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[ Abstract) Objective  To achieve the efficient isolation of mouse bone marrow mesenchymal stem cells
(mBMSCs) . Methods mBMSCs from C57BL/6 mice, aged 7 to 9 weeks, were isolated by four method; the bone
fragment digestion and crawl method, whole-bone-marrow adherent method, bone fragment digestive fluid supernatant
method, and bone fragment digestion and mortar method. An inverted microscope was used to observe the morphology of the
mBMSCs, and their characteristic immunophenotype was detected by flow cytometry. The osteogenic and adipogenic
differentiation abilities of mBMSCs were detected through multidirectional differentiation induction. Results  Isolated
primary cells were observed under an inverted microscope after the first fluid change. A large number of bone fragments and
miscellaneous cells only were found in the primary cells isolated by the bone fragment digestion and crawl method, and this
method was no longer evaluated. Only a small number of polygonal adherent cells and a large number of miscellaneous cells
were observed in the whole-bone-marrow adherent-extracted sample. The cells isolated by the bone fragment digestive fluid

supernatant method were longer spindle-shaped and triangular adherent cells, but there were many miscellaneous cells. The
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cells isolated by the bone fragment digestion and mortar method were longer spindle-shaped and polygonal adherent cells,

and there were fewer miscellaneous cells. The isolated cells were cultured to passage 3, and the characteristic

immunophenotypes of mBMSCs were analyzed by flow cytometry. The result showed that the purity of mBMSCs isolated via

the bone fragment digestive fluid supernatant method and bone fragment digestion and mortar method was higher than that of

cells isolated via the whole-bone-marrow adherent method. When osteogenic differentiation and adipogenic differentiation

were induced, cells isolated by the bone fragment digestive fluid supernatant method and bone fragment digestion and mortar

method had stronger multidirectional differentiation potential than those isolated with the whole-bone-marrow adherent

method. Conclusions mBMSCs isolated using the bone fragment digestive fluid supernatant method and the bone fragments

digestion and mortar method were of higher purity and quality than those from the other method.
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mouse bone-marrow mesenchymal stem cell; bone fragment digestion and crawl method; whole-bone-

marrow adherent method ; bone fragment digestive fluid supernatant method ; bone fragment digestion and mortar method
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Table 1 Specific steps of four separation methods for isolation of mBMSCs

43S )71 Tsolation methods

I Steps

HRIHALER %
Bone fragment digestion and
crawl method

S E I BE

Whole-bone-marrow adherent method

3T SCE R R+ SRR b D T AV T R + R R
Isolating lower limb bone and cleaning of bone marrow cavity + cutting bone +
collagenase II digestion+ washing bone fragments + culturing cells
3T T R O e R+ TR A M T + 2 R B 5

Isolating lower limb bone and cleaning of bone marrow cavity + filtering bone marrow fluid +

resuspending cell precipitation + culturing cells

GBI B E R b e B + BT W+ IR T A+ B A O R A+

BRI LT i
Bone fragment digestive
fluid supernatant method

SN TTIE + AN R

Isolating lower limb bone and cleaning of bone marrow cavity + cutting bone +
collagenase II digestion + filtering digestive fluid and stopping digestion +

resuspending cell precipitation + culturing cells

O3B IBCE R PR B + TR+ B R+ S T T AL+ BT AT 4 L T A+

BRI L
Bone fragment digestion and
mortar method

FHUCHE) B I Ve MO A0 B B+ SRR AN OV + AN A 5 57
Isolating lower limb bone and cleaning of bone marrow cavity + cutting bone +
crushing bone fragments + collagenase Il digestion + filtering digestive fluid and

stopping digestion+ crushing again and washing to collect cell suspension+

resuspending cell precipitation + culturing cells
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HEG , FLAFRA AT AE R Z 20 L AT 5 ] D, 3% 5 1k
A3 B ARAT I 40 M5 T AN ER AR 7R S5 2R S B R T
LT



TR E S B2 A 4R 2023 45 1 A5 31 56 1] Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1 5

AR IR B 2B BE S  C. & AL LT D AR AL . (IR
318 W RTAT G pUE 9= R ST UEI A )
Note. A. Bone fragment digestion and crawl method. B. Whole-bone-marrow adherent method. C. Bone fragment digestive fluid supernatant method.

D. Bone fragment digestion and mortar method. ( The same in the following figure )

Figure 1 Primary cells observed under the inverted microscope after the first fluid change

R 2 U 0 BE A L A AR I A A2

Table 2 Morphology and content of adherent cells and heterocells in primary cells

, It BE AN 2 I BE AN i L FANIB A
IrE Ik Morphology of Proportion of Morphology of
Isolation methods

ZeANHE s
Proportion of

adherent cell adherent cells miscellaneous cells miscellaneous cells

R IHALIC R ik E ¥ 1 %
Bone fragment digestion and crawl method None None Round More
A BB BE B Z Y b B JEie Bz
Whole-bone-marrow adherent method Polygonal Few Round, short spindle Many
B AR b Kt =M LE4 B St LE4
Bone fragment digestive fluid supernatant method ~ Long spindle, triangular Many Round, short spindle Many
EEAR LR SFS K ZMmiE EZ [BEIE SLARTE i

