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Adipose-derived mesenchymal stem cells (MSC-ATs) are representative cell sources for cell therapy. However, how cell stress
resulting from passage influences the MSC-AT protein expression has been unclear. In this study, a protein expression analysis
was performed by liquid chromatography with tandem mass spectrometry (LC-MS/MS) using mouse primary cultured cells
(P0) and cells passaged three times (P3) as samples. A total of 256 proteins were classified as cellular process-related proteins,
while 179 were classified as metabolic process-related proteins in P0. These were considered to be adaptive responses of the cells
to an in vitro environment. However, seven proteins of growth were identified (Csf1, App, Adam15, Alcam, Tbl1xr1, Ninj1, and
Sbds) in P0. In addition, four proteins of antioxidant activity were also identified (Srxn1, Txndc17, Fam213b, and Apoe) in P0.
We identified 1139 proteins expressed in both P0 and P3 cells that had their expression decreased to 69.4% in P3 cells compared
with P0 cells, but 1139 proteins are very likely proteins that are derived from MSC-AT. The function of MSC-ATs was
maintained after three passages. However, the LC-MS/MS analysis data showed that the protein expression was degraded after
three passages. MSC-ATs retained about 70% of their protein expression ability in P3 cells.

1. Introduction

Mesenchymal stromal stem cells (MSCs) are considered to
have the ability to differentiate into mesenchymal cells, such
as osteoblasts, adipocytes, muscle cells, and chondrocytes [1,
2]. These cells are also expected to have an immunosuppres-
sive effect and are regarded as promising cellular therapeutic
agents for immunological diseases resistant to treatment.

MSCs have been established from various tissues (umbil-
ical cord blood, placenta, adipose tissue, etc.), among
which adipose tissue contains a particularly large amount
of cells.

Clinical research and treatment using adipose-derived
mesenchymal stem cells (MSC-ATs) [3] is already underway
in many medical institutions around the world [4]. The clin-
ical practical application of islet cell transplantation therapy
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was reported in 2000 in the Edmonton protocol [5] and
many subsequent papers [6-10]. The technology of islet
transplantation is thought to be useful for the processing of
therapeutic cells using MSC-ATs. We recently reported that
the University of Wisconsin (UW) [11] organ preservation
solution has a better cell survival/proliferation ability than
Hank’s balanced salt solution (HBSS) [12]. There is a possi-
bility that the adipose tissue collected through the patient’s
skin may be infected with skin bacteria. One method of
sterilizing tissues collected from a living body involves
immersing and storing such tissue for 16 h using HBSS
[13], which also contains antibiotics. After such storage,
MSC-ATs can be isolated from adipose tissue. In addition,
adipose tissue collected from a patient can be transported
to a remote location.

It was recently reported that the stress of long-term cul-
ture of cells in vitro also occurs in stem cells, such as induced
pluripotent stem (iPS) cells, causing DNA damage and cellu-
lar carcinogenesis [14]. Some researchers recommend reduc-
ing the number of passages of MSC-ATs to maintain the
quality of primary cultured cells. However, MSC-ATs of pri-
mary cultured cells are reportedly contaminated with various
types of cells, such as blood cells, through the process of cell
isolation. This is because the stromal vascular fraction (SVF)
[15] obtained when collecting MSC-ATs using centrifugation
contains many kinds of cells (e.g., adipocytes, fibroblasts,
smooth muscle cells, endothelial cells, blood cells, endothe-
lial progenitor cells, preadipocytes, vascular progenitors,
hematopoietic progenitors, and hematopoietic stem cells)
[16, 17]. For MSC-ATs isolated from adipocytes collected
from patients, the number of cells can be increased by
increasing the number of passages. Because this processing
can be done outside the body, the patient can thus obtain
many of her/his own cells after undergoing only one proce-
dure of fat collection surgery. However, it is also important
to maintain the quality of the cells. Therefore, researchers
and clinicians have fervently discussed how many passaging
operations of clinical MSC-ATs should be performed.

With liquid chromatography (or high-performance
liquid chromatography (HPLC)) with tandem mass spec-
trometry (LC-MS/MS), the components to be analyzed are
separated by a liquid chromatograph (LC) and ionized via a
dedicated interface (ion source) and the generated ions are
then separated by MS. LC-MS/MS is an analytical technique
that dissociates and fragments mass ions and detects them
with MS [18]. Recently, an online LC-MS/MS system for
quantitative proteomics based on data-dependent protein
IDs and shotgun-based quantitative proteomics methods
was developed [19-23] by connecting the measuring equip-
ment for a protein analysis to a computer and linking to an
online protein database. In this way, a comprehensive protein
expression analysis can be performed by checking the peptide
sequence data of the protein contained in the sample.

A comprehensive expression analysis of the protein
expressed by the cell is important for accurately understand-
ing the mechanism underlying the effect of cell therapy
accompanying the administration of the culture supernatant
of cells and the cells themselves. The present study was per-
formed to identify the functional protein components in

mouse MSC-ATs of primary cultured cells (P0) and
mMSC-ATs passaged three times (P3) using LC-MS/MS.
The proteins specifically contained in primary cultured cells
were identified as those expressed only in the SVF derived
from AT. By examining the proteins expressed in both P0
and P3 cells, we can identify the proteins expressed by
MSC-ATs. Determining the protein component of MSC-
ATs that exerts a therapeutic effect is expected to be useful
for cell therapy in the future.

2. Materials and Methods

2.1. Reagents. Fetal bovine serum (FBS) was obtained from
Biowest (Nuaille, France). DMEM (high glucose) with L-
glutamine, phenol red, and sodium pyruvate was obtained
from FUJIFILM Wako Pure Chemical Corporation (Osaka,
Japan). Plastic dishes were obtained from TPP (Trasadingen,
Switzerland). All other materials used were of the highest
commercial grade.

2.2. Animal Care. All experimental protocols were in accor-
dance with the guidelines for the care and use of laboratory
animals set by Research Laboratory Center, Faculty of Med-
icine, and the Institute for Animal Experiments, Faculty of
Medicine, University of the Ryukyus (Okinawa, Japan). The
experimental protocol was approved by the Committee on
Animal Experiments of University of the Ryukyus (permit
number: A2017101). C57BL/6 male mice (8 weeks of age;
Japan SLC, Shizuoka, Japan) were maintained under con-
trolled temperature (23± 2°C) and light conditions (lights
on from 08:30 to 20:30). Animals were fed standard rodent
chow pellets with ad libitum access to water. All efforts were
made to minimize the suffering of the animals.

2.3. Isolation of MSC-ATs from Mouse via the Inguinal Pad
Fat. AT was obtained from the inguinal pad fat of three
8-week-old mice. The method of isolating MSC-ATs from
AT was in accordance with the AT-derived stem cell product
standard document (RMRC-A 01: 2015) of Ryukyus Regen-
erative Medicine Research Center. In brief, these ATs were
stored in cold HBSS and washed vigorously using HBSS three
times before starting digestion. Next, the tissues were cut into
small fragments with a scalpel for enzymatic digestion (2mg
collagenase type IV/ml; HBSS) in 50ml tubes (rotation speed:
20× 37°C× 60min) using the shaker (BioShaker BR-42FM;
TAITEC, Saitama, Japan). These tubes were then centrifuged
(800g) for 5 minutes. The SVF [24] containing various kinds
of cells, including MSC-ATs, was confirmed at the bottom of
the tube after centrifugation. The MSC-ATS were collected as
a cell pellet and then washed with fresh DMEM containing
10% FBS to remove the enzyme after the digestion. The
digested tissue was then incubated in a T25 flask.

All of the mouse studies were approved by the Institu-
tional Animal Care and Use Committee of University of
the Ryukyus.

2.4. Preparation of mMSC-ATs. Mouse MSC-ATs were
cultured (37°C, 5% CO2) in an uncoated T25 flask (TPP
90026). The passage of cells was performed every 3 to 4 days
after reaching 80% confluence following sowing. The cells
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were then washed with PBS (calcium, magnesium-free),
and mouse MSC-ATs were dissociated using a dissociation
solution (Trypsin/EDTA (Lonza CC-3232)). Subculturing
was carried out by plating on an uncoated T25 flask. DMEM
containing 10% FBS was used for the culture medium.

2.5. Flow Cytometry. Cell flow cytometry was performed
as described previously [25], using specific antibodies for
CD34, CD 44, CD45, and CD90.2.

2.6. Cell Differentiation. Adipogenic and osteogenic differen-
tiations were performed as described previously [25].

2.7. Protein Identification by a Nano-LC-MS/MS Analysis.
We used an EzRIPA Lysis kit (ATTO Corporation, Tokyo,
Japan) for cell lysis according to the manufacturer’s instruc-
tions. A protein solution of 4493μg/ml (P0) and 3105μg/ml
(P3) was obtained frommADSCs, and 6.0μg protein was used
for sample preparation. Finally, 0.4μg of protein was used for
nano-LC-MS/MS. The comprehensive expression analysis of
proteins using LC-MS/MS and data analyses were performed
according to the method reported previously [25].

3. Results and Discussion

The application of cell therapy in regenerative medicine is
expected to be useful for the treatment of many kinds of dis-
eases. For example, MSC-ATs, which can be collected from
AT, have been applied to the treatment of a wide range of dis-
eases in light of the low invasiveness compared with surgery.
It is generally recognized that MSC-ATs are stable in quality
from P0 cells to P5 cells [26]. As such, many manuals of com-
mercially available MSC-ATs state that the quality is guaran-
teed for five passages. It was reported that multiple passaging
processes reduce both the cell proliferative activity and the
cell surface marker expression [27] and induce chromosome
abnormalities [15]. In addition, increasing the number of
passages also increases the risk of microbial infection of cells.
Therefore, the general perception among clinical researchers
dealing with therapeutic cells is that MSC-ATs are only use-
ful as therapeutic cells within the first five passages [28].

