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Abstract

BACKGROUND

Mesenchymal stromal cells (MSCs) are renowned for their immunosuppressive
properties, which make them widely used in managing excessive inflammation.
Although CD146+ and CD146- MSCs exhibit similar morphological traits and
surface marker expression levels, the specific characteristics and differential
regulatory mechanisms of these two subtypes remain poorly understood. This
knowledge gap has limited the precise application of MSCs in targeted thera-
peutic strategies.

AIM
To compare the functional differences between CD146+ and CD146- MSCs and
investigate the underlying mechanisms.

METHODS

In this study, magnetic beads were used to sort umbilical cord-derived MSCs into
CD146+ and CD146- subsets. The pro-angiogenic factors (hepatocyte growth
factor, prostaglandin E2, vascular endothelial growth factor, angiopoietin-1)
production and immunomodulatory effects on T lymphocyte subsets were
evaluated in vitro. The therapeutic efficacy was assessed in an acute respiratory
distress syndrome (ARDS) mouse model via tail vein injection.

RESULTS

Cytokine secretion and angiogenesis: CD146+ MSCs significantly increased the
production of hepatocyte growth factor, prostaglandin E2, vascular endothelial
growth factor, and angiopoietin-1 and exhibited increased pro-angiogenic activity
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in vitro. Immunomodulatory effects: CD146+ MSCs potently inhibited the differ-
entiation and proliferation of pro-inflammatory T helper type 1/T helper type 17
cells while promoting the expansion of regulatory T cells during T lymphocyte
activation. ARDS therapy: In a mouse ARDS model, compared with CD146-
MSCs, CD146+ MSCs demonstrated superior therapeutic efficacy, as evidenced by
improved clinical scores. Mechanistically, CD146+ MSCs activated the nuclear
factor kappa B pathway, upregulated cyclooxygenase 2 expression, and facilitated
damaged epithelial cell repair.

CONCLUSION

CD146+ MSCs show stronger ARDS therapeutic potential than CD146- MSCs via
pro-angiogenic/immunomodulatory traits. Nuclear factor kappa B/cyclooxy-
genase 2 activation aids epithelial repair, highlighting CD146+ MSCs as promising
targets.

Key Words: Mesenchymal stromal cells; Melanoma cell adhesion molecule; Acute
respiratory distress syndrome; Nuclear factor kappa B; CD146
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Core Tip: Mesenchymal stromal cells (MSCs) are recognized for their immunosup-
pressive properties and are widely used to control excessive inflammation. This study
demonstrated that, compared with CD146- MSCs, CD146+ MSCs exhibit greater
secretion of pro-angiogenic factors and enhanced anti-inflammatory and immunomodu-
latory capacities. CD146+ MSCs repair epithelial cells by activating the nuclear factor
kappa B/cyclooxygenase 2 pathway, thereby exerting superior therapeutic efficacy in
the treatment of acute respiratory distress syndrome.
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INTRODUCTION

Mesenchymal stem cells (MSCs) are increasingly utilized in biomedical applications.
Since MSCs do not express histocompatibility complexes or immunostimulatory mole-
cules, are not detected by immune surveillance, and do not provoke graft rejection
after transplantation, making them highly promising for biomedical use, particularly
in tissue engineering[1]. At present, MSCs are also widely applied in the treatment of
various tissue degenerative diseases and injury repair[2-4]. In 2006, the International
Society for Cell Therapy defined MSCs, emphasizing the expression of the surface
markers CD73, CD90, and CD105 in more than 95% of cells, whereas markers such as
CD45, CD34, CD14, CD11b, CD79a, CD19, and HLA-DR are absent[5]. However, none
of these markers are unique to MSCs. While MSCs show significant potential, dif-
ferences in their origin, individual sources, and environmental conditions contribute to
their heterogeneity. Increasing evidence suggests that MSCs represent a heterogeneous
group, with variations in surface marker expression linked to distinct cytological
characteristics and functions[6]. Despite their potential, the clinical application of
MSCs to treat certain disorders is limited by the heterogeneity of cell subsets and
regenerative capacity. As such, there is an urgent need for precision therapy in MSC
applications.

Owing to their heterogeneous nature, MSCs express different surface markers and
exhibit distinct biological properties. As a result, isolating and identifying specific
MSC subsets from different sources to evaluate their therapeutic efficacy for particular
disorders is a key focus for future precision stem cell therapies. Various studies have
isolated MSC subpopulations, such as those expressing CD146, CD106, Stro-1, SSEA-4,
and CD271, to investigate their functions and biological characteristics[7,8].
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CD146, also referred to as melanoma cell adhesion molecule, is a membrane glycoprotein that belongs to the immuno-
globulin gene superfamily and was first identified in human melanoma cells[9]. It is particularly useful for identifying
authentic MSCs, as it is widely distributed across the vascular network and plays a key role in angiogenesis and
endothelial cell activity[10-12]. Additionally, CD146 is highly expressed in various cell types, including smooth muscle
and vascular endothelial cells[13]. In regenerative medicine, the CD146+ MSC subset has shown enhanced biological
functionality and therapeutic potential[14]. CD146 is detectable in bone marrow derived MSCs (BM-MSCs) and MSCs
derived from various sources, such as adipose tissue, synovium, umbilical cord (UC), UC blood, placenta, dermis,
periodontal ligament, and intervertebral discs. Notably, CD146+ BM-MSCs exhibit stronger migratory and homing
abilities[15,16], as well as enhanced immunosuppressive and cytokine secretion functions[17]. CD146+ MSCs from
adipose tissue demonstrate superior proliferation and angiogenesis capabilities[18-20], whereas those from dental pulp
tissue show increased osteogenic differentiation potential[21]. Additionally, CD146+ MSCs exhibit lower heterogeneity
[22], indicating that CD146+ MSCs cultured in vitro possess greater stemness and primitive characteristics.

Despite its promise, the molecular pathways regulated by CD146 in MSCs remain insufficiently understood. In this
study, we aimed to examine how CD146 influences MSC effects and to explore the underlying mechanisms thereof. Our
findings indicate that CD146+ MSCs can repair damaged lung epithelial cells and more effectively treat acute respiratory
distress syndrome (ARDS) in mice. Mechanistically, CD146+ MSCs increase cyclooxygenase 2 (COX2) expression by
activating the nuclear factor kappa B (NF-xB) pathway. These results emphasize the potential of CD146+ MSCs for ARDS
treatment and provide insights into strategies to improve the therapeutic potential of MSCs.

