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Abstract

BACKGROUND: With aging, the regenerative capacity and differentiation function of bone marrow mesenchymal stem cells progressively decline, reducing
bone tissue repair efficacy. Thus, identifying bone marrow mesenchymal stem cell subpopulations with enhanced osteogenic potential is of significant
importance for advancing bone tissue engineering.

OBIJECTIVE: To evaluate the osteogenic differentiation potential differences between STRO-1 positive and negative bone marrow mesenchymal stem cells under
osteogenic induction conditions.

METHODS: SD rat bone marrow mesenchymal stem cells were isolated and cultured. The expression of CD29, CD45, CD90, and STRO-1 was identified via flow
cytometry and immunofluorescence. Immunomagnetic cell sorting was used to separate STRO-1 positive and negative bone marrow mesenchymal stem cells.
The cells of two groups were subjected to osteogenic induction for 7 and 14 days. gRT-PCR and western blotting were performed to analyze differences in
osteogenesis-related gene expression (Collagen I, Runt-related transcription factor 2, osteoprotegerin, and osteocalcin) and protein levels. Alizarin red staining
and alkaline phosphatase staining were used to observe calcium nodule formation.

RESULTS AND CONCLUSION: Flow cytometry showed high expression levels of CD29 and CD90 and low expression of CD45, with a positive STRO-1 expression
rate of 12.8%. Immunofluorescence results were consistent with those of flow cytometry. After magnetic cell sorting, STRO-1 positive cells demonstrated a
higher colony formation rate than STRO-1 negative cells. On day 14, STRO-1 positive cells showed significantly higher osteogenic differentiation potential than
on day 7, with significantly elevated osteogenesis-related marker levels compared to STRO-1 negative cells (P < 0.01). The findings indicate that STRO-1 positive
bone marrow mesenchymal stem cells exhibit significant advantages in osteogenic potential, providing a theoretical basis for their selection as ideal seed cells
in bone tissue engineering. In future applications, they may represent a promising therapeutic approach for bone defect repair.

Key words: STRO-1; bone marrow mesenchymal stem cells; osteogenic differentiation; immunomagnetic cell sorting; bone defect repair; seed cells; bone tissue

engineering; engineered stem cells
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STRO-1 P14 BMSCs 7EH #RAGUE & i (1 B 77

1 #RIF153E Materials and methods

1.1 k3t BEHLOIR SRS Beit, PIALIA A E 4L (STRO-1 FH
P vs.STRO-1 B ) {4 A Student’s t £5536; AN [A] IR [ A5 1)
LA (7 d vs. 14 d) fd FH DS t A5 .

1.2 BFlE AbE SZIG T 2023 4 10 H £ 2024 4E 8 HAE
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YFA[IFES: SCXK( 4 )2022-0011, & MiARIETE, B HIKK.
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1.3.2 {8 S A7) {5 B A 22 BT (CKX53, H 4K OLYMPUS
NT); B E OGB4 (IX53, H A OLYMPUS /A 7] );
Wi 41 B (FACSCanto™ II, 2&[H BD Biosciences /A ) );
DMEM-F12 #% 7% 3t (Gibco); W Hi & % K - i 5 R IH W
(Biochannel); K i1 i 7] 78 5 T 41 il i B 5 5 1% 97 6
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(Pricella); /g5 5 /N 73 T4 & 4 (Solarbio); il 14 i 2
Mg e ) & (P LA F] ) PE anti-rat CD29 Fi A .
PE anti-rat CD45 $1/£&. PE anti-rat CD90 {4 (Biolegend);
STRO-1 B 55 [ZPLIA (eBioscience™, Invitrogen); I=FEHT R
Ig-G-FITC(Proteintech); Anti-CD29 pAb. Anti-CD45 pAb.
Anti-CD90 pAb(Servicebio); MACS FZ 41 g 43 % . MACS
Buffer ZZ{Mi . MS 73k, RPT 1g-M F I HiER (Miltenyi);
[ B Runt AHRHE SRR T 2. BRI R BRI
J& Western blot i/ ( b # B4 ).
1.3.3 WHE S FRE. REE SRR E

