Guo et al. Clinical Proteomics (2024) 21:69 C|inica| Proteom iCS
https://doi.org/10.1186/512014-024-09521-5

: . ®
Repair effect analysis of mesenchymal stem =

cell conditioned media from multiple sources
on HUVECs damaged by high glucose
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Abstract

Background The therapeutic potential of mesenchymal stem cells (MSCs) may be partly attributed to their secre-
tion growth factors, cytokines and chemokines. In various preclinical studies, the use of MSC-conditioned media (CM)
has demonstrated promising potential for promoting vascular repair.

Methods To gain a comprehensive understanding of the variations in conditioned media derived from different
sources of mesenchymal stem cells (MSCs) including umbilical cord, adipose and bone marrow, we investigated their
reparative effects on human umbilical vein endothelial cells (HUVECs) subjected to damage induced by high glucose.
Initially, the secreted proteins from the three types of MSCs were assessed using the bicinchoninic acid (BCA) method.
Subsequently, we examined the influence of different type of MSC secreted proteins on the proliferation of HUVECs
under high glucose conditions. Following this, transwell migration experiments were conducted to evaluate

the impact of MSC source on the migration of HUVECs damaged by high glucose. We further compared the effects
of adding secreted proteins from the three types of MSCs on the tube formation ability of HUVECs subjected to high
glucose damage. Finally, tandem mass tag (TMT) labeling quantitative proteomics was performed to analyze differ-
ently expressed proteins in the secreted proteins of three type MSC by using LC-MS/MS.

Results In this study, we observed a significantly higher secretion of proteins from umbilical cord mesenchymal
stem cells (UMSCs) compared to adipose-derived stem cells (ADSCs). Subsequently, we found that the of prolifera-
tion HUVECs was significantly improved with supplementing the three MSCs secreted proteins under high glucose
medium. Notably, the reparative effects of bone marrow mesenchymal stem cells (BMSCs) and UMSCs were superior
to those of ADSCs. Afterwards, UMSCs exhibited the strongest ability to repair cell migration when HUVECs dam-
aged by high glucose. Moreover, all three MSCs'secreted proteins exhibited the ability to enhance tube formation.
Importantly, the UMSCs' secretome showed the most pronounced improvement in tube formation, as evidenced

by the evaluation of parameters such as the number of nodes, the number of branches, and total length. These find-
ings suggest that the UMSCs' secretome plays a crucial role in biological processes such as vasculature development,
cell adhesion, and tissue remodeling. Additionally, the BMSCs' secretome was found to promote vascular develop-
ment. The results collectively indicate the diverse therapeutic potential of MSC secretomes in influencing various
aspects of cellular function and tissue repair.
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Conclusion In conclusion, this study offers a valuable reference for the selection of more suitable sources of mesen-
chymal stem cells (MSCs) in the treatment of diabetic cardiovascular disease.

Keywords Mesenchymal stem cells, Conditioned media, High glucose, Human umbilical vein endothelial cells, Repair

effect, Proteomics

Introduction

In 2019, diabetes ranked as the ninth leading cause of
death, accounting for an estimated 1.5 million deaths.
People with diabetes often suffer from cardiovascular
complications, which can lead to increased mortality and
morbidity [1]. Vascular problem including macrovascular
disorders and microvascular disorders are common com-
plications of diabetes mellitus. Macrovascular disorders
include cardiovascular disease and peripheral vascular
disease. Cardiovascular disease refers to diseases of the
heart and blood vessels, such as coronary artery disease,
heart failure [2]. Endothelial dysfunction is the key and
initiation factor of the pathogenesis of cardiovascular
complications in diabetes mellitus [3, 4]. Endothelial
cells play a crucial role in regulating vascular function
by controlling the release of factors such as prostacyc-
lin (PGI2), endothelin-1 (ET-1), nitric oxide (NO), and
angiotensin II (Ang II). Prolonged exposure to hypergly-
cemia reduces nitric oxide (NO) release, enhances oxi-
dative stress, increases the production of inflammatory
factors, disrupts angiogenesis, and impairs endothelial
repair. Additionally, hyperglycemia accelerates endothe-
lial cell apoptosis and aging [5, 6]. Blood vessel dysfunc-
tion caused by hyperglycemia leads to insufficient blood
supply to wound, which is an important potential cause
of wound healing failure in diabetes mellitus [7]. There-
fore, hyperglycemic damage to endothelial cells is a key
contributor to vascular complications.