MATERIALS AND METHODS

Main material

The BM-MSC serum-free medium used in cell cultures was supplied by Dakewe Biotech Co. in China (DY culture
medium), while the BM-MSC serum-free medium was obtained from Shandong Qilu Cell Therapy Engineering
Technology Co. Ltd in China (YF culture medium). Additionally, 3D FloTrix MSCs in serum-free medium were provided
by Cytoniche in China (HK culture medium). Cell culture reagents (RPMI 1640 medium, DMEM and fetal bovine serum)
were obtained from Gibco Co. (Grand Island, NY, United States).

The following antibodies were purchased from Cell Signaling Technology (MA, United States): Phospho-NF-«xB
(#3031), NF-xB (#8242), protein kinase A (PKA) (#4782), phospho-PKA (p-PKA) (#4781), cyclic-AMP response element-
binding protein (CREB) (#9197), phospho-CREB (#9198), zonula occludens-1 (ZO-1) (#5406), COX2 (#4842) and VE-
cadherin (#2158). The FITC Annexin V Apoptosis Detection Kit with propidium iodide (PI) (C1062M) was obtained from
Beyotime in China. The anti-GAPDH antibody (#ab20272) was acquired from Abcam in United Kingdom. Caffeic acid
phenethyl ester (CAPE, S7414) was purchased from Selleck (TX, United States).

Four-week-old male BALB/c mice were obtained from the Laboratory Animal Centre of Beijing Vital River Laboratory
Animal Technology Co., Ltd. All the animal experiments were conducted in accordance with laboratory animal care
guidelines, and the experimental protocols were approved by the Biomedical Research Ethics Committee of the Institute
of Biophysics, Chinese Academy of Sciences (Beijing, China). All the mouse experiments were performed without
blinding and were conducted in accordance with the Public Health Service Policy on Humane Care and Use of
Laboratory Animals. The Experimental Animal Ethics Committee of Army Medical University approved the experiments,
and the ethical approval number was No. AMUWEC20210830.

Cell lines and cell culture

Human UC derived MSCs (UCMSCs) were obtained from Shandong Qilu Cell Therapy Engineering Technology Co. Ltd.
The source, screening, and collection process of human UCs at Yantai Yuhuangding Hospital Affiliated with Qingdao
University met the national ethical requirements, and the ethical approval number was No. [2021]003. Moreover, the
participants signed an informed consent form before participation.

In brief, UCs were obtained from patients who consented to deliver a full-term infant via cesarean section. After the
arteries and veins of the UC were removed, the UC was cut as finely as possible with sterile surgical scissors, preferably
no more than 1 mm in size. The UC fragments were resuspended in MSC serum-free medium, and the suspension was
subsequently transferred to cell culture flasks and incubated at 37 °C in a 5% CO, environment. After the cells had
climbed, the medium was changed every 2 days. When the cells reached 80% to 90% confluence, they were harvested and
frozen at -80 °C until use in the experiments.

The pathogenesis of ARDS involves multiple factors, including inflammatory disorders, alveolar epithelial cell injury,
pulmonary capillary endothelial cell injury, microcirculatory disorders, and cell apoptosis. One of the core pathological
features of ARDS is the destruction of the alveolar-capillary barrier. Pulmonary microvascular endothelial cells are
important components of the alveolar-capillary barrier, whereas type II alveolar epithelial cells are another key
component of the alveolar barrier and are responsible for secreting surfactant, maintaining the alveolar fluid balance, and
participating in epithelial repair[23-25]. To explore the repair mechanism, we selected alveolar epithelial cells and
pulmonary capillary endothelial cells as experimental subjects. Human lung microvascular endothelial cells (HULEC-5a)
and human type II alveolar epithelial cells (HPAEpic-II-SV40) were purchased from Zhejiang Meisen Cell Technology
Co., Ltd., in 2024. Both cell lines were verified by suppliers. Following the experiments, polymerase chain reaction (PCR)
was performed to ensure the absence of mycoplasma contamination. The cells were cultured in DMEM (Gibco Life
Technologies, NY, United States) containing 10% fetal bovine serum and 1% penicillin-streptomycin (Gibco, NY, United
States) at 37 °C and 5% CO,.
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Isolation and identification of CD146-producing stem cells

The EasySep™ Release Human PE Positive Selection Kit (catalog #17654, STEMCELL, Canada) was used to isolate and
separate CD146+ cells from human UCMSCs. PE-conjugated anti-CD146 antibody (361006, Biolegend, CA, United States)
was then used to sort CD146+ cells, with 12%-32% of the UCMSCs identified as CD146+. Cell separation followed the
EasySep™ protocol. Briefly, the cells were incubated for 30 minutes with an anti-CD146 antibody at room temperature.
The selection cocktail was then added, and the sample was incubated for 5 minutes at ambient temperature.
RapidSpheres™ was added for an additional 5 minutes of incubation at room temperature, after which the sample was
sorted via FasySen™ (catalog #18000, STEMCELL, Canada). The sorted cells were subsequently cultured in a growth
medium as described. MSCs were collected at passages 5-6 for further analysis.

Reverse transcription-quantitative PCR

RNA was extracted from cells via a TRIzol kit (TaKaRa, Shiga, Japan). For cDNA synthesis, 1 pg of RNA was reverse
transcribed via the PrimeScript RT reagent Kit (TaKaRa, Shiga, Japan). Quantitative PCR (qPCR) was subsequently
performed to quantify cDNA via a SYBR Green real-time quantitative PCR kit (TaKaRa, Shiga, Japan), with GAPDH used
as the endogenous reference. The following primers (GenScript, NJ, United States) were used for qPCR: COX2 forward:
5-AGGACTCTGCTCACGAAGGA-3" and reverse: 5'-TGACATGGATTGGAACAGCA-3’; GAPDH forward: 5'-
ACCCTTAAGAGGGATGCTGC-3" and reverse: 5-CCCAATACGGCCAAATCCGT-3". The short hairpin RNA (shRNA)
NF-«xB (shNF-«xB) sequence (5-3") was as follows: 5-GGACCTACGAGACCTTCAA-3'. Each sample was tested in
triplicate. Gene expression was calculated using the 2**“ method from three independent assays.

Western blotting

For western blotting, cell lysis was performed with RIPA buffer containing a protease inhibitor cocktail, as previously
described. Protein concentrations were determined using Enhanced BCA Protein Assay Reagent (Beyotime, Jiangsu,
China). The proteins were separated by 10% sodium-dodecyl sulfate gel electrophoresis and transferred to
polyvinylidene fluoride membranes (Bio-Rad, 162-0177, CA, United States). The membranes were blocked with 5% nonfat
dry milk and then incubated with the primary antibody overnight at 4 °C, followed by a 2-hour incubation with HRP-
labeled secondary antibody at room temperature. The protein bands were detected via an enhanced chemiluminescence
system (Perkin-Elmer Life Sciences, Boston, MA, United States). Band intensities were analyzed with Image]J software,
with GAPDH used as the internal control.

