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Effect of donor age on the proliferation and multipotency of
canine adipose-derived mesenchymal stem cells

Jienny LeeT, Keum Sil LeeT, Chan-Lan Kim, Jeong Su Byeon, Na-Yeon Gu, In-Soo Cho, Sang-Ho Cha™
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Research into adipose tissue-derived mesenchymal stem cells (AD-MSCs) has demonstrated the feasibility of their use in clinical applications
due to their ease of isolation and abundance in adipose tissue. We isolated AD-MSCs from young and old dogs, and the cells were subjected
to sequential sub-passaging from passage 1 (P1) to P7. Canine AD-MSCs (cAD-MSCs) were examined for proliferation kinetics, expression
of molecules associated with self-renewal, expression of cell surface markers, and differentiation potentials at P3. Cumulative population
doubling level was significantly higher in cAD-MSCs of young donors than in those of old donors. In addition, expressions of CD73, CD80,
Oct3/4, Nanog, cell survival genes and differentiation potentials were significantly higher in young donors than in old donors. The present
study suggests that donor age should be considered when developing cell-based therapies for clinical application of cAD-MSCs.
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Introduction

The clinical potential of mesenchymal stem cells (MSCs) has
been recognized due to their capacities for multilineage
differentiation, homing, and immune modulation effects. Adipose
tissue-derived MSCs (AD-MSCs) have morphological,
phenotypic, and functional characteristics similar to those of
bone marrow-derived MSCs (BM-MSCs) [36]. The variety of
advantages of AD-MSCs includes simplicity of isolation with
minimal risk to the donor and the sufficient quantity of the
multipotent population within adipose tissue [7]. AD-MSCs
have been used in regenerative therapies for the treatment of
various tissue disorders, including those affecting bone, cartilage,
and fat [2,6,19,33]. AD-MSCs are capable of long-term
self-renewal in culture, while maintaining multipotency, in
several species including human, bovine, rat, and mouse
[20,23,34]. Recently, canine AD-MSCs (cAD-MSCs) have been
shown to have the capacity to differentiate into adipogenic,
osteogenic, chondrogenic, myogenic, and neuronal lineages
[14,20,25,29].

Donor age is closely associated with MSC functions such as
proliferation, differentiation, and wound healing properties in
rats [16], mice [3,12], and humans [12,30,35]. The influence of

donor age has also been observed in canine mobilized dental
pulp stem cells (cMDP-SCs) [9]. Interestingly, despite many
studies into the effect of age on differentiation capacities of
AD-MSCs in human and other species, Guercio et al. [8]
observed no age effect on stemness characteristics or
differentiation capacities of cAD-MSCs. Since variations in
isolation and/or growing methods and animal source (age,
species, etc.) are critical to the characteristics of MSCs, it is
important to define the age effect on cAD-MSCs. Thus, our
study was conducted to isolate cAD-MSCs from young and old
donors and investigate age-dependent change in the multipotency
of cAD-MSCs.

Materials and Methods

Isolation of CAD-MSCs and cell culture

Adipose tissues were individually collected from 7-month-
old (n = 3) and 10- to 11-year-old male beagle dogs (n = 3).
Abdominal subcutaneous adipose tissues were sampled from
each dog. All animal experimental protocols were approved by
the Animal Welfare Committee of the Animal and Plant
Quarantine Agency (registry No. QIA-2012-493). Canine
adipose tissues (n = 6) were washed with phosphate-buffered
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saline (PBS; Gibco, USA) to remove blood. Blood vessels were
removed with sterile scissors and forceps. The tissue was then
incubated in PBS containing 1x P/S (100 unit/mL penicillin,
100 pg/mL streptomycin; Gibco). The tissues were minced into
1-2 mm pieces and incubated in PBS containing 0.1%
collagenase type I (Sigma, USA) at 37°C for 30 min. The
digested tissues were filtered through a cell strainer (100 pum) to
remove undigested tissues and centrifuged at 450 x g for 10 min.
The cell pellet was resuspended in low Dulbecco's Modified
Eagle's Medium (DMEM,; Invitrogen, USA) containing 1x P/S
and 10% fetal bovine serum, and cultured in a cell culture flask
at 37°C in a 5% CO, incubator. The following day, culture
medium was replaced with fresh low DMEM, and the cells were
passaged after five days. Cells at each passage were maintained
until 80% confluence was reached and sub-passaged.