Previous studies have shown that MSCs can not only
promote tissue regeneration through their pluripotency,
but also stimulate recipient cells through paracrine
mechanism [8]. The secretion group of MSCs contains
a variety of bioactive factors, such as soluble molecules
(cytokines, chemokines and growth factors), nucleic
acids, lipids and extracellular vesicles (EVs) [9]. CM
derived from MSCs is a complete environment contain-
ing soluble factors and vesicle structure derived from
MSCs [10].

MSC-CM contains a mixture of growth factors that
promote tissue repair, regeneration, wound healing and
new angiogenesis. Elevated concentrations of tissue
inhibitors of metalloproteinase (TIMP)-1 and TIMP-2,
fibroblast growth factor (FGF)-6 and FGF-7, and hepato-
cyte growth factor (HGF) are believed to be the cause of
MSC-CM promoting corneal epithelial wound healing
[11]. Similarly, MSC-CM containing HGF can participate

in liver repair and regeneration [1]. Brain derived neuro-
trophic factor (BDNF) and nerve growth factor (NGF)
derived from MSCs can alleviate spinal cord injury [12].
Due to the promotion of angiogenesis, MSC secretion
is a promising candidate for cell-free therapy for wound
healing in diabetes [13].

In order to further understand the differences of MSC-
CMs from different sources (umbilical cord, fat and bone
marrow), this study explored the reparative effects of
three MSC-CMs on HUVECs damaged by high glucose
(from proliferation, tube formation, metastasis, etc.).
The results indicated that MSCs from different sources
exhibit distinct effects on endothelial cell repair. In addi-
tion, three MSC-CM proteomes were quantified using
TMT-labeled proteomics techniques. Combined with the
biological information analysis, the differentially secreted
proteins of MSCs from different sources were found. This
study provides valuable reference for selecting more suit-
able MSCs types for different diseases.

Materials and methods

Cell culture

UMSCs, ADSCs and BMSCs were purchased from Cell-
cook Company, China. Cells were cultured in DMEM
medium (HyClone, USA) containing 10% fetal bovine
serum (FBS) (Gibco, USA), and in 37 °C/5% CO, incuba-
tor. HUVEC-T1 were purchased from the Cell Resource
Center, Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences.

Preparation of MSC-CMs

UMSCs, ADSCs and BMSCs were cultured in serum-free
DMEM medium for 48 h. The medium was then col-
lected, centrifuged at 500 g for 3 min and filtered with a
0.22 uM filter to remove dead cells and cell debris. The
collected serum-free medium components were concen-
trated with a 10 kDa ultrafiltration tube (Merk, USA),
and the protein concentrate in the ultrafiltration tube was
collected 200-250 pL, and stored at —80 °C.

BCA determination of total secreted protein

BCA protein quantitative kit (Thermofisher, USA) was
used to determine the total amount of secreted proteins
of UMSCs, ADSCs and BMSCs. The absorbance of each
well at 562 nm was measured with a microplate reader
(Perkin Elmer, USA), and the protein concentration of



Guo et al. Clinical Proteomics (2024) 21:69

each sample was calculated according to the standard
curve.

Cell counting kit-8 (CCK-8) test the effect of MSC-CMs

from different sources on the proliferation of HUVECs
injured by high glucose

HUVECs was inoculated into 96 well plates in 5.5 mM
DMEM medium at the density of 10*/well for 24 h, and
the following five conditioned media were added respec-
tively. Each group was set with 3 multiple wells. After
24 h, 10 puL/CCK-8 solution (Beyotime Biotechnology
Ltd, Shanghai, China) was added to each well. After 4 h
incubation, absorbance was measured at 450 nm with a
microplate reader, and cell proliferation was detected.

1. 5.5 mM glucose medium (DL).

