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Abstract
Background The therapeutic benefits of mesenchymal stromal cells (MSCs) are largely dependent on paracrine 
factors, but the supernatants of the different MSCs may have different effects on multiple myeloma (MM) cells. 
Therefore, this study compared supernatants of bone marrow-derived mesenchymal stromal cells (BM-MSCs) 
with umbilical cord wharton’s jelly’s mesenchymal stem cells (UC-WJ MSCs) in different states (non-senescent and 
replicative senescence) on the MM cells.

Methods We extracted human BM-MSCs and UC-WJ MSCs in vitro and used H2O2 to induce replicative senescence. 
Concentrated supernatants from MSCs and senescent MSCs (SMSCs) were added to MM cells. Cell proliferation, the 
cell cycle, apoptosis, cell migration, tumor stemness factor expression, and cytokine expression levels were analyzed. 
Transcription regulation of signaling pathways was discussed.

Results We successfully isolated and identified BM-MSCs, UC-WJ MSCs, and SMSCs. When concentrated supernatants 
from BM-MSCs, UC-WJ MSCs, senescent BM-MSCs (SBM-MSCs), senescent UCWJ MSCs (SUC-WJ MSCs) were used 
to treat MM cells, BMMSCs and SBM-MSCs supernatants promoted the proliferation of MM cells, with a more 
pronounced effect by SBM-MSCs. UC-WJ MSCs and SUC-WJ MSCs supernatants inhibited the viability and proliferation 
of MM cells. BM-MSCs and SBM-MSCs supernatants increased the proportion of MM cells in the S-phase, with the 
effect of SBM-MSCs being more evident. UC-WJ MSCs and SUC-WJ MSCs supernatants arrested MM cells in the G0/
G1 phase. BM-MSCs and SBM-MSCs supernatants enhanced the migration and tumor stemness of MM cells, with 
SBMMSCs having a more dramatic effect. UC-WJ MSCs and SUC-WJ MSCs supernatants inhibited the migration and 
tumor stemness of MM cells, with UC-WJ MSCs having a more inhibitory effect. IL-6 and VEGFA expression correlated 
negatively with the survival of patients with MM according to online database analysis, in addition, we found that the 
expression of IL-6 and VEGFA was higher in MM patients through GEO database analysis. BM-MSCs and SBM-MSCs 
supernatants treatment increased the expression of IL-6 and VEGFA on MM cells, while UC-WJ MSCs and SUC-WJ MSCs 
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Introduction
Multi-tumor model studies have shown that MSCs deliv-
ered via vein or artery have a preference for tumor sites, 
mainly due to factors secreted by tumor cells and/or 
inflammatory mediators produced by damaged tissues 
[1, 2], so some reports have suggested that MSCs can be 
used as vectors for cancer gene therapy [3, 4]. However, 
MSCs of distinct origins have different biological func-
tions and therapeutic effects, with a dual role in stimu-
lating growth or inhibiting progression in cancer [5]. 
Experiments have shown that extracellular vesicles from 
BM-MSCs can promote the malignant progression of 
MM [6]. BM-MSCs could promote MM cell clone for-
mation and proliferation, whereas umbilical cord mesen-
chymal stem cells (UC-MSCs) significantly inhibited MM 
cell clonality and proliferation in vitro and inhibited the 
subcutaneous tumor growth in mice in vivo [7]. These 
studies suggested a close interaction between MM cells 
and BM-MSCs and UC-MSCs were different, however, 
the underlying mechanisms are not fully understood.

Previous studies have found that in the microenvi-
ronment of multiple myeloma, abnormally proliferated 
plasma cells have acclimated mesenchymal stem cells 
into senescence [8, 9]. Senescent MSCs usually have the 
unique property of secreting large quantities of chemo-
kines and cytokines, termed the senescence-associated 
secretory phenotype (SASP). SASP triggering the incep-
tion of deadly degenerative diseases by paracrine factors, 
such as cancer [10]. Therefore, in the present study, we 
explored the effect of supernatants of BM-MSCs and 
UC-WJ MSCs and their senescent populations on MM. 
Furthermore, to provide the optimal cancer gene therapy 
vector for MM patients.

Methods
Cell lines and culture
MM cell lines (RPMI8226 and U266) [11, 12] were cul-
tured in Roswell Park Memorial Institute (RPMI) 1640 
medium containing 10% fetal bovine serum (FBS) and 
1% penicillinstreptomycin. BM-MSCs and UC-WJ 
MSCs were grown in L-Dulbecco’s modified Eagle’s 
medium (L-DMEM) supplemented with 10% FBS and 1% 
penicillinstreptomycin.

Isolation of human BM-MSCs and UC-WJ MSCs
Human BM-MSCs were purified using Ficoll density 
gradient centrifugation and the adherent method. Cells 
at 3 ~ 5 generation were selected for the experiments, 
and their immunophenotypes were identified using flow 
cytometry.