Cumulative population doubling level

During continuous sub-passaging, the number of cAD-MSCs
at both seeding and harvesting time were determined in order to
calculate cumulative population doubling level (CPDL) from
the formula: CPDL = {logio(Nu) — logio(Ni)}logio, where Ny =
initial cell number and Ny = harvested cell number. Cumulative
doubling level was obtained by adding the CPDL of each
passage to that of the previous passage [4].

Reverse transcriptase polymerase chain reaction (RT-PCR)
gene expression analysis

The list of primers used for the pluripotent markers (Oct3/4,
Sox2, and Nanog) and for GAPDH, the internal control, are
shown in Table 1. Total RNA was isolated from the cAD-MSCs
by applying the TRIzol method (Invitrogen). RNA concentration
was measured by using a spectrophotometer (Thermo, USA).
RT-PCR was conducted by using Superscript II reverse
transcriptase (Invitrogen) according to the manufacturer’s
instructions. For pluripotent marker analysis, target genes were
amplified in 35 cycles of 94°C (30 sec), 55°C to 60°C (30 sec),
72°C (20 sec), and 72°C for 10 min. The PCR products were
separated by performing electrophoresis in 2% agarose gel,
marked with Red Safe stain (iNtRon Biotechnology, Korea),
and visualized under UV light. Images were digitally observed
and recorded by using a CCD camera (Gel Documentation
System, USA).

Real-time quantitative RT-PCR (qRT-PCR)

Primers for pluripotent markers (Oct3/4, Sox2, and Nanog),
cell surface markers (CD29, CD34, CD44, CD54, CD6l,
CD73, CD80, CD90, CD105, CD117, and MHC-class 1II),
differentiation potential markers (lipoprotein lipase [LPL],
leptin, osteopontin [OP], osteocalcin [OC], aggrecan, and type
[I-collagen [COL2AY)), cell survival-related genes (telomerase
reverse transcriptase [ TERT], dyskerin pseudouridine synthase
1 [DKC1], histone deacetylase 1 [HDAC1], DNA (cytosine-5)-
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methyltransferase 1 [DNMT1], Bel-2, lactate dehydrogenase A
[LDHA], glucose transporter member 1 [SLC2A1]), and
GAPDH as an internal control are listed in Table 1. Total RNA
was isolated from the cells and reversed transcribed to cDNA (5
pL), which was used for PCR analysis. qRT-PCR analysis was
performed in 96-well plates with a lightCycler 480 (Roche
Applied Science, Germany) using SYBR Green I Master kit
(Roche Diagnostics, Germany) according to the manufacturer’s
instructions. A thermocycling program was used for amplification:
Pre-denaturation (95°C, 10 min), followed by 40 cycles of
denaturation (95°C, 10 sec), annealing (55°C-64°C, 10 sec), and
elongation (72°C, 10 sec). Melting curve analysis was
performed from 65°C to 97°C to assess the distinction of the
gRT-PCR products. Using the Ct value, we calculated the
gqRT-PCR results. Relative quantification was conducted as
previously described using GAPDH as a reference gene. The
27 %T method described by Livak and Schmittgen [18] was
employed to normalize gene expression values.