2. 30 mM glucose medium (DH).

3. 30 mM glucose medium+UMSCs secreted protein
(DH+UMSC-CM).

4. 30 mM glucose medium+ADSCs secreted protein
(DH+ADSC-CM).

5. 30 mM glucose medium+BMSCs secreted protein
(DH+BMSC-CM).

The rest of the ingredients are the same as 5.5 mM
DMEM medium.

Effect of MSC-CMs from different sources on the migration
ability of HUVSCs injured by high glucose

HUVECs in logarithmic growth stage was selected
and inoculated into 24 Transwell (Corning, USA) with
3x10%*well. 0.1% FBS and the above five CMs 500 pL
were added to the lower wells of the chamber. The
cells were cultured in 37 °C, 5% CO, incubator for 6 h.
Remove the chamber, gently scrub the chamber with a
cotton swab, and wash it 3 times in phosphate buffered
saline (PBS). Then fixed with 4% paraformaldehyde (Bey-
otime Biotechnology Ltd, Shanghai, China) for 15 min
and stained with crystal violet (Yeason, China). The mag-
nitude of HUVECs migration was assessed by counting
migrating cells in four random fields.

Effect of MSC-CMs from different sources

on the angiogenesis of HUVECs injured by high glucose

60 puL Matrigel matrix gel (Corning, USA) was trans-
ferred to 96-well plates and incubate for 30 min at 37 °C.
HUVECs was inoculated into 96-well plates coated with
matrix gel at a density of 3x10* cells/well, and 150 pL
MSC-CMs (the 5 MSC-CMs used in 2.4) was added. The
medium was incubated at 37 °C for 4 h. The formation
of tubules was observed under an inverted light micro-
scope. Four representative regions were sampled and
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the Image ] was used to analyze the total branch points,
branch numbers and total tube lengths.

Sample preparation for proteomics and tandem mass tags

labeling

100 pg proteins were reduced with 200 mM Tris (2-car-
boxyethyl) phosphine and alkylated with 375 mM
iodoacetamide (Sigma-Aldrich, USA). Samples were
digested with trypsin at 37 °C overnight. MSC-CM pep-
tides were labeled with TMT 10-plex reagent (Thermo
fisher, USA) according to the manufacturer’s instruc-
tions. All labeled samples were mixed in equal quantities,
and the peptides were purified and enriched with hydro-
philic-lipophilic balanced (HLB) C18 cartridge columns
(Waters, Milford, MA), and finally concentrated. Sample
labeling information was as follows: UMSC-CM(1-3)
were 126, 130N, 130C, respectively; ADSC-CM(13) were
127C, 128C, 129C, respectively and BMSC-CM(1-3)
were 127N, 128N, 129N, respectively.

Proteomics using a nanoLC-Orbitrap Exploris 480 mass
spectrometer

Dried peptides were re-dissolved in 0.1% formic acid (FA)
and separated with a C18-reverse-phase analytical col-
umn (150 pm, Thermo Fisher Scientific Scientific) with
solvent A (0.1% FA) and solvent B (80% ACN/0.1% FA)
at a flow rate of 300 nL/min with a gradient of 4-95%:
4% (0 min),10% B (5 min), 22% (80 min), 40% B (15 min),
95% B (1 min), and 95% B (9 min).

The MS was operated in data-dependent acquisition
mode (DDA). Primary mass spectrometry scan range
was set at 350-1600 m/z and the scan resolution was
set at 70,000. The automatic gain control (AGC) target
value was 3e6 for a maximum filling time of 60 ms. The
top20 most abundant precursor ions were selected and
entered into the HCD collision pool for fragmentation.
MS/MS spectra were acquired at 17,500 resolution with
a maximum injection times of 80 ms. The dynamic exclu-
sion duration was set to 40.0 s. The electrospray voltage
applied was set to 2.0 kV and the heated capillary tem-
perature was maintained at 320 °C.