Cord formation assays

The 96-well plates were coated with growth factor-reduced Matrigel (BD Biosciences, CA, United States) and allowed to
polymerize for 30 minutes at 37 °C. For coculture experiments, human umbilical vein endothelial cells (C2517A, Lonza,
MD, United States) (3 x 10*/well) and CD146+/- MSCs (1000/well) were seeded simultaneously onto polymerized
Matrigel. After 5 hours of culture in DMEM, cord formation was monitored via microscopy by examining seven randomly
chosen fields at 7 x magnification (IX71, Olympus, Japan). The analysis included measurements of cord length per field of
view and branch points. Three replicate wells and images were used for each group.

Phenotype analysis of T-cell subsets

For T-cell subset phenotype analysis, CD146+/- MSCs (2 x 10°/well) were plated in 12-well plates with RPMI1640
containing 10% fetal bovine serum (1 mL per well) and three wells per group. After 24 hours of culture, 1 x 10° peripheral
blood mononuclear cells were added to each well at a 5:1 ratio of peripheral blood mononuclear cells to MSCs, followed
by overnight incubation for 18 hours. T helper type 1 (Thl) /T helper type 17 (Th17) cells were assessed by flow
cytometry after treatment with PIB [PMA (50 ng/mL), Iono (1 pg/mL), or BFA (10 ng/mL)] for 6 hours. Regulatory T
(Treg) cells were cocultured for 5 days without PIB supplementation. Flow cytometry was used to detect the proportions
of Th1 (CD3+/CD8-/interferon-y+), Th17 [CD3+/CD8-/interleukin (IL)-17A+], and Treg cells (CD4+CD25+/FoxP3+).

Cell apoptosis assay

Flow cytometry was utilized to assess cell apoptosis through Annexin V-FITC and PI double-staining, following
established protocols (Beyotime, Shanghai, China). Briefly, 5 pL of Annexin V-FITC and 10 pL of PI (50 pg/mL) in 1 x
binding buffer were added to stain 1 x 10° cells in the dark for 15 minutes at room temperature. A FACScan flow
cytometer was used to measure the number of apoptotic cells, and FlowJo software was used for analysis. The cells were
considered apoptotic if they were stained with Annexin V-FITC and/or PI. Each experiment was conducted in triplicate.

Cell permeability assessment

Endothelial permeability was measured in 6-well plates with 24 transwell inserts following specific protocols. After
resuspension, CD146+ MSCs and CD146+ MSCs + CAPE (5 pmol/L) were seeded at 4 x 10° cells per well, and transwell
inserts (0.48 pm) were seeded at 2 x 10° cells per well. HULEC-5a/ HPAEpic-1I-5V40 cells were resuscitated, forming a
dense monolayer after 24 hours of culture. HULEC-5a/HPAEpic-II-SV40 cells were cocultured with MSCs, and the
medium was replaced with lipopolysaccharide (LPS) (50 pg/mL) and 2% fetal bovine serum. After 48 hours of culture,
the medium in the transwell inserts was carefully removed. FluoroBrite DMEM containing 100 pg/mL FITC-dextran
(MW 40000) was added to the top chamber, and 2.5 mL of FluoroBrite DMEM was added to the bottom chamber. After 1
hour of incubation, the fluorescence intensity of the transwell culture medium was measured via a multifunctional
enzyme-labeling assay. The permeability assay was repeated three times for each time point with three samples. For dose

wjsC | https://www.wjgnet.com 4 October 26,2025 | Volume17 | Issue10 |

Jaishideng®



Zhang YL et al. CD146+ MSCs alleviate ARDS via NF-xB

conversion related to cell density, 5 pg of LPS corresponds to 1 x 10° cells (10° cells/mL).

mRNA sequencing and functional enrichment analysis

mRNA sequencing was performed to examine differentially expressed genes (DEGs) in CD146+ MSCs and CD146- MSCs
using BMKCloud (http:/ /www.biocloud.net). The DESeq2 R package (1.26.0) was employed to identify significant DEGs
in both groups, applying thresholds of adjusted P < 0.05 and |log2 (fold change)| > 1. Heatmap version 1.0.10 was used
for the generation of the heatmap. Kyoto Encyclopedia of Genes and Genomes analysis was conducted to identify
pathways enriched by DEGs using the clusterProfiler R package (v3.13.0), with a significance threshold of P < 0.05.
Furthermore, gene set enrichment analysis was performed using gene set enrichment analysis software (v2.2.3, http://
software.broadinstitute.org/gsea/downloads.jsp) and MSigDB-curated gene sets (c2.cp.kegg.v6.2.symbols.gmt).

Cells treated with CAPE

CAPE was dissolved in DMSO to prepare a 10 mmol/L stock solution. For the experiments, the solution was diluted to a
working concentration of 5 pM in serum-free medium, with a final DMSO concentration < 0.1%. The control group was
supplemented with an equal volume of DMSO simultaneously. The cells were pretreated with starvation medium for 1
hour, followed by incubation with CAPE for 24 hours, and control groups were established accordingly[26,27].

CD146+ MSCs were treated with caffeolate phenylethyl (CAPE) at a concentration of 5 pmol/L (Supplementary Figure
1). After 24 hours of CAPE treatment, COX2 mRNA expression was assessed via reverse transcription-qPCR, and COX2,
p-NF-xB, and signal transducer and activator of transcription 5 protein levels were evaluated using western blotting.
Additionally, the secretion levels of the cytokines hepatocyte growth factor (HGF)/prostaglandin E2 (PGE2)/
angiopoietin-1 (Ang-1) and vascular endothelial growth factor (VEGF) by CD146+ MSCs were measured using enzyme-
linked immunosorbent assay (ELISA). Each assay was performed in triplicate.

Construction of stable NF-kB-knockdown cell lines

Lentiviral vectors encoding three different shRNAs, targeting human NF-xB {named as shNF-«xB [shNF-xB(p65)]}, were
purchased from Shanghai Genechem of China (Shanghai, China). CD146+ MSCs were transfected with the shSENP1
Lentivirus or empty lentiviral vector (named shCon) with polybrene (8 pg/mL, Sigma-Aldrich, MO, United States). The
transfected cells were then subjected to selection with puromycin (3.0 pg/mL) for 4-5 days. Knockdown of NF-kB in
stable cells was verified by reverse transcription-qPCR and western blotting.