UC-WJ MSCs were extracted using the tissue block 
adhesion method. The umbilical cord tissue was washed 
twice with phosphate buffered saline (PBS) and thor-
oughly cleaned to remove any blockages. After cleaning 
and disinfecting with ethanol, the umbilical vein was 
removed and the umbilical cord was cut into small pieces 
(about 1 cm long) and evenly spread in a 100 mm2 petri 
dish. Then, L-DMEM complete medium containing 10% 
FBS was added to the wall after attachment, and the dish 
was placed in a 5% CO2 incubator at 37 ℃ for primary 
culture. We exchanged the medium every 3 days, and 
when the cells reached 80% confluence, they were pas-
saged. The immunophenotypes of the cells at 3 ~ 5 gen-
eration were identified using flow cytometry.

Osteogenesis lipid induction experiment
Third generation UC-WJ MSCs and BM-MSCs in good 
condition were trypsin digested and seeded in a labeled 
6-well plate at a density of 2 × 104 cells/well. When the 
cells reached about 40% confluence, the medium was 
replaced with 2 mL of osteogenic induction medium 
(DMEM medium containing 10% FBS, 0.1 µmol/L dexa-
methasone, 10 mmol/L βglycerophosphate, 50  mg/L 
vitamin C, 100  mg/L penicillin, and 100 U/mL strepto-
mycin). Alizarin red staining was performed on the 14th 
day. The cells were fixed for 30 min using 40 g/L parafor-
maldehyde, washed thrice using PBS, and stained using 
2% alizarin red S for 20  min at room temperature. The 
formation of mineralized nodules was observed under an 
optical microscope.

Healthy UC-WJ MSCs and BM-MSCs from passage 3 
were seeded in 6-well plates at a density of 2 × 104 cells/
well, and grown until they reached 100% confluence. The 
medium was replaced with 2 mL of adipogenic induction 
medium (DMEM medium containing 10% fetal bovine 
serum, 1 µmol/L dexamethasone, 60 µmol/L indometha-
cin, 0.5 mmol/L 1-methyl-3-isobutylxanthine, 100  mg/L 
penicillin, and 100 U/mL streptomycin). The adipogenic 

supernatants inhibited their expression. Signal pathway validation showed that the biological function of MSCs in MM 
is closely related to the PI3K/AKT/NF-κB pathway.

Conclusion The supernatants of BM-MSCs promote the proliferation of MM cells, On the contrary, the supernatants 
of UC-WJ MSCs inhibit MM cell proliferation. We observed that MSCs from different sources and different states have 
contrasting biological functions in MM cells. Furthermore, this research was provided to the optimal cancer gene 
therapy vector for MM was UC-WJ MSCs, even UC-WJ MSCs was in the state of senescence.
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induction medium was replaced every 3 days. Oil red 
O staining was performed on the 14th day. The induced 
cells were fixed for 30  min using 40  g/L paraformalde-
hyde, was hed thrice using PBS, and then stained using 
oil red O staining solution for 30 min at room tempera-
ture. An optical microscope was used to observe the 
stained cells.

Inducing cell senescence
To induce cellular senescence, MSCs were subjected to 
hydrogen peroxide (H2O2) oxidative stress. Semi-conflu-
ent cells were exposed to 200 µM H2O2 for 2  h. There-
after, the cells rinsed using PBS and grown for 3 days 
in fresh medium. To evaluate cell senescence, accord-
ing to the manufacturer’s instructions, we carried out 
a βgalactosidase assay using a senescence-associated 
β-galactosidase staining kit (SAβGal; Beyotime, Jiangsu, 
China). In each group (n = 3), senescent cells were viewed 
using an optical microscope and images were obtained 
from three random fields.

Collection of concentrated supernatants of MSCs
The different MSCs (BM-MSCs, UC-WJ MSCs), senes-
cent BM-MSCs (SBM-MSCs), and senescent UC-WJ 
MSCs (SUC-WJ MSCs) were inoculated into 100 mm2 
dishes at 1 × 106 cells. After the cells reached approxi-
mately 80% confluence, the medium was replaced with 
serum-free L-DMEM, and after 48  h, we collected the 
supernatant by centrifugation at 4 ℃ for 60 min at cen-
trifugal force 5300×g using a truncated 100  kDa ultra-
filtration tube. The collected concentrated solution was 
filtered and stored at -80 °C.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay to evaluate cell viability
RPMI8226 and U266 cells were seeded into 96-well plates 
at 100 µL/well (1 × 104 cells/ml) and incubated at 37  °C 
overnight in a 5% CO2 humidified incubator. Thereafter, 
the cells were then pretreated with various concentrated 
supernatants of MSCs (BM-MSCs, UCMSCs, SBM-
MSCs, SUC-WJ MSCs) for 1, 2, 3, 4, 5, 6, and 7 days. 
Then, MTT solution (20 µL) was added to each well, fol-
lowed by incubation for 4 h at 37 °C with 5% CO2. Finally, 
a microplate reader was used to determine the absor-
bance at 570 nm.

