and 
morphological changes. These findings clearly highlighted the limited expansion capacity of EF-MSCs. To address this 
limitation, we immortalized EF-MSCs using lentiviral transduction. The resulting immortalized EF-MSCs (e.g., E6/E7 and 
hTERT/E6E7) not only maintained key SC characteristics, such as stemness marker expression and adipogenic potential, 
but also exhibited an extended lifespan (Figure 2). Proteomics analysis revealed significant changes in protein expression 
patterns in immortalized EF-MSCs compared to the parental cells. Notably, KEGG pathway enrichment analysis showed 
that genes associated with DNA replication and mismatch repair were significantly upregulated in the immortalized EF-
MSCs. This upregulation may explain how these immortalized cells preserved both stemness and adipogenic potential 
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Figure 3 Retransfection of human telomerase reverse transcriptase restores growth arrest due to cell senescence. Human telomerase reverse 
transcriptase (hTERT)-Re epidural fat-derived mesenchymal stem cells (EF-MSCs) exhibited a significantly enhanced proliferative capacity and extended lifespan, 
while maintaining their SC characteristics. A: Representative images of hTERT-Re EF-MSCs, demonstrating preserved proliferation beyond passage 100, scale bar = 
200 μm; B: Fluorescence-activated single cell sorting analysis showing the expression of SC surface markers in hTERT-Re EF-MSCs; C: Representative images and 
quantification of Oil Red O staining in hTERT-Re EF-MSCs (passage 100), scale bar = 50 μm; D: Expression levels of the adipogenesis marker protein 
CCAAT/enhancer-binding protein alpha in hTERT-Re EF-MSCs (passage 100); E: Representative images and quantification of β-galactosidase staining in EF-MSCs, 
scale bar = 50 μm. Data are presented as the mean ± standard deviation for each group. bP < 0.01, cP < 0.001.

despite the gene transduction (Figure 4). Overall, our findings demonstrate that stable, immortalized EF-MSC cell lines 
retain key SC features. Given the challenges associated with isolating EF-MSCs due to the anatomical location of EF, it is 
anticipated that immortalized EF-MSC could serve as valuable in vitro models for regeneration therapy research. We hope 
that this study will contribute to enhancing the clinical application of EF-MSCs.

Although the immortalized cells in this study exhibited enhanced proliferation properties compared to the parental 
cells, they also exhibited cell senescence-related features, such as limited proliferation, growth arrest, and phenotypic 
changes between passages 30 and 35. Since cell division is primarily influenced by telomere length and hTERT activity, 
we hypothesized that supplementing with hTERT transfection could restore the proliferative capacity of aged SCs[29]. To 
test this, we retransfected passage 30 hTERT/E6E7 EF-MSCs with hTERT-containing lentiviral vectors. As expected, the 
additional transduction of hTERT significantly promoted cell growth, and the proliferative ability of the re-immortalized 
EF-MSCs was sustained for more than 100 passages (Figure 3). These results suggest that supplementary hTERT trans-
duction can reverse senescence and overcome aging-related growth arrest in EF-MSCs.

Although the retransfected EF-MSCs exhibited SC surface markers and adipogenic potential, indicating multi-lineage 
potency, some minor issues remain. KEGG analysis revealed that the transfected EF-MSCs (e.g., E6E7 and hTERT/E6E7) 
showed a significant increase in the expression of components involved in DNA replication and mismatch repair 
pathways. In contrast, the hTERT-Re EF-MSCs exhibited an increase in the expression of only the DNA replication 
pathway components, not those involved in DNA mismatch repair (Figure 4B). As a result, the hTERT-Re EF-MSCs 
displayed distinct protein expression patterns and exhibited faster cell proliferation compared to the other control groups. 
These findings raise concerns regarding the use of immortalized EF-MSCs at excessively high passage numbers.

CONCLUSION
In this study, we successfully established immortalized EF-MSC and analyzed them using proteomics techniques. To the 
best of our knowledge, this is the first study focused on the immortalization of EF-MSCs. We believe that creating 
immortalized cell lines and understanding their characteristics are essential steps for the practical application of MSCs. 
Therefore, the findings from this study provide a valuable reference for both the research and clinical use of EF-MSCs.
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Figure 4 Results of proteomics analysis of isolated epidural fat-derived mesenchymal stem cells. Immortalized cells exhibited significantly altered 
protein expression patterns and an increased expression of components involved in cell proliferation pathways. A: Heatmap results of the isolated epidural fat-derived 
mesenchymal stem cells (EF-MSCs); B: Kyoto Encyclopedia of Genes and Genomes pathway enrichment graph for isolated EF-MSCs, indicating increased DNA 
replication in immortalized cells; C and D: Protein expression patterns visualized through principal component analysis and Venn diagram plots. hTERT: Human 
telomerase reverse transcriptase.
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