Establishment of the ARDS model (in vivo)

A total of 50 mice were selected for test A, and another 50 were selected for test B. The mice were randomly divided into 5
groups on the basis of body weight: Normal control and model control (MG). After the ARDS model was established,
MSCs cultured in media from different brands were injected via the caudal vein to form different groups: The DY group,
the YF group, and the HK group (Figure 1A and Supplementary Figure 2).

The mice were fasted overnight but were allowed to drink water. All groups, except for the normal control group,
received an LPS solution injected into the trachea to establish the ARDS model. Anesthesia was induced by intraperi-
toneal injection of tribromoethanol solution. After anesthesia, a tracheal intubation operating table was used to suspend
the upper teeth of each mouse and extend its tongue. The glottic fissure was located with the aid of a lamp, and a tracheal
drug delivery hose was inserted through it into the trachea. LPS solution (7 mg/kg) was administered via a pipette gun
into the hose as the mouse breathed naturally[25,28,29]. Additionally, either 0.9% sodium chloride or MSCs (5 x 10° cells/
kg) were administered once within 1 hour after modeling and again at 24 hours after tail vein injection (Figure 1A).

Lung wet-dry ratio, hematoxylin and eosin staining, and pathological score

On the dissection day of experiment A, the mice in test A were weighed to determine the differences between the groups.
At 48 hours post-administration, the test A mice were euthanized via the cervical dislocation method, followed by lung
removal. The right lung weights were recorded initially, after which the lungs were dried in a 37 °C electric blast drying
oven for 24 hours before being reweighed. This allowed for the calculation of the wet-dry weight ratios of the right lungs
for each mouse in the experimental groups. ZO-1 and VE-cadherin expression in lung tissue was measured via immuno-
histochemistry, with 5 animals in each group. The experiments were performed without blinding and in compliance with
the Public Health Service Policy on Humane Care and Use of Laboratory Animals.

Bronchoalveolar lavage fluid blood cell tests and ELISA

Bronchoalveolar lavage fluid (BALF) was collected from test B mice 48 hours after administration. 500 pL/BALF was
retrieved, and the white blood cell count was determined using an automatic blood cell analyzer. The remaining BALF
was centrifuged at 1500 rpm for 5 minutes at 4 °C to separate the supernatants. The levels of IL-6, IL-1B, and tumor
necrosis factor (TNF)-a in the supernatants were then measured using ELISA kits following the manufacturer’s
instructions. A multifunctional enzyme marker was used to detect cytokine levels in the supernatants following centrifu-
gation of the BALF.

Lung tissue injury grade and pathological scoring in mice via hematoxylin and eosin staining

After 48 hours of fixation in 10% formalin, the mouse lung tissues were subjected to gradient ethanol dehydration, wax
impregnation, slicing, deparaffinization by baking, hematoxylin and eosin staining, and rubber sealing. The tissues were
then examined and photographed under a microscope. The pathological changes in the lung tissue of each group were
assessed. On the basis of the extent of lung tissue damage, including congestion, alveolar cavity destruction, thickening of
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Figure 1 Effects of mesenchymal stromal cells in various media on acute respiratory distress syndrome. A: Diagram illustrating the acute

oishidengs VVISC | https://www.wjgnet.com

October 26,2025 | Volume17 | Issue10 |



Zhang YL et al. CD146+ MSCs alleviate ARDS via NF-xB

respiratory distress syndrome study design; B and C: Comparison of the wet-dry ratio (B) and body weight (C) of lung tissue from different groups; D and E: Cytokine
levels in bronchoalveolar lavage fluid were measured at the experimental endpoint; F: Pathological changes and lung injury scores of the lung tissue in each group.
The data are presented as means + SD. Statistical analysis between groups was performed via two-sided Student's ¢ test, and within groups, ANOVA was used for
normally distributed data. n = 10, 2P < 0.05, °P < 0.01, °P < 0.001, 9P < 0.0001. ARDS: Acute respiratory distress syndrome; W/D: Wet-dry ratio; HE: Hematoxylin and
eosin; PBS: Phosphate buffered saline; MG: Model control (vehicle administered via caudal vein injection after establishing the acute respiratory distress syndrome
model; DY: Mesenchymal stromal cells cultured in medium from Dakewe Biotech Co., administered via caudal vein injection after establishing the acute respiratory
distress syndrome model; YF: Mesenchymal stromal cells cultured in medium from Shandong Qilu Cell Therapy Engineering Technology Co. Ltd., administered via
caudal vein injection under the acute respiratory distress syndrome model; HK: Mesenchymal stromal cells cultured in medium from Cytoniche, administered via
caudal vein injection in the acute respiratory distress syndrome model; WBC: White blood cell; IL: Interleukin; TNF: Tumor necrosis factor.

the alveolar walls, and neutrophil infiltration, lung injury was classified into five levels: 0 (no injury), 1 (< 25% injury), 2
(25%-50% injury), 3 (50%-75% injury), and 4 (> 75% injury). The acute lung injury/ARDS pathological score was
calculated by summing the individual lesion scores, with higher values indicating more severe injury.

Immunohistochemical staining

Immunohistochemistry was performed to assess VE-cadherin and ZO-1 expression, as previously described[30]. Briefly,
tissue samples were fixed in formalin, embedded in paraffin, and then sectioned into 4-pm slices, followed by deparaffin-
ization with xylene and rehydration with alcohol. After antigen retrieval, the sections were incubated with anti-VE-
cadherin and anti-ZO-1 primary antibodies at 4 °C for 24 hours. After rinsing with phosphate buffered saline, the sections
were incubated for 1 hour at room temperature with peroxidase-labeled goat anti-human/mouse secondary antibodies
(1:300). Five random fields per section were selected and observed under a light microscope (100X, BX51, Olympus,
Japan) via a digital camera (DP72, Olympus, Japan). VE-cadherin and ZO-1 expression levels were quantified via the
histochemistry score (H-score), which was calculated by multiplying the percentage of positive cells (PI) by the staining
intensity (i+1).

Statistical analysis

Data normality was assessed using the Shapiro-Wilk test. Continuous outcomes were reported as mean + SEM. For
comparisons of gene expression levels, unpaired f tests were used. Differences in histological measurements across
multiple groups were analyzed using one-way analysis of variance (ANOVA), followed by the Holm-Sidék method to
correct for multiple comparisons and control the familywise type I error rate. Statistical significance was interpreted at
four levels: P < 0.05, P < 0.01, P <0.001, and P < 0.0001. All statistical analyses were conducted using GraphPad Prism
software (version 9.0; GraphPad, Inc., La Jolla, CA, United States).