Cell apoptosis analysis using flow cytometry
Healthy RPMI8226 and U266 cells were inoculated into 
sterile 25 cm2 culture flasks at 1 × 105 cells/bottle and 
grown in a CO2 atmosphere for 12  h. After synchroni-
zation, different MSCs concentrated supernatants (BM-
MSCs, UC-WJ MSCs, SBM-MSCs, and SUC-WJ MSCs) 
were added to the medium and culture was continued for 
48  h. The cells were collected by centrifugation (5 min 

at 1000  rpm). The supernatant was removed, the cells 
were resuspended in 500 µL of PBS, and then added with 
Annexin V-fluorescein isothiocyanate (FITC) (5 µL) and 
propidium iodide (PI) (5 µL), mixed, and reacted at room 
temperature for 15 min in the dark.

Cell cycle analysis using flow cytometry
Healthy RPMI8226 and U266 cells were inoculated into 
sterile 25 cm2 culture flasks at 1 × 105 cells/bottle and 
grown in a CO2 atmosphere for 12  h. After synchroni-
zation, different MSCs concentrated supernatants (BM-
MSCs, UC-WJ MSCs, SBM-MSCs, and SUC-WJ MSCs) 
were added to the medium and cultured was contin-
ued for 48  h. The cells were collected by centrifugation 
(3100  g, 5 min), washed using pre-cooled PBS, centri-
fuged again, and resuspended in pre-cooled PBS. Pre-
cooled 70% ethanol was added to the suspension, which 
was incubated overnight at 4  °C for fixation. Next day, 
the fixed cells were centrifuged and the cell pellet was 
washed twice using PBS. Then, RNase A (50 µL) and PI 
(450 µL) and were added and the cells were incubated for 
30 min at 4 °C. Finally, flow cytometry was used to ana-
lyze the cell cycle (BD C6 Plus Cell Analyzer). The results 
were analyzed using FlowJo 10.0 software (Tree Star Inc., 
Ashland, OR, USA).

Transwell invasion assay
Analysis of cell migration and invasion capacity was car-
ried out using transwell assays. We added 1 × 105 cells 
(200 µL) into the upper chamber of the transwell cassette 
(8  μm, Corning Inc., Corning, NY, USA) and different 
MSCs concentrated supernatants (BM-MSCs, UC-WJ 
MSCs, SBM-MSCs, and SUC-WJ MSCs) were added 
according to the experimental requirements. We added 
600 µL of RPMI-1640 medium with 20% FBS to the lower 
chamber. After 48  h, the cells remaining in the upper 
chamber were wiped off, and 10 µL of 10  mg/ml MTT 
were added to each well and incubated at 37  °C for 4 h. 
We removed the supernatant, added 150 µL of dimethyl 
sulfoxide (DMSO), and the reaction was allowed to pro-
ceed for 15 ~ 20 min. Thereafter, a microplate reader was 
used to determine the OD values at 570 nm.

Western blotting analysis
Radioimmunoprecipitation (RIPA) lysis buffer contain-
ing phenylmethylsulfonyl fluoride (PMSF), phospha-
tase inhibitors, and protease inhibitors, was used to 
extract total proteins from cells. Sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE; 
6–12%) (Solarbio, Beijing, China) was used to sepa-
rate equal amounts of protein, which were then trans-
ferred electrophoretically to polyvinylidene fluoride 
(PVDF) membranes (0.45 µM, Millipore, Billerica, MA, 
USA). 5% skim milk was used to block the membranes 
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at room temperature for 1  h. The membranes were 
then incubated gently overnight at 4 °C with the follow-
ing primary antibodies: anti-phosphorylated protein 53 
(P53), antiglyceral- dehyde-3-phosphate dehydrogenase 
(GAPDH), anti-cyclin dependent kinase inhibitor 1  A 
(p21), anti-nuclear factor kappa B (NF-κB), antiphosphati 
dylinositol-4,5-bispho- sphate 3-kinase (PI3K), anti-
phosphorylated (P)PI3K, anti-protein kinase B (AKT), 
antiPAKT (1:1,000; Beyotime), anti-cyclin dependent 
kinase 6 (CDK6), antiCyclinE1, anti-SRY-box transcrip-
tion factor 2 (SOX2), anti-NANOG, antioctamer-bind 
-ing protein 4 (OCT4) (1:1,000; ProteinTech, Rosemont, 
IL, USA), anti-Vascular endothelial growth factor A 
(VEGFA), anti-interleukin-6 (IL6), anti-E-Cadherin and 
anti-N-Cadherin (1:1,000; Cell Signaling Technology, 
Danvers, MA, USA). The membranes were washed thrice 
using Tri-buffered salineTween 20 (TBST, Solarbio) and 
then incub-ated with goat anti-rabbit and goat anti-
mouse horseradish peroxidase (HRP)-linked secondary 
antibodies 1:5000 (Boster, Wuhan, China) at room tem-
perature for 2  h. Finally, the immunoreactive protein 
bands were detected using ultra-sensitive ECL chemilu-
minescence (Boster). Image J software (NIH, Bethesda, 
MD, USA) was used to quantify the grey values of the 
protein bands, normalized to that of GAPDH.