Proteomics data identification and bioinformatics analysis

The nanoLC-Orbitrap Exploris 480 MS/MS spectra were
processed using Thermo Proteome Discoverer (2.4.1.15)
software and searched against the Uniprot-Proteome-
Human database. Proteins found in three replications
were selected for further analysis. The proteins meeting
the condition of fold change (FD) >1.5 or <0.67 and p
value <0.05 were set as differential proteins. The quanti-
tative method was set as TMT-10 plex; protein identifica-
tion and FDR by PSM identification was set as 1%. The
mass spectrometry proteomics data have been deposited
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to the ProteomeXchange Consortium (http://proteomece
ntral.proteomexchange.org) via the iProX partner reposi-
tor with the dataset identifier PXD036694. Signal P 6.0
and Secretome P 2.0 were used to predict and analyze
the properties of classical and non-classical secretory
proteins. Metascape analysis (http://metascape.org/) was
used to analyze Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG). The protein—pro-
tein interaction (PPI) network was examined using the
online Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) (https://string-db.org).

Results

Protein secretion of MSCs from different sources

In order to explore the difference in the amount of
secreted protein of MSCs from different sources, the
amount of secreted protein produced by 10° cells was
measured in this experiment. As shown in Fig. 1A, it was
found that the amount of secreted protein produced by
UMSCs was relatively higher, and there was a significant
difference compared with ADSCs.

Effects of MSC-CMs from different sources on proliferation
of HUVECs injured by high glucose

In order to investigate whether different sources of MSC-
CMs could affect the proliferation of HUVECs with high
glucose injury. In this study, HUVECs were treated in the
above five different MSC-CMs for 24 h, and the cell pro-
liferation activity of HUVECs was detected by CCK-8. As
shown in Fig. 1B, the results showed that high glucose
environment could damage the proliferation of HUVECs

A B
*
)
3 15-
o —~
e =2
5 0 -
—g 10 .é*
£ o)
g [
5 51 >
: 3
§ o
é 0 T T T
(=] (=] [
\goc’ Qec’ &o
) Lo )

Page 4 of 10

(p<0.001). The addition of secreted proteins from
UMSCs, ADSCs and BMSCs could promote the prolif-
eration of HUVECs injured by high glucose (p<0.01).
Compared with ADSC-CM, UMSC-CM and BMSC-
CM had better effect on repairing the proliferation of
HUVECs damaged by high glucose (p <0.05). p value was
calculated by GraphPad Prism 5.

Effects of MSC-CMs from different sources on migration

of HUVECs injured by high glucose

In order to investigate whether different sources of MSC-
CMs could affect the migration of HUVECs with high
glucose injury. In this study, HUVECs were treated in
the above five different media for 6 h, and the number of
cells migrating from the upper pore to the lower pore
was detected by Transwell migration assay. As shown
in Fig. 2, the results showed that the number of perforat-
ing cells in DL group was (287.4+6.7), in DH group was
(160.4+8.8), in DH+UMSC-CM group was (266.1+3.9),
in DH+ADSC-CM group was (235.8+0.2), and in
DH+BMSC-CM group was (266.1+£0.8). Compared
with DL group, DH group reduced the migration abil-
ity of HUVECs (p<0.001), and the addition of secreted
proteins of UMSCs, ADSCs and BMSCs could improve
the migration ability of HUVECs with high glucose injury
(DH+UMSC-CM: p<0.001; DH+BMSC-CM and
DH+ ADSC-CM: p<0.001). Compared with DH+ADSC-
CM, DH+UMSC-CM and DH+BMSC-CM groups had
better effect on repairing the migration ability of HUVECs
with high glucose injury (»<0.001). In addition, there was
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Fig. 1 A Differences in protein secreted by MSCs from different sources. B Effects of MSCs secretomes from different sources on the proliferation
of HUVECs damaged by high. * p<0.05, ** p<0.01, *** p<0.001 indicates a significant difference versus the control group. DL: 5.5 mM glucose
medium; DH: 30 mM glucose medium; DH+UMSC-CM: 30 mM glucose medium +UMSCs secreted protein; DH+ADSC-CM: 30 mM glucose
medium + ADSCs secreted protein; DH + BMSC-CM: 30 mM glucose medium +BMSCs secreted protein
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Fig. 2 A Effects of MSCs secretomes from different sources on the migration ability of HUVECs damaged by high glucose. Scale bar=500 pum.
B Transwell migration assay of HUVECs transmembrane cell numbers. * p<0.05, ** p<0.01, *** p <0.001 indicates a significant difference

from the control group

no significant difference between DH+UMSC-CM and
DH+BMSC-CM groups.