However, it is easy to imagine that preparing cells
collected from a living organism without subculturing may
enable the production of therapeutic cells with new and
special functions. Therefore, clinicians may try using MSC-
ATs isolated from AT without any culturing or P0 MSC-
ATs. Close attention must be paid in such cases, as immune
rejection can be caused when using therapeutic cells not only
for autologous transplantation but also other transplanta-
tions as well.

3.1. The Characteristics and Cell Quality of mMSC-ATs (P0).
mMSC-ATs were cultured to 80% confluence using DMEM
containing 10% FBS after isolation from AT. The whole
medium was exchanged every two days. Microscopy was per-
formed to confirm the absence of abnormalities with regard
to the mMSC-AT (P0) size and shape and the culture state
(Figure 1(a), left panel). Flow cytometry was performed using
markers of mMSC-ATs (CD44, CD90.2), hematopoietic
stem cells (CD34), and leukocytes (CD45). CD44 and

CD90.2 were expressed in mMSC-ATs, while CD34 and
CD45 were not detected (Figure 1(a), right panels). We
induced differentiation into adipocytes (Figure 1(b), left
panel) and osteoblasts (Figure 1(b), right panel) using
mMSC-ATs. Mature adipocytes were stained with Oil Red
O, and mature osteoblasts were stained with Alizarin Red S.

3.2. The Characteristics and Cell Quality of mMSC-ATs (P3).
mMSC-ATs were cultured to 80% confluence using DMEM
containing 10% FBS after isolation from adipose tissue.
The whole medium was exchanged every two days. The
passage of cells was performed every 3 to 4 days after reach-
ing 80% confluence. Microscopy was performed to confirm
the absence of abnormalities with regard to the mMSC-AT
(P3) size and shape and the culture state (Figure 1(c), left
panel). Flow cytometry was performed using markers of
mMSC-ATs (CD44, CD90.2), hematopoietic stem cells
(CD34) and leukocytes (CD45). CD44 and CD90.2 were
expressed in mMSC-ATs while CD34 and CD45 were not
detected (Figure 1(c), right panels). We induced differentia-
tion into adipocytes (Figure 1(d), left panel) and osteoblasts
(Figure 1(d), right panel) using mMSC-ATs. Mature adipo-
cytes were stained with Oil Red O, and mature osteoblasts
were stained with Alizarin Red S.

A proteome analysis using LC-MS/MS provided evidence
supporting the safe application of cell therapy withMSCs and
supplied information on the potential application of MSCs in
various treatments. A protein analysis indicates the protein
components present in the cell component. In this study,
mMSC-ATs were used, but when human MSC-ATs are used,
this analysis will show the protein components that should be
administered to patients.

3.3. A Comprehensive Protein Expression Analysis of mMSC-
ATs (P0 and P3).We performedmMSC-AT isolation accord-
ing to a protocol similar to that used in clinical studies at the
University of the Ryukyus, and isolated mMSC-ATs were
subjected to LC-MS/MS after 0 or 3 passages. The presence
of a large amount of albumin in the medium reduces the
accuracy in protein analyses. Therefore, the protein extracts
obtained from the cells after washing with phosphate-
buffered saline (PBS) were used in this study.

There were 1785 types of proteins identified from the
mMSC-AT (P0) samples (Table 1) and 1825 types of proteins
identified from the mMSC-AT (P3) samples (Table 2).
Among the 1785 types of proteins in mouse P0 cells, there
were 336 types of proteins unique to the primary cultured
cells (group P0). A total of 1449 types of proteins in mouse
P0 cells were also identified in mouse P3 cells (group
P0&P3). Among the 1825 types of proteins in mouse P3 cells,
there were 376 types of proteins unique to the cells passaged
3 times (group P3) (Figure 2). Therefore, the 336 types of
proteins whose expression was eliminated by passage were
deemed likely to have been derived from the different types
of cells contained in the SVF.

The amount of protein quantified in this paper is a theo-
retical value estimated based on the emPAI function of the
Scaffold software program. The ratio of the number of mea-
sured peptides to the number of theoretical peptides is

3Stem Cells International



linearly related to the logarithm of the protein concentration,
and the number obtained by subtracting 1 from the index of
the peptide number ratio was defined as the emPAI. The
larger the emPAI value, the greater the amount of protein.

We recently published a paper on the correlation between
different emPAI values (>0, >1, >2, >3, >5, and >10) and
the results of protein expression analyses. The results showed
that, for an emPAI value> 10, the presence of protein can be
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Figure 1: The phenotype and differentiation potential of mMSC-ATs in culture. The morphological appearance of mMSC-ATs (P0) ((a) left
panel; scale bar = 800μm). The results of flow cytometry of the cell surface markers of mMSC-ATs (P0) ((a) right panels). Representative
images of adipocyte ((b) left panel; scale bar = 100μm) and osteocyte differentiation ((b) right panel; scale bar = 200 μm) of mouse MSC-
ATs (P0) cultured in differentiation medium. The morphological appearance of mMSC-ATs (P3) ((c) left panel; scale bar = 800μm). The
results of flow cytometry of the cell surface markers of mMSC-ATs (P3) ((c) right panels). Representative images of adipocyte ((d) left
panel; scale bar = 100μm) and osteocyte differentiation ((d) right panel; scale bar = 200μm) of mouse MSC-ATs (P3) cultured in
differentiation medium.
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detected with a high probability, even if the number of sam-
ples is n = 1 [25]. Proteins quantified using emPAI were listed
from the top in the tables showing the GO analysis results
(Tables 1 and 2) in descending order of concentration. Since
the data of this study were derived from a single protein
expression analysis obtained from mMSC-ATs of three mice,
the data reliability must be carefully considered.

3.4. The Biological Processes, Cellular Components, and
Molecular Function of Proteins Identified from mMSC-ATs
(P0). The biological processes of proteins were analyzed
using the Mascot software program with the SwissProt
2017 database.

3.4.1. Biological Processes. Antiviral protein was detected as a
protein component of mMSC-ATs (P0) (rich in components
of SVF). Isg15, Npc2, Ripk3, Fmr1, Dag1, Vps16, Gas6,
Stmn1, Vapb, Tri25, Eea1, Asc, Ifm2, Bst2, Apoe, Ltor5,
Oas1a, and Nect2 were detected as factors related to the viral
process (Figure 3).

Stml2 (CD4-positive, alpha-beta T cell activation), CD36,
CD180 (B cell proliferation), CD47 (opsonization), and
CD166 (adaptive immune response) were detected as factors
related to the CD cell surface markers related to the immune
system. Cats, Ha1b, Erap1, Mdr1a, Psb8, and Ha11 were
detected as factors related to the MHC class antigen and
thereby related to the immune system. Csf1 (osteoclast differ-
entiation), CD109 (osteoclast fusion), and Rab35 (antigen
processing and presentation) were detected as factors related
to the bone immune system. Isg15, Tri25, Ifm2, Bst2, Oas1a,
and Asc were detected as factors related to the antiviral

immune system. Tgbr3, Plek (hematopoietic progenitor cell
differentiation), Ripk3 (T cell differentiation in thymus),
Gas6 (macrophage cytokine production), Sfxn1 (erythrocyte
differentiation), Ada (T cell activation, B cell differentiation),
Itam (activated T cell proliferation), Pfd1 (B cell activation),
Sbds (leukocyte chemotaxis), Aimp1 (leukocyte migration),
Armc6 (hematopoietic progenitor cell differentiation), Glrx5
(hemopoiesis), Hdac7 (B cell activation, B cell differentia-
tion), Psn1 (T cell activation), Ada10 (monocyte activation),
and Tpd52 (B cell differentiation) were detected as factors
related to hematopoiesis. A4, Ada15, Ptms (immune sys-
tem process), Fcgrn (antigen processing and presentation),
Il4ra, Ilf2, Ic1 (complement activation), Olr1, and Snp23
(histamine secretion by mast cell) were detected as factors
related to the immune response. Stat1 was detected as an
interferon-related immune response factor. Those proteins
were detected as factors related to the immune system
process (Figure 3).

Csf1 (mammary duct terminal end bud growth), Tgbr3
(cardiac muscle cell proliferation), A4 (synaptic growth at
neuromuscular junction), Ada15 (tissue regeneration),
CD166 (axon extension involved in axon guidance, neuron
projection extension), Tbl1r (multicellular organism growth),
Ninj1 (tissue regeneration), and Sbds (inner cell mass cell
proliferation) were detected as factors related to growth in
biological processes (Figure 3).

3.4.2. Cellular Components. Stml2 (T cell receptor complex),
Stx7 (immunological synapse), Ha1b (MHC class I protein
complex), Ha11 (MHC class I protein complex), CD166
(T cell receptor complex), At2b1 (apical plasma membrane),
Gna11 (heterotrimeric G-protein complex), Home3 (post-
synaptic membrane), Ampn, Rdh11, Nsf1c, Bag3, Csf1,
Vatc1, Necp2, CD109, CD36, Ece1, Tgbr3, A4, Ripk3, Gdn,
Erln2, Aaat, Suca, Snp23, Prio, Ly6a, Plp2, Plek, Tpbg,
Fmr1, Plin4, Ldlr, Pdc10, Dag1, Rap2a, Vatg1, Pp2ba,
Rab35, Il1ap, Eea1, Fcgrn, Ada, Cdv3, Erap1, Ifm2, Bst2,
CD180, Il4ra, Itam, Osmr, P2rx4, Serc1, Tradd, CD97,
Rab4b, Rab8a, Sucb2, Apoe, Bap31, Cdipt, Cn37, Crk, Dnjb4,
Ggt5, Mdr1a, Piez1, Praf1, Psn1, S39ae, Stx2, Tnr12,
Vmp1, Fen1, CD47, Olr1, Pygl, Wwox, Ctl1, Ly6c1, Nect2,
and Ttyh2 (plasma membrane) were detected as factors
related to growth in the plasma membrane of the cellular
component (Figure 3).