Functional exploration of differentially expressed genes 
from MM
The PrognoScan database ( h t t p  : / /  d n a 0  0 .  b i o  . k y  u t e c  h .  a c 
. j p / P r o g n o S c a n /) was utilized to aggregate all available 
datasets, providing a convenient and reliable method for 
investigating the prognostic significance of genes. We 
employed the PrognoScan GSE2658 of database data to 
assess the prognostic relevance of core target molecules 
across MM, the endpoint was disease specific survival. 
The threshold for inclusion in further analysis was estab-
lished as p corrected < 0.05.

The gene expression analysis dataset GSE6477 was 
downloaded from the GEO database  h t t p  : / /  w w w .  n c  b i .  n 
l m  . n i h  . g  o v / g e o /, and included 149 MM patient samples 
and 13 healthy subjects as training datasets. The expres-
sion difference between IL-6 and VEGFA was analyzed 
using R.4.3.2 language.

Statistical analysis
All data are shown as the mean ± standard deviation (SD). 
Statistical analysis was performed using GraphPad Prism 
software (GraphPad Software, San Diego, CA, USA). 
Differences between or among groups were analyzed 
using Student’s t-test or one-way analysis of variance 
(ANOVA). Statistical significance was indicated by P val-
ues less than 0.05.

Results
Extraction and identification of MSCs
We isolated MSCs from bone marrow and umbilical cord, 
and characterized their phenotype using flow cytometry. 
Subsequently, we assessed their differentiation potential 
into osteocytes and adipocytes (Figs. 1 and 2A). After 7 
days of primary UC-WJ MSCs culture, a small number of 
cells emerged from the umbilical cord tissue, as observed 
under an inverted optical microscope. On the 9th day, 
the cells grew into colonies and formed dense structures 
resembling whirlpools. After digestion and subculture, 
the 3rd generation of UC-WJ MSCs grew with a spindle 
shape. On the third day of primary culture of BM-MSCs, 
a large number of suspended round cells could be seen 
under the microscope, and long spindle-shaped and tri-
angular adherent cells could be seen at the bottom of 
the petri dish. After digestion and passage, round and 
long spindle-shaped adherent cells could be seen in pas-
sage 1 (P1) cells, and dense growth of spiral cells could 
be seen in P3 cells (Fig. 2B). Flow cytometry showed high 
expression of CD90, CD105, and CD73 in 3rd generation 
UC-WJ MSCs and BM-MSCs (Positive rate > 95%), and 
low expression of CD14, CD34, CD11b, CD45,and HLA-
DR (Positive rate < 1%) (Fig. 2C). After 14 days of induc-
tion differentiation of UC-WJ MSCs and BM-MSCs in 
lipogenic osteogenic medium, oil red O staining showed 
round lipid droplets in the differentiated cells identify-
ing them as differentiated adipocytes and orange calcium 
nodules were formed after alizarin red staining. Both cell 
populations had the ability to differentiate into bone cells 
and adipocytes (Fig.  2D). Thus, the isolated cells were 
identified as MSCs.

Identification of senescent MSCs
We used H2O2 to induce MSCs to senescence and identi-
fied them by flow cytometry and western blot (Fig. 3A). 
BM-MSCs and UC-WJ MSCs showed a fibroblast-like 
morphology, and after H2O2induced senescence, the 
MSCs appeared longer and larger, and accumulated 
granular cytoplasmic inclusions. In aging MSCs, the per-
centage of cells that were stained positively with SA-β-Ga 
increased significantly (Fig. 3B). Flow cytometry showed 
that the proportion of senescent MSCs (SMSCs) in the 
G0/G1 phase was significantly increased, while the pro-
portion of cells in the S-phase was significantly decreased 
(Fig. 3C). In SMSCs, increased age resulted in enhanced 
levels of p53 and p21, as assessed using western blotting 
(Fig. 3D).

