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Isolation, purification and osteoinduction differentiation of canine bone marrow mesenchymal
stem cells: Feasibility of in vitro isolation using Ficoll density gradient centrifugation

Xie Fang, Teng Li, Cai Lei, Xu Jia-jie, Jin Xiao-lei, Xiao Ran, Cao Yi-lin

Abstract

BACKGROUND: Classic isolation method of bone marrow mesenchymal stem cells (BMSCs) is Percoll density gradient
centrifugation. Blood cell component was removed. However, this method is complicated. Preparation density was needed when
isolating dog bone marrow. Moreover, centrifugation was frequent, which had a great damage to cells.

OBJECTIVE: To establish methods of the isolation, proliferation, culture and osteoinduction of canine BMSCs, and observe the
in vitro proliferation and ability to osteoinduction differentiation.

METHODS: 10 mL bone marrow was extracted from dog posterior superior iliac spine, heparin anticoagulation, diluted using
Hanks juice, treated with 1.077 g/mL Ficoll solution 3 mL, and centrifuged at 2 000 r/min for 20 minutes. Karyocytes were
absorbed to form white cloudlike layering interface, and then centrifuged twice using DMEM supplemented with fetal bovine
serum, incubated at 12x10%cm? at 37 °C ina 5% CO; incubator. Following subculture, cells were incubated in DMEM containing
dexamethasone, B-sodium phosphoglycerol and ascorbic acid 2-phosphate. Immunocytochemical staining and
immunofluorescence staining were utilized to detect osteocalcin, osteopontin and type [ collagen expression in osteoblasts.
Alkaline phosphatase staining and alizarin red staining were performed.

RESULTS AND CONCLUSION: 1.077 g/mL Ficoll density gradient centrifugation was used to isolate karyocytes that were
significant compared with Percoll solution. Obtained BMSCs had high purity, good growth and the mean doubling time was 24
hours. Following in vitro osteogenic incubation of dog BMSCs, osteocalcin, osteopontin and type [ collagen showed positive
expression. Alkaline phosphatase staining demonstrated bluish-green cytoplasm. Alizarin red staining showed red nodes in
extracellular matrix, and could differentiate into osteoblasts in vitro.
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c: 1.063 g/mL Percoll
solution for isolating
canine bone marrow
mesenchymal stem

a: 1.077 g/mL Ficoll
solution for isolating

b: Proximal appearance
of 1.077 g/mL Ficoll
canine bone marrow  solution for isolating

mesenchymal stem  canine bone marrow

cells mesenchymal stem cells
cells
Figure 1 Canine bone marrow mesenchymal stem cells

separated by density gradient centrifugation with
Ficoll and Percoll solution (arrow shows bone
marrow mesenchymal stem cell layer)
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K R(18£1)x10° L7, WE2e.

b: 24 hours of primary culture
(x40) (x200)

c: 3 days of primary culture d: 6 days of primary culture
(x40) (x100)

Figure 2 Morphological
observation of canine bone
marrow mesenchymal stem
cells of primary culture

2 JFARIER TR MR R 7R
R4 A W R

e: 12 days of primary culture
(x100)

Pkt « A1 10 B ) 7 5 T 40 FR 3k A sk 16 3
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f11(23+2)x10° L4 1 5155 318 119 (51+3)x10° L, WLIEI3.

a: P1 for 14-day culture b: P2 for 17-day culture

Figure 3 Morphological
observation of canine bone
marrow mesenchymal stem
cells of subculture (x100)
K3 AL TR R )
FERT T AN S W54 (x100)

c: P3 for 20-day culture
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Figure 4 Proliferation of canine bone marrow mesenchymal
stem cells following primary culture and subculture
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Figure 7 Positive expression of type [ collagen in bone
marrow mesenchymal stem cells following osteo-
genic induction (Immunocytochemistry, x100)
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a: OCN" (x200) b: OPN™ (x100)
Figure 5 Positive expression of osteocalcin (OCN) and
osteopontin (OPN) in bone marrow mesenchymal
stem cells following osteogenic induction (Immu-
nocytochemistry staining)
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Figure 6 Positive expression of osteopontin (OPN) in bone
marrow mesenchymal stem cells following osteo-
genic induction (Immunofluorescence staining,
x200)
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Figure 8 Positive reaction of alkaline phosphatase dyeing
in bone marrow mesenchymal stem cells at pas-
sage 2 following osteogenic induction (x200)
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Figure 9 Positive reaction of alizarin red staining in bone
marrow mesenchymal stem cells at passage 3
following osteogenic induction (x200)
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