(1) BB FRss: B THE R, Kk
PG Bl A G 2R 13 5 K B BMSCs (1 BRCE 43
I35 53R & B RUE AR SR B T, RIE
SRR %L

(2) RS Stk FRdk . FRRIRG F2 BN S R AR 7 4
12% Jig 4 3% A 55 2 — 4 55 2 WP A (K % DMEM-F12
Fie kit 15 SR AE R B IR B th s i 200 umol/L 5| bk
F¥. 0.5 mmol/L 7 T HEHIFL TS| 10 pg/mL R E 2
1 mmol/L #iFEKFA & 2 mmol/L B2 MEfK: 4 FE U 7E ik
fih 1% 7% PP AN AR N 10 pg/mlL S
1.4 7 E
1.4.1 BMSCs [0 85, K598, §7H8 KI5 f FH S04 Jd
EALBE SD KB, et iR s, LEERE T ERER
B FIBEE TR, 8 A 1 mL RS AR R R K R
Ve hahs, R MR . K4 BTN 15 mL B0
o, L1 1200 r/min B> 7 min, % B3, ) PBS BEIRIE
5.0 2 YR (1200 r/min, 7 min), A0S RER 2> $ 12% iR
A MiGEAE R B8 WP LR DMEM-F12 1577k,
BRBRWETIRAG, KB REA M SR Fh T 725 538,
BT 37 C. AR $ 5%CO,. WFIVE & 1% 77 46 Fh ik 47
JRAREE IR, 48 h Jo B IR, ZJa R = R 1 K.
RN AE K & 80%-90% Rl &A% 1 1 2 EuplEk T4
RFEF
1.4.2 BMSCs i 555 % 5E 458 31X BMSCs fil & fE ik
Fl) 80%-95% I, i F 7 EDTA [1) 0.25% fifi fig 15 14 41 g,
DL 2x107 L G ik 4 R0 T 6 FLAR, FEFL 2 mL, 7£37 C.
RFR 53 H 5% CO, 15 7 46 Hh 1x 77 22 40 f i & 52 1A 3] 80%—
95%, F& LIEW, FEALIIAN 2 mL Bl 5 S fuss 373,
R =R 1R, 78 37 °CL A58 5% CO, BrF4E
FREeRE 9% 7-14 d, MM AN . RIS & H
FES R S5 T RGO, e 2B T I I R IR AT G

RS WK R, HIGE PBSIEVRAIN 2 /X,
7r% PBS, MMNIE =AM EL 4% Pk F SV VB B R AR

IR, 259 [E 52 30 min, PBS i&VEL AR A W,
AP R YR B S 72 MR, & iR G5 30 min, IR 7
P, F PBSIEVETY 544, 7EWAEE P LSRRG,
BT R YR 4 & R B UG

WM B ER B & (cAKP $5§67E ): 42 & Ui,
2 Vi T ] 5 ¥ ] E 4B I, FRAR O GRA) 1- 5 5, B-
H R AK R AR, S5 T 4B R UG R R
B, BE S SRR RN, S S, TEROK R G
WKL HRREFARITVE «

1.4.3 BMSCs i/l 575 %E 458 3 18 BMSCs fil & fE 1A
FI 80%-95% I, i FH & EDTA [1) 0.25% figi g v 1k 41 g,
L 2x107 U 4 ok 3 m 25 6 LA, 491 2 mL, #£37 C.
1FA 3 H 5% CO, 1 7746 v 45 7% 22 40 i fih & 2 15 3] 80%-—
95%, Fr2 LIEW, FEALIIAN 2 mL IR A S s 373,
£ 37 'C. AT 4 5% CO, 7R 9% 3 d, SR HE#it
NE TR FR G SRR TR 1 d, Bl 5 PSR K
REVE S R A0 9% 3 do IR IR BUITUR HEAT 14-21d 11
HR S TR 7%, WIS AN M T A5 A8 k. MR 45 i i 1) 3¢
AR, HiE & LGS AT e .