Effect of MSCs on myeloma cell proliferation
The MTT assay was employed to assess the prolifera-
tion of multiple myeloma cells following the addition of 
various concentrations of MSCs (Fig. 4A). To determine 
the effects of UC-WJ MSCs and BM-MSCs on MM cells, 

http://dna00.bio.kyutech.ac.jp/PrognoScan/
http://dna00.bio.kyutech.ac.jp/PrognoScan/
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
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RPMI8226 and U266 cells were cultured with concen-
trated supernatants from BM-MSCs, UCMSCs, and 
SMSCs for 48  h. As shown in Fig.  4B, BM-MSCs and 
senescent BMMSCs (SBM-MSCs) supernatants pro-
moted the proliferation of RPMI8226 and U266 cells, 
with the SBM-MSCs supernatant having a more signifi-
cant promotion effect. UCMSCs and senescent UC-WJ 
MSCs (SUC-WJ MSCs) supernatants inhibited the pro-
liferation of RPMI8226 and U266 compared with that of 
the blank group, and the inhibitory effect of the UC-WJ 
MSCs supernatant was more pronounced (Fig. 4C).

Effect of MSCs concentrated supernatants on MM cell 
apoptosis
Flow cytometry of different MSCs concentrates added 
to MM cells (Fig.  5A). To determine if UC-WJ MSCs 
and SUC-WJ MSCs have a pro-apoptotic effect on MM 
cells, MM cells (RPMI8226 and U266) were cultured with 
UC-WJ MSCs and SUC-WJ MSCs concentrated super-
natants for 48  h, after which apoptosis was determined 
using flow cytometry. The early and late apoptosis rates 
were increased in both groups of cells, and the promo-
tion of apoptosis was more pronounced in the cells 
treated with the concentrated supernatant from younger 

UC-WJ MSCs(Fig. 5B); however, the differences were not 
statistically significant (Fig. 5C).

The influence of different MSCs on the MM cell cycle
The concentrated supernatants of BM-MSCs and SBM-
MSCs were used to treat MM cells (RPMI8226 and 
U266) for 48 h. Flow cytometry analysis of the cell cycle 
showed that the BM-MSCs and SBM-MSCs super-
natants increased the percentage of MM cells in the 
S-phase, with a larger increase in the cells treated with 
SBM-MSC supernatant. By contrast, UC-WJ MSCs and 
SUC-WJ MSCs supernatants increased the proportion 
of MM cells in the G0/G1 phase, with a larger increase 
in the cells treated with SUC-WJ MSCs supernatant 
(Fig. 6A). In addition, the levels of CDK6, CyclinE1, and 
P53 in each group were detected using western blotting. 
We observed that UCMSCs and SUC-WJ MSCs super-
natants decreased the levels of CDK6 and CyclinE1 and 
increased the level of P53 in RPMI8226 and U266 cells, 
with the UC-WJ MSCs supernatant having a larger effect 
than the SUC-WJ MSCs supernatant (Fig. 6B). The BM-
MSCs and SBM-MSCs supernatants increased the lev-
els of CDK6 and CyclinE1, but reduced the levels of p53, 
with the BM-MSCs supernatant having a larger effect 

Fig. 1 Schema of experiment design: Effects of mesenchymal stem cells from different sources on the biological functions of multiple myeloma cells. 
Bone marrow and umbilical cord mesenchymal stem cells were extracted, and senescence induced by H2O2 was exerted on multiple myeloma cells in 
various states to observe the effects of the supernatant on the biological function of multiple myeloma cells
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Fig. 2 Extraction and identification of MSCs. (A) Schema of experiment design: MSCs extraction and identification of MSCs. (B) Extraction and culture 
of BM-MSCs and UC-WJ MSCs. (C) MSCs phenotypes were identified by flow cytometry. (D) The ability of BM-MSCs and UC-WJ MSCs to differentiate into 
osteocytes and adipocytes

 



Page 7 of 15Li et al. Stem Cell Research & Therapy           (2025) 16:89 

than the SBM-MSCs supernatant (Fig.  6B). Detection 
of intracellular cycle changes after addition of different 
MSCs concentrates to MM cells using flow cytometryt 
(Fig. 6C).

Different MSCs affected MM cells migration in different 
ways
When different stem cell concentrate solutions were 
added to MM cells, we conducted invasion experiment 
(Fig.  7A). Compared with the control group, treatment 
of RPMI8226 and U266 cells with UC-WJ MSCs and 
SUC-WJ MSCs supernatants significantly inhibited their 
migration, and the inhibitory effect of the UC-WJ MSCs 
supernatant was more obvious (Fig.  7B). RPMI8226 
and U266 cells migration was promoted by BMSCs and 
SBM-MSCs supernatants. BM-MSCs and SBM-MSCs 
supernatants also increased the levels of epithelial-mes-
enchyme transition (EMT)related proteins in RPMI8226 
and U266 cells, whereas UC-WJ MSCs and SUCMSCs 

supernatants decreased the levels of EMT-related pro-
teins in RPMI8226 and U266 cells (Fig.  7C). Moreover, 
the promoting effect of the SBM-MSCs supernatant was 
more obvious (Fig. 7C).