3.4.3. Molecular Functions. SRXN1 (antioxidant activity),
TXD17 (peroxidase activity), PGFS (thioredoxin peroxidase
activity), and APOE (antioxidant activity) are proteins that
are expressed on the plasma membrane. These proteins have
been reported to be factors related to both growth and the
antioxidant activity according to a classification of the molec-
ular functions (Figure 3). The proteins of mMSC-ATs (P0)
are listed in Table 3 with their molecular functions described
in detail.

3.5. Relationship of the Quantitative Value (Normalized
emPAI) per Housekeeping Gene of mMSC-ATs (P0 and P3).
The quantitative values of the proteins expressed in both
mMSC-ATs (P0) and mMSC-ATs (P3) were represented

336 376

1449

Group P0
Group P0&P3
Group P3

Figure 2: Venn diagram of proteins detected on LC-MS/MS. There
were 1785 types of proteins identified from the mouse primary
cultured cell (P0) sample and 1825 types of proteins identified
from samples of cells passaged 3 times (P3). Among the 1785
types of proteins in mouse P0 cells, there were 336 types of
proteins unique to the primary cultured cells (group P0). A total
of 1449 types of proteins in mouse P0 cells were also identified in
mouse P3 cells (group P0&P3). Among the 1825 types of proteins
in mouse P3 cells, there were 376 types of proteins unique to the
cells passaged 3 times (group P3).

81Stem Cells International



with a scatter plot (y-axis =P3, x-axis =P0). The average
quantitative value of P3-expressed proteins decreased to
69.4% compared to P0-expressed proteins (Atp5f1, B2m,

Hprt1, Rplp1, Ppia, Rps18, Pgk1, Tfrc, Ywhaz, and Gapdh;
Supplementary Figure 1). The quantitative values of Tubb5,
Flnb, Tln1, Col1a1, Iqgap1, Hspa5, Flnc, Thbs1, Fn1,
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Figure 3: The biological processes, cellular components, and molecular function of the mouse primary cultured cell (P0) proteins (as
determined by GO). The PCA of proteome dynamics based on the protein information generated by high-resolution mass spectrometry.
The ordinate indicates the biological function, cellular component, and molecular function of the protein. The abscissa indicates the
number of identified proteins. The names of the proteins classified in Table 3 are listed by their detailed molecular functions.
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Table 3: Identification of endogenous proteins contained in mMSC-AT_P0 only, not in mMSC-AT_P3.

Exclusive P0 group
UniProt/Swiss-Prot ID Description Molecular function

FABP5_MOUSE Fatty acid-binding protein, epidermal Fatty acid binding, transporter activity

AMPN_MOUSE Aminopeptidase N
Metal ion binding, metalloaminopeptidase activity, metallopeptidase

activity, peptide binding, zinc ion binding

AOFA_MOUSE Amine oxidase [flavin-containing] A Oxidoreductase activity, primary amine oxidase activity, protein binding

HXK3_MOUSE Hexokinase-3
ATP binding, fructokinase activity, glucokinase activity, glucose binding,

kinase activity, mannokinase activity, nucleotide binding

CTGF_MOUSE Connective tissue growth factor
Fibronectin binding, growth factor activity, heparin binding, insulin-like
growth factor binding, integrin binding, protein C-terminus binding

THIL_MOUSE
Acetyl-CoA acetyltransferase,

mitochondrial

Acetyl-CoA C-acetyltransferase activity, carbon-carbon lyase activity,
coenzyme binding, enzyme binding, ligase activity, forming carbon-
carbon bonds, metal ion binding, protein homodimerization activity,

transferase activity, transferring acyl groups

ATPD_MOUSE
ATP synthase subunit delta,

mitochondrial
ATPase activity, hydrogen ion transmembrane transporter activity,
proton-transporting ATP synthase activity, rotational mechanism

CATS_MOUSE Cathepsin S
Collagen binding, cysteine-type endopeptidase activity, cysteine-type
peptidase activity, fibronectin binding, hydrolase activity, laminin

binding, proteoglycan binding

CYR61_MOUSE Protein CYR61
Extracellular matrix binding, growth factor binding, heparin binding,

insulin-like growth factor binding, integrin binding

ETFB_MOUSE
Electron transfer flavoprotein

subunit beta
Electron carrier activity

SFXN3_MOUSE Sideroflexin-3 Ion transmembrane transporter activity, molecular function

STML2_MOUSE
Stomatin-like protein 2,

mitochondrial
GTPase binding, cardiolipin binding, lipid binding

RDH11_MOUSE Retinol dehydrogenase 11 NADP-retinol dehydrogenase activity, retinol dehydrogenase activity

NSF1C_MOUSE NSFL1 cofactor p47 ATPase binding, lipid binding, phospholipid binding, ubiquitin binding

BAG3_MOUSE
BAG family molecular chaperone

regulator 3
Adenyl-nucleotide exchange factor activity, cadherin binding involved in

cell-cell adhesion, chaperone binding, protein complex binding

CSF1_MOUSE
Macrophage colony-stimulating

factor 1
Cytokine activity, growth factor activity, macrophage colony-stimulating

factor receptor binding, protein homodimerization activity

LYZ2_MOUSE Lysozyme C-2 Hydrolase activity, identical protein binding, lysozyme activity

VATC1_MOUSE V-type proton ATPase subunit C 1 Hydrogen-exporting ATPase activity, phosphorylative mechanism

UBP2L_MOUSE Ubiquitin-associated protein 2-like RNA binding

RL28_MOUSE 60S ribosomal protein L28 RNA binding, structural constituent of ribosome

ACSL4_MOUSE Long-chain-fatty-acid–CoA ligase 4
ATP binding, arachidonate-CoA ligase activity, decanoate–CoA ligase

activity, ligase activity, long-chain fatty acid-CoA ligase activity,
nucleotide binding, very-long-chain fatty acid-CoA ligase activity

THIKA_MOUSE
3-Ketoacyl-CoA thiolase A,

peroxisomal
Acetate CoA-transferase activity, acetyl-CoA C-acetyltransferase activity,
acetyl-CoA C-acyltransferase activity, palmitoyl-CoA oxidase activity

FA49B_MOUSE Protein FAM49B Protein binding

CO5A2_MOUSE Collagen alpha-2(V) chain
SMAD binding, extracellular matrix structural constituent, metal ion

binding

DCTN2_MOUSE Dynactin subunit 2 Motor activity, spectrin binding

SUCB1_MOUSE
Succinate–CoA ligase [ADP-forming]

subunit beta, mitochondrial
ATP binding, ligase activity, metal ion binding, nucleotide binding,

succinate-CoA ligase (ADP-forming) activity

SYUG_MOUSE Gamma-synuclein Protein binding

GUAD_MOUSE Guanine deaminase
Guanine deaminase activity, hydrolase activity, metal ion binding, zinc

ion binding

ISG15_MOUSE Ubiquitin-like protein ISG15 Protein binding, protein tag

STK24_MOUSE Serine/threonine-protein kinase 24
ATP binding, cadherin binding involved in cell-cell adhesion, metal ion
binding, nucleotide binding, signal transducer, downstream of receptor,

with serine/threonine kinase activity, transferase activity

83Stem Cells International



Table 3: Continued.

Exclusive P0 group
UniProt/Swiss-Prot ID Description Molecular function

STX7_MOUSE Syntaxin-7
SNAP receptor activity, chloride channel inhibitor activity, syntaxin

binding

EFHD2_MOUSE
EF-hand domain-containing

protein D2
Cadherin binding involved in cell-cell adhesion, calcium ion binding,

metal ion binding

NECP2_MOUSE
Adaptin ear-binding

coat-associated protein 2
Molecular function

ATP5J_MOUSE
ATP synthase-coupling factor 6,

mitochondrial
ATPase activity, hydrogen ion transmembrane transporter activity

ERH_MOUSE Enhancer of rudimentary homolog RNA binding, methyl-CpG binding

HAP28_MOUSE
28 kDa heat- and acid-stable

phosphoprotein
RNA binding, platelet-derived growth factor binding

TOM20_MOUSE
Mitochondrial import receptor

subunit TOM20 homolog

P-P-bond-hydrolysis-driven protein transmembrane transporter activity,
mitochondrion targeting sequence binding, protein channel activity,

unfolded protein binding

CD109_MOUSE CD109 antigen
Serine-type endopeptidase inhibitor activity, transforming growth factor

beta binding

CD36_MOUSE Platelet glycoprotein 4
High-density lipoprotein particle binding, lipid binding, lipoteichoic acid
receptor activity, low-density lipoprotein particle binding, low-density

lipoprotein receptor activity, protein binding

ECE1_MOUSE Endothelin-converting enzyme 1
Metal ion binding, metalloendopeptidase activity, metallopeptidase

activity, protein homodimerization activity

STX12_MOUSE Syntaxin-12 SNAP receptor activity, SNARE binding, protein binding

TOM1_MOUSE Target of Myb protein 1 Clathrin binding

CO3A1_MOUSE Collagen alpha-1(III) chain
SMAD binding, extracellular matrix structural constituent, integrin
binding, metal ion binding, platelet-derived growth factor binding

NPC2_MOUSE Epididymal secretory protein E1 Cholesterol binding, enzyme binding

HA1B_MOUSE
H-2 class I histocompatibility
antigen, K-B alpha chain

RNA binding, beta-2-microglobulin binding, peptide antigen binding,
receptor binding

VKOR1_MOUSE
Vitamin K epoxide reductase

complex subunit 1
Oxidoreductase activity, quinone binding, vitamin-K-epoxide reductase

(warfarin-sensitive) activity

CUL3_MOUSE Cullin-3
POZ domain binding, cyclin binding, protein binding, protein

heterodimerization activity, protein homodimerization activity, ubiquitin
protein ligase activity, ubiquitin protein ligase binding