Effects of MSC-CMs from different sources on tubule
formation of HUVECs injured by high glucose

In order to investigate whether different sources of MSC-
CMs could affect the tubule formation of HUVECs with
high glucose injury. In this study, HUVECs were treated
in the above five different conditions for 4 h, and the for-
mation of tubules was observed. The in vitro angiogenesis
potential was evaluated from total branch points, branch
numbers and total tube lengths, respectively.

As shown in Fig. 3, the results showed that high glucose
impaired the tube forming ability of HUVECs, while sup-
plement of MSC-CMs from different sources enhanced the
angiogenesis potential in vitro. Compared with DL group,
the branching number of HUVECs in DH group was less
(p<0.01). When the secreted protein of UMSCs was added,
the number of branches of HUVECs with high glucose
injury was increased (p<0.01). In terms of tubule length,
the total tubule length of HUVECs in DH group was
shorter than that in DL group (p<0.05). The tubule length
of HUVECs with high glucose injury was increased when
UMSCs secreted protein was added (p<0.05). In terms of
node number, compared with DL group, the number of
nodes formed by HUVECs in DH group was less (p<0.01).
The addition of BMSCs secreted protein could increase
the number of tubule nodes in HUVECs with high glucose
injury (p<0.05).

Differentially expressed proteins and bioinformatics
analysis of secreted proteins from MSCs from different
sources

In order to further explore the differences of secreted
proteins of UMSCs, ADSCs and BMSCs in repairing

damage of vascular endothelial cells, this study adopted
quantitative proteomics based on TMT to study the
proteomic differences of proteins secreted by MSCs
from different sources. To obtain reliable proteomic
data, secreted proteins of UMSCs, ADSCs, and BMSCs
were collected, and three biological replicates were set
for each experimental group. The secreted proteins
of UMSCs, ADSCs, and BMSCs were digested with
trypsin, and the peptides of the three MSCs secreted
proteins in equal amounts were labeled with TMT
10-plex reagent. After the combined labeled peptides
were demineralized, LC-MS/MS analysis was per-
formed, as shown in Fig. 4.

This study found that there were differences in the
repair effects of MSC-CMs from different sources on
HUVECs damaged by high glucose. Therefore, this study
explored the unique DEPs in UMSC-CM, BMSC-CM and
ADSC-CM. The secretome of MSC-CM from the three
different sources were compared in pairs and the DEPs
meets the conditions of fold change >1.5 or <0.67 and
p value <0.05. Among the secreted proteins of UMSCs,
BMSCs and ADSCs, a total of 1495 proteins were quanti-
fied, among which 1152 proteins had tertiary quantitative
information as shown in Fig. 5A.

In this experiment, SignalP 6.0 and SecretomeP 2.0
were used to predict the secretory protein properties
of the specific DEPs of the three MSC-CMs. Among
UMSCs, 33% (129 proteins) were predicted to be classi-
cally secreted, while 21% (81 proteins) were predicted to
be nonclassically secreted. In BMSCs, 52% (102 proteins)
were predicted to be classically secreted and 12% (23 pro-
teins) were predicted to be classically secreted. Among
ADSCs, 41% of the proteins (117) were predicted to be
classically secreted and 14% of the proteins (39 proteins)
to be classically secreted (Fig. 5A).