In vitro differentiation

For adipogenic differentiation, cAD-MSCs were seeded at 2
x 10" cells/cm on tissue culture plates (4-well) and cultured for
21 days in adipogenic differentiation medium and adipogenic
maintenance medium according to the manufacturers protocols
(Lonza, USA). Medium changes were made every 2-3 days.
Differentiated or undifferentiated cells were washed twice with
PBS, fixed with 4% formalin for 10 min and washed with PBS.
The fixed cells were stained with an Oil Red O stain kit (IHC
World, USA) and red colored lipid vacuoles that accumulated in
the differentiated cells were observed under an inverted
microscope. For osteogenic differentiation, the cells of 3 x 10°
cells/cm were plated on tissue culture plates (4-well) and grown
in osteogenic differentiation medium (Lonza) for 21 days.
Medium changes were made every 2-3 days. Differentiated or
undifferentiated cells were washed twice with PBS, fixed with
4% formalin for 10 min, and washed with PBS. The fixed cells
were stained with an Alizarin Red stain kit (IHC World) and the
deposited calcium (orange-red colored) was visualized. For
chondrogenic differentiation, 5 x 10° cells were seeded in a 15
mL polypropylene tube and centrifuged to form a pellet. Pellets
were cultured in 1 mL of chondrogenic differentiation medium
plus TGF-B3 (Lonza) for 21 days. Medium changes were made
every 2-3 days. After differentiation, the pellet was embedded
in paraffin, cut into 3 um sections, and stained with an Alcian
Blue stain kit (IHC World) to detect the presence of
glycosaminoglycan, which was stained to a blue color.

Statistical analysis

Cell doubling time and relative expression of differentiation
potential markers were analyzed by one-way ANOVA test or
Student’s #-test (JMP 6.0; SAS Institute, USA). The graphs
were prepared by using SigmaPlot (ver. 8.0; Systat Software,



Table 1. List of primers used for reverse transcription-polymerase chain reactions
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Gene Primer sequence (5'-3") PCR product size Accession number