RESULTS

Differential therapeutic effects of MSCs cultured in different media on lung function and pathology in ARDS mice

The right lungs of the mice in experiment A were dissected to determine the ratio of dry to wet weight of the right lung in
each group. The ratio of the right lung in the MG group was significantly greater than that in the normal control group
(‘P < 0.0001), indicating that LPS induced pulmonary edema in the model mice. Compared with that in the MG group,
the wet-to-dry weight ratio of the right lung in each treatment group was significantly lower (Figure 1B, HK vs MG: No
significance; DY vs MG: P < 0.001; YF vs MG: ¢P < 0.0001). These results suggested that MSCs from different groups could
reduce ARDS-induced edema to a certain extent.

Mouse weights were recorded on the necropsy day (Figure 1C). Compared with the normal control group, the MG
group presented significant weight loss (‘P < 0.0001), indicating that the LPS model caused weight reduction in the mice.
In comparison, the YF treatment group presented a noticeable increase in weight compared with the MG group (°P <
0.01). Although weight increases were observed in the other treatment groups, no statistically significant differences were
found.

Alveolar lavage fluid was collected from the mice in group B to examine changes in white blood cell counts. Compared
with the normal control group, the MG group presented a significant increase in leukocyte number (“P < 0.001), whereas
all the treatment groups presented a noticeable reduction in leukocyte count compared with the MG group (°P < 0.01, P <
0.0001), with the YF treatment group showing the lowest leukocyte count (Figure 1D). These findings suggest that various
MSC treatments can partially reduce the number of inflammatory cells in the BALF of model mice. Furthermore, the IL-
1B, IL-6, and TNF-a levels in the BALF were significantly elevated compared with those in the control group (°P < 0.001,
4P < 0.0001). Compared with those in the model group, the IL-1p levels were notably lower in the treatment groups, with
the YF treatment group showing the lowest levels. These findings indicate that MSC treatments may help reduce the
expression of inflammatory cytokines (Figure 1E).

Pathological analysis revealed that the control group had a well-preserved lung structure, clear alveolar cavities, and
no signs of hyperemia, edema, or inflammatory cell infiltration in the alveolar walls. Conversely, the model group
exhibited damaged alveolar structure, with hyperemia and edema in the alveolar walls, accompanied by inflammatory
cell infiltration, indicating significant lung injury. Compared with that in the model group, lung tissue damage in the
treatment groups was less severe (Figure 1F). The treatment effect in the YF group was the greatest. MG: Vehicle
administered via caudal vein injection after establishing the ARDS model; DY: MSCs cultured in medium from Dakewe
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Biotech Co., administered via caudal vein injection after establishing the ARDS model; YF: MSCs cultured in medium
from Shandong Qilu Cell Therapy Engineering Technology Co. Ltd., administered via caudal vein injection under the
same model; HK: MSCs cultured in medium from Cytoniche, administered via caudal vein injection in the ARDS model.

CD146 expression was significantly increased in the YF culture system

To determine which cell subsets in the YF culture system contribute to the improved effectiveness of MSCs in ARDS
treatment, flow cytometry was employed to analyze protein changes. The findings revealed a significant increase in
CD146 expression following culture in the YF system (Figure 2).

Biological characteristics of UC-CD146+/- MSCs

CD146+ /- MSCs were separated via an immune magnetic bead system, and flow cytometry was performed to evaluate
cell purity. Prior to separation, CD146+ MSCs typically represented 33.9%-81.3% of the population (Figure 3A). To assess
immunomodulatory activity, BM-MSCs were inflammatory primed to initiate a response, followed by profiling of the
secreted proteins and detection of transcriptional changes. The secretion levels of HGF, PGE-2, VEGF, and Ang-1 in both
MSC subsets under different conditions were then measured via ELISA. The results indicated that the secretion of these
factors was significantly greater in the CD146+ MSCs than in the CD146- MSCs (Figure 3B).

To compare the angiogenic ability of CD146+ MSCs and CD146- MSCs, the tubular structure of human UCMSCs was
detected via Matrigel, and the results are shown in Figure 3. The morphology of the CD146- MSCs was spindle shaped
and polygonal, and few cells formed processes. The connections between the cells were incomplete, and the CD146-MSCs
could not form lumen-like structures. The other two groups of cells could form cell-cell connections and complete lumen-
like structures. Among them, the combined induction group formed more lumen-like structures and cross-linked with
each other to form a network structure, as shown in Figure 3C. Image]J software was used to analyze the number of tubes
and nodes formed by the cells, and the results revealed that the number in the CD146+ MSC group was significantly
greater than that in the CD146- MSC group; moreover, the number in the CD146+ MSC group was significantly greater
than that in the unsorted MSC group.

Immunomodulation of CD146+ MSCs and CD146- MSCs

In the study of MSC immunoregulation, dynamic changes in T-cell subsets (such as Th1/Th17/Treg) are key indicators
for evaluating immune balance[31-33]. MSCs exert immunomodulatory effects by inhibiting the differentiation of Th1
and Th17 cells (pro-inflammatory) and promoting the differentiation of Tregs (immunosuppressive). Therefore, in this
study, the proportions of Th1l (CD3+/CD8-/interferon-y+), Th17 (CD3+/CD8-/IL-17A+), and Treg (CD4+/CD25+/
FoxP3+) cells were determined to verify the regulatory effect of CD146+/- MSCs on the direction of T-cell differentiation
at the cellular phenotype level. Compared with the CD146- MSC coculture, the CD146+ MSC coculture more effectively
inhibited Th1/Th17 cells and promoted Treg cells activation in vitro (*P < 0.0001) (Figure 3D).

CD146+ MSCs have better therapeutic effects in ARDS

The therapeutic effect of CD146+ MSCs was further assessed in an LPS-induced ARDS model. Various cell subpopu-
lations were injected into the mouse abdominal cavity, and after 48 hours, the CD146+ MSC group showed notable
improvements in body weight, wet-dry weight ratios, and white blood cell count (Figure 4A-C). Histological staining
(Figure 4D and E) revealed lung damage in ARDS mice treated with CD146+/- MSCs. The pathological scores were
greater in the CD146- MSC group than in the saline or CD146+ MSC groups. Moreover, VE-cadherin and ZO-1 protein
levels were significantly greater in the CD146+ MSC group than in the CD146- MSC group (Figure 4F and G), corrob-
orating the results of the in vitro analyses.