Guo et al. Clinical Proteomics (2024) 21:69

DH-+AD-CM

Page 6 of 10

 —
[ — L
] DH+UM-CM
[ pH+AD-CM
[ pH+BM-CM

Kk

150 *k | & 1500007 o 150 -
2 u Jok 2 = g Sk * |
g Hk 2 . [ *
£ 1004 %, 100000 2 100
2 g S
° E c
5 o o =
g 50- 2 50000- S 501
o = s
0
0 T T T - 0 T T T 0 T T T
& & 9\&* o ¢ & & & ;R 9“‘ 'O\X* S}“
§ & N R SR
N s 2 & o 2 N N Q
RO A & & L & &
Q Q Q Q Q Q Q' Q Q

Fig. 3 A Effects of MSCs secretomes from different sources on the tube formation of HUVECs damaged by high glucose. Scale bar=200 um. B
Histogram representation of branch numbers, total tube lengths and total branch points observed in each group. * p<0.05, ** p<0.01, *** p<0.001

indicates a significant difference from the control group

As shown in Fig. 5B, GO enrichment analysis of 129
classical and 81 non-classical secreted proteins unique to
the secreted proteins of UMSCs showed that these differ-
ential proteins were involved in biological processes such
as extracellular matrix tissue and positive regulation of
cell component movement, vascular development, inter-
cellular adhesion and tissue remodeling. They are mainly
enriched in extracellular matrix, endoplasmic reticulum
lumen, secretory granule lumen, vacuolar lumen and
adhesive plaque, and play molecular functions such as
calcium ion binding, cell adhesion molecule binding and
signal receptor modulator activity.

GO enrichment analysis of 102 classical and 23 non-
classical secreted proteins unique to the secreted proteins

of BMSCs showed that these differential proteins were
involved in biological processes such as such as extra-
cellular matrix tissue, vascular development, female
pregnancy, response to hormones and aging. They were
mainly enriched in the extracellular matrix, endoplasmic
reticulum, secretory granule lumen, vacuole lumen and
basement membrane, and played the molecular functions
of integrin binding, signal receptor activator activity,
heparin binding, peptidase regulator activity and colla-
gen binding.

GO enrichment analysis of 117 classical and 39 non-
classical secreted proteins unique to the secreted pro-
teins of ADSCs showed that these differential proteins
were involved in the regulation of peptidase activity,



Guo et al. Clinical Proteomics (2024) 21:69 Page 7 of 10

®

Protein extraction @ Protein digestion

TMT labeling [,\-)
G s —
o’

130C

TMT labeling ) gjj 421G fral:tl::)::tdbn fr;:llys:'l‘ss
el - i

TMT labeling g)) + 127N

128N —

c— N

UMSCs secretomes

Protein extraction @ Protein digestion

o®

000

ADSC: secretomes

Protein extraction @ Protein digestion

o®

WM W

BMSCs secretomes
Fig. 4 The workflow of proteomic analysis of the secretome of MSCs from different sources

A C up-regulated proteins down-regulated proteins
cam
UM-CM “a e
emw
(ousy
BM-CM
¥ classical
non-classical
¥ other
AD-CM
Secretory pathways
0 50 100 150 200 300 350 400
B UM-CM BM-CM AD-CM
extracellular maix organization { ° ‘extraceliular matrix organzation | ® R—— °
positive reguiation of cellular component movement ® blood vessel development{ & “‘::::mm_ °
vasculature development{ @ female pregnancy{ @ foronectin binding | @
cell- cell adhesion{ @ response to homone | @ 2 regulation of el adhesion 1 @ 2
reguiation of proteolysis { @ g Yre response to wounding | & log10(pvaive)
embryonic morphogenesis | & RO 0 Dukent 148 negatve reguiatien of cell popuiation proleraton - o .
extracaluiar matrx assembly { + response to wounding | ® supramolecular fiber organization < &
cell morphogenesis 1@ exracellar matrix ®
tissue remodeling {® endoplasmic retcukum lumen °
vacuolar lumen. o 8
exvacelluiar matrix{ @
granule imen °
endopiasmic reticulum lumen { ° 1 b
‘secretory granule lumen { [ J 8
vacuolar kumen 1 ® integrin binding ved
focal adhesion ° signaling receplor actvator activity L]
heparinbingng{ @
calcium ion binding 1 @ pepidase regulator actaity { @
cell adhesion molecule bnding | colagenbinding{  ® §
glycosaminoglycan binding{ 1 fibronectin binding
signaling receplor regulator activity { @ extracellular matrix bnding
extracelular matrix binding { * pepidase actity { @
0 20 3 10 2 0 4