Oct3/4 F: CGAGTGAGAGGCAACCTGGAGA 114 XM 538830
R: CCACACTCGGACCACATCCTTC

Sox2 F: CAGACCTACATGAACGGCTCGC 147 XM _005639752
R: CCTGGAGTGGGAGGAGGAGGTA

Nanog F: GAATAACCCGAATTGGAGCA 125 XM _543828.3
R: AGTTGTGGAGCGGATTGTTC

CD44 F: TATGCGGAAACCTCAAATCC 123 NM_ 001197022
R: AGCTTTTTCTTCTGCCCACA

CD54 F: TCCGTGGACCCAGCAGAAGC 468 XM _542075
R: GCGGCACGAGAAGTTGGCGA

CD61 F: GAGGATTGCGCTGCGGCTCC 412 NM_001003162.1
R: AAAGCCGCCCTCTGGGGCAT

CD73 F: CCAATTAAAAGGTTCCACGC 258 XM 532221.4
R: ATCTGGAATCCATCTCCACC

CD80 F: CTGACCTTGGAAATCCATCC 148 AF 257653
R: AACTCAGTGTCCGGGTCTTG

CD90 F: CCACGAGAATGCTACCACCT 193 XM_844606
R: TGTGTATGTCCCCTCGTCCT

CD105 F: GGTTCACTGCATCAACATGG 278 XM_846376
R: AAGCTGAAGCGCACATCACC

LPL F: TTTGGGATACAGCCTTGGAG 127 XM _534584
R: ACGACTTGGAGCTTCTGCAT

Leptin F: TATCTGTCCTGTGTTGAAGCTG 102 NM_001003070
R: GTGTGAAAATGTCATTGATCCTG

OoP F: ACGATGTGGATAGCCAGGAC 137 XM 535649
R: GGGGACAGCTGGAGTGAATA

OoC F: CTGGTCCAGCAGATGCAAAG 177 XM_547536
R: GCTCGCATACTTCCCTCTTG

Aggrecan F: ATCAACAGTGCTTACCAAGACA 122 NM_001113455
R: ATAACCTCACAGCGATAGATCC

COL2A F: CAGGACGGGCAGAGGTATAA 163 NM_ 001006951
R: AGCAGATGGGACAGCACTCT

TERT F: GGTTCCTTGTGCTGGTTGAT 91 NM_001031630.1
R: CGGTTCTTTTGAAACGTGGT

DKC1 F: CTGCGGTAAAGAGGCAACTC 117 XM_005642041
R: GAATGTAGGTACCGGCCTCA

HDACT1 F: GCTGCACCATGCAAAGAAGT 148 XM 533919
R: TCGCCGTGGTGAATATCAAT

DNMT1 F: CCCAGACCGCTTCTACTTCC 148 XM _533919
R: ACTTGGCTCGCATGTTTGAG

Bcl-2 F: TGAGTACCTGAACCGGCATC 100 NM_001002949.1
R: GTCAAACAGAGGCTGCATGG

LDHA F: GTCAGCAAGAGGGAGAAAGTC 144 XM_534084.3
R: CCACATAGGTCAAGATATCCACTG

SLC2A1 F: ATGTCGTATCTCAGCATCGTG 138 NM_001159326.1
R: GAAGCCAGCAACAGCAATG

GAPDH F: AGTCAAGGCTGAGAACGGGAAACT 114 [29]
R

: TCCACAACATACTCAGCACCAGCA

F, forward; R, reverse.
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USA). Avalue of p < 0.05 was considered statistically significant.

Results

Cell growth and proliferation kinetics

The cAD-MSCs were isolated from canine adipose tissue and
grown as adherent populations in plastic tissue culture flasks.
The adherent cells had a fibroblast-like morphology and spindle
shape, and routinely formed homogenous monolayers (panel A
in Fig. 1). The cells were sub-passaged every 5 days and the
number of cells grown was determined after trypsinization.
During 7 passages, CPDL of the cells linearly increased until
passage 3 (P3) and that level was maintained until P5, after
which the CPDL decreased in cAD-MSCs obtained from both
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Fig. 1. Morphology and proliferation of canine adipose
tissue-derived mesenchymal stem cells (cAD-MSCs). (A)
Morphology of cells passage 1-6 (P1-P6) derived from adipose
tissues typically appeared as fibroblast-like. (B) Cumulative
population doubling level (CPDL) of cAD-MSCs during
continuous passages. CPDL of the cAD-MSCs increased at each
passage until P3. Cells were grown in two age groups, YAD-MSCs
and OAD-MSCs. GAPDH was used as a housekeeping control
gene. The results are shown as the mean + standard error of the
mean (n = 5) obtained by three determinations. YAD, 7-
month-old dogs; OAD, 10- to 11-year-old dogs. 100 x (A).
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young and old donors (panel B in Fig. 1). Cell growth was
2.4-fold higher for cAD-MSCs from young donors than that
from old donors, evidence of a positive correlation with age.

Expression of pluripotent markers

To observe the effect of age on the pluripotency of cAD-MSCs,
transcriptional patterns of pluripotent markers (Oct3/4, Sox2,
and Nanog) of cAD-MSCs from young and old donors at P3
were compared by performing RT-PCR (panel A in Fig. 2) and
gqRT-PCR (panel B in Fig. 2). Expressions of Oct3/4 and Nanog
of cAD-MSCs from young donors were significantly (p <
0.05) higher than those from old donors.

Immunophenotyping

The qRT-PCR results revealed that the cAD-MSCs were
strongly positive for CD44 and CD90, and weakly positive for
CD54,CD61, CD73, CD80, and CD105. Expressions of CD29,
CD34, CD117, and MHC-II markers were not detected in
cAD-MSCs from young or old donors. The expressions of the
detected surface markers CD73 and CD80 were significantly
(p < 0.05) higher in young donors than in old donors, while
other makers did not show significant differences associated
with donor age (Fig. 3).