CD146+ MSCs promote COX2 expression via the NF-kB signaling pathway

To explore the mechanism underlying the function of CD146 in MSCs, CD146+ MSCs and CD146- MSCs were subjected
to mRNA sequencing after sorting. As depicted in Figure 5A, a significant number of DEGs were observed between the
CD146+ MSC and CD146- MSC groups. Kyoto Encyclopedia of Genes and Genomes analysis revealed that these DEGs
were enriched in multiple pathways, including the NF-xB pathway (Figure 5B).

Among the DEGs, COX2, an oxidase reductase, was found to be regulated through the NF-xB pathway. Our results
indicated that COX2 mRNA expression was significantly lower in CD146- MSCs than in CD146+ MSCs on the basis of
data from the Gene Expression Omnibus database (Figure 5C). Additionally, COX2 mRNA and protein levels were
significantly increased in CD146+ MSCs (Figure 5D and E). CD146-MSCs also exhibited dysregulated p-NF-«xB
expression, with no significant effect on NF-xB levels (Figure 5E).

As a recognized NF-kB inhibitor, the mechanism of action of CAPE has been confirmed by multiple studies: It
specifically inhibits the activity of the IkappaB kinase complex, blocks the phosphorylation and degradation of IkappaBo,
and then inhibits the nuclear translocation and transcriptional activation of the NF-xB dimer[34]. Activated NF-xB (P65)
needs to enter the nucleus to initiate target gene transcription[35]. CAPE directly inhibits the nuclear transport of p65 by
interfering with the interaction between the nuclear localization signal of p65 and importin-a/p, thereby reducing the
expression of its downstream genes (such as COX2)[36]. CAPE inhibits NF-xB phosphorylation[35,37], prompting us to
treat CD146+ MSCs with CAPE and analyze NF-«xB phosphorylation levels. The results indicated that CAPE inhibited
NF-«B phosphorylation in CD146+ MSCs and reduced COX2 expression (Figure 5F and G). Additionally, the secretion of
cytokines from CD146+ MSCs was evaluated, and CAPE was found to partially reverse the changes in cytokine secretion
in CD146+ MSCs (Figure 5H).
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Figure 2 CD146 protein expression in mesenchymal stromal cells cultured in medium from Shandong Qilu Cell Therapy Engineering
Technology Co. Ltd., administered via caudal vein injection under the acute respiratory distress syndrome model. Variations in the
expression of different proteins across various culture systems. Representative flow cytometry patterns from the different groups are shown. The expression of
CD146 was significantly greater in the mesenchymal stromal cells cultured in medium from Shandong Qilu Cell Therapy Engineering Technology Co. Ltd.,
administered via caudal vein injection under the acute respiratory distress syndrome model system, whereas the CD271, CD106, vascular endothelial growth factor-2,
and Nestin expression levels were not significantly different. NC: Negative control; DY: Mesenchymal stromal cells cultured in medium from Dakewe Biotech Co.,
administered via caudal vein injection after establishing the acute respiratory distress syndrome model; YF: Mesenchymal stromal cells cultured in medium from
Shandong Qilu Cell Therapy Engineering Technology Co. Ltd., administered via caudal vein injection under the acute respiratory distress syndrome model; HK:
Mesenchymal stromal cells cultured in medium from Cytoniche, administered via caudal vein injection in the acute respiratory distress syndrome model.

To investigate the mechanism of action of NF-xB in CD146+ MSCs, we found that both the mRNA and protein levels of
COX2 were significantly decreased after p65 knockdown (Supplementary Figure 3A and B). We also detected the factors
secreted by these cell lines and found that the levels of HGF, PGE2, and VEGF were significantly decreased after p65
knockdown (Supplementary Figure 3C). Taken together, these results indicate that CD146+ MSCs promote COX2
expression by activating the NF-kB pathway. Overall, these findings suggest that CD146+ MSCs upregulate COX2
through the activation of the NF-xB pathway.
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Figure 3 Biological characteristics of the CD146+/- mesenchymal stromal cell subpopulation. A: CD146+ mesenchymal stromal cells (MSCs) and
CD146- MSCs were isolated via magnetic bead sorting, and the proportion of CD146+ and CD146- MSCs increased from 32.1% to 68.7%; B: Enzyme-linked
immunosorbent assay analysis of hepatocyte growth factor, prostaglandin E2, angiopoietin-1, and vascular endothelial growth factor levels in MSCs; C: Human
umbilical vein endothelial cells were cultured alone or with either CD146+ MSCs or CD146- MSCs. Cord formation was evaluated at 5 hours post-seeding. Junctions
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and nodes were quantified at 5 hours and compared with those in the human umbilical vein endothelial cell-only group; D: In vitro immunomodulation by CD146+
MSCs and CD146- MSCs. T helper type 1/T helper type 17/regulatory T cells were cocultured with CD146+ MSCs and CD146- MSCs for 18 hours/3 days. T-cell
analysis was performed via flow cytometry. The data are presented as the means + SD and were analyzed via two-sided Student’s t tests. n = 3, 2P < 0.05, °P < 0.01,
°P < 0.001, °P < 0.0001. NC: Negative control; MSC: Mesenchymal stromal cell; HGF: Hepatocyte growth factor; PGE2: Prostaglandin E2; Ang-1: Angiopoietin-1;
VEGF: Vascular endothelial growth factor; Th1: T helper type 1; Th17: T helper type 17; Treg: Regulatory T; IFN: Interferon; IL: Interleukin.
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Figure 4 Therapeutic effects on acute respiratory distress syndrome after injection of CD146+ mesenchymal stromal cells and caffeic
acid phenethyl ester pretreated CD146+ mesenchymal stromal cells. A and B: Comparison of body weight (A) and wet-dry ratio (B) of lung tissue across
groups (n = 10 per group); C: White blood cell counts in bronchoalveolar lavage fluid were measured at the experimental endpoint (n = 10 per group); D and E:
Representative images of pathological changes and lung injury scores (E) in the lung tissue of each group (n =5 per group); F: Representative immunohistochemical
images of VE-cadherin and zonula occludens-1 staining in different groups; G: H-scores of VE-cadherin and zonula occludens-1 in mouse lung tissues. The data are
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presented as the means + SD and were analyzed via two-sided Student's ¢ tests. 2P < 0.05, °P < 0.01, °P < 0.001, %P < 0.0001. WBC: White blood cell; MG: Model
control (vehicle administered via caudal vein injection after establishing the acute respiratory distress syndrome model; MSC: Mesenchymal stromal cell; ZO-1:
Zonula occludens-1.
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Figure 5 Transcriptomic analysis of mesenchymal stromal cells and validation. A: Heatmap displaying genes differentially expressed between
CD146+ mesenchymal stromal cells (MSCs) and CD146- MSCs; B: Kyoto Encyclopedia of Genes and Genomes enrichment analysis demonstrating that differentially
expressed genes are enriched in distinct signaling pathways between CD146+ MSCs and CD146- MSCs; C: Gene set enrichment analysis was performed on the
differentially expressed genes; D: Cyclooxygenase 2 (COX2) and nuclear factor kappa B (NF-kB) mRNA levels in CD146+ MSCs and CD146- MSCs were quantified
by reverse transcription-quantitative polymerase chain reaction; E: Western blot analysis of COX2, NF-kB, and p-NF-kB protein levels; F: COX2 and NF-«xB mRNA
levels in CD146+ MSCs treated with caffeic acid phenethyl ester (CAPE) for 24 hours were detected by reverse transcription-quantitative polymerase chain reaction.
The band density was compared to that of the control and normalized to that of GAPDH using densitometry; G: The protein levels of COX2, NF-kB, and p-NF-kB were
detected by western blot in CD146+ MSCs treated with CAPE for 24 hours. Band density was compared to that of the control and normalized to that of GAPDH via
densitometry; H: Enzyme-linked immunosorbent assay analysis of hepatocyte growth factor, prostaglandin E2, angiopoietin-1, and vascular endothelial growth factor
expression in CD146+ MSCs after treatment with CAPE for 24 hours. Data are presented as the means + SD and were analyzed by two-sided Student’s ¢ tests. n =
3.3P<0.05,°P < 0.01, °P < 0.001, 9P < 0.0001. KEGG: Kyoto Encyclopedia of Genes and Genomes; TNF: Tumor necrosis factor; PI3K: Phosphoinositide 3-kinases;
IL: Interleukin; TGF: Transforming growth factor; MSC: Mesenchymal stromal cell; NF-kB: Nuclear factor kappa B; COX2: Cyclooxygenase 2; CAPE: Caffeic acid
phenethyl ester; HGF: Hepatocyte growth factor; PGE2: Prostaglandin E2; Ang-1: Angiopoietin-1; VEGF: Vascular endothelial growth factor.