HA11_MOUSE
H-2 class I histocompatibility antigen,

D-B alpha chain
RNA binding, beta-2-microglobulin binding, peptide antigen binding,

protein binding

ACAD9_MOUSE
Acyl-CoA dehydrogenase family

member 9, mitochondrial

Acyl-CoA dehydrogenase activity, electron carrier activity, fatty-acyl-
CoA binding, flavin adenine dinucleotide binding, oxidoreductase

activity, acting on the CH-CH group of donors, with a flavin as acceptor

TGBR3_MOUSE
Transforming growth factor beta

receptor type 3

PDZ domain binding, SMAD binding, coreceptor activity,
glycosaminoglycan binding, protein binding, transforming growth factor
beta binding, transforming growth factor beta receptor activity, type III,

transforming growth factor beta-activated receptor activity, type II
transforming growth factor beta receptor binding

A4_MOUSE Amyloid-beta A4 protein

DNA binding, PTB domain binding, enzyme binding, growth factor
receptor binding, heparin binding, identical protein binding, peptidase
activator activity, peptidase inhibitor activity, serine-type endopeptidase

inhibitor activity, transition metal ion binding

RBMS2_MOUSE
RNA-binding motif,

single-stranded-interacting protein 2
RNA binding, nucleotide binding

PAPS2_MOUSE
Bifunctional 3′-phosphoadenosine

5′-phosphosulfate synthase 2

ATP binding, adenylylsulfate kinase activity, catalytic activity, nucleotide
binding, nucleotidyltransferase activity, sulfate adenylyltransferase

(ATP) activity

SPA3N_MOUSE Serine protease inhibitor A3N Peptidase inhibitor activity, serine-type endopeptidase inhibitor activity
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Table 3: Continued.

Exclusive P0 group
UniProt/Swiss-Prot ID Description Molecular function

DDX17_MOUSE
Probable ATP-dependent RNA

helicase DDX17

ATP binding, ATP-dependent RNA helicase activity, RNA
binding, estrogen receptor binding, nucleotide binding,

transcription coactivator activity

RIPK3_MOUSE
Receptor-interacting

serine/threonine-protein kinase 3
ATP binding, NF-kappaB-inducing kinase activity, identical
protein binding, nucleotide binding, protein complex binding

MCAT_MOUSE
Mitochondrial carnitine/acylcarnitine

carrier protein
Acyl carnitine transmembrane transporter activity

GDN_MOUSE Glia-derived nexin
Glycosaminoglycan binding, heparin binding, receptor binding,

serine-type endopeptidase inhibitor activity

ERLN2_MOUSE Erlin-2 Cholesterol binding, protein binding, ubiquitin protein ligase binding

ARPC5_MOUSE
Actin-related protein 2/3 complex

subunit 5
Actin filament binding, structural constituent of cytoskeleton

AAAT_MOUSE Neutral amino acid transporter B(0)
Neutral amino acid transmembrane transporter activity,

symporter activity

NAGK_MOUSE N-Acetyl-D-glucosamine kinase
ATP binding, N-acetylglucosamine kinase activity, N-acylmannosamine

kinase activity, kinase activity, nucleotide binding

STAT1_MOUSE
Signal transducer and activator

of transcription 1

DNA binding, RNA polymerase II core promoter proximal region
sequence-specific DNA binding, RNA polymerase II core promoter

sequence-specific DNA binding, cadherin binding involved in cell-cell
adhesion, double-stranded DNA binding, enzyme binding, nuclear
hormone receptor binding, protein homodimerization activity, signal

transducer activity, transcription factor activity, RNA polymerase II core
promoter sequence-specific, transcription factor activity, sequence-

specific DNA binding, tumor necrosis factor receptor binding

CCD47_MOUSE
Coiled-coil domain-containing

protein 47
RNA binding, calcium ion binding

NDUB7_MOUSE
NADH dehydrogenase [ubiquinone]

1 beta subcomplex subunit 7
NADH dehydrogenase (ubiquinone) activity

F13A_MOUSE Coagulation factor XIII A chain
Metal ion binding, protein-glutamine gamma-glutamyltransferase

activity

SUCA_MOUSE
Succinate–CoA ligase [ADP/GDP-

forming] subunit alpha,
mitochondrial

GTP binding, RNA binding, cofactor binding, ligase activity, nucleotide
binding, succinate-CoA ligase (ADP-forming) activity, succinate-CoA

ligase (GDP-forming) activity

FACR1_MOUSE Fatty acyl-CoA reductase 1
Fatty-acyl-CoA reductase (alcohol-forming) activity, long-chain-fatty-
acyl-CoA reductase activity, oxidoreductase activity, acting on the
aldehyde or oxo group of donors, NAD or NADP as acceptor

EFTS_MOUSE Elongation factor Ts, mitochondrial RNA binding, translation elongation factor activity

TM165_MOUSE Transmembrane protein 165 Molecular function

ADA15_MOUSE
Disintegrin and metalloproteinase
domain-containing protein 15

SH3 domain binding, integrin binding, metal ion binding,
metalloendopeptidase activity, metallopeptidase activity, peptidase

activity, protein binding

SNP23_MOUSE Synaptosomal-associated protein 23 SNAP receptor activity, syntaxin binding

PRIO_MOUSE Major prion protein
ATP-dependent protein binding, chaperone binding, copper ion binding,

identical protein binding, ion channel binding, lamin binding,
microtubule binding

LY6A_MOUSE Lymphocyte antigen 6A-2/6E-1

PLP2_MOUSE Proteolipid protein 2 Chemokine binding

TSNAX_MOUSE Translin-associated protein X
A2A adenosine receptor binding, RNA binding, metal ion binding,
protein complex binding, sequence-specific DNA binding, single-

stranded DNA binding

T106A_MOUSE Transmembrane protein 106A Molecular function

UBFD1_MOUSE
Ubiquitin domain-containing

protein UBFD1
RNA binding, cadherin binding involved in cell-cell adhesion
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PLEK_MOUSE Pleckstrin
Phosphatidylinositol-3,4-bisphosphate binding, protein
homodimerization activity, protein kinase C binding

TPBG_MOUSE Trophoblast glycoprotein

ILEUA_MOUSE Leukocyte elastase inhibitor A Serine-type endopeptidase inhibitor activity

TIMP2_MOUSE Metalloproteinase inhibitor 2
Enzyme activator activity, integrin binding, metal ion binding,

metalloendopeptidase inhibitor activity, peptidase inhibitor activity,
protease binding

FMR1_MOUSE Synaptic functional regulator FMR1

G-quadruplex RNA binding, RNA stem-loop binding, RNA strand
annealing activity, chromatin binding, dynein complex binding, ion
channel binding, mRNA 3′-UTR binding, mRNA 5′-UTR binding,
methylated histone binding, miRNA binding, microtubule binding,
poly(G) binding, poly(U) RNA binding, protein heterodimerization

activity, protein homodimerization activity, ribosome binding, sequence-
specific mRNA binding, siRNA binding, translation initiation factor

binding, translation repressor activity

DCUP_MOUSE Uroporphyrinogen decarboxylase Carboxy-lyase activity, uroporphyrinogen decarboxylase activity

PLIN4_MOUSE Perilipin-4

RHEB_MOUSE GTP-binding protein Rheb
GTP binding, metal ion binding, nucleotide binding, protein kinase

binding

TPD52_MOUSE Tumor protein D52
Calcium ion binding, protein binding, protein heterodimerization

activity, protein homodimerization activity

LDLR_MOUSE Low-density lipoprotein receptor

Calcium ion binding, glycoprotein binding, identical protein binding,
low-density lipoprotein particle binding, low-density lipoprotein

receptor activity, protease binding, very-low-density lipoprotein particle
receptor activity

PDC10_MOUSE Programmed cell death protein 10
Protein N-terminus binding, protein homodimerization activity, protein

kinase binding

UFM1_MOUSE Ubiquitin-fold modifier 1 Molecular function

SRXN1_MOUSE Sulfiredoxin-1
ATP binding, antioxidant activity, nucleotide binding, oxidoreductase
activity, oxidoreductase activity, acting on a sulfur group of donors,

sulfiredoxin activity

GAPR1_MOUSE
Golgi-associated plant

pathogenesis-related protein 1
Protein homodimerization activity

CSN5_MOUSE COP9 signalosome complex subunit 5
Hydrolase activity, metal ion binding, metallopeptidase activity, protein

binding, thiol-dependent ubiquitin-specific protease activity,
transcription coactivator activity

OCAD1_MOUSE OCIA domain-containing protein 1 Molecular function

DCAKD_MOUSE
Dephospho-CoA kinase

domain-containing protein
ATP binding, dephospho-CoA kinase activity, nucleotide binding

CD166_MOUSE CD166 antigen Protein binding

ATG3_MOUSE
Ubiquitin-like-conjugating

enzyme ATG3
Atg12 transferase activity, Atg8 ligase activity, enzyme binding, ligase

activity, ubiquitin-like protein transferase activity

DAG1_MOUSE Dystroglycan
SH2 domain binding, actin binding, alpha-actinin binding, calcium ion
binding, dystroglycan binding, protein binding, protein complex binding,

structural constituent of muscle, tubulin binding, vinculin binding

RAP2A_MOUSE Ras-related protein Rap-2a GTP binding, GTPase activity, nucleotide binding, protein binding

MPEG1_MOUSE Macrophage-expressed gene 1 protein

RBX1_MOUSE E3 ubiquitin-protein ligase RBX1

NEDD8 transferase activity, cullin family protein binding, eukaryotic
initiation factor 4E binding, ligase activity, protein complex binding,

ubiquitin protein ligase activity, ubiquitin protein ligase binding, ubiquitin-
ubiquitin ligase activity, zinc ion binding