LT O efa: WRPRESFRAEL, HIE R PBS IE VLN 2 1K,
F£2 PBS, MMNIESARFR I £ 4% ok I VR o B IR
MRS, =i A E 30 min, FFEBEEW, 7 H PBS IHYE 2
W, FEmer O R S A Eh /K PBS 3 1 2 [tk fl, B
HIA O TAEWR . i BEfa 10 SR I IE & TAEWR,
= E G 30 min, WR R TAEWR, FH PBS EYE 2 X,
IMNGE & PBS DA G 4 i+, ROl N A G (U R
HREERG, I8 5 0 4545 S G aiGa .
1.4.4 i 340 f0 R % 5 BMSCs % B HU 4 3 /8 BMSCs,
fs F 7 EDTA ] 0.25% Ji B 75 1, 3K 45 40 il &, D
1 000xg B> 5 min, F2: FIE W, PBS Peikc4iif, B LA
E ) R 250 2 9K K 4E B DTvE A 2.5 mL PBS H &, 4y
A S ANEP R, FLRGHAIREE N 1x10% L 40
& YR N CD29-PE, CD45-PE, CD90-PE il STRO-1 ¥ 7 [
PR ® 6 uL, FIMEXT A A 6 uL PBS, 4 Cl i H
30 min, ¥ HEHE, STRO-1 HEFLAHFFMA 10 pL (h=EHi
/NER 1g-G-FITC 41, 4k4k 4 CHREOLIFE 30 ming i H 5%
5, LL1000xg 8505 min, EH 2, #FELIEWR,
BN 500 pL PBS, HEEWRITIRE], & A Firt
A L A4u AL, Al PE(CD29). PE(CDA45). PE(CD90) K
Ig-G-FITC(STOR-1) A ich I 4H i 7 A= 4 it m () LA
1.4.5 % BMSCs R4 ILER 3 48 BMSCs, ik
A THEL, DL 5x10 A / FLE RN T 6 FLih, BT
37 C. R4 % 5% CO, WEAE F 3595 2 h, 15740 i I BE J5
WU, Jd e g% 52 O G (A Il BMSCs 3% [ 43 1+ (CD29.
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CD45, CD90, STRO-1) [ £ ik, %« 4 0 B 1 F: H
40 g/L £ S FHEE[E 52 30 min, JI 1% Triton X-100 =%
1k, 20 min, PBS &% 3 ¥k, AR 5 min; fiI A\ 5% BSA
[ 30 min, Z%[R BSA J5, M1 © 200 i B [ CD29,
CD45, CD90. STRO-1 — i, 4 CHE & i %, W H =
I & 10 min, PBS BE ¥ 3 Ik, N1 D 200 # B 1
Coralite488 Hric Ll 2T iR 186G — 9, =ILBEOLIFHE 1 h,
PBS ¥E¥4% 3 Yk, DAPI & #4% 10 min, PBS FiyEik 3 K ®)5
FHUR GG BHE,  58 % s B g4 .

1.4.6 S mAN Sy HUES 3 48 BMSCs, fifi i STRO-1 #
I B (eBioscience™, Invitrogen) ¥ 35 H 543 8§ STRO-1
FHAE 4R . # 1x107 /> BMSCs H 2T MACS 22 M (pH 7.2
PBS. 0.5% BSA. 2 mmol/L EDTA), Jil A 6 uL STRO-1 #1537
FEPUiAR, 4 CHEELIFE 30 min, B0 EFk FIEWK (300xg,
10 min), F 80 pL ZZpi #E &, I 20 uL FRPT 1g-M ik
WiER, 4 ‘CREGHFE 30 min, FilE E T MACS 7rigai,
4385 STRO-1 [H % BMSCs #1 STRO-1 [ 14 BMSCs.

1.4.7 55 STRO-1 fHYE 5 [ BMSCs 5 74k LA STOR-1
[H ¥ BMSCs 1 6 BB 4, 5 STRO-1 [ 4 BMSCs — I 7£
E S SEFRENERT, 2AREa%ER7, 14d, 5%
56 i 3 gRT-PCR 1 Western blot 7347 1% 41 4 i - sl
AR (T R, Runt MR AT 20 BRI
B R ) MEARIEIK 22 5 8 3 3% 2R R
Yt WSS 251 T LA 0 o

1.4.8 qRT-PCR G T B Runt AHOCHE A7 2. &
R B RN mRNA Bk FERE S SFERE, H
PBS 1%k 3 YK, SKH Trizol {142 HU RNA, 5 & 5 AT [ 5% .
P E B PCR R BIAA R A4 7.5 pL Sybr, 1.5 pL 514,
2.0 uL cDNA F1 4 uL Ifg/K. PCR RN 464t TiASYE 95 °C
30s, &L 95 °C 155, Bk / ZEfH 60 C 30s, FLiEAT 40
MG R 2% TP R A R A R, AR SR AT
HE 3. IIMFIINER 1.