Bone fragment digestion and mortar method Long spindle, polygonal More Round, short spindle Few

B2 R e A e A

Figure 2 Primary cell morphology observed under inverted microscope during passage

2.2 mBMSCs $FEE 5% R BV

mBMSCs 4l il 3 [ R i 14 F0 2 e L2 CD45™
CD44* CD29" . CD54" ,CD140a"  Sca-1*, 4=
BEWL B R A 0 T B R AR AR 1 T A
(A2 AR, 5 P3 AR, 3 2 A A A ARG 0 200 i 6 92 5%
AL S5 RANE 3 TR 4 i 0 R vk A B 0 A0
CD45™ ¢ K 29.1%, CD29" ( 15.4%) . CD44*
(33.8%) .CD54"(58.5%) ;& Fr AL b3 10 85
(940 L, CD45™ (90. 6% ) . CD29" (99.0%) . CD44"
(98.1%) Sca-17(99.3%) .CD140a" (97. 8% ) ;5 F
TH AL B 75 43 25 19 40 g, CD45™ (90.2%) |, CD29°
(98.0%) . CD44" ( 97.6%) . Sca-1" ( 93.1%) .
CD140a’(98.4%) ., Utl& R IHLI FIgEME A
THALBFER 2> B 5 37 19 mBMSCs 200 B4 v, 41
B EE L4 B BE IR mBMSCs 4l

K3 RIS B R U A A A2 AT TR]
Table 3 Passage time of primary cells isolated and
cultured by four methods
Sy JEAC AR A A AR R TR]

. Passage time of
Isolation methods 8

primary cells

R AL R i 9520 K

Bone fragment digestion and crawl method Day 20

EctEpiiilin e B4 ~5K
Whole-bone-marrow adherent method Day 4 ~ 5
R THAR 5 i Hi5~ 6K

Bone fragment digestive fluid supernatant method Day 5 ~ 6
EEARER AT/ Rz NES #6 ~ 8K

Bone fragment digestion and mortar method Day 6 ~ 8

2.3 FMESHESULEN

RIS RE B R AR LS A e e
WKL ST B 5 0 P3 AR M2 i 5 S 85 9% 3 A
J& , A HE ) R R B /N A A A AR
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15.4%
[—

70.9%
e |

33.8%
—_

SSC-A

SSC-A

SSC-A

FSC-A ‘cpas cD29 " cpas

. Count *

PR Z 1 BA U L RE ST mBMSCs

i 58.5%
e
g
(52
@)
AS
‘cpss

¥
¥
'

97.8%

ps

CD140a

Sea-l CD140a

TE AL B3R 01 P3 AQIHE mBMSCs FRAETE S RA AR EE R . AL ~ A5 A 3ENTEEL Bl ~ B6. & ML LiEW%;C1 ~

Co:H H IHALRTER I
3

it UM AR A 40 i mBMSCs FRAEM: S 3 1

Note. Characteristic immunophenotype of P3 mBMSCs isolated and cultured by different methods was detected by flow cytometry. Al ~ AS5. Whole-

bone-marrow adherent method. B1 ~ B6. Bone fragment digestive fluid supernatant method. C1 ~ C6. Bone fragment digestion and mortar method.

Figure 3 Characteristic immunophenotype of mBMSCs was detected by flow cytometry

A P FHIE FE)E
Before induction After induction After induction

5 . i i —— .
-] S ”

#0E 2

HETS

ua & 8

= 8

225

=15

e
E

R AR g
Bone fragment
digestive fluid

supernatant method

B A
Bone fragment
mortar method

digestion and

e

T ALY BHESRIG P3N AL E 55 ST AN A SRR 7 55 o R AL Y MBI E5 451 5 B ZI T, 10% 518 175k

ook ok

49 P ns
~ 3
5 T
i
Qw
% 27
=
5
o 1=
oL

FEEWE RO R LG S RO E5EETY AR SR DN DS 562 nm WG BE B ; a: 2B BEWGBEVS ;b B A AL IR LS 55 o B i AL BE

B S BB REL LAY, T P < 0,001, P < 0.0001, (FEIE)

4 RSNE S IUE TR RE T Y M58 R R L1 (0 i LU

Note. A. Cell morphology before osteogenic differentiation induction and calcium nodules observed by alizarin red staining after osteogenic

differentiation induction of isolated and cultured P3 cells. B. Absorbance value at 562 nm was detected by microplate reader after of 10%

chlorocetylpyridine dissolved calcium nodules stained with alizarin red at room temperature. a. Whole—bone—marrow adherent method. b.

Bone fragment digestive fluid supernatant method. c.
adherent method, ™ P < 0. 001, ™™ P < 0.0001. (The same in the following figures)
Figure 4

Bone fragment digestion and mortar method. Compared with whole —bone — marrow

Identification of osteogenic differentiation ability and quantitative comparison of alizarine red staining in vivo
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By b e e e}
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£ J & . ]
= a 2 k5] °. '.44.'.' ,' 1 Y
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S .= . . ! s
gl S T
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S BRSPS SR TS 500 nm ARG M8 s 2B BRI BERS b R I AR B3 2
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Figure 5 Identification of adipogenic differentiation ability and quantitative comparison of oil red O staining in viiro
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