VPS16_MOUSE
Vacuolar protein sorting-associated

protein 16 homolog
Actin binding
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PKHO2_MOUSE
Pleckstrin homology domain-
containing family O member 2

Molecular function

GAS6_MOUSE Growth arrest-specific protein 6

Binding, bridging, calcium ion binding, cysteine-type endopeptidase
inhibitor activity involved in apoptotic process, phosphatidylserine

binding, protein tyrosine kinase activator activity, receptor agonist activity,
receptor binding, receptor tyrosine kinase binding, voltage-gated calcium

channel activity

GMPPA_MOUSE
Mannose-1-phosphate
guanyltransferase alpha

Nucleotidyltransferase activity, transferase activity

COMD4_MOUSE COMM domain-containing protein 4 Molecular function

MECR_MOUSE
Enoyl-[acyl-carrier-protein]
reductase, mitochondrial

Ligand-dependent nuclear receptor binding, oxidoreductase activity, trans-
2-enoyl-CoA reductase (NADPH) activity, zinc ion binding

PTMS_MOUSE Parathymosin Zinc ion binding

RMD3_MOUSE
Regulator of microtubule dynamics

protein 3
Molecular function

SRSF1_MOUSE Serine/arginine-rich splicing factor 1
RNA binding, RS domain binding, mRNA binding, nucleotide binding,

protein kinase B binding

TMCO1_MOUSE
Calcium load-activated calcium

channel
Calcium channel activity

TMX1_MOUSE
Thioredoxin-related transmembrane

protein 1
Disulfide oxidoreductase activity, protein disulfide isomerase activity

VATG1_MOUSE V-type proton ATPase subunit G 1
ATPase activity, ATPase binding, hydrogen-exporting ATPase activity,

phosphorylative mechanism, hydrolase activity, acting on acid anhydrides,
catalyzing transmembrane movement of substances

STMN1_MOUSE Stathmin Protein binding, tubulin binding

H14_MOUSE Histone H1.4 DNA binding, RNA binding, chromatin DNA binding, protein binding

PROS_MOUSE Vitamin K-dependent protein S Calcium ion binding

PP2BA_MOUSE
Serine/threonine-protein phosphatase
2B catalytic subunit alpha isoform

Calcium-dependent protein serine/threonine phosphatase activity,
calmodulin binding, calmodulin-dependent protein phosphatase activity,
drug binding, enzyme binding, hydrolase activity, metal ion binding,
protein dimerization activity, protein heterodimerization activity

VAPB_MOUSE
Vesicle-associated membrane
protein-associated protein B

FFAT motif binding, beta-tubulin binding, cadherin binding involved in
cell-cell adhesion, enzyme binding, microtubule binding, protein
heterodimerization activity, protein homodimerization activity

TBL1R_MOUSE
F-box-like/WD repeat-containing

protein TBL1XR1

DNA binding, beta-catenin binding, histone binding, protein N-terminus
binding, protein binding, transcription corepressor activity, transcription

regulatory region DNA binding

RAB35_MOUSE Ras-related protein Rab-35
GDP binding, GTP binding, GTPase activity, nucleotide binding,
phosphatidylinositol-4,5-bisphosphate binding, protein binding

BID_MOUSE
BH3-interacting domain death

agonist
Protein heterodimerization activity, ubiquitin protein ligase binding

GLTP_MOUSE Glycolipid transfer protein Glycolipid binding, glycolipid transporter activity

IL1RA_MOUSE
Interleukin-1 receptor antagonist

protein

Cytokine activity, interleukin-1 Type I receptor antagonist activity,
interleukin-1 Type II receptor antagonist activity, interleukin-1, Type I

receptor binding, interleukin-1, Type II receptor binding

PDXK_MOUSE Pyridoxal kinase

ATP binding, kinase activity, lithium ion binding, magnesium ion binding,
nucleotide binding, potassium ion binding, protein homodimerization

activity, pyridoxal kinase activity, pyridoxal phosphate binding, sodium ion
binding, zinc ion binding

TRI25_MOUSE E3 ubiquitin/ISG15 ligase TRIM25

RNA binding, acid-amino acid ligase activity, cadherin binding involved in
cell-cell adhesion, ligase activity, metal ion binding, ubiquitin protein ligase
activity involved in ERAD pathway, ubiquitin-protein transferase activity,

zinc ion binding
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VATD_MOUSE V-type proton ATPase subunit D ATPase activity, coupled to transmembrane movement of substances

IL1AP_MOUSE
Interleukin-1 receptor accessory

protein
Interleukin-1 receptor activity, interleukin-33 receptor activity, protein

tyrosine kinase binding, signal transducer activity

SFXN1_MOUSE Sideroflexin-1 Ion transmembrane transporter activity

EEA1_MOUSE Early endosome antigen 1
1-Phosphatidylinositol binding, GTP-dependent protein binding, metal

ion binding, protein homodimerization activity

CBR2_MOUSE Carbonyl reductase [NADPH] 2
Carbonyl reductase (NADPH) activity, oxidoreductase activity, protein

binding, protein self-association

FKB14_MOUSE
Peptidyl-prolyl cis-trans isomerase

FKBP14
FK506 binding, calcium ion binding, isomerase activity, peptidyl-prolyl cis-

trans isomerase activity

DEGS1_MOUSE
Sphingolipid delta(4)-desaturase

DES1
Sphingolipid delta-4 desaturase activity

FCGRN_MOUSE IgG receptor FcRn large subunit p51
IgG binding, IgG receptor activity, antigen binding, beta-2-microglobulin

binding, peptide antigen binding

ACSF2_MOUSE
Acyl-CoA synthetase family
member 2, mitochondrial

ATP binding, ligase activity, molecular function, nucleotide binding

ADA_MOUSE Adenosine deaminase
Adenosine deaminase activity, deaminase activity, hydrolase activity,

purine nucleoside binding, zinc ion binding

ASC_MOUSE
Apoptosis-associated speck-like
protein containing a CARD

BMP receptor binding, Pyrin domain binding, cysteine-type endopeptidase
activity involved in apoptotic process, enzyme binding, interleukin-6
receptor binding, ion channel binding, myosin I binding, peptidase

activator activity involved in apoptotic process, protease binding, protein
dimerization activity, protein homodimerization activity, tropomyosin

binding

TXD17_MOUSE
Thioredoxin domain-containing

protein 17
Peroxidase activity, protein-disulfide reductase activity

MXRA8_MOUSE
Matrix remodeling-associated

protein 8
Molecular function

COX6C_MOUSE Cytochrome c oxidase subunit 6C Cytochrome c oxidase activity, molecular function

COASY_MOUSE Bifunctional coenzyme A synthase
ATP binding, dephospho-CoA kinase activity, nucleotide binding,

pantetheine-phosphate adenylyltransferase activity, transferase activity

CHCH2_MOUSE
Coiled-coil-helix-coiled-coil-helix
domain-containing protein 2

Sequence-specific DNA binding, transcription factor binding

SHOC2_MOUSE Leucine-rich repeat protein SHOC-2 Protein phosphatase 1 binding, protein phosphatase binding

CDV3_MOUSE Protein CDV3 Molecular function

ERAP1_MOUSE
Endoplasmic reticulum

aminopeptidase 1

Endopeptidase activity, interleukin-6 receptor binding,
metalloaminopeptidase activity, metalloexopeptidase activity, peptide

binding, zinc ion binding

AL3A2_MOUSE Fatty aldehyde dehydrogenase
3-Chloroallyl aldehyde dehydrogenase activity, aldehyde dehydrogenase
(NAD) activity, aldehyde dehydrogenase [NAD(P)+] activity, long-chain-

alcohol oxidase activity

ABHEB_MOUSE Protein ABHD14B Hydrolase activity

GLYG_MOUSE Glycogenin-1
Glycogenin glucosyltransferase activity, metal ion binding, transferase

activity, transferase activity, transferring glycosyl groups

BPNT1_MOUSE 3′(2′),5′-Bisphosphate nucleotidase 1 3′(2′),5′-Bisphosphate nucleotidase activity, hydrolase activity, magnesium
ion binding, metal ion binding

IFM2_MOUSE
Interferon-induced transmembrane

protein 2
Molecular function

PFD6_MOUSE Prefoldin subunit 6 Chaperone binding, unfolded protein binding

COMD8_MOUSE COMM domain-containing protein 8 Molecular function

S10AD_MOUSE Protein S100-A13
RAGE receptor binding, calcium ion binding, copper ion binding,

fibroblast growth factor binding, lipid binding, metal ion binding, protein
homodimerization activity, zinc ion binding
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T176A_MOUSE Transmembrane protein 176A Protein binding

SPD2B_MOUSE
SH3 and PX domain-containing

protein 2B

SH2 domain binding, phosphatidylinositol-3,5-bisphosphate binding,
phosphatidylinositol-3-phosphate binding, phosphatidylinositol-4-
phosphate binding, phosphatidylinositol-5-phosphate binding,

superoxide-generating NADPH oxidase activator activity

RM46_MOUSE
39S ribosomal protein L46,

mitochondrial
Hydrolase activity, structural constituent of ribosome

ADAS_MOUSE
Alkyldihydroxyacetonephosphate

synthase, peroxisomal

FAD binding, alkylglycerone-phosphate synthase activity, flavin
adenine dinucleotide binding, oxidoreductase activity, acting on