Fig. 5 AType of secretory pathways predicted by using bioinformatics tools SignalP and SecretomeP. B GO analysis of differentially expressed
proteins in UMSCs, BMSCs and ADSCs secretome. GO enrichment analysis for functional enrichment of cellular components (CC), molecular
functions (MF) and biological processes (BP) of differential proteins. C Angiogenesis-related protein—protein interaction network in UMSCs

secretome. Such as TGF-31, TGF-32, COL4A2 and FLT1 in the secreted proteins of UMSCs are up-regulated proteins, which appear in the interaction

network between the secreted proteins of UMSCs and proteins related to angiogenesis



Guo et al. Clinical Proteomics (2024) 21:69

extracellular matrix tissue, cell adhesion, chemotaxis and
negative regulation of cell proliferation. They were mainly
enriched in the extracellular matrix, vacuole, secretory
granule lumen and endoplasmic reticulum lumen, and
played molecular functions such as peptidase activity,
glycosaminoglycan binding, collagen binding and proteo-
glycan binding.

Because the secreted proteins of UMSCs are more
effective in repairing HUVECs damaged by high glucose,
and UMSCs are more easily obtained, the immunogenic-
ity is low. Therefore, STRING was used to present the
protein interaction network of secreted proteins related
to angiogenesis in UMSCs secreted proteins as shown in
Fig. 5C.

Discussion

Although MSCs based therapies have been shown to
be relatively safe, from a clinical point of view, the use
of cell-free infusion can effectively avoid the problems
associated with using live cell therapy [14]. The thera-
peutic effect of MSCs is closely related to the secreted
biomolecules, and there may be differences among the
secreted proteins of MSCs from different sources. It has
been reported that MSCs secreted proteins can promote
angiogenesis and help diabetic wound healing [15]. At
present, the quantitative proteomics method based on
mass spectrum (MS) combined with bioinformatics can
screen and identify the differentially expressed proteins
(DEPs) in different samples and reveal the physiologi-
cal and pathological functions of cells. Kandoi et al. out-
lined the process of determining the therapeutic effect
of cytokines in MSCs secretory proteins based on prot-
eomic identification and bioinformatics analysis, includ-
ing the following four steps: (1) MSCs were cultured until
70-80% fusion; (2) MSCs are cultured for 24—48 h by
different pretreatment methods, such as hypoxia, gene
editing, exposure to pharmacological compounds, serum
deprivation, etc., resulting in the release of growth fac-
tors, cytokines and interleukins into the medium. The
CM containing low concentrations of soluble factors was
collected and further concentrated; (3) Proteomic analy-
sis and identification of secretory factors; (4) The efficacy
of secretory proteins is determined by pathway analysis
through the evaluation of data by bioinformatics tools
to determine the best therapeutic use [16]. Baberg et al.
analyzed the protein composition of secreted proteins of
BMSCs and explored the correlation between these pro-
teins and cell growth and maintenance, signal transduc-
tion and cell communication to reveal the key biological
functions of BMSCs at the protein level [17]. Shin et al.
analyzed the secreted proteins of MSCs derived from
fat, bone marrow, placenta and Warton’s gum by mass
spectrometry and bioinformatics, and found that the
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secretory protein profiles of MSCs from different sources
had different characteristics. At the same time, it is also
proved that the protein secreted by fetal MSCs such as
placenta and Warton’s gum is more abundant and has
greater therapeutic potential than MSCs from fat and
bone marrow [18].

In our study, BCA quantitative results showed that
UMSCs produced more secreted proteins, which was
significantly different from ADSCs. From the evaluation
of HUVECsS proliferation, UMSCs and BMSCs secreted
proteins had better repair effect. From the evaluation
of HUVECs migration ability, DH+UMSC-CM and
DH+BMSC-CM groups had better repair migration
ability. In terms of the number of branches and the total
length of tubules, UMSC-CM had better repair effect.
In terms of the number of tubules, BMSC-CM had bet-
ter repair effect of secreted proteins. Based on the above
evaluation of biological functions, UMSC-CM and
BMSC-CM have a better repair effect on HUVECs with
high glucose injury. Thus, umbilical cord derived MSCs
may be the best variety for the treatment of diabetes-
related vascular diseases in the future.