Mesodermal differentiation

Adipogenic differentiation: cAD-MSCs of young and old
donors at P3 were cultured for 21 days in specific induction
medium for assessment of adipogenic differentiation. The
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Fig. 2. Expression pluripotency markers (Oct3/4, Sox2, and
Nanog) of canine adipose tissue-derived mesenchymal stem
cells (cAD-MSCs). Using reverse transcriptase polymerase chain
reaction (RT-PCR; A) and real-time quantitative RT-PCR
(qRT-PCR; B), the expressions of stemness genes of cCAD-MSCs
were examined in two age groups (young and old) at passage 3.
GAPDH was used as a housekeeping control gene. All mRNA
data were normalized to the GAPDH levels, and the relative fold
change in expression level is shown as a mean + SEM (n = 3).
*p < 0.05. YAD, 7-month-old dogs; OAD, 10- to 11-year-old
dogs.
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Fig. 3. Surface markers of canine adipose tissue-derived
mesenchymal stem cells (cCAD-MSCs). MSC-specific cell surface
markers (positive: CD44, CD54, CD61, CD73, CD80, CD90,
and CD105; not detectable: CD29, CD34, CD117, and MHC-class
1) of cAD-MSCs were observed by real-time quantitative reverse
transcriptase polymerase chain reaction in two age groups
(young and old) at passage 3. GAPDH was used as a
housekeeping control gene. All mMRNA data were normalized to
the levels of GAPDH, and relative fold changes in expression
levels are shown as the mean + SEM (n = 3). *p < 0.05. YAD,
7-month-old dogs; OAD, 10- to 11-year-old dogs.

differentiated cells were analyzed for the presence of intracellular
lipid accumulation by staining with Oil Red O and for mRNA
expression of adipogenic markers by qRT-PCR to determine the
adipogenic ability of cAD-MSCs according to donor age (panel
A in Fig. 4). The cAD-MSCs in young donors displayed many
small lipid droplets compared to those in old donors. Also, gene
expression levels of specific markers associated with adipogenic
differentiation such as LPL and leptin were determined in the
differentiated cells (panel D in Fig. 4). Compared to old donors,
significantly higher expressions of LPL (23-fold) and leptin
(6.5-fold) mRNA transcripts were evident in young donors.

Osteogenic differentiation: cAD-MSCs of young and old
donors at P3 were cultured for osteogenic differentiation for 21
days in specific induction medium. The differentiated cells
were then examined for the presence of calcium deposit
accumulation by staining with Alizarin Red (panel B in Fig. 4)
and for mRNA expression of osteogenic markers by using
qRT-PCR to determine the osteogenic ability of cAD-MSCs
according to donor age. The cAD-MSCs in young donors
displayed more intense staining of calcium deposits than those
in old donors. In addition, gene expression levels of specific
markers associated with osteogenic differentiation, such as OP
and OC, were determined in the differentiated cells. Significantly
higher expression of OC mRNA transcripts (2.6-fold) was
evident in the young donors compared to that in old donors. But,
expression of OP mRNA transcript was not significantly
different in cAD-MSCs from young and old donors (panel D in
Fig. 4).
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Fig. 4. Differentiation potentials of canine adipose tissue-derived
mesenchymal stem cells (cAD-MSCs). Adipocytes (Oil Red O;
A), osteocytes (Alizarin Red; B), and chondrocytes (Alcian Blue;
C) were positively stained in two age groups (young and old) at
passage 3. (D) The mRNA expressions of adipocyte, osteocyte,
and chondrocyte-related genes were detected by real-time
quantitative reverse transcriptase polymerase chain reaction and
compared between undifferentiated and differentiated cells in
the two groups at passage 3. All MRNA data were normalized to
the levels of GAPDH, and relative fold changes in expression
levels are shown as the mean + SEM (n = 3). *p < 0.05. 100 x
(A-C). YAD, 7-month-old dogs; OAD, 10- to 11-year-old dogs;
LPL, lipoprotein lipase; OP, osteopontin; OC, osteocalcin;
COL2A, type ll-collagen.