*z1 | 5199F%
Table1 | Primer sequences
FEA Gl
T B Jst F: 5'-CGT GGA AAC CTG ATG TAT GCT TG-3'
R: 5'- CCT ATG ACT TCT GCG TCT GGT GA-3'
Runt HlJ6HE%[A T2 F: 5'- CAG TAT GAG AGT AGG TGT CCC GC-3'
R: 5'- AAG AGG GGT AAG ACT GGT CAT AGG-3'
HEER F: 5'- GAG CTC AAC CCC AAT TGT GAC-3'
R: 5'-AAC GGT GGT GCC ATA GAT GC-3'
BRI = F: 5-AAT TGT GGA ATA GAT GTC ACC CTG T-3'
R: 5'-CAA ACT GTC CAC CAG AAC ACT CA-3'
GAPDH F: 5'-CTG GAG AAA CCT GCC AAG TAT G-3'

R: 5'- GGT GGA AGA ATG GGA GTT GCT-3'

1.4.9 Western blot ¥ 1l T % ¢ JR. Runt 41 5% % 3%
T2, BRPE. BEBEEARE FEUEIESEF
H, PBS ¢k 3 Ik, H RIPA vk LR Ral i, H&

7722 | PEPLKTIEHR | 8529% | 53657 | 2025F128

00 M U 2 41 BN 1.5 mLEP 45 P, 4 °C. 12 000 r/min
B0 5-15 min, KRS LR )BTRS A EP RN,
BCA 5l B IRk E, A FAEEAT SDS-PAGE #EK% HEK
FFLEFES ug A, WK R G, & A2 % PVDF i,
5% it HE @k df P 30 min, I\ —dt (bt [ BRE. &
Pi Runt M OCHESRIA 7 2. RITBBR. RIUERT K,
MR B35 1 0 500; AL B-actin, FERELLBIN 1 -
5000), 4 CHFELR, KHUWEE, WA (HRP- 1L
Ehif, FBELLHIH 1 : 5000), 37 CHEE 30 min, %
SIURIE S, 18 F ECLAK2E B (6 AR 2 SE B, B 30K
F Image J A3 i 8 1 %7 AR FE AR

1.5 T ZAIEA84F  STRO-1 fH 5 % BMSCs [{4E K 7
ATRFAE K B A1 o

1.6 %Rt a7 % SPSS 24.0 {3k AT K b ¥ 5
I3 Wt BUHE LA xts K ow, W9 4H 18] A BE 8¢ (STRO-L B 4 vs.
STRO-1 [ 14 ) i FH Student’s t k& %6; AN [] I ] £ A LG 42
(7 dvs. 14 d) ffi FHECXT ¢ #2596 P < 0.05 Ry 2 AT R R o
RGO R S EREAE G K

2 2458 Results

21 BMSCs ¥ A Gy nfbte h A2 4R YHERN
BMSCs SR I H 4t — AR TE A S T 4 40 Bt R3S (B 1A, B).
23k 3 IR, BMSCs BEAREE s —, Wi T ot
KANEYE) L Hroet: B4 UG B 2 i (& 1C). BMSCs R I
HBCE FI R T RE, TEFE AL, BRPERERRIG AN 4L O
et R T8 U Eh 45 75 R0 i 1D 48 B 9 R 5 ( B 1D-F). 2R 3
& BMSCs M58 i F15ik, TEASRE, BIRER 3MREAIK
RAET -80°C, jE4Sfii.

BIE: B A NJEAR BMSCs, AMIEAS LR, AT ECNIREL
BMSCs, RILH UMY A RRET AR A TR, AR S T
B—; CNH 3{UBMSCs, UUREAEME—, K5, HARIFH

B i 2 4

WEERFIE, JEATIE: D AMEE'S 14 d JGo 3R S Jeth, ] WL Hh4h
W (FER PR N AR EREE Y ). E NEE 5T 14 d SR I BERR G
gett, Hikria N RSN, FOARUIRYE S 14 d JEUlAL O B, Al
TR (5 TR RGN ).