CH-OH group of donors

APMAP_MOUSE
Adipocyte plasma

membrane-associated protein
Arylesterase activity, hydrolase activity, acting on ester bonds, strictosidine

synthase activity

ARK72_MOUSE
Aflatoxin B1 aldehyde reductase

member 2

Oxidoreductase activity, oxidoreductase activity, acting on the CH-OH
group of donors, NAD or NADP as acceptor, phenanthrene-9,10-epoxide

hydrolase activity

BST2_MOUSE Bone marrow stromal antigen 2
RNA binding, metalloendopeptidase inhibitor activity, protein

homodimerization activity, signal transducer activity

CASP1_MOUSE Caspase-1
Cysteine-type endopeptidase activity, cysteine-type endopeptidase activity
involved in apoptotic process, cysteine-type peptidase activity, protein

binding

CD180_MOUSE CD180 antigen Receptor activity

CK054_MOUSE Ester hydrolase C11orf54 homolog
Hydrolase activity, acting on ester bonds, metal ion binding, zinc ion

binding

COX7C_MOUSE
Cytochrome c oxidase subunit 7C,

mitochondrial
Cytochrome c oxidase activity

CPSF7_MOUSE
Cleavage and polyadenylation
specificity factor subunit 7

RNA binding, nucleotide binding

DCAF8_MOUSE DDB1- and CUL4-associated factor 8 Molecular function

DHB11_MOUSE Estradiol 17-beta-dehydrogenase 11 Estradiol 17-beta-dehydrogenase activity, steroid dehydrogenase activity

ERGI1_MOUSE
Endoplasmic reticulum-Golgi

intermediate compartment protein 1
Molecular function

ERGI3_MOUSE
Endoplasmic reticulum-Golgi

intermediate compartment protein 3
Molecular function

FKB15_MOUSE FK506-binding protein 15 Actin binding, peptidyl-prolyl cis-trans isomerase activity

GSTA1_MOUSE Glutathione S-transferase A1 Glutathione transferase activity, transferase activity

IL4RA_MOUSE Interleukin-4 receptor subunit alpha Cytokine receptor activity, protein binding

ILF2_MOUSE Interleukin enhancer-binding factor 2
ATP binding, DNA binding, RNA binding, double-stranded RNA binding,

transferase activity

ITAM_MOUSE Integrin alpha-M
Glycoprotein binding, heparan sulfate proteoglycan binding, heparin

binding, metal ion binding, opsonin binding

LSG1_MOUSE Large subunit GTPase 1 homolog GTP binding, GTPase activity, nucleotide binding

NDUA2_MOUSE
NADH dehydrogenase [ubiquinone]

1 alpha subcomplex subunit 2
NADH dehydrogenase (ubiquinone) activity

NINJ1_MOUSE Ninjurin-1

OSMR_MOUSE
Oncostatin-M-specific receptor

subunit beta
Cytokine binding, cytokine receptor activity, growth factor binding,

oncostatin-M receptor activity

P2RX4_MOUSE P2X purinoceptor 4
ATP binding, cadherin binding, extracellular ATP-gated cation channel
activity, ion channel activity, purinergic nucleotide receptor activity

PFD1_MOUSE Prefoldin subunit 1 Protein binding involved in protein folding, unfolded protein binding

PGFS_MOUSE Prostamide/prostaglandin F synthase Prostaglandin-F synthase activity, thioredoxin peroxidase activity

PR2C2_MOUSE Prolactin-2C2 Growth factor activity, hormone activity
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PRRX1_MOUSE
Paired mesoderm homeobox

protein 1
DNA binding, HMG box domain binding, RNA polymerase II

transcription coactivator activity, sequence-specific DNA binding

RL35_MOUSE 60S ribosomal protein L35 RNA binding, mRNA binding, structural constituent of ribosome

S10A1_MOUSE Protein S100-A1
ATPase binding, S100 protein binding, calcium ion binding, protein

homodimerization activity

SBDS_MOUSE Ribosome maturation protein SBDS Microtubule binding, rRNA binding, ribosome binding

SDF2_MOUSE Stromal cell-derived factor 2 Dolichyl-phosphate-mannose-protein mannosyltransferase activity

SERC1_MOUSE Serine incorporator 1 L-Serine transmembrane transporter activity

TIAR_MOUSE Nucleolysin TIAR AU-rich element binding, RNA binding, nucleotide binding

TRADD_MOUSE
Tumor necrosis factor receptor type
1-associated DEATH domain protein

Binding, bridging, death domain binding, identical protein binding,
kinase binding, protein complex binding, signal transducer activity,

tumor necrosis factor receptor binding

TRNT1_MOUSE
CCA tRNA nucleotidyltransferase 1,

mitochondrial

ATP binding, ATP:3′-cytidine-cytidine-tRNA adenylyltransferase activity,
CTP:3′-cytidine-tRNA cytidylyltransferase activity, CTP:tRNA

cytidylyltransferase activity, nucleotide binding, tRNA binding, tRNA
nucleotidyltransferase activity

VPS52_MOUSE
Vacuolar protein sorting-associated

protein 52 homolog
Syntaxin binding

ZFYV1_MOUSE
Zinc finger FYVE domain-containing

protein 1

1-Phosphatidylinositol binding, metal ion binding, phosphatidylinositol-
3,4,5-trisphosphate binding, phosphatidylinositol-3,4-bisphosphate

binding

ZWINT_MOUSE ZW10 interactor Protein N-terminus binding, protein binding

FBLN3_MOUSE
EGF-containing fibulin-like
extracellular matrix protein 1

Calcium ion binding, epidermal growth factor receptor binding, epidermal
growth factor-activated receptor activity, growth factor activity

NDUB9_MOUSE
NADH dehydrogenase [ubiquinone]

1 beta subcomplex subunit 9
NADH dehydrogenase (ubiquinone) activity

MIC10_MOUSE MICOS complex subunit Mic10 Molecular function

NPL_MOUSE N-Acetylneuraminate lyase N-Acetylneuraminate lyase activity, lyase activity

UCRI_MOUSE
Cytochrome b-c1 complex subunit

Rieske, mitochondrial

2 iron, 2 sulfur cluster binding, metal ion binding, oxidoreductase activity,
acting on diphenols and related substances as donors, protein complex

binding, ubiquinol-cytochrome c reductase activity

CD97_MOUSE CD97 antigen
G-protein coupled receptor activity, calcium ion binding, signal transducer

activity

WDR26_MOUSE WD repeat-containing protein 26 Molecular function

XIRP2_MOUSE
Xin actin-binding repeat-containing

protein 2
Actin binding, alpha-actinin binding, protein binding, zinc ion binding

DYR_MOUSE Dihydrofolate reductase
NADP binding, NADPH binding, dihydrofolate reductase activity,

dihydrofolic acid binding, folic acid binding, mRNA binding, methotrexate
binding, oxidoreductase activity

AIMP1_MOUSE
Aminoacyl tRNA synthase complex-
interacting multifunctional protein 1

GTPase binding, cytokine activity, protein homodimerization activity,
tRNA binding

SYTC2_MOUSE
Probable threonine–tRNA ligase 2,

cytoplasmic
ATP binding, RNA binding, nucleotide binding, threonine-tRNA

ligase activity

RAB4B_MOUSE Ras-related protein Rab-4B GTP binding, nucleotide binding

RAB8A_MOUSE Ras-related protein Rab-8A
GDP binding, GTP binding, GTPase activity, Rab GTPase binding, myosin
V binding, nucleotide binding, protein binding, protein kinase binding

AT2B1_MOUSE
Plasma membrane

calcium-transporting ATPase 1

ATP binding, PDZ domain binding, calcium-transporting ATPase
activity, calmodulin binding, hydrolase activity, metal ion binding,

nucleotide binding

GNA11_MOUSE
Guanine nucleotide-binding
protein subunit alpha-11

G-protein beta/gamma-subunit complex binding, GTP binding, GTPase
activity, alkylglycerophosphoethanolamine phosphodiesterase activity,
guanyl nucleotide binding, metal ion binding, signal transducer activity,

type 2A serotonin receptor binding
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SUCB2_MOUSE
Succinate–CoA ligase [GDP-forming]

subunit beta, mitochondrial

ATP binding, GDP binding, GTP binding, ligase activity, metal ion
binding, nucleotide binding, protein heterodimerization activity, succinate-

CoA ligase (GDP-forming) activity, succinate-semialdehyde
dehydrogenase (NAD+) activity

GIPC1_MOUSE
PDZ domain-containing protein

GIPC1

GTPase activator activity, PDZ domain binding, actin binding, cadherin
binding involved in cell-cell adhesion, myosin binding, protein

homodimerization activity, receptor binding

ACPM_MOUSE Acyl carrier protein, mitochondrial Molecular function

ALG11_MOUSE
GDP-Man:Man(3)GlcNAc(2)-PP-
Dol alpha-1,2-mannosyltransferase

GDP-Man:Man3GlcNAc2-PP-Dol alpha-1,2-mannosyltransferase activity,
transferase activity, transferase activity, transferring glycosyl groups

AN32E_MOUSE
Acidic leucine-rich nuclear

phosphoprotein 32 family member E
Histone binding, phosphatase inhibitor activity

APOE_MOUSE Apolipoprotein E

Antioxidant activity, beta-amyloid binding, cholesterol binding, cholesterol
transporter activity, heparin binding, lipid transporter activity, lipoprotein
particle binding, low-density lipoprotein particle receptor binding, metal
chelating activity, phosphatidylcholine-sterol O-acyltransferase activator
activity, phospholipid binding, protein binding, protein homodimerization
activity, tau protein binding, very-low-density lipoprotein particle receptor

binding

ARMC6_MOUSE
Armadillo repeat-containing

protein 6
Molecular function

BAP31_MOUSE B cell receptor-associated protein 31 MHC class I protein binding, protein complex binding