Effect of MSCs on the levels of tumor stem cell factors in 
MM cells
The effects of the different concentrated supernatants of 
MSCs on tumor stem cell factor protein levels in MM 
cells (RPMI8226 and U266) were examined using west-
ern blotting. In comparison with the control group, 
the UC-WJ MSCs and SUC-WJ MSCs supernatants 
decreased the levels of tumor stem cell factors NANOG, 
SOX2, and OCT4 proteins, with the UCMSCs superna-
tant having a greater inhibitory effect than the SUC-WJ 
MSCs supernatant. In contrast, the BM-MSCs and SBM-
MSCs supernatants increased the levels of the tumor 
stem cell factors NANOG, SOX2, and OCT4, with the 
SBM-MSCs supernatant having a greater effect than 

Fig. 3 Identification of SMSCs. (A) Schema of experiment design: MSCs induced senescence and identification. (B) SA-β-Gal staining of senescent and 
non-senescent MSCs. (C) Flow cytometry of senescent MSCs and non-senescent MSCs. (D) Levels of p21 and p53 protein in senescent MSCs and non-
senescent MSCs. *P < 0.05, **P < 0.01 comparison with the control group. Full-length gels/blots are shown in Figure S1 in the Supplementary material

 



Page 8 of 15Li et al. Stem Cell Research & Therapy           (2025) 16:89 

Fig. 5 Effects of UC-WJ MSCs and senescent UC-WJ MSCs (SUC-WJ MSCs) concentrated supernatants on MM cells apoptosis. (A) Schema of experiment 
design: Apoptosis of UC-WJ MSCs and SUC-WJ MSCs after the addition of MM cells by flow cytometry. (B) Flow cytometry was used to detect MM cells 
apoptosis. (C) Statistical analysis of MSCs concentrate added to MM cells. *P < 0.05, **P < 0.01 comparison with the control group

 

Fig. 4 The effects of concentrated supernatants from MSCs on MM cell proliferation. (A) Schema of experiment design: MTT assay was used to detect the 
proliferation of MM cells after adding different MSCs concentrates. (B) Effects of concentrated supernatants of BM-MSCs and SBM-MSCs on MM cells. (C) 
Effects of concentrated supernatants of UC-WJ MSCs and SUC-WJ MSCs on MM cells. *P < 0.05, **P < 0.01 comparison with the control group
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the BM-MSCs supernatant (Fig. 8A). MSCs concentrate 
expression of tumour stemness factors after addition of 
MM cells (Fig. 8B).

Effects of different MSCs on soluble factor levels in MM 
cells
We used public databases to analyse the effects of inter-
leukin 6 (IL-6) and vascular endothelial growth factor A 
(VEGFA) on the survival and prognosis of MM patients 
as well as the difference in expression between MM 
patients and healthy individuals (Fig.  9A). We observed 
that low expression levels of IL-6 and VEGFA were asso-
ciated with prolonged survival of patients. The levels of 
these proteins was then detected in MM cells treated 
with the various MSCs supernatants using western blot-
ting (Fig.  9B). In comparison with the control group, 
BM-MSCs and SBM-MSCs supernatants increased the 
levels of IL-6, and VEGFA proteins, with the SBM-MSCs 
supernatant having a more obvious effect. However, the 
levels of IL-6 and VEGFA were decreased by treatment 
with UC-WJ MSCs and SUC-WJ MSCs supernatants, 

and the inhibitory effect of the UC-WJ MSCs superna-
tant was stronger (Fig.  9B). We analyzed the effects of 
interleukin 6 (IL-6) and vascular endothelial growth fac-
tor A (VEGFA) on the survival and prognosis of patients 
with MM using a public database (Fig.  9C), results dis-
played: IL6 (COX p = 0.35, HR = 1.08, 95%CI, 0.92 to 1.27, 
VEGFA (COX p = 0.03, HR = 1.35, 95%CI, 1.03 to 1.77). In 
addition, we analysed the differences in IL-6 and VEGFA 
expression between MM patients and healthy subjects by 
using the GEO database(Fig. 9D).

MSCs affected MM cells via PI3K/AKT/NF-κB signaling
As shown in Fig. 10A, compared with the control group, 
UC-WJ MSCs and SUC-WJ MSCs supernatants down-
regulated the levels NF-κB, P-AKT, and P-PI3K in 
RPMI8226 and U266 cells, while BM-MSCs and SBM-
MSCs increased NF-κB, P-AKT, and P-PI3K levels in 
RPMI8226 and U266 cells. The western blotting results 
showed that the effects of MSCs supernatants on the 
biological functions of MM cells is related to PI3K/AKT/
NF-κB signaling. Chart of possible mechanisms after 

Fig. 6 Effect of MSCs supernatants on the MM cells cycle and selected protein levels. (A) Schema of experiment design: The effects of BM-MSCs and 
UC-WJ MSCs supernatants on the cell cycle of RPMI8226 and U266 cells. (B) Levels of CDK6, P53 and CyclinE1 in MM cells after treatment with concentrat-
ed supernatants of MSCs. (C) Flowchart of the process of detecting intracellular cycle changes after the incorporation of different MSCs concentrates into 
MM cells.*P < 0.05, **P < 0.01, ***P < 0.005 comparison with the control group. Full-length gels/blots are shown in Figure S2 in the Supplementary material
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addition of different MSCs concentrates to MM cells 
(Fig. 10B).