Chondrogenic differentiation: All pellets of cAD-MSCs in
specific medium were well maintained and exhibited a packed
and rounded morphology during the 21 day culture period with
no differences in pellet size between young and old donors.
Glycosaminoglycans formed in the differentiated cells were
stained a blue color by Alcian Blue (panel C in Fig. 4). All
cAD-MSCs from P3 underwent chondrogenic differentiation,
but the cells in young donors displayed more intense
glycosaminoglycan staining than those in old donors.
Chondrocyte-specific markers such as aggrecan and COL2A as
a chondrogenic marker were analyzed by qRT-PCR in the
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Fig. 5. Cell survival-related genes of canine adipose
tissue-derived mesenchymal stem cells (cCAD-MSCs). The mRNA
expressions of cell survival-related genes such as TERT, DKCT,
HDACT, DNMTT, Bcl-2, LDHA, and SLC2A1 were examined by
real-time quantitative reverse transcriptase polymerase chain
reaction in two groups (young and old) at passage 3. GAPDH was
used as a housekeeping control gene. All mRNA data were
normalized to the levels of GAPDH, and relative fold changes in
expression levels are shown as the mean + SEM (n = 3). *p <
0.05. YAD, 7-month-old dogs; OAD, 10- to 11-year-old dogs;
TERT, telomerase reverse transcriptase; DKC1, dyskerin
pseudouridine synthase 1; HDACT, histone deacetylase 1;
DNMTT1, DNA (cytosine-5)-methyltransferase 1; LDHA, lactate
dehydrogenase A; SLC2A1, glucose transporter member 1.

differentiated cells. Significantly higher expressions of mRNA
transcripts encoding aggrecan (2.4-fold) and COL2A (3.36-fold)
were evident in cAD-MSCs from young donors compared those
in old donors (panel D in Fig. 4).

Expression of cell survival genes

To further confirm the involvement of cell survival signals in
proliferating cAD-MSCs from both young and old donors, the
expressions of genes such as TERT, DKC1, HDAC1, DNMT],
Bcl-2, LDHA, and SLC2A1 were examined using qRT-PCR.
We observed that cAD-MSCs from young donors had significantly
higher expressions of cell survival-related genes such as TERT,
DKCI1, HDAC1, DNMT1, Bcl-2, LDHA, and SLC2A1 than
those in cAD-MSCs from old donors (Fig. 5).

Discussion

Many researchers have reported on the multilineage
differentiation potential of AD-MSCs. However, recent studies
using MSCs from mice and humans have raised questions about
the plasticity of MSCs collected from aged donors. Such
concerns have been mainly attributed to reduced MSC quantity
and altered differentiation potential. Alt ef al. [1] reported that
the number of colony-forming units (CFU) of MSCs from
human adipose tissue decreased in a donor age-dependent
manner. Li et al. [17] also reported that proliferation of MSCs
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from human BM-MSCs decreased with increasing donor age.
Paxson et al. [24] demonstrated relatively low CFU, growth
potential, and telomerase activity in lung-derived MSCs
obtained from older mice. In our study, cAD-MSCs from young
and old canine donors were spindle-shaped, well adherent, able
to be cultured in vitro, and increasing in cell number up to PS5.
The number of cAD-MSCs in in vitro culture of isolated cells
from adipose tissue at PO was 2.7-fold higher in young donors
than in old donors. The CPDL results indicated that the
proliferative activity in young donors was much higher than that
in old donors, but proliferation markedly dropped at P4 in both
donors. That decrease in proliferating activity was anticipated,
as similar observations were reported in MSCs derived from
canine umbilical cord matrix [15] and adipose tissue [14].
Collectively, these results are important as they indicate that
cAD-MSCs harvested from older donors may need to be
harvested at an increased harvest level to obtain sufficient
adipose tissue or a pretreatment strategy to enhance cell
proliferation and expansion may be needed. In addition,
molecular markers associated with self-renewal were also
affected by donor age. Similar to human embryonic stem cells
(ESCs), cESCs express Oct3/4, Sox2, Nanog, stage-specific
embryonic antigen 3 (SSEA-3), SSEA-4, TRA-1-60, TRA-1-81,
and alkaline phosphatase, whereas they only express very low
levels of SSEA-1 [13,27,28,32]. Among three pluripotent
markers (Oct3/4, Sox2, and Nanog) compared in this study, the
expression levels of Oct3/4 and Nanog in the young donors
were significantly higher than those in the old donors, which
suggests that the cAD-MSCs from the young donors have better
MSC multipotency characteristics.