CC90B_MOUSE
Coiled-coil domain-containing
protein 90B, mitochondrial

Molecular function

CCD22_MOUSE
Coiled-coil domain-containing

protein 22
Cullin family protein binding, protein binding

CDIPT_MOUSE
CDP-diacylglycerol–inositol
3-phosphatidyltransferase

CDP-diacylglycerol-inositol 3-phosphatidyltransferase activity,
alcohol binding, carbohydrate binding, diacylglycerol binding,

manganese ion binding

CGAT1_MOUSE
Chondroitin sulfate N-

acetylgalactosaminyltransferase 1

Glucuronosyl-N-acetylgalactosaminyl-proteoglycan 4-beta-N-
acetylgalactosaminyltransferase activity, glucuronosyltransferase

activity, glucuronylgalactosylproteoglycan 4-beta-N-
acetylgalactosaminyltransferase activity, metal ion binding,

peptidoglycan glycosyltransferase activity

CN37_MOUSE
2′,3′-Cyclic-nucleotide
3′-phosphodiesterase

2′,3′-Cyclic-nucleotide 3′-phosphodiesterase activity, RNA binding,
cyclic nucleotide binding, hydrolase activity

CO4A2_MOUSE Collagen alpha-2(IV) chain Extracellular matrix structural constituent

CPSF6_MOUSE
Cleavage and polyadenylation
specificity factor subunit 6

RNA binding, mRNA binding, nucleotide binding

CRK_MOUSE Adapter molecule crk
SH2 domain binding, SH3/SH2 adaptor activity, enzyme binding,

ephrin receptor binding, protein binding, bridging, protein
phosphorylated amino acid binding

CTBP2_MOUSE C-terminal-binding protein 2

NAD binding, chromatin binding, oxidoreductase activity,
oxidoreductase activity, acting on the CH-OH group of donors,
NAD or NADP as acceptor, protein homodimerization activity,
retinoic acid receptor binding, transcription coactivator activity,

transcription corepressor activity

DAD1_MOUSE
Dolichyl-diphosphooligosaccharide–
protein glycosyltransferase subunit

DAD1

Dolichyl-diphosphooligosaccharide-protein glycotransferase activity,
transferase activity, transferring glycosyl groups

DERL2_MOUSE Derlin-2 Molecular function

DHSO_MOUSE Sorbitol dehydrogenase
D-Xylulose reductase activity, L-iditol 2-dehydrogenase activity, NAD

binding, identical protein binding, zinc ion binding
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DNJB4_MOUSE DnaJ homolog subfamily B member 4 Chaperone binding, unfolded protein binding

DYLT1_MOUSE Dynein light chain Tctex-type 1
G-protein beta-subunit binding, GTP-dependent protein binding, identical

protein binding, motor activity

DYLT3_MOUSE Dynein light chain Tctex-type 3 Identical protein binding, motor activity

EFL1_MOUSE Elongation factor-like GTPase 1 GTP binding, GTPase activity, nucleotide binding, ribosome binding

EH1L1_MOUSE
EH domain-binding protein

1-like protein 1
Molecular function

EMC8_MOUSE
ER membrane protein complex

subunit 8
Molecular function

ETHE1_MOUSE
Persulfide dioxygenase ETHE1,

mitochondrial
Dioxygenase activity, iron ion binding, metal ion binding, sulfur

dioxygenase activity

FKB11_MOUSE
Peptidyl-prolyl cis-trans isomerase

FKBP11
FK506 binding, isomerase activity, peptidyl-prolyl cis-trans isomerase

activity

FNTB_MOUSE
Protein farnesyltransferase subunit

beta
Drug binding, farnesyltranstransferase activity, isoprenoid binding, peptide

binding, protein farnesyltransferase activity, zinc ion binding

FUND2_MOUSE FUN14 domain-containing protein 2 Molecular function

GGA1_MOUSE
ADP-ribosylation factor-binding

protein GGA1

GGT5_MOUSE Glutathione hydrolase 5 proenzyme Gamma-glutamyltransferase activity, glutathione hydrolase activity

GINM1_MOUSE
Glycoprotein integral membrane

protein 1
Molecular function

GLRX5_MOUSE
Glutaredoxin-related protein 5,

mitochondrial
2 iron, 2 sulfur cluster binding, electron carrier activity, metal ion binding,

protein disulfide oxidoreductase activity

HDAC7_MOUSE Histone deacetylase 7

14-3-3 protein binding, NAD-dependent histone deacetylase activity (H3-
K14 specific), activating transcription factor binding, chromatin binding,
metal ion binding, protein kinase C binding, protein kinase binding,

repressing transcription factor binding, transcription corepressor activity

HEBP1_MOUSE Heme-binding protein 1 Heme binding

HIG1A_MOUSE
HIG1 domain family member 1A,

mitochondrial
Molecular function

HOME3_MOUSE Homer protein homolog 3
G-protein coupled glutamate receptor binding, protein C-terminus

binding, protein domain specific binding

HRG1_MOUSE Heme transporter HRG1 Heme transporter activity, molecular function

HS2ST_MOUSE
Heparan sulfate 2-O-
sulfotransferase 1

Heparan sulfate 2-O-sulfotransferase activity, transferase activity

IC1_MOUSE Plasma protease C1 inhibitor Peptidase inhibitor activity, serine-type endopeptidase inhibitor activity

IDHG1_MOUSE
Isocitrate dehydrogenase [NAD]
subunit gamma 1, mitochondrial

ATP binding, NAD binding, isocitrate dehydrogenase (NAD+) activity,
magnesium ion binding, oxidoreductase activity

LRN4L_MOUSE LRRN4 C-terminal-like protein Molecular function

LTOR5_MOUSE
Ragulator complex protein

LAMTOR5
Guanyl-nucleotide exchange factor activity, protein complex scaffold

LXN_MOUSE Latexin
Enzyme inhibitor activity, heparin binding, metalloendopeptidase

inhibitor activity

MA2B2_MOUSE
Epididymis-specific
alpha-mannosidase

Alpha-mannosidase activity, carbohydrate binding, hydrolase activity,
mannosidase activity, zinc ion binding

MDR1A_MOUSE Multidrug resistance protein 1A

ATP binding, ATPase activity, coupled, ATPase activity, coupled to
transmembrane movement of substances, ceramide-translocating ATPase
activity, nucleotide binding, phosphatidylcholine-translocating ATPase

activity, phosphatidylethanolamine-translocating ATPase activity,
xenobiotic-transporting ATPase activity

MIC13_MOUSE MICOS complex subunit MIC13 Molecular function
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MMAB_MOUSE
Cob(I)yrinic acid a,c-diamide

adenosyltransferase, mitochondrial
ATP binding, cob(I)yrinic acid a,c-diamide adenosyltransferase activity,

nucleotide binding, transferase activity

MMSA_MOUSE
Methylmalonate-semialdehyde
dehydrogenase [acylating],

mitochondrial

RNA binding, aldehyde dehydrogenase (NAD) activity, malonate-
semialdehyde dehydrogenase (acetylating) activity, methylmalonate-

semialdehyde dehydrogenase (acylating) activity, oxidoreductase activity

MPI_MOUSE Mannose-6-phosphate isomerase
Isomerase activity, mannose-6-phosphate isomerase activity, zinc ion

binding

NAGA_MOUSE
N-Acetylglucosamine-6-phosphate

deacetylase
N-Acetylglucosamine-6-phosphate deacetylase activity, hydrolase activity,

metal ion binding

NDUS4_MOUSE
NADH dehydrogenase [ubiquinone]
iron-sulfur protein 4, mitochondrial

NADH dehydrogenase (ubiquinone) activity

NDUS5_MOUSE
NADH dehydrogenase [ubiquinone]

iron-sulfur protein 5
Molecular function

NHLC3_MOUSE NHL repeat-containing protein 3 Molecular function

NU160_MOUSE
Nuclear pore complex protein

Nup160
Nucleocytoplasmic transporter activity

NUP50_MOUSE Nuclear pore complex protein Nup50 Ran GTPase binding

OAS1A_MOUSE 2′-5′-Oligoadenylate synthase 1A
2′-5′-Oligoadenylate synthetase activity, ATP binding, double-stranded
RNA binding, metal ion binding, nucleotide binding, protein binding,

transferase activity

PEDF_MOUSE Pigment epithelium-derived factor Serine-type endopeptidase inhibitor activity

PEX14_MOUSE
Peroxisomal membrane protein

PEX14
Beta-tubulin binding, microtubule binding, protein N-terminus binding,

receptor binding, transcription corepressor activity

PEX19_MOUSE Peroxisomal biogenesis factor 19
ATPase binding, peroxisome membrane class-1 targeting sequence

binding, protein N-terminus binding, protein binding

PIEZ1_MOUSE
Piezo-type mechanosensitive
ion channel component 1

Cation channel activity, mechanically-gated ion channel activity

PRAF1_MOUSE Prenylated Rab acceptor protein 1
Identical protein binding, proline-rich region binding, protein

C-terminus binding

PRAF2_MOUSE PRA1 family protein 2 Molecular function

PREB_MOUSE
Prolactin regulatory

element-binding protein

ARF guanyl-nucleotide exchange factor activity, DNA binding, GTPase
binding, Rab guanyl-nucleotide exchange factor activity, Sar guanyl-

nucleotide exchange factor activity, transcription factor activity, sequence-
specific DNA binding

PSN1_MOUSE Presenilin-1
PDZ domain binding, aspartic-type endopeptidase activity, beta-catenin
binding, cadherin binding, calcium channel activity, endopeptidase activity

RAB31_MOUSE Ras-related protein Rab-31 GDP binding, GTP binding, nucleotide binding

RDH13_MOUSE Retinol dehydrogenase 13 Oxidoreductase activity

RT11_MOUSE
28S ribosomal protein S11,

mitochondrial
mRNA 5′-UTR binding, small ribosomal subunit rRNA binding,

structural constituent of ribosome

S2546_MOUSE Solute carrier family 25 member 46 Molecular function

S35F6_MOUSE Solute carrier family 35 member F6 Molecular function

S39AE_MOUSE Zinc transporter ZIP14
Ferrous iron transmembrane transporter activity, metal ion
transmembrane transporter activity, zinc ion transmembrane

transporter activity

SCFD2_MOUSE
Sec1 family domain-containing

protein 2
Molecular function

SSRP1_MOUSE FACT complex subunit SSRP1 DNA binding, RNA binding, chromatin binding

STX2_MOUSE Syntaxin-2
SNAP receptor activity, SNARE binding, calcium-dependent

protein binding, protein dimerization activity
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Table 3: Continued.