Discussion
MSCs, as new anti-cancer cell therapies, are currently 
under intensive investigation. These cells might be 
ideal candidates for cell therapy and tissue engineering, 
because of their natural homing properties to tumors 
and their potential as cellular carriers for targeted deliv-
ery or local production of tumor cytotoxic molecules 
[13, 14]. Multiple myeloma is a malignant hematologi-
cal tumor that is difficult to cure [15]. It was found that 
BM-MSCs can promote proliferation of MM cells [16], 

while UC-MSCs can inhibit proliferation of MM cells 
[17]. Moreover, Abnormal plasma cell can induce MSCs 
to exhibit senescent phenotype in MM microenviron-
ment [18]. Herein, we investigated the potential biologi-
cal function of MSCs from healthy adult bone marrow 
and neonatal umbilical cord tissue, as well as the effects 
of the concentrated supernatants from senescent MSCs 
induced by hydrogen peroxide on MM cells. So, the 
effects of different sources and states of MSCs on MM 
proliferation were evaluated in a unified experimental 
system, then the best cancer gene therapy vector was 
selected for MM patients.

Fig. 7 Effects of MSCs concentrated supernatants on the migration of MM cells and the levels of EMTrelated proteins. (A)Schema of experiment design: 
The invasive capacity was assayed after MM cells treated with different MSC concentrate supernatants. (B)Cell migration of MM cells treated with differ-
ent MSCs concentrated supernatants. (C) The levels of EMT-related proteins in MM cells treated with different MSCs concentrated supernatants. *P < 0.05, 
**P < 0.01, ***P < 0.001,comparison with the control group. Full-length gels/blots are shown in Figure S3 in the Supplementary material
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The proliferation of cells is an orderly and complex pro-
cess that is controlled tightly by the functions of factors 
such as cell cycle proteins, cell cycle protein-dependent 
protein kinases (CDKs), and cell cycle protein-dependent 
kinase inhibitors (CKI) [19]. For a normal cell cycle, cell 
cycle proteins (e.g., positive regulators of CDK) and CKI 
(negative regulators) must be balanced and coordinated 
precisely. Disruption of this balance causes uncontrolled 
cell proliferation, ultimately leading to cancer. G1/S phase 
transition and G1 phase regulation involve CyclinE1 [20]. 
By contrast, CDK6 is an important CDK family member, 
and activated CDK6 can promote cell cycle entry into S 
phase through G1/S restriction sites that control DNA 
and centrosome replication, as well as mitosis, during the 
G2/M transition [21]. However, as an inhibitor of CDKs, 
p53 has a vital function in controlling the progression 
of the cell cycle, achieved by inhibiting DNA replication 
via an interaction with CDK6, resulting in arrest of the 
cell cycle [22]. Herein, we showed that BM-MSCs and 
SBM-MSCs supernatants increased the proportion of 
Sphase MM cells, and UC-WJ MSCs and SUC-WJ MSCs 
increased the numbers of G0/G1phase MM cells. West-
ern blotting showed that CDK6 and cyclinE1 levels were 
upregulated and p53 levels were downregulated after 
treatment with BM-MSCs and SBM-MSCs supernatants, 
whereas treatment with UC-WJ MSCs and SUC-WJ 
MSCs supernatants decreased CDK6 and cyclinE1 levels 

and increased p53 levels. These results demonstrated that 
different MSCs affect cell proliferation by regulating cell 
cycle proteins in MM cells.

The tumor stem cell-related transcription factors 
NANOG, OCT4, and SOX2 are involved in MM drug 
resistance and recurrence. Research has shown that over-
expression of NANOG, OCT4, and SOX2 can enhance 
the self-renewal ability of MM cells [23]. Herein, we 
observed that BM-MSCs and SBM-MSCs supernatants 
increased the NANOG, OCT4, and SOX2 levels in MM 
cells, while UCMSCs and SUC-WJ MSCs superna-
tants decreased their levels. These results demonstrated 
UCMSCs and SUC-WJ MSCs Can be reduced drug resis-
tance and recurrence of MM cells. In addition, EMT is 
a biological process in which a non-motile epithelial 
cell changes to a mesenchymal phenotype with invasive 
capacities. This phenomenon has been well documented 
in biological processes including tumor progression and 
metastasis [24, 25]. We showed that BM-MSCs and SBM-
MSCs supernatants decreased E-calmodulin levels and 
increased N-calmodulin levels, whereas UC-WJ MSCs 
and SUCMSCs had the opposite effects, thus affecting 
MM cell metastasis.