1| SD KR BHEEFETFHAA (BMSCs) S FHERKRE. mbs
sHLEES (FRR 7 500 um)

Figure 1 | Morphological characteristics of SD rat bone marrow
mesenchymal stem cells and osteogenic and adipogenic differentiation
potential (scale bars: 500 um)
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2.2 BMSCs & @ Ariedp g 45 Rl i 5% ok (B
2A) F i A R (B 2B) Z3 47 28 3 4K BMSCs (1) 3% 1 A
Y, 45 355 R CD29(96.4%) Il CD90(98.6%) i % ik,
CD45(3.54%) ik % i&, STRO-1 [H ¥ £ ik % Ny 12.8%.
e 96 5 I G MR 45 R — B0 B B 48 i
BMSCs..

>

Fluorescence

CD29

CD90

STRO-1

CD45

B
PE-CD29- PE-CD29+ PE-CD45- PE-CD45+
3.58% 4%
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= =
c c
=] =1
o ]
o o
—
T T T
100 101 102 103 104
[ pE-cDs0- _ PE-CD90+] n
1.40% ) ssen FITC-STRO-1- FITC-STRO-1
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|
/ \
- - |
c c
=3 3 \
o o \
(&) O | ‘\
|
I Al
A / \
T T T T Ty =
100 10’ 102 10° 10! 10° 10’ 102 10° 10!

Bl P A S pe s e Qe el (59 100 pm): CD29, CD90. STRO-1
Al SRS RIE, T CDAS R LB RSB 5 . B NS 3 A BMSCs
FIARICYIR AT 45 5, CD29. CD90 761k, CD45 fiL#ik, STRO-1
F AN BHME (12.8%)0 Wi (OIARR B VEAN R, £L (ol ARER [ 1t 0T I

2 | 3R KB FHEE TR T A (BMSCs) REAMMCH R R LA LRR
T

Figure 2 | Immunofluorescence staining and flow cytometry analysis of
surface markers on passage 3 rat bone marrow mesenchymal stem cells

2.3 SR Aktm iR ik STRO-1 FAME BMSCs 4 i% 92 45
f7R, STRO-1 [HTE BMSCs Hl 2 21| B 2 (1) 4 98, 1
STRO-1 [ 44 Jifw o A L2 O ( [ 3) o 285 & i AU AR 46

AJ W, STRO-1 [ % 21 o 75 & BMSCs H () Eb 7l 4516, (H i T
HIEE 1o, @l ESRRE, SR THERZ 4
J5E i) STRO-1 BH % BMSCs, 8 J5 425256 .

STRO-1 [{fi 7% BMSCs

STRO-1 [H 1% BMSCs

=)

STRO-1

DAPI

PIvE: /0 & o5 STRO-1 [ 4 BMSCs, R WL 52 3 B S (4 €0 5% 0% 44
[l & 7% STRO-1 BH M BMSCs, WL 42 3 B S i 4t (. 5808, R i Th = 4k
STRO-1 PH{E4HAE. STRO-1: FEJRATIAHUE 1.

3 | SRR AE SYi% STRO-1 BREFNBA 4 B E8) 72 B+ 41 A (BMSCs)
RERAREE (R 100 pm)

Figure 3 | Immunofluorescence representation of STRO-1 positive

and negative bone marrow mesenchymal stem cells sorted via
immunomagnetic cell separation (scale bars: 100 pm)
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Figure 4 | Growth distribution characteristics of STRO-1 positive and
negative bone marrow mesenchymal stem cells (scale bars: 500 um)
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Figure 5 | Osteogenic-related gene expression in STRO-1 positive and
negative bone marrow mesenchymal stem cells on days 7 and 14 of
osteogenic induction
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STRO-1 positive and negative bone marrow mesenchymal stem cells on day
7 of osteogenic induction
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Figure 7 | Expression of osteogenic-related protein in STRO-1 positive and

negative bone marrow mesenchymal stem cells on day 14 of osteogenic
induction
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Figure 8 | STRO-1 positive and negative bone marrow mesenchymal stem
cells stained with Alizarin Red after osteogenic induction (x40)
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Figure 9 | STRO-1 positive and negative bone marrow mesenchymal stem
cells stained with Alizarin Red and alkaline phosphatase after osteogenic
induction (scale bars: 500 um)
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