CD146+ MSCs significantly reduce LPS-induced damage to human lung microvascular endothelial cells

A cell permeability assay was used to evaluate the effect of MSCs on the barrier function of LPS-induced HULEC-5a cells.
Specifically, by detecting the fluorescence intensity of 4 kDa FITC-dextran passing through the transwell membrane, the
changes in permeability of the cell monolayer were quantified to verify whether MSCs improve endothelial barrier
function by maintaining the integrity of tight junctions. An excessive inflammatory response is a core pathological feature
of ARDS that can directly mediate endothelial cell injury, and this assay can verify the immunomodulatory effect of
MSCs. Endothelial cell apoptosis assays revealed that CD146+ MSCs support the survival of endothelial cells.

We evaluated permeability, inflammatory factor secretion, and apoptosis in HULEC-5a cells and found that CD146+
MSCs reduced cell damage. Furthermore, CAPE partially restored the effects on HULEC-5a/HPAEpic-I11-SV40
permeability, HULEC-5a inflammatory factor secretion, and apoptosis (Figure 6A-D). In addition, p-PKA, p-CREB, VE-
cadherin, and ZO-1 Levels were significantly greater in the CD146+ MSC group than in the LPS group, with CAPE
partially reversing these effects in CD146+ MSCs (Figure 6E-G). Overall, these results suggest that CD146+ MSCs
promote lung epithelial cell repair through the activation of the NF-«xB pathway.

DISCUSSION

ARDS is an acute, widespread lung injury caused by various intrapulmonary and extrapulmonary factors that may
progress to acute respiratory failure. The primary pathological features include damage to pulmonary vascular
endothelial cells, extensive lung inflammation, and osmotic pulmonary edema due to increased pulmonary microvascular
permeability[38]. As a result, effectively reducing pulmonary inflammation and protecting endothelial barrier function in
the pulmonary microvasculature are crucial approaches to lowering ARDS mortality. Vascular permeability serves as a
selective mechanism for maintaining material exchange between blood vessels, tissues, and organs. Disruption of
intercellular junctions and the formation of gaps between endothelial cells are key indicators of increased vascular
permeability[39]. The functional status of endothelial cells is a major determinant of vascular permeability, and the
integrity of endothelial cell junctions is regulated by proteins involved in tight and adherens junctions[38,40,41]. ZO-1
and VE-cadherin are essential components of tight and adherens junctions and are frequently used as indicators for
assessing changes in endothelial cell permeability[42].

CD146, a membrane glycoprotein, is highly expressed in various cell types and plays a pivotal role in the activity of
vascular endothelial cells and angiogenesis[11,12]. Moreover, CD146 is considered a valuable surface marker for
identifying specific MSC subsets[43]. Studies on CD146+ stem cell subsets suggest that CD146 can be used as a quality
marker for these MSC populations[44]. In regenerative medicine, the CD146+ MSC subpopulation has demonstrated
remarkable biological and therapeutic potential[44,45]. MSCs secrete a variety of growth factors, with HGF and VEGF[46,
47] being especially important in regulating vascular endothelial permeability[48,49]. Additionally, inflammatory factors
and injury mediators, such as LPS, can induce the production of VEGF and HGF in MSCs[50]. As a result, the paracrine
secretion of VEGF and HGF may play a crucial role in regulating vascular permeability during acute lung injury.
Moreover, PGE2 alleviates vascular leakage and supports barrier function in human microvascular pulmonary
endothelial cells[51,52]. PGE2 also protects against LPS-induced pneumonia in mouse models by decreasing TNF-a
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Figure 6 The nuclear factor kappa B inhibitor caffeic acid phenethyl ester reverses the improvement effect of CD146+ mesenchymal
stromal cells on pulmonary endothelial barrier injury in acute respiratory distress syndrome. A: Permeability of HULEC-5a/HPAEpic-1I-SV40 cells
cocultured with CD146+ mesenchymal stromal cells (MSCs) and treated with caffeic acid phenethyl ester for 24 hours; B: The expression of tumor necrosis factor-a,
interleukin-8, and interleukin-6 in HULEC-5a cells was measured via enzyme-linked immunosorbent assay; C: HULEC-5a cell apoptosis was assessed by Annexin V-
FITC and propidium iodide double-staining, followed by flow cytometry analysis after treatment with CD146+ MSCs + caffeic acid phenethyl ester for 24 hours.
Representative flow cytometry patterns from different groups are shown; D: Cell apoptosis was measured by Annexin V-APC and propidium iodide double staining
and flow cytometric analysis. Representative flow cytometry patterns from different groups are shown. The percentages of apoptotic cells in the different groups were
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calculated according to the flow cytometric results; E: Protein levels of protein kinase A, phospho-protein kinase A, cyclic-AMP response element-binding protein,
phospho-cyclic-AMP response element-binding protein; F: Western blot analysis of zonula occludens-1, VE-cadherin, and GAPDH protein expression in HULVE-a
cells after lipopolysaccharide (LPS)-induced modeling (24 hours) and different treatments; G: The density of each individual band was compared to that of the
corresponding control band and normalized to that of GAPDH by densitometry. Groups: Control, LPS, LPS + CD146+ MSC, and LPS + CD146+ MSC + caffeic acid
phenethyl ester. The data are presented as the mean + SD and were analyzed by two-sided Student's t tests. n = 3. 2P < 0.05, °P < 0.01, °P < 0.001, ¢P < 0.0001.
LPS: Lipopolysaccharide; TNF: Tumor necrosis factor; IL: Interleukin; CAPE: Caffeic acid phenethyl ester; MSC: Mesenchymal stromal cell; PKA: Protein kinase A;
CREB: Cyclic-AMP response element-binding protein; ZO-1: Zonula occludens-1.