Expression patterns of cell surface markers for the cAD-MSCs
in the present study were similar to those in a recent study [14].
No difference between young and old donors was observed in
expression patterns, which has also been reported in mouse
MSCs [24]. Meanwhile, the expression levels of CD73 and
CD80 were significantly higher in young donors than in old
donors. The roles of CD73- and/or CD80-expressing cells have
not been studied in ¢cMSCs. However, some studies have
suggested that CD73-expressing MSCs, which have been
isolated from some animal species, exist as an undifferentiated
sub-population. Li ef al. [16] demonstrated that the CD73-positive
MSCs from rat adipose tissue had better proliferative activity
than CD73-negative MSCs, which supports our observation
that young donor cells, which contain a higher level of
CD73-expressing MSCs, showed better proliferative activity
than old donor cells.

Importantly, differentiation potential of cAD-MSCs was
observed to be age-dependent. Our results revealed that
differentiation capacities of cAD-MSCs for various mesodermal
lineages significantly (p < 0.05) declined in the old donors,
even though expression of OP (one of the molecular markers)
used to determine osteogenic differentiation was not different



between young and old donors. The change of differentiation
potential with age could be expected in the similar study.
Kretlow et al. [12] reported a decreased differentiation capacity
of the three mesodermal lineage cells with increasing age in
murine BM-MSCs. Kanawa et al. [11] confirmed that human
BM-MSCs showed a decrease in chondrogenic differentiation
in aged donors, but no age-dependent changes in osteogenic or
adipogenic differentiation were observed. Meanwhile, as
CD73-positive AD-MSCs isolated from rat adipose tissue
showed a high differentiation potential into cardiomyocyte
[16], cAD-MSCs of the young donors with their higher CD73
expression level were also expected to have better differentiation
potential than that of the old donors in our study.

Alteration of DNA methylation is greatly associated with
aging. It has been reported that SLC2A9 reduces reactive
oxygen species and protects against DNA damage and cell
death [10]. TERT and DKCI, two anti-senescence genes, may
improve cell migration, protection, and cellular senescence,
which may provide improved efficacy in stem cell plasticity
[22]. Wang et al. [31] revealed that LDHA deletion inhibits the
function of both hematopoietic stem cells and precursor cells
during hematopoiesis. We observed that cAD-MSCs from young
donors had significantly increased expression levels of TERT,
DKC1, HDACI1, DNMTI, Bcl-2, LDHA, and SLC2Al
compared to those in the cAD-MSCs from old donors.

The age effect on differentiation potential for a specific cell
type has been studied using MSCs of humans and other animals.
For example, lung-derived MSCs of old mice donors have
better regenerative activity than that of the young mice donors
[24]. Stolzing et al. [26] observed an age-related decline of
Notch-1 receptor levels in MSCs originated from human BM,
leading to a decrease in bone formation. Feng et al. [5] revealed
the negative effect of aging on neurogenic differentiation of
human dental MSCs. In addition to better differentiation
potential, the young canine donors in our study, with the higher
level of CD73-expressing MSCs, were also expected to provide
a greater benefit to clinical applications, since Ode et al. [21]
reported that migration of MSCs isolated from rat BM were
controlled by the expression of CD73. In contrast to our results,
Guercio et al. [8] reported no age effect on stemness marker
expression and differentiation potential of cAD-MSCs isolated
from subcutaneous and visceral fat tissue of young (1-4 years
old) and old (8-14 years old) canine donors. However, the
apparent difference existed in age of young donors (1-4 years
old vs 7 months old). Iohara ef al. [9] demonstrated an age effect
on regenerative potential of cMDP-SCs between young (8-10
months old) and old (5-6 years old) dogs. The ages of old dogs
in the study by Iohara et al. [9] was similar to that by Guercio et
al. [8]. Therefore, we speculate that if the latter study used
donors under one year of age, the authors may have observed an
age effect.

The present study is the first to report the presence of
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age-dependent changes in multipotency of cAD-MSCs. Since
the success of utilizing stem cells in tissue-engineering
applications is highly dependent on preparation of cells with a
satisfactory level of differentiation potential, donor age should
be considered when cAD-MSCs are being harvested and
prepared.
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