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Abstract This study investigates the methods for isolating, culturing, and characterizing AD-MSCs

(adipose-derived mesenchymal stromal cells) from Kunming mice, as well as differences in their biological char-
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acteristics between male and female mice. In this study, AD-MSCs from Kunming mice were isolated using an
enzymatic digestion method under sterile conditions for primary culture. Cell morphology was observed, and P4,
P8, P12, P16 cell growth curves were analyzed. Immunofluorescence and flow cytometry were employed to detect
the expression of cell surface markers (CD29, CD31, CD34, CD44, CD45, CD90), assessed their multipotent dif-
ferentiation capacity through adipocytes, osteocytes, and chondrocytes induction, while simultaneously quantifying
the induction positivity rate, and evaluated cellular senescence.This study successfully isolated AD-MSCs exhibit-
ing spindle-shaped, fusiform, or polygonal morphology during adherent growth, cell growth curves displaying a
typical “S” shape; AD-MSCs-F (adipose-derived mesenchymal stromal cells from female Kunming mice) and AD-
MSCs-M (adipose-derived mesenchymal stromal cells from male Kunming mice) at P4, P8, and P16 all exhibited
positive expression of CD29, CD44, and CD90, while CD31 and CD45 were largely undetectable, the expression of
CD34 varied by sex, as follows: CD34 expression in AD-MSCs-F increased with passage number to 53.6%, while
AD-MSCs-M remained negative; prior to P12, AD-MSCs-F proliferated more rapidly than AD-MSCs-M; after P12,
their proliferation slowed, and senescence set in earlier, with more severe senescence observed at P16. Under adipo-
genic and osteogenic induction, the percentage of oil red O and alizarin red-positive areas was higher in AD-MSCs-
F than in AD-MSCs-M. There was no significant difference in the percentage of alcine blue-positive area under
chondrogenic induction. This study successfully established an in vitro culture system and characterization method
suitable for Kunming mouse AD-MSCs, successfully isolated and characterized Kunming mouse AD-MSCs. Fe-
male and male mouse AD-MSCs are similar in morphology and basic cell characteristics, however, there are certain
gender differences in proliferative capacity, differentiation capacity, aging, and CD34 expression. This provides dif-
ferentiated experimental evidence and technical support for AD-MSCs research in basic science, tissue engineering,
and regenerative medicine.

Keywords mice; sex differences; adipose-derived mesenchymal stromal cells; primary culture; cell char-

acterization; surface markers; stem cell differentiation
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AD-MSCs-F

AD-MSCs-M

AD-MSCs-F: 14 B/ Bl Ji 13 110 78 5 2 S M ; AD-MSCs-M: 2

V1 B 3N BRUJTR 0 1) 78 0 22 o 44 e o

AD-MSCs-F: adipose-derived mesenchymal stromal cells from female Kunming mice; AD-MSCs-M: adipose-derived mesenchymal stromal cells from

male Kunming mice.

E1 RFA/NRASRE T RERARRETS

Fig.1 Morphology of adipose-derived mesenchymal stromal cells from Kunming mice

T EE ST AD-MSCs-M(P<0.01); 4R1fi %5 7K , AD-
MSCs-M345E 7K 5T AD-MSCs-F(P<0.05).

P12 AD-MSCs ¥ K % 75 % 40 i o, #5973
BP0 PRSI R R HAE YRR RER W (3
P<0.01). P12/ AD-MSCs-M¥&44 - 1) 8 4 /K T 755
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A-E: the growth curves of AD-MSCs-F and AD-MSCs-M at P4, P8, P12, P16, and the overall comparison, respectively. X+s, n=3; *P<0.05, **P<0.01

compared with AD-MSCs-M at the corresponding time point.

E2 TERE(P4. P8. P12, P16)ERFABEMEFNLEE /) FR AR AR E) 78 BR A B AR Y 4 4Kl 2k
Fig.2 Growth curves of adipose-derived mesenchymal stromal cells from female and male Kunming mice
at different passages (P4, P8, P12, and P16)

2.6 BESHK

I3 HELP4. P16/ AD-MSCs-F. AD-MSCs-M
AT A S . GRNE 6N, &%, 41
TS R YT BRAS &5 7, 298 R YRl Y NIRRT
t,, P4, P16/ AD-MSCs-F. AD-MSCs-M B A
FCE I GRE T, FF A ) 70 00 2 R 40 ke . 5 AD-
MSCs-MAH Et , P41#) AD-MSCs-F it 2 21 FH 4 5 55 ey
(P<0.01), Hp&EERE 138 i AD-MSCs-F 6 & 41 FH
PER AR, AD-MSCs-M ¥ 21 BH 1 R g i+ =
2.7 BB

73 B ELP4. P16ff AD-MSCs-F. AD-MSCs-M
AT B NFES . SRNE TR, R5ES

Ja LB R IS e N 5, P4, P16 AD-MSCs-F.
AD-MSCs-M¥J HA B & A Re 11, #5618 78 i
BRI . 5 AD-MSCs-MAH B, A1 AR E
AD-MSCs-FRi )38 5 BH 1 22 08 S B A, 22 % 6
MR S, HLBEAE A B I, BT R W5 fH
BIFEAK
2.8 HHRAZEER

4y HIEL P16/ AD-MSCs-F. AD-MSCs-Mij
17 - AL E B g 1, S5 R WK 87, P16 AD-
MSCs-F. AD-MSCs-M4H i) L 4x B I = 2 A .
5 AD-MSCs-M#H Ht, AD-MSCs-F#H fits 5 B 55 B {5 (1)
HERA.



2390 CHEARE

A

( ) DAPI CD29 Merge DAPI CD44 Merge DAPI CD90 Merge
. . . .
@
2]
=
o)
<
=
3
2
=
a
<

DAPI CD31 Merge DAPI CD34 Merge DAPI CD45 Merge

&
3
22}
a
<
=
3
)
=
a
<

(B) DAPI CD29 Merge DAPI CDh44 Merge DAPI CD90 Merge
iy T o . P x
S .
2‘ . | {
A v \
< ) f
=
@ ‘
2]
o)
<

DAPI CD31 Merge DAPI CD34 Merge DAPI CD45 Merge

22} =7 ¢
a Tt s e
< i
=
3
2
=
[a]
<

C

© DAPI CD29 Merge DAPI CD44 Merge

¥ % q

AD-MSCs-M AD-MSCs-F

DAPI CD31 Merge DAPI CD34 Merge DAPI CD45 Merge

A~C: P4, P8. P16fJAD-MSCs-F. AD-MSCs-MZ [ 5 &40 % 25 5 kil &

A-C: immunofluorescence detection of surface markers in AD-MSCs-F and AD-MSCs-M at passages P4, P8, and P16, respectively.
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Fig.3 Immunofluorescence detection of surface markers on adipose-derived mesenchymal stromal cells from Kunming mice
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Fig.4 Detection of surface marker expression in adipose-derived mesenchymal stromal cells from Kunming mice

by flow cytometry
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Fig.5 Adipogenic differentiation and quantitative analysis of adipose-derived mesenchymal stromal cells from Kunming mice
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Fig.6 Osteogenic differentiation and quantitative analysis of adipose-derived mesenchymal stromal cells from Kunming mice
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A: morphological observation of chondrogenic differentiation; B: quantitative analysis of alcian blue-positive area. x£s, n=3; ns: P>0.05.
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Fig.7 Chondrogenic differentiation and quantitative analysis of adipose-derived mesenchymal stromal cells

from Kunming mice
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Fig.8 Assessment of aging in P16 adipose-derived mesenchymal stromal cells from Kunming mice
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