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The Ability of Proliferation and Differentiation of Bone Marrow Mesenchy-

mal Stem Cells In Vitro in Steroid-induced Osteonecrosis of Femoral Head

Kang Shaoping', Liu Shuyan', Li Yongsheng? Li Ping'*
('College of Lab Medicine, Hebei North University, Zhangjiakou 075000, China;
*Department of Orthopedics, the Second Hospital of Zhangjiakou, Zhanjiakou 075000, China)

Abstract  The aim of the study was to explore the pathogenesis of steroid-induced osteonecrosis of femoral
head (ON) and the feasibility of autologous bone marrow mesenchymal stem cells (BMSCs) transplantation in the
treatment of ON. We studied the ability of the proliferation, osteogenic and adipogenic differentiation of BMSCs
which were isolated from femoral heads of patients with steroid-induced ON. 10 patients with steroid-induced
ON were selected and 10 patients with femoral neck fractures without ON were treated as the control group. Bone
marrow blood of the femoral heads were collected during the total hip arthroplasty (THA). The BMSCs were
isolated by density gradient centrifugation method and cultured to the 3rd passage. The specific antigens on cell
surface were detected by flow cytometry. The ability of proliferation, osteogenic and adipogenic differentiation

were analyzed by colony-forming unit fibroblast (CFU-F) assay, osteogenic and adipogenic induction. The results
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showed that specific surface antigen CD44 and CD73 of BMSCs were positive in the ON group. The CFU-F
assay showed that the BMSCs obtained from the ON group reduced the amount of colonies compared with the

control group. The alkaline phosphatase activity and the calcium nodules of ON group were lower than the control

group. But the BMSCs of ON group had the higher ability to produce lipid droplets than the control group. These

results showed that BMSCs from patients with steroid-induced ON possess reduced proliferation activity and less

capability to differentiate into osteoblasts but more potential to differentiate into adipocytes. The changes of BMSCs

proliferation and differentiation ability may be involved in the pathophysiological process of steroid-induced ON.
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Non-ON ON

&1 ON5Non-ON4EZE 31X BMSCsHZ A AR (200%)
Fig.1 Morphological observation of BMSCs from ON and Non-ON group in the third passage of culture (200x)
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A: FSC/SSC#: 11 [l 52 4H i Bf; B: CD44-FITC/CD34-PE; C: CD73-FITC/CD34-PE; D: CD45-FITC/CD34-PE.
A: delineated cell group by FSC/SSC gating analysis; B: CD44-FITC/CD34-PE; C: CD73-FITC/CD34-PE; D: CD45-FITC/CD34-PE.
B2 R LEAUENONLE 3 BMSCsRE LR
Fig.2 Detection of cell surface antigens of BMSCs from ON group in the third passage of culture by FACS
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A: ON'5Non-ONHBMSCs£E 7% H (¥#P<0.01, 5Non-ONZ H#%); B: ON 5 Non-ONZHBMSCsii? 7 14 di5 45 i L Qe (A AR 75 K BUIR S C: ON
5 Non-ONHFAMETE TP 41 f A (**P<0.01, 5Non-ONA EL4%)
A: the number of cell colonies of BMSCs in ON and Non-ON group (¥*P<0.01 compared with Non-ON group); B: photograph of cell colonies by
crystal violet staining after 14 days of culture of BMSCs; C: the average number of cells per colony of ON and Non-ON group (**P<0.01 compared
with Non-ON group).
13 ON5Non-ON4EBMSCsh 414 4 A5 & 7 AR
Fig.3 Colony-forming unit fibroblast assays of BMSCs from ON and Non-ON group
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Non-ON: BMSCs[rl 5B 45 4577553, 7, 11 dANES I 2 14 dvE AT 85 455 e th; ON: BMSCs[Al BB 4IRS 517597583, 7, 11 dAIES

Je 514 dvE R ATAG 45T YLt

Non-ON: the morphology of BMSCs after osteogenic induction culture on the day 3, day 7, day 11 and Alizarin red staining on the day 14; ON: the

morphology of BMSCs after osteogenic induction culture on the day 3, day 7, day 11 and Alizarin red staining on the day 14.
[El4 ON5Non-ONZEBMSCsi & A% S 75(200%)
Fig.4 Morphology of BMSCs from ON and Non-ON group after osteogenic induction (200%)

LR ULV RE R BRI 5 4575 (K4 . £E
Non-ONZH &5 A4 BF 1] 0L(21.143.5) /M5 4549, 1iON

%1 ON5Non-ONZEBMSCs ALP;E 4 (n=10, U/100mL, X-ts)
Table 1 ALP activities of BMSCs from ON and Non-ON
group (n=10, U/100mL, x+s)

ZH 5 H7d Fl14d

Group The day 7 The day 14
Non-ON 5.86+0.90 13.67+1.20
ON 0.75+0.10% 5.34+1.50%

*P<0.05, ONZL%5 7 d ALPYFYE 5 Non-ONZL5E 7 d ALPYEPELLEL
AP<0.05, ONZ15%14 d ALPYHTE 5 Non-ON41 5514 d ALPIHTELLE .
*P<0.05, ALP activity of ON group compare with Non-ON group on
the day 7; #P<0.05, ALP activity of ON group compare with Non-ON
group on the day 14.

Day 3 Day 7

Non-ON

ON

20 AN H T A 451 0 H DM(9.5+1.8) 1, ONZH &4
7 475 25 5 K ] 24K T Non-ONZ1(P<0.05), 45 477w,
PR EON B 15 Sk BMSCs i H 7L e R %
2.4 YApEEEFRIR B PRI ERER(ALP)E M E
BMSCs|n) 5B 4 i 5 T 85 97267, 14 d, WS
YA B R TR B, R IALPR) W& PE(R ). ONZH
ALPIE K T Non-ONZH (P<0.05), 45 R4, st
ONH B L BMSCs B /- fb B8 /1 F .
2.5 BMSCsiFEiESE5EE
Non-ONZBMSCs | flig 7 40 e 175 5 35 773 dJE,
18] B AH 22 BB T WL %2 ] LBMSCsTH 46 i K AR T
R BZ A T, AR E AR /N, 11 dfF

Day 11 Day 14

v

Non-ON: BMSCs i g {i 4H i 355554653, 7, 11 A4 12 4514 diliZLO 4% 4 IG5, ON: BMSCs[i i i 40 i S5 774653, 7, 11 d4Bfu T2 225

14 i LT oYL 4 537 .«

Non-ON: the morphology of BMSCs after adipogenic induction culture on the day 3, day 7, day 11 and Oil red O staining on the day 14; ON: the

morphology of BMSCs after adipogenic induction culture on the day 3, day 7, day 11 and Oil red O staining on the day 14.
[El5 ON5Non-ONZEBMSCshg i RIS S 75(200%)
Fig.5 Morphology of BMSCs from ON and Non-ON group after adipogenic induction (200%)
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