Finally, this study further analyzed the secreted pro-
teins of MSCs from different sources, and character-
ized and compared their protein composition. Although
there are differences among secreted proteins of MSCs
from different sources, the common functions of the
secreted proteins of the three MSCs indicate that they
are mainly involved in biological processes such as extra-
cellular matrix tissue and vascular formation and are
mainly enriched in the vesicle cavity and extracellular
matrix, playing molecular functions such as cell adhe-
sion molecule binding. These secreted proteins increase
cell migration and invasion, helping to reshape blood ves-
sels. Since the secreted proteins of UMSCs have a better
repair effect on HUVECs with high glucose injury, this
study focused on analyzing the signaling pathways of the
classical and non-classical secreted proteins of UMSCs
in angiogenesis. The relative expression of growth fac-
tors such as TGF-B1, TGF-B2, TGF-BI and HGF in the
secreted proteins of UMSCs was higher, which could
promote cell proliferation and cell adhesion. Collagen
alpha-2 (IV) chain (COL4A2) and COL8A1, which are
components of the basement membrane, are required
for migration and proliferation of vascular smooth mus-
cle cells and have a potential role in maintaining vascu-
lar wall integrity and structure. Vascular Endothelial
Growth factor receptor 1 (FLT1) is a cell surface recep-
tor for vascular endothelial growth factor (VEGEF)-A,
VEGEFB and platelet growth factor. It plays an important
role in embryonic vasculature development, regulation
of angiogenesis, cell survival, cell migration, macrophage
function and chemotaxis, and promotes endothelial cell
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proliferation, survival and angiogenesis in adulthood. It
has been reported that compared with hBMSCs, more
angiogenesis related factors were found in the secreted
proteins of human Watong’s gel-derived MSCs, which
better induced in vitro microvascular formation and
endothelial cell migration, thus supporting the conclu-
sions of this study [19]. This study demonstrated that
MSCs secreted proteins isolated from different tissue
sources differ in proteomics and functional angiogenesis
profiles.

In this study, we compared the secreted proteins of
UMSCs, BMSCs and ADSCs, systematically comparing
their angiogenic potential and further analyzing their
proteomics techniques. These findings suggest that the
effect of MSC-CMs depends on the source of MSCs.
Unlike pharmacotherapy, which provides a single agent,
MSC-CMs provide a variety of stimulant and inhibi-
tory bioactive factors in varying concentrations that may
maintain the physiological dynamics of the local micro-
environment. In ischemic heart disease, single-cytokine
therapy trials did not meet expectations, suggesting that
processes such as angiogenesis may require simultane-
ous coordination of multiple factors at different con-
centrations for synergistic effects. High concentrations
of single cytokines can even lead to abnormal and leaky
blood vessel formation, hypotension and tumor angio-
genesis [20]. In addition, establishing clinical therapies
based on MSC-CMs has significant advantages in terms
of clinical transformation and applicability compared to
current autologous or allogeneic cell therapies, especially
when considering the production cost, logistics, process-
ing, safety and regulation. At present, further studies are
needed to reveal the differences between MSCs secreted
proteome from different sources, and quantification of
these differences will contribute to the clinical applica-
tion of MSCs secreted protein.

Conclusion

In this study, TMT quantitative proteomics method was
used to explore the repair effect of MSCs secreted pro-
teins from different sources on HUVECs damaged by
high glucose. Firstly, UMSC-CM and BMSC-CM had
better repair effect on HUVECs from four aspects of
protein quantity, proliferation, migration and tubulogen-
esis. Proteomics showed that the secreted proteome of
UMSCs contributed to biological processes such as vas-
cular development, cell adhesion and tissue remodeling,
while the secreted proteome of BMSCs promoted vascu-
lar development. This study showed that MSCs secreted
proteins isolated from different tissue sources differ in
proteomics and vascular repair ability. The use of molec-
ular omics features such as proteomics can help select
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the best source of MSCs for clinical treatment of different
diseases.
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