Exclusive P0 group
UniProt/Swiss-Prot ID Description Molecular function

SYVN1_MOUSE E3 ubiquitin-protein ligase synoviolin

ATPase binding, chaperone binding, ligase activity, ubiquitin
protein ligase activity, ubiquitin protein ligase activity involved

in ERAD pathway, ubiquitin-specific protease binding,
unfolded protein binding, zinc ion binding

TENS3_MOUSE Tensin-3 Molecular function

TI8AB_MOUSE
Putative mitochondrial import inner

membrane translocase subunit
Tim8 A-B

Metal ion binding

TMX2_MOUSE
Thioredoxin-related transmembrane

protein 2
Molecular function

TNR12_MOUSE
Tumor necrosis factor receptor

superfamily member 12A
Protein binding

TOIP2_MOUSE Torsin-1A-interacting protein 2 ATPase activator activity, ATPase binding

TOM5_MOUSE
Mitochondrial import receptor

subunit TOM5 homolog
Protein transporter activity

TPC13_MOUSE
Trafficking protein particle

complex subunit 13
Molecular function

UBP19_MOUSE
Ubiquitin carboxyl-terminal

hydrolase 19

Hsp90 protein binding, Lys48-specific deubiquitinase activity,
metal ion binding, thiol-dependent ubiquitin-specific protease

activity, ubiquitin protein ligase binding

UFSP2_MOUSE Ufm1-specific protease 2
UFM1 hydrolase activity, cysteine-type peptidase activity,

thiolester hydrolase activity

VMP1_MOUSE Vacuole membrane protein 1 Molecular function

TIMP1_MOUSE Metalloproteinase inhibitor 1
Cytokine activity, growth factor activity, metal ion binding,
metalloendopeptidase inhibitor activity, protease binding

TM9S4_MOUSE
Transmembrane 9 superfamily

member 4
Molecular function

PSB8_MOUSE Proteasome subunit beta type-8
Endopeptidase activity, peptidase activity, threonine-type

endopeptidase activity

QCR7_MOUSE Cytochrome b-c1 complex subunit 7 Ubiquinol-cytochrome c reductase activity

ADA10_MOUSE
Disintegrin and metalloproteinase
domain-containing protein 10

SH2 domain binding, SH3 domain binding, hydrolase activity, metal ion
binding, metalloendopeptidase activity, metallopeptidase activity, protein

binding, protein homodimerization activity, protein kinase binding

KCT2_MOUSE
Keratinocyte-associated
transmembrane protein 2

Molecular function

NDRG2_MOUSE Protein NDRG2

YIF1B_MOUSE Protein YIF1B Molecular function

TIM8B_MOUSE
Mitochondrial import inner

membrane translocase
subunit Tim8 B

Metal ion binding

DJC24_MOUSE
DnaJ homolog subfamily

C member 24
ATPase activator activity, ferrous iron binding, zinc ion binding

VWA8_MOUSE
von Willebrand factor A

domain-containing protein 8
ATP binding, ATPase activity, nucleotide binding

FEN1_MOUSE Flap endonuclease 1

5′-3′ exonuclease activity, 5′-flap endonuclease activity, DNA
binding, RNA-DNA hybrid ribonuclease activity, catalytic activity,
exonuclease activity, flap endonuclease activity, magnesium ion

binding, manganese ion binding

TPD54_MOUSE Tumor protein D54 RNA binding

MCL1_MOUSE
Induced myeloid leukemia cell
differentiation protein Mcl-1

homolog

BH3 domain binding, protein heterodimerization activity, protein
homodimerization activity

PCBP4_MOUSE Poly(rC)-binding protein 4 DNA binding, RNA binding, mRNA 3 ′-UTR binding
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Prdx1, Rnh1, Col1a2, Vcl, Lcp1, and Fabp5 were higher at
P0 than at P3. The quantitative value of Act2, Serponh1,
Hsp90ab1, Hsp90aa1, Actbl2, Vdac1, S100a11, Anxa2,
S100a6, Pgam1, argininosuccinate synthase (Ass1, which is
regulated by hypoxia-inducible factor 1α (Hif1α)), Plec,
Kpnb1, Gsn, Marcks, Eif5a, and Tpm4 was higher at P3
than at P0 (Figure 4).

We previously examined the protein components
expressed by human MSC-ATs (hMSC-ATs) cultured in
the clinical medium not containing FBS and hMSC-ATs
cultured in DMEM containing FBS [25]. Based on the
results of the protein expression analysis, the expression
of TLN1, FLNC, and ASS1 was higher in hMSC-ATs cultured
in DMEM containing FBS than in those cultured in the

Table 3: Continued.

Exclusive P0 group
UniProt/Swiss-Prot ID Description Molecular function

GCR_MOUSE Glucocorticoid receptor

RNA polymerase II core promoter proximal region sequence-specific DNA
binding, glucocorticoid-activated RNA polymerase II transcription factor
binding transcription factor activity, lipid binding, metal ion binding,

protein complex binding, protein dimerization activity, sequence-specific
DNA binding, steroid hormone binding, transcriptional activator activity,
RNA polymerase II core promoter proximal region sequence-specific

binding, zinc ion binding

RT16_MOUSE
28S ribosomal protein S16,

mitochondrial
Structural constituent of ribosome

CD47_MOUSE Leukocyte surface antigen CD47 Protein binding, thrombospondin receptor activity

UBP24_MOUSE
Ubiquitin carboxyl-terminal

hydrolase 24
Peptidase activity, thiol-dependent ubiquitinyl hydrolase activity

ROMO1_MOUSE Reactive oxygen species modulator 1 Molecular function

GOT1B_MOUSE Vesicle transport protein GOT1B Signal transducer activity

OLR1_MOUSE
Oxidized low-density lipoprotein

receptor 1
Carbohydrate binding, low-density lipoprotein receptor activity

SRSF2_MOUSE Serine/arginine-rich splicing factor 2
RNA binding, nucleotide binding, pre-mRNA binding, protein

kinase C binding

COMD2_MOUSE COMM domain-containing protein 2 Molecular function

PYGL_MOUSE Glycogen phosphorylase, liver form

AMP binding, ATP binding, bile acid binding, carbohydrate binding,
catalytic activity, drug binding, glycogen phosphorylase activity, nucleotide
binding, protein homodimerization activity, purine nucleobase binding,

pyridoxal phosphate binding, vitamin binding

NCF2_MOUSE Neutrophil cytosol factor 2
Rac GTPase binding, protein C-terminus binding, superoxide-generating

NADPH oxidase activity

YIF1A_MOUSE Protein YIF1A Molecular function

PEPL1_MOUSE Probable aminopeptidase NPEPL1
Aminopeptidase activity, manganese ion binding,

metalloexopeptidase activity

WWOX_MOUSE
WW domain-containing

oxidoreductase
RNA polymerase II transcription coactivator activity, enzyme binding,

oxidoreductase activity

PTH_MOUSE Probable peptidyl-tRNA hydrolase RNA binding, aminoacyl-tRNA hydrolase activity

PYRD_MOUSE
Dihydroorotate dehydrogenase

(quinone), mitochondrial
FMN binding, dihydroorotate dehydrogenase activity, drug binding,

ubiquinone binding

CTL1_MOUSE Choline transporter-like protein 1 Choline transmembrane transporter activity

LY6C1_MOUSE Lymphocyte antigen 6C1

OTU6B_MOUSE OTU domain-containing protein 6B Thiol-dependent ubiquitinyl hydrolase activity

NECT2_MOUSE Nectin-2
Cell adhesion molecule binding, identical protein binding, protein

heterodimerization activity, protein homodimerization activity, receptor
activity, receptor binding

TTYH2_MOUSE Protein tweety homolog 2 Chloride channel activity, molecular function

LMOD1_MOUSE Leiomodin-1 Actin binding, tropomyosin binding

UD16_MOUSE UDP-glucuronosyltransferase 1-6
Glucuronosyltransferase activity, protein heterodimerization activity,
protein homodimerization activity, transferase activity, transferring

hexosyl groups

MYL6B_MOUSE Myosin light chain 6B Calcium ion binding, motor activity, structural constituent of muscle
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clinical culture medium. Therefore, the increased expres-
sion of Tln1, Flnc, and Ass1 protein at P3 compared with
P0 is not caused by FBS. Regarding the change in the
expression of Ass1, the activation level of Hif1α was con-
sidered to be higher at P0 than at P3, because the oxygen
concentration is lower in vivo than in vitro [29, 30].
Therefore, the results of this study reflect not only the
effect of cell division frequency but also the influence of
oxygen concentration. When cultured cells are planted in
a living body in a low-oxygen environment, the hypoxic
response may be activated. Therefore, in order to interpret
the results of this study more accurately, we must obtain
data on the protein expression of MSCs cultured under
hypoxic and high-oxygen conditions.

4. Conclusions

The functions of proteins classified by the GO analysis
were quantified using the LC-MS/MS measurement system
for the amount of proteins and components contained in
primary cultured cells of mMSC-ATs and cells passaged
three times. The ability of mMSC-ATs to differentiate into
expression markers of cells, fat, and osteoblasts did not
change, even after three passages. However, the protein
expression decreased to 69.4%. The proteins whose expres-
sion levels decreased after three passages included Ass1
among the Hif-related proteins. Furthermore, it was revealed
that 336 kinds of proteins are specifically expressed in

primary cultured MSC-ATs. In conclusion, MSC-ATs used
as therapeutic cells retained their cell properties after three
passages but showed a decreased protein expression on
LC-MS/MS.
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