secretion and neutrophil recruitment[53]. However, the mechanisms underlying the enhanced functionality of CD146+
MSCs remain unclear.

In this study, we unexpectedly discovered that MSCs cultured in different media significantly differed in their ability
to treat ARDS mice and that the YF group presented a greater advantage. Moreover, the expression of MSC CD146 in the
YF group was significantly greater than that in the other groups and that CD146+ MSCs could regulate the expression of
COX2. Therefore, we hypothesize that there is a potential signaling axis, the CD146/NF-kB/COX2 axis, in CD146+ MSCs.
Activation of the NF-xB pathway and upregulation of COX2 contribute to the repair of damaged epithelial cells.
Moreover, we observed enhanced pro-angiogenic and anti-inflammatory autocrine factor production: CD146+ MSCs
expressed increased levels of HGF, PGE2, VEGF, and Ang-1, contributing to a stronger pro-angiogenic effect and anti-
inflammatory effect.

COX, a key enzyme in arachidonic acid metabolism, has two isoforms: COX-1 and COX-2. COX-2 is an inducible
enzyme not found under normal physiological conditions but is upregulated during inflammation and tumorigenesis.
COX-2 expression is expressed in various inflammatory and traumatic diseases, as well as in multiple tumor types[54-57],
and plays a significant role in the progression of osteoarthritis, particularly in cartilage inflammation and joint
destruction. COX-2 has been implicated in both the initiation and resolution phases of inflammation, where it initiates the
inflammatory response at the early stages and helps resolve inflammation during the recovery phase. PGE2, produced
from arachidonic acid by COX-2, is involved in regulating blood pressure and protecting the gastrointestinal mucosa
under normal conditions. Additionally, PGE2 acts as an immunosuppressive mediator, inhibiting pro-inflammatory
factors in monocytes and promoting IL-10 expression. VEGF, a potent stimulator of osteogenesis, is crucial for the
coupling of osteogenesis and angiogenesis[58]. COX-2, a rate-limiting enzyme in prostaglandin synthesis, is expressed
under inflammatory, tumorigenic, and hypoxic conditions[59]. COX-2 activation increases the production of both PGE2
and VEGEF in vitro, whereas inhibiting COX-2 reduces VEGF expression in vivo[60]. Moreover, MSC-derived conditioned
media has been shown to support endothelial cell growth, promote tube formation, and reduce cell apoptosis, largely
through the action of VEGF[61]. MSCs improve pulmonary endothelial barrier injury in ARDS through various
pathways, including maintaining barrier integrity, inhibiting excessive inflammatory responses, and reducing endothelial
cell apoptosis. Therefore, we designed three in vitro experiments to verify the therapeutic mechanisms of CD146+ MSCs
from different pathological links.

Pulmonary endothelial cell permeability assay: This assay quantified the reparative effect of MSCs on LPS-induced
endothelial barrier disruption. An excessive inflammatory response is a core pathological feature of ARDS that directly
mediates endothelial cell injury. This study verified the immunomodulatory effect of CD146+ MSCs. Endothelial cell
apoptosis assays clarified the support of CD146+ MSCs for the survival of endothelial cells. Together, these three
experiments constitute a complete logical chain of “preventing injury/repairing structure/maintaining function”,
demonstrating that CD146+ MSCs have sufficient advantages in improving pulmonary endothelial barrier injury in
ARDS. These observations were confirmed in an in vitro model.

In summary, we found that, compared with CD146- MSCs, CD146+ MSCs demonstrated superior immunomodulatory
abilities and cytokine secretion. This may be attributed to the activation of the NF-xB pathway and increased COX2
expression. Therefore, CD146 expression plays a pivotal role in influencing the stem cell properties of MSCs, likely
contributing to the enhancement of MSC-mediated regulatory mechanisms.

CONCLUSION

This study demonstrated that, compared with CD146- MSCs, CD146- MSCs exhibit superior therapeutic efficacy in
ARDS, primarily due to their increased secretory capacity and immunomodulatory properties. Specifically, CD146+
MSCs effectively promoted alveolar vascular regeneration and mitigated excessive inflammatory responses, which are
crucial for lung tissue repair, in ARDS models. Mechanistically, the activation of the NF-xB/COX2 signaling pathway
was identified as a key molecular event underlying the epithelial reparative functions of CD146+ MSCs; this pathway
regulated the secretion of PGE2 and angiogenic factors, thereby facilitating alveolar epithelial cell proliferation and
barrier restoration. These findings not only reveal the subtype-specific functional divergence in MSCs and highlight
CD146 as a pivotal marker for isolating MSCs with enhanced therapeutic potential but also establish CD146+ MSCs as a
promising cell subtype for targeted ARDS therapy. Moreover, the identification of the NF-xB/COX2 axis as a regulatory
hub for MSC-mediated repair provides novel insights into the molecular mechanisms governing MSC heterogeneity,
potentially informing the development of precision cell therapies and pharmacologic strategies to optimize therapeutic
outcomes in ARDS and other inflammatory diseases.
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