MSCs epigenetic and genetic activities are markedly 
altered in MM and they acquire a senescence-associated 
secretory phenotype (SASP) [26], which is a potent pro-
inflammatory microenvironment remodeler [27]. The 

Fig. 8 (A)Expression of tumour stemness factors after addition of MSCs concentrate to MM cells detected by immunoblotting. (B)Schema of experiment 
design: Effects of MSCs supernatants on tumor stem cell factor levels in MM cells.*P < 0.05, **P < 0.01, ***P < 0.001,comparison with the control group. 
Full-length gels/blots are shown in Figure S4 in the Supplementary material
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hallmarks of SASP are upregulated secretion of extracel-
lular matrix remodeling factors, pro-angiogenic factors, 
growth factors, and in particular, pro-inflammatory cyto-
kines (e.g., IL-8, IL-6, and IL-1β) [28, 29]. Systemic cyto-
kines are vital for MM clone growth and survival [30], 
and BM-MSCs in the MM ecotone secrete a large num-
ber of cytokines that maintain pro-tumor conditions, reg-
ulate cancer cell growth and survival, and maintain the 
cytokine feedback loop [31–33]. High expression of the 
inflammatory factor IL-6 [34, 35], the angiogenic factor 
VEGFA [36] are important mediators that promote MM 
activity and correlate negatively with patient survival [37, 
38]. The BMME in MM contains high-levels of cytokines 
such as IL-6 and VEGF, which act as growth factors for 
MM cells and promote cell adhesion, thus playing a cru-
cial role in MM development [39]. The elevated VEGF 
level in MM further stimulates PCs to activate IL-6 secre-
tion, which accelerates the progression of MM [40], while 
overexpression VEGF and IL-6 mainly activate the PI3K 
signaling pathway, participating in the proliferation and 

migration of MM cells [41]. The present study aimed to 
evaluate the effects of cytokines produced by MSCs from 
two sources, human bone marrow and umbilical cord, 
as well as their respective SMSCs cell supernatants, on 
MM cells. We found that supernatants from both types 
of MSCs induced IL-6 and VEGF and thus affected MM 
cell growth; however, the results were not consistent. 
BM-MSCs and SBM-MSCs supernatants promoted the 
secretion of these cytokines and thus increased MM cell 
proliferation, whereas UC-WJ MSCs and SUC-WJ MSCs 
supernatants inhibited of cytokine secretion and reduced 
the proliferation of MM cells.

The PI3K/AKT pathway is considered one of the major 
pathways that control the development of MM [42], and 
activation of the PI3K/AKT pathway can affect the NFκB 
pathway, which is also a recognized therapeutic target 
in MM [43]. The PI3K/AKT/NFκB axis downregulates 
E-cadherin expression, which increases tumor metas-
tasis and invasiveness, leading to drug resistance, and 
increased tumor cell proliferation by regulating target 

Fig. 9 MSCs supernatant concentrates affect the biological functions of RPMI8226 and U266 cells through IL-6 and VEGFA. (A) Schema of experiment de-
sign: To evaluate the effects of IL-6 and VEGFA on MM patients and the expression of MSCs concentrate added to MM cells. (B) Analysis of survival related 
to IL-6 and VEGFA levels in MM patients. (C) The levels of different MSCs concentrates on the IL-6 and VEGFA in MM cells. (D) Expressional differences of 
IL-6 and VEGFA between MM patients and healthy subjects, *P < 0.05, **P < 0.01, ***P < 0.001,comparison with the control group. Full-length gels/blots are 
shown in Figure S5 in the Supplementary material
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genes and inhibiting tumor cell apoptosis [44]. Research 
has shown that MSCs might influence the malignant 
characteristics of MM cells via their effects on PI3K/
AKT/NF-κB signaling [45]. This pathway is involved in 
the EMT and cell invasion, and EMT is also an impor-
tant determinant in the metastasis of MM cells [46]. 
The results of the present study showed that BM-MSCs 
supernatants can activate PI3K/AKT/NF-κB signaling, 
promote MM cell migration and proliferation, and pre-
vent MM cell apoptosis. UC-WJ MSCs supernatants 
were shown to have the opposite effects. Our results 
proved that the supernatants of UC-WJ MSCs and SUC-
WJ MSCs inhibited PI3K/AKT/NF-κB signaling pathway 
by paracrine.

Conclusions
Our study found that UC-WJ MSCs can be used as a vec-
tor for MM gene therapy even if the multiple myeloma 
microenvironment has the ability to induce UC-WJ 
MSCs to SASP. UC-WJ MSCs and SUCMSCs can 
inhibit MM cells proliferation and tumor stemness fac-
tor expression by its paracrine function, These effects are 
closely related to inhibition of IL-6 and VEGFA secretion 
and down-regulation of PPI3K/AKT/NF-κB pathway.
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